
56 



Population change of Helopeltis theivora and pattern of insecticides use in the 

Dooars region of North Bengal: a historical perspective. 

•!• Records and evidences of population change of Helopeltis theivora in the 

Do oars 

Data on infestation of the tea mosquito bug (H. theivora Waterhouse) were collected 

for 24 years (1980-2004) from different tea estates (T.E.) situated in the different tea 

subdistricts of the Do oars region of North Bengal. The intensity of incidence pattern 

was divided into three categories, low: (1-10% infestation), moderate (ll-20% 

infestation), and severe (above 20%). The study in general indicated that intensity of 

H. theivora infestation was low in 70 to 90% T.E. from1980 to 1990. During this 

period only very few T.E. suffered severely from attack; of this obnoxious pest. After 

that, tlie severity of the infestation of H. theivora in the Do oars increased from year 

after year. During 1991 to 1995, 20 to 35 percent tea estates suffered from moderate 

type of damage by the pest. Outbreaks of H. theivora occurred more frequently 

causing major damage of tea in the Dooars from the year 1997. It was noted that 70 to 

83% tea estates in the Dooars could be considered under moderate to severe 

categories during 2000 to 2004. Since then the severity of the infestation of H. 

theivora in the Do oars showed an ever-increasing trend (fig.1 ). 

0 

By and large tea estates of Kalchini, Damdim, Nagrakata and Binnaguri subdistricts 

suffered severe damage by this pest. The rest subdistricts of the Dooars such as 

Chulsa and Damdim showed low incidence pattern of H. theivora (Fig. 2 to 7).' 

Among the different subdistricts of the Dooars tea plantation, the tea estates 0f 
0 

Kalchini subdistrict were marked as high Helopeltis prone zone. H. theivora was 
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more or less ubiquitously distributed throughout the tea estates of Kalchini 

subdistricts of the Dooars. During 1980 to 1985 among the nineteen different T.E.s of 
' 

Kalchini subdistrict, infestation of H. theivora was quite low, excepting in some, 

where it extended to moderate level (15.79%). Till that point of time no severe 

infestation was reported. The complexion however changed during the period 1986 to 

1993 when 10 to 15 % of the T .E. showed severe attack by H. theivora. After that the 

severity of infestation gradually increased till the year 2001. During this time more 

than 50% of the T.E. ofKalchini have suffered from severe attack by H. theivora and 

rest ofthem maintained moderate level of infestation (Fig.- 5). The tea estates namely 

Central Dooars, Bhatkawa, Rajabhatkawa, Bharnobari, Satali, Radharani, Turturi, 

Rydak and Chuapara were marked as high prone to H. theivora attack. Depending on 

the intensity of damage Nagrakata, Dalgong and Binnaguri could be placed next to 

Kalchini subdistrict (Fig. 3, 4 and 2). An overall observation of the three subdistricts 

in question depicted a steady growth of infestation from low densities in 1980 to 1999 

to a peak by 2002-2003. The general trend and data since 2003 indicated that severity 

of H. theivora infestation was more or less similar in Kalchini, Nagrakata and 

Dalgong subdistrict (F. 5, 4 and 2). The tea estates such as Dalmore, Dalgong, 

Hantapara, Lankapara, Garganda, Makrapara and J oybirpara tea estates in the 

Dalgong subdistrict; Jiti, Chengmari, Hope, Looksan, Grassmore, Ghatia and 

Nagrakata tea estates in Nagrakata subdistrict, and Ambari, Binnaguri, Newdooars, 

Banarhat, Maraghat, Karbala, Red ballk and Dina tea estates in the Binnaguri 

subdistrict regularly suffered from the ravage of H. theivora in most season of the 

year. 
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Some relief from H. theivora attack was evident m the Damdim and Chulsa 

subdistricts (Fig. 6 and 7). In general intensity of H. theivora infestation increased by 

step from year to year from the extreme western Dooars to the eastern Dooars. 

History of advent of the tea mosquito bug (H. theivora) in North Bengal has become 

the central problem for the tea planters specially those of the Dooars. Intensity of 

infestation of the pest was low from 1980 to 1990 possibly due to DDT dusting as a 

routine practice to combat the pest problem during the early forties to seventies, 

(Mukerjea, 1962). During the period 1991 to 1995, the severity of infestation of H. 

theivora increased giving it the status of a major destructive pest of tea in the Dooars. 

It was noted that 70 to 83% tea estates in the Dooars suffered moderate to severe 

categories of H. theivora damage during year 2000 to 2004. In a similar obsertation 

on Nilgiri tea plantations, Sudhakaran (2000) mentioned that during 1950's the 

menace of H. theivora was rather low and its damage could hardly be regarded as 

causing loss of crop but after four decades it had reappeared i.e. during 1990's in an 

alarming way in South India. 

The phenomenal rise in H. theivora population might be due to several reasons. The 

changed agro-practices and large scale deforestation might have influenced its 

severity (Gope and Handique 1991). Whether changes, environmental complexity, 

anthropogenic activities and reduction of natural enemies of the target pest resulting 

from routine use of insecticides might were responsible to a large extent for severity 

of infestation (Das, 1957). Observations by Das (1965), Das (1984) and 

Gurusubramanian et al., (2005) on tea, and that of Entwistle (1964), Gibbs and 

Leston (1970) and Smith (1978) on other crops have substantiated that a higher 
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incidence of Helopeltis occurred in crops if the plantation area was located at the 

forest fringes or was interspersed with forest plants due to the presence of alternate or 

alternative silvatic hosts of H. theivora. 

The region wise variation of severity of attack by H. theivora in the Dooars was also 

documented in earlier studies of Andrews (1999), who reported that the pest was 

worst towards the east Dooars and showed an intense occurrence in the tea estates 

away from the hills. This is the area occupied by the grey sandy loam of the Dooars. 

Das (1957) further tried to relate local conditions and vegetation as influencing the 

incidence. The fact that areas of eastern (Kalchini) and central Dooars (Dalgong and 

Nagrakata) that are bordered by forests remain more or less permanently infested by 

H. theivora bears out the above conjecture. · . 

•!• Use pattern of insecticides in tea in the subdistricts of the Dooars 

In the Dooars, the control of insect pests is predominantly done by endosulfan, 

quinalphos, acephate, chlopyriphos, monocrotophos, cypermethrin and deltamethrin 

for last several decades, but subsequently oxydemeton methy~ lamda-cyhalothrin, 

etofenprox, alphamethrin, fenpropathrin, profenfos, thiomethoxam and irnidacloprid 

have been introduced in tea protection since 1999. 

The over all use pattern for seven years (1998-2004) showed that the annual 

consumption of insecticides in the Do oars varied between 5. 799 kg/1 per hectare and 

9. 793 kg/1 per ha and the average annual requirement of insecticide during the period 

·was 7.499 ± 0.56 kg/1 per hectare (table 1). An analysis of the insecticide use pattern 

revealed that the non-pyrethroids such as organo-chlorine, organo-phosphate and 

carbamate accounted for 73.5% while pyrethroids use represented 36.6% during the 
• 0 
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survey period (fig. 8). Attention is drawn to the fact that the requirement of synthetic 

pyrethroid gradually increased with every passing year in the Dooars tea plantation 

(fig. 8). For example in the year 1998, 10.82% of total insecticide·used was synthetic 

pyrethroid but in. 2004 it was enhanced to 40.91% in the Dooars tea plantation. 

Table 1. Average consumption of insecticides (kg or It per hectare) in tea 
different subdistrict of the Dooars (1998-2004) 

Subdistrict · Total insecticide Non-Synthetic Synthetic 
used pyrethorid pyrethorid 

Damdim 5.799 + 0.49 4.609 + 0.206 1.7194+ 0.274 
Chulsa 6.433 + 0.166 4.73 + 0.237 1.696 + 0.262 
Nagrakata 7.655 + 0.166 5.324 + 0.965 2.331 + 1.197 
Binnaguri 7.399 + 0.549 5.407 + 0.926 1.992 + 0.404 
Dalgong 7. 920 + 0.066 5.435 + 0.257 2.484 + 0.305 
Kalchini 9.793 + 0.48 7.59 + 0.357 2.196 + 0.475 
Average total 7.499 ± 0.56 5.515 ± 0.439 2.749± 0.620 
consumption 

Among the different subdistricts, lowest consumption was noted in Damdim 

subdistrict (5.799 ± 0.49 kg/! per hoctare) followed by Chulsa (6.433 ± 0.166 kg/! per 

hectare), Binnaguri (7.399 ± 0.549 kg/1 per hectare), Nagrakata (7.655 ± 0.166 kg/1 

per hectare), Dalgong (7. 920 ± 0.066 kg/! per hectare), and finally highest 

consumption was noted in Kalchini (9.793 ± 0.48kg/l per hectare). 

Data analysis revealed the overall increasing trend of insecticide consumption pattern 

in tea plantations of the subdistricts over a period of seven years (Fig. 9a - f). In 

general, consumption pattern of major chemical groups of insecticides was found to 

·be similar in an· the regions of the Do"oars with extensive use of endosulfan and 

monocrotophos (Annexure, 1-6). It is note worthy that the used of chlopyriphos has 

drastically got reduced from year 2000, instead of many tea estates have started using 
~ 
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neo-nicotinoid group of insecticides (thiomethoxam and imidacloprid) since the year 

2002. Among the synthetic pyrethroid groups, deltamethrin, and cypermethrin 

dominated, followed by fenpropathrin, alphamethrin, lamda-cyhalothrin and 

etofenprox. The introduction of lamda-cyhalothrin was comparatively very recent . 

(2002). Attention is drawn to the fact that there has been a definite trend to maximize 

the yearly use of synthetic pyrethroids in all subdistricts but with a narrow choice for 

the spectrum of the insecticides. Earlier study (1990- 1994) reported that the average 

use pattern of insecticides was estimated to be 2.05 kg/lit/ha in the Assam valley, 3.76 

kg/1/ha in Cachar, 7.05 kg/1/ha in Dooars and Terai and 2.50 kg/1/ha in North Bank 

(Barbora and Biswas, 1996). In a recent survey, an average of 14.16 kg/! of pesticides 

was used per hectare per year of which synthetic pesticides constituted 85% and the 

rest 15% were of organic and inorganic origin in the Dooars area, among which, 

acaricides accounted for 25% (3.60 kg/1 /ha) and insecticides 60% (8.46 kg/! 

/ha)(Sannigrahi and Talukdar, 2003). 

The consumption pattern of insecticides gives an indication that insect pests are more 

dominant and problematic in the Dooars tea. The preference for synthetic pyrethroids 

has probably increased because the conventional non-pyrethroid insecticides have 

become less effective against the target pest in tlie Dooars. Moreover, the question, 

why do the estates/areas in Kalchini require 25% to 50% more chemicals than 

Chulsa and Damdim need to be addressed. Probably· this is due to the severity of pests 

attack or their ·higher pesticide tolerance or lack of proper planning and supervision 

during spraying. 
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Though broad-spectrum pesticides offer powerful incentives in the form of excellent 

contro~ increased yield, and high economic returns, they have serious drawbacks 

such as development of resistance to pesticides, resurgence of pests; outbreak of 

secondary pests, harmful effects on natural enemies of pests, human health and 

environment and above all the presence of undesirable residues. The effective control 

of pests in tea is essential to ensure the marketability of this crop. Excessive use of 

pesticides in the Dooars has led to more problems of maximum residual limits, 

contamination of food products and underground water. Non-prescribed use of 

chemical pesticides, wrong advice, aggressive marketing of pesticides to planters by 

marketing personnel with vested interests, non-observance of prescribed waiting 

period, use of sub-standard pesticides, effluents from pesticide manufacturing and 

repacking units, continued use of persistent pesticides for public health programmes, 

lack of awareness and lack of adequate . educational programme for 

planters/consumers appear to be responsible for creation of the current grim situation 

(Anonymous, 2003a). 
0 

In the recent years, the pesticide residue problems have become a major concern to 

the tea industry as the importing countries are imposing stringent restrictions for 

acceptability of the made tea contaminated with pesticide. Changes in pest 

management strategy have to be contemplated to ensure environmental and human 

safety. Reduced susceptibility of tea pests against some insecticides and acaricides is 

now a reality (Sarker and Mukhopadhyay 2003, 2006 a and b) along with ·an increase 

in pesticide cost and availability. Public concerns over pesticide use have resulted in 

government mandate in European countries to cut pesticide use by SO% (Matteson, 
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1995). Public anguish has compelled the EPA, USDA and FDA to take initiatives to 

implement lPM in the U.S. (U.S. Congress OTA, 1995); and FIFRA and FQPA 

requirements. for pesticide use in the U.S. (EPA, 1997; Klassen, 1998), which 

consequently lead to the implementation of CIB and PF A clearance for usage of 

chemicals in tea in India (Gurusubramanian eta/., 2005). So it is high time that tea 

planters should consider i) the impact of pesticides on non-target organisms, human 

health, wild life habitat and environment and ii) adoption of lPM strategies to reduce 

the pesticide load and to produce residue-free tea. Such special drives would increase 

the exports and the popularity of tea in domestic front as a true health drink. 

Influence of abiotic factors and seasonal abundance of H. theivora 

The seasonal abundance of H. theivora was monitored in the Dooars tea fields during 

2004 to 2005. The population of H. theivora was present throughout the year in the 

Dooars, nevertheless it-was at the lowest ( ± 10% infestation ofpluckable shoots) in 

December to February. The population usually started to build up in the months of 

May/June reaching a peak ( ± 30%) in September/ October or November. After which 

their abundance was diminished (fig. 1 0). 

As a depearture from the population trend in the Dooars, in Sri Lanka the most 

favourable season for abundance of H. theivora was between the S.W. and the N.E. 

monsoons, i.e. July to September. Dry, windy weather prevailing at that time was 

suitable to its -development. The N.E. monsoon caused decline in the number of 

insects, and a revival of the same occurred ·during February .- March, which, 
• 

generally was comparatively low since H. theivora did not thrive in severe or 

. prolonged drought (Jeevaratnam and Rajapakse, 1981). Bangladesh, that shares 
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similar agroclimate with the Dooars also recorded a peak in the population of H. 

theivora during September, with a decline in October and November leading to a 

very low incidence during December to March (Ahmed, 1996). Almost half a 

century back, Das (1957) noted the occurrence of H. theivora on tea was almost 

throughout the year, but serious attack developed during May, June and July, often 

extending up to September. The incidence of H. theivora on tea in South india was 

similar to that of Srilanka i.e. high during July to December. So an overall spatial 

and temoral change in the population trend of H. theivora become evident on 

compairing of the above situations. 

A close observation on the daily cycle of H. theivord revealed that L'le pest was active 

in early morning and late afternoon, in shaded area, in cloudy and in dull day. During 

daytime having sunshine, they usually would hide in the tea bushes or among the 

weeds presel(l: in tea fields. 

Dependence of He/ope/tis population on the weather factors such as rainfall, 

maximum temperature, minimum temperature, relative humidity (morning and 

afternoon) and sunshine hours were summarily presented in the table 2. 

Table 2. Multiple linear regression value of Helopeltis theivora against weather 
parameters 

0 

Regression coefficient of indep_endent variable R' F 
Intercept Rainfall Temperature"(; Relative humidity_% Sunshine 

Max Min Morning Afternoon Hours 
-116.78 -0.0017 0.3148 1.069 0.8699 0.0391 3.279 0.476 2.571 
(59.81) (0.008) (2.337) (1.639) (0.3658) (0.312) (1.772) 

Main figures are regression coefficient and figures in parenthesis are standard errors. F 
is value not significant at 5% level. 
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The table reveals a low R2 value (0.476) when subjected to multiple regression 

analysis indicating that dependence of H. theivora population remained unexplained 

in light of the abiotic factors when taken together. Because, in regression analysis, the 

size of R2 value provides information on the size of the. portion of the variability of 

dependent variable explained by the linear function of the independent variables 

(Gomez and Gomez, 1984). It means that some other factors have also considerable 

influence on H. theivora population. One such factor may be the harvesting I removal 

of the plucking shoots harbouring a significant number of eggs laid by H.theivora. 

Moreover, growing stage and age of tea bushes also have tremendous influence on H. 

theivora population. Tea has a periodical growth habit with inter flush dormancies 

and a long winter dormancy (Barua, 1989). During these dormant periods the growth 

rate of shoots gets reduced drastically disrupting the continuous food supply to the H. 

theivora, which may affect the population trend adversely. These additional factors 

may be responsible in influencing the population of H. theivora resulting in low R2 

value. 

The population data was further subjected to simple regression analysis to find out the 

influence of each weather factor separately on H. theivora population (table 3). 

Table 3. Simple linear regression values: Effect of individual abiotic factor on the 
incidence of H. tlleivora 

0 

Regression coefficient of independent variable 
Rainfall Temperature "C Relative humidity % Sunshine 

Max Min Morning Afternoon Hours 
-0.450* 0.337* 0253* 0.236* -0.06 0.214* 

n= 168; df= (n-2)=166; *Significant at 1% level. 
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Out of the different weather factors, rainfall had significant negative influence on H. 

theivora population. Whereas maximum and minimum temperatures had significant 

positive influence at 1% level of significance. The sunshine hours had a significant 

positive influence at 1% level. In case of relative humidity also a positive trend of 

influence was observed only in the morning hours. While in afternoon a negative but 

nonsignificant correlation was observed. 

Study of Sudhakaran (2000) from South India revealed that the infestation of H. 

theivora had a negative relationship with maximum temperature and maximum 

relative humidity but a significant positive relationship with maximum relative 

humidity. Davasahayam and Nair (1986) reported that the population development 

was negatively correlated with minimum temperature, maximum temperature, and 

relative humidity. There are some observations which tell that fluctuation of H. 

theivora population takes place in response to more localized and less regular climatic 

events (Lever, 1949; Miller, 1941; Betrem, 1950; Pillai eta!., 1976a). The build up of 

H. theivora population in Bangladesh tea was mainly related to the increasing of day 

length, temperature, humidity and cloud cover (Ahmed 1996), that largely supported 

the present observation on the population dynamics of H. theivora from the Dooars. 

Life cycle pattern of H. theivora in different seasons of the Dooars agro-climate: 

Duration of the developmental stages of H. theivora varied widely in different months 

(table 4). · 
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Fecundity, Hatchability and Incubation period: 

The lowest incubation period was notfced during September and October i.e. 5.6 to 

5.8 days. The incubation period was 6 - 8 days during the months of April, May, 

June, July, and August, and about two weeks or more during December, January and 

February. In March, i.e. at the onset of spring the incubation period of egg ranged 

from 9 to 15 days with an average of 10.9 days. (Fig.lla). The hatchability (per cent 

of eggs hatched) did not vary significantly in different seasons. The average 

hatchability was 70.6 to 83.2% on tea in tb:e Dooars condition. 

The developmental period i.e. total time interval between egg hatching and 

emergence of adult through five nymphal stages varied from 8.4 to 16.2 days. 

During the summer months of May to October nymphal development was completed 

within a short time i.e. 8.4 to 10.0 days, and the shortest being in August when it took 

only 8.4 ± 0.24 days. The longest time (16.2 ± 1.11 days) was required in the winter 

month of January (Fig. lla). No significant difference in the mortality (%) was 

observed during nymphal developmental in period in different seasons (table 4). It 

was noted that 66.6 to 70.6 % nymphs survived to reach to adult stage. The pre 

oviposition period in H. theivora was noted to be on an average 4 days and 

oviposition period ranged from 24 to 36.8 days which varied significantly in different 

months of the year (fig. lie & table 4). 
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Table 4. Life cycle pattern of H. tlleivora in the Dooars agro-climatic condition 

Mon Egg stage Nymphal stage Total Pre oviposition Fecundity Adult longevity 
th developmen- oviposition Period (days) 

tal Period Period 
IP (days) H(%)* ND (days) NR(%)* (days) (days)• (days) ( e~wfemale) Male* Female 

Jan. 16.6 ± 0.47 71.2±2.74 16.2 + 1.11 66.6+3.07 30.6+ 0.74 4.2+0.37 36.2 ± 1.28 73 + 11.55 21.8 + 1.39 45.6+ 1.47 
(14-18) (63-80) (14-20) (60-77) (28-J2) (3-5) . (22-53) (39-lll) (19-27) (26-60) 

Feb. 17.4 ± 0.21 70.6 + 4.61 14.0 +0.54 69.2+ 3.81 29.8± 1.06 4.2+0.37 32.8±2.13 74.2 + 12.97 22.4±2.11 40 ±2.36 
_(14-21) (60-83}_ J13-i6) (60-83) (27-33) J3-5) (21-51) (49-i23). (17-30) (24-55) 

Mar. 10.9+0.64 . 76.2 + 5.07 10.4 + 0.92 67.8 + 1.71 19.8+ 1.35 4.2 + 0.37 28.6+ 1.56 71.4+ 13.41 21.4 + 1.72 33.5+ 2.14 
(9-1Sl (67-90) (8-13} (63-7J) (1B-24l (3-5} (21-JO) (33-I09l (17-26) (25-S3l 

Apr. 7.8 +0.25 72.8±6.62 !'iO.O+ 0. 77 68.0 ±4.34 17.6± 0.67 4 +0.31 25.2 ± 1.52 75.4+ 13.85 20 + 1.30 29.8 + 1.24 
(7-9) (57-90) (9-l:i) (60-80) (16-20) (3:5) (22-30) (44-i21) (18:25) (26-3J) 

May 7.2±0.13 73.4 ±4.73 9.8± 0.66 69.4±2.29 17.2 ± 0.73 3.8 ±0:20 26.2±2.26 84.6 +20.91 22 ± 1.58 29.2 + 1.39 I 

(7-9) (63-90) (8:12) (63-70) (16-20) (3-4) (21-32) (36-i42) (19-28) (26-3J) 
Jun. 6.9 +0.27 73.6±3.81 9.0 + 0.44 70.6 +3.90 15.6 ± 0.51 4.2 +0.37 25.2 ± 1.88 80.6 + 14.41 21+ 1.04 29.4 + 1.72 

_{6-8} (67-87) (8-10) . (60-80) (14-17) _(3-5) (20-30} (56-1J4) (17-23)_ {24-34) 
Jnl. 6.7+0.26 78.8±4.29 8.6 + 0.44 67.2+2.43 15.2+0.58 4 + 0.44 24.0 + 1.14 92.8 + 15.60 22.4 ± 1.96 28.0+ 1.22 

(6-8} (67-90) (8-10) (63-7J) (14-17) (3:5) (21-27) (49-141) (16-30) (24-J1) 
Aug. 6.6 ± 0.37 78.6±3.84 8.4 +0.24 69.6 + 1.93 14.8± 0.58 3.8 +0.20 24.8 ± 1.65 101.8 + 18.02 20.4±2.06 28.6+ 1.60 

(5-8) (70-87) (8-9) (60-77) (13-16) . (3-4} (24-30) (53-157) (16-27) (25-J4) 
·Sep. 5,6 +0.31 83.2+3.77 8.6 +0.40 69.2±3.12 13.2± 0.20 3.8 +0.37 28.8± 1.98 136.6 + 18;68 22.8 + 1.59 42.5 +2.86 

(4-i) (73- 93) (8-10) (63-80) (13-14) (3-4} (21-37) (73-187) (16-3l) (35-60) 
Oct 5.8 +"0.36 82.6 ± 2.94 9.0 +0.44 68 + 5.08 15.4 ± 0.67 4+ 0.54 30.4+ 1.20 127 +17.50 21 + 1.64 39.4 + 1.36 

(6-8) (73-90) (8-lo) (60:87) (2=5) 
-

(82-l60) 
-

(36-52) (13-17) (22-42) (17-26) 
j'lov. 6.9 ± 0.34 78.8±4.14 10.2 ± 0.58 67.6± 2.71 17.4 ± 0.81 3.6±0.51 34.2± 1.93 114.8+8.25 23.4 ± 1.16 39.8± 1.65 

(6-9) (70-90) (9-12)" (60-77) (15-19) (3-5) (21-41) (88-1J3) (21-27) (35-59) 
Dec. 12.2±0.55 72.0 ±4.19 12.8 ± 1.15 68,6±2.42 23.8 ± 1.24 4+ 0.31 36.8±1.46 90.0± 14.67 22.8 ± 1.39 40.8 + 1.62 

(10-15) (63-86) (9-16) (60-73) (21-28) (3-5) (23-50) (60-156) (19-26) (30-54) 
CD 0.7061 1.8669 2.1945 4.42 41.002 4.4029 
(5%) 

IP- incubation period; ND- Total nymphal stages- Duration; H- hatchability(% of eggs hatched); NR-% of Nymphs reaching adult stage. ±Standard error 
of the mean of!O replication. Figures·within parenthesis represent the nmge values. *F value for treatment is not significant i.e. none of the month showed 
significant effect. 
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The total number of eggs laid by a female was as high as 136.6 ± 18.68 in the month 

of September and as low as 73 ± 11.55 to 74.2 ±12.97 during January to February 

(table 4). During October and November high rate of egg laying to the tune of 127.0 

± 17.50 and 114.8 ± 8.25 eggs per female respectively was observed. During rest of 

the months of the year the mean fecundity ranged from 75 to 90 (fig. lib): 

Developmental Period 

In a similar finding as in the present study Gope and Handique (1991) reported a 

short incubation period of 5 days in August to a prolonged one of 16 days in 

December in N.E India (Assam). The variation in incubation period had been studied 

by Rao {1915), Kirkpatrik (1941), Puttarudriah (1952), Tan (1974), Sathiamma 

(1984), Sundararaju and John (1992) and Sudhakaran (2000) all of them reported that 

incubation period was prolonged in colder months and short during the wormer 

month. Gope and Handique (1991) revealed that longest nymphal developmental 

period was 29.6 days and which may extend exceptionally up to 39 days (Das, 1965). 

These fmdings deviate substantially for the current trends i.e. the maximum 

developmental period of 16 days. This deviation may be attributed to many factors, 

the primary one being the change of agro-climatic conditions and introducing of 

newer planting materials like high yielding clones which possible gives higher 

sustenance to the nymph. Fecundity of H. theivora in the present study was relatively 

low when compared to that of the same species as reported by Sudhakaran, (20b0) 

from South India and Hains-Worth, (1952)-who noted that as many as 660 eggs were 

laid by a bug in September. But, the present finding record a maximum of 136.6 ± 

18.68 eggs during September supported by similar finding of Gope and Handique 
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(1991) on tea, Devasahayam (1985) and Sundararaju (1996) on cashew, and Sudhakar 

(1975) on guava.Gope and Handique (1991) reported that in Assam tea population the 

pre oviposition period of H. theivora showed a trend of gradual decrease with the 

increase in ambient temperature. However in the present study the pre oviposition 

period in H. theivora was noted more or less to be 4 days without much variation in 

different months of the year in the Dooars. 

Longevity and Survival 

It was observed that the female H. theivora survived for a significantly longer period 

than the male (Fig. 11 d). The average longevity of male was 20 to 22 days. There was 

no seasonal influence on the longevity of male H. theivora as they survived up to 31 

days in the Dooars condition. A similar longevity was not observed in females, which 

varied significantly in different months of the year. Female longevity was high during 

the month ofNovember, December, January and February and which ranged between 

39.8 and 45.6 days. In the rest of the months longevity ranged from 28 to 36.4 days. 

At times the copulation lasted for a pretty long time, from 40 to 200 minutes. It was 

seen that both polygamy and polyandry were common in H. theivora. 

It was observed that the female bug survived for a longer period than the male in this 

study, which could be corroborated by similar fmdings, by Sudhakaran (2000) where 

longevity of female and male H. theivorawas 48.2 and 28.0 days respectively. 

It was observed that the longevity of female was positively correlated with 

oviposition period (r = ·8.70) (fig.l2). The different variable biological traits of H 

theivora were subjected to simple regression analysis to know the influence of each 
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weather factor (i.e. mean temperature, relative humidity and sunshine hours) (table 

4a). 

Table 4a. simple linear regression values: Effect of individual abiotic factor on the 
variable life cvcle traits of H. theivora in the Dooars 
Independent Regression coefficient 

variable 
(abiotic Incubation Nymphal Oviposition No of eggs Female 
factors) period duration period laid I day longevity 
Mean -0.881 -0.916 -0.864 0.864 -0.619 

temperature 
(OC) 
RH 0.138* 0.152* 0.449* 0.071 * 0.449* 

Morning 
(%) 
RH 0.083* 0.107* -0.036* -0.206* 0.037* 

Afternoon 
(%) 

Sunshine 0.305 0.454 0.682 -0.428 0.502 
hours 

*R-value not significant at 5% level. 

Temperature significantly affected the developmental period of eggs (incubation 

period) and nymphs (total nymphal duration), oviposition period, eggs laid per day 

(fecundity I oviposition period) and female longevity. Among them incubation period, 

total nymphal duration, oviposition period and female longevity showed highly 

negative correlation with "r'' (correlation coefficient) values of -0.881, -0.91.6, -0.864 

and -0.619 respectively. But eggs laid per day were positively correlated (r = 0.864). 

The results of the present study are in general agreemelft with the previous reports on 

traits of Helopeltis species by Pillai and Abraham (1974) on cashew, Sudhakar (1975) 

on guava, Jeevaratnam and Rajapakse (1981) and Sudhakaran (2000) on tea. 

Kirkpatrik (1941) reported that temperature had a tremendous influence on incubation 
0 

period of Helopeltis sp. on Cinchona. From the present study it was clearly evident 
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that at high temperature, Helopeltis theivora laid more eggs per day but the longevity 

offemales was reduced drastically; this was in line with the findings of Pillai et a!., 

(1976a). The influence of relative humidity(%) was not found statistically significant 

with the concerned biological traits of H. theivora in the Dooars. 

Rhythmic periodic~ty in the behaviour of insects and other arthropods is well known 

(Cloudsley and Thompson, 1961), and most often light proves to be an important 

pace setter. Such biological rhythms· for incubation period, total nymphal duration, 

oviposition period and female longevity were evident in H. theivora that showed 

positive correlation with sunshine hours (day length). To the contrary the eggs laid 

per day by H. theivora showed a negative correlation with mean sunshine hours in the 

Dooars. All these traits of H. theivora appeared to be tuned to exploit the maximum 

food resource available during summer months due to high flushing rate. 

Comparativ·e life cycle pattern of H. tlleivora on Tea (Camellia sinensis) and 

Mikania micrantlla host: 

Comparative biology of H. theivora on Camellia sinensis and Mikania micrantha 

(family Asteraceaeare) concerning different biological characteristics showed that 

there was no significant difference in the incubation period of eggs, sex ratio of 

female to male and male longevity (Table 5). 

But rest of the biological parameters i.e. hatchability (% of egg hatched), total 

nymphal duration, percent of nymphs reaching adult stage, pre oviposition period, 

oviposition period, fecundity and female longevity varied significantly (Fig.13). The 
. . . 

viability of eggs or egg hatchability ofH. theivora on M micrantha was 25 - 30% 

lower than Ii. theivora on tea (Fig. B) and the total nymphal duration and total 

developmental period of H. theivora onM micrantha was significantly longer than 
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Table 5. Comparative life cycle pattern of Helopeltis tlreivora on tea (Camellia sinensis) and Mikania micrantlra 

Host Egg stage Nymphal stage Total. Pre oviposition Fecundity Sex ratio Adult longevity 
developmental oviposition Period (days) 

Period Period 
IP* H ND NR(%) (days) (days) (days) (egg/female) (Female:Male)* Male* Female 

(days) (%) (days) 
Tea 5.6± 83.2± 8.6± 69.20± 13.2± 0.20 3.8±0.37 24.8± 1.98 136.6± 1:0.9 22.8± 42.5± 

0.31 3.77 0.40 3.12 (13-14) (3-4) (21-32) 18.68 1.59 2.86 
(4-7) (73- (8-10) (63-80) 

. 
(73-187) 

.. 
(16-31) (35-70) 

93) 
Mikania 6.08± 58.50 11.9 ± 49.80 23.4± 0.90 12.5 ±0.34 18.7±0.77 36.4 ± 9.56 1:0.97 19.5± 33.80 ± 
micrant!Ja 0.28 ±3.03 0.73 ±3.70 (17-31) (11-14) (14-22) (22-57) 1.185 1.34 

(4-8) (41.6- (10-13) (30-72) (14-27) (22-57) 
66.6) 

-· 

IP -incubation period; ND- Total nymphal stages- Duration; H- hatchability (% of eggs hatched); NR-% of Nymphs reaching 
adult stage. ± Standard error of the mean of 10 replications. Figures within parenthesis represent the range values. * Non-significant 
difference among them. 
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on tea. Significant reduction in percent of nymphs reaching adult stage was noted on 

M micrantha in comparison with that on tea. Significantly very less number of eggs 

was laid by H. theivora onM micrantha (36.4 eggs/ female). Thus, there was 73.35% 

reduction in the fecundity of H. theivora on M micrantha as compared to H. theivora 

on tea. Heavy pubescence (tricomes) present in M micrantha may impair the 

movement, attachment and oviposition of the insect (Van Duyn et a/., 1972) and also 

heavy pubescence can prevent small piercing- sucking insect species from reaching 

the epidermis with their mouth parts (Singh eta/. , 1971 and Southwood, 1986) (plate 

5 ). The prolongation of pre-oviposition and oviposition periods of H. theivora in M. 

micrantha was by 1.77 and 3.28 folds more than that on the tea. The female 

longevity was observed 1.26 times more when reared on tea than theM micrantha. 

The difference in the feeding preference is evident through the differencing feeding 

punctures made on the two host plants (plate 5) 

M micrantha for the first time recorded as alternative host of H. theivora by Das, 

• 
(1965) and according to his observation this creeper abundantly growing in an around 

tea gardens supports a viable population during stress condition of the tea bushes. 

This conjecture was also supported by Abraham et a/. , (2002). In another study, 

Somchowdhury et al. , (1993) noted that infestation rate of H. theivora on M 

micrantha is very high as compared to other wild plants of the Dooars but che number 

of eggs laid per plant was relatively less. The result obtained in the present 

observations was in accordance with the findings of other workers like Sudhakaran 

(2000) and Sundararaju, (1996). They observed a striking difference in biotic 

potential of H. theivora and H. antonii when reared on their primary host (tea and 
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cashew respectively) and its alternative host. In primary host they multiplied in a very 

short time than on alternative hosts. 

Feeding behaviour of H. theivora: 

Assessment of feeding potmtial and site preference of different stages of H. 

theivora bug: 

The nymphs and adults of He/ope/tis theivora sucked plant sap from tender stems, 

shoots, young leaves, petioles and buds by its sucking mouthparts. The part of the 

plant where a mosquito bug had sucked developed a circular stain that was initially of 

coppery translucent appearance, subsequently turning dark brown or black. The 

feeding rate of nymphs and aduit was calculated from the feeding spots produced by 

an individual per day or in total life stages under laboratory condition on TV! tea 

shoots. Significantly more number of spots could be seen when a female fed as 

compared to male individual per day. A female in its total life span produced as high 

as 5698.39 punctures with an average of 104.57 punctures per day (table 6). On the 

basis of total feeding spots I individual of different stages, these were fol@d in the 
0 

order of: female (4682.2) >male (1407.0) > 3'd instar (287.8) >2nd instar (270.8) >1st 

instar (186.6) >4th instar (180.6) >5th instar (90.35). 

There was a direct correlation between the age of the instar and diameter of the 

feeding puncture. The diameter of the spot of female was significantly larger than 

those made by male. 
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Table 6. Assessment of damage potential of nymphal stage and adult of tea mosquito bug in the laboratory condition during 
September to October 2003 

' Life cycle stages Mean diameter Feeding spots/ Total leaf area (nun") Total Average Cumulative 
feeding spot (mm2

) individual/day damaged (necrosed) Feeding spots Feeding spot during 
by during different development 

feeding/individual/day stages 
(a) (b) _(_ax b) (c) (d) 

I" instar 0.391 66.600 26.04 186.64 186.64 
(8.116) (13.55) 

2"" instar 0.785 88.294 69.31 -270.8 475.44 
(9.246) (16.42) 

3'" instar 1.753 80.211 140.61 287.8 745.24 
(8.964) (16.89) 

4Ul instar 2.975 68.875 204.90 180.6 925.84 
(8.300) (13.39) 

5Ul instar 3.564. 60.245 214.73 90.354 1016.19 
(7.825) (9.557) 

Male . 4.087 65.721 268.60 1407.0 2423.19 
Adult (8.069) (37.51) 

5.029 . 104.575 525.90 4682.2 5698.394 
Female (10.170) (67.95) 

CD (P-:-0.05) 0.560 1.436 6.6835 

Data within the parentheses are --In+ 1 transformed values which were used for statisti_cal analysis 
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Feeding by early instar.nymphs resulted in smaller spots i.e. 0.391 mm to 1.735 mm 

diameter whereas 5th instar and adult produced larger spots of 3.56 to 5.03 mm. All 

the punctures produced by H. theivora were almost circular. Structure and size of 

puncture marks also varied with maturity of the tea shoot and clones. The area 

damaged by the female was the maximum, which was followed by that of male, 

fourth, third, second and first instar nymphs. This result is similar to the observation 

made in the Das (1965), Anonymous (1994), Kalita et al., (1996) and Sudhakaran 

(2000). 

It was clear from the study that H. theivora of the Dooars population produces 

comparatively larger feeding puncture marks than the H. theivora of South Indian 

population as reported by Sudhakaran (2000). 

During growth of insect digestive performance value changes and the values for 

approximate digestibility tend to decrease from early to late instars. This is probably 

related to increase feeding rate and increased gut size when nymphs get older 

(Siansky and Scriber, 1985). The total area of the leaf tissue consumed by the 

advancing instars and adults, which was reflected by the total area of leaf damaged 

[table 6, column 4(a x b)] agrees well with the above. The order of feeding spots 

(number) produced by nymphs and adults also agrees with previous studies by 

(Sudhakaran 2000) who reported more or less the same order where as Das (1984) 

observed that a single late instar nymph of H. theivora could produce a maximum of 

80 fee.ding spots in· 24 hours under l'aboratory conditions. Number of feeding spots 

produced by nymphs and adults of H. theivora were noted by Kalita et al., (1996) 

which were much less than that observed in the present study. 
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A single female of H. theivora was found capable of producing an average of 104.57 

punctures per day on TV! clone under laboratory conditions while H. theivora female 

made as high as 179 puncture per day on UPASI clones of South India.(Sudhakaran 

2000). Compared to the earlier studies on H. theivora in N.E. Indian tea by Das 

(1984) and Kalita et al., (1996), the feeding rate of the species seems to hence 

comparatively increase after a span of a decade and two, indicating a better trophic 

adaptation to tea. 

Depending on number of feeding spots or puncture marks at the different site of tea 

shoot (bud, 1 ", 2"d and 3'd leaf) by different stages of H. theivora, the trend of feeding 

site preference was determined. The first instar nymph normally preferred first leaf 

(53.6%) followed by bud (29.4%) and then second leaf (17.0%) (fig. 14). In case of 

second instar the preference could be arranged in the order: 1st leaf(51.3%) >2nd leaf 

(30.5%) >bud (16.0%) > 3'd leaf (2.2%). Based on the experiments it was found that 

the propensity of feeding in rest of the stages (3rd instar, 4th instar, 5th instar and both 

male and female) was for the second leaf (44.6% - 60.5%) followed by first leaf 

(22.9%- 40.0%), then third leaf(IO.O%- 15.5%) and lastly bud (2.8% to 6.8%). This 

result was in agreement with the findings of Kalita et a!., (1996) and by and large 

with fmdings of Rahaman et al., (2007a). Leaf surface morphology (trichomes), 

surface texture and surface wax structure of different tea leaves and their chemical 

natures may be responsible for differential feeding of H. theivora by different stages 

· (Schoonhovan et al.; 1998 and Chakraborty, et · al., 1978). The variation of 

biochemical profile of the various parts of the tea shoot (bud, leaf, internode) may 

79 



,... 
r 

':JJ 
::::: 

-:::; 
'.) 

. "..! 

R ucl 

I 00° o 

80° o 

60° 0 

..J QO 0 

20° 0 

0°o 
I s t 2nd 3 rd --lth 5th l\r1 <1le Fem<1le 

in st<1r inst<1r instar inst<1 r inst<1r 

inst<1rs 

• I st lenf D 2nd lenf D 1rcf lenf 

Fig. 1--l Feeding site preference of different st<~ges of H . thei\'(Jr(/ on te<1 



. ·; 

also play a vital role in influencing the degree of feeding preference of the various 

stages of H. theivora (Chakraborty, et al., 1978). 

Clonal or Varietal susceptibility of Helopeltis theivora in the Dooars: 

All the..chosen 28 tea cultivars planted in the Dooars were susceptible to H. theivora 

(table 7) i.e. no clone was immune to infestation by Helopeltis theivora. Among the 

cultivars TV!, TV12, TV23, TS653 and TV16 were the most susceptible receiving 

240 to 286 punctures I 5 individual I day. The tea cultivars TV2, TV9, TV17, TV18, 

TV20, TV25, TV26, TV30, Teenali 17, TS652, TS491 and Pl26 were less 

susceptible than the preceding group. In tbis number of feeding punctures varied in 

between 177 to 227. Third in order of less-susceptibility were TV7, TVIO, TV14, 

TV19, TV22, and TS426 cultivars in which the rate of feeding was 129 to 160. The 

least susceptible cultivars were TV 4, TVll, TV28, TV29 and ST449 the number of 

puncture in these cultivars ranged from 79 to 1 (I (table 7) . 

The present observation could be corroborated by the findings ofDas (1984) and Raj 

(1992) who reported that TV! was the most susceptible clone of Helopeltis. The 

susceptible of the clones may depend on certain chemicals that wbich attract 

H. theivora. The significant variability in damage may perhaps be attributed to 

physical or biochemical attributes of clones. The content of polyphenols, catechins, 

total carbohydrates and proteins of tea shoots appear to influence the degree of attack 

by insect. In general, the susceptible clones contained higher amount of total soluble 

sugars, amino acids and less quality of proteins. Further, young shoots of susceptible 

clones have a light shiny appearance, which may attract H. theivora (Sudhakaran, 

2000). 
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Table 7. Varietal preferences of tea clones and jats of Helopeltis tlteivora 

Clone I Varieties 

TV1 
TV2 
TV4 
TV7 
TV9 
TV10 
TVll 
TV12 
TV14 
TV16 
TV17 
TV18 
TV19 
TV20 
TV22 
TV23 
TV25 
TV26 
TV28 
TV29 
TV30 
Teenali 17 
TS653 
TS652 
TS426 
TS491 
P126 
ST449 
CDP-0.05 

Average No. ofpuncturesl 5 individuals I 

285.89 (16.93)' 
227.25 (15.11t 
77.25 (8.84) 
159.75 (12.67)0 

188.83 (13.77)b 
153.00 (12.41)" 
101.75 (10.13)d 
276.25 (16.65)" 
143.25 (12.01)" 
245.75 (15.71)" 
218.75 (14.82)b 

. 210.19 (14.53)b 
159.50 (12.66)" 
177.00 (13 .34)b 
150.50 (12.31)" 
264.24 (16.28)" 
207.00 (14.42)b 
184.25 (13.61t 
86.25 (9.34) 
110.75 (10.57)d 
198.25 (14.11)b 
193.50 (13.94)b 
240.00 (15.52)" 
193.50 (13.94)b 
128.50 (11.37)0 

187.50 (13.72)b 
189.25 (13.79t 
79.00 (8.94)' 

1.729 

day. 

o Mean of 10 replications and in each replication five number of Helopeltis 
. tlteivora have introduced. 

o Data within the parentheses are ...fn+ 1 transformed vallies which were used for 
analysis. The same letter at the end of value in the column denotes the' value is 
not significant at 0. 05% level. 
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In some early works pure Assam indigenous tea was practically immuned to pest 

attack and in hybrids with greater the proportion of China blood a higher rate of 

attack especially by H. theivora was evident Green (1901). It is generally believed 

that small-leaved, low jat tea is severely attacked by H. theivor'a compared to a good 

jat (Sudhakaran, 2000) .. Even in observation maid by Anstead and Ballard (1922) 

about a century back in South India, China varieties and their hybrids were found 

most susceptible to attack than the other varieties . 

. Screening of alternate hosts for Helopeltis tlzeivora feeding 

In the present study envisages screening of thirty-eight plants (weed to tree) growing 

in and around tea estates for H. theivora infestation. Of these, seventeen plants were 

found with feeding marks and the rest 21 plants suspected to support survival of H. 

theivora have been rolled out to be a host. The latter ones Dalbergia assamica, 

Indigojera teysmanii, Albizzia odoratissima, A. lebbek, A. chinensis, Triumfetta 

neglecta, Urena lobata, Hibiscuss sp., Tephrosia candida, Dorris robasta, Latis 
• 0 

lancifolia, Borreria hispida, Mimosa pudica, Ageratum conyzoides, Amaranthus 

spinosus, Pteridium aquilinum, Dicranopteris linearis, Scoparia dulcis, Melochia 

corchorifolia, Fussiala suffruticosa were found to be immuned to attack by H. 

theivora. In a no choice system (table 8) the alternate host was subjected to obligate 

feeding by H. theivora and a comparison of number of puncture marks indicated the 

relative feeding intensity for among alternate hosts. 
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Table 8. Screening of alternate hosts for Helopeltis tlleivora feeding 

Alternate hosts No. of punctures on host leaf 
under single choice 

Guava 196.6 
(Psidium guajavr;t), (14.05) 
Oak (Quercus spp.), 111.5 

(10.60) 
Melastoma (Melastoma sp.), 132.2 

(11.54) 
Thoroughwort (Eupatorium sp.), 95.6 

(9.83) 
Fragrant thoroughwort (Eupatorium odoratum), 74.6 

(8.69) 
Dayflower (Commelina spp.), 123.4 

(11.15) 
Sesbania (Sesbania cannibina), 64.5 

(8.09) 
Jackfruit (Artocarpus heterophylla), 101.5 

(10.12) 
Bortengeshi ( Oxalis acetocello ), 73.7 

(8.64) 
Ornamental jasmine (Gardenia jesminoid), 62.2 

I {7.94) 
J amun (Eugenia }ambo/ana), · 79.8 

) (8.98} 
Boal (Ehretia acuminata), 65.2 

(8.-13) 
Mikania (Mikania micrantha), 198.3 

(14.11) 
Acacia moniliformis 99.3 

(lO.oJ) 
Premna latifolia. 65.3 

(8.14) 
Rai (Brassica juncea) 102.5 

(10.17) 
Acaphyla sp. 146.5 

(12.14) 
CDP .. =0.05 0.70 

• Mean of I 0 replications and in each replication five numbers of Helopeltis 
theivora have introduced. 

Data within parentheses are .,Jn+ I values, which were used for statically analysis. 
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An arrangement of the host, basedbn descending order of choice (puncture marks) 

was determined as follows: Mikania (Mikania micrantha) > Guava (Psidium guajava) 

> Acappyla sp.> Melastoma (Melastoma sp.) > Dayflower (Commelina spp.) >Oak 

(Quercus spp.) > Rai (Brassica juncea) > Jackfruit (Artocarpus heterophylla) > 

Acacia moniliformis > Thoroughwort (Eupatorium sp.) > Jamun (Eugenia 

jambolana) >fragrant thoroughwort (fi:upatorium odoratum) > Bortengeshi (Oxalis 

acetocello) > Premna latifolia > Boa! (Ehretia acuminata) > Sesbania (Sesbania 

cannibina) > Ornamental jasmine (Gardeniajesminoid) (table 8). 

The no choice situation was generally more representative for the field conditions 

when tea plants were pruned. On the other hand when tea leaves were present, insects 

could exercise a choice between tea and alternate host plants which was a simulation 

of a binary choice experiment (Schoonhovan et al. 1998). It was apparent that H. 

theivora clearly had a preference for tea plant, which was followed by Mikania 

(Mikania micrantha), Guava (Psidium guajava), Acappyla sp., and Melastoma 

(Melastoma sp.) (plate 6). These four alternative plants appear to have the potential to 

support H. theivora in field condition; hence a management of these host plants is a 

necessity for proper management of the pest. In binary choice situation no feeding 

spots have been recorded in fragrant thoroughwort (Eupatorium odoratum) and 

Premna latifolia. Rest of the plants received significantly very less number of 

puncture marks of H. theivora in comparison to tea piants (table 9). 
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Melastoma sp. Psidium guajava 

Mikania micrantha Acaphyla sp. 

Plate. 6 Some choicest alternative host of H.theivora 



Table 9. Comparison of feeding preference of H.theivora between tea vs. alternate 
host 

Pre cent of puncture marks of H. tlzeivora shared by the host 
Primary host Alternate hosts 

Name % offeeding Name % offeeding 
spots spots 

Tea 75.4 Guava 24.6 
Camellia chinensis (Psidium K!Jajava), 
Tea 89.4 Oak 10.6 
Camellia chinensis (Quercus spp.), 
Tea 85.4 Melastoma 14.6 
Camellia chinensis (Melastoma sp.), 
Tea 96.6 Thoroughwort 3.4 

· Camellia chinensis (Eupatorium sp.), 
Tea 100 Fragrant thoroughwort 0.0 
·Camellia chinensis (Eupatorium odoratum), 
Tea 86.7 Dayflower 13.3 
Camellia chinensis (Commelina spp.), 
Tea 81.8 Sesbania 8.2 
Camellia chinensis (Sesbania cannibina), 
Tea 98.6 Jackfruit 1.4 
Camellia chinensis (Artocarpus heterophylla); 
Tea 96.6 Bortengeshi 3.4 
Camellia chinensis (Oxalis acetoce/lo ), 
Tea 91.5 Ornamental jasmine (Gardenia 9.5 
Camellia chinensis jesminoid), 
Tea 87.4 Jamun 12.6 
Camellia chinensis ( Euf[enia ;ambo/ana), 
Tea 95.8 Baal 4.2 
Camellia chinensis (Ehretia acuminata), 
Tea 63.2 Mikania 36.8 
Camellia chinensis (Mikania micrantha), 
Tea 95 Acacia moniliformis 5.0 
Camellia chinensis 
Tea 100 Premna latifolia. 0.0 
Camellia chinensis 
Tea 97.8 Rai 2.2 
Camellia chinensis (Brassicajuncea) 
Tea 77:2 . Acaphyla sp. 22.8 
Camellia chinensis 
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Oviposition preference of H. theivora 

The spatial distribution of insect species is determined to a large extent by the 

oviposition behaviour of females, when their larvae have limited dispersal capabilities 

(Huignard et al., 1986; Hanks, 1999). Egg laying of H. theivora on TV1 tea shoots 

under laboratory condition was observed. The eggs were completely inserted into the 

tender part of shoots except for the two respiratory horns (long and short chorionic 

process) projecting form the surface. Eggs of H. theivora were usually laid 

individually, but occasionally in groups. The most common and preferred site was the 

stalk (internode) between 1"' and 2"d leaves which harboured 28.49% of the total 

number of laid eggs this was followed by the egg laid in the stalk between 2"d and 3'd 

leaves (24.92%) and that between 3'd and 4th leaves (24.90%) (table 10). The less 

preferred site of egg laying were as follows: lower side of mid rib and petiole of 4th 

leaf (8.72%) > lower side of mid rib and petiole of 3'd leaf (7.20%) > lower side of 

mid rib and petiole of2"d leaf(2.00%)> axilary buds (1.40%) and the remaining site 

of the tea shoot received very less number of eggs which ranged from 0. 66-0.99% 

(table 1 0). Under the Dooars agro-climatic condition medium to coarse plucking (2 

leaf+ bud and 3 leaf+ bud) was widely practiced (Barua, 1989). Therefore, it was 

estimated that 65.72% of the eggs were laid in pluckable portion and rest the 34.28% 

were inserted into non-pluckable region i.e., broken ends of plucked shoots (Fig. 15). 

The findings of the present study on oviposition preference are in general agreement 

with previous report on H. theivora form tea .plantation in North East India by Gope 

and Handique (1991) and from South India by Sudhakaran (2000). 
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Table 10. Comparative study on oviposition preference of H. theivora iu normal 
condition and insecticidal stress condition in Dooars strain 

. Distribution of eees (%) 
Oviposition site Normal . Insecticidal stress condition 

Condition Endosulfan 30 Deltamethrin 
EC 2.8EC 

Pluckable Axilary buds 
part 1.40 0.6 0.55 

Stalk between bud & 
1st leaf 0.72 0.3 1.06 
Lower side of mid rib 
& petiole of 1st leaf 0.99 1.72 1.67 

· Stalk between 1st leaf 
& 2nd leaf 28.49 9.98 8.29 
Lower side of mid rib 
& petiole of 2nd leaf 2.00 2.03 2.7 
Stalk between 2nd leaf 
& 3rd leaf 24.92 18.2 19.8 
Lower side of mid rib 
& petiole of3rd leaf 7.20 7.33 7.83 

Total 65.72 40.16 41.9 
Non Stalk between 3rd leaf 
pluckable & 4th leaf 24.90 50.5 50.66 
Part. Lower side of mid rib 

& petiole of 4rd leaf 8.72 7.62 6.41 
Rest part 0.66 1.72 1.03 

Total 34.28 59.84 58.1 
Ratio between Pluckable part and 
Non pluckable part (P!NP) 1.917" 0.671 b 0.722 b 

The ratio (PI NP) value followed by same latter is not significant at 0.05% level after 
Tukey-Kramer multiple comparison test. 
The same letter at the end of value in the column denotes the' value is not significant at 
0.05% level. 

According to Gape and Handique (1991) the most preferred site of oviposition was 
0 

the soft part of the shoot below the second leaf and the exposed tissues after a harvest. 

In general, the bugs for oviposition did not prefer the bud and the two leaves next to 
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it. But at times the mid-rib of the older leaves could be seen with eggs. In tea, it is an 

interesting adaptation for the bug to avoid too soft tissues for egg laying as they 

apprehand a higher chance of elimination in the process of harvesting (Gope and 

Handique 1991). 

An interesting phenomenon was observed when the ovipositional site preference of 

H. theivora was compared on tea shoot (TV1) under normal and insecticidal stressed 

condition in laboratory (table 10). The most preferred site of oviposition of H. 

theivora founds when tropically treated with sub lethal concentration (LC 20) of 

endosulfan and deltamethrin resulted in major egg laying bellow the pluckble level 

(60% and 58% respectively) (table 10). Under this insecticide stressed conditions the 

female preferred the stalk between (internode) 3'd and 4th leaves for laying (50% of 

total eggs). So, interestingly the oviposition preference of H. theivora under 

insecticide stress condition showed reverse trend as compared to the normal 

condition. Such an egg laying during stressed and normal conditions may be 

influenced by several factors: the experience gained by H. theivora female from 

exposure to conventional insecticide sprays induce their egg laying preference most 

in the non-pluckable parts of a bush in conventional tea plantation. Due to high 

density of the leaves in the upper hamper the insecticides spray fail to penetrate deep 

to the 3'd and 4th internode (stalk), which gives the female H. theivora a safer zone to 

lay eggs down the bush. Normally during spraying operation in tea field the top 

hampers get the maximum of the spray flui~ the range of deposition being 75-95% of 

the ·spray fluid and the leaves of mid hamper receive only 50-70% and the low 
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hampers 20-50% of the droplets. However, under surfaces of the leaves do not get 

usually adequate coverage (Borthakur and Baruah, 1983). 

Oviposition preference can be induced by previous experience of females. This has 

been demonstrated in some insect species (Jermy et a/., 1968; Traynier, 1984; 

J aenike, 1990; Vet and Papaj, 1992; Turlings et a/., 1990 and 1993 and Groot et al., 

2003). One of the best-known examples of behavioral change leading to resistance 

occurs in the mosquito that such as Anopheles gambiae of Africa. In this species, 

while an endophilic strain inhabiting with in house was susceptible to in-door spray 

of DDT, an exophilic strain not inhabiting buildings becomes dominant because its 

behaviour allowed it to avoid exposure to the insecticide (Collins and Paskewitz, 

1995). Among other pests, behavioral resistance had been shown in the tobacco 

budworm, where resistant larvae slowed their movement in the presence of 

pyrethroids and thus receive less exposure to lethal dose (Pedigo, 2002). Therefore, in 
0 

the present study the adaptive change in egg laying by previously experienced female 

of H. theivora to prevented adequate contact their of eggs with insecticides through 

avoidance of treated surface, set an example of behavioural resistance to insecticide 

among the tea pest. 

0 

Determination of relative toxicity of insecticides against H. theivora in different 

subdistricts of the Do oars 

Resistance factors (RFs) were determined based on LC
50 

values relative to the 

corresponding lowest LC
50

s of monocrotophos, oxydemeton methyl, thiomethoxam, 

imidacloprid, fenpropathrin and alphamethrin for the Damdim strains'; and that of 

endosulfan, deltamethrin, cypermethrin, fv.cyhalothrin, quinalphos and profenfos for 
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the Chulsa strain. Due to the unavailability of a suitable reference. The most 

susceptible strain was normally used to calculate resistance factors. 

Endosulfan: 

Kalchini population recorded a maximum LCso value to endosulfan (1580.77 ppm) 

followed ·by population from Dalgong (952.715 ppm), Binnaguri (938.213 ppm); 

Nagrakata (884.95 ppm) and Damdim (544.722 ppm). Lowest LCso value was 

observed in population from Chulsa (269.744 ppm). While the Kalchini strain showed 

the highest resistance to endosulfan (5.86 folds), followed by Dalgong (3.53 folds), 

Binnaguri (3.47 folds), Nagrakata (3.28 folds) and the least resistance was observed 

in the population ofDamdim (2.02-folds) (table 11). 

Table 11. Relative toxicity of endosu1fan 35 EC against H. theivora in different tea 
erowing subdistricts of the Do oars 

Endosulfan 35 EC 
Location- Resistance 

Sub- district in Factors 
Do oars i Regression equation LCso S.E. Fiducial (RF) 

(ppm) limits 
(95%) 

Damdim 2.16 y-3.902x-17.384 544.72 0.011 607.753 2.02 
480.324 

Chulsa 4.95 y = 2.375 X- 7.899 269.744 0.010 328.181 1.00 
221.712 

Nagrakata 5.51 y - 4.270 X- 20.369 884.95 0.010 988.899 3.28 
791.936 

Binnaguri 2.38 y = 5.621 X- 28.568 938.213 0.006 1017.63 3.47 
864.995 

Dalgong 2.45 y- 3.501 X -15.934 952.715 0.012 1099.37 3.53 
825.689 

Kalchini 2.38 y = 4.428 X- 22.455 1580.77 0.009 1756.22 5.86 
1422.48 

• Susceptible Chulsa Population . 
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Monocrotophos: 

Dalgong population recorded a maximum LCso value to monocrotophos (I8.046 ppm) 

followed by population from Nagrakata (17.903 ppm), Kalchini (16.270 ppm), Chulsa 

(7.378 ppm), and Binnaguri (4.592 ppm). Lowest LCso value was observed in 

population from Damdim (3.025 ppm). The Dalgong strain showed the highest 

resistance to monocrotophos (5.97-folds) and the least resistance were observed in the 

population ofBinnaguri (1.52-folds) (table I2). 

Table 1~. Relative toxicity of monocrotophos 37SL against H. theivora in different 
tea growing subdistricts of the Dooars 

Monocrotophos 37SL 
Location - Sub- Resistance 

district in Factors 
Do oars r: Regression equation LCso S.E. Fiducial (RF) 

(ppm) limits 
(95%) 

Dam dim 4.97 y- 3.942 X- 8.722 3.025 0.008 3.382 I 
2.706 

Chulsa 4.26 y -7.026 X- 22.I79 7.378 0.006 7.895 2.44 
6.895 

Nagrakata 5.30 y = 4.230 X- I2.99I 17.903 O.OIO 20.I72 5.92 
I5.890 

Binnaguri 1.3I y- 1.723 X- 1.309 4.592 0.025 6.IOI 1.52 
3.457 

Dalgong 0.49 y = 3.976 X- Il.926 18.046 0.01I 20.42I 5.97 
I5.946 

Kalchini 2.99 y- 2.004 X- 3.44I 16.270 O.OI7 20.045 5.38 
I2.056 

• Susceptible Damdim Population . 

Profenfos: 

The Kalchini population recorded a maximum LCsovalue to profenfos 50 EC (29.7I3 

ppm) followed by population from Damdim (I2.328 ppm), Dalgong (12.112ppm), 

Nagrakata (II. 786 ppm) and Binnaguri (11.235 ppm). Lowest LCso value was 
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observed in population from Chulsa (7.633 ppm). The Kalchini strain showed the 

highest resistance to profenfos (3.89 folds) and the least resistance was observed in 

the population ofBinnaguri (1.47 folds) (table 13). 

Table 13. Relative toxicity of profenfos 50 EC against H. theivora in different tea 

growing subdistricts of the Do oars 

Profenfos 50 EC 
Location - Sub- Resistance 

district in Factors 
Do oars x" Regression equation LCso S.E. Fiducial (RF) 

(ppm) limits 
(95%) 

Dam dim 5.79 y- 3.973 X- 11.255 12.328 0.011 13.972 1.61 
10.878 

Chulsa 6.23 y = 4.007 X- 10.56 7.6336 0.011 8.654 1.00 
6.733 

Nagrak:ata 4.72 y- 5.359 X- 16.818 11.786 0.007 12.856 1.54 
10.805 

Binuaguri 0.69 y = 6.142 X- 19.88 11.235 0.008 12.215 1.47 
10.332 

Dalgong 5.68 y -3.806 X- 10.541 12.112 0.011 13.760 1.59 
10.661 

Kalchini 1.37 y = 3.568 X- 10.963 29.713 0.012 33.967 3.89 
25.991 

• Susceptible Chulsa Population . 

Quinalphos: 

On the basis of LC50 values, the descending order of toxicity of quinalphos 25 EC 

was observed in six different subdistricts in the Dooars was Chulsa (6.560 ppm), 

Damdim (18.335 ppm), Dalgong (29.051 ppm), Nagrak:ata (38.836 ppm), Binnaguri 

(43.764 ppm) and Kalchini (214.471 ppm). The Kalchini strain showed the highest 

resistance to quinalphos (32.69-folds) followed by Binnaguri (6.67 folds), Nagrakata 
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(5.92 folds), Dalgong (4.42 folds). The least resistance ratio was observed in the 

population ofDamdim (2.79 folds) (table 14). 

Table 14. Relative toxicity of quinalphos 25 EC against H. theivora in different tea 
growing subdistricts of the Do oars 

Quinalphos 25 EC 
Location - Sub- Resistance 

district in Factors 
Dooars x· Regression equation LCso S.E. Fiducial (RF) 

(ppm) limits 
(95%) 

Damdim 2.94 y- 3.048 X- 7.995 18.335 O.Dl1 21.140 2.79 
15.903 

Chulsa 4.04 y- 2.267 X- 3.654 6.560 0.016 7.943 1.00 
5.418 

Nagrakata 4.41 y-3.581 x-11.435 38.836 0.010 44.005 5.92 
34.274 

Binnaguri 8.03 y- 3.595 X- 11.688 43.764 1.119 49.927 6.67 
38.362 

Dalgong 2.99 y = 2.927 X- 8.061 . 29.051 0.012 33.754 4.42 
25.003 

Kalchini 7.10 y- 2.564 X- 8.672 214.471 0.014 254.542 32.69 
180.708 

* Susceptible Chulsa Population. 

Oxydemeton Methyl: 

Population of H. theivora collected from Kalchini sub-district was comparatively less 

susceptible to oxydemeton methyl 25 EC which registered LCso value of 74.076 

whereas the Damdim population showed relatively higher degree of susceptibility to 

the same insecticides. Considering the LCso values of oxydemeton methyl 25 EC, the 

order of susceptibility was as: Damdim (18.309 ppm) > Chulsa (19.362 ppm) > 

Binnaguri (30.051 ppm) > Nagrakata (30.997 ppm) > Dalgong (58.346 ppm) > 

Kalchini (74.076 ppm). The resistance factor (RF) of susceptible strain was found to 

be highest for population ofKalchini (4.05 folds) followed by Dalgong (3.19 folds), 

93 



Nagrakata (1.69 folds), Binnaguri (1.64 folds). The least resistance ratio was 

observed in the population ofChulsa (1.06 folds) (table 15). 

Table 15. Relative toxicity of oxydemeton methyl 25 EC against H. tlzeivora in 
different tea 2rowing subdistricts of the Do oars 

Oxydemeton Methyl 25 EC 
Location- Resistance 

Sub- district Factors 
inDooars t Regression equation LCso S.E. Fiducial (RF) 

(ppm) limits 
(95%) 

Damdim 2.27 y = 7.088 X- 25.216 18.309 0.006 19.571 1 
17.128 

Chulsa 3.42 y- 6.816 X- 24.219 19.362 0.006 20.735 1.06 
18.081 

Nagrakata 8.48 y = 2.122 X- 4.5324 30.997 O.Dl5 37.973 1.69 
25.303 

Binnaguri 4.00 y- 2.831 X- 7.678 30.051 0.014 35.212 1.64 
25.646 

Dalgong 1.27 y = 3.083 X- 9.696 58.346 0.010 66.358 3.19 
51.301 

Killchini 3.57 y- 3.968 X- 14.325 74.076 0.008 82.082 4.05 
66.850 

• Susceptible Damdim Population . 

Imidacloprid: 

Kalchini population recorded a maximum LC5o value to imidacloprid (19.907 ppm) 

followed by population from Binnaguri (18.496 ppm), Nagrakata (15.537 ppm), 

Dalgong (15.173 ppm), Chulsa (15.052 ppm) and Lowest LCso value was observed in 

population from Damdim (10.162 ppm). The values of relative resistance to 

imidacloprid when calculated taking Damdim population as base showed that the 

resistance factor (RF) to be highest in population ofKalchini (1.99 folds) followed by 

Binnaguri (1.82 folds), Nagrakata (1.52 folds), Dalgong (1.49 folds). The least 

resistance ratio was observed in the population ofChulsa (1.48 folds) (table 16). 
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Table 16. Relative toxicity oflmidacloprid 17.8 SL against H. theivora in different 
tea growing subdistricts of the Do oars 

Imidacloprid I 7.8 SL 
Location- Resistance 

Sub- district Factors 
in Dooars x" Regression equation LCso S.E. Fiducial (RF) 

(ppm) limits 
(95%) 

Dam dim 3.75 y- 4.032 X- I 1.155 10.162 0.008 I 1.313 1.00 
9.1284 

Chulsa 0.88 y- 5.180 X- 16.640 15.052 0.009 16.510 1.48 
13.722 

Nagrak:ata 6.65 y- 5.186 X- 16.737 15.537 0.007 16.998 1.52 
14.202 

Binnaguri 2.70 y -7.378 X- 26.483 18.496 0.005 19.7394 1.82 
17.3323 

Dalgong 3.59 y = 2.955 X- 7.353 15.173 0.012 17.654 1.49 
13.041 

Kalchini 1.52 y- 3.641 X- 10.654 19.907 0.010 22.499 1.99 
17.616 

• Susceptible Damdim Population . 

Thiomethoxam: 

Populations from Kalchini, Nagrak:ata, Binnaguri and Dalgong showed more or less 

same LCso value against thiomethoxam that ranged from 5.346 to 5.761 but Damdim 

and Chulsa showed relatively lower LCso i.e. 4.599 ppm and 4.737 ppm respectively. 

The values of relative resistance to thiomethoxam calculated taking LC50 of i)amdim 

population as base ranged from 1.03 folds to 1.25 folds (table 17). 
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Table 17. Relative toxicity of thiomethoxam 25 WG against H. tlzeivora in different 
tea growing subdistricts of the Do oars 

Thiomethoxam 25 WG 
Location - Sub- Resistance 

district in Factors 
Dooars r: Regression ·LCso S.E. Fiducial (RF) 

equation (ppm) limits 
(95%) 

Dam dim 4.14 y- 2.248 X- 3.234 4.599 0.828 5.631 1.00 
3.756 

Chulsa 2.9:?- y = 2.087 X- 2.671 4.737 0.022 5.924 1.03 
3.788 

Nagrakata 1.50 y- 2.247 X- 3.449 5.761 0.016 6.996 1.25 
4.744 

_Binnaguri 6.64 y = 1.883 X- 2.052 5.557 0.023 7.139 1.21 
4.326 

Dalgong 1.27 y = 1.941 X -·2.237 5.346 0.022 6.834 1.16 
4.182 

Kalchini 2.73 y- 2.032 X- 2.638 5.738 0.021 7.284 1.25 
4.520 

• Susceptible Damdim Population . 

Deltametlzrin: 

On the basis ofLCso values (table 8), the descending order of toxicity of c:!eltamethrin 

2.8 EC to H. theivora in six different subdistricts in the Dooars was: Chulsa 

(0.131ppm), Damdim (0.289 ppm), Binnaguri (0.326 ppm), Dalgong (0.678 ppm), 

Nagrakata (0.691 ppm), and Kalchini (0.731 ppm). It was noticed that the relative 

resistance factor (RF) of deltamethrin against H. theivora from Kalchini, Nagrakata, 

Dalgong, Binnaguri and Damdim populations were found to be 5.58, 5.27, 5.17, 2.49 

and 2.21 folds in respect to least resistant Chulsa population (table 18). 
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Table 180 Relative toxicity of deltamethrin 2o8 EC against H. tlleivora in different tea 
0 bdo t 0 t f th D l!:fOWffii/:SU IS nc so e ooars 

Deltamethrin 2.8 EC 
Location- Resistance 

Sub- district Factors 
in Dooars t Regression equation LCso S.E. Fiducial (RF) 

(ppm) limits 
(95%) 

Dam dim 5.13 y- 2.555 X- 1.288 Oo289 0.016 0.346 2o2l 
0.241 

Chulsa 0.32 y- 2.240 X+ 0.255 Oo131 ·o.o18 0.162 1 
0.106 

Nagrakata 4.75 y = 4.042 X- 6.476 Oo691 0.010 0.775 5o27 
0.616 

Binnaguri 5.67 y = 1.774 X+ 0.539 Oo326 0.024 . 0.426 2o49 
0.250 

Dalgong 6.40 y = 4.324 X -7.241 Oo678 0.009 0.756 5o17 
0.608 

Kalchini 3.65 y-5.509x-10.781 Oo731 0.008 0.818 5o 58 
0.683 

* Susceptible Chulsa Population. 

Cypermetllrin: 

Kalchini population recorded a maximum LCso value for cypermethrin (7.475 ppm) 

followed by population from Nagrakata (3.813 ppm), Dalgong (3.026 ppm), 

Binnaguri (2.222 ppm), Damdim (1.276 ppm) and the lowest LCso value was 

observed in population from Chulsa (0.802 ppm). Resistance to cypermethrin was 

quite variable, ranging from 1.59-folds in the Damdim strain to 9:32-folds in the 

Kalchini (table 19). 
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Table 19. Relative toxicity of cypermethrin 25 EC against H. theivora in different tea 
growi~ subdistricts of the Dooars 

Cypermethrin 25 EC 
Location- Resistance 

Sub- district Factors 
inDooars 

. 
x" Regression equation LCso S.E. Fiducial (RF) 

(ppm) limits 
(95%) 

Damdim 2.59 y = 2.510 X- 2.796 1.276 0.212 1.581 1.59 
1.029 

Chulsa 6.32 y- 2.688 X- 2.691 0.802 0.016 0.966 1.00 
0.666 

Nagrakata 2.75 y = 1.971 X- 2:057 3.813 0.020 4.795 4.75 
3.032 

Binnaguri 4.35 y-2.147x-2.186 2.222 0.017 2.739 2.77 
1.805 

Dalgong 7.77 y ~ 2.368 X+ 3.245 3.026 O.Dl8 3.714 3.77 
2.466 

Kalchini 6.57 y- 2.896 X- 6.218 7.475 0.014 8.756 9.32 
6.381 

* Susceptible Chulsa Population 

Alphamethrin: 

Kalchini population recorded a maximum LCso value for alphamethrin 10 EC (1.532 

ppm) followed by population from Nagrakata (0.759 ppm), Binnaguri (0.593 ppm), 

Dalgong (0.435 ppm) and Chulsa (0.287 ppm). Lowest LCso value was observed in 

population from Damdim (0.231 ppm). Resistance to alphamethrill. ranged from 1.24 

fold in the Chulsa strain to 6.63-fold in the Kalchini strain (table 20). 
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Table 20. Relative toxicity of alphamethrin 10 EC against H. theivora in different tea 
~rowin~ subdistricts of the Dooars 

Alphamethrin 10 EC 
Location- Resistance 

Subdistrict in Factors 
Do oars x' Regression equation LCso S.E. Fiducial (RF) 

(ppm) limits 
(95%) 

Dam dim 1.58 y- 5.558 X- 11.071 0.231 0.009 0.853 1.00 
0.711 

Chulsa 5.06 y- 3.391 X- 3.333 0.287 0.013 0.332 1.24 
0.248 

Nagrakata 0.73 y- 6.995 X- 15.151 0.759 0.006 0.814 3.29 
0.708 

Binnaguri 4.35 y- 2.893 X- 3.206 0.593. O.oi5 0.702 2.57 
0.502 

Dalgong 1.58 y- 3.423 X- 4.032 0.435 0.131 0.503 1.88 
0.376 

Kalchini 1.59 y- 4.748 X- 10.124 1.532 0.007 1.673 6.63 
1.404 

Susceptible Damdim Population 

Lamda cyhalothrin: 

Kalchini population recorded a maximum LCso value for lamda cyhalothrin (5.324 

ppm) followed by population from Nagrakata (3.175 ppm), Dalgong (2.405 ppm), 

Binnaguri (1.335 ppm), Damdim (0.560 ppm), and the lowest LCso value was 

observed in population from Chulsa (0.474 ppm). The Kalchini strain showed the 

highest resistance to lor cyhalothrin (11.23"-fold) followed by Nagrakata (6.70), 

Dalgong (5.07) and Binnaguri (2.82), The least resistance ratio was observed in the 

population ofDamdim (1.18) (table 21). 
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Table 21. Relative toxicity oflamda cyhalothrin 5 EC against H. theivora in different 
tea erowine snbdistricts of the Do oars 

Lamda cyhalothrin 5. EC 
Location- Resistance 

Sub- district Factors 
inDooars r: Regression equation LCso S.E. Fiducial (RF) 

(ppm) limits 
(95%) 

Dam dim 4.45 y- 3.284 X- 4.025 0.560 0.012 0.646 1.18 
0.487 

Chulsa 0.93 y- 4.023 X- 5.765 0.474 0.010 Oc532 1.00 
0.422 

Nagrakata 3.71 y = 2.038 X- 2.136 3.175 0.007 3.945 6.70 
2.556 

Binnaguri 2.01 y- 2.396 X -2.491 1.335 0.402 1.600 2.82 
1.114 

Dalgong 3.39 y = 2.129 X- 2.198 2.405 0.017 2.951 5.07 
1.959 

Kalchini 2.80 y- 2.441 X- 4.107 5.324 0.017 6.438 11.23 
4.402 

* Susceptible Chulsa Population 

Fenpropathrin: 

0 

Populations from Chulsa, Nagrakata and Binnaguri showed close LCso values against 

fenpropathrin that ranged from 0.040 to 0.048 ppm but Kalchini and Dalgong showed 

relatively higher LCso i.e. 0.064 ppm and 0.058 ppm respectively. Lowest LCso value 

was observed in Damdim i.e. 0.03~ ppm. The values of relative resistance when 

calculated taking LCso of fenpropathrin in Damdim as base showed that the resistance 

factor (RF) against susceptib"re strain ranged from 1.23 folds to 1.98 folds (table 22). • 
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Table 22. Relative toxicity of fenpropathrin 30 EC against H. tlzeivora in different 
tea erowine subdistricts of the Dooars 

Fenpropathrin 30 EC 
Location - Sub- Resistance 

district in Factors 
Do oars r: Regression equation LCso S.E. Fiducial (RF) 

(ppm) limits 
(95%) 

Dam dim 2.70 y- 1.007 X+ 3.473 0.0328 0.040 0.051 1.00 
0.020 

Chulsa 1.105 y = 0.976 X+ 3.382 0.0454 0.043 0.074 1.38 
0.028 

Nagrak:ata 1.947 y = 0.827 X+ 3.606 0.0485 0.317 0.085 1.48 
0.028 

Binnaguri 4.19 y = 0.842 X+ 3.647 0.0404 0.044 0.069 1.23 
0.024 

Dalgong 2.02 y = 1.044 X+ 3.155 0.0582 0.067 0.093 1.77 
0.036 

Kalchini 7.53 y -0.796 X +3.557 0.0648 0.045 0.112 1.98 
0.037 

• Susceptible Damdim Population 

The data on dosage-mortality response of H. theivora collected from different 

subdistricts in the Dooars revealed that probit responses in all the bioassays were 

good fit (as per chi-sq~are values), thus showing no heterogeneity between observed 

and expected responses. 

The present study suggested that the LCso values of the insecticides against H. 

theivora were in general low in the less pesticide-applied areas of Chulsa and 

Damdim as compared to other locations. Kalchini subdistrict (high pesticide applied 

area) regis~:&red highest LCso value for 0 almost all tested insecticidet except 

mono~rotophos and thiomethoxam. this differential response to the insecticides in 
0 

the populations of the Dooars could be due to indiscriminate use of pesticides. It is 
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clear from the table that susceptibility of endosulfan was comparatively low in all 

subdistricts against the pest. 

Generally, it is accepted that field application rates of insecticides should at least be 

20 fold or more of the LC
50 

value (determined through bioassay methods) to achieve 

satisfactory control of the pest in agriculture (Misra, 1989). Following this simple 

logic, the expected effective dosages of various insecticides were worked out 

subdistrict wise and presented in table 23 and annexure 7- 12. Among the chosen 

insecticides the comparison of expected effective dosages of seven insecticides 

( endosulfan, oxydemeton methyl, A.-cyhalothrin, quinalphos, imidacloprid, 

thiomethoxam and deltamethrin) based on their LC
50 

values with the recommended 

dosage revealed a pronounced shift in the level of susceptibility of H. theivora in all 

different subdistricts in the Dooars. In case of endosulfan when the computed 

expected dosages was compared with the reco=ended dosages of the insecticide, it 

was observed that 12.33 - 72.26 times more of the recommended dosage of 

endosulfan might be required to achieve desirable control of the pest. The reduced in 

susceptibility of H. theivora population to deltamethrin in the order of 4.02, 8.75, 

9.99, 20.75, 21.15 and 22.40 folds from Chulsa, Damdim, Binnaguri, Dalgong, 

Nagrakata, and Kalchini subdistricts respectively and to imidacloprid the in the tune 

of 13.61, 20.16, 20.32, 20.81, 24.77 and 26.66 folds for Damdim, Chulsa, and 

Dalgong, Nagrakata, Binnaguri and Kalchini populations respectively in general 

implicated the development of resistant traits in most H. theivora a populations of the 

Dooars. In case of oxydemeton methyl, A.-cyhalothrin, quinalphos, thiomethoxam 
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when compared with the recommended dosages, a 1.17 to 4.74, 1.06 to 11.93, 1.17 to 

13.73 and 1.47 to 1.84 folds decrease in the susceptibility were evident. 

Table 23. Comparison of effective field dosage with recommended dosage of different 
insecticides against H. tlleivora in different tea growing subdistricts of the Do oars 

Insecticide Recom Location 
mended Nagrakata Binnaguri Dam dim Chulsa Kalchini Dalgong 
dose 
(g a.i/ha) Exllected effective dose (g a.i/ha) 

Recommended dose 
Endosulfan 350.00 40.45 42.89 24.90 12.33 72.26 43.55 
35 EC 
Monocrotophos 370.00 0.77 0.20 0.13 0.32 0.70 0.78 
37SL 
Quinalphos 250.00 2.49 2.80 1.17 0.42 13.73 1.86 
25EC 
Profenfos 200.00 0.94 0.90 0.99 0.61 2.38 0.97 
50EC 
Oxydemeton 250.00 1.98 1.92 1.17 1.24 4.74 3.73 
Methyl25 EC 
Thiomethoxam 50.00 1.84 1.78 1.47 1.52 1.84 1.71 
25WG 
Imidaclopyrid 23.49 ·20.81 24.77 13.61 20.16 26.66 20.32 
17.8 SL 
Deltamethrin 5.60 21.15 9.99 8.57 Jil· 4.02 22.40 20.75 
2.8EC 0 

F enpropathrin 75.00 0.01 O.oi O.ol 0.01 O.ol 0.012 
30EC 
Alphamethrin 20.00 0.61 0.47 0.19 0.23 1.23 0.35 
10EC . 
Cypermethrin 50.00 1.22 0.71 0.41 0 0.42 2.39 0.97 
25EC 
A.-cyhalothrin 10.00 7.11 2.99 1.25 1.06 11.93 5.39 
SEC 

· The usual recommended dose of synthetic pyrethroids ( deltametbrin and A.-

cyhalothrin), neonicotinoids (imidacloprid, thiomethoxam), organophosphates 
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( quinalphos) and organochlorine ( endosulfan), however, was found practically 

ineffective against this pest. 

As no major development of resistance for monocrotophos (0.13 to 0.78 fold), 

fenpropathrin (0.010 to 0.012 fold) were evident, these insecticides therefore hold 

promise to be used effectively even at a lower one than the recommended dose. In 

some subdistricts (Chulsa, Damdim, Nagrakata, Dalgong, Binnaguri) profenfos, 

cypermethrin and alphamethrin proved effective even at a· lower dose than the 

recommended dose but in Kalchini subdistrict these insecticides required 1.23 to 2.39 

times more damage than the recommended ones for effective control of the pest 

(table 23). 

A comparison ofLCso values of most insecticides used· against H theivora population 

of the Dooars with other tea growing part of the North East India (Darjeeling and 

Assam) revealed that the insecticides are proving to be 2 to 3 50 times less toxic to the 

Dooars populations than those of other regions (Bora et al., 2001 and 

Gurusubramanian and Bora, 2007). H. theivora showed lowest susceptibility to 

endosulfan in all tea growing subdistricts of the Dooars with high LC so value ranging 

from 269.744 ppm to 1580.77 ppm. The poor performance of endosulfan against H 

theivora has been reported by Gurusubramanian and Bora, (2007) and on other insect 

pests by Singh and Deol (1988), Peter andBundararajan (1990), Kalra et al., (1997) 

and Singh et al., (2005) who observed the falling efficacy of this insecticide against 

the larvae of Mythimna separata, Heliothis armigera, Plutella xylostella and 

Henosepilachna vigintioctopunctata respectively. The present study suggest that 

usual recommended dose of organochlorines ( endosulfan), synthetic pyrethroids 
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( deltamethrin and A.-cyhalothrin), neonicotinoids (imidacloprid) and 

organophosphates ( quinalphos and oxydemeton methyl) were practically ineffective 

against H. theivora population of the Dooars. The change towards less susceptibility 

of H. theivora against endosulfan was found to be remarkable. Similar findings was 

reported against H. theivora population from J or hat tea plantations of South Assam, 

India, where 1.54- 82.85 fold increases in resistance caused control problems on tea 

(Gurusubramanian and Bora, 2007 and Bora et al., 2008). According to Barbara and 

Biswas (1996) and Sannigrahi and Talukdar (2003) organochlorines ( endosulfan), 

synthetic pyrethroids ( deltamethrin) and organophosphates ( quinalphos) were 

extensively used for tea pest management in the Dooars for a long period of time 

whereas molecules like imidacloprid and A.-cyhalothrin were introduce in tea very 

recently. Such high levels of resistance to these compounds may be mediated through 

different mechanisms. Mechanisms of pyrethroid resistance in pest include reduced 

penetration (Armes et a/., 1992; Kranthi et al., 2000 and 2001), decreased neive 
' 

sensitivity and enhanced metabolism (Ahmad and McCaffery, 1991), besides 

behavioral adaptations of feeding, oviposition and avoidance of pesticide surface 

contract. The absence of a common resistance mechanism that could confer cross-

resistance between these compounds suggests that the use of the compounds in 

rotations or sequences for resistance management should be explored. However, there 

was no major change in susceptibility for monocrotophos, profenfos and 

fenpropathrin, which therefore may prove effective, even at a lower dose than the 

recommended ones. 
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However, there is a great deal of variation of H. theivora resistance to insecticide 

from location to location within Dooars tea ecosystems. Such variation in different 

geographical populations of pests has also been reported by Kranthi et a!., (2000), 

Chaturvedi (2004) and Fakrudin et a/., (2004) in Cotton Bollworm, (H. armigerai) 

from Central and South Indian Cotton ecosystem and from Northern China with same 

pest (Zhou eta!., 2000). 

The resistance levels in Kalchini, Dalgong, Binnaguri and Nagrak:ata region are high 

possibly due to heavy dependence on insecticides. The synthetic pyrethroids are being 

used widely in tea plantations, and their consumption is about 3-5 liters/ha in North 

East India (Gurusubramanian eta/., 2005) and recent survey in the present study 2008 

revealed that on an average 7.499 1/kg of insecticides was used per hectare per year in 

Dooars of which the organo-chlorine, organophosphate and carbamate (non

pyrethroid) accounted 73.5% and pyrethroid represent 36.6% during 1998 to 2004 

(table 1 ). Endosulfan, monocrotophos, deltamethrin and cypermethrin were 

extensively used in all the regions of the Do oars and it was noted that the requirement 

of synthetic pyrethroid gradually increased with every passing year in all subdistricts. 

This trend was due to the reason that i) per hectare requirement of synthetic 

pyrethroid was less (1 00 ml/ha), ii) These are attractive due to knockdown effect and 

also iii) cost effectiveness. Against the tea mosquito bug most planters used 

insecticide spray as prophylaxic. As the occurrence wet monsoon season (May-July) 

coincided consumption of pesticides also increased, resulting · in about 8-16 

applications per year of syntl:futic pyrethroids on top of other chemical applications. 
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The study conducted by Forrester (1990) also clearly revealed that resistance levels 

rose when pyrethroids were used but fell significantly when they were withheld. Thus 

the pesticides were exerting a high selection pressure to resistant genotypes, clearly 

explaining why resistance levels were proportionate with the usage of pesticides. This 

suggests that indiscriminate use and heavy dependence on pesticide will further 

complicate the already worsened situation and these hint at introduction of a 

comprehensive insecticide resistance management strategy. 

Resistant management strategies appropriate for the region should be may included:-

(1) greater control over insecticide application and use: Unless this happens, the areas 

affected by resistant H. iheivora populations will continue to increase and could 

ultimately result in the abandonment of tea growing in large areas of Northeast India. 

(2) Dilution of the allelic frequencies for major insecticide resistance genes by 

allowing susceptible H. theivora population to exist in refugia. 

(3) Restricted use of deltarnethrin, imidacloprid, quinalphos and endosulfan since 

their effective dose was higher than the recommended dose, in H. theivora prone 

areas, and reviewing of the recommended dose (4) Judicious use of these insecticides 

only if their use is essential, (5) No prophylactic spraying of chemicals, (6) Timing 
0 

and frequency of applications should be such which does not create selection 

pressure, and (7) altering of the insecticides in such a way that" their mode of action 

are different. (8) Biotypes identification through molecular techniques besides the log 

dose probit assays. 

This has to be tested on experimental basis before embarking. Till date there has been 

little study on the patterns of mobility of H. theivora and a comprehensive study on 
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the alternate host. It will be more meaningful if population fingerprints for all the six 

geographic populations H. theivora from the Dooars tea ecosystem. Can be done, 

which may pinpointing precise population fluxing patterns over time and space. 

Outcome of such efforts should be integrated with results reported in this study for 

. contigent planning to mitigate the problem of insecticide.resistance. 

Persistence of residual toxicity of some commonly used insecticides against tea 

mosquito bug H. theivora infesting tea iu the Dooars 

The duration of effectiveness (persistent toxicity) and residual toxicity of eleven 

commonly used insecticides under four different classes as organochlorine 

(endosulfan), organophosphates (quinalphos, monocrotophos and oxydemeton 

methyl), synthetic pyrethroids (deltamethrin, cypermethrin, alphamethrin, 

fenpropathrin and A.-cyhalothrin) and neoniccitinoids (imidacloprid and 

thiomethoxam) was evaluated on the basis ofPT (persistence toxicity) (table 24) and 

LTso (residual toxicity) values respectively against adults of H. theivora (table 25) 

when exposed to tea leaves (TV1) treated with three different concentrations (0.05, 

0.10 and 0.25%) as foliar spray. It was noted that the higher concentration (0.25%) of 

fenpropathrin (28 days), imidacloprid (24 days), thiomethoxam (23 days), 

deltamethrin (23 days), A.-cyhalothrin (21 days), alpbamethrin (20 days), 

cypermethrin (18 days) and monocrotopbos (18 days) persisted for a longer duration 

of 18 - 28 days against H. theivora (table 24). Imidacloprid and thiometboxam at 

0. i 0% concentration caused H. theivora mortality within 20 and 21 days respectively. 

Oxydemeton methyl, endosulfail, and quinalphos at 0.25% concentration persisted for 

a relatively short duration, i.e., 11, io and 7 days respectively (table 24). Lower 
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concentration of all the chosen insecticides (0.05%) exhibited persistence toxicity for 

4-8 days in case of endosulfan, quinalphos, oxydemeton methyl and cypermethrin and 

11-15 days in case of alphamethrin, deltamethrin, fv.cyhalothrin, monocrotophos, 

fenpropathrin, thiomethoxam and imidacloprid. In general, it was observed that the 

toxicity of organochlorine, organophosphates, synthetic pyrethroids and 

neonicotinoids persisted for 4-10 days, 5-18 days, 8-28 days and 15-24 days 

respectively (table 24). Among the synthetic pyrethroids, shorter persistence duration 

of 8-11 days was recorded in the lower concentration (0.05%) of cypermethrin, 

alphamethrin and deltamethrin. 

For higher percent, the average residual toxicity (T) was observed to be the highest 

for synthetic pyrethroids (49.14 - 62.00%) followed by neonicotinoids (48.75 -

61.17%), than organophosphates (36.75 - 52.12%) and ·fmally by organochlorine 

(31.0 - 45.8%). The average residual toxicity was noted between 49.14% and 62.0% 

for monocrotophos, cypermethrin, deltamethrin, alphamethrin, fenpropathrin, fv. 

cyhalothrin, imidacloprid and thiomethoxam whereas in endosulfan, quinalphos and 

oxydemeton methyl it was between 31.0% and 46.71% (table 24). 
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Table 24. PT values and order of relative efficacy of different insecticides at 
variable concentration against adults of H. tlzeivora 

Insecticide Concentratio Period Percent PT Order 
(%) (P) average value of 

(Days) residual relative 
toxicity (T) efficacy 

(ORE) 
Endosulfan 0.05 4 31.000 124.00 33 
35EC 0.10 6 45.800 274.80 29 

0.25 10 43.500 435.00 25 
Quinalphos 0.05 5 36.750 183.75 32 
25EC 0.10 6 39.333 236.00 30 

0.25 7 43.857 307.00 27 
Monocrotophos 0.05 14 49.25 689.50 20 
37 SL 0.10 15 51.500 772.50 17 

0.25 18 52.125 938.25 11 
Oxydemeton 0.05 6 38.00 228.00 31 
methyl25 EC 0.10 7 39.333 275.33 28 

0.25 11 46.714 513.87 24 
Deltamethrin 0.05 11 50.500 555.50 23 
2.8EC 0.10 17 51.500 875.50 12 

0.25 23 57.375 1319.63 4 
Cypermethrin 0.05 8 49.142 393.14 26 
25EC 0.10 14 49.142 688.00 21 

0.25 18 56.000 1008.00 9 
Alphamethrin 0.05 11 52.125 573.37 22 
10EC 0.10 14 62.000 868.00 13 

0.25 20 56.000 1120.00 10 
Fenpropathrin 0.05 16 49.625 794:oo 16 
30EC 0.10 19 61.375 1166.13 8 

0.25 28 49.875 1396.50 3 
lv- cyhalothrin 0.05 14 49.625 694.75 19 
SEC 0.10 16 51.125 818.00 14 

0.25 21 61.125 1283.63 5 
Imidacloprid 0.05 15 48.750 731.25 18 
17.5 SL 0.10 20 58.375 1167.50 7 

0.25 24 59.250 1422.00 2 
Thiomethoxam · 0.05 16 50.735 806.00 15 
25WG 0.10 21 57.000 1197.00 6 

0.25 23 61.175 1423.13 1 
Mean of three observatiOns. 
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Insecticide Concentration X' Regression equation LT., Fiducial limit (Days) Relative ORE 

(%) (Days) residual toxicity 

Endosulfan 0.05 !.68 y ~ 12.505-2.187 X 1.115 1.531-0.813 1.00 33 

35 EC 0.10 4.07 y~ 12.505 -2.187x 2.705 3.407- 2.148 2.42 28 

0.25 3.02 y=14.627-2.766x 3.027 3.617- 2.533 2.71 26 

Quinalphos 0.05 !.50 y-12.117 -2.205 X 1:689 2.198- 1.298 1.5 I 32 

25 EC 0.10 1.69 y ~ 13.056- 2.403 X 2.248 2. 724 - 1.856 2.01 30 

0.25 3.4.7 y~l6.217-3.252x 2.925 3.365 - 2.544 2.62 27 

Monocrotophos 0.05 3.94 y- 13.424-2.252 X 5.502 6.625- 4.569 4.93 19 

j7SL 0.10 5.04 y ~ 12.893- 2.071 X 6.468 7.936- 5.302 5.80 16 

0.25 4.69 y = 15.566- 2.696 X 8.292 9.729- 7.067 7.43 10 

Oxydemeton methyl 0.05 0.09 y = 13.444-2.567 X 1.946 2.376- 1.595 1.74 31 

25 EC 0.10 1.05 Y = 12.826-2.332 X 2.269 2. 766 - 1.862 2.03 29 

0.25 4.55 y = 14.294- 2.569 X 4.112 4.908- 3.449 3.69 24 

Deltamethrin 0.05 0.22 y = 15.662-2.930 X 4.348 5.160- 3.663 3.90 23 

2.8EC 0.10 0.85 y = 13.942-2.382 X 5.667 6.427 - 4. 745 5.08 17 
• 0.25 2.15 y= 14.761-2.467x 9.046 10.811- 7.570 8.11 7 

Cypermethrin 0.05 3.53 y = 13.253- 2.325 X 3.532 4.242 - 2.940 3.17 25 

25 EC 0.10 4.85 y=11.612-1.762x 5.633 7.169- 4.426 5.05 18' 

0.25 4.84 I y = 13.766-2.283 X 6.916 8.314-5.745 6.20 15 

Alphamethrin 0.05 !.97 y-14.769-2.674x 4.564 5.329- 3.908 4.09 22 

10 EC 0.10 6.59 y ~ 15.084 - 2.595 X 7.686 9.091 - 6.498 6.89 II 

0.25 4.50 y= 13.714-2.207x 8.881 10.714- 7.361 7.96 8 

Fenpropathrin 0.05 3.56 y = 15.110-2.362 X 6.979 8.195- 5.944 6.26 14 

30 EC 0.10 4.63 y= 18.808-3.524x 8287 9.436-7.257 7.43 9 

0.25 2.10 y= 14.707-2.412x 10.599 12.654-8.878 9.50 4 

A.- Cyhalothrin 0.05 2.86 y = 14.494-2.568 X 4.982 5.872- 4.226 4.47 20 

SEC 0.10 3.94 y= 14.908-2.566x 7.263 8.553 - 6.168 6.51 12 

0.25 4.71 y=10.762-2.571x 10.762 12.728- 9.099 9.65 2 

Imidactoprid 0.05 5.86 y - 11.054 - 1.648 X 4.723 5.999-3.719 4.23 21 

1'7.5 SL 0.10 6.70 y ~ 11.479 -1.628 X 9.521 12.213-7.422 8.53 5 

0.25 5.15 y = 12.433 - 1.846 X 10.608 13.281-8.473 9.51 3 

Thiomethoxam 0.05 2.73 Y = 14.609-2.495 X 7.106 8.397- 6.013 6.37 13 

25WG 0.10 3.30 y= 13.523 -2.146x 9.371 11.381-7.716 8.40 6 

0.25 6.19 y= 14.231-2.278x 11.272 13.597- 9.344 10.10 I 

Mean of three observations; Y == Probit kill; ORE= Order of relative efficacy; X= log (timexlOOO) 
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PT values (persistence of insecticides) ranged between 124 and 435, 183.75 and 

938.25, 393.14 and 1396.50 and 731.25 and 1423.13 for organochlorine, 

organophosphate, synthetic pyrethroids and neonicotinoids respectively. Highest PT 

was observed in 0.25% thiomethoxam (1423.13) whereas endosulfan at 0.05% 

registered lowest PT value. On the basis of PT values the relative efficacy of the 

chosen eleven insecticides is shown in table 24. It was noticed that PT values of 

thiomethoxam, imidacloprid, fenpropathrin, deltamethrin, A.-cyhalothrin, 

alphamethrin, cypermethrin and monocrotophos were higher (PT value -1423.13 to 

1008.00) thus ensuring their longer stay on sprayed bu~es with an effective check of 

the H. theivora population at 0.25% concentration than oxydemeton methyl, 

endosulfan and quinalphos having lesser average residual toxicity (PT value - 3 07.00 

- 513.87). But at 0.05% concentration the order of persistence of insecticides could be 

arranged in descending order as: thiomethoxam, fenpropathrin, imidacloprid, A.

cyhalothrin, monocrotophos, alphamethrin, deltamethrin, cypermethrin, oxydemeton 

methyl, quinalphos and endosulfan (PT value: 806 to 124)(table 24). 

The LT 
50 

value increased with the concentration as well as varied with the class of 

insecticides that showed the relative efficacy of the selected eleven insecticides 

against H. theivora (table 25). Neonicotinoids (4.72 - 11.27 days) and synthetic 

pyrethroids (3.53 - 10.76 days) registered relatively higher LT
50 

value than 

organophosphate (1.68- 8.29) and organochlorine (1.11- 3.02). Higher LT
50 

values 

were observed for thiomethoxam, A.-cyhalothrin, imidacloprid and fenpropathrin 

(10.59 - 11.27 days) followed by those of in deltamethrin, alphamethrin and 
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monocrotophos (8.29- 9.04 days) then by those of cypermethrin and oxydemeton 

methyl (4.11 - 6.99 days) and least in endosulfan and quinalphos (2.92 - 3.02 

days)(table 25) at 0.25% concentration. The order of LT
50 

value changed at lower 

concentration (0.05%) of the insecticides. The relative residual toxicity of different 

insecticides was calculated by considering LT 
50 

value of these insecticides at three 

different concentrations and accordingly the order of relative efficacy was assigned in 

table 25. It may be highlighted here that the relative residual toxicity of 

monocrotophos (0.25%), thiomethoxam (0.05%), fenpropathrin (0.05%), A.

cyhalothrin (0.05%), imidacloprid (0.05%), alphamethrin (0.05%), deltamethrin 

(0.05%), oxydemeton methyl (0.25%), cypermethrin (0.05%), endosulfan (0.25%) 

and quinalphos (0.25%) at the recommended concentrations by TRA was noted to be 

7.43, 6.37, 6.26, 4.47, 4.23, 4.09, 3.90, 3.69, 3.17, 2.71 and 2.62 times higher than the 

residual toxicity of endosulfan at 0.05% against H. theivora (table 25). 

Usually organo-chlorine is known to have very high residual toxicity or long-term 

persistency in environment (Srivastava, 2004). However for H. theivora persistence 

toxicity of synthetic pyrethroids were found to be higher compared to organochlorine 

(endosulfan) and organophosphate (quinalphos) possibly due to certain level of 

resistance developed the concern pest against the later insecticide. Differences 

between log50 values of different concentrations of eleven insecticides against H. 

theivora were tested using 't-values'. It was observed that thiomethoxam, 

imidacloprid, fenpropathrin and A.-cyhalothrin values were significantly superior in 

imparting higher residual toxicity vis-a-vis the other insecticides used in this study 

(table 26). Among the three conceq.trations, 0.25% was significantly of high order. 
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Thiomethoxam proved to be highly toxic to H theivora as evidenced by significant 

difference in "t" values with respect to the order organophosphates and 

organochlorine. Toxicity of imidacloprid, A.-cyhalothrin, and fenpropathrin were at 

par. Endosulfan and quinalphos manifested low residual toxicity (table 26). 

It has been estimated that tea industry in India harbour about 300 species of pests and 

therefore, extreme care must be exercised before a pesticide is introduced to tea for 

pest control (Gurusubramanian et al., 2005) to avoid residue build-up. 

Organophosphate, organochlorine, synthetic pyrethroid insecticides have been in use 

on tea in Northeast India for the past several years. Much of the efficacy and 

sustai..nability of these groups of insecticides in H. theivora management would 

· depend on the susceptibility to the target pest. Endosulfan, quinalphos, cypermethrin, 

alphamethrin, deltamethrin and oxydemeton methyl at recommended dose persisted 

for shorter duration of 7-11 days. in the Dooars agro-climatic area. In this situation 

either the planters reduce the frequency of the above mentioned chemicals or IRA 

may reassess the dose of cypermethrin, alphamethrin, and deltamethrin to 0.10%, that 

showed 14-17 days of persistence with increased PT values (688.0- 875.0) (table 24) 

and LT50 values (5.63 -7.68 days) (table 25), instead ofusi..ng 0.05%. 
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Table 26. 't' values of three concentrations of different insecticides assessed a!!!ainst H. tlteivora 
1<:~~- I L~-~" I I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 110 I II I 12 ·I 13 I 14 I 15 I 16 I 17 I 18 I 19 I 20 I 21 I 22 I 23 

35EC 

25Ec 

37SL 

methyl 
2SEC 

2.8EC 

25EC 

lOEC 

--30EC 

+ 0.0350 
Z+ 0.0228 9. 
I+ 0.0161 11.24 1.75 
B ± 0.0154 4.71 7.41 
2+0.0139 8.08 2.9S 
6+0.0139 11.11- 1.2' 
·--~··- ........ 11.5' 

0.2 
1 o.o5 

),10 

>.25W 
).05-

ITO 
).25 

~ 1 :-s4s + o.a 
I.!V I .;.,751 + 0.0 
).25 3.840 + 0.0 

~~-~ ),05 

1.}0 -

1,25 3.948 ± 0.0 ,_0 I 3.844+ 
1.10 3.918± 

13.7; 

-

9.32 3. 
5.65 5. 

18 

11.:::. 
23.8 
2.63 
11.2~ 

16.9:: 
7.23 
"6.07 26.5 
9.62 30.9 .,, 

I A.- Cyhalo· 
5EC ~ 

~ 
0.15110.53123. 

.8.53 

4.032±0.Ql ;7.9~ 

··r··- ---- 3.6 
17.5 SL 0.10 3.9 

I 0.25 4.026 ± o.ot44 25.87 22.08 

I Thiomethoxam 0.05 3.852 + 0.0125 21.67 16.15 
25 WG 0.10 3.972 + 0.0138 24.57 20.30 I 

I 0.25 4.052 + o.o1o3 27.58 24.8'U_29.8_2 

15 
13.95 
16. 
24. 

5.93 
1.78 

17.97 

-

-

8.40 -~ 6 
. 

11.28 2.36 -
13.01 1.83 4.88 -

4.10 11.35 1.36 1.36 4.151 -
2.39 9.73 16.05 5.94 3.51 0.16 

U- 2.46 7.60 1.68 8.11 8.96 835 
1.11 8.93 1.07 3.10 0.961 3. 
9.55 15.73 5.98 3.66 9.8'!.)_ ~ 
8.05 0.62 8.58 1.56 
5.12 11.67 3.32 1.16 
9.34 15.55 5.18 3.43 

41 4.65 0.64 8.61 1.47 4.46 
9.95T uJs~Tl7.66l 9.82 6.76 13.49 3.6 

~14.87 6.19 22.70 14.68 12.32 18.45 7. 
6.991 2. 

Value of "t" above 2. 03 69 is significant at 5. 0 per cent level and above 2. 73 85 significant at 1 per cent level. 

24 1 25 1 26 1 21 1 28 120 1 3o 1 31 132 

1-
1-
9.06 
7.26 8.81 
1.15 9.39 16.88 
1.84 4 

120.54 1 12.42 ~-6 
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Earlier, Rahaman et al., (2005) observed the PT and LT 50 values of different 

insecticides against H. theivora under Jorhat, Assam condition and found the 

persistence to 10- 23 days with 300- 1771 PT values. A comparison of expected 

effective dose of different classes of insecticides against H. theivora collected from 

Jorhat, Assam based on their LCso values with recommended dose revealed a 

significant shift in the level of susceptibility of H. theivora. The recommended dose 

of synthetic pyrethroids (fenpropathrin, cypermethrin, A.-cyhalothrin, and 

deltamethrin), organophosphates (profenfos, dimethoate, oxydemeton methyl, 

phosalone, and quinalphos) neonicotinoids (thiomethoxam and irnidacloprid), and 

organochlorine ( endosulfan), however, was practically ineffective against this pest 

(Gurusubramanian and Bora, 2007 and Bora et a!., 2008). The presence of various 

oxido-reductase en2:ymes in the salivary and mid gut along with the basic hydrolyzing 

enzymes has enabled H. theivora to become one of the most destructive pests of tea 

by depredating the young leaves and growing shoots of tea (Sarker and 

Mukhopadhyay, 2006 a and b). In addition, qualitative and quantitative changes 

recorded in the detoxifying enzymes pattern indicated a higher tolerance/ resistance 

status oh H. theivora due to formation of a large amount of esterases in their gut 

(Sarker and Mukhopadhyay, 2003) along with glutathione S-transferase and 

acetylcholinesterase (Sarker and Mukhopadhyay, 2006 a & b). One of the main 

reasons for higher tolerance or resistance by H. theivora to different pesticides was 

the mixing of incompatible insecticides with acaricides to combat mixed· infestation 

of H. theivora and Oligonychus cojfeae, which not only decreased the insecticide 

toxicity but also shifted the level of relative toxicity (Rahman eta!., 2005). 
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Due to requirement of less quantity (1 00 mVha), knock down effect and cost 

effectiveness, the synthetic pyrethroids are being used widely in tea plantations, and 

their consumption is about 3-5 liters/ha (Gurusubramanian et al., 2005). The period of 

abundance of H. theivora in the Dooars coincides with the rainy season. This 

situation forces the planters to enhance the insecticide application as prophylactic and 

preventive measure against the pest. About 8-16 rounds of spray per year of synthetic 

pyrethroids on top of other chemical applications are envisaged. Hence, irrespective 

of the group to which insecticides belong, evidence of the development of general 

resistance to synthetic pyrethroids, organophosphates, organochlorines and 

neonicotinoids has been evident in the Do oars population of H. theivora, besides 

Jorhat, Assam (Rahman et al., 2005; Sarker and Mukhopadhyay, 2006a; 

Gurusubramanian and Bora, 2007; Bora et al. , 2008). 

In the recent years, it has become ·a major concern of the tea industry, as the 

importing countries are imposing stringent restrictions for acceptability of the made 

tea with pesticide residues. Changes in pest management tactics are taking place due 

to environmental and human safety concerns; development of insect pest 

susceptibility change against some insecticides is now a reality, along with an 

increase in pesticide cost and availability. Thus, before indulging in spraying any 

chemical intensively; the tea planters must consider i) the impact of pesticides on non 

target organisms, human health, wild life habitat and environment and ii) adopt IPM 

strategies to reduce the pesticide load to produce residue free tea, so that there can be 

an increase in the exports and consumers' demand. Potential cultural practices for 

conserving and enhancing the natural enemies need to be integrated with our current 
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crop management strategies for developing sustainable tea crop protection. Therefore, 

additionally an integrated resistant management practices must also be followed for 

combating and delaying the problem of resistance based on the present findings so 

that it does not assume unmanageable proportions. 

Ovicidal activity of different insecticides against eggs of H. theivora 

Ovicidal activity was registered against the eggs of H. theivora for the insecticides 

such as monocrotophos, quinalphos, profenfos, dimethoate, alphamethrin, 

cypermethrin, fenpropathrin, ~-cyfluthrin, etofenprox, A.-cyhalothrin, imidacloprid 

and thiomethoxam at 0.05%, 0.1% and 0.25% concentrations (table 27). Significant 

egg mortality in laboratory condition was recorded for these inseCticides as compared 

to the treatment by other insecticides. At lower concentration (0.05%) azadirachtin, 

chloropyriphos, acephate and endosulfan did not show significant egg mortality of H. 

theivora. The chosen synthetic pyrethroid and chloropyriphos insecticides however 

were found highly effective in killing the neonate nymphs of hatched H. theivora that 

successfully came out of treated eggs. 

Ovicidal toxicity (percent mortality of eggs and neonates) of insecticides at higher 

concentration 0.25% against H. theivora eggs could be arranged in the descending 

order as: deltamethrin > fenpropathrin > A.- cyhalothrin > ~- cyfluthrin > etofenprox > 

cypermethrin > imidachloprid > monocrotophos > dimethoate > alphamethrin > 

profenfos = thiomethoxam > quinalphos > chloropyriphos > oxydemeton methyl > 

acephate > endosulfan (table 27). 
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Table 27.0vicidal action of certain pesticides against H. theivora on tea 
Insecticides used Mean percent mortality of eggs and corrected per cent mortality 

with different concentrations 
0.05% 0.1% 0.25% 

MPM CPM MPM CPM MPM CPM 
Endosulfan 14.33 1.15 15.67 2.70 15.66 2.69 

(4.29) . (4.46) (4.45) 
Chloropyriphos 13.33 0.00 35.33 25.38 57.66 51.15 

(4.15) (6.44) (8.09}_ 
Monocrotophos 52.33 45.00 65.67 60.39 77.66 74.22 

(7.73) . (8.60) (9.31) 
Quinalphos 43.33 34.61 51.33 43.84 59.66 53.46 

(7.08) (7.66) (8.22) 
Oxydemeton methyl 15.33 2.31 26.00 14.62 36.66 26.92 

(4.42) (5.60) (6.55) 
Profenfos 54.33 47.31 62.00 56.16 69.00 64.23 

(7.87) (8.37) (8.80) 
Dimethoate 32.33 21.92 53.33 46.15 76.33 72.69 

(6.19) (7.80) (9.23) 
Acephate 12.33 0.00 20.00 7.70 28.66 17.69 

(4.01) (4.97) (5.85) 
Deltamethrin 68.67 63.85 83.33 80.77 97.66 97.30 

(8.79) (9.63) (10.38) 
Alphamethrin 42.33 33.46 56.33 49.61 72.00 67.69 

(7.01) (8.01) (8.98) 
Cypermethrin 64.67 59.24 75.67 71.93 87.66 85.76 

(8.54) (9.20) (9.86) 
Fenpropathrin 72.00 67.69 83.00 80.39 96.66 96.15 

(8.99) (9.61) (10.33) . 
~- cyfluthrin 69.00 64.23 79.33 76.15 93.33 92.30 

(8.81) (9.41) (10.16) 
Etofenprox 71.33 66.92 80.00 76.92 92.33 91.15 

(8.95) (9.44) (10.10) 
A.- cyhalothrin 65.67 60.39 79.33 76.15 94.33 93.46 

(8.60) (9.41) (10.21) 
Imidach1oprid 54.33 47.31 69.67 65.01 85.66 83.45 

(7.87) (8.85) (9.755) 
Thiomethoxam 50.00 42.31 59.67 53.47 69 (8.80) 64.23 

(7.57) (8.22) 
Azadirachtin 12.33 0.00 13.33 0.00 13.33 0.00 

(4.01) (4.15) (4.15) 
Control (water spray) 13.33 0.00 13.33 0.00 13.33 0.00 

(4.15) (4.15) (4.15) 
SEM(t) 0.516 0 0.657 0.456 
CD (0.05) 1.480 1.885 1.309 
cv 0.166 0.171 0.104 

Figures in parenthesis are the ...Jy + 0.05 transformed value. Where Y = mean percentage · 
mortality. MPM indicates Mean percent mortality; CPM i11dicates corrected percent 
mortality. 
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At a lower concentration (0.05%), fenpropathrin, etofenprox, ~- cyfluthrin, 

deltamethrin, lv- cyhalothrin and cypermethrin caused more or less 60 per cent egg 

mortality in laboratory condition and remained significantly superior to the treatments 

of other insecticides. Profenfos, imidachloprid, monocrotophos and thiomethoxam 

gave more than 40 per cent egg mortality followed by alphamethrin (33.46%), 

dimethoate (21.29%) and oxydemeton methyl (2.31%) at lower concentration i.e. 

0.05%. 

Similar findings reported by Rahman et al, (2006a and 2007b), showed dimethoate at 

normal dose (0.25%) resulted 68 percent egg mortality, which was significantly 

superior to profenfos and quinalphos. Endosulfan was least effective as ovicides. 

Cotton leaves with eggs of H. armigera when treated with deltamethrin and 

fenvalerate caused 100 and 93.3% egg-mortality respectively (Khodzhaev and 

Eshmatov, 1983). Ovicidal toxicity of insecticides against H. armigera eggs when 

arranged in descending order by Vekaria and Vyas, (1985) appeared as: permethrin 

(89.9%), quinalphos (88.4%), monocrotophos (72.3%), Phenthoate (55.6%), 

Phosalone (29.0%) and Chlorpyrifos (19.6%). Thus claiming a superiority of the 

synthetic pyrethroid over organophosphates, which is· also evident in the present 

findings. Rao et al, (2001) and Ahmed et al., (2001) reported high ovicidal activity 

of new generation pesticides against the eggs of H. armigera and S. litura, but in case 

of H. theivora eggs least ovicidal action were observed for the new generation 

insecticides. Primarily due to their limited access to eggs, which largely remain 

protected being inserted in the plant tissue (Anonymous, 1978). 
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The present work evaluates the effectiveness of the commonly used insecticides I 

botanicals in killing of eggs. Perusal of data in this study suggests that H theivora 

even at egg stage has developed resistance/tolerance to various groups of insecticides 

in the Dooars. In this context, an Integrated Resistance Management (IRM) strategy 

seems to be most promising. The present day Integrated Pest Management (IPM) still 

relies heavily on chemicals intended for controlling the damaging stage (nymph and 

adult). However, under field conditions the observed control is a combination of the 

result of toxic action of the insecticides on all the stages. The contribution of ovicidal 

action to the total effect has been well studied in H armigera (Kathuria eta/., 2000). 

In addition, regular updating of the strategy and tactics of He/ope/tis management 

with the introduction of new concepts and approaches together with the introduction 

of new insecticides (or ovicides) is required in order to have better management of 

pests. To achieve this objective a clear understanding of the factors affecting 

susceptibility of H theivora in response to chemicals, mechanisms of action of 

different insecticides (or ovicides ), their scope .and limitations etc. is quite necessary 

so that these plant protection tools may be employed more efficiently. There fore one 

of the IRM strategies shall be, to use of ovicidal chemicals that can effectively control 

the pest in the initial stage itself(Vastrad et al., 2004). 

Comparison of life cycle traits of He/ope/tis theivora infesting organic and 

conventional tea plantations, with emphasis on endosulfan resistance 

Endosulfan selection: · 

He/ope/tis theivora were selected· for five generations against various discriminating 

concentrations of endosulfan to obtain. maximum mortality at the highest 
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concentration in each generation. The minimum survival of H. theivora obtained in 

the 151 generation with treatment of0.15 per cent endosulfan concentration was 20 per 

cent. Similarly, the minimum survival from 2nd to 5tli generation was 17.00, 13.00, 

12.00 and 10.00 per cent against 0.20, 0.35, 0.50, 0.60 concentration (%) of 

endosulfan respectively (table 28). 

Table 28. Selection of residual population of H. . theivora in various generations 
exposed to endosulfan 

Generation Conc.ofendosuffan Mortality (%) Survivorship Residual 
used(%) (%) population 

Rejected (X) 
Selected (+) 

O.D7 33 67 X 
0.09 47 53 X 

Fl 0.1 63 37 X 
0.12 70 30 X 
0.14 77 23 ·x 
0.15 80 20 + 
0.1 43 57 X 

. 0.12 50 50 X 
F2 0.15 57 43 X 

0.17 63 37 X 
0.19 70 30 X 
0.20 83 17 + 
0.18 40 60 X 
0.22 53 47 X 

F3 0.26 60 40 ·x 
0.30 73 27 X 
0.32 77 23 X 
0.35 87 13 + 
0.25 30 70 X 
0.3 37 63 X 

F4 0.35 57 43 X 
0.4 63 37 X 

0.45 78 22 X 
0.50 88 12 + 
0.35 40 60 X 
0.4 50 50 X 

F5 0.45 63 37 X 
0.5 70 30 X 

0.55 76 24 X 
0.60 90 10 + 

Rejected (X), Selected (+) 
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The data on dosage-mortality response of H. theivora in the successive generations 

when subjected to chi-square test indicated a good fit ofprobit responses (p < 0.05) in 

all the bioassays showing that there was no heterogeneity between observed and 

expected responses. 

The per-cent LC
50 

value (table 29) recorded in the 1" generation was 0.0896, which 

subsequently increased to 0.3960 in course of selection up to 5th generations. The 

insect summarily developed 4.419 folds resistance.· 

Table 29. Toxicity of endosulfan to Helopeltis tlreivora at different generations 

Gene- Heterogeneity Regression Equation Fiducial LCso Resistance 
ration X2 (n~?) limits (%) ratio 
F1 t6- 0.594 y- 3.8879 X- 2.5914 0.1005 0.0896 1 

0.0799 
F2 x:6= 1.587 y = 3.7045 X- 2.819 0.1453 0.1290 1.44 

0.1145 
F3 t6= 0.892 y = 4.3168 X- 5.0504 0.2365 0.2129 2.376 

0 0.1915 
F4 '(6= 1.282 y- 5.3931 X- 8.573 0.3573 0.3286 3.667 

0.3022 
F5 '(6= 0.931 y = 5.8036 x- 10.076 0.428 0.3960 4.419 

0.365 

The data reasonable explains the propensity of H. theivora to develop greater 

resistance with repeated exposure to endosulfan in tea. Further, it could be anticipated 

that the Dooars population of H. theivora has an inclination to development quick 

resistance to endosulfan. So an increase in the use of this group of insecticides for the 

control of pest in question may lead to control failures. 

Though several workers (Dzolkhifli et ·az. 1986; Liew et a/., 1992; Ho, 1994; 

Muhamad and Omar, 1997; Gurusubramanian and Bora, 2007 and Bora eta/., 2007) 

have indicated development of levels of resistance against chlorinated hydrocarbons 
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in H. theivora, the present study generates for the first time generation-wise accruing 

of resistance in this pest against endosulfan. 

Comparative Biology 

Out of nine biological traits (pre-oviposition period, oviposition period, fecundity, 

incubation period, hatchability, total nymphal duration, longevity of male and female 

and sex ratio), only two parameters, i.e. fecundity, and total nymphal duration were 

adversely affected in the endosulfan-selected H theivora (ERF). While the susceptible 

form (SOF) showed a shorter oviposition period and a high rate of fecundity (8.72/ 

female/ day) the rate of egg laying in H. theivora of conventional tea plantation CFF 

was recorded as 6.75/ female/ day which was found to be at per with endosulfan 

resistance forms ERF i.e. 5.68/ female/ day population (table 30). 

It is evident from the data that the selection pressure of endosulfan resulted in the 

considerable reduction of egg laying capacity of H. theivora as compared to 

susceptible strain. The reduction in the rate of egg laying in the endosulfan challenged 

population might have resulted . from lesser amount of energy allocation for 

reproduction. The major expenditure of the metabolic energy possible gets utilized in 

developing biochemical and physiological defense related to detoxification of the 

insecticide (Price, 1974 and Ribeiro eta!., 2001). 

The 5th generation ERF and CFF took longer nymphaJ development period compared 

to the susceptible strairi (SOF). It was prolonged by 11.96 and 7.69 % in the 

endosulfan selected · (ERF) and parental strains (CFF) respectively over the 

susceptible strain (SOF) (table 30). Therefore the prolongation of total developmental 

period of the resistant stains was mainly due to oflonger nymphal duration. 
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Table 30. Biological attribute of endosulfan-selected resistant (ERF), pesticide-exposed field form of conventional plantation 
. 

(CFF) and susceptible strain collected from organic plantation (SO F) of He/ope/tis tlzeivora in the Dooars 

Strains Pre- Ovipositio Fecundity Fecund- Incubati Hatchability Total Sex ratio Average Longevity of I 

selected oviposit- n period (No. of ity I on (%of egg nymphal (Female: (Days) 
ion (Days) eggs) Female period hatch) duration Male) Male Female 

period b c I (Days) (Days) 
(Days) Day 

a c/b 
ERF 4.0± 21.6+ 122.9 ± 5.68 7.3 ± 74.78 ± 5.27 13.1 ± 0.3 u 1:0.92 35.3 ± 1.6 41.2 ± 2.2 

Endosulfan 0.27 0.79b 6.6b 0.26 (44.5-90) (11-15) (27-44) (32-52) 
seclected (2-5) (19-27) (77-150) (6-9l 
CFF 4.1 ± 21.5 + 145.3 ± 6.75 7.2± 70.17 ± 8.34 12.6 ± 0.3 a 1:1 29.6 ± 2.1 37.3 ± 2.4 

Prenatal 0.17 0.65b 6.4a 0.2 (30-95.1) (11-14) (14-34) (31-52) 
(3-5) (19-25) (97-1185) (6-8) 

SOF 4.2±0.55 18.0 ± 157.3 ± 8.72 7.0± 66.23 ±3.03 11.7± 0.3 a 1:0.93 31.8 ± 2.8 39.3± 1.9 
Susceptible (2-7) 0.83. (16- 4.9· 0.33 (56-93) (10-13) (17-36) (29-45) 

23) (135-181) (5-9) " 
NS NS NS NS NS NS 

Mean+ S.E. (m) of 10 pairs/ individuals a 

Figures in parenthesis represent range 
Mean followed by the same letter in a column are not significantly different (p = 0.05) Turkey multiEle com2arison test (HSDa} 
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It ·seems that the resistant form of H. theivora despite the changes in life cycle 

characters such as longer oviposition period, longer nymphal developmental period 

and lower fecundity has an edge to withstand a stressed condition resulting from 

pesticide exposure. Similar changes in lifecycle traits were reported by Yaqoob and 

Arora (2005) and Yaqoob et al., (2006) for endosulfan and carbaryl selected 

populations of Helicoverpa armigera. It was established that the reduced fecundity in 

Epilachna sparsa resulted from of metabolic resistance to insecticides (Senapati and 

Satpathi 1981). Further, it was advocated by various workers that the females of 

Helicoverpa armigera (Forrester et al., 1993; Glenn et al., 1994 and Xia et al., 2001) 

and Plutella xylostella (Yamada et al., 1993) have relatively higher tendency for the 

developing resistance to insecticides, It is evident that endosulfan use at a very high 

concentration can induce quick change in the life cycle traits, possible leading to the 

development of biotype. In view of this it may be possible that the field 

recommended dose has become sub-lethal, hence less effective, therefore the use of 

endosulfan may be discontinued or the field recommended dose may be reviewed. 

The present fmdings have practical implications in the insecticide resistance 

management (IRM) of Helopeltis theivora. 

Variation in endosulfan susceptibility and body lipid content of Helopeltis 

tlleivora in relation to the use pattern of the insecticide in the Dooars tea 

·plant;ttion 

Data on endosulfan use pattern in the Pooars subdistricts for seven years (1998-2004) 

showed that the consumption of the endosulfan 35EC varied between 2.20 liter per 

hectare to 2. 89 liter per ha and the average annual requirement of insecticide during 
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the period was 2.51liter per hectare. Among the different subdistricts, average lowest 

consumption of endosulfan was noted in Binnaguri (1.81 liter per ha) followed by 

Damdim subdistrict (1.98 liter per ha), Chulsa (2.28 liter per ha), Dalgong (2.50 liter 

per ha), Nagrakata (2.55liter per ha), and finally the highest consumption was noted 

in Kalchini (3.43liter per ha) (table 31). 

Table 31. Yearly endosulfan use pattern iu different subdistricts of the Dooars in North 
Bengal 

Subdistrict Years Mean 
1998 1999 2000 I 2001 2002 12003 12004 

Endosulfan used It I ha. 
Dam dim 1.484 1.842 1.832 1.990 2.001 2.723 1.992 1.98 
·Chulsa 2.370 2.461 2.833 2.340 2.020 2.050 1.883 2.28 
Nagrakata 3.450 3.721 3.571 2.223 2.132 1.534 1.221 2.55 
Bilinaguri 1.375 1.903 1.810 2.020 2.134 2.000 1.450 1.81 
Dalgong 3.233 3.059 2.341 2.571 2.349 1.920 2.043 2.50 
Kalchini 2.977 4.344 3.421 3.541 3.743 2.987 3.001 3.43 
Total 2.51 
Do oars 2.481 2.888 2.634 2.447 2.396 2.202 2.508 
CD (p- 0.05) 0.48 

The general trend and the data since 1999 by and large suggest that requirement of 

endosulfan has gradually declined with every passing year in the Dooars tea 

plantation (table 31 ). This was probably because endosulfan proved not so effective 

in controlling the pest at expected level. 

H theivora population of Kalchini subdistrict recorded the maximum LC50 value of 

endosulfan (1580.77 ppm) followed by population from Dalgong (952.715 ppm), 

Binnaguri (938.213 ppm), Nagrakata (884.95 ppm) and Damdim (544.72 ppm). 

Lowest LCso value was observed in population from Chulsa (269.744 ppm). In other 
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words Kalchini population showed the highest resistance (low susceptibility) to 

endosulfan (5.86-fold) and the le~st resistance was observed in the population of 

Damdim (2.02-fold) followed by Dalgong (3.53-fold), Binnaguri (3.47-fold), 

Nagrakata (3.28-fold) taking Chulsa as 1 (base line) (table 32). 

Table 32. Relative toxicity values of endosulfan 35 EC against Helopeltis tlteivora 
different tea growing subdistrict in the Dooars 

Endosulfan 35 EC 
Location- Resistan 
Subdistrict ce 
inDooars x: Regression equation LCso S.E. Fiducial Factors 

(ppm) limits (RF) 
(95%) 

Dam dim 2.16 y-3.902x-17.384 544.72. 0.011 607.753 2.02 
480.324 

Chulsa 4.95 y = 2.375 X- 7.899 269.744° 0.010 328.181 1.00 
221.712 

Nagrakata 5.51 y- 4.270 X- 20.369 884.95° 0.010 988.899 3.28 
791.936 

Binnaguri 2.38 y- 5.621 X- 28.568 938.213d 0.006 1017.63 3.47 
864.995 

Dalgong 2.45 y- 3.501 X -15.934 952.715° 0.012 1099.37 3.53 
825.689 

Kalchini 2.38 y = 4.428 X- 22.455 1580.771 0.009 1756.22 5.86 
1422.48 

Susceptible Chulsa population. Mean followed by the same letter in a column are not 
significantly different (p = 0.05) Tukey's multiple comparison test. 

Variation in total body lipid contain was observed in H. theivora populations 

collected from different tea growing subdistricts of the Dooars (table 33). Kalchini 

population contained significantly high level of body lipid (6.215 % ± 0.124) 

followed by population from Dalgong (5.793% ± 0.084), Nagrakata (5.366% ± 

0.208), Binnaguri (4.760% ± 0.112) and Damdim (4.633% ± 0.040). The Chulsa 

population indicated lowest value (4.553% ± 0.036) of the same (table 33). 
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Table 33. Biochemical analysis of Helopeltis theivora collected from different 
subdistrict of the Do oars tea ecosystem 

Estimation Damdim Chulsa Nagrakata Binnaguri Dalgong Kalchini 
of 

Total 4.633. ± 4.553. ± 5.366" ± 4.760 c + 5.793 d ± 6.215 e + 
Lipid(%) 0.040 0.036 0.008 0.012 0.024 0.004 

Mean followed by the same letter in a column are not significantly different (p = 0.05) by 
Tukey' s multiple comparison test. 

Positive correlations of the total body lipid, endosulfan consumption and LCso values 

for H. theivora were evident (fig. 16, 17 and 18). The LCso values of different H. 

0 

theivora populations were significantly correlated (r = 0.868) to total body lipid 

content (fig.16). The average quantity of endosulfan used (consumption) when related 

to LCso values showed a significant coefficient (r) of 0.721 (fig. 17) and when the 

consumption was co-related to body lipid content, the significance was at a high level 

(r ·= 0.87) (fig. 18). The findings on the relations and dependence suggest that higher 

• 
lipid content in the body of the specimens having higher endosulfan exposure 

possibly provides insulation to pesticide action, which as a consequence develop a 

higher resistance, evident through enhanced LCso values. Srivastava (2004) reported 

that in resistance strains of houseflies, the total fat body content was more than 

susceptible one. Similarly in different insects viz. cockroach (Garfield, 1990) and 

·army worm (Yu et a!., 2003) a higher lipid content of body in resistant forms have 

been reported. Brown (1960) mentioned that the tarsal epicuticle of resistant strains 

has more lipid accumulation than in the susceptible ones. It can now be understood 
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that as a "fat barrier" the lipid tissue keeps the toxicant away from sensitive site (like 

nervous system) especially by storing large amounts of it. Abdallah (2005) suggested 

that storage of insecticides in insect fat body as one of the possible mechanisms of 
• 

insecticides resistance; moreover the stored insecticide could. be metabolized 

(detoxified) within the fat body. Hence, the present fmdings suggest that excess 

application of endosulfan in tea fields not only decreases its efficacy against the pest 

as because it accelerates the physiological mechanism for evolving insecticide 

resistance by synthesis of extra body lipid. Under such a trend of resistance 

development, the use of endosulfan should be discontinued in the Dooars tea 

ecosystem for sustainable management of the notorious pest. The present findings 

have practical implications in the insecticide resistance management programme 
0 

(IRM) of H. theivora. 

Colour variation in H. theivora 

In male there were three colour variants. These were designated as Colour varient 

male - I (CVM - I ) that was found commonly in the Dooars tea plantations and 

representing almost 80.25 % of the total population; CVM- II with an occurrence of 

15.00 %; and CVM- III showing a low incidence 4.75 %. In females, six colour 

variants (CVF - I to VI) were observed. In Dooars CVF-II female population 

dominated with an incidence of 40.50% followed by CVF-I (20.35%) then CVF-V 

(17.75%), CVF-VI (11.85%), CVF-III (5.55%) and CVF-IV (4.00%) respectively 

·(table 33a). 

Gurusubramanian and Bora (2007) has reported three colour variants in males and 

a!so in females of H. theivora (Jorhat- Assam population) within a single season and 
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suggested that this might presumably be due to pesticide selection pressure. In a 

departure from this observation number of colour variants within females He/ope/tis 

in Dooars population were recorded to be double the number. Further in compare to 

Assam varieties the Dooars specimens were found to be more blackish (melanic), 

particularly the females population, compared to that of Assam. No reddish-orange 

variant was observed in the Dooars. 

Table 33a. Incidence of colour variants between male and female of Helopeltis theivora 
collected from Dooars tea plantations 

Colour variants of Description Per cent incidence 
Helopeltis theivora of colour variant in 

the field 
(Mean± SE) 

CVMI Pronotal area completely black 80.25 ± 1.24 
CVMII Pronotal area black with one trench having 15.00 ± 1.17 

brown colouration and two brownish dots at 

cs lateral side just below the trench 
CVMIII Pronotal area black with two trenchs having 4.75 ± 1.09 

brown colouration one in top and other in 
middle at the base of scutellum 

CVFI Centre area of pronotal area brownish orange 20.35 ± 1.42 
with lateral side black and green trench in 

anterior end. 
CVFII Half pronotal area brownish orange (anterior 40.50 ± 0.99 

~ 
end) and rest half totally black (distal end). 

CVF III Centre area of pronotal area brownish orange 5.55 ± 0.41 
with two black spots at the distal end. 

CVFIV Pronotal area totally brownish orange. 4.00 ± 1.23 
CVFV Major part ofpronotal area black with "U' 17.75 ± 1.16 

shaped brownish spot at the frontal end 
CVFVI Pronotal area black with two trenches having 11.85±0.81 

brown colouration at lateral side. 

CVM - colour variant male; CVF - colour variant female 
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As per the findings ofEastop (1973) and Russel (1978) the biotypes usually differ in 

based on diurnal or seasonal activity patterns, size, shape, colour, insecticide 

resistance, migration and dispersal tendencies, pheromone differences or disease 

vector capacities. The colour variation of H. theivora (3 types of male and 6 types of 

female) in the present study, may be attributed to the developing changes in 

susceptibility to insecticides, in the agreement with the observation ofEastop (1973) 

and Russel (1978). Though Mann (1907) strongly correlated the colour variation in H. 

theivora with season, wherein he found that males on the average were much darker 

in summer/autumn (July-October) populations than those of winter/spring brood 

(November-June), but the females sported a reverse colouration. Colour variability in 

populations collected from Vietnam, South India and Assam with special reference to 

head and pronotum was reported by Stonedahal (1991). Mann and Stonedahl found 

variation in colour pattern in different seasons but in the present observation, colour 

variation was found both in males and females in the same season presumably due to 

pesticide selection pressure. This was further confirmed when elevated LC50 values of 

H. theivora to of different insecticides could be related to colour variation. 

Further in-depth studies are needed for biotypes identification through molecular 

techniques besides the log dose probit assays. 

Screening the ant-insect properties of common native botanicals against H. 

theivora in the Dooars: 

Crude extract of native plant ·species such as Annona squamosa (Annonaceae), 

Ocimum sanctum (Limiaceae), Adhatoda vasica (Acanthaceae), Artemisia vulgaris 

(Compositae), Ageratum conyzoides (Compositae), Tagetes patula (Compositae), 
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Momordica charantia (Cucurbitaceae), Datura mete/ (Solanaceae), Nicotiana tabaccum 

(Solanaceae), Melia azaderach (Meliaceae), Lantana camara (Verbenaceae), Vitex 

negundo (Verbenaceae), Clerodendron infortunatum (Verbenaceae), Allium sativum 

(Liliaceae), Allium cepa (Liliaceae), Zingiber officinale (Zinigiberaceae), Amomum 

subulatum (Zinigiberaceae), Emblica officina/is (Euphorbiceae), Croton bonplandianum 

(Euphorbiceae) and Dente/la repens (Rubiaceae) available in vicinity of the North 

Bengal tea estate were tried under laboratory conditions against H. theivora for their 

ovicidal, insecticidal and antifeedant activity (table 34). 

Table 34. Screening of anti-insect activity of some crude extracts of plants available in and 

around tea garden for the_ management of H. theivora 

Plant Part used Antiinsect activit · (%) 
Ovicidal Antifeedant Insecticidal 

Annona squamosa Leaves 10.25 16.96 -
Ocimum Sanctum Leaves &succulent stem - 13.22 -
Adhatoda vasica Leaves 8.25 9.58 -
Artemisia vulgaris Leaves & succulent stem - 24.56 -
Af{eratum conyzoides Whole plant 5.23 -2.17 -
Tagetes patula Whole plant - 9.34 -
Momordica charantia Leaves & succulent stem - 15.50 -
Datura mete/ Leaves - 31.11 30.00 

. Nicotiana tobacum Leaves 30.35 45.80 75.5 
Melia ~derach Leaves 5.53 26.35 12.5 
Lantana camara Leaves 10.50 12.64 5.55 
Vitex neg1111do Leaves - 30.54 -
Clerodendron Leaves 20.25 41.95 45.0 
infortunatum 
Allium sativum Bulb - 12.41 -
Allium cepa Bulb 

. 
10.25 14.64 -

Zins;iber officinale Rhizome 13.5 10.68 -
-Amomum subulatum Leaf - 16.76 -
Emblica o.fficinalis Leaves - 29.07 -
Croton bonplandianum Leaves - 23.93 -
Dentella repens Leaves 19.17 15.2 
CD_(0.05)_ 3.64 2.66 

Absolute coefficient offeeding deterrence= (C- T):(C + T) x 100, where T number offeeding sports by 
H theivora in the experimental variant and. C is number offeeding sports in the control variant, according 
to Kielczewski eta/. (1979). · 
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All the crude plant extracts registered least ovicidal activity against the eggs of H. 

theivora except C. injortunatum and N tabaccum, which registered 20 - 30 % egg 

mortality. This along with allelochemicals of these plants have weak ovicidal activity 

possible due to minimal contract with or penetration with in the eggs were very low 

due to as the eggs of H. theivora remain completely inserted into the tender part of tea 

shoots. 

Antifeedant property of all plant extracts in relation to per -cent reduction in number 

of feeding spots of tea mosquito bug over control are found to be significantly 

effective (table 34). 

Antifeedant property was determined by absolute deterrence, which indicated the 

strongest effect of crude extract at 20% concentration of C. injortunatum and N 

tabaccum against H.theivora. Antifeedant activities of crude plant extracts (at 20%) 

can be arranged as: N tabaccum >C. infortunatum tum> D. mete!> V. negundo >E. 

officina/is > M azaderach > A. vulgaris > C. bonplandianum > D. repens > A. 

squamosa> A. subulatum> M charantia >A. cepa > 0. Sanctum> L.camara >A. 

sativum> z. officinale > A. vasica > T. patu/a. 

Only few of the aforesaid plant extract such as, N tabaccum, C. infortunatum, 

D. mete/, M azaderach, D. repens and L. camara showed potential of killing adult 

bugs (Plate 7). 

Among the vario.us approaches that are available today, the major focus -is on tapping 

and Sustainable productivity by effective utilization of natural resources in pest · 

manageme~t is the present trend (Prakash and Rao, 1997). Therefore, the native 

botanicals and their extract may play an important role as pesticide, ovicide, 
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significant anti-insect properties especially effective 



antifeedant a11d growth regulatory chemicals in the pest management strategies 

(Schoonhoven, 1982; Schmutterer, 1990). In the present study it is clear that all wild 

and weed plants available in and around tea gardens study have more or Jess 

an~ifeedant activity except A. conyzoides. 

Antifeedant <;md insecticidal and/or acaricidal properties of different native plants 

available in and around tea plantations had been reported against major pests of tea by 

Rahman et al., (2006a and 2006b); Sarmah et al., 2006a and 2006b). Different parts 

of (5 and 10 % aqueous extract) Pongamia pinnata (Singh et al., 1994), P. glabra 

(Gogoi et al., 2003), L. camara (Sarmah et al., 1999), C. infortunatum (Rahman et 

al., 2005), C. ii)emle (Deka and Singh, 2005), Acarus calamus, Xanthium 

strumarium, M azaderach, Pogostemon parviflorus (Gogoi et al., 2003; Sarmah et 

al,, 2007), Azadirachta indica (Sarmah et al., 2006), P. hydropiper (Sarmah et al., 

~999 and 2006b), Annona. squamosa (Gogoi "et al., 2003), Equisetum arvensis, 

Eupatorium glandulosum, P. runcinetum, Urtica dioica, A. vulgaris (Bisen and 

Kumar, 1997; GhoshHajra, 2001, 2002), and seeds ( 5 and 10% aqueous extract) of 

A. indica (Kakoty et al., 1993) and M azaderach (Gurusubrarnanian et a!., 2005) 

were found effective for the management of sucking and chewing pests of tea. 

Our interest in the present study was to identifY a plant abundantly available in and 

around tea plantations and having an effective pesticidal property. From the 

preliminary tests it become apparent that N tabaccum, C. injortunatum were contain 

the potential to control H. theivora population of tea ecosystem. 

Tea occupies an important position as a health drink and a panacea both for lower and 

upper class and is directly consumed. As nicotine, derived from N tabaccum 
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(tobacco) is extremely toxic to and fast acting on most animals, including livestock 

and human (F AO 2000) it wide use in tea cannot be recommended. Therefore, extract 

of C. infortunatum is considered as one of the botanical insecticides to with great 

promise. It is well known that the crude plant extracts contain many active 

compounds, which may act synergistically to enhance a specific bioactivity, whereas 

some may act antagonistically to mask certain activities. Therefore, C. infortunatum 

was subjected to various solvent extractions to determined different modes of activity. 

Utilization of different solvent extract of Clerodendron infortunatum Linn, 

(V erbenaceae) for the management of H. theivora in tea plantation 

In the present study, of various solv.ent extracts of Clerodendron infortunatum 

showed different modes of activity, which varied depending on the polarity of the 

solvents and the concentrations of the extract used (tables 35-38). 

The percent of mortality of the H. theivora against different concentrations of 

various solvent extracts of C. injortunatum showed that methanol extract was the 

most effective which was in the tune of 97%. When a correlation was made 

between the concentrations and mortality of different solvent extracts of C. 

infortunatum,. high levels of significance (r = 0. 94, 0.86, 0.85 and 0.81 for 

petroleum ether, water, methanol, and acetone extracts respectively) were evident 

(table 35). 

The water extract was found to be least toxic which showed higher LCso values 

(5.454%) and this was followed by acetone extracts (1.806%) and that of 

petroleum ether (1.488%). 
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Table 35. Percentage mortality of H. tlleivora when fed on leaves treated by various 
solvent extracts of Clerodendron infortunatum 

Solvents Concentration of extracts (%) 
1 2 4 8 

Percentage mortality 
Acetone 40 47 70 80 

Petroleum ether 37 63 70 77 
(40°- 60° C) 
Methanol 70 77 83 97 

Water 20 30 40 60 

However, H. theivora was highly susceptible to methanol extract (LC 50 = 

0.421%). It was also clear from the results that the LCso value of water extract of 

C. injortunatum was about 13 times higher than that of the methanol extract. The 

order of toxicity was found to be methanol > petroleum ether > acetone > water 

(table 36). 

Table 36. Relative toxicity of various solvent extracts of Clerodendron infortunatum 
against H. tlleivora collected from the Do oars 

Treatment Regression Homo LCso Fiducial SE ORE 
Equation geneity limit 

Acetone y- 1.295 X+ 3.371 0.560 1.806 2.752 0.004 3 
1.186 

Petroleum ether y-1.112x+3.695 1.424 1.488 2.395 0.005 2 
(40°- 60° C) 0.924 
Methanol y- 1.150 X+ 4.281 0.402 0.421 0.654 0.004 1 

0.271 
Water y- 1.187 X+ 2.937 0.199 5.454 8.614 0.005 4 

3.453 
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No significant ovicidal activity was registered against the eggs of H theivora in 1% 

concentration of acetone and 1%, 2% and 4% concentrations of water extracts of C. 

infortunatum. However its acetone . extract showed ovicidal activity . at higher 

concentrations i.e. at 2% concentration egg mortality was 13.3% and at 4 and 8% 

mortality ranged between 26.6-36.6%. This was more or less similar to petroleum 

ether extract i.e. showing 10-20% in lower concentration and 4 and 8% application 

showing 23.3-33.6% egg mortality. Methanol extract showed 6.6-13.3% mortality at 

1 and 2% and 20.0 to 33.3% mortality at 4 and 8% concentration (table 37). 

All the solvent extracts of C. infortuntitum were also found to be very promising in 

arresting egg hatching and prolongation of incubation period of eggs of H theivora to 

the extent of 4-5 days in comparison with untreated control. Further, the extracts of C. 

infortunatum were found to be effective in killing the neonate nymphs that 

successfully came out of treated eggs. 

Unsuccessful hatching due to killing of the embryo of H theivora eggs might 

possibly have taken place due to blockage of micropyler region by chemical 

substance present in the extract of C. infortunatum, which ultimately led to the death 

of the embryo in the side egg itself. When solvent extracts of 9 plants were tested 

against Spodoptera litura for ovicidal and ovipositimi.al deterrent activity, varying 

responses irrespective of the concentrations and the solvents used were noticed (Raja 

et a/., 2003). Incomplete blastokinesis and abnormal breakage of extra embryonic 

membranes in the embryo due to penetration of plant extracts through the egg chorion 

were reported by Slama (1974). 
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Table 37. Ovicidal and antifeedant activity of different solvent extract of Clerodendron 
infortunatum against H. tlzeivora under laboratory condition 

Treatments Cone Mean %un- Average no. of Absolute 
entrat hatched eggs feeding spot/24 coefficient 

lOll over control hrs/1 0 individual. feeding 
(%) . deterrence 

Acetone Tl 1 0.0 207.67 27.34 
(0.0) 

T2 2 13.3 148.00 42.18 
(21.39) 

T3 4 26.6 124.67 48.97 
(31.05) 

T4 8 36.6 99.67 57.01 
(37.23) 

Petroleum TS 1 10.0 157.00 39.73 
ether (40° (18.43) 
-60° C) T6 2 20.0 77.00 65.08 

(26.57) 
T7 4 23.3 71.33 67.22 

(28.86) 
T8 8 36.6 44.00 78.43 

(37.23) 
Methanol T9 1 6.6 125.00 .) 

48.87 
(4.66) 

TlO 2 13.3 118.33 50.93 
(21.39) 

Tll 4 20.0 . 104.33 55.44 
(26,57) 

Tl2 8 33.3 83.67 62.62 
(35.24) 

Water Tl3 1 0.0 186.67 32.20 
(0.0) 

Tl4 2 3.3 159.00 39.19 
(3.29) 

TIS 4 6.6 121.67 49.89 
(4.66) 

Tl6 8 13.3 91.33 59.88 
(21.39) 

Tl7 Untre 72.56 364.00 --
a ted (59.08) 

CD (0.05) 9.768 102.52 
Frgures rn parentheses are angular transformed values, whrch were used for analysrs. Each 
mean(± SE) is based on five replicates. CD- Critical Difference (p<O.OS). 
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The embryonic death of H.· theivora at embryonic stage through ovicidal activity of 

C. irifortunatum may also be due to a similar phenomenon. 

Antifeedant activity of C. infortunatum with different solvent extracts against H. 

theivora was determined by analysis of absolute deterrence coefficients, based on the 

diffence in the amount of feeding spots in tested and control variants (table 37) 

The study showed that in all the treatments the average number of feeding spots was 

invariably less as compared to that of control. The petroleum ether extract (coefficient 

= 39.73 - 78.43) exhibited strongest antifeedant property (by deterring H theivora 

from feeding) than the other 3 solvents, i.e., methanol (48.87- 62.62), acetone (27.34 

- 57.01) and water (32.20- 59.88). Moreover, antifeedant property of C. infortunatum 

extracts in relation to percent reduction in number of feeding spots over control 

sufficiently increased with the increase in concentrations (table 3 7). The high 

coefficient value in each extract at high concentration practically means a complete 

lack of feeding (Orner, 2006). The present results can be supported by the similar 

findings of Gogoi et al., (2003), Breuer and Devkota (1990), Dilawari et al., (1994) 

and Raja et al., (2003) for pests such as H.. theivora, Thaumetopoea pityocampa, 

Plutella xylostella and Spodoptera litura, respectively. 
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Table 38. Bio-efficacy of different solvent extract of Clerodendron infortunatum 
against H. tlteivora in the field 

Treatments Concentra Post treatment observations 
tions Percent reduction infested shoot after treatment 

1st spray 2nd spray 
7Days 14 days 7Days 14 days 

Acetone 5% 47.2 42.3 57.4 51.2 
(43.54) (28.18) (49.26) (45.69) 

10% 60.7 49.5 63.2 68.3 
(51.18) (44.71) (52.65) (55.73) 

Petroleum ether 5% 39.6 37.6 61.0 59.7 
(40°- 60° c (39.00) (37.82) (51.35) (50.59) 

10% 59.7 41.5 75.8 69.2 
(50.59) (40.11) (60.53) (56.29) 

Methanol 5% 40.0 45.5 55.4 57.9 
(39.23) (42.19) (48.10) (49.55) 

10% 63.4 42.1 73.1 70.0 
(52.77) (40.45) (58.76) (56.79) 

Water 5% 24.3 31.5 48.4 45.3 
(29.53) (34.14) (44.08) (42.30) 

10% 53.1 32.2 55.4 44.4 
(46.78) (34.57) (48.10) (41.78) 

Azadirachtin 1:300 57.0 55.5 60.7 52.3 
0.03% (49.02) (48.16) (51.18) (46.32) 
Control Water -2.2 -17.5 -16.2 -20.2 

(untreated) spray (-8.53) (-24.73) (-23.73) (-26.71) 

C.D at (P-0.05) 5.86 4.77 4.35 4.24 
CV% 11.65 13.28 9.36 9.42 

Figures in parentheses are angular transformed values, which were used for analysis. Each 
mean is based on five replicates. CD - Critical Difference (p<0.05); CV - Coefficient of 
Variation. 

The toxicity of different solvent extracts of C. irifortunatum was evident under field 

conditions too, as all the treatments significantly reduced the population of H 

theivora when compared with untreated check. 
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Acetone, petroleum ether and methanol extracts of C. infortunatum at 5% 

concentration reduced the pest incidence to the tune of 47.2% - 51.2%, 39.6% -

59.7% and 40.0 - 57.9%, respectively, whereas at 10% concentration the reduction 

was in the scale of 60.7-68.3%, and 59.7-75.8% and 63.4-70.0%. H theivora 

infestation was reduced by 24.3 - 45.3% and 53.1 - 55.4 % at 5 and 10% 

concentrations of water extract of C. infortunatum respectively (table 38). Reduction 

in H theivora population in the field may be due to collective insecticidal, ovicidal, 

growth regulatory and antifeedant effects of C. infortunatum. Similar observations for 

Oryctes rhinocerus (Chandrika and Nair, 2000), Sweet potato weevil (Palaniswami, 

2000), Spodopter litura, Earias vitella and Plutello xylostella (Anonymous, 2003a) 

and major rice pests (Stoll, 1986) have been reported. It is, therefore, possible that 

some sort of olfactory, gustatory or contact response of adults of H theivora to C. 

infortunatum extract mediate the suppression of their egg hatchability, feeding, and 

population size. 

No phytotoxic symptoms in terms of injury on leaftips and leaf surfaces, leafwilting, 

necrosis, vein clearing, epinasty and hyponasty were observed up to 60 days after 

spraying of C. infortunatum under field conditions. Further, made tea samples 

prepared after treatment showed taint negativity along with an organoleptic score of 

6.5 - 7.0 indicting good liquor, strength and colour quality. 

C. infortunatum is considered as weed in tea ecosystem having a wide distribution in 

North:east India (Misra and Dutta, 2003) (plate 7). Further, phytosociological 

analysis of North -East Indian forest zones revealed that it has a distribution and 

availability in the core as well as buffer zone of forests (Anonymous, 2000). The 
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weed gowns luxuriantly throughout the year especially during rainy season (May ~ 

August). The Planters may collect, shade dry and preserve the plant in gunny bags for 

the ensuing season to combat pest problems. 

Present findings revealed that the leaf-extracts of C.infortunatum are significantly 

toxic to H. theivora. Srikumar et at., (1989), Sejbac et al., (1996) and Anonymous 

(2003) observed that Clerodin, Lupane, Clerodone, Uncinatone and Pectolinarigenin 

present in the leaves of C.infortunatum and C.siphonenthus are the main insecta- and 

miti- toxic groups. 

The role·· of C. infortunatum as botanical pesticide of different tea pests in the 

agroclimate of Nort.h East India tea ecosystem appeared to be very promising. It is 

therefore concluded that the incorporation of dried leaf extracts of C. infortunatum 

(screened for their insecticidal effects) could provide a suitable and cheaper 

alternative means of biological management of tea pest. Although the active 
0 

insecticidal principles present in the different solvent extracts of the C. injortunatum, 

screened in the present study, are yet to be characterized. These present fmdings 

enable us to understand the efficacy of the extract of locally available weeds from 

Northeast region of the country for future bioformulation and field application: an 

ideal utilization of the weed source as potent herbal insecticides. 

Neem based pest management 

1. Relative insecticidal value of azadirachtin content and Bioefficacy of Neem 

formulations against H. theivora 

The bioactivity of different azadirachtin concentrations (300, 1500, 3000, 10,000 and 

50,000 ppm) at different dilutions (1:200, 1:300, 1:500, 1:1000 and 1: 1500) under 
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field conditions against H. theivora was noted and summarized in table 39. During 

first and second week after first spraying of different azadirachtin concentration the 

reduction of H. theivora was recorded at a minimum of 3.4 % to· the maximum of 

36.9 % at the respective dilutions. But after the second round of spray the per cent 

reduction in infestation was increased to the tune of 22.5 % - 65.4 % in all the 

dilutions during III and IV week (table 39). After completion of two rounds of foliar 

spraying of different azadirachtin concentrations ·per cent reduction ranged from 

26.4-42.4, 29.5-45.3, 33.6-56.6, 39.5-60.8, and 45.6-65.4% at 1:1500, 1:1000, 1:500, 

1:300 and 1:200 dilutions. Significant difference (p<O.OS) was noticed between 

dilutions, azadirachtin content and its interactions (table 39). The percent reduction in 

H. theivora infestation was in ascending trend with respect to azadirachtin content as 

well as dilutions. At higher dilutions (1:1500) i.e. 300 and 1500 ppm azadirachtin 

content gave <30% reduction; and >30% - <43% reduction was registered at 3000, 

10000, and 50000 ~pm of azadirachtin concentration, whereas >50% - < 65% 

reduction was observed at a lower dilution (1 :200) (table 39). The present study hints 

at a possible relationship between bioactivity of different azadirachtin concentrations 

and pest (H. theivora) damage. Among five different concentrations orily 50,000 ppm 

resulted in the maximum (65%) control of H. theivora at higher dilutions (1:200). As 

H. theivora is having the sucking type of mouth parts selective and reduced ingestion 

toxicologically active compounds may be the reason for a lesser control. This 

observation can be well validated with the findings of Lowery & Isman (1995) and 

Martinez-Carvalho (1996). 
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Table 39. Different Azadirachtin contents and their impact on infestation pattern of 
theivora 

Parent Dilution Per cent reduction in infestation over pre treatment in 
concentrat of different week 
ion of different 1"week 2""week 3'"week 4Ulweek 
Azadirach azadirac 
tin htin 

content 

300PPM 1:1500 3.4 (10.63) 3.2(10.30) 22.5(28.32 26.4(30.92) 
1:1000 4.6 (12.38) 4.1(11.68) 26.6(31.05 29.5(32.90) 
1:500 7.8(16.22) 6.8(15.12) 29.4(32.83 33.6(35.43) 
1:300 8.9(17.36) 7.4(15.79) 38.2(38.17) 39.5(38.94) 
1:200 8.6(1 7.05) 6.8(15.12) 41.4(40.05) 45.4(42.36) 

1500PPM 1:1500 10.8(19.19) 8.6(17.05) 26.5(30.98 29.8 33.09) 
1:1000 12.6(20.88) 10.9(19.28) 30.2(33.34 34.6 36.03) 
1:500 14.4(22.30) 12.2(20.44) 34.6(36.03 39.0 38.65) 
1:300 17.4(24.65) 12.6 20.79) 38.9(38.59) 41.4(40.05) 
1:200 17.8(24.95) 13.6 21.64) 44.2(41.67) 47.7(43.68) 

3000PPM 1:1500 16.9 24.27) 12.8 20.96) 28.5(32.27) 32.4(34. 70) 
1:1000 18.9 25.77) 14.1 22.06) 38.4 38.29) 42.6(40.74) 
1:500 21.4 27.56) 18.6 25.55 42.6 40.74 45.8 42.59) 
1:300 24.6(29.73) 19.4(26.13 47.0 43.28) 50.6 45.34) 
1:200 27.8(31.82 21.4 27.56) 50.2 45.11) 59.6 50.53) 

10000 1:1500 18.9(25.7'Z) 16.8 24.20) 35.0(36.27) 38.9(38.53) 
PPM 1:1000 19.8 26.42) 19.2 25.99) 38.8(38.53) 46.4(42.94) 

1:500 24.6 29.73 21.4 27.56) 44.4(41.78) 48.6( 44.20) 
1:300 27.9(31.88 23.4 28.93) 49.6(44.77) 57.2(49.14) 
1:200 29.8(33.09 28.3 32.14) 54.6(47.64) 57.5 49.31) 

50000 1:1500 26.2(30.79) 21.3(27.49) 40.5(39.52) 42.4( 40.63) 
PPM 1:1000 29.8(3.09) 24.6(29.73) 46.4(42.94) 45.4( 42.36) 

1:500 32.4(34.70) 29.3(32.77) 51.4(45.80) 56.6(48.79) 
1:300 36.8(37.35) 31. 6(34.20) 56.2(48.56) 60. 8( 51.3 0) 
1:200 36.9(37.41 33.2 35.24) 59.4(50.42) 65.4(53.91) 

Factor CD cv CD cv CD cv CD cv 
(0.05) (%)_ (0.0~ (%) _(0.05) (%) (0.05) (%) 

A 1.47 .8.77 1.00 7.08 0.56 5.45 1.36 3.66 
B 0.79 5.39 1.00 8.08 0.62 6.89 1.10 3.39 
AXB 1.24 6.54 1.48 4.56 0.25 7.74 1.69 4.68 

Factor A- Azadirachtin content; Factor B -Concentration; Interaction Ax B - Azadirachtin 
content and concentration; CD- Critical Difference (p<0.05); CV- Coefficient of 
Variation; Data within the parentheses are angular transformed values, which were used for 
analysis. 
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Schmutterer (I 990) concluded that a foliar spray application of most commercial 

Neem formulations persists 5-7 days under field conditions or possibly a little longer 

due to some systemic effects, and the. present result corroborate the foregoing 

observation, and possibly that is why a reduction in infestation of H. theivora after 

about a week of the first spray was. evident. Even though breakdown of azadirachtin 

occurs. in UV light, its metabolites may still have bioactivity (Ascher, 1993). 

Dihydroazadirachtin, a compound obtained by hydrogenation of the C-22, 23 double 

bond of the hydroxy-furan fragment of azadirachtin, currently shows promise as a 

more stable compound for better field persistence (Mordue and Blackwell, 1993). 

In this study, different azadirachtin contents were tested against H. theivora and 

significant variations were obtained between azadirachtin concentration and 

bioactivity. Concentrated extracts of Azadirachtin ranged from 1.4% to 20.9%, 

whereas the azadirachtin concentrations in the neem oils tested by Isman et a/., 

(1990) ranged from 0.2% to 0.4%. Results ofisman et al., (1990) hint that neem oils 

contai . .-:~ing azadirachtin at levels of 2000 ppm or greater have sufficient bioactivity for 

their utilization in the preparation of neem based insecticides. In the present trial 

bioactivity of azadirachtin 5% (50000 ppm) against H. theivora suggested that 

azadirachtin content should constitute a useful quality-control criterion for the 

acceptability of neem oil as a precursor for a formulating botanical insecticide. 

The market for neem-based pesticides will increase, as the farll).ers become aware of 

benefits and also due importers insistence on residues. Several stringent measures had 

been taken by em and tea board who approve only 5% azadirachtin formulations 

(50000 ppm) as pesticide. The current study also revealed the fact that azadirachtin 
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content is the determining factor in terms of its bioactivity, i.e., in controlling the 

pest. The bioactivity of azadirachtin content may vary from insect to insect. In tea, 

using of 5% azadirachtin is ideal for getting desired control of 60-65% of H. theivora 

at 1:200. 

2. Bioefficacy of neem formulations combined with deltamethrin and endosulfan 

against H. theivora in the Dooars condition 

First spray of TRA recommended doses t.e. 1:1600 and higher con. Than 

recommended dose i.e. dilutions 1:500 ofneem formulations (Neemazal F 5 EC) gave 

14.7-24.1 % and 29.3 - 32.4% reduction in H. theivora population in I & 11 week 

respectively, which later increased to 24.1 - 43.1 % and 51.4 - 56.6 % in Ill & IV 

week respectively. The following spray with endosulfan at TRA reco111mended doses 

brought in a reduction of 5.2 - 25.0 % in I & II week and 9.6 - 12.8 % in Ill & IV 

week Deltamethrin resulted in reduction of H. theivora population by 23.7- 54.2 % in 

I & II week and 37.3 - 64.7% in III & IV week (table 40). Neemazal + deltamethrin 

@ 1:600 + 1:2000 and@ 1:600 + 1:3000 dose caused population reduction to the tune 

of85.4- 89.3% and 63.1-75.0% in I & II week and 89.5-93.5% and 70.5-75.2% 

in Ill & IV week respectively. When neemazal combined ·with endosulfan @ 

1 :600+ 1:400 and @ 1 :600+ 1 :600 doses were applied the H. theivora infestation was 

reduced to the tune of 48.5 - 64.1% and 44.4- 53.7 % in I & II week and 56.5 - 62.5 

% and 54.5 - 60.1% in III-IV week respectively (table 40). The combination 

treatments, therefore recorded a significant reduction of H. theivora incidence 

compared to use of neem alone. It was also noted that with the reduced dose of 
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insecticides in combination with neem formulations gave significant control of H 

theivora population (table 40). 

Table 40. Effect of Neem formulations with different doses of insecticides on 
H. theivora 

Treatment Dilution Per cent reduction in infestation over pre treatment in 
different week 
l"week 2""week 3'" week 4th week 

Endosulfan 1:400 25.0* 5.2 9.6 12.8 
(_29.60}_ _(I3.03)_ _(I9.05). (20.77) 

Deltametbrin I :2000 54.2 23.7 64.7 37.3 
(47.43) (3 1.52) (52.09) (37.57) 

Neemazal 1:500 32.4 29.3 51.4 56.6 
(34.60) (32.74) (43.37) (48.80) 

Neemazal 1:1600 14.7 24.1 43.1 24.1 
. (_25.52) _{28.56) (43.62) (29.53) 

Neemazal + I :600+1 :400 64.1 48.5 62.5 56.5 
Endosulfan (53.25) (44.12) (50.24) (48.76) 
Neemazal + I :600+1 :600 53.7 44.4 60.1 54.5 

Endosulfan (46.59) (41.79) (50.37) {47.56) 
Neemazal + I :600+1 :2000 89.3 85.4 89.5 93.5 
Deltametbrin (71.89) (67.56) (70.89) (75.38) 
Neemazal + I :600+ I :3000 75.0 63.1 75.2 70.5 
Deltametbrin (60.47) (52.69) (57.04) (5I.I I) 
Control Water spray 4.2 1.4 -I4.6 -20.6 

(13.96) (3.95) (23.IO) (-26.62) 
SEM 3.5I 3.065 1.06 2.10 
CD (p- 0.05) I0.07 8.78 3.03 6.02 
CV(%) 1.32 2.I2 7.33 1.75 

Data within the parentheses are angular transformed values which were used for analysis 
*Average of the tbree replications. 

Combining biorotational products with synthetic pesticides often help to minimize the 

application rate of conventional active ingredients and still retain their benefits such as 

long residual activity. Recent studies by Rahaman et al., (2007b) reported that neem 

formulations combined with reduced dosages of acaricides and insecticides are found 
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effective against Oligonychus coffeae and Scirtothrips dorsalis in tea. Miller (1997), 

Sarode et al., (2000), and Lindquist (2000) have found similar result. Comparative 

assessment of nimbicidine in combination with or without endosulfan on the growth, 

development and histomorphology of Helicoverpa armigera, Spodoptera litura and 

Gangara thyrsis, revealed that more pronounced effects takes place in combination 

treatments than individual treatments (Ramarethinam et al., 2000). Sarode et a/., 

(2000) conducted laboratory experiment to workout relative toxicity of neem seed 

extract in combination with reduced doses of endosulfan, monocrotophos, quinalphos, 

carbaryl and fenvalerate against H.armigera and found that combination treatments 

registered higher kill than treatment of neem seed extract. 

The combination of neemazal 5 EC (1 :600) with deltamethrin (1 :2000) was superior to 

other combinations in terms of controlling the Helopeltis population. Similarly, 

endosulfan in combination with neemazal·also registered desirable percent reduction at 

full dose. These studies illustrated that biorationa!insecticides especially neem, alone 

or at reduced rates in combination with synthetic insecticides, could play an vital role 

in a tea pest management program. 

Effects of synergists on the toxicity of insecticides: 

The earlier study suggested that H. theivora showed decrease in susceptibility mainly 

to endosulfan, deltamethrin, quinalphos and imidaclopyrid, so the usual 

recommended doses of these insecticides were practically ineffective against the pest. 

One of the countermeasures to tackle the insecticide resistance problem, use of 

synergists has been advised by Liu et al., (1982 and 1984) and Ho et al., (1983). The 
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purpose of our studies was to evaluate the toxicity of these insecticides with 

synergists PB (piperonyl butoxide), a mixed function oxidase (MFO) inhibitor. 

Insecticides alone and insecticide with synergist's mixtures were tested under 

laboratory condition against H. theivora to determine the log concentration_ pro bit 

response and their relative toxicity. The bioassay tests against H. theivora 

summarized in table 41 showed the lowest LCso value of 0.016 ppm for deltamethrin 

mixed with PB, which was followed by deltamethrin alone (0.731ppm), imidacloprid 

plus PB (1.787 ppm), imidaclopyrid alone (19.907 ppm) quinalphos plus PB (13.397 

ppm), quinalphos alone (214.47 ppm), endosulfan plus PB (354.667 ppm) and finally 

by endosulfan alone (1580.7 ppm). 

The data on dosage-mortality response of H theivora collected from Kalchini 

subdistrict in the Dooars revealed that chi-square values indicated a good fit of pro bit 

responses in all the bioassays showing that there was no heterogeneity between 

observed and expected responses. 

The results show that addition of the oxidase inhibitor (PB) to deltamethrin, 

quinalphos imidacloprid and endosulfan resulted in a remarkable synergism against 

H theivora population in the Dooars (Kalchini), which significantly (P < 0.01) 

increased the toxicity of these insecticides as compared with the toxicity of 

insecticide alone against the respective pest. The combination of deltamethrin +PB, 

quinalphos +PB, imidacloprid + PB and endosulfan + PB proved 44.60, 16.01, 11.14 

and 4.45 folds more toxic than the respective insecticide alone (synergistic ratio), 

respectively 
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Table 41. The effects of synergists, piperonyl butoxide (PB) on the relative toxicity of 
endosulfan, quinalphos, deltamethrin and imidacloprid against H.tlteivora in the Do oars 

LCso 
Treatment Regression x2 Fiducial Synergism 

Equation limit ratio 

SR 

Endosu1fan y- 4.428 X - 22.455 2.38 1580.77 1756.22 -
30EC 1422.48 

Endosu1fan + y- 2.5577 X -9.1952 7.34 354.667 421.118 4.457 
PB (1:5) 298.702 

Quinalphos y- 2.564 X- 8.671 7.10 214.47 254.542 -
25EC 180.708 

Quinalphos y- 3.429x- 9.155 5.22 13.397 15.227 16.01 
+ 11.787 

PB (1:5) 
De1tamethrin y- 5.509 X- 10.781 3.65 0.731 0.818 -

2.8EC 0.683 
Deltamethrin y- 2.621 X +1.816 1.17 0.016 0.020 44.60 

+ 0.013 
PB (1:5) 

Imidac1oprid y- 3.641 X- 10.654 !.52 19.907 22.499 -
17.616 

Imidacloprid y- 1.756 X- 0.713 1.87 1.787 2.395 11.14 
+ 1.334 

PB (1 :5) 
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Use of synergists to enhance insecticide toxicity (Abd-Elghafar eta!., 1993) and use 

of PB as used because it is an inhibitor of mixed function oxidases (Wilkinson 1976) 

are well established strategies to manage resistant insect pest. 

Treatments using endosulfan, imidacloprid, deltamethrin, and quinalphos mixed with 

PB suppressed the resistance in the H. theivora populations indicating that P450 

complex is a factor in the resistance to these insecticides. 

Screening of literature suggests that mixed function oxidase (MFO) are a big family 

of enzymes and many P450s are involved in insecticide resistance (Lloyd, 1973, 

Wilkinson, 1976, Scott, 1996 and, Yu and Terriere 1979) and play a significant role 

in degradation of pyrethroid insecticides (Yamamoto, 1973) or organophosphorus 

insecticides (Attia and Frecker, 1984) and neonicotinoid (Nauen et a!., 1996 and 

Mota-Sanchez eta!., 2000). 

Qualitative and quantitative changes were of detoxifYing enzymes induced by 

exposure to insecticide sprays also impart higher tolerance/ resistance status due to 

formation of greater amount of esterases (Sarker and Mukhopadhyay, 2003) and 

glutathione S-transferase and acetylcholinesterase (Sarker and Mukhopadhyay, 

2006a). 

Further in-depth studies are needed with oxidative metabolism, synergists, and 

receptor binding sites to get more insights about the role of P450 and other resistance 

mechanism in H.theivora. 
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Effects of Carrier Water on Insecticide Efficacy against H. tlzeivora 

The pesticide formulations are vulnerable to deterioration due to temperature,light, 

humidity, quality of water etc. when used and stored at different agro-climatic 

locations (Jayakumar 1986; Jayaraj eta!., 1986). 

In the Do oars, the tea areas comprise a narrow strip immediately to the south of the 

foothills. A number of rivers flow down these foot-hills, and the deposits left by 

them in the past now form the tea soils. The most important point to mention in this 

connection is the presence, of dolomite rock and particularly limestone tufa in a 

number of places in central and eastern Dooars. The alkaline deposits are left behind 

periodically by the rivers flowing down these hills is either by flooding or through 

seepage (Gokhale, 1957). It has been shown that in many areas of the Dooars water 

supplies have sufficient natural alkalinities to cause hydrolysis of certain pesticides. 

A study on effectiveness. of endosulfan 0.25%, monocrotophos 0.25% and 

fenpropathrin 0.05% in combination with different quality of water (pH) against H. 

theivora was carried out under field conditions at Nagrakata. 

The results obtained from the field trial were presented in table 42 which showed that 

the killing efficacy of monocrotophos, fenpropathrin and endosulfan varied 

considerably with pH of the carrier water. Particularly in alkaline carrier water (pH 9-

1 0) the efficacy of monocrotophos (organophosphate) was significantly reduced by 

35.89% to 61.55% if insecticide solution was sprayed immediately after mixing, but 

the efficacy further deteriorated by 38.92-·68.06% if sprayed after 24 hr of mixing. 
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Table 42. Effects of carrier water on insecticide efficacy against H. tl!eivora 

Treatments and Nature of Time interval Per cent reduction in infestation 
Dilutions carrier water between mixing over pre treatment in different 

of insecticides week 
and spraying 7days 14 Days 

acidic 2hr. 47.46* 31.12 
(43.57) (33.90) 

Endosulfan 24hr. 42.42 30.55 
35EC (40.51) (33.58) 
(1:400) Neural 2hr. 48.81 34.67 

(44.31) (36.09) 
24hr. 46.02 29.44 

(42.71) (32.83) 
Alkaline 2hr. 47.07 32.89 . 

(43.43) (35.00) 
24hr. 46.19 32.11 

(42.76) (34.51) 
acidic 2hr. 83.01 81.12 

(65.65) (64.23) 
Monocrotophos 24hr. 81.12 72.87 
37 SL (64.16) (58.63) 
(1:400) Neural 4hr. 82.48 65.10 

(65.27) (53.79) 
24hr. 71.33 47.07 

(57.61) (43.28) 
Alkaline 2hr. 52.87 31.19 

(46.66) (33.96) 
24hr. 43.57 23.27 

(41.32) (28.86) 
Fenpropathrin acidic 2hr. 90.15 88.98 
25EC (72.05) (70.63) 
(1:2000) 24hr. 89.75 89.27 

(71.37) (70.91) 
Neural 2hr. 92.16 89.52 

(73.78) (71.09) 
24hr. 91.88 88.99 

(73.57) (70.63) 
Alkaline 2hr. 85.44 78.26 

(67.54) (62.24) 
24hr. 83.47. 71.49 

(66.03) (57.73) 
CD (p = 0.05) 1.828 2.212 
cv(%) 3.788 6.419 

Data within the parentheses are angular transformed values which were used for analysis 
* Average of the three replications. 
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The neutral water with fenpropathrin caused 92.16 to 88.99 percent reductions in 

infestation of H.theivora over pre treatment and the mean reduction of 90.63% was 

obtained. Where as alkaline water+ fenpropathrin gave 85.44 to 71.49% reduction of 

infestation level over pretreatment of the pest, with a mean of 78.46 % reduction 

recorded. 

Hook (2004) and Eto (1974) worked out the chemistry of alkaline hydrolysis of 
0 

organophosphate insecticides. Moustafa (1990) collected water samples from around 

Egypt and found that the alkalinity of Egyptian water (alkaline and had hardness's 

ranging from 160 to 1400 p. p.m. calcium carbonate) resulted in hydrolysis that 

decreased effectiveness if the insecticide (fenpropathrin, chlorpyriphos and 

diflubenzuron, chlorpyrifos, fenvalerate, cypermethrin and cyanophos on Spodoptera 

littora/is larvae) was stored mixed with the water. 

All these three treatments were at par with each other in case of endosulfan (table 42). 

More over the experiment showed that the spray solution if allowed to stand several 

hours or overnight (24hr) before spraying out the contents of the tank resulted in the 

reduced their efficacy to the tune of 1.83% to 15.08% in case of endosulfan 0.30% to 

8.65% in fenpropathrin and 2. 77 to 25.39% in monocrotophos respectively (table 42). 

There fore immediate spraying of most pesticides is recommended or without leaving 

the solution overnight in the tank. In practical terms, this means that the degree of 

pest control may be somewhat less than desirable, or even ineffective due to 

degradation of some active ingredients of the insecticide. 

The experiment suggest that if water supply is alkaline, especially if the pH is 8 or 

greater, during using a pesticide that is sensitive to hydrolysis (organophosphate and 
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synthetic pyrethroid), the pH of the water in the spray tank has to be reduced. A pH 

in the range 4-7 is recommended for most pesticide sprays. We can adjust the spray 

solutions to the 4-7 pH range by the use of adjuvants that are marketed as buffering 

agents. Examples are: Buffer-X (Kala Lab.), Nutrient Buffer Spray (0-8-0 Zn Fe, 0-

16-9 Zn) and Spray-Aide (Miller) etc. 
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