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Chapter – I 

 

Introduction 

 
 

Tea is the most widely used non-alcoholic beverages all over the world, prepared 

from the tender shoots of tea plant, Camellia sinensis (L) O. Kuntze. It is one of the most 

important agro industrial crops of India and sustains the economy of a large number of 

local people where the crop is under cultivation. Tea is one among the ten top foreign 

exchange earners for our country. At the same time quality of Indian tea is much sought 

and relished by the beverage consumers throughout the world. Hence any fluctuation in 

India’s tea production, consumption and exports are enough to disturb the international tea 

trade (Subramanium, 1995).   

       The tea plant C. sinensis is grown as a perennial crop in an extensive mono cultural 

systems, hence a wide range of insects and other pests find an abundant supply of food 

almost through out the year. It has been reported that crop losses may touch 15-25% or 

more over a period of ten years which may results upto 3000 kg of made tea per hectare 

(Das, 1965, Sand, 1977, Anon, 1994). In addition to crop losses, pest damage also 

adversely affects the quality of made tea.   

Although synthetic insecticides provide a quick remedy from the attack of pests, 

but due to their indiscriminate use they may disturb the ecological balance between pests 

and natural enemies (Banerjee, 1983). Synthetic insecticides have been developed by 

screening compounds synthesized in the laboratory for insecticidal properties. Insecticides 

have been recommended for use in tea on the basis of extensive experiments. However, 

indiscriminate use of some of these synthetic chemicals has led to the problems such as 

toxic residues in made tea, development of resistance to insecticides in target species, pest 

resurgence, secondary pest out break, health hazards to other animals including humans 
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and environmental contamination. Once the chemical insecticides are introduced into the 

system, they may remain there forever or for a very long duration. Thus they pose a threat 

to life and help insects to develop resistance against them. Consumption of insecticides in 

upper Assam was 3.4 kg/l/ha in 1991. In the recent survey, residues of ethion and dicofol 

were detected in some tea samples, that is above MRL (Maximum Residue Limit) levels. 

In addition, residues of banned pesticides like DDT, BHC, aldrin, tetredifon etc. were also 

detected in the past and can persist for very long periods (Chakravartee and Singh, 1998). 

One way of minimizing the excessive residue problem may be the use of botanical 

insecticides, which are easily biodegradable i.e. eco-friendly. 

The presence of excessive residues of synthetic insecticides in Indian made tea has 

caused a serious set back in its popularity among the consumers of the advanced countries, 

since there has been a global awareness on pesticides residues in made tea. One way of 

minimizing the excessive residue problem may be the use of botanical insecticides, which 

are easily biodegradable i.e. eco-friendly, act on both behavioural and physiological 

processes of insect pests (Saxena, 1983), act upon the target organisms only and 

comparatively safe to the natural enemies of the insect and higher organisms. 

Out of several alternatives tried by the scientist one promising technique is use of 

botanicals, which are safe and biodegradable. Through out history plant products have 

been success fully exploited as insecticides. It is widely believed that ‘natural’ plant-based 

pesticides are invariably safer to human, livestock and beneficial insects and less 

environmentally damaging than synthetic pesticides. Moreover, unlike organic synthetic 

insecticides based on a single active ingredient, plant products comprise a number of 

chemicals, which act on both behavioural and physiological processes of the pests. Thus, 

chances of developing resistance by the pests are relatively low. Plant products have been 

shown to work in various ways, some as antifeedant and some are repellent, while others 
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are inhibitors of growth and development (Banerjee et al., 1985 and Reddy et al., 1990, 

Rahman et al., 2005, Gogoi et al., 2005).  

The North East region of India, on account of its unique ecological diversities, 

represents an important floristic zone in the world in respect of biodiversity. There are 

several plant species from which insecticides can be developed. Only a small percent of 

these have been examined chemically indicating that there is an enormous scope for further 

works.   

 The present project have been undertaken to find out the plant product from the two 

plants viz. Polygonum hydropiper and Pogostemon parviflorus for the management of 

major insect pest of tea in North East India under the following objectives.  

 
Objectives (As per the original project proposal)  

 
a. To find out the efficacy of Polygonum hydropiper and Pogostemon parviflorus 

extracts on life cycle of major insect pests of tea pests in North-East India. 

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

c. To find out the efficacy of plant extracts against the insect pests feeding on 

alternate host plants. 

d. To compare the efficacy of above plant extracts with synthetic insecticides. 

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

insects.  

f. To study the residual effect of the plant extracts  

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

activity. 

h. Awareness campaign to conserve the insecticidal plants in North-East India.  

 

The present investigations have find out the effectiveness of the indigenous plant 

extracts in controlling major insect pest’s damage in tea culture and thus help to minimize 

the use of hazardous synthetic insecticides. 
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Chapter – II  

Materials and Methods 

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

Plan of work 
Year 

1st 2nd 3rd 
1. Survey in the habitats of insecticidal plants in North-East India and 

collected the plant and plant parts.  
 

 
�  

  

2. Preparation of crude extracts from the collected plant materials 
 

�    

3. Laboratory maintenance of the insect pests �  �  �  
 

4. Screening of crude extract for insecticidal activity against tea pests 
under laboratory condition. 

5. Efficacy of plant extracts against the insect pests feeding on different 
host plants. 

 

�  
 
 

�  
 

�  

 
 

�   

6. Comparison of plant extracts with synthetic insecticides 
 
7. Acute and chronic toxicity studies on laboratory animals and 
    beneficial insects 
 
8. Study the residual effect of plant extracts 

 �  
 

�  
 
 

�  

�  
 

�  
 
 

�  
 

9. Purification and characterization of the isolated compounds   �  
 

10. Toxicity studies against the insect pests in field condition  �  �  
 

11. Summarization of results   �  
 

12. People awareness program for the conservation and cultivation of the 
insecticidal plants among the communities of identified threatened 
habitats 

 

   
�  

13. Preparation reports and submission �  �  �  
 

 

 
 During the period of three year (01.05.2010 to 30.04.2012) we have surveyed the 

different habitats of insecticidal plants in North-East India and collected the plants and 

plant parts. Fresh aqueous and crude extracts have prepared from the collected plant 

materials and their bio-efficacy has been tested against the major insect pests of tea which 

have maintained in the laboratory.  
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The detailed works completed during the period of three years are as follows: 

2.2. Survey and collection of plant materials 

 
Survey has done in different habitat of insecticidal plants in North-East India and 

collected the selected two plant species i.e. Polygonum hydropiper and Pogostemon 

parviflorus along with another seven plant species viz. Ageratum conyzoides, Xanthium 

strumarium,  Ipomea biloba,  Acorus calamus,  Clerodendron inerme, Lantana camara and 

Cestrum nocturnum which have also insecticidal properties against other insect pests viz. 

stored grain, paddy etc.     

 
Biological classification of Polygonum hydropiper Linn. and Pogostemon parviflorus 

Benth. are as follows.   

i. Polygonum hydropiper Linn. 

Family: Polygonaceae 

Local name: Bihlongoni 

English name: Water pepper 

Plant parts used: Leaf and seed 

      It is a small erect or diffusely branched herb, 40-70 cm height. The stems are 

grooved.  The leaves of the plant are long.  Flowers are white, green or reddish. The plant 

reproduces by seeds (Plate-1). It flowers during September to October and fruiting starts in 

February to March. It grows in damp, low-lying spaces and along roadsides, river bunds 

and in cultivated fields (Anon., 2000).  

ii.  Pogostemon parviflorus Benth. 

Family: Lamiaceae (Labiateae) 

Local name: Sooklati 

English name: Yogoma 

Plant parts used: Leaf  
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      The plant is a shrub having quadrangular stem, which is glabrous at the bottom. 

Leaves are ovate, oblong, narrowed at the base (Plate-2). It is a popular medicinal plant for 

the people of India specially North East India. Work has also been done on this plant using 

it as antifeedant and repellent (Kirtikar and Basu, 1984). 

 

 
2.3. Preparation of plant extracts 

      The collected plant materials were cut into small pieces, shade dried and then 

coarsely powdered. The dried powder was extracted with petroleum ether, chloroform and 

methanol successively following the method of Jaglan et al. (1997) with slight 

modification. The dried powdered material (» 1Kg) was in petroleum ether (»2.5 lit) for 72 

hours with occasional shaking. After 72 hours the solvent was filtered out and the plant 

material was air-dried and again dipped in chloroform, kept for further 72 hours and 

filtered. Finally the plant material was dipped in methanol for 72 hours and the extract was 

filtered. The solvent from each extract was removed under reduced pressure and the extract 

was dried under vacuum. Dried crude extracts prepared with three solvents were separately 

re-dissolved in acetone to prepare stock solutions.  

Different concentration viz. 0.25, 0.5, 1.0, 2.0 and 4.0 percent were prepared from 

the stock solution using acetone as solvent. 
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                                                                                           + Petroleum ether  
                                                                                            (»2.5 lit) Duration 72 h  
 
 
                               
 
 
 
 
 
                                                                                           +Chloroform (»2.5 lit) 
             Duration 72 h 
 
 
 
                         

                                                                                
 
 
 
 
 
 

                                                                               + Methanol (»2.5 lit)               
             Duration 72 h  

 
 
 
                         

                                                                                        
 
 
 
 
 
 
 
 
 
 
          
             Fig. 1: Schematic diagram of preparation of crude plant extracts 
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Plate 1. Branches of Polygonum hydropiper Linn. 

 

                       Plate 2. Branches of Pogostemon parviflorus Benth.  

 

           Plate 3. Experimental tea garden in the department of Zoology  
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       Plate 4. Eterusia magnifica      Plate 5. Buzura suppressaria 

                 

          Plate 6. Helopeltis theivora          Plate 7. Andraca bipunctata 

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

              

     Plate 10. Odontotermes assamensis       Plate 11. Buzura suppressaria 

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

 

    Culture of Red Slug Caterpillar (Eterusia magnifica), Bunch Catterpillar (Andraca 

bipunctata) Tea Mosquito Bug (Helopeltis theivora), Tea Thrips (Scirtothrips dorsalis), 

Tea Jassids (Empoasca flavescens), Looper caterpillar (Buzura suppressaria) are 

maintenance in the laboratory (Plate-4, Palte-5, Plate-6 and Plate-7) which have collected 

from unsprayed experimental tea garden maintained in the department of Zoology, 

Sibsagar College, Assam under this project (Plate-3) and also from other tea gardens of 

different places. The new generations produces by these adults are maintained inside the 

glass cage. The insects are reared inside glass chamber (Temperature 28+20C and RH 

75+5%) on freshly collected twigs. A bunch of twigs containing 4-5 young leaves are kept 

in both beaker and conical flasks (250ml), containing fresh water, which are changed 

regularly. Tea Termite (Odontotermes assamensis) have collected from the tea gardens and 

maintains at a temperature of 25+20C and 70+5 % 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 on different insect pests have determined by 

the following methods. 

2.5.1. Bio-efficacy test against different insect pests  
 
Contact toxicity test 
 

Contact toxicity test against the insect pests have been observed by filter paper 

method (Patil et al., 2000). One ml of plant extract was applied to 9 cm diameter filter 

papers (Whatman No. 1) placed at the bottom in 10 cm diameter petridishes and air-dried 

for 30 minutes. Ten numbers of insect pests were released on the treated filter paper and 

mortality has been recorded after 24 h. In control one ml acetone was applied to the filter 
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paper. In these experiments insects were in direct, continuous contact with the treated filter 

paper. 

Antifeedant test  
 
 
       Fresh shoots of TV1 tea varieties were collected from the unsprayed experimental 

tea garden. The collected shoots were then sprayed with different concentrations (viz. 0.5, 

1.0, 2.0 and 4.0%) of extracts with a pre calibrated hand atomizer to the point of no 

dripping using 2ml of emulsion. The sprayed shoots were then allowed to dry for five 

minutes (Pandey et al., 1987). Three numbers of treated shoots were then kept in a conical 

flask of 50ml having water inside it by wrapping with absorbent cotton (Kalita et al., 

1995). 

 
       Two numbers of 6 h starved adult H. theivora were released to the treated shoot 

and covered with glass chimney. There were six replications for each treatment and 

control. The insects were then allowed to feed for 24 h and the number of feeding spots 

were recorded .The shoots in control were sprayed with 0.5% triton x-100 in acetone only. 

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

 
2.5.3. Comparison of plant extracts with commercial insecticides  

 

The most effective plant extract(s) have compared with one synthetic insecticide 

Endosulfan 35% EC (Excel Industries Ltd., India) and one herbal, Neem gold (Southern 

Petrochemical Industries Corporation Ltd., India). The LC50 values of the insecticides and 

the plant extract against termites have determined with four concentrations (0.25, 0.5, 1.0 

and 2.0 percent). Different concentrated solutions of Endosulfan and Neem gold have 

prepared by adding distilled water. After 24 h of treatment, mortality is recorded.   
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2.5.4. Bio-efficacy of plant extracts against insect pests feeding on alternate host plant  

A. Against looper caterpillar, Buzura suppressaria 
 
       Effect of most effective plant extract(s) have tested against Buzura suppressaria 

feeding on different host plants which are commonly planted as shade tree plants in the tea 

gardens. A small bunch of foliage from each host plant was cut and the cut ends were 

immerged in glass vials containing water. Different concentrations were sprayed on to the 

bunch of foliage. The whole arrangement was confined in a plastic container. Observations 

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

 
B. Against Tea mosquito bug, Helopeltis theivora 
 
      Influence of alternate host plant on insect abundance and susceptibility to the plant 

extracts have studied. A total number of five plants viz., Adhatoda vasica, Mikania 

micrantha, Melostoma malabathricum and Eupatorium odoratum which were found most 

abundantly and frequently in near by tea garden areas have taken to the study. Fresh shoots 

of the plants have collected from untreated field; stalks have dipped in water in conical 

flask and supplied to a freshly emerged adult bug kept in glass cages. The tender shoot of 

each plant species have placed inside a glass chamber (40 cm glass cylinder) in a circular 

manner maintaining equal distance from the center. Three numbers of glass chambers with 

similar arrangement have done for replication. Adult H. theivora were then released to 

each chamber at the center of this arrangement. After 24 the numbers of spots produced in 

each plant have recorded separately for determination of feeding preference to all the 

tested alternate host plants. 

To study the survival status of H. theivora on alternate host plants, which are found 

to be preferred by H. theivora, were sprayed with 2.0 percent concentration of chloroform 

extracts of P. parviflorus and H. theivora were allowed to feed on them. Then the various 

life parameters like egg laid (fecundity rate/female) incubation period (days), 
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developmental period (1st instars to 4th instars), and longevity of adults and weight of the 

insects have recorded. 

2.5.5. Toxicity studies against the insect pests and beneficial insects in field condition 

The field experiment with 2.0% chloroform extracts of P. hydropiper and P. 

parviflorus were carried out in randomized block design (RBD) with three replications. 

The treatment was applied two times. First spray was provided at appearance of major leaf 

eating and sucking insect pests and second spray at 3 week after first spray. The insect 

pest’s population was counted at one day before and one day after application of treatments 

on 5 randomly selected plants from each plots. The beneficial insects viz. Lady bird beetle 

and Foraging bee population was also counted in each plot before and after application of 

treatments. In the control only acetone was sprayed.  

 

2.5.6. Toxicity studies of plant extracts on laboratory animals 

2.5.6.1 Toxicity on mice: Male mice weighing 20-25 g were divided into 13 groups, each 

containing 6 mice. The most effective plant extract i.e. the chloroform extracts of P. 

hydropiper and P. parviflorus were dissolved separately in propylene glycol and injected 

(0.2 ml/mice for each dose) subcutaneously in 12 groups at a dose of 650, 700, 750, 800, 

850 and 900 mg/kg mice body weight respectively. The 13th group (control) was treated 

with normal propylene glycol only. Mortality was recorded after 24 h. LD50 was computed 

according to the method of Litchfield and Wilcoxon (1949). 

2.5.6.2 Assay of haematological and biochemical parameters in extract treated mice: 

Sub-lethal dose of LD50 (1/10th of the LD50 dose) of the extracts were subcutaneously 

injected in two groups, containing 10 mice for WBC, RBC counting and serum cholesterol. 

Another group (control) was treated with normal propylene glycol only. The injections 

were given once a week for six weeks. One day after the final injection blood from each 
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mouse was collected and WBC, RBC and serum cholesterol were 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 half-life period of the plant extracts, the 

most effective plant extract(s) were tested against the tea termite, Odontotermes 

assamensis. The most effective plant extracts i.e. the chloroform extracts of P. hydropiper 

and P. parviflorus were tested against O. assamensis. Four sets of experiments were 

prepared at the same time. One ml of plant extracts of different concentrations viz. 0.5, 1.0, 

2.0 and 4.0 % were applied to each set of 9 cm diameter filter papers (Whatman No. 1) 

placed at the bottom in 10 cm diameter petridishes in each set of experiments and air-dried 

for ½ an hour. Ten numbers of insect pests were released on the 1st set of the treated filter 

paper after ½ h. The same numbers of insects were released in the 2nd, 3rd and 4th sets of 

petridishes after 24h, 48h and 72h respectively. Mortality of the insect pests was recorded 

after 24 h in each set of the experiments.  In control one ml acetone was applied to the 

filter paper.   

 

 
2.5.8. Fractionation of most effective plant extract(s) and their bioassay 
 
      To find out the active component responsible for insecticidal activity, the most 

effective plant extracts have fractionated and bio-assayed separately. Then the active 

fractions have taken for characterized through IR, NMR and MS analysis.  

The most effective plant extracts i.e. the chloroform extract of leaves of P. 

hydropiper have fractionated on a silica gel column (60-120 mesh) and successively eluted 

with step wise gradient of petroleum ether, ethyl acetate/petroleum ether (1:10, 1:5, 1:3), 

chloroform, methanol/chloroform (1:10), methanol, acetone and finally with water. The 
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solvents of all the fractions (I to IX) were allowed to evaporate under reduced pressure and 

dried at vacuum. The residues were taken as stock. The stocks were dissolved in acetone to 

prepare one percent solution. To test the efficacy of different fractions of P. hydropiper, 

the topical application method was used against the termite, Odontotermes assamensis.  

 

2.6. Characterization of the active fraction 
 
 
2.6.1. Infra-red Spectroscopy (IR) 
     

      The infra-red spectrographs (IR) of the most active chromatographic fraction No. 

III of P. hydropiper and fraction No. IV of P. parviflorus were recorded in a Perkin-Elmer, 

Model System- 2000.  

 
2.6.2. Nuclear Magnetic Resonance (NMR)  

 
     The NMR spectra of the most active chromatographic fraction No. III of P. 

hydropiper and fraction No. IV of P. parviflorus were recorded in a Bruker Spectrometer, 

Model Advance DPX 300. 

 

2.6.3. Mass Spectrometry (MS) 

 
     Mass Spectrograph (MS) of the active fraction No. III of P. hydropiper and fraction 

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

 

2.7. People awareness programme  

 
Awareness campaigns have conducted among the communities of some identified 

areas where small tea gardens are available with the help of local common people, local 

NGOs and school teachers for protecting the natural resources as well the use of botanical 
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insecticides. Some popular articles have published and presented papers in seminars to 

aware the people about the eco-friendly plant extracts and the adverse effect of hard 

synthetic insecticides.   

 

2.8. Statistical analysis 

 
       The experiments were conducted in both Randomized Block Design (RBD) and 

Completely Randomized Design (CRD). The data were statistically analyzed by the 

method of analysis of variance (ANOVA). For some of the experiments percentage 

mortality data were transformed into arc sine transformation in order to make the analysis 

of variance valid and feasible. The transformed data were statistically analyzed from the 

total variation. The significance or non- significance of given variance was determined by 

calculating the respective values of ‘F’ and by comparing the calculated ‘F’ values with 

corresponding tabulated ‘F’ values at 0.1 and 0.5% probability levels of significance. CD 

was calculated using formula described by Gomez and Gomez (1984).  
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Chapter – III 

Experimental Findings 

 

During the period of second year (01.05.2010 to 30.04.2011) three different solvent 

extracts of leaves of Polygonum hydropiper Linn. and Pogostemon parviflorus Benth. were 

tested against some major insect pests of tea. The findings are summarized as follows.  

 
3.1. Contract toxicity test against Bunch Caterpillar, Andraca bipunctata Walker. 

Bio-efficacy test of different solvent extracts of leaves of some plants against 

Andraca bipunctata Walker. are presented in table 1. The results indicate that all the leaf 

extracts caused mortality of the caterpillars, however chloroform extracts of leaves of ten 

plants showed higher mortality than the petroleum ether and methanol extracts. Among all 

extracts, maximum percentage of mortality was obtained in chloroform extracts of P. 

hydropiper and P. parviflorus causing 100% mortality at 2.0% concentration. Extracts of 

the plant, D. chlorxylon and A. calamus showed minimum effects on the caterpillar. The 

extracts of the remaining plants showed moderate effects. 

 
3.2. Contract toxicity test against tea termite, Odontotermes  assamensis Holm. 

  
            The screenings of different solvent extracts Polygonum hydropiper and 

Pogostemon parviflorus against the workers are depicted in table 2. The results indicate 

that all the leaf extracts cause mortality of the workers. Leaf extracts of P. hydropiper 

caused higher mortality than the extracts of P.  parviflorus. Other hand, chloroform 

extracts caused higher mortality than the petroleum ether and methanol extracts. Mortality 

was found to be 100% by petroleum ether extracts of P. hydropiper, where as it was only 

80.00% by petroleum ether extracts of P. parviflorus at 2.0% concentration. Among all 

extracts, maximum percentage of mortality was obtained in chloroform extracts of 
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Polygonum hydropiper causing 100% at 2.0% concentration only. The extracts of the 

remaining solvents showed moderate effects on the termite workers. The study showed that 

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

 

3.3. Antifeedant test against tea mosquito bug, Helopeltis theivora Waterhouse  

  
Antifeedant activity of different solvent extracts of leaves of Polygonum 

hydropiper against 3rd instar and adults of Helopeltis theivora are presented in table 3 and 

table 4 respectively. The results indicate that in all the treatments the average number of 

spots was invariably less as compared to that of control. However petroleum ether extracts 

showed highest antifeedant property by deterring the insects from feeding than the 

chloroform and methanol extracts. Data reveals that the antifeedant activity of petroleum 

ether is highest with only 13.67+2.88 numbers of spots by the 3rd instar nymphs at 4.0 % 

concentration against the control value of 155.67+16.67 numbers of spots (Table 3). At the 

same concentration it was 13.00+3.29 numbers of spots by the adults against the control 

value of 170.00+8.52 numbers of spots (Table 4). Treatment with 4.0% concentration was 

observed to possess the highest efficacy followed by treatment with 2.0, 1.0 and 0.5% 

concentration of the extracts.  

 
3.4. Comparison of plant extract(s) with commercial insecticides  

 
 

The most effective plant extracts i.e. petroleum ether extracts of P. hydropiper was 

compared with endosulfan 35% EC. The results reveal that the synthetic insecticide gave 

the higher antifeedant activity by reducing the feeding spots (Table 5). The mean number 

of spots at 2.0% concentration with endosulfan 35% EC treated was 12.00+2.82 and the 

number spots in plant extracts were 18.67+3.67 by the 3rd instars nymphs. At the same 
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concentration the numbers of feeding spots by the adults were 13.00+2.86 and 18.67+4.25 

in endosulfan 35% EC treated and plant extracts treated respectively. However, the plant 

extracts are in crude form and after fractionation the active compound(s) are expected to be 

highly effective at much lower concentration.     

The LC50 value of chloroform extracts of P. hydropiper, P. parviflorus, Endosulfan 

35% EC and Neem gold have found to be 0.36, 0.89, 0.29 and 0.28 respectively against the 

termite, O. assamensis (Table -6). However, the results indicates that the plant extracts are 

in their crude form and so has higher LC50 value that that of Endosulfan 35% EC and 

Neem gold.  

 

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

A. Against looper caterpillar, Buzura suppressaria 
 
 
       Effect of most effective plant extract(s) have tested against Buzura suppressaria 

feeding on different host plants which are commonly planted as shade tree plants in the tea 

gardens.  

The result indicated that efficacy of chloroform extracts of P. hydropiper and P. 

parviflorus were most prominent against B. suppressaria feeding on Indigofera teysmani. 

No feeding by caterpillar on I. teysmani was noticed at 1.0 and 2.0% concentration of the 

chloroform extracts of P. hydropiper. It was also observed that chloroform extracts of P. 

hydropiper is more effective than the chloroform extracts of P. parviflorus against B. 

suppressaria. At 2.0% concentration no insects (0.00+0.00) were reached to the bunch of I. 

teysmani treated with chloroform extracts of P. hydropiper (Table 7).  
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Table 1. Efficacy of different solvent extracts of leaves of some plants on Bunch 

caterpillar, Andraca bipunctata Walker.  

  
 

 
Plant 

Conc. 

(%) 

% Mortality of caterpillar after 24h of treatment b y 
Petroleum ether 

extract 
Chloroform 

extract 
Methanol 

extract 
Pongamia glabra 0.5 

1.0 
2.0 

6.67+2.71 abc 
23.33+4.71fgh 
40.00+0.00 ij 

36.67+4.72 gh 
50.00+8.16ij 
86.67+4.71 l 

16.67+4.71 cdef 
23.33+4.71 ef 
46.67+12.47h 

Anona squamosa 0.5 
1.0 
2.0 

3.33+0.58 ab 
6.67+2.71 abc 
16.67+4.71def 

26.67+2.71 ef 
43.33+4.71 hi 
76.67+4.71 k 

6.67+2.72 abc 
23.33+4.71ef 
46.67+4.71 h 

Clerodendron 
siphonanthus 

0.5 
1.0 
2.0 

10.00+0.00 bcd 
13.33+4.71 cde 
23.33+4.71 fgh 

13.33+4.72 bc 
20.00+0.00 cde 
36.67+4.71 gh 

13.33+4.71 bcde 
20.00+0.00 def 
46.67+5.76 h 

Acorus 
calamus 

0.5 
1.0 
2.0 

3.33+0.97 ab 
16.67+4.71def 
20.00+0.00 efg 

23.33+4.71 de 
26.67+4.71 ef 
53.33+9.43 j 

16.67+4.71 cdef 
36.67+9.43 gh 
40.00+0.00 h 

Polygonum 
hydropiper 

0.5 
1.0 
2.0 

16.67+4.71 def 
33.33+5.77 hi 
46.67+12.47 j 

43.33+4.47 hi 
86.67+12.47 l 
100.00+0.00m 

3.33+2.72 ab 
10.00+0.00 abcd 
26.67+9.43 fg 

Ageratum conyzoides 0.5 
1.0 
2.0 

6.67+2.72 abc 
13.33+4.71 cde 
33.33+4.71 hi 

23.33+5.77 de 
43.33+4.71hi 
86.67+12.47 l 

3.33+4.71 ab 
16.67+5.77 cdef 
40.00+0.00 h 

Diospyros chlorxylon 0.5 
1.0 
2.0 

0.00+0.00 a 
6.67+2.71 abc 
10.00+0.00 bcd 

13.33+4.71 bc 
16.67+4.71 bcd 
33.33+5.05 fg 

0.00+0.00 a 
0.00+0.00 a 

16.67+4.71 cdef 
Duranta 
repens 

0.5 
1.0 
2.0 

3.33+2.71 a 
10.00+0.00ab 
23.33+4.71 fgh 

10.00+0.00 b 
23.33+4.71 de 
56.67+4.71 j 

0.00+0.00a 
3.33+2.71 ab 

13.33+4.71 bcde 
Pogostemon 
parviflorus 

0.5 
1.0 
2.0 

20.00+0.00 efg 
26.67+4.71 gh 
46.67+4.71 j 

23.33+5.77 de 
50.00+10.00 ij 
100.00+0.00m 

3.33+2.72 ab 
10.00+0.00 a 
26.67+4.71 fg 

Melia azedarach 0.5 
1.0 
2.0 

0.00+0.00 a 
6.67+3.85 abc 
13.33+3.71 cde 

13.33+4.71 bc 
40.00+0.00gh 
56.67+5.77j 

0.00+0.00 a 
0.00+0.00 a 
3.33+2.71 ab 

Control 0.0 0.00+0.00a 0.00+0.00a 0.00+0.00a 
CD at 5% - 8.76 9.88 10.61 

 
  
Each mean (+SD) represent three replicates of 10 caterpillars  
Means followed by a common letter as subscript are not significantly different [P=0.05, ANOVA 
and Duncan’s multiple range test (Gomez and Gomez, 1984)] 
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Table 2. Efficacy of extracts of leaves in different solvent of P. hydropiper and P. 
parviflorus on the workers of O. assamensis. 

 
 

Plant 
Conc. 

(%) 

% Mortality after 24h of treatment in 

Petroleum ether  
 

Chloroform  
 

Methanol  
 

Polygonum 

hydropiper 

0.5 

1.0 

2.0 

4.0 

46.67±9.43 c 

73.33±11.55 de 

93.33±9.43 ef 

100.00±0.00 f 

53.33±9.43 c 

86.67±9.43 def 

100.00±0.00 f  

100.00±0.00 f  

13.33±5.44 a 

33.33±9.42 bc 

53.33±24.94 cd 

73.33±9.43 d 

 

Pogostemon 

parviflorus 

0.5 

1.0 

2.0 

4.0 

13.33±5.45 ab 

26.67±9.43 b 

60.00±0.00 cd 

80.00±16.33 e 

33.33±9.42 b 

46.67±9.43 bc 

73.33±9.43 d 

93.33±9.43 ef 

13.33±5.44 a 

20.00±0.00 ab 

33.33±9.43 bc  

73.33±9.43 d 

Control 0.0 0.00+0.00a 0.00+0.00a 0.00+0.00a 

CD at 5% - 18.66 16.16 23.79 

 

Each mean (+SD) represents three replicates of 10 workers. 
Means followed by a common letter as subscript are not significantly different [P=0.05, ANOVA 
and Duncan’s multiple range test (Gomez & Gomez, 1984)]. 
 

Table 3. Antifeedant activity of different solvent extracts of leaves of P. hydropiper on 
3rd instars nymphs of Helopeltis theivora Waterhouse. 

 

 
 

Each mean (+SD) represent three replicates  
Means followed by a common letter as subscript are not significantly different [P=0.05, 
ANOVA and Duncan’s multiple range test (Gomez and Gomez, 1984)] 

 
Conc. (%) 

No of spots produced  
Petroleum ether 

extract 
Chloroform 

extract 
Methanol  
extract 

0.5 

1.0 

2.0 

4.0 

57.00+7.87 b 

 20.33+6.73 a 

18.67+3.67 a 

13.67+ 2.88 a 

101.60+2.42 c 

85.00+4.75 bc 

73.00+5.27 ab 

56.00+ 4.78 a 

140.66+6.28 c 

113.30+3.81 bc 

87.60+6.40 b 

59.00+ 3.77 a  

0.0 155.67+16.67 c 155.67+16.67 d 155.67+16.67 d 

CD at 5% 28.70 26.89 27.99 
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Table4. Antifeedant activity of different solvent extracts of leaves of P. hydropiper on 

adults of Helopeltis theivora Waterhouse. 
 

 
Each mean (+SD) represent three replicates  
Means followed by a common letter as subscript are not significantly different [P=0.05, 
ANOVA and Duncan’s multiple range test (Gomez and Gomez, 1984)] 

 
 
 
 
 
Table 5. Comparison of antifeedant activity of petroleum ether extracts of P. 

hydropiper with endosulfan 35% EC on 3rd instars nymphs and adults of H.  
theivora Waterhouse. 

 
  

 
Each mean (+SD) represent three replicates  
Means followed by a common letter as subscript are not significantly different [P=0.05, 
ANOVA and Duncan’s multiple range test (Gomez and Gomez, 1984)] 
 
 

 

 
Conc. (%) 

No of spots produced  
Petroleum ether 

extract 
Chloroform 

extract 
Methanol  
extract 

0.5 

1.0 

2.0 

4.0 

56.67+4.37 b 

 29.67+3.78 a 

18.67+4.25 a 

13.00+ 3.29 a 

127.00+13.68 b 

115.00+4.19 b 

64.00+4.32 a 

45.60+  4.28 a 

120.00+5.27 c 

101.00+4.48 bc 

81.33+4.90 b 

53.66+ 4.81 a  

0.0 170.00+8.52 c 170.00+8.52 c 170.00+8.52 d 

CD at 5% 20.07 24.99 22.34 

 
Conc. 
(%) 

No of spots produced   
3rd instars nymphs Adults 

Petroleum 
ether extract 

     Endosulfan  
35% EC 

Petroleum ether 
extract 

Endosulfan  
35% EC 

0.5 

1.0 

2.0 

57.00+7.87b 

20.33+6.73 a 

18.67+3.67 a 

19.33+2.42 a 

16.67+1.52 a 

12.00+2.82 a 

56.67+4.37 b 

29.67+3.78 a 

18.67+4.25 a 

18.30+4.00 a 

16.30+4.48 a 

13.00+2.86 a 

0.0 155.67+16.67 c 155.67+16.67 b 170.00+8.52 c 170.00+8.52 b 

CD at 5% 32.75 28.21 18.13 17.59 
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Table 6: LC50 value of chloroform extract of leaves of Polygonum hydropiper and 
Pogostemon parviflorus against tea termite, Odontotermes assamensis.    

 
 

Treatment Regression 
equation 

LC50 (%) Fiducial limits 
(95% confidence 

limits) 
Polygonum  
Hydropiper 
 

Y= -0.64+2.21X 0.36 0.239-0.524 

Pogostemon 
parviflorus 
 

Y= -0.28+1.79X 0.89 0.474-1.67 

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. hydropiper and P. parviflorus on Buzura 

suppressaria Guen. feeding on different alternate host plants.   
 
 

 
Treatment  

 
Conc 
(%) 

Number of insect reached to the treated 
bunch 

Feeding marks present after 
24 h 

A B C D E A B C D E 
 
 

P. hydropiper  

0.5 3.33 
+0.58 

1.67 
+0.47 

2.33 
+0.58 

2.33 
+0.47 

3.67 
+0.58 

+++ + ++ + +++ 

1.0 1.67 
+0.47 

1.33 
+0.58 

1.67 
+0.58 

2.00 
+0.00 

2.67 
+0.47 

++ - + + ++ 

2.0 1.33 
+0.58 

0.00 
+0.00 

1.33 
+0.58 

0.20 
+0.47 

1.67 
+0.58 

+ - + - + 

 
 
 

P. parviflorus 

0.5 4.33 
+0.58 

2.33 
+0.58 

3.33 
+0.18 

3.67 
+0.58 

4.33 
+0.47 

++ + ++ + +++ 

1.0 3.00 
+0.00 

233 
+0.58 

3.00 
+1.22 

2.67 
+0.47 

3.33 
+0.58 

++ + + + ++ 

2.0 2.00 
+1.22 

0.67 
+0.47 

1.67 
+0.47 

1.33 
+1.22 

2.33 
+0.47 

- - + - + 

Control 0.0 9.67 
+0.47 

7.33 
+0.58 

9.00 
+1.22 

9.00 
+1.22 

10.00 
+0.00 

+++ +++ ++ ++ +++ 

 
 
A= Dalbergia assamica                    B= Indigofera teysmani 

    C= Albizzia odoratissima     D= Albizzia chinensis   E= Camellia sinensis  
           Each mean (+SD) represent three replications 
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B. Against Tea mosquito bug, Helopeltis theivora 
 
 
      Influence of alternate host plant on insect abundance and susceptibility to the plant 

extracts have studied. The results indicates that efficacy of chloroform extracts of P. 

parviflorus have found more effective than the chloroform extracts of P. hydropiper 

against H. theivora feeding on different host plants. Efficacy was most prominent on M. 

micrantha where only 1.67+0.43 numbers of insects reached to the treated shoots (Table 

8), treated with 2.0% chloroform extracts of P. parviflorus.  

The bioactivity of extracts on the survival status of H. theivora on alternate host 

plants after treatments with 2.0% chloroform extracts of P. parviflorus are presented in 

table 9.  The number of eggs laid is found maximum on Adhatoda vasica (16.96+4.46) 

than the other three alternate host plants in comparison to the main host, Camellia 

sinensis (22.56+4.76). Different life stages are found to be completed by insects in A. 

vasica, E. odoratum and M.malabathricum, however the longevity of adults on E. 

odoratum and M. malabathricum are found to be very short (1.45+0.52 and 1.97+0.58 

days). In extract treated M. micrantha, the insect could survive only upto 2nd instars.  

 

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

 

Significantly low number of insect pests recorded in plot treated with both the plant 

extract of P. hydropiper and P. parviflorus. Population of H. theivora decreased from 

15.20+2.76 to 4.60+1.02 in the plots treated with 2.0% chloroform extracts of P. 

hydropiper where as it increased from 15.40+1.34 to 18.00+2.45 in untreated plots. 

Number of B. suppressaria decreased from 3.20+1.20 to 1.20+1.01 in the plots treated 

with the extracts of P. hydropiper where as in untreated plots it increased from 3.50+1.76 
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to 4.40+1.33. Similar observation was also observed in the plots treated with the extracts of 

P. parviflorus (Table 10). 

 
3.7. Toxicity studies of plant extracts on laboratory animals 

3.7.1. Toxicity on mice: Percent mortality and the LD50 values, regression equation and 

regression line of chloroform extract of leaves of P. hydropiper and P. parviflorus against 

swiss male albino mice are presented in table 11 and fig. 1. The regression line were 

calculated Y = 4.760 + 0.084x and Y = 4.882 + 0.041x for P. hydropiper and P. 

parviflorus respectively. The LD50 of the extract were found to be 724.44 mg/kg and 

750.00 mg/kg in male albino mice for P. hydropiper and P. parviflorus respectively.  

 

3.7.2. Assay of haematological and biochemical parameters in extract treated mice: 

Table 12 shows the mean values of haematological indices such as WBC and RBC count 

along with serum cholesterol in mice. In the control mice the WBC was found to be 

11.37+0.56 x 103/ml and for extract treated it were 9.10+0.27 x 103/ml mice and 9.81+0.67 

x 103/ml mice, treated with P. hydropiper and P. parviflorus respectively. The RBC of 

control mice was 6.74+0.33 x 106/ml and in extract treated mice it were 5.01+0.58 x 

106/ml and 5.68+0.42 x 106/ml mice, treated with P. hydropiper and P. parviflorus 

respectively.  

Serum cholesterol in control mice was found to be 1.23+0.36 mg/100ml and in 

extract treated mice with P. hydropiper and P. parviflorus it were 1.61+0.22 mg/100ml 

and 1.46+0.23 mg/100ml respectively.    

 

3.8.  Study the residual effect of the plant extracts  

 

To study the residual effect, persistence and half-life period of the plant extracts, the 

most effective plant extract i.e. the chloroform extracts of P. hydropiper and P. parviflorus 
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were tested against O. assamensis. In the 1st set of experiment i.e. the treated filter paper 

after ½ h, the number of mortality of the termite was 100% both at 2.0 and 4.0% 

concentrations of the P. hydropiper.  In the same set and same concentrations the mortality 

was 73.33 and 93.33% respectively. However, the mortality was gradually decreases each 

successive sets i.e. from 24h to 72h. In the 4th sets of petridishes having the plant extracts 

before 72h the mortality was only 3.33% at 4.0% concentrations of both P. hydropiper and 

P. parviflorus. In this set no mortality of insects were there at 0.5, 1.0 and 2.0% 

concentrations of the extracts (Table-13).      

 

3.9. Fractionation of most effective plant extract(s) and their bioassay 
 
 
      To find out the active component responsible for insecticidal activity, the most 

effective plant extracts have fractionated and bio-assayed separately.  

Bioactivities of different chromatographic fractions of most effective plant extracts 

i.e. P. hydropiper are presented in table 14. Data represents the percent mortality of the 

termite workers after 24h of treatment at 1.0% concentration by topical application 

method. It is observed that among the eight fractions (I to VIII) obtained by column 

chromatography, the fraction No. V (eluted with chloroform) is the most toxic against the 

termite, causing 88.20% mortality followed by fraction No. IV (eluted with petroleum 

ether/ethyl acetate, 1:3) causing 45.70% mortality at 1.0% concentration. Other fractions 

exhibited moderate effects against the termite. 

Table 15 shows that fractionation of effective crude extracts by column 

chromatography revealed that the fraction No III (ethyl acetate/petroleum ether, 1:5) of P. 

hydropiper and No IV (ethyl acetate/petroleum ether, 1:3) of P. parviflorus were most 

effective against the caterpillar. It was also observed that chloroform extracts of P. 

hydropiper is more effective than P. parviflorus against A. bipunctata. There the mortality 
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of caterpillar was found 100% after 24h of treatment at 1.0% concentration of the fraction 

No. III of P. hydropiper. At the same concentration, the fraction No. IV of P. parviflorus 

caused 96.67% mortality after 24h of treatment.  

3.10. Purification and characterization of the isolated compounds 

The IR, NMR and MS spectrum of the fraction No. III P. hydropiper is presented in 

Fig. 3, Fig. 5 and Fig. 7 respectively and the IR, NMR and MS spectrum fraction No. IV of 

P. parviflorus is presented in Fig. 4, Fig. 6 and Fig. 8 respectively.  

The IR, NMR and MS spectrum analysis revealed that the fraction No. III of P. 

hydropiper may have carbonyl group (peak at 1723.1 cm-1) and this was due to an 

aldehyde group and the molecular mass of the active compound may be 121.0.  On the 

other hand, the fraction No. IV of P. parviflorus may have –OH group (peak at 3403.2 cm-

1) and the molecular mass of the active compound may be 108.9.   

3.11. People awareness programme  

People awareness programmes were arranged in village areas where the small tea 

gardens are growing rapidly. By these programmes the people became aware about the 

various adverse affects of hard synthetic insecticides, most important being detection of 

pesticidal residues in made tea, development of resistance to insecticides in target species, 

pest resurgence, death of beneficial insects, secondary pest outbreak and environmental 

contamination for a long time.  

Through this programmes the peoples become aware about the insecticidal plants 

and their eco-friendly plant extracts which are most effective against several major insect 

pests of tea in their areas.  Attempt was also made to make people aware for the cultivation 

and conservation of insecticidal plants.  Some popular articles have published and 

presented papers in seminars to aware the people about the eco-friendly plant extracts and 

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

 
 

Treatment  
Conc

. 
(%) 

Number of insect reached to the 
treated shoots 

No of spot produced 

A B C D E A B C D E 
 
 

P. 
hydropiper  

0.5 6.45 
+0.76 

4.67 
+2.13 

4.60 
+0.58 

6.76 
+2.46 

6.00 
+2.33 

10.60 
+1.46 

8.67 
+3.13 

9.25 
+1.23 

9.33 
+0.58 

12.33 
+1.76 

1.0 6.00 
+0.00 

3.00 
+1.58 

3.33 
+0.58 

5.46 
+2.33 

6.33 
+1.776 

8.23 
+1.89 

5.45 
+2.03 

7.76 
+1.23 

6.67 
+1.23 

8.00 
+1.03 

2.0 4.23 
+0.89 

3.33 
+1.03 

2.23 
+1.33 

3.23 
+0.76 

4.46 
+0.58 

5.33 
+1.37 

4.67 
+0.76 

5.00 
+0.86 

5.33 
+0.98 

5.46 
+0.76 

 
 
 

P. 
parviflorus 

0.5 4.76 
+0.43 

2.43 
+0.52 

3.72 
+0.66 

4.76 
+0.52 

5.76 
+0.43 

5.88 
+0.33 

2.46 
+0.43 

5.45 
+1.45 

5.96 
+0.88 

6.96 
+145 

1.0 5.96 
+0.42 

2.46 
+0.76 

3.00 
+0.53 

4.00 
+1.07 

5.26 
+0.43 

4.49 
+0.58 

2.00 
+1.00 

2.99 
+0.46 

4.00 
+0.46 

5.46 
+1.45 

2.0 3.46 
+0.88 

1.67 
+0.43 

2.45 
+0.58 

2.09 
+0.58 

3.50 
+0.10 

2.33 
+0.34 

1.50 
+0.25 

2.71 
+0.98 

2.50 
+0.50 

4.00 
+1.07 

Control 0.0 76.00 
+5.34 

18.76 
+3.46 

24.00 
+1.00 

26.76 
+3.45 

36.00 
+1.00 

256.0
6 

+4.76 

145.6
0 

+3.33 

200.0
0 

+2.50 

245.0
7 

+7.45 

298.4
6 

+4.76 
 

A= Adhatoda vasica                   B= Mikania micrantha 
     C= Melostoma malabathricum   D= Eupatorium odoratum  E= Camellia sinensis  
            Each mean (+SD) represent five replications  
 
 
 
Table 9:    Survival status of Helopeltis theivora Waterhouse. on treated alternate host 

plant       treated with  2% chloroform extract   of Pogostemon parviflorus.    
 
 
 

Plant species 

Egg/ 
day 
/�  

Incubat
ion 

Period 
(days) 

Developmental period (days) Adult 
Longevi

ty 
(days) 

Wt. of bug 
(mg) 1st 

instar 
2nd 

 instar 
3rd 

instar 
4th 

instar 

A. 
vasica 

16.96 
+4.46 b 

5.58 
+0.59 b 

2.47 
+0.58 ab 

2.00 
+0.00 a 

3.45 
+0.58 bc 

3.33 
+0.57 c 

18.76 
+0.52 c 

2.52 
+0.52 c 

E. odoratum 1.97 
+0.58 a 

4.58 
+0.43 ab 

2.09 
+0.58 a 

1.81 
+0.52 a 

2.42 
+0.98 b 

2.00 
+0.00 b 

1.97 
+0.58 b 

1.47 
+0.08 b 

M. 
malabathricum 

2.98 
+0.52 a 

2.00 
+0.00 a 

3.33 
+0.58 b 

3.42 
+1.08 b 

2.87 
+1.05 bc 

2.45 
+0.58 b 

1.45 
+0.52 ab 

1.47 
+0.08 b 

M. 
micrantha 

1.08 
+0.51 a 

2.42 
+1.08 a 

3.00 
+0.00 b 

2.89 
+1.58 b 

0.00 
+0.00 a 

0.00 
+0.00 a 

0.00 
+0.00 a 

0.00 
+0.00 a 

C. sinensis 
22.56 
+4.76 c 

7.50 
+1.00 ab 

2.58 
+0.47 ab 

3.45 
+1.02 b 

3.76 
+1.08 c 

2.00 
+0.00 b 

19.58 
+1.47 c 

2.98 
+0.52 c 

CD at 0.05 3.42 4.34 0.92 0.56 1.23 0.78 1.56 0.48 
 
Each mean (+SD) represent five replications 
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Table 10   : Effects of 2.0% chloroform extract of P. hydropiper and P. parviflorus on 

major insect pests and beneficial insects in field condition.  
 
 

 
 

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 

+2.76 
4.60 

+1.02 
3.20 

+1.20 
1.20 

+1.01 
2.20 

+1.01 
2.70 

+0.96 
3.60 

+1.23 
3.80 

+1.46 
P. parviflorus 12.80 

+2.36 
4.40 

+1.56 
3.80 

+1.26 
1.20 

+0.98 
1.10 

+0.76 
1.30 

+1.02 
3.50 

+1.33 
3.70 

+2.02 
Control 15.40 

+1.34 
18.00 
+2.45 

3.50 
+1.76 

4.40 
+1.33 

2.20 
+0.76 

2.40 
+0.98 

3.30 
+1.20 

4.50 
+1.56 

 
    BT= Before Treatment 
 AT= After Treatment 
     
     Each mean +SD (n = 5) 
     
 
 

Table 11: LD50 value of chloroform extract of leaves of P. hydropiper and P. parviflorus 
in male albino mice 

  
 
 

 
Treatment 

Group of mice 
(n=6) 

Dose 
(mg/kg) 

Mortality 
(%) 

 
Regression 
equation 

 

LD50 
(mg/kg) 

 

 
 
 

P. hydropiper 
 

 

1 
2 
3 
4 
5 
6 

650 
700 
750 
800 
850 
900 

0.00 
33.33 
66.67 
83.33 
83.33 
100.00 

 
 
 

Y= 4.760+0.084x 
 

 
 
 

724.44 

 
 
 

P. parviflorus 
 
 
 

7 
8 
9 
10 
11 
12 

650 
700 
750 
800 
850 
900 

 

0.00 
33.33 
33.33 
66.67 
83.33 
100.00 

 

 
 
 

Y= 4.882+0.041x 
 

 
 
 

750.00 

  
 
Values are mean +SD (n=3).  
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  Fig.-1: Log dose and probit curve of P. hydropiper and P. parviflorus for male albino 

mice. 
 

Table -12 : Effects of chloroform extract of leaves of P. hydropiper and P. parviflorus 

on WBC, RBC and Cholesterol of albino mice.  

 
 

Parameters 
Control 

 
Treatment 

 
P. hydropiper  P. parviflorus  

 
WBC 

(x 103/ml) 

 
11.37+0.56 

 
9.10+0.27 

 

 
9.81+0.67 

 

 
RBC 

(x 106/ml) 

 
6.74+0.33 

 
5.01+0.58 

 

 
5.68+0.42 

 
 

 
Cholesterol 

(mg/100 ml blood serum) 

 
1.23+0.36 

 
1.61+0.22 

 

 
1.46+0.23 

 
 

 
 

 Values are mean +SD (n=3).  
·  Comparison of data due to control and treated mice were made with an 

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

 
 

Plant 
Conc. 

(%) 

% Mortality of termite in chloroform extracts appli ed before 

½ h 24h 48h 72h 

 

Polygonum 

hydropiper 

0.5 

1.0 

2.0 

4.0 

53.33±9.43 c 

86.67±9.43 def 

100.00±0.00 f  

100.00±0.00 f  

3.33+0.58 a 

6.67+2.71 ab 

33.33±9.42 cd 

53.33±9.43 d 

00.00±0.00 a 

3.33+0.58 ab 

20.00±0.00 c 

33.33±9.42 d 

00.00±0.00 a 

00.00±0.00 a 

00.00±0.00 a 

3.33+0.58 b 

 

Pogostemon 

parviflorus 

0.5 

1.0 

2.0 

4.0 

33.33±9.42 b 

46.67±9.43 bc 

73.33±9.43 d 

93.33±9.43 ef 

6.67+2.71 ab 

13.67+4.71 abc 

20.00±0.00 bc 

33.33±9.42 cd 

00.00±0.00 a 

3.33+0.58 ab 

13.67+4.71 bc 

20.00±0.00 c 

00.00±0.00 a 

00.00±0.00 a 

00.00±0.00 a 

3.33+0.58 b 

Control 0.0 0.00+0.00a 0.00+0.00a 0.00+0.00a 0.00+0.00a 

CD at 5% - 16.16 14.12 12.22 3.06 

 

Each mean (+SD) represents three/five replicates of 10 workers. 
Means followed by a common letter as subscript are not significantly different [P=0.05, ANOVA 
and Duncan’s multiple range test (Gomez & Gomez, 1984)]. 
 
 
Table 14: Efficacy of different chromatographic fractions of chloroform extract of 

leaves of P. hydropiper against O. assamensis. 
 
 
*Eluting solvent system **Fraction 

No. 
% Mortality of termite after 24 h*** 

PE I 19.31+3.57 b 
EA/PE (1:10) II 37.50+3.40 ef 
EA/PE (1:5) III 41.60+2.96 gh 
EA/PE (1:3) IV 45.70+10.20 i 
Chloroform V 88.20+8.55j 
Methanol/ Chloroform (1:10) VI 39.65+19.13 
Methanol VII 34.07+7.39 de 
Acetone VIII 32.85+7.42 d 
Water  IX 22.38+11.11 bc 
Control - 0.00+0.00 a 
CD at 5% - 3.26  

 
            * PE= Petroleum ether, EA= Ethyl acetate 
            ** 1.0% concentration of each fraction was applied 
             *** Each mean (+SD) represent three replicates of 10 termite workers 
Means followed by a common letter as subscript are not significantly different [P=0.05, ANOVA 
and Duncan’s multiple range test (Gomez and Gomez, 1984)] 
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Table 15: Efficacy of different chromatographic fractions of chloroform extract of 

leaves of P. hydropiper and P. parviflorus against Bunch caterpillar, Andraca 
bipunctata Walker.   

 
  

 
            * PE= Petroleum ether, EA= Ethyl acetate 
             ** 1.0% concentration of each fraction was applied 
             *** Each mean (+SD) represent three replicates of 10 caterpillars 

Means followed by a common letter as subscript are not significantly different [P=0.05, ANOVA and 
Duncan’s multiple range test (Gomez and Gomez, 1 

 

 

 

 

 

 

 

 

 

 

 

 

 
*Eluting solvent system 

 

 
**Fraction 

No. 

% Mortality of caterpillar after 24 h*** 

P. hydropiper P. parviflorus 

PE I 13.33+4.71 ab 13.33+1.76 abc 
EA/PE (1:10) II 13.33+4.71 ab 28.67+2.45 c 
EA/PE (1:5) III 100.00+0.00 c 16.67+2.09 abc 
EA/PE (1:3) IV 20.00+0.00 ab 96.67+4.71 d 
EA/PE (1:1) V 3.33+4.71 a 14.33+3.42 abc 
Chloroform VI 3.33+4.71a 15.33+1.76abc 
Methanol/ Chloroform (1:10) VII 30.00+0.00 b 19.33+1.76 bc 
Methanol VIII 10.00+0.00 a 20.00+0.00 bc 
Control - 0.00+0.00 a 0.00+0.00 a 
CD at 5% - 22.31  18.32  
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Chapter- IV 

Discussion 

 

4.1. Contract toxicity test against Bunch Caterpillar, Andraca bipunctata Walker. 

Bio-efficacy test of different solvent extracts of leaves of some plants against 

Andraca bipunctata Walker. are presented in table 1. The results indicate that all the leaf 

extracts caused mortality of the caterpillars, however chloroform extracts of leaves of ten 

plants showed higher mortality than the petroleum ether and methanol extracts. Among all 

extracts, maximum percentage of mortality was obtained in chloroform extracts of P. 

hydropiper and P. parviflorus. 

 

4.2. Contract toxicity test against tea termite, Odontotermes  assamensis Holm. 

            
       Investigation was undertaken to evaluate termite control activity of the two 

indigenous plants i.e Polygonum hydropiper and Pogostemon parviflorus. Efficacies of 

different solvent extracts were examined against the workers of O. assamensis, which is 

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

 
      The study revealed that the treatment with different solvent extracts had significant 

controlling effect as compared to untreated ones. Among all the tested solvent extracts, the 

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

 

Deka et al. (1999) showed that chloroform extracts of eight plant species were more 

effective than petroleum ether and methanol extracts against Helopeltis theivora. The reason 

may be due to more solubility and subsequent better extraction of the active compound(s) by 

chloroform than by petroleum ether or methanol. This fact was well described by 
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Schumutterer (1990) in his experiments with neem extracts. Azadirachtin and salanin are the 

major compounds present in neem seed kernel. Azadirachtin is a highly polar 

tetranorterpenoid present in the deoiled part of kernel and consequently not extractable with 

non-polar solvent, salanin on the other hand is less polar and hence extractable both by less 

polar solvents such as chloroform as well as by polar solvent. It is observed in the present 

study that higher concentration of extracts exhibited significant mortality as well as 

antifeedant activity than the lower concentrations. Earlier Borah (1982) reported that higher 

doses of neem products were more effective in controlling Sitophilus oryzae than lower 

concentrations.    

       

  
4.3. Antifeedant test against tea mosquito bug, Helopeltis theivora Waterhouse  

Investigation on the insecticidal activity of P. hydropiper against H. theivora reveal 

that extracts of all the tested plants have more or less antifeedant effects on the insect (Table 

3 and Table 4). There is however, diversity in the range of activity among the extracts with 

the three different solvents. The most potent bioactive plant species is petroleum ether 

extract of it exhibited significant effects than the extracts with chloroform or methanol. The 

activity however is dose dependent. It seems the active compound is more soluble in 

chloroform; hence extraction with chloroform gives better activity. 

    The antifeedant properties of phytoconstituents were reported   by Tripathi and Rizvi 

(1985) and Roychoudhury (1994). Antifeedant properties of Pongamia glabra and 

Polygonum hydropiper have been reported by Rahman et al. (2002). In the present 

investigation it was found that the H. theivora consumed less food from treated shoots 

because the utilization of food by insects requires not only that the same amount should be 

palatable to be ingested, but also that the gut should function properly to allow digestion and 
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assimilation. There is evidence that azadirachtin prevents this from happening. It has been 

shown that injection of azadiractin into nymphs and adults of Locusta migratoria induces 

inhibition of midgut peristalsis and concurrent depletion of seroteninergic cell bodies in the 

frontal gangalia (Dorn and Trum, 1993). 

      The antifeedant often induce starvation in an herbivore and can indirectly cause 

developmental deviance and thus stimulate a growth inhibitory effect (Slama, 1978). Present 

observation supports this view. It is observed that due to the less feeding from treated shoots 

the normal growth and development of H. theivora was disrupted. 

      The feeding activity of insects treated with petroleum ether extract of P. hydropiper 

was found to be low as compared to the control. The extract having high antifeedant 

property compelled the insects to feed less quantity, which ultimately caused reduction in 

body weight and hence low relative growth rate of the insect.  

       It has been shown that chloroform extracts of Lantana camara have antifeedant 

property against Chilo partellus (Swinhoe) (Bhatnagar and Sharma, 1994). 

 
4.4. Comparison of plant extract with commercial insecticides 
 
 

The petroleum ether extract of P. hydropiper leaves was compared with one 

commercial synthetic insecticide i.e. Endosulfan 35% EC. It has been found that the 

feeding spots by the H. theivora are less than that of the plant extract but the values are 

comparable (Table 5).  

The LC50 value of chloroform extracts of P. hydropiper, P. parviflorus, Endosulfan 

35% EC and Neem gold have found to be 0.36, 0.89, 0.29 and 0.28 respectively against the 

termite, O. assamensis (Table -6). However, the results indicates that the plant extracts are 
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in their crude form and so has higher LC50 value that that of Endosulfan 35% EC and 

Neem gold.  

Endosulfan 35% EC, a synthetic organochlorinated compound and Neem gold, a 

commercial active component has high insect control power. On the other hand, the 

Polygonum hydropiper extract is in its crude form and so has less antifeedant activity than 

that of Endosulfan 35% EC and Neem gold. After fractionation of the plant extracts the 

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

4.5. Bio-efficacy test against looper caterpillar, Buzura suppressaria and tea  
mosquito bug, Helopeltis theivora feeding on alternate host plants 

 
 Investigation was carried out to observe the effect of most effective plant extract(s) 

against major insect pests of tea feeding on different alternate host plants. The study 

revealed that chloroform extract of both P. hydropiper and P. parviflorus are effective 

against H. theivora and B. suppressaria feeding on different alternate host plants (Table 7 

and Table 7). Similar observation on H. theivora was observed by Gogoi et al., (2005). 

 The study also revealed that chloroform extracts of P. parviflorus causes effect on 

development of H. theivora on extract treated alternate host plants (Table 8). In extract 

treated Mikania micrantha, the insect could survive only upto 2nd instars. In an experiment 

Bhoopathi and Gautam (2006) reported that no larvae of Zygogramma bicolorata had 

completed its development on any of the test plants except Parthemum hysterophorus.   

 

4.6. Toxicity studies against the insect pests and beneficial insects in field condition  

 
The studies on effect of plant extracts on major leaf eating and sucking insect pests 

and beneficial insects were carried out in field condition. The study revealed that the 

chloroform extracts of P. hydropiper and P. parviflorus are effective against H. theivora as 

well as B. suppressaria in field condition by reducing their number in treated plots 
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considerably (Table 10). However the plant extracts did not affect the beneficial insects’ 

viz. Lady Bird beetle and Honey bee. Similar observation by Sing (2006) reported that 

neem oil reduces the incidence of mustard aphid without affecting the foraging bee.   

 

4.7. Toxicity studies of plant extracts on laboratory animals 

A number of plant-based insecticides like nicotine can not be commonly used due 

to their toxic effect on higher animals including man. In the present investigation it was 

observed that the LD50 value of leaf extracts against mice were quite high in comparison 

to insects (Table 11). Moreover, the tested haematological and biochemical parameters of 

control and extract treated mice were not significantly different (Table 12). Plant based 

insecticides generally break down rapidly in the soil and do not present long-term 

environmental problems (Smith and Rust, 1991). Hence, toxicological safety to higher 

organisms is expected from the leaf extracts of P. hydropiper and P. parviflorus. There 

was no significant difference between means of control and treated mice in both the cases 

of haematological and biochemical parameters (P= 0.05).  

 

3.8. Study the residual effect of the plant extracts  

 

The study of the residual effect, persistence and half-life period of the plant extracts, 

the most effective plant extract i.e. the chloroform extracts of P. hydropiper and P. 

parviflorus reveled that the mortality was gradually decreases each successive sets i.e. 

from 24h to 72h (Table-13). In the 4th sets of petridishes having the plant extracts before 

72h the mortality was only 3.33% at 4.0% concentrations of both P. hydropiper and P. 

parviflorus. In this set no mortality of insects was there at 0.5, 1.0 and 2.0% concentrations 

of the extracts. This experiment reveled that the efficacy of the most effective plant 
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extracts were only for one or two days. The efficacies of the most of the plant extracts were 

declining day by day after the application i.e no residual effects of the plant extracts.    

4.9. Fractionation of most effective plant extract(s) and their bioassay 
 
 

     The chromatographic fractionation of chloroform extract of leaves of P. 

hydropiper and their bioassay (Table 14) revealed that among the eight fractions obtained 

by column chromatography, the fraction no. V (eluted with chloroform) is the most toxic 

against the termite, causing 88.20% mortality. Other fractions exhibited low bio-efficacy. 

It is evident that the most active compound is present in fraction no. V whereas the other 

compounds with less activity are present in other fractions.  

Table 15 shows that fractionation of effective crude extracts by column 

chromatography revealed that the fraction No III (ethyl acetate/petroleum ether, 1:5) of P. 

hydropiper and No IV (ethyl acetate/petroleum ether, 1:3) of P. parviflorus were most 

effective against the caterpillar. It was also observed that chloroform extracts of P. 

hydropiper is more effective than P. parviflorus against A. bipunctata. There the mortality 

of caterpillar was found 100% after 24h of treatment at 1.0% concentration of the fraction 

No. III of P. hydropiper. At the same concentration, the fraction No. IV of P. parviflorus 

caused 96.67% mortality after 24h of treatment.  

 From the fractionation and bioassay it is evident that, chloroform extract of P. 

hydropiper and P. parviflorus contain a variety of chemicals, which may act as toxic, 

antifeedant or soil barrier to the termites.   

From the fractionation and bioassay it is evident that, chloroform extract of P. 

parviflorus may contain a variety of chemicals, which may interfere with the growth and 

development process of insects. There are reports on many active compounds isolated 

from different plants having insecticidal property e.g. Azadirachtin and meliontrol in 
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neem, diterpene clerodendrin A and B from Clerodendron inerme (Munakata, 1977; 

Ahmed et al., 1981), Karanjin in Pongamia pinnata (Shukla et al., 1997; Jothi et al 

1990). Polygoidal in Polygonum orientale (Larew, 1992). Lantendane in Lantana 

camara (Pandey et al., 1979). Visicin in Adhatoda vasica (Koshiya and Ghelani, 1990) 

and an active terpenoid in Cassia tora (Bhargava et al., 1997; Patil et al., 1990). Due to 

the presence of these chemicals, the insects consume less food and so there is antifeedant 

activity against the insects. P. parviflorus also contain some active compounds, which 

have disrupted the development of the insects due to the feeding of extract treated shoots.   

 

4.10. Purification and characterization of the isolated compounds 

 
The active fractions were characterized through IR, NMR and MS analysis. The 

active compound might be backbone for producing more active analogues.   

   

4.11. People awareness programme 
 

People awareness programmes were arranged in village areas where the small tea 

gardens are growing rapidly. Through these programmes the tea cultivators as well as the 

common people became aware about the various adverse affects of hard synthetic 

insecticides, most important being detection of pesticidal residues in made tea, 

development of resistance to insecticides in target species, pest resurgence, death of 

beneficial insects, secondary pest outbreak and environmental contamination for a long 

time.  

Through this programmes the peoples also become aware about the insecticidal 

plants and their eco-friendly plant extracts which are most effective against several major 
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insect pests of tea in their areas.  The botanical insecticides from the plants will boost the 

economy of the local people as well as of the country if export potential is tapped properly 

and this should protect the environment from toxic residue of synthetic insecticides. 

Moreover cultivation of insecticidal plants would improve the economy of the indigenous 

people. Therefore attempt was also made to make people aware for the cultivation and 

conservation of insecticidal plants.  
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 Chapter- V 

Conclusion 
 

 
       Widespread use of synthetic insecticides which benefit the tea producers but this has 

led to many problems, most important being detection of pesticidal residues in made tea, 

development of resistance to insecticides in target species, pest resurgence, death of 

beneficial insects, secondary pest outbreak and environmental contamination for a long time.  

The presence of excessive residues of synthetic insecticides in Indian made tea has 

been a serious setback for its popularity among the consumers of the advanced countries, 

since there has been a global awareness on pesticidal residues in made tea as well as in other 

foods. 

Most of the synthetic insecticides used for pest control are currently precluded 

because of the above drawbacks. Hence it has become necessary to look for an alternative. 

Among the various alternatives tried by the scientists, one promising alternative technique is 

the use of botanicals.  

Toxicological and environmental safety can be assumed from the leaf extracts of 

Polygonum hydropiper and Pogostemon parviflorus, which have been found most effective 

against the Tea Termite (O. assamensis), Bunch caterpillar (A. bipunctata), Tea Mosquito 

Bug (H. theivora) all are major insect tea pests in North-East India. 

The contact toxicity, antifeedant as well as barrier effect of plant products have 

significant importance in controlling insect pest in agricultural system. Application of such 

plant extracts in the field, is likely to limit the feeding activity of the insect and could cause 

their feeding inhibition due to its disruption of normal activity and metabolic inhibition. 

The people awareness programmes helps the cultivators as well common peoples to 

aware about the adverse affects of hard synthetic insecticides as well as the use of eco-

friendly plant products against the major insect pests of tea.  
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Observation from field application of plant extract it can be concluded that plant 

extract are effective against major insect pests without causing environmental problem and 

any harmful effect on pollinating agent (e.g. Honey bee) and friendly insects (e.g. Lady bird 

beetle). 

The plant products will boost the economy of the local people as well as of the 

country if export potential is tapped properly and this should protect the environment from 

toxic residue of synthetic insecticides.  
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