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Letter from the Editors 

 
Dear Subscribers, 

 

We wish to extend a very warm thank you to everyone 

who worked through our email issues with us for this 

newsletter issue.  We are very sorry for the 

inconvenience that it caused to all of you.  Thank you 

for working through the use of multiple alternate email 

addresses and for continuing to submit your work even 

when the submission process changed. 

 

In the process of updating computers, the 

RPMNews@msu.edu email account was deleted and 

reinstating the address took longer than expected.  This 

was due to many factors, including (but not limited to) 

the Newsletter Coordinator being gone for three 

months this summer, and I wish to personally thank 

you for your patience in dealing with the situation. 

 

The RPMNews@msu.edu email address is back up and 

working, so you can now address your emails to that 

address instead of the whalonlab@gmail.com, 

rpmnewsletter@gmail.com, or puvlaow4@msu.edu 

email addresses.  These email addresses will no longer 

be regularly checked for newsletter email so we ask 

that you please direct all of your newsletter 

correspondence to the RPMNews@msu.edu email 

address.  We do not forsee this problem arising again in 

the future, and thank you for all of your patience and 

flexibility. 

 

The editors would also like to remind you about the 

Arthropod Pesticide Resistance Database.  This 

Database can be found at 

http://www.pesticideresistance.org/DB.  It is a database 

of reported resistance cases from 1914 to the present, 

citing when resistance is first discovered for a specific 

time and place. Pesticide resistance is a dynamic, 

evolutionary phenomena and a record in this database 

may or may not be indicative of your area. Similarly, 

the absence of a record in this database does not 

indicate absence of resistance. 

 

An extensive piece was published about the database in 

the Fall 2007 (Edition 17.1) Newsletter.  Please review 

this edition of the newsletter for additional information 

on the Database.  If you would like an additional copy 

of this section of the newsletter, please email us at 

RPMNews@msu.edu. 

 

Once again, thank you for your continued support and 

contributions. 

 

Sincerely, 

Abbra Puvalowski 

RPM Newsletter Coordinator 

RPNNews@msu.edu

 

Resistance Management from around the Globe 

  

Studies on Acute Toxicity of Insecticides for Monitoring Insecticide Resistance in the Rice 
Leaffolder Complex, Cnaphalocrocis Medinalis (Guenee) and Marasmia patnalis Bradley, in 

Tamil Nadu, India 
 

ABSTRACT 
Acute toxicity tests on fourth instar C. medinalis and M. patnalis 

larvae collected from different parts of Tamil Nadu indicated that 

there was no significant difference in the susceptibility of C. 

medinalis and M. patnalis to the insecticides tested.  The LD50 values 

of chlorpyriphos, monocrotophos, phosalone, phosphamidon and 

quinalphos of the F1 population of C. medinalis were 0.26377, 

0.05165, 0.44345, 1.44641 and 0.06066 g/larva respectively and the 

respective LD95 values were 1.43704, 0.47195, 2.52836, 7.11030 and 

0.53028 g/larva.  LD50 and LD95 values of the above insecticides to 

F1 population of M. patnalis were comparable. Based on the slope 

function and increased susceptibility, the common tentative 

discriminating doses (DD) suggested for C. medinalis and M. 
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patnalis were chlorpyriphos 1.00 g, monocrotophos 0.35 g, 

phosalone 1.9 g, phosphamidon 5.5 g and quinalphos 0.40 g. 

 
INTRODUCTION 
Until 1981, Cnaphalocrocis medinalis Guenee was the 

only species considered as a rice leaffolder.  The 

identification of Marasmia patnalis by Bradley in 

1981, which caused leaf damage along with C. 

medinalis, led to the realization that there was a 

leaffolder complex.  Four superficially similar species 

(C. medinalis, M. patnalis, Marasmia exigua (Batler) 

and Marasmia ruralis (Walker)) were recorded to be 

very common in rice growing areas (Reissig et al., 

1985).  In addition, Marasmia bilinealis (Hampson), 

Marasmia suspicalis (Walker), Marasmia trapezalis 

(Guenee), and Marasmia venilialis (Guenee) (Girst and 

Lever, 1969; Mathew and Menon, 1984; Barrion et al., 

1987) were reported from South East Asian countries.  

Apart from these Brandia admixtalis (Walker), from 

Japan (Lee et al., 1973), and Brachmia aretraea 

Mayrick, a Gelichiid leaffolder from Indo-Malaya 

(Nadarajan and Rajappan, 1987), were also reported as 

leaffolder pests of rice in India.  However, 

Gunathilagaraj and Gopalan (1986) and Subramanian 

(1990) indicated the predominance of C. medinalis and 

M. patnalis along with the occasional incidence of M. 

ruralis in major rice growing tracts of Tamil Nadu.  

   

Follow up studies on leaf folder species composition 

by light trap collection by Anbalagan (2001) revealed 

that two species of leaffolders (C. medinalis and M. 

patnalis) occurred together.  The population of C. 

medinalis was very high, ranging from 62 to 84 

percent, whereas the M. patnalis population was 15 and 

37 percent. Surveys made on the distribution of the 

leaffolder complex in different rice growing areas 

revealed that leaffolders (C. medinalis and M. patnalis) 

were found to occur together in both kuruvai and 

samba seasons.  The occurrence of C. medinalis was 

significantly higher than M. patnalis irrespective of 

seasons and places.  In general, the kuruvai season 

harboured a higher C. medinalis population than M. 

patnalis.  The M. patnalis population was higher in the 

samba season when compared to the kuruvai season.  

In the kuruvai season, C. medinalis constituted 86 and 

82 percent in Madurai and Bhavanisagar respectively, 

while M. patnalis accounted for the remaining 

population.  In the samba season, the C. medinalis 

constituted the major component of leaffolder complex 

in Thirur (72%) and Madurai (71%).  The level of M. 

patnalis was higher in Aduthurai (38%) and Madurai 

(36%) when compared to the 22 and 14 percent in the 

kuruvai season. 

 

Although the integrated pest management practices 

indicated the use of resistant varieties, judicious 

fertilizer application, use of light traps etc., insecticides 

still remain the major control measure against 

leaffolder when it exceeds the economic threshold 

level.  In Tamil Nadu, the commonly used insecticides 

are monocrotophos, phosphamidon, quinalphos, 

phosalone and chlorpyriphos (Regupathy et. al., 2003; 

Crop production Guide, 2005). The frequent use of 

certain insecticides leading to the development of 

insecticide resistance in rice pests is not uncommon 

(Endo et al., 1987; Endo and Kozano, 1988; Endo et 

al., 1993; Xiao et al., 1994).  For estimating the 

resistance level in the population, knowing the initial 

base-line level of susceptibility is essential so that 

future comparisons can be made (Hopkins et al., 1984).  

Anandan and Regupathy (2007) generated base-line 

data for C. medinalis to certain commonly used 

insecticides in the rice growing areas of Tamil Nadu. 

The rice leaffolder complex may exhibit a differential 

response to insecticide selection pressure as in the case 

of the co-incident sibling species of Helicoverpa 

armigera (Hub.) and Helicoverpa punctigera 

(Wallengren), which recorded no resistance to any 

insecticide in Australia (Forrester et al., 1993).  Hence, 

the base-line susceptibility to different insecticides was 

estimated for C. medinalis and M. patnalis separately.   

 

MATERIALS AND METHODS 
Larval populations were collected from the following 

rice growing regions where the regional/field stations 

of Tamil Nadu Agricultural University, Coimbatore 

exist: 1. Aduthurai (Tamil Nadu Rice Research 

Station), 2. Ambasamudram (Rice Research Station), 3. 

Bhavanisagar (Agricultural Research Station), 4. 

Coimbatore (Paddy Breeding Station), 5. Madurai 

(Agricultural College and Research Institute) and 6. 

Thirur (Rice Research Station).  Collections were made 

where the insects were reasonably abundant.  No 

special attempt was made to locate and collect from 

fields where any particular level of control failure was 

reported. Such collections were reared separately up to 

the F1 generation in the green-house insectary at Tamil 

Nadu Agricultural University, Coimbatore for dosing. 

The methodology followed by Anandan and Regupathy 

(2007) was followed for culturing and dosing. 

Respective cultures of the leaffolders, C. medinalis and 

M. patnalis, without exposure to insecticides were 

maintained on TN-1 potted rice plants, a highly 

susceptible variety of rice plant in the Paddy Breeding 

Station (PBS), Tamil Nadu Agricultural University, 

Coimbatore. 

 

Taxonomic diagnosis: Larval chaetotaxy 
To confirm the identity of species, caterpillars of third 

instar were subjected to chaetotaxy diagnosis at 

random as per the description made by Yoshiyasu 

(1980) and Manisegaran(1996).  The caterpillars were 

killed, relaxed in warm water and dissected along the 

mid-ventral line.  Then, they were treated in 10 percent 
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KOH and glacial acetic acid solution, stained in acid 

fuchsin and mounted in Canada balsam after clearing 

in carbol-o-xylol. The mounted specimens were 

examined and drawings were made using Camera-

Lucida (Hinton, 1946). The identity was confirmed by 

examining under a binocular microscope.  Different 

species of leaffolder were distinguished based on wing 

markings and colouration as per the description of 

Barrion and Litsinger (1985) and Reissig et al.(1985).   

 

Insecticides: Technical materials with a known 

purity of five insecticides commonly used on rice 

(monocrotophos (70%,)  quinalphos (69%,), 

phosphamidon (94.7%) from  Syngenta (India) Ltd, 

Mumbai, chlorpyriphos (97.5%) from  Cynamid (India) 

Ltd., Mumbai  and phosalone ( 98.0 %) from Aventis 

(India) Ltd Mumbai)  were  chosen for this study. 

 

Dosing: Fourth instar larvae weighing 20-30 mg 

selected for assay were placed in a glass vial (9 cm 

long and 2 cm diameter) and anesthetized by CO2.  The 

topical application was made with a calibrated 1 l 

single needle guided plunger syringe; it was used to 

apply a 0.5 l unit of acetone containing a 

predetermined concentration of a technical insecticide.   

Application was made to the dorsal prothorax of the 

insect.  The control insects were treated with analytical 

reagent acetone alone.  The treated larvae were 

transferred to clear plastic cups (8.5 cm diameter at the 

base) lined with moistened filter paper at 10 larvae/cup 

and provided with cut leaves.  The moisture from the 

filter paper maintained the turgidity of leaves.  The 

cups were covered with snugly fitted lids and held 

inside an environmental chamber with a constant 

temperature range of 25  2
o
C, 70  5 per cent relative 

humidity and 12 hours light.  Mortality was recorded 

24 and 48 hours after treatment (HAT).  Larvae were 

considered dead if they did not move when probed or if 

they could not right themselves within 14 seconds 

when placed off their ventors. 

 

This test was conducted on larvae of Coimbatore 

population for first generation and on each generation, 

starting from fifth generation, in the greenhouse 

cultured population without exposure to any 

insecticide.  In the field collected populations, larvae 

from the first generation were used, and LD50 and LD95 

were estimated for population collected from each 

location. The corrected percentage mortality was 

worked out using the Abbot‟s formula (Abbott, 1925). 
Log-dose-probit mortality lines by probit analysis, 

susceptibility indices, the rate resistance decline  and 

the number of generations  required for a ten fold 

decrease in the LC50 value were computed (Regupathy 

and Dhamu, 2001).      

  

RESULTS AND DISCUSSION 
There was no significant difference in the susceptibility 

of C. medinalis and M. patnalis to the insecticides 

evaluated.  The LD50 values of chlorpyriphos, 

phosalone, monocrotophos, phosphamidon and 

quinalphos of the F1 population of C. medinalis were 

0.26377, 0.05165, 0.44345,1.44641 and 0.06066 

g/larva respectively (Tables 1-5) and the respective 

LD95 values were 1.43704, 0.47195, 2.52836, 7.11030 

and 0.53028 g/larva.  LD50 and LD95 values of the 

above insecticides to F1 population of M.patnalis were 

comparable. 

 

 Table 1. Acute toxicity of  chlorpyriphos to fourth instars of  
C. Medinalis  and M. patnalis larvae  
  C. Medinalis M. patnalis 

Generation LD50 LD95 LD50 LD95 

1 0.26377 1.43704 0.26140 1.42825 

5 0.23904 1.33257 0.23972 1.30423 

6 0.23649 1.29221 0.23307 1.22151 

7 0.23006 1.18154 0.23199 1.18844 

8 0.22664 1.16628 0.22255 1.11571 

9 0.22474 1.15946 0.22075 1.09922 

10 0.21561 1.06162 0.20832 1.01530 

 
 

 
 Figure 1. LD 50 values of chlorpyriphos for C. Medinalis  and M. patnalis 

populations from different locations in two seasons 

 
K – Kuruvai S – Samba C. medinalis M. Patnalis 

 

0.00

0.07

0.14

0.21

0.28

0.35

K S K S K S K S K S K S

          Aduthurai | Ambasamudram | Bhavanisagar | Coimbatore  |  Madurai     |     Thirur 

 
 

 

The order of toxicity of insecticides to C. medinalis 

and M. patnalis was monocrotophos, quinalphos, 

chlorpyriphos, phosalone and phosphamidon 

irrespective of generation tested by topical application.  

The same order of toxicity to C. medinalis was 

reported by Valencia and Heinrichs (1982), Jena et al. 

(1992), Naik et al. (1993a) and Anandan and 

Regupathy (2007). 
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 Table 2. Acute toxicity of  monocrotophos to fourth instars of  
C. Medinalis  and M. patnalis larvae  
  C. Medinalis M. patnalis 

Generation LD50 LD95 LD50 LD95 

1 0.05165 0.47195 0.05105 0.46829 

5 0.04812 0.45664 0.04686 0.45119 

6 0.04755 0.45301 0.04670 0.44763 

7 0.04473 0.44533 0.04552 0.44509 

8 0.04216 0.41740 0.04289 0.41477 

9 0.04164 0.41398 0.04087 0.40884 

10 0.03882 0.33280 0.03837 0.33012 

 
 

 

 

 

 

 
 Fig 2. LD 50 values of monocrotophos for C. Medinalis  and M. patnalis populations 

from different locations in two seasons 
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 Table 3. Acute toxicity of  phosalone to 4th instars of C. 

Medinalis  and M. patnalis larvae  
  C. Medinalis M. patnalis 

Generation LD50 LD95 LD50 LD95 

1 0.44345 2.52836 0.43009 2.49218 

5 0.41813 2.37417 0.41446 2.34907 

6 0.39128 2.31839 0.38984 2.35388 

7 0.38267 2.31061 0.37745 2.27251 

8 0.36570 2.24701 0.35975 2.19062 

9 0.34810 1.93296 0.33294 1.87953 

10 0.31912 1.86620 0.31252 1.85765 

 
 

 

 Figure 3. LD 50 values of phosalone for C. Medinalis  and M. patnalis 
populations from different locations in two seasons 
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 Table 4. Acute toxicity of  phosphamidon to fourth instars of 
C. Medinalis  and M. patnalis larvae  

 C. Medinalis M. patnalis 

Generation LD50 LD95 LD50 LD95 

1 1.44641 7.11030 1.43817 7.19949 

5 1.40335 6.45702 1.39607 6.87142 

6 1.33953 5.8619 1.32559 6.07204 

7 1.31629 5.78264 1.30578 5.75221 

8 1.29563 5.68339 1.27677 5.51773 

9 1.26082 5.53044 1.23582 5.45769 

10 1.22207 5.51818 1.21195 5.48810 

  
 

 

 
 Figure 4. LD 50 values of phosphamidon for C. Medinalis  and M. patnalis 

populations from different locations in two seasons

 
K – Kuruvai S – Samba C. medinalis M. Patnalis 
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 Table 5.  Acute toxicity of  quinalphos to fourth instair larvae 
of rice leaffolders 

 C. Medinalis M. patnalis 

Generation LD50 LD95 LD50 LD95 

1 0.06066 0.53028 0.05998 0.52018 

5 0.05529 0.50542 0.05405 0.49126 

6 0.05468 0.49568 0.05343 0.48813 

7 0.05339 0.49031 0.05234 0.48111 

8 0.05096 0.42771 0.05043 0.42004 

9 0.04966 0.42275 0.04817 0.40091 

10 0.04819 0.41078 0.04769 0.39033 

 
 

 

 
 Figure 5. LD 50 values of quinalphos for C. Medinalis  and M. patnalis populations 

from different locations in two seasons 
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The susceptibility base-line data (LC50 in ppm) of C. 

medinalis to chlorpyriphos methyl (0.5), 

tetrachlorvinphos (5.8), dimethyvinylphos (2.0), 

diazinon (3.0), isoxanthion (0.28), acephate (4.1), 

monocrotophos (0.35), cartap (1.8) (Endo et al., 1987), 

monocrotophos (0.003) (Anon, 1970), diazinon (0.13), 

BPMC (0.13), cypermethrin (0.02) (Tevapunchum, 

1991), ethofenprox (0.00063), monocrotophos (0.0068) 

(Jena et al., 1992), quinalphos (0.0074), 

monocrotophos (0.0025), phosphamidon (0.023) and 

decamethrin (0.024) (Naik et al., 1993) were assessed 

by various methods.   Earlier studies on the C. 

medinalis population of Tamil Nadu by Anandan and 

Regupathy (2007) reported the LD50 values (g/larva) 

of F1 population of C. medinalis to monocrotophos 

(0.0546), quinalphos (0.0712) chlorpyriphos (0.2534) 

and phosphamidon (1.5074).   

 

After the withdrawal of selection pressure, the 

susceptibility level of both of the species gradually 

increased with the advancement of each generation 

which is evident from decline in the LD50 and LD95 

values to all of the insecticides evaluated except 

chlorpyriphos (Tables 1-5).  The rate of decline of 

susceptibility base line is very low.  For a 10 fold 

decrease in LD50, the required generations of C. 

medinalis was 114.29 for chlorpyriphos, 80.65 for 

monocrotophos, 70.03 for phosalone, 136.61 for 

phosphamidon and 100.10 for quinalphos.  In case of 

M. patnalis, it was 101.40 for chlorpyriphos, 80.65 for 

monocrotophos, 72.10 for phosalone, 134.59 for 

phosphamidon and 100.40 for quinalphos. 

 

The discriminating dose screen for testing the C. 

medinalis populations estimated by Anandan and 

Regupathy (2007) was 0.35, 0.50, 1.0 and 5.5 g. for 

monocrotophos, quinalphos, chlorpyriphos and 

phosphamidon respectively.  Based on the slope 

function and increased susceptibility, the common 

tentative discriminating doses (DD) arrived at based on 

the LD95 values of the insecticides for the F10 

generation of the laboratory cultured populations of C. 

medinalis and M. patnalis were chlorpyriphos 1.00 g, 

monocrotophos 0.35 g, phosalone 1.9 g, 

phosphamidon 5.5 g and quinalphos 0.40 g.  
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A preliminary toxicological study of commonly used acaricides of tea red spider mite 
(Oligonychus coffee Nietner) of North Bengal, India 

 
ABSTRACT 
A study was conducted at the University of North Bengal to 

determine the level of susceptibility of the red spider mite 

(Oligonychus coffee Nietner) population in the Dooars and Terai 

regions of sub Himalayan West Bengal (North Bengal), India during 

2007 – 2008, since the two regions are separated by the mighty Testa 

River. Six commonly used acaricides were tested against five 

different populations collected from the Dooars and Terai regions. 

The study indicated that the level of susceptibility of different 

acaricides varied by region. The mite populations of western terai 

showed less susceptibility to all acaricides tested, whereas population 

of the eastern Dooars region showed high susceptibility to some 

kinds of acaricides. The mite populations of central and western 

Dooars and eastern Terai exhibited low to intermediate levels of 

susceptibility to the acaricides. Based on LC50 values, fenpropathrin, 

fenazaquin and propargite were found to be highly effective whereas 

ethion, dicofol and micronised sulfur showed less toxicity to the pest. 

A similar degree of susceptibility was noted for said acaricides in the 

case of mite eggs. The low susceptibility of the mite population may 

be due to continued and repeated application of the same acaricides 

for years together.  

 
Introduction: 
Red spider mite (Oligonychus coffeae, Nietner: 

Tetranychidae) is one of the most destructive pests in 

all the tea growing regions of North East India (Das, 

1959 and 1963). Loss in tea crop due to red spider mite 

attack in India may be as much as 75% (Subramaniam, 

1995). Larvae, nymphs and adults of O. coffeae cause 

damage to the mature leaves of tea by sucking from the 

upper surface. Reddish spots develop at the sucking 

sites, which subsequently unite to form large brown 

patches thus reducing the photosynthesis rate of the 

maintenance leaves. This species breeds throughout the 

year in Northeast India, and its reproductive rate 

increases with temperature (Das, 1959). Spherical and 

reddish eggs are laid on the upper surface of the mature 

leaves, which hatch in 4 – 6 days during the summer 

months. The application of pesticide programme in tea 

in Northeast India is largely guided by the 

recommendations of Tea Research Association (Das et 

al., 1992). The commonly recommended dose of 

ethion, dicofol, propargite, and fenazaquin is 1:400 

dilutions (2500 ppm), for micronised sulphur it is 1: 

200 (5000 ppm) and for Fenpropathrin it is 1: 1600 

(625 ppm). 

 

Tea planters from different pockets of North Bengal 

have been reporting control failures of the pest with the 

use of acaricides in recommended dilutions. 

Experiences of the planters have been supported by 

reports of the low-efficacy of some new acaricides 

molecules against red spider mite in North Bengal 

(Sahoo el al., 2003). Other workers have reported that 

members of tetranychidae (Acari) have developed a 

high degree of resistance to a number of acaricides in 

different agro ecosystems (Rae et al., 1995; Funayama 

and Takahashi, 1995). The sub-Himalayan belt of 

North Bengal is broadly divided in Treai and the 

Dooars region by the major river Teasta. Laboratory 

studies were conducted on susceptibility of O. coffeae 

populations from five tea growing areas (eastern 

Dooars, western Dooars, central Dooars, eastern Terai 

and western Terai) of North Bengal to some commonly 

used acaricides. Eastern Dooars (comprises subdistrict 

of Kalchini and Jointi), western Dooars (comprises 

subdistrict of Chulsa and Damdim), central Dooars 

(comprises subdistrict of Nagrakata, Dalgong and 
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Binnaguri), all of which are situated on the eastern 

region of Testa river while the eastern Terai and 

western Terai are situated on the western region. The 

weather conditions of these two regions of plantation 

also show some diversity.  

 
Material and Method: 
Red spider mites (O. coffeae) were collected from the 

nine tea growing regions of the North Bengal. They 

were reared in the laboratory for one generation before 

bioassay tests. Acaricides used in the studies were 

ethion (Ethion 50 EC); dicofol (Colonel-S 18.5 EC); 

propargite (Omite 57 EC); fenazaquin (Magister 10 

EC); fenpropathrin (Meothrin 30 EC) and micronised 

sulphur (Thiovit 80 W/W). Graded concentrations of 

acaricides were prepared in distilled water from 

commercial formulations of the acaricides. The relative 

toxicity was determined by following IRAC method 

No. 4 (i.e. modified leaf disc method) named as 

„Whole leaf residual contact assay‟ developed by Dr. 
T. Dennehy of Cornell University (Regupathy et al., 

2007). One half of a Petri dish, of 9 cm in diameter, 

was toweled by a layer of cotton wool. Water was 

added to it only to the point of saturation. Individual 

leaves were treated by dipping for 5 seconds in test 

liquids. Surface liquid was allowed to dry from leaves 

before placing dorsoventrally them in Petri dishes. 

Cotton wool strips, 1 cm in width, soaked in tap water 

were laid around the margin of each treated leaf with 

half over the leaf and half over the cotton wool bed. A 

small piece of damp cotton wool has placed around the 

petiole of each leaf. A population of at least 10 adult 

mites per leaf was released. With the help of a 

binocular microscope or hand lens, it was necessary to 

ensure that there are no gaps between the leaves and 

cotton wool strips. Each treatment was replicated five 

times and kept in a B.O.D. incubator at 26 ± 1º C 

temperature and 80% RH. Mortality was recorded 24 

hours after treatment. The absolute mortality data was 

converted to percent mortality and subjected to probit 

analysis (Finney, 1973 and Busvine, 1971). LC 50 and 

LC95 values for each acaricides were computed. 

 

For the assessment of ovicidal properties of the 

acaricides fifteen gravid females of red spider mite 

were introduced on TV 1 mature fourth leaf from the 

top of the shoot and kept over night in a Petri dish for 

oviposition. The mature leaves were padded with water 

soaked cotton. After 18 hours, the introduced mites 

were removed with the help of fine brush. The eggs 

laid on tea leaves were counted under microscope as 

pre-treatment count and maintained at 30 eggs/leaf by 

removing excess eggs by help of a fine needle. Each 

ovicidal treatment of the acaricides was done on 30 

eggs with five replicates. Each batch of eggs was 

treated by spraying different acaricides at three 

different concentrations (0.05%, 0.1% and 0.25%). The 

control eggs were treated with water under similar 

setup. Hatchability was determined both for 

experimental and control batches of eggs for a period 

of 12 days after oviposition. Those eggs that did not 

hatch after this period were regarded as non-viable. 

From the observed egg mortality corrected percent 

mortality was calculated using Abott‟s formula (1925). 
 
Result and Discussion: 
Based on percent LC50

 
values of different acaricides 

against the five populations, eastern Dooars population 

of O. coffeae was found to be the most susceptible to 

all the acaricides, while western Terai population 

exhibited a highest level of tolerance. Of all the 

synthetic organic acaricides synthetic pyrethroids 

(fenpropathrin and fenazaquin) were found to be the 

most effective in all the five location.  The mite 

population of central Dooars was found to develop 

2.61, 1.94, 2.79, 2.17, 1.72, and 2.55 fold resistance to 

ethion, dicofol, propargite, fenazaquin, fenpropathrin, 

and micronised sulphur respectively, and the 

population of the western Dooars developed 2.89, 1.01, 

2.71, 2.90, 1.07 and 1.40 fold resistance respectively 

when compared to eastern Dooars population; the 

latter, therefore, showing the minimum resistance and 

thus forming the base line reference. Furthermore, 

eastern Terai population exhibited 6.11, 1.66, 5.16, 

4.74, 2.65 and 2.38 fold resistance and western Terai 

registered 6.44, 2.71, 3.93, 7.70, 4.13 and 5.57 fold to 

ethion, dicofol, propargite, fenazaquin, fenpropathrin, 

and micronised sulphur respectively as compared to the 

base line data from eastern Dooars (Table 1).  Using 

LC95 values as threshold acaricides such as 

fenpropathrin, fenazaquin and propargite were found to 

have high killing efficacy, where as acaricides such as 

ethion, dicofol and micronised sulphur were ineffective 

at commonly recommended dilutions.  



 

 Table 1. Acaricidal susceptibility of field collected O. coffeae from 
different tea growing areas in North Bengal. 
 
 
Acaricides 

Location 

Jalpaiguri District Darjeeling District 

Eastern 

Dooars 

Central 

Dooars 

Western 

Dooars 

Eastern  

Terai 

Western 

Terai 

LC 50 (ppm) 
Ethion  

50 EC 

123.01 

(S) 

321.47 

(2.61) 

366.69 

(2.89) 

751.02 

(6.11)  

791.99 

(6.44) 
Dicofol  

18.5 EC 

199.58 

(S) 

388.16 

(1.94) 

201.17 

(1.01) 

330.58 

(1.66) 

541.44 

(2.71) 

Propargite  

57 EC 

22.94 

(S) 

64.10 

(2.79) 

62.19 

(2.71) 

118.48 

(5.16) 

90.26 

(3.93) 

Fenpropathrin 

30 EC 

1.63 

(S) 

3.53 

(2.17) 

4.73 

(2.90) 

7.72 

(4.74) 

12.55 

(7.70) 

Fenazaquin 

10 EC 

4.06 

(S) 

6.968 

(1.72) 

4.35 

(1.07) 

10.76 

(2.65) 

16.77 

(4.13) 

Micro. sulphur 

80 W/W 

466.67 

(S) 

1188.66 

(2.55) 

654.85 

(1.40) 

1110.45 

(2.38) 

2599.06 

(5.57) 

Figures within parenthesis represent resistance factors (RFs) which were 

determined at LC50 relative to the corresponding lowest LC50s of the 

respective acaricides in the respective regions (Chatrvedi, 2004).  

“S” indicates susceptible population. 
 

 
 

 Table2. Ovicidal action of certain acaricides against Tea Red spider mite 
(Oligonychus coffeae) on tea.  
Acaricides used  Mean percent mortality of eggs and corrected 

percent mortality with different concentrations 
0.05% 0.1% 0.25% 

MPM CPM TPM CPM TPM CPM 
Ethion  18.23 

(4.77) 

0.00 34.33 

(6.36) 

19.59 50.67 

(7.62) 

39.60 

Dicofal 18.00 

(4.74) 

0.00 35.00 

(6.42) 

20.41 46.00 

(7.28) 

33.88 

Propergite 54.00 

(7.85) 

43.68 71.00 

(8.93) 

64.49 88.33 

(9.90) 

85.71 

Fenazaquin 89.00 

(9.93) 

86.53 92.00 

(10.09) 

90.20 97.67 

(10.38) 

97.15 

Fenpropathrin 35.00 

(6.42) 

20.41 55.33 

(7.94) 

45.30 78.67 

(9.37) 

73.88 

Control (water spray) 18.33 

(4.78) 

0.00 18.33 

(4.78) 

0.00 18.33 

(4.78) 

0.00 

SEM() 0.345  0.417  0.373  

CD  (0.05) 1.048 1.252 1.118 

CV    0.165 0.135 0.105 

Figures in parenthesis are the √Y + 0.05 transformed value. Where Y = mean 
percentage mortality. MPM indicates Mean percent mortality; CPM indicates 

corrected percent mortality.    
 

The higher tolerance reaction of O. coffeae may 

possibly be attributed to repeated and long term 

application of the as compared to the relatively newer 

acaricides like propargite, fenazaquin, fenpropathrin. 

However, the exact cause for differential susceptibility 

levels to different acaricides remains to be a matter of 

further investigation using biochemical and genetic 

level.   

 

Studies on ovicidal toxicity to O. coffeae eggs revealed 

that fenazaquin at all different concentrations showed 

high killing properties in the tune of 86.53% to 

97.15%. But dicofol (0.05%) and ethion (0.05%) were 

found to have little or no ovicidal action. The 

propargite at 0.05 %, 0.1% and 0.25% concentrations 

effected 43.68, 64.49 and 85.71 percent mortality of 

eggs (table 2). 

 

However, at higher concentrations (0.01 and 0.25 

percent) ethion and dicofol caused 20 to 40 percent egg 

mortality. By and large the order of ovicidal properties 

of these selected acaricides could be arranged as: 

fenazaquin > propargite > fenpropathrin > ethion > 

dicofol. Similar findings of ovicidal action of the 

pesticides in question on were reported in Tetranychus 

urticae by Kumar and Singh (2004).  In view of the 

differential susceptibility of the populations from the 

five different regions, area wise control strategy can be 
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formulated, so that mite pest can be managed 

efficiently to obtain profitable yields. Additionally, 

acaricides with high ovicidal action may be 

incorporated in the control programmes keeping in 

mind the peak oviposition period of this pest. 
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Susceptibility status of Helopeltis theivora Waterhouse (Heteroptera: Miridae) to the 
commonly applied insecticides in the tea plantation of the Sub-Himalayan Dooars area of 

North Bengal, India 
 
ABSTRACT 
Among various biotic stresses that tea plants face, insect attack, 

especially from the tea mosquito bug (Helopeltis theivora), has been 

a major challenge in recent years. Difference in relative toxicity of 

different commonly used insecticides to Helopeltis theivora was 

observed in the plantation of the tea subdistrict of the Dooars, located 

in the region of northern West Bengal, India. The study indicated that 

relative susceptibility values (LC50) of H.theivora to different 

insecticides varied region wise. The populations of Kalchini tea 

subdistrict showed less susceptibility to all insecticides tested as 

compared to the high susceptibility of those from the Damdim and 

Chulsa subdistricts to most of the tested insecticides. The populations 

of the Nagrakata, Dalgong and Binnaguri subdistrict represented 

intermediate level of susceptibility to different insecticides tested. 

Endosulfan showed the lowest susceptibility against H.theivora in all 

tea growing sub-districts in the Dooars with a high LC50 value in all 

locations in the Dooars tea plantation. The effective field dosages of 

these insecticides were computed based on LC50 values, and when 

compared with the recommended dosages, it suggested a significant 

decrease in the susceptibility of the test population was observed 

against six insecticides like endosulfan, deltamethrin, λ-cyhalothrin, 

imidaclopyrid, quinalphos and oxydemeton methyl. The decrease in 

susceptibility of H. theivora to endosulfan (12.33 to 72.26 fold), 

deltamethrin (4.02 - 22.40 folds) and imidaclopyrid (13.61 to 29.16 

folds) was the highest. However, there was not much change in case 

of monocrotophos and fenpropathrin, which therefore was found 

effective even at a lower dose than the recommended dose. 

 
KEY WORDS: Helopeltis theivora, insecticides, LC50, relative 

toxicity, resistance factors, effective field dose. 

 
 

 
INTRODUCTION 
The tea mosquito bug (Helopeltis theivora) is 

considered as one of the major pests of tea in Assam, 

Dooars, Terai and Darjeeling because it attacks only 

the young shoots that is the actual crop of tea. Planters 

from different parts of the Dooars tea plantation have 

been reporting control failure of the notorious pest with 

the use of insecticides. All Tocklai released tea clones, 

garden released clones and seed jats are found 

susceptible to H. theivora attack at varying degrees. It 
was estimated that 80% of the tea plantations area in 

India is affected by this pest alone, which often result 

in crop loss to the tune of 10-50% (Bora and 

Gurusubramanian 2007). Among the tea growing 

region of India, pest activity has always been reported 

to be high in the Dooars (Borbora & Biswas 1996 and 

Sannigrahi and Talukdar 2003). The climatic 

conditions of this region and monoculture of tea over 

vast stretches of land contribute largely to high pest 

incidence. With increases in the quantity of pesticide 

being applied every passing year, the problem has been 

aggravated and the cost of pest control is increasing 

day by day (Sannigrahi and Talukdar 2003). A survey 

conducted during 1998 to 2004 by Roy et al. (2008a) 

reported that on average 7.499 l/kg of insecticide was 
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used per hectare per year in the Dooars, of which the 

organo-chlorine, organo-phosphate and carbamate 

(Non-pyrethroid) accounted for 73.5% and pyrethroids 

36.6%. Among the different subdistrict in the Dooars, 

the lowest consumption was noted in Damdim 

subdistrict (5.799 kg/L per hectare) followed by Chulsa 

(6.433 kg/L per hectare), Binnaguri (7.399 kg/Lper 

hectare), Nagrakata (7.655 kg/L per hectare), and 

Dalgong (7. 920 kg/L per hectare) with the highest 

consumption noted in Kalchini (9.793kg/L per 

hectare). The requirement of synthetic pyrethorid 

gradually increased with every passing year in the 

Dooars. Endosulfan, monocrotophos, deltamethrin and 

cypermethrin were extensively used in the entire 

subdistrict. 

 

In spite of regular application of insecticides, H. 

theivora has turn into a menace all around the year. 

Decrease in the susceptibility to different classes of 

insecticides may be one of the causes for their 

resurgence and persistence on tea crops (Sarker and 

Mukhopadhyay, 2003, 2006, 2006a; Rahman et al., 

2006; Sarmah et al., 2006; Bora et al., 2007, 2007a and 

2008; Roy et al., 2008,). 

 

In order to confirm the above fact, a study was 

conducted to assess the relative toxicity at effective 

concentrations of twelve commonly used pesticides: 

organochlorine (endosulfan); organophosphates 

(monocrotophos, quinalphos, profenophos and 

oxydemeton methyl); synthetic pyrethroids 

(deltamethrin, cypermethrin, λ- cyhalothrin, 

alphamethrin and fenpropathrin,); and neonicotinoids 

(imidaclopyrid, thiomethoxam) against H. theivora 

populations of six tea growing subdistricts of the 

Dooars.  

 

Materials and Methods 
Insecticide Susceptibility 
Helopeltis theivora adults were collected from the tea 

plantations of the six tea subdistrict of the Dooars 

region. They were placed in rearing jars (20cm x 15 

cm) in laboratory for conditioning at a temperature of 

27± 2°C, 70-80% RH and a 16:10 LD photoperiod for 

seven days. Insecticides used in the studies were 

imidaclopyrid 17.5 SL, thiomethoxam 25 WG, 

deltamethrin 2.8 EC, alphamethrin 10 EC, 

cypermethrin 25EC, λ-cyhalothrin 5 EC, fenpropathrin 

30 EC, monocrotophos 37SL, endosulfan 35 EC, 

quinalphos 25 EC, profenophos 50 EC and 

oxydemeton methyl 25 EC. Graded concentrations of 

insecticides were prepared in distilled water from 

commercial formulations of the insecticides. Toxicity 

assays were conducted as per the standard method Leaf 

Dipped Method recommended by FAO Method No. 

10a (FAO, 1980). Healthy shoots of TV1 were 

collected from the experimental garden. The leaves 

were washed thoroughly with distilled water and air-

dried. Fifteen tea shoots for each treatment were dipped 

up-to five seconds in the pesticides solutions to ensure 

complete welting and stem part of the sprayed shoot 

was inserted  in a glass tube containing water and 

wrapped with cotton. The treated tea shoots were kept 

under ceiling fans for 15 minutes to evaporate the 

emulsion. This arrangement was caged in a glass 

chimney. The mouth of which was covered with muslin 

cloth. The whole set up was kept at 27 ± 2°C in culture 

room. Ten field-collected and preconditioned H. 

theivora were released separately into each glass 

chimney containing tea shoots. Observations of adult 

mortality were recorded in all the three replications of 

each concentration after 24 hours of the treatment. 

Moribund insects were counted as dead (Bora and 

Gurusubramanian, 2007). Five to seven concentrations 

of each insecticide were tested to obtain a 

concentration – probit mortality curve. The mortality 

data was converted to percent mortality and subjected 

to probit analysis (Finney, 1973; Busvine, 1971) to 

obtain LC50
 

values. Resistance factors (RFs) were 

determined based on LC50 values of an insecticides in 

reference to the lowest LC50
 

value of the same 

insecticides from a subdistrict. This method was 

adopted due to the unavailability of a suitable reference 

susceptible strain. normally used to calculate resistance 

factors (Chaturvedi, 2004). 

 

The expected effective concentration of each 

insecticide was calculated by doubling the LC50
 
value 

to attain a LC100 value, and then effective field dosages 

of these insecticides were computed based on the 

following formula and compared with recommended 

dosages as per the standard method of Misra (1989).  

 

Expected effective concentration (LC
100

) (%) = 2 x 

LC50% 

 

Expected effective dose (g a.i./ ha) = ED /100 x EC x 

20 fold 

 

ED = % concentration / EC x1000 x 400 liters of spray 

fluid/ha. 

 
Result and Discussion: 
Resistance factors (RFs) were determined based on  

LC50 values relative to the corresponding lowest LC50 

value of monocrotophos, oxydemeton methyl, 

thiomethoxam, imidaclopyrid, fenpropathrin and 

alphamethrin for the Damdim strain‟s and of 
endosulfan, deltamethrin, cypermethrin, λ-cyhalothrin, 

quinalphos, profenophos for the Chulsa strain, due to 

the unavailability of a suitable reference, a susceptible 

strain was normally used to calculate resistance factors. 
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Endosulfan:  
The Kalchini population recorded the highest LC50 

value to endosulfan (1580.77 ppm) followed by the 

population from Dalgong (952.715 ppm), Binnaguri 

(938.213 ppm), Nagrakata (884.95 ppm) and Damdim 

(544.722 ppm). The lowest LC50 value was observed in 

the 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 

of Damdim (2.02-folds) (Table 1). 

 
 Table 1. Relative toxicity values of Endosulfan 35 EC against Helopeltis 

theivora in different tea growing Sub district in Dooars.   
 

Location –  

Sub- district 

in Dooars 

Endosulfan 35 EC  

Resistance 

Factors 

(RF) 

χ2
 Regression equation LC50 

(ppm) 

S.E. Fiducial 

limits 

(95%) 

Damdim 2.16 y = 3.902 x - 17.384 544.72 0.011 607.753 

480.324 

2.02 

Chulsa 4.95 y = 2.375 x - 7.899 269.744 0.010 328.181 

221.712 

1.00 

Nagrakata 5.51 y = 4.270 x - 20.369 884.95 0.010 988.899 

791.936 

3.28 

Binnaguri 2.38 y = 5.621 x - 28.568 938.213 0.006 1017.63 

864.995 

3.47 

Dalgong 2.45 y = 3.501 x -15.934 952.715 0.012 1099.37 

825.689 

3.53 

Kalchini 2.38 y = 4.428 x - 22.455 1580.77 0.009 1756.22 

1422.48 

5.86 

 Susceptible Chulsa Population.  
 

Monocrotophos:  
The Dalgong population recorded the highest LC50 

value to monocrotophos (18.046 ppm) followed by the 

population from Nagrakata (17.903 ppm), Kalchini 

(16.270 ppm), Chulsa (7.378 ppm), and Binnaguri 

(4.592 ppm). The lowest LC50 value was observed in 

the population from Damdim (3.025 ppm). The 

Dalgong strain showed the highest resistance to 

monocrotophos (5.97-folds) and the least resistance 

was observed in the population of Binnaguri (1.52-

folds) (Table 2). 

 
 Table 2. Relative toxicity values of Monocrotophos 37SL against Helopeltis 

theivora in different tea growing Sub district in Dooars.   
 

Location - 

Sub- 

district in 

Dooars 

Monocrotophos 37SL  

Resistance 

Factors 

(RF) 

χ2
 Regression equation LC50 

(ppm) 

S.E. Fiducial 

limits 

(95%) 

Damdim 4.97 y = 3.942 x - 8.722 

 

3.025 0.008 3.382 

2.706 

1 

Chulsa 4.26 y = 7.026 x - 22.179 7.378 0.006 7.895 

6.895 

2.44 

Nagrakata 5.30 y = 4.230 x - 12.991 17.903 0.010 20.172 

15.890 

5.92 

Binnaguri 1.31 y = 1.723 x - 1.309 4.592 0.025 6.101 

3.457 

1.52 

Dalgong 0.49 y = 3.976 x - 11.926 18.046 0.011 20.421 

15.946 

5.97 

Kalchini 2.99 y = 2.004 x - 3.441 

 

16.270 0.017 20.045 

12.056 

5.38 

 Susceptible Damdim Population.  
 

 

 

Profenophos:  

The Kalchini population recorded the highest LC50 

value to profenophos 50 EC (29.713 ppm) followed by 

the population from Damdim (12.328 ppm), Dalgong 

(12.112ppm), Nagrakata (11.786 ppm) and Binnaguri 

(11.235 ppm). The lowest LC50 value was observed in 

the population from Chulsa (7.633 ppm). The Kalchini 

strain showed the highest resistance to profenophos 

(3.89 folds) and the least resistance was observed in the 

population of Binnaguri (1.47 folds) (Table 3). 

 
 Table 3. Relative toxicity values of Profenophos 50 EC against Helopeltis 

theivora in different tea growing Sub district in Dooars.   
 

Location - 

Sub- district 

in Dooars 

Profenophos 50 EC  

Resistance 

Factors 

(RF) 

χ2
 Regression equation LC50 

(ppm) 

S.E. Fiducia

l limits 

(95%) 

Damdim 5.79 y = 3.973 x - 11.255 12.328 0.011 13.972 

10.878 

1.61 

Chulsa 6.23 y =  4.007  x - 10.56 7.6336 0.011 8.654 

6.733 

1.00 

Nagrakata 4.72 y = 5.359 x - 16.818 11.786 0.007 12.856 

10.805 

1.54 

Binnaguri 0.69 y = 6.142 x - 19.88 11.235 0.008 12.215 

10.332 

1.47 

Dalgong 5.68 y = 3.806 x - 10.541 12.112 0.011 13.760 

10.661 

1.59 

Kalchini 1.37 y = 3.568 x - 10.963 29.713 0.012 33.967 

25.991 

3.89 

 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), 

Nagrakata (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 (5.92 

folds), Dalgong (4.42 folds). The least resistance ratio 

was observed in the population of Damdim (2.79 folds) 

(Table 4). 

 
 Table 4. Relative toxicity values of Quinalphos 25 EC against Helopeltis 

theivora in different tea growing Sub district in Dooars.   
 

Location - 

Sub- district 

in Dooars 

Quinalphos 25 EC  

Resistance 

Factors 

(RF) 

χ2
 Regression equation LC50 

(ppm) 

S.E. Fiducial 

limits 

(95%) 

Damdim 2.94 y = 3.048 x - 7.995 18.335 0.011 21.140 

15.903 

2.79 

Chulsa 4.04 y = 2.267 x - 3.654 6.560 0.016 7.943 

5.418 

1.00 

Nagrakata 4.41 y = 3.581 x - 11.435 38.836 0.010 44.005 

34.274 

5.92 

Binnaguri 8.03 y = 3.595 x - 11.688 43.764 1.119 49.927 

38.362 

6.67 

Dalgong 2.99 y = 2.927 x - 8.061 29.051 0.012 33.754 

25.003 

4.42 

Kalchini 7.10 y = 2.564 x - 8.672 214.471 0.014 254.542 

180.708 

32.69 

* Susceptible Chulsa Population.  
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Oxydemeton Methyl:  

The population of H.theivora collected from Kalchini 

sub-district was comparatively less susceptible to 

oxydemeton methyl 25 EC which registered a LC50 

value of 74.076, whereas the Damdim population 

showed a relatively higher degree of susceptibility to 

the same insecticides. Considering the LC50 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) against susceptible strain was 

found to be highest for population of Kalchini (4.05 

folds) followed by Dalgong (3.19 folds), Nagrakata 

(1.69 folds), Binnaguri (1.64 folds). The least 

resistance ratio was observed in the population of 

Chulsa (1.06 folds) (Table 5). 

 
 Table 5. Relative toxicity values of Oxydemeton Methyl 25 EC against 
Helopeltis theivora in different tea growing Sub district in Dooars.   

 

Location - 

Sub- district 

in Dooars 

Oxydemeton Methyl 25 EC  

Resistance 

Factors 

(RF) 

χ2
 Regression equation LC50 

(ppm) 

S.E. Fiducial 

limits 

(95%) 

Damdim 2.27 y = 7.088 x - 25.216 18.309 0.006 19.571 

17.128 

1 

Chulsa 3.42 y = 6.816 x - 24.219 19.362 0.006 20.735 

18.081 

1.06 

Nagrakata 8.48 y = 2.122 x - 4.5324 30.997 0.015 37.973 

25.303 

1.69 

Binnaguri 4.00 y = 2.831 x - 7.678 30.051 0.014 35.212 

25.646 

1.64 

Dalgong 1.27 y = 3.083 x - 9.696 58.346 0.010 66.358 

51.301 

3.19 

Kalchini 3.57 y = 3.968 x - 14.325 74.076 0.008 82.082 

66.850 

4.05 

 Susceptible Damdim Population.  
 

Imidaclopyrid: 
The Kalchini population recorded the highest LC50 

value to imidaclopyrid (19.907 ppm) followed by the 

population from Binnaguri (18.496 ppm), Nagrakata 

(15.052 ppm), Dalgong (15.173 ppm), and Chulsa 

(15.052 ppm) and the lowest LC50 value was observed 

in the population from Damdim (10.162 ppm). The 

values of relative resistance to imidaclopyrid when 

calculated taking Damdim populaton as base showed 

that the resistance factor (RF) to be highest in 

population of Kalchini (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 of Chulsa (1.48 folds) 

(Table 6). 

 

 Table 6. Relative toxicity values of Imidaclopyrid 17.8 SL against Helopeltis 

theivora in different tea growing Sub district in Dooars.  
 

Location - 

Sub- district 

in Dooars 

Imidaclopyrid 17.8 SL  

Resistance 

Factors 

(RF) 

χ2
 Regression equation LC50 

(ppm) 

S.E. Fiducial 

limits 

(95%) 

Damdim 3.75 y = 4.032 x - 11.155 10.162 0.008 11.313 

9.1284 

1.00 

Chulsa 0.88 y = 5.180 x - 16.640 15.052 0.009 16.510 

13.722 

1.48 

Nagrakata 6.65 y = 5.186 x - 16.737 15.537 0.007 16.998 

14.202 

1.52 

Binnaguri 2.70 y = 7.378 x - 26.483 18.496 0.005 19.7394 

17.3323 

1.82 

Dalgong 3.59 y = 2.955 x - 7.353 15.173 0.012 17.654 

13.041 

1.49 

Kalchini 1.52 y = 3.641 x - 10.654 19.907 0.010 22.499 

17.616 

1.99 

 Susceptible Damdim Population. 

 
 

 

Thiomethoxam: 

Populations from Kalchini, Nagrakata, Binnaguri and 

Dalgong showed more or less the same LC50 value 

against thiomethoxam that ranged from 5.346 to 5.761, 

but Damdim and Chulsa showed relatively lower LC50 

(i.e. 4.599 ppm and 4.737 ppm respectively). The 

values of relative resistance when calculated taking the 

LC50 of thiomethoxam in Damdim as base ranged from 

1.03 folds to 1.25 folds (Table 7).  

 
 Table 7. Relative toxicity values of Thiomethoxam 25 WG against 
Helopeltis theivora in different tea growing Sub district in Dooars.  

 

Location - 

Sub- district 

in Dooars 

Thiomethoxam 25 WG  

Resistance 

Factors 

(RF) 

χ2
 Regression 

equation 

LC50 

(ppm) 

S.E. Fiducial 

limits 

(95%) 

Damdim 4.14 y = 2.248 x - 3.234 4.599 0.828 5.631 

3.756 

1.00 

Chulsa 2.92 y = 2.087 x - 2.671 4.737 0.022 5.924 

3.788 

1.03 

Nagrakata 1.50 y = 2.247 x - 3.449 5.761 0.016 6.996 

4.744 

1.25 

Binnaguri 6.64 y = 1.883 x - 2.052 5.557 0.023 7.139 

4.326 

1.21 

Dalgong 1.27 y = 1.941 x - 2.237 5.346 0.022 6.834 

4.182 

1.16 

Kalchini 2.73 y = 2.032 x - 2.638 5.738 0.021 7.284 

4.520 

1.25 

 Susceptible Damdim Population  
 

Deltamethrin: 
On the basis of the LC50 value (Table 8), the 

descending order of toxicity of deltamethrin 2.8 EC 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 

Chulsa population (Table 8). 

 



Fall 2008  Resistant Pest Management Newsletter Vol. 18, No. 1 

 

 14 

 Table 8. Relative toxicity values of Deltamethrin 2.8 EC against Helopeltis 

theivora in different tea growing Sub district in Dooars.  
 

Location - 

Sub- district 

in Dooars 

Deltamethrin 2.8 EC  

Resistance 

Factors 

(RF) 

χ2
 Regression equation LC50 

(ppm) 

S.E. Fiducial 

limits 

(95%) 

Damdim 5.13 y = 2.555 x -  1.288 0.289 0.016 0.346 

0.241 

2.21 

Chulsa 0.32 y = 2.240 x + 0.255 0.131 0.018 0.162 

0.106 

1 

Nagrakata 4.75 y = 4.042 x - 6.476 0.691 0.010 0.775 

0.616 

5.27 

Binnaguri 5.67 y = 1.774 x + 0.539 0.326 0.024 0.426 

0.250 

2.49 

Dalgong 6.40 y = 4.324 x - 7.241 

 

0.678   0.009 0.756  

0.608 

5.17 

Kalchini 3.65 y = 5.509 x - 10.781 0.731 0.008 0.818 

0.683 

5.58 

* Susceptible Chulsa Population. 

 
 

 

Cypermethrin: 
The Kalchini population recorded the highest LC50 

value to cypermethrin (7.475 ppm) followed by the 

population from Nagrakata (3.813 ppm), Dalgong 

(3.026 ppm), Binnaguri (2.222 ppm), and Damdim 

(1.276 ppm) and the lowest LC50 value was observed in 

the population from Chulsa (0.802 ppm). Resistance to 

cypermethrin was very variable, ranging from 1.59-

fold in the Damdim strain to 9.32-fold in the Kalchini 

(Table 9). 

 
 Table 9. Relative toxicity values of Cypermethrin 25 EC against Helopeltis 

theivora in different tea growing Sub district in Dooars. 
 

Location - 

Sub- district 

in Dooars 

Cypermethrin 25 EC  

Resistance 

Factors 

(RF) 

χ2
 Regression 

equation 

LC50 

(ppm) 

S.E. Fiducial 

limits 

(95%) 

Damdim 2.59 y = 2.510 x - 2.796 1.276 0.212 1.581 

1.029 

1.59 

Chulsa 6.32 y = 2.688 x - 2.691 0.802 0.016 0.966 

0.666 

1.00 

Nagrakata 2.75 y = 1.971 x - 2.057 3.813 0.020 4.795 

3.032 

4.75 

Binnaguri 4.35 y = 2.147 x - 2.186 2.222 0.017 2.739 

1.805 

2.77 

Dalgong 7.77 y = 2.368 x + 3.245 3.026 0.018 3.714 

2.466 

3.77 

Kalchini 6.57 y = 2.896 x - 6.218 7.475 0.014 8.756 

6.381 

9.32 

* Susceptible Chulsa Population  
 
Alphamethrin:  

The Kalchini population recorded the highest LC50 

value to alphamethrin 10 EC (1.532 ppm) followed by 

the population from Nagrakata (0.759 ppm), Binnaguri 

(0.593 ppm), Dalgong (0.435 ppm) and Chulsa (0.287 

ppm). The lowest LC50 value was observed in 

population from Damdim (0.231 ppm). Resistance to 

alphamethrin ranged from 1.24 fold in the Chulsa strain 

to 6.63-fold in the Kalchini strain (Table 10). 

 

 Table 10. Relative toxicity values of Alphamethrin 10 EC against Helopeltis 

theivora in different tea growing Sub district in Dooars. 
 

Location - 

Sub- district 

in Dooars 

Alphamethrin 10 EC  

Resistance 

Factors 

(RF) 

χ2
 Regression equation LC50 

(ppm) 

S.E. Fiducial 

limits 

(95%) 

Damdim 1.58 y = 5.558 x - 11.071 0.231 0.009 0.853 

0.711 

1.00 

Chulsa 5.06 y = 3.391 x - 3.333 0.287 0.013 0.332 

0.248 

1.24 

Nagrakata 0.73 y = 6.995 x - 15.151 0.759 0.006 0.814 

0.708 

3.29 

Binnaguri 4.35 y = 2.893 x - 3.206 0.593 0.015 0.702 

0.502 

2.57 

Dalgong 1.58 y = 3.423 x - 4.032 0.435 0.131 0.503 

0.376 

1.88 

Kalchini 1.59 y = 4.748 x - 10.124 1.532 

 

0.007 1.673 

1.404 

6.63 

 Susceptible Damdim Population  
 

Lamda cyhalothrin: 
The Kalchini population recorded the highest LC50 

value for lamda cyhalothrin (5.324 ppm) followed by 

the population from Nagrakata (3.175 ppm), Dalgong 

(2.405 ppm), Binnaguri (1.335 ppm), and Damdim 

(0.560 ppm). The lowest LC50 value was observed in 

the population from Chulsa (0.474 ppm). The Kalchini 

strain showed the highest resistance to λ- 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 of Damdim (1.18) 

(Table 11). 

 
 Table 11. Relative toxicity values of Lamda cyhalothrin 5 EC against 
Helopeltis theivora in different tea growing Sub district in Dooars. 

 

Location - 

Sub- district 

in Dooars 

Lamda cyhalothrin 5 EC  

Resistance 

Factors 

(RF) 

χ2
 Regression 

equation 

LC50 

(ppm) 

S.E. Fiducia

l limits 

(95%) 

Damdim 4.45 y = 3.284 x - 4.025 0.560 0.012 0.646 

0.487 

1.18 

Chulsa 0.93 y = 4.023 x - 5.765 0.474 0.010 0.532 

0.422 

1.00 

Nagrakata 3.71 y = 2.038 x - 2.136 3.175 0.007 3.945 

2.556 

6.70 

Binnaguri 2.01 y = 2.396 x -2.491 1.335 0.402 1.600 

1.114 

2.82 

Dalgong 3.39 y = 2.129 x - 2.198 2.405 0.017 2.951 

1.959 

5.07 

Kalchini 2.80 y = 2.441 x - 4.107 5.324 0.017 6.438 

4.402 

11.23 

* Susceptible Chulsa Population  
 

Fenpropathrin:  
Populations from Chulsa, Nagrakata and Binnaguri 

showed more or less same LC50 value against 

fenpropathrin that ranged from 0.040 to 0.048 ppm, but 

Kalchini and Dalgong showed relatively higher LC50 

(i.e. 0.064 ppm and 0.058 ppm respectively). The 

lowest LC50 value was observed in Damdim (i.e. 0.033 

ppm). The values of relative resistance when calculated 

taking LC50 of fenpropathrin in Damdim as base 

showed that the resistance factor (RF) against 

susceptible ranged from 1.23 fold to 1.98 fold (Table 

12). 
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 Table 12. Relative toxicity values of Fenpropathrin 30 EC against Helopeltis 

theivora in different tea growing Sub district in Dooars. 
 

Location - 

Sub- district 

in Dooars 

Fenpropathrin 30 EC  

Resistance 

Factors 

(RF) 

χ2
 Regression equation LC50 

(ppm) 

S.E. Fiducial 

limits 

(95%) 

Damdim 2.70 y = 1.007 x + 3.473 0.0328 0.040 0.051 

0.020 

1.00 

Chulsa 1.105 y = 0.976 x +  3.382 0.0454 0.043 0.074 

0.028 

1.38 

Nagrakata 1.947 y = 0.827 x + 3.606 0.0485 0.317 0.085 

0.028 

1.48 

Binnaguri 4.19 y = 0.842 x + 3.647 0.0404 0.044 0.069 

0.024 

1.23 

Dalgong 2.02 y = 1.044 x + 3.155 0.0582 0.067 0.093 

0.036 

1.77 

Kalchini 7.53 y =0.796 x +3.557 0.0648 0.045 0.112 

0.037 

1.98 

 Susceptible Damdim Population  
 

The data on the dosage-mortality response of H. 

theivora collected from different subdistricts in the 

Dooars revealed that chi-square values indicated a 

good fit of probit responses in all the bioassays 

showing that there was no heterogeneity between the 

observed and expected responses. 

 

The present study suggested that the LC50 value of 

H.theivora at Chulsa and Damdim (low pesticide 

applied area) were low as compared to other locations. 

Kalchini subdistrict (high pesticide applied area) 

registered the highest LC50 value for almost all tested 

insecticides except monocrotophos and thiomethoxam. 

This differential response to the insecticides in the 

populations of the Dooars could be due to 

indiscriminate use of pesticides. It is clear from the 

table that susceptibility was comparatively low in all 

subdistricts that used endosulfan. 

 

Generally, it is accepted that field application rates of 

insecticides should at least be 20 fold or more of the 

LC50 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 in subdistrict wise and are presented in 

Table 13. Among the chosen insecticides the 

comparison of expected effective dosages of seven 

insecticides (endosulfan, Oxydemeton methyl, λ-

cyhalothrin, quinalphos, imidaclopyrid, thiomethoxam 

and deltamethrin) based on their LC50
 
values with the 

recommended dosages 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 

recommended dosages of the insecticide, it was 

observed that 11.05 – 72.27 times more of the 

recommended dosage of endosulfan might be required 

to achieve desirable control of the pest. The change in 

susceptibility of H. theivora against deltamethrin in the 

order of 4.02, 8.75, 9.99, 20.75, 21.15 and 22.40 fold 

for Chulsa, Damdim, Binnaguri, Dalgong, Nagrakata, 

and Kalchini subdistrict populations respectively; 

similarly against imidaclopyrid the resistance levels 

were recorded as 13.61, 20.16, 20.32, 20.81, 24.77 and 

26.66 fold for Damdim, Chulsa, and Dalgong, 

Nagrakata, Binnaguri and Kalchini regions 

respectively. In case of oxydemeton methyl, λ-

cyhalothrin, quinalphos, thiomethoxam 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 fold 

decrease in the susceptibility were evident. The usual 

recommended dose of synthetic pyrethroids 

(deltamethrin and λ-cyhalothrin), neonicotinoids 

(Imidaclopyrid, thiomethoxam), organophosphates 

(quinalphos) and organochlorines (endosulfan), 

however, was practically ineffective against this pest. 

 

However, there was no major development of 

resistance in the case of monocrotophos (0.13 to 0.78 

fold) and fenpropathrin (0.010 to 0.012 fold), which 

therefore held promise to being effective even at a 

lower dose than the recommended dose. In some 

subdistricts (Chulsa, Damdim, Nagrakata, Dalgong, 

Binnaguri) profenophos, cypermethrin and 

alphamethrin proved effective even at a lower dose 

than the recommended dose, but in Kalchini sub-

district, these insecticides required 1.22 to 2.39 times 

more of than the recommended dosage for effective 

control of the pest (Table 13). 

 
 Table 13. Comparison of effective field dosage with recommended dosage of different 
insecticides against Helopeltis theivora in different tea growing sub districts in Dooars. 
 
Insecticide 

Recom-

mended  

dose  

(g a.i/ha) 

Location 

Nagrakata Binnaguri Damdim Chalsa Kalchini Dalgong 
 

Expected effective dose (g a.i/ha)  

 Recommended dose 
Endosulfan 

35 EC 

350.00 40.45 42.89 24.90 12.33 72.26 43.55 

Monocrotophos  

37SL 

370.00 0.77 0.20 0.13 0.32 0.70 0.78 

Quinalphos 

25 EC 

250.00 2.49 2.80 1.17 0.42 13.73 1.86 

Profenophos 

50 EC 

200.00 0.94 0.90 0.99 0.61 2.38 0.97 

Oxydemeton 

Methyl 25 EC 

250.00 1.98 1.92 1.17 1.24 4.74 3.73 

Thiomethoxam 

25 WG 

50.00 1.84 1.78 1.47 1.52 1.84 1.71 

Imidaclopyrid 

17.8 SL 

23.49 20.81 24.77 13.61 20.16 26.66 20.32 

Deltamethrin 

2.8 EC 

5.60 21.15 9.99 8.57 4.02 22.40 20.75 

Fenpropathrin 

30 EC 

75.00 0.01 0.01 0.01 0.01 0.01 0.012 

Alphamethrin 

10EC 

20.00 0.61 0.47 0.19 0.23 1.23 0.35 

Cypermethrin 

25 EC 

50.00 1.22 0.71 0.41 0.42 2.39 0.97 

λ-cyhalothrin 

5EC 

10.00 7.11 2.99 1.25 1.06 11.93 5.39 

 
 

 

A comparison of LC50 values of most insecticides used 

against the H. theivora population of the Dooars with 

other tea growing parts of the North East India 
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(Darjeeling and Assam) revealed that the insecticides 

were 2 to 350 times less toxic to the Dooars population 

than other regions (Bora et al., 2007 and Bora and 

Gurusubramanian, 2007). H. theivora showed the 

lowest susceptibility to endosulfan in all tea growing 

subdistrict of the Dooars with high LC 50 value ranging 

from 269.744 ppm to 1580.77 ppm. The poor 

performance of endosulfan has also been reported by 

Roy et al. (2008), and on other insect pests by Singh 

and Deol (1998), Peter and Sundararajan (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 suggests that the usual 

recommended doses of organochlorines (endosulfan), 

synthetic pyrethroids (deltamethrin and λ-cyhalothrin), 

neonicotinoids (imidaclopyrid) 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 were reported against H. 

theivora population from Jorhat tea plantations of 

South Assam, India, where 1.54 – 82.85 fold increases 

in resistance caused control problems on tea (Bora and 

Gurusubramanian, 2007 and Bora et al., 2008). 

According to Borbora and  Biswas (1996), Sannigrahi 

and Talukdar (2003) and Roy et al. (2008), 

organochlorines (endosulfan), synthetic pyrethroids 

(deltamethrin) and organophosphates (quinalphos) 

were extensively used for tea pest management in 

Dooars for a long period of time whereas molecules 

like imidaclopyrid and λ-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 

pests include reduced penetration (Armes et al., 1992; 

Kranthi et al., 2000 and 2001), decreased nerve 

sensitivity and enhanced metabolism (Ahmad and 

McCaffery, 1991). 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 change in the case of monocrotophos, 

profenophos and fenpropathrin that may prove 

effective even at a lower dose than the recommended 

dose. 

 

However, there is a great deal of variation in 

insecticide resistance from location to location within 

the Dooars tea ecosystems. The variations in 

insecticide susceptibility status from different 

geographical populations of pest were also reported by 

Kranth et al., (2000), Chaturvedi (2004) and Fakrudin 

et al., (2004) with Cotton Bollworm, H. armigera from 

Central and South Indian Cotton Ecosystem and Zhou 

et al., (2000) from Northern China with same pest.  

 

The resistance levels in Kalchini, Dalgong, Binnaguri 

and Nagrakata region is high 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 et al., 2005), and a recent survey by 

Roy et al. (2008) revealed that on average 7.499 l/kg of 

insecticides were used per hectare per year in Dooars 

of which the organochlorine, organophosphate and 

carbamate (nonpyrethroid) accounted 73.5% and 

pyrethroid represent 36.6% during 1998 to 2004. 

Endosulfan, monocrotophos, deltamethrin and 

cypermethrin were extensively used in all the regions 

of the Dooars and it was noted that the requirement of 

synthetic pyrethorid gradually increased with every 

passing year in all subdistricts.  The reasons are i) per 

hectare requirement was less (100 ml/ha), ii) having 

knockdown effect and iii) cost effectiveness. Against 

the tea mosquito bug, planters using insecticides as 

prophylactic, due to it being a wet season pest and their 

peak season (May-July) coinciding with the rainy 

season (June-July), caused the consumption of 

pesticides to increase, with about 8-16 applications per 

year of synthetic pyrethroids on top of other chemical 

applications. 

 

This clearly explains that resistance levels were 

proportionate with the usage of pesticides. 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 creating very high selection 

pressure for resistant genotypes. This suggests that 

indiscriminate use and heavy dependence on pesticides 

will further complicate the already worsened situation 

and this hints at aiming for insecticide resistance 

management strategies. 

 

Thus, H. theivora insecticide-resistance issues in the 

Dooars are becoming ever more acute. Pyrethroid 

resistance is widespread in populations in almost all 

geographic populations. It is likely that few refugia of 

susceptible populations remain to dilute the build-up of 

resistant populations. Resistant management strategies 

appropriate for the region should be implemented 

immediately. These should include greater control over 

insecticide application and use. Unless this happens, 

the areas affected by resistant H. theivora populations 

will continue to increase and could ultimately result in 

the abandonment of tea growing in large areas of North 

east India. By some strategy, the allelic frequencies for 

major insecticide resistance genes need to be diluted.  
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Since the shift in level of susceptibility to insecticides 

was noticed in H. theivora certain measures can be 

initiated for combating and delaying the problem of 

resistance so that it does not assume unmanageable 

proportions. The measures may be: a) restricted use of 

deltamethrin, imidaclopyrid, quinalphos and 

endosulfan since their effective dose was higher than 

the recommended dose, in H. theivora prone areas, and 

reviewing of the recommended dose b) Judicious use 

of these insecticides only if there use is essential, d) no 

prophylactic spraying of chemicals, e) timing and 

frequency of applications should be such which does 

not create selection pressure, and f) altering of the 

insecticides in such a way that their modes of action 

are different. Further in-depth studies are needed to 

explore the possibility of determining the resistance 

level by using resistance enzyme studies and biotypes 

identification through molecular techniques besides the 

log dose probit assays. 
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Detection of Insecticide Resistance in Helicoverpa armigera (Hubner) larvae collected from 
two locations in Madhya Pradesh, India 

 
Abstract 
The levels of resistance developed in a field stain of Helicoverpa 

armigera (Hubner) against five insecticides was assessed in two 

locations in Madhya Pradesh in laboratory conditions using a 

discriminating dose assay. The larvae of the test insect exhibited a 

wide spread resistance from 100 percent in cypermethrin and 

fenvalerate at the Khandwa location to above 50 percent at the 

Chhindwara location. High resistance of 46 percent to quinalphos 

was found in the field strains of Khandwa as compared to the 

Chhindwara strains (12.51%). The level of resistance against 

methomyl and Endosulfan was found to be lowest. Development of 

insecticide resistance in H. armigera is an important feature among 

the most commonly used group of insecticides. 

Key words: Discriminating dose assay, Helicoverpa armigera, 

insecticides resistance 

 
Introduction 
Over the past one and a half decades, insecticide 

resistance in cotton pests has emerged as a key area of 

concern in cotton pest management in India. Most of 

the pest management difficulties in recent times, 

especially in the year of the bollworm outbreak, have 

been traced to insecticide resistance. The problem of 

resistance has rendered insecticides a less useful and 

reliable tool. If cotton pest management is to be 

effective, it is necessary to address the problem of 

resistance to insecticides and devise appropriate 

proactive management strategies to ensure that it does 

not continue to impair pest management in the field.  

 Helicoverpa armigera Hubner (Lepidoptera; 

Noctuidae), generally known as cotton bollworm or 

American bollworm, is the most dreaded pest of many 

agricultural crops worldwide. It has been recorded on 

more than 200 hosts in India (Pawar, 1998). It causes 

24 to 68 percent losses of seed cotton yield at a 

national level (Vadodaria et al 1998). Cotton occupies 

only 5 percent of the total cultivable area in India but 

consumes more than 55 percent of the total insecticide 

used in the country (Puri, 1995). Dhingra et al. (1988) 

and Mc Caffery et al. (1989) first reported on the 

development of resistance by H. armigera to 

pyrethroids and attributed field control failures to the 

resistance. Subsequently, high levels of pyrethroid 

resistance were reported in several cotton and pulse 

growing regions of the country (Mehrotra and Phokela, 

1992).  Kranthi et al (2001) and Choudhary et al. 

(2004) also reported increased resistance of H. 

armigera to conventional insecticides such as 

methomyl, endosulfan and quinalphos in India.  

 
Materials and methods  
The experiment was carried out in a laboratory at the 

JNKVV Research Stations at Khandwa and 

Chhindwara during the 2003-04 crop season. The stock 

solutions of technical grade insectide (namely 

cypermethrin, fenvalerate, endosulfan, quinalphos and 

methomyl) were obtained from CICR, Nagpur. Eggs of 

Helicoverpa armigera were collected on a weekly basis 

from cotton fields. A discriminate dose assay was 

performed on the larvae at the third instar stage with 

30-40 mg of body weight. The discriminate dose used 

was cypermethrin 0.1 µg, fenvalarate 0.2 µg, 

endosulfan 10 µg, quinalphos 0.75 µg and methomyl 

1.2 µg/larva for the monitoring of resistance. An 

insecticide dose of 1µl was applied on thorasic dorsam 

of the third instar larvae by a Hamilton hand micro-

applicator (Armes et al; 1996). Larvae treated with 

acetone only were used as a control. Larvae were held 

individually in 12-well tissue culture plates containing 
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a chickpea based artificial diet, at 25±2°C. Larval 

mortality was observed after every 24 hours up to 6 

days (144 hours). 

 
Results and discussion  
 Studies conducted in the present investigation 

in two locations of Madhya Pradesh indicated that 

larval survival (%) of Helicoverpa armigera treated 

with cypermethrin 0.1µg and fenvalerate 0.2µg 

exhibited a range from 44.50 to 65.22 percent with a 

high mean value of 56 percent, and from 44.45 to 63.34 

percent with a mean value of 53.63 percent in the field 

strains of H. armigera at Khandwa, whereas, the 

survivability ranged between 44.50 to 65.22 percent in 

cypermethrin and 44.45 to 63.34 percent with a mean 

value of 53.63 percent at the Chhindwara location. 

However, 100 percent survival was noted for both 

treatments at the Khandwa location. Survival 

frequencies to discriminating doses of cypermethrin 

and fenvalerate were reported to be generally above 75 

percent in the country. High levels of resistance were 

found in the population of Helicoverpa armigera larvae 

against cypermethrin and fenvalerate, a pyrethroid 

group of insecticides, which may be due to the 

extremely high use of these chemicals in the area over 

the years.  A similar trend was also observed in field 

population of H. armigera against pyrethroids (Kranthi 

et al., 2002).  

In endosufan, the 10.0µg treated larval 

population exhibited a moderately high mean value 

(36.95%) of survival in the Khandwa location which 

ranged from 28.03 to 45.87 percent. The larval survival 

in the population tested at the Chhindwara location 

expressed a range from 0.0 to 14.29 percent with a 

moderately low mean value of 6.3 percent. The 

survival frequencies were observed to be slightly low 

in the beginning of the season (i.e. from September to 

mid October). Armes et al. (1996) and McCaffery et al. 

(1989) reported 28 and 13 fold Endosulfan resistance 

in H. armigera strains from Andhra Pradesh. They 

observed that even the low level (5 to 10 fold) 

resistance to endosufan was sufficient to render the 

chemical ineffective for H. armigera control under 

field conditions. Hanumanth rao et al. (2000) identified 

an erratic pattern in the level of resistance to 

endosulfan until the middle of December, which then 

increased up to 77.8 percent by the end of January. 

Survivality of larval population in quinalphos 

0.75µg treatment varied from 35.50 to 56.50 percent in 

Khandwa and from 0.0 to 29.50 percent in Chhindwara 

locations during the cropping season with 46.0 percent 

and 12.51 percent as their respective mean values. 

Slightly low larval survival (%) was recorded in the 

beginning which gradually increased during the season. 

Armes et al. (1996) found 59 fold resistance to 

quinalphos in the field strain of H. armigera in India, 

with the highest level (10-15 fold) in strains collected 

from the south India. Kranthi et al. (2002) reported 30-

35 percent survival (range, 16-46%) at the end of 

November during 1994-95 and 1995-96 cropping 

season and an average survival of 44 percent during 

November, 1997-98. In the 1998-99 season, quinalphos 

resistance in H. armigera gradually increased from the 

beginning of November reaching 83.9 percent by the 

1st week of February (Hanumanth Rao et al., 2000). 

The survival values for H. armigera larvae in 

the methomyl 1.2µg treated population were found to 

be consistent over the season at Khandwa location with 

a mean value of 35.48 percent, which ranged from 

26.97 to 44.0 percent. The survival range was observed 

to be 0.0 to 30.0 percent at the Chhindwara location 

with a mean value of 16.33 percent. Armes et al., 

(1996) reported a 30 fold increase in resistance to 

methomyl in field strains of Helicoverpa armigera. 

Kranthi et al. (2000) found 31-40 percent resistance 

during September, October and December to 1.2µg/µl 

of methomyl. 

Thus the development of resistance in H. 

armigera larvae against the insecticides under studies 

are in the order of: cypermethrin > fenvalerate > 

quinalphos > Endosulfan > methomyl. 

The level of resistance against cypermethrin 

and fenvalerate, a pyrethroids group of insecticides, 

was found to be highest against metomyl and 

endosulfan; it was the lowest in H. armigera larvae 

collected from two location of Madhya Pradesh. 
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 Table-1: Insecticide resistance in terms of percent larval survival of H. armigera observed 
weekly over different chemical insecticides at two location of Madhya Pradesh, India 
S. 
No. 

Insecticides Discriminating  
Dose 
( µg/µl larva) 

Range 
(% larval survival) 

Mean 
(% larval survival) 

Khandwa  Chhindwara  Khandwa  Chhindwara  
1 Cypermethrin 0.1 100-100 44.50-65.22 100 56.0 

2 Fenvalerate  0.2 100-100 44.45-63.34 100 53.63 

3 Endosulfan  10.0 28.03-45.87 0.00-14.29 36.95 6.34 

4 Quinalphos  0.75 35.50-56.50 0.00-29.50 46.0 12.51 

5 Methomyl  1.2 26.97-44.0 0.00-30.0 35.48 16.33 

6 Control  1.0 94.32-100 94.45-100 97.16 94.80 
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Research in Resistance Management  

Insecticidal activity of native Bacillus thuringiensis isolates against Spodoptera litura and 
Helicoverpa armigera 

 
Abstract 

Bacillus thuringiensis, a gram-positive bacterium, is most 

widely used in microbial control of insect pests on agricultural crops. 

The crystal protein produced by this bacterium is toxic to different 

orders of insects, such as lepidoptera, coleoptera and diptera. 

Experiments were carried out to test the efficacy of native Bacillus 

thuringiensis isolates, isolated from various ecological zones against, 

Spodoptera litura and Helicoverpa armigera. Native isolates P-1, D-

1, PP-10, SI-3 and T-2 recorded 89.32, 90.66, 84.88, 70.66 and 80.00 

percent mortality against Helicoverpa armigera respectively. There 

was no significant difference between HD-1 and D-1 in their ability 

to cause mortality in H. armigera. The cry toxin, the toxic 

component in B. thuringiensis, is reported to be more potent than 

synthetic pyrethroids and organophosphates.  Among the 12 isolates 

bioassayed against Spodoptera litura, D1 recorded the lowest LC50 

value (1124.73ppm) followed by PP9 (1283.76ppm). However, the 

reference strain HD-1 recorded a higher LC50 value (2410.54ppm). 

The highest LC50 was recorded for D21 (5262.22) followed by PP7 

(4831.58ppm) and Bt-42(3737.2ppm). 

 

Key words: Bacillus thuringiensis, Helicoverpa armigera, 

Spodoptera litura, Bioassay 

 
 

INTRODUCTION   
 Modern agriculture uses a wide variety of 

insecticides to control insect damage. Most of them are 

chemically synthesized. The non-judicious and 

indiscriminate use of insecticides has led to a cascade 

of problems including resurgence of minor pests, 

development of resistance, enhancement of overhead 

costs, elimination of parasites, predators and other 

beneficial insects and accumulation of pesticide 

residues in plant products which ultimately find their 

way to higher members of the food chain. In this 

context, an integrated approach combining all the 

available strategies seems to be gaining momentum and 

the use of various eco-friendly bio-control agents is 

becoming an important component of the integrated 

pest management (IPM). 

Of the many bio-control agents available, 

Bacillus thuringiensis insecticides have has proven to 

be effective and selective enough to eliminate 

outbreaks of Lepidopteran pests.  B. thuringiensis is a 
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fascinating bacterium producing a number of 

insecticidal toxins which have spawned a whole 

industry. For more than 60 years, B. thuringiensis 

formulations have been sprayed as bio-insecticides 

against more than 300 insect species. The main 

advantage of B. thuringiensis is its high specificity 

(Carlton and Gonzalez, 1985), which makes it safer for 

non target organisms including humans and natural 

enemies. Furthermore, B. thuringiensis, being a 

bacterial fermentation product, is potentially less 

expensive to make than inorganic/organic chemical 

pesticides. In short, the high efficacy and specificity of 

Cry proteins (Gill, 1992) is largely responsible for the 

popularity of B. thuringiensis. However, B. 

thuringiensis formulations also have shortcomings. 

They are prone to early photo degradation, require 

repeated application and lack systemic action. These 

disadvantages have severely constrained the 

widespread utilization of B. thuringiensis in pest 

management (Carlton and Gonzalez, 1985). Some of 

the strategies developed to solve these problems 

include cloning of the toxin gene into endophytic 

bacteria and plants themselves.  

The mechanism of action of B. thuringiensis 

crystal proteins involve solubilization of the crystal in 

the insect midgut and proteolytic processing of the 

protoxin by midgut proteases under alkaline condition, 

which then binds to the midgut receptors. The insertion 

of the toxin into the apical membrane creates pores and 

results in loss of transmembrane potential that leads to 

osmotic cell lysis (Knowles, 1994). Thus, sublethal 

concentration of toxin leads to change in larval 

behavior including avoidance of feed, ultimately 

resulting in death due to starvation (Aronson and Shai, 

2001). In this article we report the efficacy and 

inceticidal activity of native isolates, isolated from 

various ecological zones, against Spodoptera litura and 

Helicoverpa  armigera 

 
MATERIALS AND METHODS 

Different isolates were obtained from the 

repository in the Department of Biotechnology, 

University of Agricultural Sciences Dharwad. Bt-42 

was a gift from S.P.S. khanuja, Director, CIMAP, 

Lunknow. P1, SI3, D1, D21, PP9, PP7, PP6, T-2, and 

PP-10 were obtained from culture collection of 

Department of Biotechnoogy UAS Dharwad. These 

isolates were isolated from various ecological zones 

like soil, phylloplane, rizhosphere etc. HD-1 is a 

reference strain. Bioassay studies were carried out to 

investigate the possibilities of using the native isolates 

as biocontrol agents against Spodoptera litura and 

Helicoverpa armigera.  For preparation of crude 

protein from B. thuringiensis, the lactose acetone 

method of Dulmage et al. (1970) was followed. The 

crude protein was used for bioassay studies after 

estimating the protein content as per Lowry‟s method. 

BIOASSAY OF HELICOVERPA ARMIGERA AND 

SPODOPTERA LITURA 
Bioassay studies were conducted to assess the 

toxicity of Bt toxins to Helicoverpa armigera.  The 

acetone powder made from spores was used for 

bioassay. The cultures were grown in MGM media for 

72 hours and extraction of crude protein was done by 

the lactose acetone method.  The cotton leaf dip 

bioassay was conducted on 2
nd

 instar neonate larvae of 

H. armigera. For the bioassay of spodoptera litura, 

succulent leaves of the castor plants were washed with 

water containing 0.2% triton-X to remove the waxy 

coating. Leaf discs of a diameter of 5.0cm were 

smeared uniformly with the crude protein on both 

surfaces, allowed to dry and then placed in petriplate. 

Ten second instar larvae were placed per leaf disc and 

allowed to feed. The LC50 for each isolate was 

analyzed using the Maximum Likelihood 

Programme(MLPO.38) 

 
RESULTS AND DISCUSSION 

Bioassays of certain native isolates along with 

HD-1 and Bt-42 were carried out using the crude 

protein. The leaf dip bioassay method was used to 

assess the potency. Under experimental conditions, 

HD-1 gave a mortality of 94.6 percent at 72 hours on 

H. armigera larvae. Native isolates P-1, D-1, PP-10, 

SI-3 and T-2 recorded 89.32, 90.66, 84.88, 70.66 and 

80.00 percent mortality, respectively (Table1). There 

was no significant difference between HD-1 and D-1 in 

their ability to cause mortality in H. armigera. The 

toxic component of B. thuringiensis, the cry toxin, is 

reported to be more potent than synthetic pyrethroids 

and organophosphates (Feitelson et al., 1992).  

In earlier studies, isolate D-1 was reported to 

be toxic to Plutella xylostella, the lepidopteran pest of 

cabbage (Bhat, 2000). Another native strain, P-1, 

which showed 89.32 percent mortality against H. 

armigera, showed 100 percent mortality to Plutella 

xylostella in an earlier study (Bhat, 2000) and 90.00 

percent mortality to  H. armigera (Prashanth Kumar, 

2002). Although high variability of cry proteins have 

been described, it is necessary to search for more toxin 

genes because a large number of pests are not 

controlled with available cry toxins.  

The leaf dip bioassay of spodoptera litura   on 

castor leaves revealed that the extent of leaf damage is 

very high in the control, but the leaves treated with the 

crude protein PP9 and PP6 recorded less damage than 

other isolates. Among the 12 isolates, D1 recorded the 

lowest LC50 value (1124.73ppm) followed by PP9 

(1283.76ppm). However, the reference strain, HD-1, 

recorded a higher LC50 value (2410.54ppm). The LC50 

is highest in D21 (5262.22) followed by PP7 

(4831.58ppm) and bt-42(3737.2ppm). The higher 

toxicity of native strains over positive control HD1 was 

observed. The result were similar to the results 



 

 
 

 

 
 

obtained by Bravo et al.(1998) wherein native Mexican 

strain IB126 was more toxic for Spodoptera frugiperda 

and S. exigua larvae( LC50 22ng/cm
2
) compared to 

HD1 (LC50 for S. frugiperda was 969ng/cm2 and LC50 

for S. exuigua was 1330ng/cm
2
).  

The efficacy of crude protein from different B. 

thuringiensis isolates on Helicoverpa armigera was 

shown in Table 1. The data pertaining to bioassay of 

spodoptera litura are presented in Table 2.  

The isolates exhibited wide variation in the 

presence of cryIA. While isolates D-1, PP-6, and PP-9 

possessed cryIA(a), cryIA(b) and cryIA(c), isolate    P-

1 had cryIA(a) and cryIA(c), and isolates PP-7, SI-3 

and D-21 did not produce amplicon with any of the 

three cryIA(a), cryIA(b) and cryIA(c) primer.  PP-10, 

PP-11, PP-12 and R-5 possessed both cryIA(b) and 

cryIA(c), but was not tested for cryIA(a). Although PP-

7, SI-3 and D-21 did not amplify either cryIA(a), 

cryIA(b) or cryIA(c), they may posses another 

lepidopteran specific gene in them. D-1, the most 

potent of native isolates tested in this study, possessed 

cryIA(a), cryIA(b) and cryIA(c) genes(Mangala et al., 

2007). It is possible that the presence of many cry 

genes can cause the strain to be more efficient. Thus, 

by screening isolates for diversity of cry genes and 

comparing them in bioassays we can select the novel 

insecticidal bacteria with an extended target spectrum 

for direct application. 

Biological control of lepidopteran insect pests 

affecting crop plants has been possible using B. 

thuringiensis species. Other than using the bacterial 

spores in a spray formulation, the gene for crystal 

protein or  -endotoxin has been engineered into plant 

systems, so that the transgenic plants are protected 

from the specific insect. Plants expressing toxin genes 

throughout the whole plant have several advantages 

over classical means used in plant protection including 

controlling borers that are difficult to reach by 

conventional means once they have penetrated plant 

tissues. In this contest searching for variability of strain 

for cry protein, identifying the most potent strain gains 

the important. 

 
References: 
ARONSON, A. I. AND SHAI, Y., 2001, Why Bacillus thuringiensis 

insecticidal toxins are so effective unique features of their mode 

of action. FEMS Microbiology Letters, 195: 1-8. 

BHAT, D., 2000, Molecular characterization of native B. 

thuringiensis cry genes. M. Sc. (Agri.) Thesis, University of 

Agricultural Sciences, Dharwad. biology of B. thuriengiensis. 

The Molecular Biology of the bacilli, 2:211-249. 



Fall 2008  Resistant Pest Management Newsletter Vol. 18, No. 1 

 

 23 

BRAVO, A., SARABIO, S., LOPEZ, L., VEROS, H., ABARCA, C., 

ORTIZ, A., ORTZ, M., LINA, L., VILLALOBOS, F. J., PENA, 

G., NUNEZ-VALDEZ, M., SOBERON, M. AND QUINTERO, 

R., 1998, Characterization of cry gees in a Mexican Bacillus 

thuringiensis strain collection. Applied and Environmental 

Microbiology, 64 : 4965-4972. 

CARLTON, B.C. AND  GONZALEZ, J.M., 1985,  The genetics and 

molecular biology of B. thuriengiensis. The Molecular Biology 

of the bacilli, 2:211-249. 

DULMAGE, H. T., CORREA, J. A. AND MARTINEZ, A. J., 1970, 

Coprecipitation with lactose as a means of recording the spore 

crystal complex of B. thuringiensis. Journal of Invertebrate 

Pathology, 15 : 15-20. 

FEITELSON, J., ZEIGLER, D. R. AND DEAN, D. H., 1992, B. 

thuringiensis and its pesticides crystal proteins. Microbiology 

and Molecular Biology Reviews, 62 : 775-806. 

GILL, S.S., COWLES, E.A. AND PIETRANTONIO, P.V., 1992, 

The mode of action of Bacillus thuriengiensis endotoxin. 

Annual review of Entomology, 37:615-636 

KNOWLES, B. H., 1994, Mechanism of action of Bacillus 

thuringiensis insecticidal -endotoxins. Advances in Insect 

Physiology, 24: 275-308. 

MANGALA S.B., KRISHNARAJ P.U. AND KURUVINASHETTI 

M.S., 2007 Characterization of cryI gene profile in native 

bacillus thuringiensis isolates.Crop Research, 34:263-267. 

PRASHANTHKUMAR, N. G., 2002, Evaluation of molecular 

characterization of native B. thuringiensis isolates. M. Sc. 

(Agri.) Thesis, University of Agricultural Sciences, Dharwad.  
 

Mangala S.Biradar, Shanker Patwari, Krishnaraj P.U. 

and Kuruvinashetti M.S. 
Department of Biotechnology, University of Agricultural sciences, 

Dharwad-580005, Karnataka, India. 

 

Comparative responses of malathion-susceptible and resistant 
Musca domestica L. strains to oxidative stress 

 
Introduction 

The extensive use of insecticides to control 

insect pests has provided a dramatic illustration of 

evolution in natural populations. It is not surprising that 

resistant and susceptible strains differ in properties 

other than their adaptation to insecticides, such as 

development time, fecundity and fertility. 

Although the majority of fitness studies have 

shown that there are fitness costs associated with 

insecticide resistance (Ferrari and Georghiou 1981, 

Parello and Trumble 1989, White and Bell 1990), in 

many cases, in the absence of treatment, there is no 

fitness difference between resistance and susceptible 

strains or the resistant strain has a fitness advantage 

(Roush and Hoy 1981, Arnaud and Haubruge 2002).  

Oxidative stress results from an imbalance of 

oxidants and antioxidants-either a surfeit of oxidants 

and/or a deficit of antioxidants (Gray and Clinton 

1995). The antioxidant enzymes superoxide dismutase 

(SOD), catalase (CAT), and glutathione peroxidase 

(GPx) are the main enzymatic defences and act in 

concert with a panoply of non-enzymatic antioxidants 

(Halliwell and Gutteridge 1999). 

Various classes of pesticides induce 

production of reactive oxygen species and oxidative 

tissue damage which may contribute to the toxicity of 

these xenobiotics (Bagchi et al. 1995).  Enhanced 

activities of superoxide dismutase and catalase, two 

antioxidant enzymes that detoxify superoxide radical 

and hydrogen peroxide, respectively, were observed in 

Wister rats, after acute and sub-chronic malathion 

exposure (Possamai et al. 2007).  Diazinon also 

increased a tissue specific catalase activity in the fish 

Oreochromis niloticus (Durmaz et al. 2006). Exposure 

of reference R. dominica to pure oxygen for two days 

resulted in 20% increase in catalase and reduced 

mortality of the treated population to 5% when post-

treated with a discriminating dose of phosphine (Price 

et al. 1982). 

In the present study, we evaluated fitness 

under oxidative stress, and the role of a major 

antioxidant enzyme, catalase, in malathion and 

fenitrothion resistant strains of the housefly M. 

domesitca L. 

 

Materials and methods 
Insect strains 

The two housefly strains, maintained at the 

School of Biology, University of Newcastle upon 

Tyne, were used in this study. The 571 strain was 

reported (Ahmed et al. 1998) as malathion and 

fenitrothion resistant and the Cooper strain has been 

used as a susceptible reference.  

 
Application of oxidative stress to the insects 

Pure oxygen atmosphere conditions were 

maintained in a 30x30x30 cm clear plastic chamber 

kept within an incubator by passing a continuous gentle 

stream of humidified filtered 100% oxygen from a gas 

cylinder through the chamber. 242C temperature and 

505% relative humidity was maintained in the 

chamber. In the control, normal air (supplied from a 

compressed air cylinder) was used instead of pure 

oxygen. Responses of the two strains against stressors 

(malathion, potassium persulphate (K2S2O8) and 

oxygen) were investigated, and the antioxidant effect 

of trolox (water-soluble Vitamin E analogue) was 

noted against them. Newly emerged adult flies (<1d 

old) were fed under normal rearing conditions on 50 

ppm concentration of trolox in a sugar solution for 48 

hours before being subjected to a single and then 

combination of stressors. Fifty flies were topically 

treated with a malathion solution of LD
50

 concentration 

(or were controls without malathion) and then kept in 

100% oxygen in 300 ml glass jars with their openings 
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covered with mesh, or in normal air. The flies were 

anaesthetized with CO
2 

for dosing. Other malathion-

treated or control flies were then fed on a 200 ppm 

concentration of K2S2O8 in a sugar solution from cotton 

buds dipped in 5ml glass vials. The mortality/survival 

was noted at 24 hours. The survivors of the four 

replicates were killed and kept at -20C to determine 

the catalase activity. 

 
Homogenisation of insects 

Crude enzyme extracts were prepared by 

homogenising 100 mg of adult flies in 4 ml of ice cold 

0.05M phosphate buffer with a pH of 7.  The 

homogenates were centrifuged and the supernatants 

were used as an enzyme source.  

 
Enzyme assay 

Catalase activity was determined by using a 

modification of the spectrophotometric method of 

Durusoy et. al.(1995).  Reactions, which are carried out 

at 30°C, were initiated by the addition of 50 µl of the 

supernatant to 3 ml of a substrate solution (pH 7) 

containing a 0.05M phosphate buffer and H2O2 at a 

final concentration of 20mM. Catalase activity was 

measured as a decrease in H2O2 concentration at 230 

nM. Protein concentration of the homogenates was 

determined by the method of Bradford (1976). 

 

Results and discussion 
The adult survival rate, both with and without trolox 

treatment, in the strains of M. domestica L., after 

treatment with different stressors is shown in Figure 1. 

The results showed that the resistant strain survived 

significantly better against various prooxidants such as 

malathion, K2S2O8 and oxygen than the susceptible 

strain of Musca domestica. Pre-feeding of synthetic 

antioxidant trolox increased the survival rate in both 

strains, against all stressors, but this increase was 

higher in the susceptible than the resistant strain of 

Musca domestica.  

Catalase activities in the strains of M. domestica, 

following treatment with either individual or combined 

treatment of stressors in the trolox pre-treated and non-

treated adult flies are presented in Figure 2. The results 

indicate that the catalase activity was significantly 

higher in the malathion resistant strain than the 

susceptible one and the enzyme activity was induced in 

response to the stress conditions; however, the 

induction was significantly higher in the resistant 

adults than in the susceptible. The flies pre-treated with 

trolox exhibited lower enzyme activity in both strains, 

but this decrease was significantly higher in the 

susceptible strain. The general response of the resistant 

strain was the induction of the catalase by the oxidative 

stressor; this response was variable, and the combined 

effects of multiple stressors was not additive. 

Treatment with the antioxidant trolox did not 

consistently reduce activity, perhaps because of the 

unreliable uptake into the insect.  However, in the 

susceptible strain there was very little response to 

single or multiple stressors.  However, trolox pre-

treatment consistently reduced catalase activity across 

all stress combinations.  This difference to the resistant 

strain may be a result of structural or enzymic changes 

to the gut (affecting uptake) in the resistant strain 

(Bughio and Wilkins 2004).  

Our results suggest that pure oxygen and 

malathion exposure provoked oxidative stress and 

modulated catalase activity in the organophosphate 

(OP) resistant strain of M. domestica, and an induction 

of major antioxidant enzymes could have helped the 

strain to withstand the both insecticidal and oxidative 

stresses. The results would seem to suggest that 

adaptation to toxic stress such as exposure to 

insecticides implies some changes other than the usual 

mechanisms (reduced uptake, modified target, 

enhanced metabolism) and these can increase the 

fitness of the adapted generation in the absence of the 

selection. 
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Figure. 1 Adult survival rate of the resistant and susceptible strains of M. Domestica  

                against stressor treatment 
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Figure. 2  Catalase activity in the strains of M. domestica after treatment with various 

            stressors, pre-treated with trolox  
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Status of new insecticides vis-a-vis conventional insecticides against the American bollworm, 
Helicoverpa armigera 

 
ABSTRACT 

The American bollworm, Helicoverpa armigera Hubner 

(Lepidoptera: Noctuidae), is the most destructive pest of cotton. In 

the present experiment, the status of new insecticides vis-à-vis 

conventional insecticides in Kurnool population of H. amigera was 

estimated. The LC50 (expressed in µg per larva) values of 

emamectinbenzoate, indoxacarb, spinosad, profenophos, methomyl, 

quinalphos, endosulfan, deltamethrin, acephate, thiodicarb, 

chlorpyriphos, triazophos, monocrotophos, fenvalrate and 

cypermethrin were 0.0061, 0.22, 0.11, 0.38, 0.45, 0.53, 0.81, 1.07, 

1.09, 1.86, 1.86, 1.86, 3.25, 4.16, and 8.70 respectively. Of all the 

insecticides tested emamectinbenzoate is the most toxic and 

cypermethrin was the least toxic. The LC90 (µg per larva) values 

were also calculated. This kind of study would serve as ready-

reckoner of the selection of insecticides for the management of field 

strains and also helpful in development of resistant management 

strategies for this important polyphagous insect pest. 

 
Key words: American bollworm, Helicoverpa armigera, new 
insecticides, conventional insecticides, Kurnool population 

 
Introduction 

The American bollworm, Helicoverpa 

armigera Hubner, is a polyphagous pest and causes 

severe economic damage to several economically 

important crops such as cotton, pulses and vegetables 

(Manjunath et al., 1987). During the 1980‟s, H. 

armigera emerged as a major pest of cotton besides 

other crops in India. Its outbreak often led to crop 

failures. Among other factors, its heavy infestations 

were attributed to the development of resistance to 

almost all conventional insecticides. High levels of 

resistance to synthetic pyrethroids in different strains of 

H. armigera were reported by several workers (Kranthi 

et al., 2002, Ramasubramanian 2004 and Prasada Rao 

et al., 2005) 

Because of its ability to inflict serious 

economic damage H.armigera has been subjected to 

heavy doses of insecticide treatments. Typical control 

of this pest includes several synthetic pyrethroids, 

organophosphates and carbamates. Amongst different 

groups of insecticides synthetic pyrethroids constitute 

8-75% and are widely used all over India to control this 

pest. Cypermethrin is most commonly used followed 

by fenvalrate. Since H.armigera has a strong 

propensity to develop resistance against different group 

insecticides, there is a need to study the status of new 

molecules vis-à-vis with old groups of insecticides 

especially synthetic pyrethroids. Such kind of studies 

will be helpful in using different group of molecules 

with care and preserving the usefulness of insecticides 

in pest management programme, and in further 

delaying the development of resistance in the 

meantime. Keeping these things in view, the present 

studies were contemplated to determine the relative 

toxicity of synthetic molecules with diversified modes 

of action against this pest in laboratory to provide 

organized guidance for the selection of insecticides that 

can be incorporated in pest management programmes. 

The LC50 values obtained would serve as ready 

reckoner for the selection of insecticides for field 

strains. Also, such base line data could be used as 

critical inputs in the deployment of new insecticides 

and insecticide resistance management programmes.  

 
Material and Methods 
Insect rearing 

The eggs of Helicoverpa armigera along with 

the leaves, bracts and flowers of cotton were collected 

and brought to the laboratory. The neonates were 

allowed to hatch from the eggs and were then 

transferred to a chickpea flour-based artificial diet. The 

culture was maintained at ambient temperatures of 27 ± 

1
o
C and 65 ± 5% relative humidity at Resistance 

Monitoring Laboratory, Regional Agricultural 

Research Station, Nandyal, Andhra Pradesh.  

 
Insecticides 
  The insecticides spinosad, indoxacarb, 

emamectinbenzoate, endosulfan, quinalphos, 

chlorpyriphos, acephate, monocrotophos, triazophos, 

profenophos, nuvan, methomyl, thiodicarb, novaluron, 

lufenuron, cypermethrin, fenvalrate and deltamethrin 

were obtained from respective manufacturers and used 

for the present study. 

 
Estimation of resistance levels and relative toxicity 
 The log-dose-probit-mortality (LDPM) assay of 

synthetic pyrethroids, organo phosphate compounds 

carbamates, spinosyns, and avermectins were used with 

concentrations of each test insecticide by diluting in 

analytical grade acetone. The third instar test insect 

larvae were topically exposed initially to 

concentrations of a wide range, and on the basis of 

mortality recorded a series of concentrations of a 

narrow range were selected to which the test insect is 

again exposed. The same procedure was repeated until 

mortality data in the range of 10-90% was recorded. 

Mortality was recorded until 144 hours after treatment. 

The moribund insects were counted as dead. The data 

thus obtained were subjected to probit analysis for 

calculating regression equation and lethal concentration 

by Finney‟s method of probit analysis. The values of 
relative toxicity of different insecticides were 

calculated by taking values of median lethal 

concentration of cypermethrin as unity.  



 

 Table. 1 Comparative toxicity of different insecticides against H. armigera 

Insecticide Chi2 Regression equation LC50 Fiducial limit Relative 
toxicity 

LC90 Fiducial limit 

E benzoate 11.49 Y=2.850+2.392 X 0.0061 0.0031-0.011 1426.2 0.06 0.030-0.13 

Indoxacarb 11.84 Y=2.837+1.951 X 0.022 0.013-0.035 395 0.06 0.025-0.16 

Spinosad 12.80 Y=3.443+1.482 X 0.11 0.07-0.13 79.0 0.489 0.269-0.891 

Profenophos 0.60 Y=1.29+4.116 X 0.38 0.33-0.42 22 0.61 0.53-0.72 

Methomyl 8.02 Y=3.171+1.307 X 0.45 0.29-0.70 19.3 1.09 0.54-2.16 

Quinolphos 10.18 Y=3.278+1.035 X 0.53 0.34-0.85 16.4 7.76 2.51-23.44 

Endosulfan 5.50 Y=2.513+1.130 X 0.81 0.34-1.86 10.7 10.71 6.61-18.6 

Deltamethrin 5.64 Y=2.25+1.394 X 1.07 0.70-1.62 8.13 7.76 3.71-15.8 

Acephate 6.05 Y=2.605+1.105 X 1.09 0.60-1.71 7.98 10.13 4.06-25.11 

Thiodicarb 8.59 Y=3.043+0.801 X 1.86 1.022-3.38 4.6 12.30 4.26-34.67 

Chlorpyriphos 0.44 Y=1.97+3.101 X 1.86 1.54-2.18 4.6 6.0 4.89-7.41 

Triazophos 0.61 Y=2.08+3.15 X 1.86 0.58-2.18 4.6 3.63 3.09-4.31 

Monocrotophos 3.24 Y=1.843+1.384 X 3.25 2.123-4.89 2.67 13.87 7.22-24.95 

Fenvalrate 7.22 Y=2.501+0.967 X 4.16 2.81-6.16 2.09 30.19 16.59-54.95 

Cypermethrin 1.02 Y=1.326+1.208 X 8.70 6.45-11.74 1.00 48.97 32.35-74.13 

 
 

 
Results and discussion 
 The LC50 (expressed in µg per larva) values of 

emamectinbenzoate, indoxacarb, spinosad, 

profenophos, methomyl, quinalphos, endosulfan, 

deltamethrin, acephate, thiodicarb, chlorpyriphos, 

triazophos, monocrotophos, fenvalrate and 

cypermethrin were 0.0061, 0.22, 0.11, 0.38, 0.45, 0.53, 

0.81, 1.07, 1.09, 1.86, 1.86, 1.86, 3.25, 4.16, and 8.70 

respectively (Table 1). The dose mortality responses to 

the third-instar larvae of Helcoverpa armigera 

indicated that, at LC50 (sensitive point for relative 

evaluation of insecticides), out of 14 insecticides tested 

against H. armigera, all the insecticides viz., 

emamectinbenzoate, indoxacarb, spinosad, 

profenophos, methomyl, quinalphos, endosulfan, 

deltamethrin, acephate, thiodicarb, chlorpyriphos, 

triazophos, monocrotophos and fenvalrate were more 

toxic than cypermethrin being 1462.2, 395, 79.0, 22, 

19.3, 16.4, 10.7, 8.13, 7.98, 4.60, 4.60, 4.60, 2.67 and 

2.09 times more toxic respectively.   

  Based on the LC90 values, emamectinbenzoate 

was most toxic and cypermethrin was least toxic 

among the commonly available insecticides against 

Helicoverpa armigera (a point which indicates the 

concentration required for field recommendation to 

manage the pest population); the order of relative 

resistance remained the same being 816.16, 816.16, 

100.14, 80.27, 44.9, 13.4, 8.16, 6.3, 6.34.8, 4.5, 3.98, 

3.5 and 1.62 times respectively. Among the 

organophosphate insecticides profenophos was more 

toxic to the test insect and monocrotophos is the least 

toxic. Among different chemicals tested, the 

organochlorine compound endosulfan, carbamate 

compound methomyl and op compounds profenophos 

and quinalphos showed LC50 values <1 µg per larva 

and all other chemicals showed LC50 values >1 µg per 

larva. 

 In the present study emamectin benzoate 

demonstrated higher toxicity than other chemistries. It 

belongs to the Avermectins; these are a group of macro 

cyclic lactones isolated from fermentation of the soil 

microorganism Streptomyces avermitilis. These 

compounds act as agonists for gamma-amino butyric 

acid (GABA)-gated chloride channel. It is the most 

potent insecticide compound registered for agricultural 

use. It acts specifically on lepidopteran species. 

Bioefficacy of these avermectins mainly due to their 

unique mode of action and lack of cross-resistance with 

available insecticides. These compounds are 

considered best for IPM programmes because of their 

strong physiological and ecological selectivity (Ishaya 

and horowitz, 1988). Indoxacarb and spinosad were 

other two chemicals, which were found more toxic 

after emamectin benzoate. The indoxacab was found 

more toxic in the present study which may be because 

enhanced level of carboxyl esterase in pyrethroid 

resistant population was reported to activate 

indoxacarb into more potent metabolite DCJW 

(decarbo methoxylate JW-64) (Gunning et al., 2002). 

The negative cross-resistance reported in the H. 

armigera strain used in the present study strengthens 

view. It is a member of the new oxadiazine class of 

insecticide that acts by inhibiting sodium ion entry in to 

nerve cells (Wing et al., 1988).     

 Spinosad is the first member of Dow agro 

sciences naturalyte class of insecticides. Spinosad is 

comprised primarily two macrocyclic lactones, 

spinosyn A and D, secondary metabolites produced by 

the actinomycete, Saccharopolyspora spinosa, under 

natural fermentation conditions. The mode of action of 

spinosad is two fold; the primary target site is the 

nicotinic acetylcholine receptor, but the GABA 

receptor is also affected to some degree. Toxicity of 

spinosad may be attributed to their novel mode of 

action.  

 Gupta et al. (2005) reported that new 

insecticides like emamectinbenzoate, indoxacarb and 

spinosad were more toxic than conventional 
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insecticides, mainly synthetic pyrethroids, against 

Delhi population of H. armigera. He also opined that 

this might be mainly due to their unique modes of 

action and translaminar movement and lack of cross-

resistance with other commercially used pesticides. 

  Owing to their high specificity, these novel 

insecticides are superior in safety for beneficial insects, 

humans and animals. These findings do not reflect field 

efficacy since these are based on a linear response to a 

variety of dosages under laboratory conditions, where 

as field efficacy is influenced by several other factors 

including coverage and environmental conditions. 

Coupled with their efficacy against resistant pests and 

selectivity towards natural enemies, these new 

molecules can greatly reduce the number of sprays 

applied per season. Sine these new chemicals are 

mostly contact and stomach poisons, they are reported 

to be highly efficient in the field. Since growers have a 

wide range of alternatives in the form of old and new 

chemicals, the best strategy would be to use effective 

compounds as one of the components of pest 

management strategy. 
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Sensitivity of the entomopathogenic fungus, Beauveria bassiana (Bals.) Vuill. to certain 
fungicides 

 
ABSTRACT: The fungal entomopathogen Beauveria bassiana 

(Bals.) Vuill. has been recognized as a potent biocontrol agent 

against several insect-pests in diverse agro-ecosystem. The effect of 

10 fungicides on mycelial growth of B. bassiana isolate: BbCm KKL 

1100 was evaluated in vitro each at three concentrations: the field 

recommended rate (1.0X), a 10 fold lower rate (0.1X) and a 10 fold 

higher rate (10.0X). The fungicides tested, in general, were 

antagonistic to B. bassiana at varying intensities. Benomyl, 

carbendazim, hexaconazole, propiconazole and tricyclazole caused 

total inhibition of mycelial growth even at the lowest concentration 

(0.1X). Edifenphos, iprobenphos and mancozeb appeared to be 

fungistatic at normal field dose (1.0X).  At sub-normal 

concentrations, chlorothalonil, copper oxychloride and edifenphos 

were moderately toxic to B. bassiana exhibiting 63.0, 72.6 and 76.3 

per cent mycelial inhibition respectively. Our study suggests that B. 

bassiana is very sensitive to the fungicides tested, particularly at 

normal as well as higher field recommended dosage. Consequently, it 

would be expected that negative effects of fungicides on B. bassiana 

would occur during epizootics. Extensive field studies complemented 

by parallel laboratory experiments should consider assessing the 

interaction between selective fungicides and B. bassiana isolates to 

evaluate their ecological impact in cropped environments. 

Key words: Entomopathogenic fungus, Beauveria bassiana, 

fungicides, sensitivity. 

 

INTRODUCTION 
Fungicides are routinely used crop protection 

chemicals, but the broad spectra of activity of some 

may exert adverse effects on non-target organisms, 

including several forms of entomopathogens that occur 

in the natural environment. Prominent among the 

entomopathogens involved in crop protection are fungi. 

Entomopathogenic fungi have been proposed as 

biocontrol agents against diverse insect pests in 

agriculture. In particular, Beauveria bassiana (Bals.) 

Vuill. has long been tested against a wide range of 

insects in different geographical regions. In India, 

natural epizootics of B. bassiana have been often 

observed on a range of insect pests in the rice crop 

(Hazarika and Puzari, 1990; Ambethgar, 1991). The 

fungus may be applied in the form of conidia or 

mycelium, which sporulates after application. Field 

application of B. bassiana conidia has provided 

significant reduction in the insect pest populations in 

the rice ecosystem (Ramamohan Rao, 1989). The 

exploitation and effective use of this fungus as a 

biocontrol agent of insect pests is partially dependent 

upon survival of infective propagules in the field 

environment (Clark et al., 1982). Laboratory 

assessment of growth inhibition of B. bassiana is a 

useful criterion for testing sensitivity (Aguda et al., 

1988). The knowledge of interactions between 

introduced entomofungus and all commonly used 

pesticides would facilitate the choice of chemicals 

compatible with or less harmful to naturally occurring 
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or artificially inoculated biocontrol fungi. The aim of 

this study was to determine the influence of selected 

fungicides intended for plant disease control, on the 

mycelial growth in vitro of a virulent Beauveria 

bassiana isolate (BbCm KKL 1100) to predict their 

biological impact on natural epizootics. 

 
MATERIALS AND METHODS 
The laboratory experiment was conducted in the 

Department of Entomology, Tamil Nadu Agricultural 

University, Coimbatore, India.  The fungus isolate: 

BbCm KKL 1100 used in this study was originally 

derived from larvae of rice leaffolder, Cnaphalocrocis 

medinalis Guenee from rice leaffolder endemic area of 

Karaikal, Pondicherry Union Territory, India 

(Ambethgar, 1997). The mycelial growth of B. bassiana 

was examined on Sabouraud dextrose agar fortified with 

1% yeast extract (SDAY) medium adopting the 

poisoned food technique (Moorhouse et al., 1992).  

 

The fungicides selected for the compatibility test 

against the entomofungus were among those tested for 

control of foliar diseases of rice. Ten fungicides 

(benomyl, carbendazim, chlorothalonil, 

copperoxychloride, edifenphos, hexaconazole, 

iprobenphos, mancozeb, propiconazole and 

tricyclazole) at three concentrations (0.1X, 1.0X and 

10.0X times field recommended rates) were fixed for 

evaluation in vitro at 500L spray fluid ha
-1

 (Crop 

Production Guide, 2000). The fungicides were added to 

the sterilized SDAY medium at the luke-warm 

temperature of approximately 55
o
C, thoroughly mixed, 

and poured into 9 cm diameter sterile Petri dishes.  The 

agar plates were allowed to set overnight under a 

laminar flow cabinet. Mycelial plugs cored out from 

the periphery of a 7-day-old colony were transferred-

inverted to plates of SDAY amended with respective 

fungicides. The inoculated plates were incubated at 

26±2C in complete darkness for 14 days, and colony 

diameter/linear growth in excess of the plugs in each 

Petri dish was measured. The degree of sensitivity was 

expressed as proportion of mycelial colony diameter 

remaining/extent of mycelial inhibition compared to 

corresponding control using the formula described by 

Hokkanen and Kotiluoto (1992).   
 

X 
 

= 
Y - Z  

X 
 

100  

Y 
 

Where: X, Y, Z stand for percent growth inhibition, 

radial mycelial growth of fungus in control and radial 

mycelial growth of fungus in poisoned medium, 

respectively. The toxicity of the fungicides was graded 

based on a 1-4 evaluation score, where 1 = harmless (< 

50% reduction in beneficial capacity), 2 = slightly 

harmful (50-79 %), 3 = moderately harmful (80-90%), 

and 4 = harmful (>90 %) in toxicity tests in vitro 

according to Hassan‟s classification scheme (Hassan, 
1989). This study was performed twice on different 

days and each fungicide/concentration was replicated 

three times. The data was analyzed statistically. 

 
RESULTS AND DISCUSSION 
The effects of fungicides on B. bassiana have been 

studied because of their potential for interference in 

natural epizootics. The results on the sensitivity of B. 

bassiana isolate BbCm KKL 1100 for ten fungicides is 

shown in Table 1. The fungicides tested were harmful 

to growth and development of B. bassiana either 

partially or completely at the three concentrations 

tested. At the highest (10X) concentration, all the ten 

fungicides tested caused total inhibition of mycelial 

growth, indicating their co-application at higher than 

normal concentration is not desirable due to their 

fungitoxic nature. Benomyl, carbendazim and 

hexaconazole entirely inhibited the mycelial growth in 

all the three concentration indicating very high 

sensitivity of the fungus. At normal field dose (1.0X), 

benomyl, carbendazim, hexaconazole, propiconazole 

and tricyclazole caused complete inhibition of mycelial 

growth, while rest of the fungicides suppressed as 

much as 81.7-88.2 percent mycelial growth.   

 
 Table 1.  Effect of certain fungicides on the growth of B. bassiana  in SDAY at 14 DAT 

Fungicides 

 

Mean mycelial colony diameter in mm   

(Inhibition (%) over control)  

 

Lower dose 

( 0.1X ) 

Field dose 

( 1X ) 

Higher dose 

( 10X ) 

Scoring  

at (0.1X ) 

Benomyl  0.0   (100.0)  0.0  (100.0) 0.0  (100.0) 4 

Carbendazim  0.0  (100.0) 0.0  (100.0) 0.0  (100.0) 4 

Chlorothalonil 33.3   (63.0) 16.5 (81.7) 0.0  (100.0) 2 

Copperoxychloride  24.7  (72.6) 16.0  (82.2) 0.0  (100.0) 2 

Edifenphos  21.3  (76.3) 15.6  (82.6) 0.0  (100.0) 2 

Hexaconazole 0.0  (100.0) 0.0  (100.0) 0.0  (100.0) 4 

Iprobenphos 16.3  (81.8) 10.7  (88.2) 0.0  (100.0) 3 

Mancozeb 17.3  (80.7) 13.7  (84.8) 0.0  (100.0) 3 

Propiconazole  17.6  (80.4) 0.0  (100.0) 0.0  (100.0) 3 

Tricyclazole 10.0  (88.9) 0.0  (100.0) 0.0  (100.0) 3 

Value in parenthesis is per cent inhibition of mycelial growth over control 

           1 = Harmless (<50% inhibition):                 3 = Moderately harmful (80-90% inhibition) 

           2 = Slightly harmful (50-79% inhibition):  4 = Harmful (>90% inhibition) 
 

 

The graphic results of Figure 1 indicate mean radial 

growth status of B. bassiana at three different 

concentrations of fungicides. In general, B. bassiana 

was highly sensitive to all the ten fungicides tested. At 

sub-normal concentrations, chlorothalonil, copper 

oxychloride and edifenphos were moderately toxic to 

B. bassiana with mean mycelial radial growth of 33.3, 

24.6 and 21.3 mm respectively, as against 90 mm 

normal growth in poison free agar. The sensitivity of B. 

bassiana to various pesticides has been studied 
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primarily in the laboratory (Olmert and Kenneth 1974: 

Aguda et al., 1988; Vanninen and Hokkanen, 1988; 

Majchrowiez and Poprawski, 1993; Todorova et al., 

1998).  Several fungicides including maneb, benomyl, 

mancozeb, copperoxychloride, chlorothalonil and 

carbendazim were reported to be either toxic or have 

fungistatic action on B. bassiana (Srivastava et al., 

1991; Gardner et al. 1979; Gupta et al., 2002). 

Similarly, mancozeb recommended for control of foliar 

diseases in potato crop was detrimental to the survival 

of conidia of B. bassiana and impaired natural mycosis 

on the Colorado potato beetle, while foliar application 

of chlorothalonil and metalaxyl did not hamper natural 

mycosis in the same field environment (Clark et al., 

1982; Loria et al., 1983). Natural infections of B. 

bassiana on soybean semilooper, Rivula sp., were 

strongly inhibited by foliar spraying of carbendazim 

and mancozeb intended for field control of soybean 

foliar diseases (Srivastava et al., 1991). Fungal 

sporulation is less affected at low pesticide 

concentrations (Todorova et al., 1998). Contradictory 

results and variation among fungal isolates of the same 

species in reaction to the same pesticide suggest that it 

is important to evaluate the compatibility of different 

strains of entomofungi with more commonly used 

selective fungicides.  

 

Our results showed pronounced inhibition of B. 

bassiana by all the fungicides tested at all three 

concentrations. Of the fungicides, benomyl, 

carbendazim and hexaconazole exhibited very strong 

inhibition on the mycelial growth of B. bassiana even 

at lower concentrations. However, despite these 

adverse effects, a study by Vanninen and Hokkanen 

(1988) concluded that benomyl did not significantly 

inhibit the growth of B. bassiana in their trials. In 

favour of their results, Sandhu et al. (2001) 

experimented on the development of benomyl resistant 

B. bassiana strains and described their infectivity 

against the gram pod borer, Helicoverpa armigera. In 

our study, copper oxychloride, chlorothalonil, 

edifenphos, iprobenphos and mancozeb were found to 

be moderately harmful. In previous studies, the toxic 

effects of copper oxychloride, mancozeb, zineb 

(Tedders, 1981), and carbendazim (Machowicz-

Stefaniak, 1985) have been reported on B. bassiana. 

Tedders (1981) found that copper oxychloride was 

innocuous to B. bassiana. Clark et al (1982) 

demonstrated that chlorothalonil strongly inhibited 

mycelial growth of B. bassiana in laboratory tests. In 

contrast, Nanne and Radcliffe (1971) found that the 

extent of mycosed aphids in fields treated with 

mancozeb was merely 4.0%; however in untreated 

control fields, the disease prevalence was 22.4%, 

which was four times as much as in fungicidal 

treatments. In another field study, chlorothalonil was 

not detrimental to the survival of conidia of B. 

bassiana, when used for the control of foliar diseases 

in potato ecosystems (Clark et al., 1982). Similarly, 

Loria et al (1983) demonstrated that chlorothalonil had 

a neutral or stimulatory effect on B. bassiana 

sporulation.  However, Rama Mohan Rao (1989) 

opined that co-application of fungicides and 

entomopathogenic fungi may not be a desirable 

practice due to high detrimental nature of fungicides.   

 

From our data, all the fungicides tested though showed 

inhibition on the fungus growth, their rate of inhibition 

varied. It is clear from the studies of Hall and Dunn 

(1959) that any pesticides which are innocuous under 

in vitro conditions need not be safe in the open field 

conditions and vice-versa. Therefore, fungicides 

harmful in sensitivity tests on in vitro culture should be 

treated in vivo as well with the pathogen on the insect 

host to predict their interference in epizootics. Spore 

application early in the season, coupled with judicious 

use of selective fungicides could fit into a long-lasting 

pest management programme. 

 
CONCLUSION AND RESEARCH NEEDS 
The impact of fungicides on fungal entomopathogens 

has been extensively studied employing the poisoned 

food technique by incorporation of chemicals into agar, 

although some of the results are conflicting. Numerous 

previous investigations and the results of our 

experiment have clearly demonstrated high sensitivity 

of B. bassiana to commonly used crop protection 

fungicides. However, B. bassiana is one of the 

predominant fungal entomopathogens prevailing 

elsewhere in different cropped ecosystems. 

Consequently, it would be expected that the negative 

effects of fungicides on B. bassiana would occur 

during epizootics, either by killing or limiting fungal 

colonization. Selective fungicides that can be used to 

control plant diseases without any adverse effects on 

the biological properties of entomopathogenic fungi 

need to be screened. Systematic field studies, 

complemented by parallel laboratory experiments are 

essential for clear understanding of the ecological 

impact of fungicides on the introduced fungal 

entomopathogens. Continued research should also be 

concentrated on the characterization and improvement 

of biocontrol fungi for spotting fungicides resistant 

strains of Beauveria to be exploited in the integrated 

crop protection programme.  
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Figure 1. Mean radial growth rates of B. bassiana: BbCm KKl 1100 on SDAY containing 

different fungicide concentrations  
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Acute and Selective Toxicity of Diafenthiuron and Profenofos against Sciothrips cardamomi 
Ramk. and Conogethes punctiferalis Guenee of Small Cardamom 

 
ABSTRACT: The acute toxicity of diafenthiuron (Polo®) and 

profenofos (Curacron®) was assessed against target pests (small 

cardamom thrips Sciothrips cardamomi Ramk., shoot and capsule 

borer Conogethes punctiferalis Guenee) and non-target pollinators of 

four species of honey bees (Apis cerana indica F,  Apis florea F, Apis 

mellifera Capensis and Trigona iridipennis Smith) in terms of 

LD50/LC50 and LD95/LC95. The LD50 values of diafenthiuron, 

profenofos and endosulfan to  C. punctiferalis by topical application 

was 67.932, 0.116 and 0.254 μg respectively and to S.cardamomi by 

capsule dip bioassay was 23.492, 3.249 and 26.092 μg respectively. 
The LC50 value of diafenthiuron, profenofos and endosulfan by 

capsule dip bioassay was 156.410, 7.548 and 10.905 ppm to 

A.mellifera; 112.203, 6.381 and 9.420ppm to A.c.indica; 74.896, 

5.835, and 8.909 ppm to A. florea and 49.520, 4.912 and 7.217ppm 

to T.iridipennis. The safety index was higher for diafenthiuron (6.86 

to 14.34) and lower for profenofos (0.65 to 0.69) when compared to 

the standard endosulfan. 

 

Introduction 
The shoot and capsule borer Conogethes 

punctiferalis Guenee and thrips Sciothrips cardamomi 

Ramk. are two major pests in small cardamom of 

Western Ghats in South India. Both pests not only 

cause direct crop loss in terms of quality and quantity 

but also result in a decline in the total area of the plants 

over period of years. For management of these pests, 

planters mainly depend on chemical insecticides.  An 

array of chemicals (quinalphos,  monocrotophos, 

methyl parathion, fenthion, dimethoate, phosalone, 

phenthoate, carbosulfan, permethrin, fenvalerate and 

fluvalinate) against S. cardamomi (Kumaresan, 1983; 

Chandrasekaran, 1984; Kumaresan et al, 1988; 

Krishnamurthy et al., 1989; Kumaresan and 

Gopakumar, 1993; Valarmathi,1997) and (fenthion, 

monocrotophos, chlorpyrifos, malathion, triazophos, 

dimethoate, quinalphos, endosulfan and lambda 

cyhalothrin) against C. punctiferalis on cardamom 

(Valarmathi, 1997; Spices Board, 2001; Sureshkumar 

et al.,2004) have been evaluated and found effective. 

Even though ecofriendly neem has been evaluated 

(Rajabaskar and Regupathy, 2005, 2008) and suggested 

the major focus falls on chemical control with 

insecticides among planters. In view of earlier 

experiences in terms of insect resistance to insecticides, 

repeated use of the same insecticide is to be avoided. 

For this, newer molecules are needed. Diafenthiuron 

(1-tert-butyl-3-(2, 6-di-isopropyl-4-phenoxyphenyl 

thiourea) is an effective novel insecticide cum acaricide 

(Soo et al., 2002) with a mode of action of inhibiting 

mitochondrial ATPase (Ruder et al, 1991). It was 

found effective against S.cardamomi and 

C.punctiferalis on cardamom (Rajabaskar, 2003). 

Profenofos 50 EC is one of the insecticides registered 

in India found to be effective against S.cardamomi and 

C.punctiferalis on cardamom (Renuka, et al., 2002; 

Rajabaskar, 2003). The effect of pesticides on bees 

assumes a special significance in cardamom where 

pollination by bees is of tremendous importance.  It is 

therefore necessary to generate the baseline toxicity of 

diafenthiuron and profenofos for future monitoring of 

the development of resistance and safety to honey bees.   

 
MATERIALS AND METHODS 
Insecticides: The insecticide dilutions required for 

assays were prepared from technical grade 

diafenthiuron of 93.5 percent purity, profenofos of 90.5 

percent purity (M/S Syngenta India Ltd., Mumbai) and 

endosulfan of 98.75 percent purity (Aventis Crop 

Science India Ltd., Mumbai) by diluting with analytical 

grade acetone.  

 
Bio assay  
a) Thrips: The capsule dip bioassay method was 

followed. Uniform size capsules were dipped in 

different insecticide dilutions for five seconds, and then 

dried on filter paper in open air for 20 minutes. The 

capsules were placed in a 12 well plastic tray. Thrips 

nymphs collected from the field using an aspirator 

were placed on a black cloth. Using a fine zero point 

camel hair brush, 20 thrips were then transferred on to 

the treated capsules and the tray was covered with a lid. 

Capsules immersed in water alone served as control. 

The test was replicated thrice. Mortality was recorded 

48 hours after exposure to the insecticides. 

 
b) Shoot and capsule borer: The insects were mass 

cultured as per the methodology developed by 

Rajabaskar (2003). Field collected C. punctiferalis 

larvae were reared on castor and ginger hosts using a 

plastic tray kept under a mosquito net. The daily 

emerged adults were sexed and caged separately for 

observation. Five pairs were allowed to lay eggs on a 

ovipositional substrate in the cage (60 x 30 x45 cm) 

and a cotton pad soaked with 10 percent sugar solution 

was provided as adult food. The oviposition substrate 

contained two plastic tea stainers put in a juxta position 

(8cm diameter) containing host material as an odour 
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source and was wrapped with khada cloth. This was 

then hung from the top of the cage for oviposition. The 

eggs obtained were utilized for further culturing of the 

test insect. The topical application method was followed 

considering the internal feeding habits of the pest and their 

avoidance of treated surfaces.  The larvae weighing 18 - 

22 mg (length 1.2 cm) were used for bioassays. An aliquot 

of 1 l of a known dilution of an insecticide was placed 

on the thoracic dorsum of each larva using 1l repeating 

dispenser (PB 600 -01, Hamilton Co. Ltd.,) fitted with a 

50 l syringe and Rheodyne needle. The control was 

treated with acetone alone. No less than 30 larvae per dose 

were used per treatment.  Mortality counts were taken 24 

hours after treatment. 

 
c) Honeybees: The dry film contact toxicity method 

used by Rajathi et. al. (2006) was followed. One to 

three day old honeybee workers of each species (Apis 

cerana indica F, Apis florea F, Apis mellifera Capensis 

and Trigona iridipennis Smith) were obtained from the 

apiary of Tamil Nadu Agricultural University, 

Coimbatore, India and conditioned for 20 hours at the 

standard experimental conditions. Filter paper of 7 cm 

diameter was impregnated with 0.5 ml of insecticide 

test solution and dried. The filter paper was then placed 

in a plastic container with sufficient aeration for the 

bees. Worker bees were anaesthetized by keeping them 

in a refrigerator for a few minutes. Approximately 30 

bees were quickly transferred with the help of paper 

used like a spoon into each of the containers. They 

were then covered with black cloth in order to reduce 

their flying or "balling" so as to bring about maximum 

contact with the treated surface of filter paper. The 

bees were kept in contact with the treated surface of 

filter paper for one hour, after which the bees were 

transferred into cages (40x40x40 cm) made of muslin 

cloth over an iron frame and provided with cotton 

soaked in 40 percent sucrose solution as a source of 

food. The bees were observed for mortality 20 hours 

later. Moribund honey bees were counted as dead. 

Acetone was used as a control. Endosulfan was 

included as a standard check for comparison. The 

median lethal dose/concentration (LD50/LC50) of 

insecticides used was determined (Regupathy and 

Dhamu, 2001). The safety index was worked by the 

following formula. 

 

Safety index = 
LC50  of test compound 

LC50 of standard 
 

 
RESULT AND DISCUSSION 
 Profenofos was found to be more toxic to 

nymphs of S.cardamomi than diafenthiuron as revealed 

by the LC50 values of 3.249 and 23.492 ppm 

respectively (Table 1), whereas LC50 of endosulfan was 

26.092 ppm. The LC50 of profenofos by capsule dip 

method to nymphs of S.cardamomi was 3.25ppm and 

was 8.03 times toxic than that of endosulfan. The LD50 

of diafenthiuron, profenofos and endosulfan estimated 

by topical application to third instar larvae of C. 

punctiferalis was 67.932, 0.116 and 0.254 g/larva 

respectively (Table 2). Profenofos was found to be 2.19 

times more toxic than endosulfan. Renuka and 

Regupathy (2008) reported the LD50 value of 

profenofos and endosulfan as 0.082 and 0.105 ppm to 

C.punctiferalis respectively.  Bishara and Shakeel 

(1985) reported the LD50 value of profenofos by topical 

application to larvae of P. gossypiella as 12.49. The 

lowest LD50 value was recorded by Kosugi (1999) 

against smaller tea tortrix Adoxophyes honmai.  

The LC50 values of diafenthiuron, profenofos 

and endosulfan was 156.410, 7.548 and 10.905 ppm to 

A.mellifera; 112.203, 6.381 and 9.420ppm to 

A.c.indica; 74.896, 5.835, and 8.909 ppm to A. florea 

and 49.520, 4.912 and 7.217 to T.iridipennis (Tables 3-

6). The safety index was higher for diafenthiuron (6.86 

to 14.34) and lower for profenofos (0.65 to 0.69) when 

compared to the standard endosulfan. Profenofos was 

more toxic to bees than endosulfan, while 

diafenthiuron was less toxic. The relative toxicity of 

profenofos was 1.44, 1.48, 1.53 and 1.47 fold, and that 

of diafenthiuron was 0.07, 0.08, 0.12 and 0.15 fold to 

A. mellifera, A.c.indica, A. florea and T. iridipennis 

respectively in comparison with endosulfan. The 

toxicity of profenofos is relatively low when compared 

to other insecticides used in cardamom. Phosalone and 

chlorpyrifos were 1.96 and 38.25 times more toxic than 

that of endosulfan, respectively, by topical application 

(Mishra and Verma, 1982), while quinalphos was 

13.25 times more toxic by the dry film method 

(Deshmukh, 1991). Profenofos was found to be  

moderately toxic to honey bees as earlier reported by 

El-Banby and Kansouh (1981) and Hameed and Singh 

(1998), and it was also found to be toxic in nectar only 

on the day of application while pollen was the least 

toxic material tested compared to leaves and petals in 

cotton. Cardamom, being a highly cross pollinated crop 

where honey bee is the principal pollinating agent, 

increases fruit set considerably when compared to 

flowers prevented from bee visits (Chandran et al., 

1983).  Cardamom flowers remain open for 15 - 18 

hours, and stigma receptivity to pollen is at its peak for just 

3 - 4 hours (between 8.00 a.m. to 12.00 noon) 

(Krishnamurthy et al., 1989).  This is the most critical 

period for pollination. If pollination does not occur, by 

late evening the flower withers away and dies.  

Maximum foraging activity of bees has been found 

during 08.00 - 11.00 and 04 – 16.00 hours of the day.  

Therefore, emphasis should be given to control the pests 

effectively with minimal hazard to honeybees.  It is 

desirable that profenofos 50 EC should be applied by 

avoiding peak activity of honeybees.  Profenofos is one 

of the insecticides with low residual toxicity (Hameed 
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and Singh, 1998) and profenofos 50 EC being an 

emulsion will be less hazardous when compared to dusts 

and wettable powders, as bees are less likely to contact 

with emulsions, because they are readily absorbed in 

plant tissues (Mishra and Sharma, 1988). Diafenthiuron, 

a new molecule of insecticides, inhibits growth of the 

insect and also is found to be less toxic to honeybees 

when compared to profenofos and endosulfan. The 

effectiveness of diafenthiuron has been reported against 

sap feeders like S.cardamomi on cardamom 

(Rajabaskar,2003), B. tabaci on cotton (Chinnabbai, et 

al., 2000; Cai, 1998)  and brinjal (Saradha and 

Nachiappan, 2003), S. dorsalis on hot pepper (Vos et 

al.,1991) and  lepidopteron pests, P. xylostella ( Zuhua 

and Shusheng, 1998; Ellis et al., 1992) and S .litura 

(Cheng et al.,1999). Instead of using repeated 

application of conventional insecticides, a new insect 

growth regulator, like diafenthiuron, could be 

effectively used in a rotation with profenofos for IRM 

programme. This will minimize risk to honeybees and 

other non target organism by exploiting ecological 

selectivity. Moreover the IPM modules developed by 

Rajabaskar (2003) which comprises sequential 

application of neem, profenofos, diafenthiuron, neem 

and profenofos was found to be effective against C. 

punctiferalis and another module comprising sequential 

application of neem , diafenthiuron, diafenthiuron , 

profenofos and profenofos was found to be effective 

against S.cardamomi.  These IPM modules may be 

included for minimizing the resistance problem while 

managing S.cardamomi and C.punctiferalis in the 

cardamom plantation. 

 

 Table 1.  LC50  values of diafenthiuron, profenofos and dimethoate to S.cardamomi-Capsule dip bio assay 

S1. No Chemical 
LC50  

(ppm) 

95% fiducial limits 
Y= a + bx x

2 
 at P= 0.05 Relative Toxicity 

UL LL 

1. Diafenthiuron 23.492 43.046 12.821 0.7799+0.9655x 1.562
NS

 1.110 

2. Profenofos 3.249 4.318 2.445 1.6793+1.9020x 1.002
NS

 8.03 

3 Endosulfan 26.092 39.046 17.435 0.4043+1.2241x 0.203
NS

 1.00 

 n= number of thrips used (20) 

NS= Not significant  
 

 Table 2.  LD50  values of profenofos ,diafenthiuron and endosulfan to third instar larvae of C. punctiferalis -
Topical method (g/larva) 

S1. No Chemical 
LD50  

(g) 

95% fiducial limits 
Y= a + bx x

2 
 at P= 0.05 Relative Toxicity 

UL LL 

1. Diafenthiuron 67.932 90.898 50.768 4.0993+1.8831x 0.589
NS

 0.004 

2. Profenofos 0.116 0.160 0.084 1.2238+1.8287x 0.658
NS

 2.190 

3 Endosulfan 0.254 0.371 0.174 1.3725+1.5088x 2.190
NS

 1.00 

 n= number of larvae used (30) 

NS= Not significant 

  
 

 
 Table 3. LC50  values of diafenthiuron , profenofos and endosulfan to honey bee, A. mellifera 

S1. No Chemical 
LC50  

(ppm) 

95% fiducial limits 
Y= a + bx x

2 
 at P= 0.05 

Safety Index 
Relative 

Toxicity 

UL LL   

1. Diafenthiuron 156.410 218.897 111.298 3.0761+1.5548 1.873
 NS

 14.34 0.07 

2. Profenofos 7.548 10.332 5.514 1.8128+1.7569 5.954
 NS

 0.69 1.44 

3 Endosulfan 10.905 18.220 6.527 1.1435+0.9552 1.752
 NS

 1.00 1.00 

 n= number of larvae used (30) 

NS= Not significant  
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 Table 4. LC50  values of diafenthiuron , profenofos and endosulfan to  A.c. indica 

S1. No Chemical 
LC50  

(ppm) 

95% fiducial limits 
Y= a + bx x

2 
 at P= 0.05 

Safety 

Index 

Relative 

Toxicity 

UL LL   

1. Diafenthiuron 112.203 154.479 81.497 4.0617+1.7944 0.896
 NS

 11.91 0.08 

2. Profenofos 5.835 8.565 4.751 1.1220+1.0298 3.614
 NS

 0.68 1.61 

3 Endosulfan 9.420 16.443 5.397 1.5405+0.8705 1.661
 NS

 1.00 1.00 

 n= number of bees used (30) 

NS= Not significant  
 

 Table 5. LC50  values of diafenthiuron , profenofos and endosulfan to A. florea 

S1. No Chemical 
LC50  

(ppm) 

95% fiducial limits 
Y= a + bx x

2 
 at P= 0.05 

Safety 

Index 

Relative 

Toxicity 
UL LL 

1. Diafenthiuron 74.896 94.504 59.357 6.5142+2.3671x 1.873
 NS

 8.41 0.12 

2. Profenofos 6.381 9.594 3.548 2.5763+1.9912x 5.954
 NS

 0.65 1.40 

3 Endosulfan 8.909 14.973 5.301 0.9124+1.0499x 2.136
 NS

 1.00 1.00 

 n= number of bees used (30) 

NS= Not significant  
 

 Table 6. LC50 values of diafenthiuron, profenofos and endosulfan to T. iridipennis 

S1. No Chemical 
LC50  

(ppm) 

95% fiducial limits 
Y= a + bx x

2 
 at P= 0.05 

Safety 

Index 

Relative 

Toxicity 
UL LL 

1. Diafenthiuron 49.520 69.000 35.542 3.4565+1.8013x 0.242
 NS

 6.86 0.15 

2. Profenofos 4.912 6.493 3.716 2.9148+2.1442x 4.131
 NS

 0.68 1.47 

3 Endosulfan 7.217 11.877 4.386 1.0578+1.0217x 2.522
 NS

 1.00 1.00 

 n= number of bees used (30) 

NS= Not significant  
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CHANGE IN SUSCEPTIBILITY IN MALE HELOPELTIS THEIVORA WATERHOUSE 
(JORHAT POPULATION, ASSAM, INDIA) TO DIFFERENT CLASSES OF 

INSECTICIDES 
(Susceptibility change in male Helopeltis theivora to different insecticides) 

  
ABSTRACT 
By using dry film bioassay method, relative toxicity of thirteen 

insecticides was evaluated against the male Helopeltis theivora 

(Jorhat population, Assam).  On the basis of LC50 values, the order of 

toxicity was found to be cypermethrin > λ-cyhalothrin > 

fenpropathrin > thiomethoxam > acephate > profenophos > 

deltamethrin and dimethoate > oxydemeton methyl > imidacloprid > 

phosalone > quinalphos > endosulfan. The relative toxicity calculated 

on the basis of the LC50 value of endosulfan which proved that 

cypermethrin (26.75 times) followed by λ-cyhalothrin (24.76 times), 

and fenpropathrin (16.03 times) are more toxic than endosulfan. 

Effective field dosages of the thirteen insecticides were computed 

based on the LC50 values and compared with the recommended 

dosages. Pronounced shift in the level of susceptibility of male H. 

theivora to all the chosen insecticides (1.04 – 82.85 times increase) 

except acephate was noticed. The decrease in susceptibility of H. 

theivora to deltamethrin and imidacloprid was the largest. 

Monitoring of resistance development in field populations of H. 

theivora in North East India could be done by using these base-line 

values of different insecticides established in the present study. 

 
Key words: Relative toxicity, Susceptibility change, Helopeltis 

theivora, Tea 
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INTRODUCTION 
The tea mosquito bug, Helopeltis theivora (Miridae : 

Heteroptera), is one of the notorious pests of tea, 

infestation has been increasing day-by-day in an 

alarming proportion all over northeast India and a 

major problem for the tea planters in terms of its 

control. Due to its feeding on young succulent shoots, 

the quality of made tea is deteriorated and causes a 

crop loss to the tune of 10-15% (Rahman et al., 2005; 

Somnath Roy et al., 2008a). The insecticide 

consumption has been doubled from 4.47-7.67 l/ha to 

7.35-16.75 l/ha due to its escalating population trend, 

and cost of control has increased by Rs.2500 to 

Rs.6000 per hectare (Chakravartee, 1994; Borbora and 

Biswas, 1996; Gurusubramanian and Bora, 2008; 

Gurusubramanian et al., 2008; Somnath Roy et al., 

2008). Based on our recent survey it was found that 

male population outnumbered the female (1:2.12 

female: male). The resistance developed by population 

of H. theivora collected from different regions of North 

East India ranged from 1.47 – 62.99 fold for males and 

1.25 – 62.82 fold for females to different insecticides 

(Gurusubramanian and Bora, 2008), and further, three 

different colour variants were observed in both male 

and females of H. theivora (Gurusubramanian and 

Bora, 2007). Against this backdrop, a suspicion was 

raised as to whether this pest in Jorhat, Assam, India 

would develop a strategy of change in their 

susceptibility towards different classes of insecticides. 

In order to confirm the above fact, a study was 

conducted to assess the relative toxicity and expected 

effective concentration of some commonly used 

thirteen insecticides of organochlorine, 

organophosphates, synthetic pyrethroids and 

neonicotinoids against males of H. theivora collected 

from Jorhat, Assam, India. 

 

MATERIALS AND METHODS 
Collection of test insects and insecticides used 
Helopeltis theivora males were collected from the plots 

of Tocklai experimental station, Jorhat. Field collected 

males were preconditioned for seven days in the 

laboratory (27± 2
o 

C, 70-80% RH and a 16:10 LD 

photoperiod). Thirteen insecticides were used 

(endosulfan-Thiodan; acephate-Asataf; dimethoate-

Rogor; quinalphos-Flash;  profenophos-Celcron; 

oxydemeton methyl-Metasystox; phosalone-Zolone; 

deltamethrin-Decis; cypermethrin-Challenger; λ-

cyhalothrin-Karate, fenpropathrin-Meothrin); 

imidacloprid-Chemida; thiomethoxam-Actara) in this 

study and their formulation details are given in Table 1.  

 
Median lethal dose and Probit analysis 
Graded concentrations of insecticides were prepared in 

distilled water from commercial formulations of the 

insecticides. TV 1 clone two and a bud healthy shoots 

were collected from the Tocklai experimental garden 

plots and brought to the laboratory. The leaves were 

washed thoroughly with distilled water and air dried. 

Fifteen tea shoots for each treatment were sprayed with 

each insecticide separately at the respective dilutions 

by using a glass atomizer; then, they were kept in a 

glass tube containing water and wrapped with cotton. 

The sprayed tea shoots were kept under a ceiling fan 

for the evaporation of the emulsion for 15 minutes. 

Glass tubes containing tea shoots were placed in the 

glass chimneys. The muslin cloth was tied with the 

help of rubber bands on the top of the glass chimneys, 

and the tubes were kept at 27 ± 2
o
C in culture room. 

Thirty field collected and preconditioned males of H. 

theivora were released separately in each glass 

chimney containing tea shoots. Observations for adult 

mortality were recorded in all the five replications of 

each concentration for 24 hours after the treatment. 

Moribund insects were counted as dead (Rahman et al., 

2006). Five to seven concentrations of each insecticide 

were tested to obtain the concentration – probit 

mortality curve. The mortality data was converted to 

percent mortality and subjected to probit analysis 

(Finney, 1971; Busvine, 1971) to obtain LC50 and LC95 

values and a regression equation, from which the 

relative toxicity values were calculated by taking LC50 

and LC95 values of endosulfan and dimethoate for 

males, as unity.  

 
Calculation of expected effective concentration and 
expected effective dose 
The expected effective concentration of each 

insecticide was calculated by doubling the LC50 value 

(%) to attain a LC100 value, and then the effective field 

dosages of the thirteen insecticides were computed 

based on the following formula and compared with 

recommended dosages as per the standard method of 

Misra (1989):  
 

Expected effective concentration (LC100) (%) = 2 X 

LC 50 % 

Expected effective dose (g a.i./ ha) = ED /100 X EC X 

20 fold 

ED = Percent Concentration / EC X 1000 X 400 litres 

of spray fluid/ha 

 

RESULTS AND DISCUSSION 
The lowest LC50 value was determined to be 

cypermethrin, which was followed by λ-cyhalothrin, 

fenpropathrin, thiomethoxam, acephate, profenophos, 

deltamethrin, dimethoate, oxydemeton methyl, 

imidacloprid, phosalone, quinalphos and finally 

endosulfan (Table 1). However, at the LC95 level, the 

toxicity of the insecticides differed and the toxicity in 

descending order was: cypermethrin > thiomethoxam > 

phosalone > acephate > fenpropathrin > quinalphos > 

endosulfan > deltamethrin > λ-cyhalothrin > 

imidacloprid > profenophos > dimethoate and 
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oxydemeton methyl. The data on the dosage-mortality 

response of the male population of H. theivora 

collected from Jorhat area revealed that chi-square 

values indicated a good fit of the probit responses in all 

the bioassays showing that there was no heterogeneity 

between observed and expected responses. The values 

of relative toxicity when calculated from the LC50 

value of endosulfan showed that all the insecticides 

were found to be more toxic than endosulfan (Table 1) 

whereas at the LC95 level dimethoate and oxydemeton 

methyl were used together (Table 1). Based on relative 

toxicity derived on the basis of LC50 and LC95 values, 

the highly toxic and most effective insecticide against 

the male H. theivora was cypermethrin (Misra, 1989; 

Kapoor, 2002; Gurusubramanian and Bora, 2008) 

which was observed to be 26.75 times more toxic than 

endosulfan at the LC50 value and 10.47 times than 

dimethoate and oxydemeton methyl at the LC95 value 

(Table 1). Among synthetic pyrethroids, a higher LC50 

value was observed in deltamethrin than cypermethrin, 

λ-cyhalothrin, and fenpropathrin wherein 6-10 times 

lesser LC50 values were recorded.  Among the 

organophosphates, acephate and profenophos are 

highly toxic; dimethoate and oxydemeton methyl are 

moderately toxic; and phosalone and quinolphos are 

least toxic to male H. theivora (Table 1). 

Thiomethoxam and imidacloprid being the new 

generation molecules like neonicotinoids, falling under 

the category of highly and moderately toxic, 

respectively (Table 1).  

 

Generally it is accepted that the field application rate of 

insecticides should at least be 20 folds or more of the 

LC50 value determined through the bioassay method for 

achieving satisfactory control of the pest in agriculture 

(Misra, 1989; Kapoor, 2002). By this simple logic, the 

expected effective dosages of the chosen thirteen 

insecticides were calculated and their results are 

summarized in Table 2.  When these computed dosages 

were compared with the recommended dosages of the 

insecticides, it was observed that 1.04 – 82.85 times 

more of the recommended dosages of different 

insecticides might be required to achieve desirable 

control of the pest (Table 2). Higher dosage difference 

was noticed in deltamethrin and imidacloprid than in 

other insecticides (Table 2). However, there was no 

change in acephate, which may prove effective even at 

a lower dose than the recommended dose. A 

comparison of the expected effective doses of thirteen 

insecticides based on their LC50 values with 

recommended dose revealed a pronounced shift in the 

level of susceptibility of the male H. theivora to all of 

the chosen insecticides except acephate. One of the 

reasons for the change in susceptibility to insecticides 

was the over use of synthetic pyrethroids (8-16 rounds 

per year) against this pest (Sannigrahi and Talukdar, 

2003; Gurusubramanian et al., 2005). Among the 

neurotoxins, pyrethroids were the most toxic 

compounds to the Jorhat population of male H. 

theivora followed by neonicotinoids, organophosphates 

and organochlorine. The same results were observed in 

male and female H. theivora collected from Darjeeling 

(Bora et al., 2007) and Jorhat (Gurusubramanian and 

Bora, 2008). Further, the susceptibility of male H. 

theivora to various organophosphates varied greatly as 

reported earlier in Jorhat, Dooars and Darjeeling 

populations of H. theivora
 
(Rahman et al., 2006; Bora 

et al., 2007). The base-line values of different 

insecticides established in the present study can be 

used to monitor resistance development in field 

populations of H. theivora in North East India. 

 



 

 Table 1. Relative toxicity values of different insecticides against male Helopeltis theivora (Jorhat 
population) 

Insecticide χ2 Regression 
equation 

LC50 
(ppm) 

LC 95 

(ppm) 
S.E. Fiducial 

limits 
(95%) 

Relative 
toxicity 

LC50 LC 95 
Endosulfan 

 35 EC 

4.051 Y=6.050x-6.500 79.983 295.12 3.89   86.69-

72.44 

  1.000 2.817 

Cypermethrin  

10 EC 

9.250 Y=3.800+2.780x   2.990   79.43 4.71 3.54 – 

  2.50 

26.750 10.470 

Deltamethrin 

2.8 EC 
1.343 Y=1.649+2.590x 29.992 363.08 4.71  48.75-

18.40 

  2.667 2.290 

Fenpropathrin  

30 EC 

4.850 Y=4.029+1.414x 4.988 257.03 3.50   6.88 –   

  3.61 

16.035 3.236 

λ-cyhalothrin  

5 EC 

0.441 Y=3.999+1.904x   3.230 501.18 3.60   3.95 –    

  2.52 

24.762 1.659 

Acephate  

75 SP 

1.640 Y=2.148+2.502x 14.790 251.88 4.66  18.13 –   

 12.06 

5.407 3.302 

Dimethoate 

30 EC 

1.443 Y=1.320+2.590x 29.992 831.76 4.71   36.64–
24.43 

  2.667 1.000 

Oxydemeton 

methyl 25 EC 

6.450 Y= 3.100x  - 0.032 39.810 831.76 3.60  46.00-    

 34.00 

  2.009 1.000 

Phosalone  

35 EC 

1.220 Y=4.758x – 3.482  58.884 251.18 3.70  64.85 –   

 53.48 

  1.358 3.311 

Profenophos 

50EC 

1.8500 Y=2.300+2.100x 19.950 794.38 3.58  24.50 –   

 16.20 

4.009 1.047 

Quinalphos  

25 EC 

6.800 Y= 5.400x – 5.200 79.430 269.15 3.50  87.00-   

 72.10 

  1.006 3.090 

Imidacloprid 

17.8 SL 

6.689 Y=1.628+2.120x 39.811 630.96 3.61 49.54– 

 31.98 

  2.009 1.320 

Thiomethoxam 

25 WG  

0.942 Y=0.105+ 4.780x  10.000 280.92 4.70  11.14 –    

  8.97 

  7.998 3.981 

 
 

 
 Table 2. Comparison of effective field dosages with recommended dosages of different 

insecticides against male Helopeltis theivora (Jorhat population) 
Insecticide 

 
LC50 (%) Expected 

effective 
concentration 

(%) 

Expected 
effective dose 

g a.i./ha 

Recommended 
dose 

g a.i./ha 

Times 
increase 

Endosulfan  

35 EC 

0.0079 

 

0.0158 

 

 1264 

 

 350 

 

3.61 

 

 

Cypermethrin  

10 EC 

  0.00029   0.00058  46.4  10 4.64  

Deltamethrin 

2.8 EC 
0.0029 0.0058 

 

 464 

 

 5.6 82.85  

Fenpropathrin 

30 EC 

  0.00049   0.00098  78.4  75 1.04  

λ-cyhalothrin  

5 EC 

0.0003 0.0006  48  10 4.80  

Acephate  

75 SP 

0.0014 0.0028  224  750  0.29  

Dimethoate 

30 EC 

0.0029 

 

0.0058  464 

 

 300 

 

1.54 

 

 

Oxydemeton 

methyl 25 EC 

0.0039 0.0078  624  250 2.49  

Phosalone  

35 EC 

0.0058 0.0116  928  350 2.65  

Profenophos 

50EC 

0.0019 0.0038  304  200 1.52  

Quinalphos  

25 EC 

0.0079 0.0158  1264  250 5.04  

Imidacloprid 

17.8 SL 

0.0039 0.0078  624  23.49 26.56  

Thiomethoxam 

25 WG  

0.0010 0.0020  160  50 3.20  
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Abstracts in Resistance Management 

 
Record of sugarcane woolly aphid, Ceratovacuna lanigera Zehntner (Homoptera: Aphididae) 

and its natural enemies in Uttar Pradesh and Uttaranchal 
 

 The Sugarcane woolly aphid, Ceratovacuna 

lanigera Zehntner, is a new emerging pest of 

sugarcane, which is causing severe losses to the 

sugarcane crop (Figures 1 and 2). Both nymphs and 

adults suck the cell sap from the lower side of the 

leaves. Infestation of sugarcane woolly aphid was first 

noticed during the winter season of 2001-02 with low 

to severe intensity in large area of different sugar mills 

of the Muzaffarnagar, Meerut, and Saharanpur districts 

of Western Uttar Pradesh and the Haridwar and 

Dehradun districts of Uttarakhand. In the following 

years, infestation of sugarcane woolly aphid was 

reduced drastically to low or very low in these areas. 

During 2004 and 2007, low to severe infestation of the 

pest based on area and pest intensity was observed in 

and around Triveni Eng and Industries Ltd. (Sugar 

Unit), Khatauli, Muzaffarnagar district of Western 

Uttar Pradesh followed by Uttam Sugar Mills Ltd, 

Liberhedi, Haridwar district of Uttaranchal. Predators 

of the pest viz., Dipha aphidivora (Figure 3), Micromus 

igorotus (Figure 4) Metasyrphus confrator and 

coccinellids (Cheilomenes sexmaculata (Fabricius); 

Coelophora saucia Mulsant) were observed predating 

upon sugarcane woolly aphid. This is the first report of 

sugarcane woolly aphid and its predators from Uttar 

Pradesh and Uttaranchal.  
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Announcements and Submission Deadlines

Thank you to those who contributed to this issue - 

you have really made the newsletter a worthwhile 

reading experience! Our contributors truely increase 

the newsletter's success at sharing resistance 

information worldwide. 
We encourage all of our readers to submit articles, 

abstracts, opinions, etc (see the newsletter online at 

http://whalonlab.msu.edu/rpm/submission.html for 

submission information).  

The Newsletter is a resource to many around the 

globe. It is also a wonderful and effective way to 

enhance the flow of ideas and stimulate communication 

among global colleagues. 

 

 

 We appreciate your efforts to support the 

newsletter and we look forward to your continued 

contributions.  

The next two submission deadlines are: 

Monday, March 16, 2009 
Monday, September 21, 2009 

We hope you continue to consider the newsletter as a 

forum for displaying your ideas and research 
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