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Letter from the Editors  

 
Dear Subscribers, 

 

Recently The Arthropod Pesticide Resistance Database 

(APRD) was mentioned twice in an article in Science 

Magazine.  The article citation is: 

 

Coehlo, Sara.  2009.  European Pesticide Rules 

Promote Resistance, Researchers Warn.  Science 

323: 450. 

 

Remember that the APRD 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, 

Brittany Harrison 

RPM Newsletter Coordinator 

RPMNews@msu.edu
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Resistance Management from Around the Globe 

Colorado beetle resistance to insecticides in South Urals 

Abstract 

After the considerable intermission more then 10 years in South 
Urals (Republic Bashkortostan territory)  the evaluation of 

susceptibility in overwintered Colorado beetle adults  to some 

modern insecticides, are widespread applying in private potato 
plantations was scored. The multiresistance forming in Bashkortostan 

objected. Investigations funded partially by RFBR 09-04-00391. 

 
Introduction  

Private potato plantations spread on the main part of 

total potato plantations area in Bashkortostan. There is 

no crop rotation in these plantations, so there are rather 

favorable conditions for stabilization of Colorado 

beetle in local populations. 

 

Increasing of resistance level in Colorado beetle 

populations in Bashkortostan predicted still in 1986 

(Amirkhanov et al., 1986) seemed to be the same 

everywhere. Under the toxicological evaluation of 

susceptibility since 2000 the resistance forming to 

organophosphates and pyrethroids revealed 

(Benkovskaya et al., 2004). However, the annual 

susceptibility analysis in overwintered adults from 10 

to 38 excerpts carried out in 2003-2006 allowed us to 

detect the mosaic character of resistance spreading in 

the Bashkortostan territory (Benkovskaya et al., 2004; 

Leontieva et al., 2006; Udalov, 2006). 

 

Materials and Methods 

Overwintered Colorado beetle adults were collected 

(200 ï 400 individuals from each of 30 localities) 

during the mass oviposition on potato in the private 

plantations in different districts of Bashkortostan. 

Evaluation of susceptibility to the set of insecticides 

from classes of POI (malathion), pyrethroids 

(deltamethrin), neonicotinoids (acetamiprid and 

thiamethoxam) and phenylpyrazoles (fipronyl) was 

carried out by topical infliction of ethanol solutions of 

insecticides (1 mcl per individual) on the thorax of 

adults. Diagnostic concentrations of insecticides 

corresponding with this manner of treatment were 

determined in the preliminary experiments. Diagnostic 

concentrations were calculated as doubled LC 95, 

determined in 2005 for deltamethrin (0.005 %), 

malathion (0.5 %), acetamiprid and thiamethoxam 

(0.0005 %), fipronyl (0.0003 %). 

 

Under laboratory conditions the share of susceptible 

and resistant to diagnostic concentrations individuals 

was estimated in each excerpt of 100 adults. 

 
Results and Discussion 

Data of susceptibility level in Colorado beetle adults to 

diagnostic concentrations of some insecticides obtained 

in 2005 presented in Table 1. 

 

 
 

There is evident difference between the local 

populations been comparing by share of the susceptible 

and resistant individuals. This is probably the 

manifestation of species habitats insularization 

(Yablokov, 1987). 

 

In our investigations insularization processes are 

illustrated mainly with the data of toxicological 

experiments with POI, which has been applying in 

Bashkortostan about 30 years. Pyrethroids are in use 

during 15-20 years, and neonicotinoids are in use 

during 4-6 years. 

 

The results of toxicological experiments in 2006 

confirmed multiresistance forming in South Urals 

territory (tab. 2). 
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Arising of resistance to new compounds was not an 

unexpected phenomenon. Resistance forming to 

neonicotinoids in some regions of Russia took place in 

5 years and to fipronyl during 2 years (Roslavtseva, 

Mikhina, 2001; Sukhoruchenko, 2005). 

 

Complicated subdivided structure of species population 

in Bashkortostan is supporting probably by perennial 

private potato plantations, repeating non-coordinated 

insecticidal treatment without preliminary estimation of 

effectiveness of insecticides applying and 

environmental conditions of potato cultivating regions. 

                                                                                                                                                                                                                                                                                                                                                                                                                            

Conclusion 

The situation turned out in South Urals requests the 

systematically investigation of Colorado beetle local 

populations and evaluation of susceptibility to 

insecticides changing. Recommendations for 

insecticides using in rotation schemes can be given 

after the next checking of their effectiveness in the 

concrete regions of Bashkortostan. 
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INVE STIGATION AND MONITORING OF ACARICIDE RESISTANCE  TO TWO 

SPOTTED SPIDER MITE TETRANYCHUS URTICAE (KOCH) IN BHENDI  

 
INTRODUCTION  

Vegetables are comprised of a large number of plants, 

mostly annuals, of which different parts like leaf, stem, 

flower bud, fruit, root etc are eaten. They are rich in 

nutrients and form an essential item of a balanced diet 

by providing not only energy but also supplying vital 

protective nutrients like minerals and vitamins. India is 

the second largest producer of vegetables in the world 

next to China with an estimated production of about 

78.2 million tonnes from an area of 5.73 million 

hectares with an average yield of 13.6 tonnes per 

hectare (Anonymous, 2003). 

 

Among the vegetables, okra or bhendi, Abelmoschus 

esculentus (L.,) is the most popular vegetable in India. 

It is an annual vegetable crop propagated from seed in 

tropical and subtropical regions of the world. In India, 

it occupies an area of 3, 70,000 ha with the production 

of 35, 50,000 metric tonnes (FAO Report, 2005).  

 

Among the non insect pests, several species of mites 

belonging to the genus Tetranychus urticae cause 

damage ( Srinivasa and Sugeetha , 1999) and exert a 

loss in the yield of okra fruits ranging from 7-48 per 

cent ( Anonymous, 1996). These spider mites are also 

reported as major pests on field and horticultural crops 

including sorghum, cotton, castor, brinjal and tomato and fruit 

crops like plum, peach, apple and citrus (Van de vrie, 1985). 

 

Though, many non chemical control strategies are 

advocated under the IPM umbrella, still the farmers in 

developing countries like India mainly rely on 

chemical pesticides for the management of the pest due 

to unsatisfactory control from cultural and biocontrol 

methods ( Jeyachandaran , 2003). Moreover T. urticae 

can easily adapt to plant varieties that have been 

especially selected for resistance to it (Gould, 1979). 

 

As mite control at present relies overwhelmingly on 

chemicals, attention must be given to prevent the loss 

of such potential, which is a key factor in Integrated 

Mite Management programmes (IMM). Thus, every 

effort has to be made to prolong the effective lifespan 

of currently available selective acaricides especially 

those that fit into IMM programme. However, the 

ability of this mite to develop high levels of resistance 
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to acaricides rapidly even after only a few applications 

cannot be ruled out (Rauch and Nauen, 2003). 

Resistance to almost all the available groups of 

acaricides to T. urticae is known from different parts of 

the world (Devine et al. 2001). Therefore, focus should 

be oriented towards the establishment of baseline 

toxicity data for the frequently used acaricides and use 

the same for monitoring of acaricide resistance in T. 

urticae. In India, very little work has been done on the 

acaricide resistance in T. urticae on okra. 

 

Hence keeping the above view, the present study was 

undertaken on the acaricide use pattern, establishment 

of baseline toxicity data for wettable sulphur to T. 

urticae on okra and monitoring of acaricide resistance. 

 
MATERIALS AND METHODS  

Investigations were carried out to the fixation of 

baseline toxicity data for the red spider mite, 

Tetranychus urticae for wettable sulphur was carried 

out and monitoring of resistance in red spider mite for 

the above acaricide was done in Coimbatore district on 

okra crop. The materials and methodologies adopted 

for the studies are described below. 

 

Mass culturing of test insects for baseline toxicity 

data generation 

The test insects of red spider mite required for the 

generation of baseline toxicity data were mass cultured 

in the insectary of Dept. of Agrl. Entomology, using 

potted plants of okra (var. Mahyco No .10 hybrid) at 28 

± 1°C with 80 ± 5 % relative humidity. The mites 

collected from two locations were mass cultured 

separately by generation wise with careful transfer of 

populations of one generation to the potted plants of 

okra and labelled systematically for carrying out the 

bioassay studies.  

 
Acute toxicity studies  

The required acaricide concentrations were prepared 

from the formulated products using distilled water. 

 

Leaf disc bioassay for T. urticae  

The bioassay method followed for T.urticae was 

Insecticide Resistance Action Committee, (IRAC) 

method No. IV. 

 

Fresh okra leaf discs of 45 mm diameter, unexposed to 

acaricides were used. The required different 

concentrations of wettable sulphur were prepared using 

distilled water. Then the leaf discs were dipped in the 

respective acaricide concentrations for five seconds 

and then shade dried on a filter paper in open air (Croft 

and Nelson, 1973). Then the treated leaf discs were 

placed on the moistened cotton mat kept in a petridish 

(50 mm diameters). 
 

Thirty adult females collected from the respective 

location and generation were transferred to the treated 

leaf disc using fine camel hair brush and covered with 

the upper lid. Leaf discs treated with distilled water 

served as control. Three replications were maintained. 

Mortality of the adult female mites was assessed at 24 

and 48 hours after exposure to acaricide. A mite was 

scored as alive if at least one leg moved repeatedly 

when the mite was prodded by a brush. Necessary 

corrections were made for the natural mortality using 

Abbotôs formula (1925). 

 

Monitoring of acaricides resistance  

Field level monitoring of wettable sulphur resistance in 

T. urticae was assessed based on the mean mortality of 

mites at discriminating dose. The mite populations for 

monitoring were collected from three locations in each 

block of Coimbatore district. Total monitoring was 

done in ten blocks of Coimbatore district. Finally, the 

mean per cent mortality of mites at 24h and 48 hr were 

arrived for the different blocks of Coimbatore district. 

 

RESULTS 

Acute toxicity of wettable sulphur to T. urticae  

The LC50 and LC95 values for seven generations of T. 

urticae collected from Thondamuthur, Coimbatore are 

presented in Table. 1. The LC50 of wettable sulphur 

assessed for F1 population was 18.822 ppm and LC95 

value was 192.92 ppm (Table 1). The susceptibility of 

F7 generation was moderately increasing with an LC50 

value of   10.11 9 ppm. The LC95 value was also found 

to decrease form 192.92 ppm (F1) to 131.39 ppm (F7) 

(Table 1). 
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The susceptibility index (SI) of F7 generation over F1 

was 2 and 1.26 based on LC50 and LC95 respectively. 

The rate of resistance decline (R) was found negative 

indicating that susceptibility increased with the 

subsequent generations. The R value was ï 0.0381. 

Thus the number of generations required for a 10 ï fold 

decrease LC50 was calculated as 26.31 (Table 2). The 

discriminating dose (DD) arrived for wettable sulphur 

based on F7 generation was 145 ppm. The LC50 and 

LC95 values for nine generations of T.urticae collected 

from Annur, Coimbatore are presented in Table 3.  

 

 
 

 
The same trend as recorded in Thondamuthur was 

noticed. The susceptibility index (SI) of F9 generation 

over F1 was 1.26 and 1.86 based on LC50 and LC95 

respectively. The rate of resistance decline (R) was 

found negative indicating that susceptibility increased 

with the subsequent generations. The R value was -

0.0124. Thus, the number of generations required for a 

10 fold decrease in LC50 was calculated as 80.64 (Table 

4). The discriminating dose (DD) arrived for wettable 

sulphur based on F9 generation was 130 ppm. 

 
 

Monitoring the level of resistance  

The results of the studies on monitoring the level of 

resistance of wettable sulphur to T. urticae in eight 

blocks of Coimbatore district are presented in Tables 5. 

When the discriminating dose of wettable sulphur ( 145 

ppm ) were applied to field collected  

T. urticae it was found that the mean per cent mortality 

of T. urticae in different blocks ranged from 79 to 

83.00. Highest mean per cent mortality (83) was 

recorded in Periyanayaganpalayam and madukkarai 

block (Table 5). 

 

 

 

DISCUSSION 

The result of the present investigations is the first 

platform to fix the susceptibility index and baseline 

toxicity of wettable sulphur to T. urticae on okra. The 

discriminating dose arrived for wettable sulphur based 

on F7 generation in Thondamuthur and on F9 generation 

in Annur was 145 ppm and 130 ppm.  

 

The baseline toxicity data established can be used for 

further monitoring of resistance in T. urticae for 

wettable sulphur. 

T. urticae populations worldwide had developed 

resistance to dicofol , amitraz, organotins, propargite , 

pyrethroids , fenbutatin oxide and METE ( Mito 

Chondrial Electron Transport Inhibitors ) acaricides , 

fenazaquin , fenpyroximates , pyridaben and 

tabufenpyrad ( Croft and Van De Bann, 1988; Nauen et 

al ., 2001; Knight et al ., 1990; Herron and Rophail, 

1998 ; Kim et al. 2004 ). 
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In India, there are no published literatures on the 

establishment of base line toxicity data for dicofol and 

wettable sulphur to T. urticae on okra and thus the 

results obtained in the present investigations would be 

useful for future studies. 

 

Monitoring the level of resistance 

The current resistance level in T. urticae to wettable 

sulphur was assessed on okra using the developed 

discriminating dose as a one time survey in eight 

blocks of Coimbatore district. 

 

When the discriminating dose  for wettable sulphur at 

the discriminating dose (145 ppm), the mean per cent 

mortality of T. urticae in different blocks ranged from 

79 to 83.00 (Table 5).  

 

Besides due to the lower selection pressure also higher 

mortality might have occurred. However, the present 

investigation has disclosed that the possibility of 

development of initial resistance in T. urticae to 

wettable sulphur, since more than 10 per cent T. urticae 

populations survived in the respective discriminating 

doses. This should be confirmed by future studies. 

However, the Korean population of T. urticae showed 

high levels of resistance to fenpyroximate ( Resistance 

Ratio (RR , 182)), dicofol (RR ,82) and pyridaben ( 

RR, 78 ) but little or no tolerance to abamectin ( RR 

6.5) fenpyropathrin ( RR , 9.1) , propargite  (RR, 6.5 ) and 

azocyclotin ( RR, 5.1)  ( Cho et al .1995). 

 

In India, this is the first documented report of 

resistance monitoring in  

T. urticae to wettable sulphur. However, the wide 

spread acaricide resistance has been a major obstacle in 

the cost effective integrated mite management 

programme in Korea (Kim et al., 2004). 

 

In the present preliminary study on establishment of 

baseline toxicity data for wettable sulphur to T. urticae 

on okra for the first time in India and the field level 

monitoring of resistance in T. urticae for wettable 

sulphur encouraging results were obtained. Intensive 

research on this approach paves way for effective 

management of  

T. urticae on okra which will reduce the insecticide / 

acaricide load and preserve the biodiversity. 
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MODELING THE OCCURRENCE OF PROSTEPHANUS TRUNCATUS (HORN) 

(COLEOPTERA: BOSTRICHIDAE)  IN MALAWI  
 

 

ABSTRACT 

Historical climate data for Ngabu and Chikwawa district (Southern 

Malawi) were used in investigating the role of climatic factors on P. 
truncatus abundance. Temperature and relative humidity data were 

fitted in the Hodges et al. (2003) model in order to test if it could 

work under Malawian climatic conditions. All data was subjected to 
log10 (x+0.5) before linear regression and cumulative sum chart 

(CUSUM) analysis were carried out. Results indicated that none of 

the climatic factors significantly influenced the abundance of P. 
truncatus. It remains to be determined whether these observations 

hold true across other locations, or is specific only to the study area. 

 

INTRODUCTION  

Research has also shown that P. truncatus occurs in 

selected areas and not in others, and that infestation 

varies from one season to the other. In addition, the 

numbers of beetles flying around looking for food is 

strongly affected by climate (Borgemeister et al., 

1997b; Nansen and Meikle, 2002). Several models 

have been developed to predict the occurrence of LGB 

(for example, Shires, 1979; Haubruge and Gaspar, 

1990; Tigar et al., 1994 and Giles et al., 1995; Hodges 

et al., 2003). The latest model by Hodges et al. (2003) 

model is the most recent. The model predicts the 

population of LGB adults likely to disperse. As soon as 

predictions of beetle numbers have been made and they 

exceed a predetermined threshold, based on the known 

probabilities of store infestation, then farmers can be 

warned to take action. This action will either be in the 

form of advice to farmers to immediately market their 

maize and dried cassava or invest in pest management. 

As store infestation is defined as the presence of a 

single beetle, it would be several months before serious 

damage would be expected. Thus, prediction of likely 

P. truncatus infestation in an area/region would give a 

reasonable lead-time for pest management action. The 

model has been tested in Tanzania and Ghana. In these 

countries, the model was able to predict two bad years 

(Hodges, 2002). However, the predictability of the 

model has not been tested rigorously. The present study 

therefore set out to collect and analyze historical 

meteorological and P. truncatus trap catch data from 

southern Malawi in order to test the prediction model 

developed by Hodges et al. (2003). 

 

MATERIALS AND METHODS  

Study Site 

Chikwawa district is found in the Southern Region of 

Malawi (16.02° S 34.50° E).  It is part of what is 

referred to as the Lower Shire Valley in which altitude 

ranges from about 120 m in the north to 40 m in the 

south. The area lies in the rain shadows of Mulanje and 

Phalombe mountains and the watershed of the Shire 

and Zambezi rivers. Temperature averages 30°C while 

rainfall averages 740 mm in a year. In addition, the 

area is subjected to annual flooding and these waters 

are used for dry season crop cultivation. A little 

secondary vegetation cover exists in Chikwawa 

(Msiska et al., 1994).  

 

Source of climate and P. truncatus trap catch data 
Climate data for the period November 1996 to 

November 2002 for Chikwawa district were obtained 

from Department of Meteorology Headquarters in 

Blantyre. Prostephanus truncatus trap catch data (for 

the years 1996, 1997, 1999, 2002 and 2008) was 

obtained from Bvumbwe Agriculture Research Station. 

 

Predicting P. truncatus abundance 

The procedure and rules followed by Hodges et al. 

(2003) were adopted in the present study. Climate data 

were entered into a spreadsheet as 2-weekly means of 

daily mean temperature (T) and percentage relative 

humidity at mid-day (R) and the actual number of days 

with less than 40% relative humidity at mid-day (H). 

Cumulative sums of means were used in data analysis. 
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PROSTEPHANUS TRUNCATUS (HORN) (COLEOPTERA: BOSTRICHIDAE)  

INFESTATION LEVELS ON DIFFERENT MAIZE VARIETIES IN MALAWI  

 

ABSTRACT 

Prostephanus truncatus (Coleoptera: Bostrichidae) is a very 
destructive pest of stored maize in Malawi, causing serious losses of 

up to 30% of stored maize in three to six months. Susceptibility to P. 

truncatus was evaluated for 10 hybrid maize varieties by infesting 50 
g (shelled grain) of each with 32 P. truncatus larvae. Samples were 

incubated at 27+1°C and 70+5% r.h. for 9 weeks before resistance 

parameters were determined. Susceptibility assessments were based 
on number of beetle progeny emerged during the incubation period; 

percentage grain damaged and grain weight loss. The role of grain 

physical characteristics on P. truncatus development was also 
investigated. Results indicated that P. truncatus was able to infest 

and develop on all the 10 varieties. There were significant 

differences (P = 0.005) among the maize varieties for grain weight 
loss, percentage grain damaged and the number of P. truncatus 

progeny emerging during the 9 week incubation period. Weight loss 

incurred by the varieties ranged from 7.7 to 30.3%, percent grain 
damaged ranged from 33 to 66.7%, and numbers of P. truncatus 

progeny ranged from 41 to 99, respectively. Maize varieties with the 

thickest pericarps were highly susceptible to infestation by P. 
truncatus. Nine of the 10 maize varieties evaluated were classified as 

susceptible to P. truncatus infestation. The type of maize variety 

played a significant role in the determination of susceptibility to P. 
truncatus infestation. Since maize cultivation in Malawi is not 

restricted to hybrid varieties only, there is also need to evaluate 

resistance factors and susceptibility of open pollinated varieties 
(O.P.Vs) and other ólocalô varieties.  

 

Random sampling of maize stores in four selected villages showed 
that the maize was infested with P. truncatus and S. zeamais, 

although the latter was the most abundant. No P. truncatus biological 

control agent(s) was found in all the maize stores. Results also 
indicated that 64% of the maize stored was treated with ACTELLIC 

SUPER ® (1.6% pirimiphos ï methyl + 0.3% permethrin) while the 

rest was not treated. Prostephanus truncatus and S. zeamais were 
found infesting even these Actellic-treated maize stores. These 

studies demonstrated that P. truncatus was capable of infesting all 

kinds of maize varieties under traditional storage procedures and that  

 
 

no biological control agent was playing a role in suppressing its 

populations. There is a need therefore to enhance current pest 
management measures being used by farmers. Future work should 

aim at determining the use and effectiveness of insecticides being 

used, and level of insecticide resistance in the storage pests.  

 

INTRODUCTION  

Damage due to storage insect pests results in direct 

food loss and reduces the future maize production for 

farmers who use saved grain as seeds (approximately  

70% of all planted maize in Eastern and Southern 

Africa) (CIMMYT, 1994; Pingali and Pandey, 2001). 

Available literature on the control of storage insect 

pests shows that major emphasis has been on the use of 

insecticides and biological control agents. The 

increasing occurrence of insecticide resistance (Perez-

Mendoza, 1999) and environmental concerns about the 

use of chemical insecticides, calls for alternative pest 

management methods. 

 

Studies by Singano et al. (2007) indicated that maize in 

storage in Malawi is infested by the following insect 

pests: Sitophilus species, Oryzaephilus species, Plodia 

interpunctella, Tribolium species, Ephestia species, S. 

cerealella and P. truncatus. However, the occurrence 

and abundance of these species varies with the time of 

the year, storage type and period, and pest management 

option used (Borgemeister et al., 1997a). Having 

knowledge of insect pest spectrum likely to be present 

in an area and the common pest management option 

used by farmers may help in deciding how much effort 
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the problem warrants and provides a key to effective 

pest management.  

 

Limited research has been carried out to investigate the 

role of plant resistance in the management maize 

storage insect pests (Kossou et al., 1993). According to 

available literature, most work on maize resistance to 

insect pests was focused on Sitophilus species and 

stemborers (Giles and Ashman, 1971; Almy and 

Asanga, 1988; Demissie et al., 2008). Results from 

such studies indicate that varieties of the same grain 

commodity may vary quite significantly in their 

inherent susceptibility to postharvest insect pests due to 

a number of factors. Such factors include various 

biochemical and physical characteristics of the grains, 

growing conditions and damage incurred during 

harvesting and storage (Li, 1988; McNee, 2003: Smale 

and Jayne, 2003 and Garcia-Lara et al., 2004). It is 

important, therefore, to identify maize varieties suitable 

for a given agro-ecological zone, which are tolerant to 

insect pests and diseases found in the area. Farmers can 

be encouraged to grow such varieties because use of 

disease- and pest-resistant maize varieties is considered 

to be the safest and cheapest means of pest and disease 

control. 

 

In addition, the use of resistant grain varieties can 

enhance the effectiveness of biological and chemical 

control methods against stored-product insect pests 

(Schöller 1998). For instance, Ofuya and Credland 

(1996); found that the development of larvae of 

Bruchidius atrolineatus was prolonged in some 

varieties of cowpea, increasing the opportunity for 

parasitoids to attack the larvae, which is the pest stage 

of this bruchid. Further, the use of resistant plant 

varieties would extend produce storage period without 

the use of insecticides. Maize seed breeders may 

incorporate the characteristics that confer resistance 

during breeding so that disease- and insect pest-

resistant varieties are developed. Hence, the present 

study set out to investigate P. truncatus infestation 

levels on ten maize varieties grown in Malawi. 

 

MATERIALS AND METHODS  

Insect Cultures 

Prostephanus truncatus larvae and adults were 

obtained from infested stored cassava chips in 

Chikanda, Bwaila and Four Miles. All these are 

farming communities found within Zomba district. 

Shelled MH18 and óKanjerenjereô were used for 

rearing of P. truncatus. MH18 (a non-conventional 

hybrid made from top cross of Malawian hybrids and 

an International Maize and Wheat Improvement Centre 

(CIMMYT) population) is considered to be one the 

most susceptible maize varieties to maize weevils. 

Therefore, MH18 was used as the susceptibility check 

and óKanjerenjereô as the resistant check.  

Then four hundred randomly selected LGB adults were 

added to 6 kg of shelled MH18 grain, while 200 LGB 

adults were added to 3.2 kg of shelled óKanjerenjereô 

grain. In addition, 316 LGB larvae were added to 2.6 

kg of MH18. All these were kept in separate PVC 

pipes. The PVC pipes measured 11 cm in internal 

diameter and 100 cm high, covered with a double 

muslin cloth at the top but the bottom end was plugged 

with an inverted plastic container that had a plastic 

base. The PVC pipes were placed in an incubator and 

left undisturbed for 4-5 weeks under controlled 

conditions of 27±1ºC and 70±5 % r.h. Relative 

humidity was maintained by using a sodium 

hypochloride solution in an open 5 L basin. This 

solution was refreshed every third day. A simple 

Psychrometer was used to calculate relative humidity 

with the aid of dewpoint and relative humidity charts 

(World Meteorological Organisation, 1971). The stock 

culture was maintained throughout the study period.  

 

Determination of grain physical characteristics 

Determination of grain physical characteristics 

involved the following procedures. The maize grains 

were dried to 10.5% moisture content by drying six 

batches of 20 g seeds at 120ºC for 2 h. Moisture 

content measurements were taken using a RCHA FB2 

electronic grain moisture meter. Pericarp thickness 

(mm) and kernel length (mm) were measured for 10 

randomly selected seeds using a vernier caliper. These 

measurements were repeated five times. The pericarp 

was obtained by carefully scraping off the endosperm 

prior to measurement. Kernel length was taken as the 

length of the seed measured from the top of the seed to 

the hilum. Kernel weights were determined by dividing 

the weight of 20 g sample by the total number of grains 

in this 20 g sample. 

Damage Levels and Development of LGB on 

Different Maize Varieties 

Laboratory experiments 

Ten varieties, including one local variety 

(Kanjerenjere) and a non conventional hybrid (MH18) 

were used to assess the effects of maize variety on 

larval survivorship and dry matter accumulation. These 

experiments were set up in a randomized completely 

block design with 4 replications and 10 treatments. 

There was one independent variable, maize variety 

with 10 levels: SC403, SC407, SC513, SC627, SC717, 

DK8033, DK8053, DK8073, MH18 and a local variety. 

The dependent variables were: number of P. truncatus 

progeny (both larvae and adults), grain weight loss and 

grain damage. For the determination of grain physical 

characteristics, maize variety was the independent 

variable while kernel weight, kernel size (length) and 

pericarp thickness were the dependent variables. 
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Prostephanus truncatus larvae were collected from the 

stock culture using soft forceps. To 50 g grain of each 

experimental variety (moisture content 10.5%) 

contained in 250 ml glass jars covered with a double 

muslin cloth, 32 randomly chosen beetle larvae 

(counted out into labeled vials) were introduced. 

Larvae were used instead of adults to remove 

oviposition preference effects. The glass jars were then 

kept for a period of 9 weeks in the incubator. Adults 

were allowed to re-infest their cultures. 

 

The following parameters were used in evaluating 

susceptibility or resistance of the maize varieties to P. 

truncatus: number of LGB progeny emerged, percent 

grains damaged,  

 

 

 

 

Where   

 Nu¹ = initial number of undamaged grains, 

NU² = final number of undamaged grains, 

U = weight of undamaged grains, 

D = weight of damaged grains, 

Nu = number of undamaged grains, and 

Nd = number of damaged grains. 

 

It was assumed that very tiny larval stages remaining in 

the grain had negligible effects on grain weight. 

Development of LGB was determined by counting the 

number of both live and dead progeny (adults, pupae 

and larvae) at the end of the 9-week infestation period. 

The method in Table 1 was used to determine 

susceptibility or resistance of the maize varieties to P. 

truncatus infestation. 

 

 
 

On-farm experiments 

Field studies of P. truncatus infestation in maize stores 

were carried out at the end of the storage season of 

2007/2008. During this period, most farmers will have 

sold or processed their maize due to various reasons. 

As such, purposive sampling was employed to ensure 

that aims of this study were achieved. Using simple 

random sampling, 4 villages were selected. All 

household in the four villages were eligible for the 

study. Where 2 or more households shared a single 

maize store, only one household was recorded. At the 

time of the study, a total of 28 households had maize in 

storage. A pre-coded questionnaire was employed to 

find out the type of maize in storage, storage period 

(age of the sample) and pest management options. 

Where maize was stored in shelled form in bags, a 

metal grain probe (30 cm long and 1.5 cm internal 

diameter) was used for sampling. Metal grain probe 

samples of the commodity were taken at random until a 

0.8 ï 1.2 kg sample was obtained. The number of bags 

sampled was done using the following criteria 

recommended by FAO (1994) (table 2):  

 

 
 

Sampling was done at top layer, middle, and bottom 

layer. Sampling was done on different parts of the bags 

because most storage insect pests prefer dark places; 

some are thigmotactic and collect in cracks between 

bags. The samples were carried to the laboratory in 2.5 

L glass jars with perforated covers for further 

laboratory analysis. This was done immediately and 

continued on the following days till when all the 

samples were examined. 

 

Where maize was stored as cobs, the method used by 

Helbig (1995) was followed. In cases where maize was 

stored in traditional granaries, samples of 8ï10 maize 
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cobs were taken from top surface, middle and bottom 

layers. The samples were examined for the presence of 

insect pests and for evidence of damage. Cobs infested 

with fungi or showing damage caused by rodents were 

not included in the investigation. In all the houses 

sampled with granaries, there was a small amount of 

maize remaining. As such, the householder just 

removed all the maize in the granary and sampling was 

done. In some instances, after removing the maize from 

the granary, the householder sieved the maize of frass 

and insects. In such situations, it was difficult to 

establish the infestation levels because a large 

proportion of storage insect pests were sieved out.  The 

sampled maize cobs were kept in a cotton sack and 

transported to Chancellor College Research Biology 

Laboratory.     

 

 

 
Figure 1:  Zomba showing the relative locations 

maize stores sampled  

 

Once in the laboratory, the maize was dehusked (where 

the husks were not removed) and shelled. The shelled 

maize was sieved using hand held sieves of aperture 

sizes 4.25 and 0.4 mm, respectively. The damaged and 

undamaged grains were separated and counted 

manually. A Carmel brush was used to brush off dust 

from individual grains. Grain weight loss was also 

determined. 

 

Analysis of infestation consisted of classifying and 

counting the species of insects found.  Insect 

identification was done using keys outlined by Booth et 

al. (1990). Only adult insects were recorded except for 

P. truncatus where both adults and larvae were 

counted.  This was done by visual examination of exit 

holes and noting changes in colour transmitted through 

the seed coat using a magnifying glass (Helbig, 1995). 

Thus, mature, late instar larvae and pupae could be 

detected.  The insects were sorted, defined in number 

and species and recorded separately for each cob. All 

fractions, undamaged and damaged grains, fragments, 

insects and boring powder were kept separately. Grain 

weight loss was calculated using the formulae below: 
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Research in Resistance Management  

Influence of some herbicides on in vitro vegetative growth of Beauveria bassiana (Balsamo) 

Vuillemin  
 
ABSTRACT 
The in vitro effect of five commonly used herbicides viz., anilophos, butachlor, 

fluchloralin, pendimethalin and thiobencarb on mycelial growth of Beauveria 

bassiana (BbCm KKL 1100) was evaluated each at three concentrations: the 

normal field application rate (I.0X), 10 fold lower rate (0.1X) and 10 fold 

higher rate (10.0X) on agar plate to develop suitable combinations for co-

application with herbicides in integrated crop protection programme. The 

herbicides tested were classified in 1-4 scoring categories based on reduction in 

mycelial growth: 1 = harmless (<25% reduction), 2 = slightly harmful (25-

35%), 3 = moderately harmful (36-50%), harmful (>50%) in toxicity tests. All 

the five herbicides were antagonistic to B. bassiana at varying intensities 

depending on their concentrations. At 10 fold higher the recommended field 

rate (10X), all the five herbicides were classified as óharmfulô causing more 

than 50% inhibition of mycelial growth, the range being 70.74 to 81.48 per 

cent. Anilophos at the recommended field rate (1.0X) was classified as 

óharmfulô to B. bassiana, while rest of the herbicides with less than 50% 

inhibition was rated as ómoderately harmfulô. At the 0.1X rate, thiobencarb and 

anilophos were ómoderately harmfulô; and the other three herbicides: 

fluchloralin, butachlor and pendimethalin caused 27.41, 30.37 and 33.33% 

mycelial inhibitions respectively were classified as óslightly harmfulô.  The 

present study showed that B. bassiana is very sensitive to the herbicides tested, 

particularly at normal as well as higher field recommended dosage. Of the 

herbicides tested, fluchloralin, butachlor and pendimethalin which showed less 

adverse effects are probably compatible with  

B. bassiana in the field. However, extensive field studies complemented by 

parallel laboratory experiments should consider assessing the interaction 

between selective herbicides and B. bassiana isolates to evaluate their 

ecological impact in cropped environments. 

KEY WORDS:  Beauveria bassiana, herbicides, in vitro vegetative growth. 

 

INTRODUCTION  

The entomopathogenic fungus, Beauveria bassiana 

(Balsamo) Vuillemin plays a significant role in the 

natural control of many insect pests in diverse agro-

ecosystems across the world. In peninsular India, B. 

bassiana often causes natural epizootics on a range of 

insect species in rice ecosystem (Rao, 1975; Nayak and 

Srivastava, 1979; Hazarika and Puzari, 1990; 

Ambethgar, 1996). Agrochemicals including herbicides 

are also frequently used in integrated crop protection 

programmes of rice cultivation. Regular application of 

a wide spectrum of herbicides can result in their 

accumulation in the fields and may affect efficiency of 

the fungus. Knowledge of compatibility between B. 

bassiana and commonly used herbicides is crucial to 

select appropriate compounds for scheduling 

treatments in order to minimize any deleterious effects 

on biocontrol efficiency and to incorporate B. bassiana 

into the integrated crop protection programme. The 

inhibitory effects of herbicides on the processes of 

fungal growth vary depending on the fungal species 

and strain (Vanninen and Hokkanen, 1988; Anderson 
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et al., 1989). Therefore, the present study was aimed to 

examine compatibility of a virulent B. bassiana isolate 

(BbCm KKL 1100) with some selected herbicides on 

mycelial growth to predict compatible combinations in 

integrated pest management of rice.  

 

MATERIALS AND METHODS  

Source of fungal isolate 

The Beauveria bassiana isolate (BbCm KKL 1100) 

isolated from rice leaf folder, Cnaphalocrocis medinalis 

Guenee cadavers from Karaikal, Puducherry Union 

Territory, India (Ambethgar, 1996). The fungus was 

isolated on Sabouraud dextrose agar slants fortified with 

1% yeast extract (SDAY) and selected based on 

virulence against C. medinalis larvae assayed by two-

way screening using an initial single-dose assay with a 

standard concentration of 1x10
8
 conidia/ml in 0.02% 

Tween 80, followed by multiple-dose mortality assay 

with six different conidial concentrations containing 

1x10
4
, 10

5
, 1 

6
, 10

7
, 10

8
 and 10

9
 viable conidia/ml in 

0.02% Tween 80 as surfactant.   

 

Herbicides used 

The herbicides used for rice weed management were 

selected for this study. The common name, trade name, 

active ingredient, formulation and field doses of 

herbicides are mentioned in Table 1. The effects of these 

herbicides on the radial growth of B. bassiana were 

evaluated in the laboratory. Fifteen herbicides were 

tested on SDAY each at three concentrations viz., the 

normal field application rate (I.0X) (based on 500L/ha 

spray), 10 time lower rate (0.1X) and 10 time higher 

rate (10.0X) as inhibition of radial growth of the 

fungus (Moorhouse et al., 1992).  

 

 
 

In vitro  inoculation procedure 

Twenty ml of SDAY medium was sterilized separately, 

cooled to 55
o
C and required concentration of each 

herbicides was incorporated separately and plated into 

9cm sterile Petri dishes. A 10mm dia., 10d old agar 

mycelial mat of B. bassiana was inverted on the center 

of a SDAY plate amended with different concentration 

of herbicide. SDAY plates without herbicide inoculated 

with a mycelial disc served as control. The plates were 

sealed and incubated at 26±2
o
C in a B.O.D incubator 

for 14d when radial growth on control covered the Petri 

dish. The diameter of radial growth of the culture in 

excess of the plugs on 14d after inoculation was 

measured. The effect of the herbicides was scored as 

fungicidal if growth dropped totally, as otherwise it 

was taken as fungistatic. The experiments were 

replicated three times. 

 

Data computation and analysis 

The fungus-herbicides compatibility data were 

analyzed according to Hassanôs classification scheme 

(Hassan, 1989).  The replicated fungus radial growth 

data were averaged and were expressed as percentage 

of growth inhibition in comparison to corresponding 

control following Hokkanen and Kotiluoto (1992). 

             

Where: X, Y, Z stand for percentage of growth 

inhibition, radial growth of fungus in control and radial 

growth of fungus in poisoned medium, respectively. 

The herbicides were further classified in evaluation 

categories of 1-4 scoring: 1 = harmless (<25% 

reduction), 2 = slightly harmful (25-35%), 3 = 

moderately harmful (36-50%), harmful (>50%) in 

toxicity tests (Hassan, 1989). All data were analyzed 

using the Statistical Analysis System (SAS Institute, 

Inc., 1982) programme. 

 
RESULTS AND DISCUSSION 

Agrochemicals may synergize or antagonize disease in 

insects, and they may be regarded as epizootiological 

relevant factors (Benz, 1971; Jacobson et al., 2001).  In 

the present study, all the tested herbicides hampered 

mycelial development of B. bassiana in SDAY 

medium either partially or completely at all the three 

concentrations viz., the normal field rate (1.0X), 10 

times subnormal rate (0.1X) and 10 times higher rate 

(10.0X).  However, there were significant differences 

of inhibition rate of fungus growth by the herbicides 

(Table 1). Butachlor, fluchloralin and pendimethalin 

were found to be least inhibitory (harmless) to the 

fungus growth and supported more than 50 per cent 

colony development at normal dose. Anilophos and 

thiobencarb suppressed the growth of the fungus (55.55 

 

X 
 

= Y - Z 
 

X 

 

100 
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%) with scoring index of 2. Fungal entomopathogens 

are generally very sensitive to some herbicides 

(Gardner and Storey, 1985; Keller, 1986; Mietkiewski 

et al., 1989; Erland, 1991; Wardle and Parkinson, 

1992) and increasing use of such chemicals would 

deplete these fungal populations in a crop before they 

infect arthropods and interfere in their natural 

epizootics (Wardle and Parkinson, 1992).   

 

In vitro studies of Poprawski and Majchrowicz (1995) 

have shown delayed mycelial growth in B. bassiana 

with several herbicides. Observation of Todorova et al. 

(1998) showed that simultaneous treatment of 

Colorado potato beetle with B. bassiana and the 

herbicide diquat synergized the insect mortality while 

other herbicide, glutosinate-ammonium was harmful 

and not compatible with B. bassiana. Herbicides 

usually alter host-plant defenses, increase their 

exudation and reduce pathogen growth (Poprawski and 

Majchrowicz, 1995).  Prior studies have indicated that 

when herbicides are applied in soil, the native fungal 

entomopathogens were inhibited in situ, and impeded 

natural epizootics (Poprawski and Majchrowicz, 1995).  

Alachlor reduced the number of colony forming unit of 

B. bassiana in soil by 51 per cent and halved the 

infection rate in target pests (Gardner and Storey, 

1985). All the compounds, which were innocuous in 

vitro, need not be safe in the field and vice-versa 

(Poprawski and Majchrowicz, 1995).  The results of 

the tests in agar culture had limited predictive values 

for field use.  Therefore, all the compounds harmful in 

screening tests in agar culture should be tested with the 

fungus formulations on insects in fields as well. Prior 

works caution that if fungal formulations are applied 

together with herbicides, it may lead to pose 

detrimental effects on the infectivity of the fungus 

(Mietkiewski et al., 1989). The present study showed 

that B. bassiana is very sensitive to the herbicides 

tested, particularly at normal as well as higher field 

recommended dosage. However, of the herbicides 

tested, fluchloralin, butachlor and pendimethalin which 

showed less adverse effects are probably compatible 

with B. bassiana in fields. However, extensive field 

studies complemented by parallel laboratory 

experiments should consider assessing the interaction 

between selective herbicides and B. bassiana isolates 

to evaluate their ecological impact in cropped 

environments. New techniques through biotechnology 

or genetic engineering may be helpful for strain 

improvement of fungal pathogens for tolerance to 

agrochemicals. 
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A review on Bacillus thuringiensis characterization, Cry gene classification, and identification 
 

Modern agriculture uses a wide variety of insecticides 

to control the 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, B. 

thuringiensis insecticides have proved effective and 

selective enough to eliminate outbreaks of 

Lepidopteran pests. B. thuringiensis is a fascinating 

bacterium, producing a number of insecticidal toxins 

which have spawned a whole industry. For more than 

60 years, B. thuringiensis formulation has been sprayed 

as bio-insecticides against more than 300 insect 

species. Bacillus thuringiensis, a gram positive soil 

bacillus, was first isolated from diseased silkworm 

larvae (Ishiwata, 1901) and subsequently named as B. 

sotto (Aoki and Chigasaki 1915). A decade later 

another strain was found in Germany, killing grain 

moth larvae in stored grain (Berliner, 1915). Since, the 

latter strain was discovered in the province of 

Thuringen, it was named B. thuringiensis, a name now 

given to a large family of bacteria producing 

insecticidal parasporal crystals (Knowles, 1994). When 

stressed, B. thuringiensis makes a dormant spore and 

one or more large crystalline inclusions. 

 

In the interesting article ñkeeping an eye on B. 

thuringiensisò, by Dixon (1994) extols the virtue of B. 

thuringiensis as a safe biopesticide and does not 

advocate removal of B. thuringiensis from the market. 

Summarizing an extensive survey of the vast literature, 

Glare and Callaghan (2000) says ñthe information 

available at this time does not suggest there is danger 

from the use of B. thuringiensisò.  

 
MODE OF ACTION OF B. thuringiensis 

Every year, insect pests cause between 15 and 25 per 

cent loss in agricultural production worldwide and the 

principal strategy to control the pest has been to use 

chemical insecticides (Pimentel, 1991). But the use of 

chemical insecticides is costly and indiscriminate use 

of non-specific products often toxic to mammals, birds 

and fish, has resulted in contamination of the 

environment and destruction of non-target species and 

development of pest resistance (Vincent et al., 1999). 

This menace can be overcome by using degradable 

products of biological origin. B. thuringiensis has been 

the candidate biocide of choice for many decades 

because of several advantages over the chemical 

insecticide viz., economical, safer, narrow spectrum of 

host range and easily biodegradable.  
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The mechanism of action of B. thuringiensis crystal 

proteins involve solubilization of the crystal in the 

insect midgut, 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, 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). 

 

Ecological studies on B. thuringiensis have indicated 

its presence in wide range of environmental niches 

including soil, stored grains, insect cadavers, 

phylloplane, rice straw compost and mammalian fecaes 

(Ruud et al., 2001). There are various methods to 

isolate bacteria from different habitats including 

shaken flask technique, leaf lift technique and leaf 

scrub technique coupled with sodium acetate selection 

(Smith and Couch, 1991 and Travers et al., 1987). 

 
CHARACTERIZATION  

For understanding the role of B. thuringiensis in the 

environment, its characterization is very important 

(Bravo et al., 1998). Individual B. thuringiensis strains 

vary in the number and type of toxins they produce. 

Over 170 specific -endotoxin genes are known (Glare 

and Callaghan, 2000). Although, usually referred to in 

the singular as Bt, B. thuringiensis currently is 

recognized as complex species, almost all of which 

produce crystalline inclusion during sporulation.  

 

1. Characterization by classical methods  

The methods for characterization include flagellar 

serotyping, crystal morphology, biochemical reactions 

and bioassays (de Barjac and Bonnefoi, 1962, 1968). 

Flagellar agglutination has been used most widely in 

the last decade because of its simplicity and reliability 

in classifying       B. thuringiensis strains (de Barjac 

and Franchan, 1990). Such methods however are very 

laborious, making them inappropriate for screening 

large collection of B. thuringiensis isolates. However, 

these methods continue to be used for characterization 

and species differentiation in combination with more 

recently developed molecular methods (Hansen et al., 

1998). Martin and Travers (1989) developed a series of 

rapid tests viz., starch hydrolysis, urease production, 

mannose, sucrose and salicin fermentation, esculin 

utilization and lecithinase production. They identified 

16 different biochemical types of B. thuringiensis from 

a total of 1115 samples and approximately 27,000 

isolates. These methods of characterization have 

proved difficult, because of variation in growth 

responses and the observation that biochemical 

characterization does not always correlate with 

serotyping results. Classification of subspecies or 

varieties based on serotyping using  H-serovars 

(flagellar serotyping) has resulted in identification of 

69 serotypes and 13 sub antigenic groups, giving 82 

serovars (Lecadet et al., 1998).  

 

2. Characterization by DNA based methods 
Recent advances in molecular biology have allowed the 

development of specific DNA based methods that are 

capable of interspecific and intraspecific 

differentiation. Such methods can also be used to 

identify the presence or absence of specific endotoxin 

genes. At the molecular level, B. thuringiensis can be 

characterized by analysing the plasmid profile, 

polymerase chain reaction (PCR) products and protein 

profile (Carozzi  et al., 1991) and in combination with 

restriction fragment length polymorphism (RFLP) has 

been used for identification of new variants of toxin 

gene (Kuo and Chak, 1996). Serovars of B. 

thuringiensis can be distinguished and identified on the 

basis of RAPD finger prints. Individual strains within 

the same serotype can also be distinguished (Brousseau       

et al., 1993). 

 

Daffonchio et al. (1998) used the internal transcribed 

spacers (ITS) between 16s and 23s ribosomal RNA 

genes as molecular markers to attempt to discriminate 

species of Bacillus. TeGiffel et al. (1997) developed 

DNA probes based on the V1 region of the 16s rRNA 

for the identification of B. cereus and B. thuringiensis. 

Physical maps of chromosomes has also been used to 

compare B. cereus and B. thuringiensis using pulse 

field gel electrophoresis and restriction enzyme 

digestions (Carlson and Kolsto, 1993).  

 

 

 

INSECTICIDAL POTENTIAL OF c ry  

Cry proteins differ in their insecticidal spectrum. 

Differences in the amino acid sequence are related to 

differences in the toxicity and the host range of the 

toxins (Whiteley and Schnepf, 1986). Generally, 

proteins sharing a primary rank are toxic to the same 

orders of insects or other invertebrates. Proteins 

sharing the same secondary rank (the cryIA proteins, 

for example) are toxic to the same families. Finally, 

proteins sharing the same tertiary rank (such as 

cryIA(a) proteins) typically, are toxic to the same 

species. The cry9A(a) toxin showed an insecticidal 

spectrum different from cryIA(c) and cryIC(a) toxins.  

 

MacIntosh et al. (1990) examined the effect of purified 

cry3A from   B. thuringiensis tenebrionis and cryIAb 

and CryIAc from B. thuringiensis kurstaki on a number 

of pests. Only lepidoptera were sensitive to cryIAa and 

cryIAc while only Colorado potato beetle was sensitive 

to cry3A. cry2A has an unusual dual toxicity to 
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lepidopteran and dipteran insects, although 

considerable variation in response to purified toxins 

exhibited within those orders, purified cry2A from B. 

thuringiensis kurstaki was toxic only to lepidoptera and 

diptera when tested against 35 insect species 

(Coleoptera, Collembola, Diptera, Hemiptera, 

Hymenoptera, Isoptera, Lepidoptera, Neuroptera and 

Orthoptera) (Sims, 1997). 

 

Luo et al. (1999) analysed the binding and pore 

formation properties of four B. thuringiensis cryI 

toxins by using brush border membrane vesicles from 

Sporoptera exigua and Spodoptera furgiperda and the 

results were compared with the results of toxicity 

bioassays. cryIFa was highly toxic and cryIA(c) was 

non-toxic to S. exigua and S. furgiperda larvae, while 

cryICa was highly toxic to S. exigua and weakly toxic 

to S. furgiperda. In contrast, cryIBb was active against 

S. furgiperda but only marginally active against S. 

exigua.  

 

Aronelle et al. (1995) conducted toxicity assay of 

cry11B against Culex pipiens, Aedes aegypti, Aedes 

stephensi. They observed that although cry11B share 

similarity with cry11A, it is more toxic to all the three 

species:  i.e., about seven times more for A. aegypti and 

Aedes stephensi and 37 times more for Culex pipens.  

 

VARIABILITY AND DIVERSITY OF cry  

The diversity of insecticidal crystal proteins (ICP) is of 

paramount importance in the creation of new B. 

thuringiensis based bioinsecticides by using both 

genetic and recombinant DNA technique. High 

diversity of B. thuringiensis strains with respect to 

presence of different cry genes has been observed.  

 

Ben-Dov et al. (1997) analysed cry profiles of PCR 

products identified by universal primer from standard 

and 126 field collected strains. Among 126 field 

collected strains, 39 per cent of the strains contained 

cryA, combination of cry1 and cry2, combination of 

cry1, cry2, cry7 or cry8 was observed in 25 per cent of 

the strains. Combination of cry4 and cry7 was found in 

5 per cent, cry7 and cry8 were found in 3 per cent and 

least of cry2 was found only in 1 per cent of the isolate.  

 

Theunis et al. (1998) observed the discrepancies 

between the profile of -endotoxin genes detected by 

PCR and the proteins detected by ELISA or western 

blotting. In most of the cases, diversity of genes 

detected was greater than that of proteins. They 

observed cry2A gene in 15 isolates by PCR, but on 

western blot cry2A protein was detected in only ten of 

the isolates. The detection of many more genes than 

protein may be due to lack of expression of some of the 

amplified products. 

 

2.9 ORGANIZATION OF INSECTICIDAL 

CRYSTAL GENES OF B. thuringiensis 

Several studies have been made to identify the location 

of genes encoding cry protein. While most insecticidal 

crystal protein genes are typically located on plasmids 

larger than 30 Mda, others have been reported on 

chromosome (Baum and Malvar, 1995). B. 

thuringiensis subsp. kurstaki harbours 12 resident 

plasmids containing cry1A(a), cry1A(c), cry2A(a) and 

a silent cry2B(b) gene on 110 Mda plasmid and 

cryIA(b) gene on self transmissible 44 Mda plasmid 

(Widner and Whiteley, 1989). Many of the cryI genes 

are situated on plasmids as monocistronic units 

equipped with transcriptional start sites immediately 5' 

to the gene and a -independent transcription 

terminator immediately downstream of the coding 

region (Baum and Malvar, 1995). Both cry2A(a) and 

cry2A(c) genes are present as the third gene in operons 

containing two upstream open reading frames (Widner 

and Whiteley, 1989; WuD et al., 1991). The 

mosquitocidal cry4B gene is positioned as the middle 

gene in an operon that includes the genes encoding 19 

and 20 kDa proteins (Adams et al., 1989; Donovan et 

al., 1988; Dervyn et al., 1995; Ben-Dove et al., 1996).  

 

IDENTIFICATION OF NOVEL cry GENES  

 

1. DNA ï based method  

 

Through PCR 

Analysis of -endotoxin genes by bioassay has proved 

to be an exhaustive, time consuming process as it is 

necessary to screen all target insect isolates. Different 

methods have been developed in an effort to reduce the 

number of bioassays of which, PCR analysis is 

considered to be the best choice, since it allows rapid 

determination of the presence or absence of a sequence, 

is highly sensitive, relatively fast and can easily be 

used on a routine basis (Ceron et al., 1994). This 

technique can be used to amplify specific DNA 

fragment and thus to determine the presence or absence 

of target gene (Manuel and Juarez-Perez, 2003).   

 

Multiplex PCR is becoming an increasingly important 

method to identify the existence of cry type genes. 

However, the major drawback of this method is that it 

cannot identify the existence of a novel cry gene from a 

B. thuringiensis strain whose nucleotide sequence is 

unknown. A two step strategy named exclusive PCR or 

E-PCR has been developed (Juarez et al., 1997) to 

overcome the main limitation of PCR, which only 

detects already known sequences only. E-PCR is based 

on the exclusion from the family band of PCR products 

corresponding to genes previously detected by type 

primers. By using E-PCR Juarez et al. (1997) detected 

a novel cryI gene that was found to be related to cryIB 
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through alignment studies of both DNA and protein 

sequences.  

 

An extended multiplex PCR method was established to 

rapidly identify and classify B. thuringiensis strains 

containing cry genes toxic to species of lepidoptera, 

coleoptera and diptera (Ben-Dov et al., 1997). Five 

pairs of universal primers were designed to probe the 

highly conserved sequences and classify most genes.  

 
Masson et al. (1998) determined the cry gene content 

of   B. thuringiensis subsp. aizawai HD-133 by 

combination of high pressure liquid chromotography 

(HPLC) and exclusive PCR. A total of six cry genes 

were detected in genome DNA purified from HD-133, 

four from cry1 family (cry1A(a), cry1A(b), cry1C and 

cry1D) as well as gene from cry2, cry2B and the cryII 

families known in the following groups 2 cryI, 3 cry2, 

4 cry3, 2 cry4, 2 cry7 and 3 cry8 genes.  

 

Bravo et al. (1998) analysed a Mexican B. 

thuringiensis strain collection based on multiplex PCR 

with novel general primers that could detect cry2, cry3, 

cry5, cry7, cry8, cry9, cry11, cry12, cry13, cry14, 

cry21 and cyt genes. Of the 496 strains, 49.5 per cent 

had cry3 genes, 7.9 per cent contained cry11 and cyt 

genes, cry7, cry8, cry9 genes were found in 0.6, 2.4 

and 2.6 per cent of the strains, respectively. No strains 

with cry5, cry12, cry13, cry14 genes were found and 

14 per cent of the strains did not give any PCR product.  

 

The efficacy of PCR for cry gene identification relies 

on the alternation of conserved and variable nucleotide 

region (Manuel and Juarez, 2003). Most of the B. 

thuringiensis protoxin crystal genes share conserved 

nucleotide blocks in a number that varies from five for 

naturally truncated genes such as cry11 or cry3A, to 

eight for the largest genes with encoded proteins of 

1000 residues or more (Schnepf et al., 1998). 

 

Hybridization  

Even though, the homology between two cry sequences 

within the same group can be as low as 45 per cent, 

homology of some specific regions within the 

sequences can be as high as 95 per cent. Because of 

this homology between cry gene sequences, the 

development of specific probes was used earlier to 

detect and characterize putative new cry genes using 

hybridization techniques (Crickmore et al., 1998). 

 

Rakesh et al. (1989) identified entomotoxic protein 

gene from B. thuringiensis subsp. kurstaki using 20-

mer btx probe. They observed a strongly hybridizing 

3.1 kb HindIII fragment in plasmid DNA. Homology to 

btx probes has been located on 6.6, 5.3 and 4.5 kb 

HindIII fragments in several strains of B. thuringiensis.  

 

`2. Other analytical methods  

A different analytical technique to identify new B. 

thuringiensis toxins was used by Chestukhina et al. 

(1994). Rather than analyzing the gene content of a 

strain, they studied in detail the cry composition of the 

parasporal body from several B. thuringiensis strains. 

By purifying and micro-sequencing the major peptides 

resulting from trypsin digestion of the solubilized 

parasporal body, they were able to find that   B. 

thuringiensis subsp. galleriae VKPM B-1757 and 

wuhanensis VKPM    B-1226 parasporal bodies were 

composed of six and seven proteins, respectively. 

Comparison of the protein sequences with those of 

known cry proteins showed that most of them were 

already described. However, for each strain, two 

protein sequences lacked complete homology with the 

known cry proteins suggesting possible new toxins 

(Chestukina et al., 1994).  
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Superiority of Fenpyroximate 5% SC (SEDNA) over Other Available Acaricides against 

Chilli Yellow Mite, Polyphagotarsonemus latus (Banks) (Acari: Tarsonemidae) 

 
ABSTRACT 

 A comparative field trial was conducted to evaluate the bio-efficacy 

of a new class of acaricide with advanced Suspension Concentrate 
formulation having a novel mode of action, mitochondrial electron 

transport inhibitor, Fenpyroximate 5% SC (SEDNA) against chilli 

yellow mite (Polyphagotarsonemus latus) in compararison with other 
available acaricides viz., Fenazaquin 10 EC, Propergite 57 EC, 

Fenpropathrin 10 EC, Dicofol 18.5 EC and Bifenthrin 10 EC. The 

results indicated that Fenpyroximate 5% SC (SEDNA) @ 500 ml 
formulation per hectare was found to be the best acaricide among all 

other acaricides available in controlling chilli yellow mite.  

KEY WORDS: Chilli, Yellow mite, Fenpyroximate 5% SC 

 
INTRODUCTION  

Chilli, Capsicum annuum L. belongs to the family of 

Solanaceae. It is said to have originated in the Latin 

American region. India is the largest producer and 

exporter of chilli in the world. Its production level 

hovered around 1.15 million tonnes which accounted to 

26% of global production (Anonymous, 2008).  

 

Chilli is attacked by many sucking pests throughout its 

growth period. Among them yellow mite, 

Polyphagotarsonemus latus (Banks) (Acari: 

Tarsonemidae) is one of the most serious pests. Yellow 

mites cause the leaf curl (down word curl) and in case 

of severity, it causes broom stick like appearance in the 

apical shoot portion. The mite mostly prefers the young 

leaves and in the primary stage of infestation, leaf 

become leathery and looks dark green in colour. In 

West Bengal, India condition, it starts to attack 

normally during July ï October and climbs the peak in 

the month of September. As the apical bud is affected 

by the attack, growth of the plant is arrested and thus 

bears less flowers and fruits. Ultimately production is 

hampered tremendously.  Several acaricides have been 

tried to manage the pest. Fenpyroximate, a new 

acaricides molecule has recently been introduced in 

managing the phytophagous mites. Fenpyroximate is a 

contact and stomach acaricide belonging to the group 

of compounds ópyrazolesô(Ware, 2001) and act as 

Mitochondrial electron transport inhibitor (METI). In 

the present study, field experiments were conducted to 

evaluate the bio-efficacy of Fenpyroximate against the 

yellow mite on chilli.  

 

MATERIAL AND METHODS  

The trial was conducted on the farmerôs field at 

Taherpur village of Nadia District, West Bengal during 

July ï August, 2006. The trial was laid out in a 

Randomized Block Design consisting of 

Fenpyroximate 5% SC @ 500 ml/ha, Propergite 57 EC 

@ 1250 ml/ha, Fenpropathrin 10 EC @ 1000 ml/ha, 

Bifenthrin 10 EC @ 800 ml/ha, Fenazaquin 10 EC @ 

1000 ml/ha, Dicofol 18.5 EC @ 1000 ml/ha and one 

untreated control. The trial plots were replicated thrice 

having 5m x 5m plot of each. Water volume was used 

@ 500 L per ha. Observation on the mite population 

was taken at before spray and 2 days, 7 days, 15 days 

after application. Observation on mite population was 

recorded by counting of alive mites (irrespective of 

adult or larval stage) from 5 randomly selected leaves 

(upper leaves) in each plant from 10 randomly selected 

plants per plot which mean 50 leaves in each plot. All 

the data were subjected to statistical analysis.  

 

RESULTS AND DISCUSSION   

The pre-treatment mite population indicated the 

uniform distribution of mite population in the 

experimental plots ranging from 6 ï 8 mites per leaf 

and the pest load was statistically not significant. On 

the 2
nd

 day after application, it was observed that in 

Fenpyroximate, Fenazaquin and Dicofol treated plants 

mite population reduced drastically whereas in 

Bifenthrin and Fenpropathrin treated plants mite 

population remained mostly as such. Fenpyroximate 

5% SC @ 500 ml/ha recorded very negligible mite 

population and was statistically at par with Fenazquin 

@ 1000 ml/ha, showing only 0.96 and 1.85 mite per 

leaf respectively. The next best treatment was Dicofol 

@ 1000 ml/ha where mite population was 3.11 per leaf 

and it was at par with Propergite @ 1250 ml/ha. Within 

these two days, mite population in untreated control 

increased from 7.97 to 8.65 per leaf.   

 

In 7 days after spraying it was recorded that in both the 

doses of Fenpyroximate 5% SC @ 500 ml/ha also 

became the best treatment showing only 1.26 mite / 

leaf which was negligible. The next best treatment was 

Fenazaquin which recorded 2.32 mite / leaf. In Dicofol 

treated plants, it was found that mite population did not 

increased considerably but remained almost same as on 

2 days after spray. In Bifenthrin, Propergite, 

Fenpropathrin and control plot, mite population 

increased remarkably within these 5 days.   

 

Fenpyroximate 5% SC @ 500 ml/ha was the best 

treatment even on 15 days after spray. It recorded very 

minimum mite population, 2.55 mite / leaf which was 

statistically at par with Fenazaquin @ 1000 ml/ha but 

statistically superior over all other treatments. This 

result confirmed that Fenpyroximate @ 500 ml/ha had 

long duration control against chilli yellow mite over all 

other acaricides.  

 

The findings reflected that except Fenpyroximate 5% 

SC @ 500 ml/ha and Fenazaquin @ 1000 ml/ha, 

Dicofol @ 1000 ml/ha could protect the crop against 
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mite up to 7 days. Propergite @ 1250 ml/ha could 

manage the mite population to some extent just for 2-3 

days and all other treatments like Fenpropathrin @ 

1000 / ha and Bifenthrin @ 800 ml/ha were not found 

to be effective against yellow mite of chilli at all.  

  

The result revealed that Fenpyroximate 5% SC @ 500 

ml/ha was the best treatment in controlling chilli 

yellow mite over a long period of time (over 15 days) 

and Fenazaquin @ 1000 ml/ha was the next best 

treatment. In the recommended dose, efficacy of 

Dicofol was acceptable for up to 7 days and there after 

the population started increasing.  Propergite in the 

recommended dose could suppress mite population for 

2 ï 3 days only and there after the mite population 

started building up tremendously. The other treatments 

like Bifenthrin and Fenpropathrin were not effective at 

all against the chilli yellow mite.  So, Fenpyroximate 

5% SC @ 500 ml/ha gave longest protection duration 

from yellow mite of chilli. It might be due to its 

ovicidal effect and molting inhibition action even in 

low residue level.  

 

 
 

Ultimately, Fenpyroximate 5% SC (SEDNA) can be an 

ideal solution for controlling the chilli yellow mite 

which to some extent became resistant to the 

conventional acaricides. It corroborated with the 

findings of Srinvasan et al., (2003), Ismitha and 

Giraddi (2006). Somchaudhuri et al., (2008) has 

reported that Fenpyroximate @ 40 g ai/ha was the most 

effective acaricide in controlling the yellow mite 

population in Jute. Ismitha and Giraddi (2006) also 

reported that Fenpyroxymate was quite safe to both 

predatory mite and coccinellid species. They reported 

that Fenpyroximate was quite effective for Chilli 

yellow mite control for till 21 days after spray.  

 

The result obtained under the present study in respect 

of Fenpyroximate 5% SC against Chilli yellow mite 

was in agreement to those reported above.  
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Resistance stability to spinosad and abamectin in the cotton leafworm, Spodoptera littoralis 

(Bosid.) 
 

ABSTRACT 
The ability of resistant strains to take to susceptibility gives 
advantages to the insecticide to be used compatibly with IPM 

programs, thus alleviating the appearance of insecticide resistance. 

Two spinosad resistant strains (SDRS, RR=99-fold and SFRS, RR= 
57-fold) and one resistant to abamectin (ARS, RR=16- fold) of 

cotton leafworm were reared without exposure to select agents for 

four generations under laboratory conditions. The resistant ratios in 
F1, F4 were 52, 4; 42, 13 and 15, 8-fold for SDRS, SFRS and ARS,  

respectively. The results showed that the stability of resistance is 

greater in ARS than spinosad strains. The reversibility % in SDRS 
increased for SFRS in F1 and F4 by 18 %. Spinosad resistant strains 

reversed to susceptibility after four generations with stopping used 

spinosad. However abamectin resistant strain under the same time 
still quiet resistance. 

 

Keywords: insecticide resistance, stability, spinosad, abamectin, 
cotton leafworm 

 
INTRODUCTION  

Until now, insecticides were still the main method used 

for controlling insect pests. Intensive and unwise 

applications of insecticides for controlling cotton 

leafworm in Egypt led to cotton leafworms becoming 

resistant to most insecticide groups (Alford, 2000; Abo 

Elghar et al 2005). Consequently, more problems in 

environmental pollution and difficulty controlling 

insects have happened. Stopping applications of 

insecticide for periods of time is one important strategy 

of insecticide resistance management (IRM) (Scott 

1990; Metcalf, 1994).  

 

Spinosad and abamectin, two nervous system poisons, 

derived from actinomycetes bacterium species 

(Copping and Menn 2000; Putter et al 1981). They 

have strong insecticidal activity against different insect 

orders. Spinosad alters the function of nicotinic 

acetylcholine receptors and GABA-gated chloride 

channels (Salgado et al 1997). Abamectin affects the 

GABA-gated channel as well (Duce and Scott 1985). 

 

The Egyptian cotton leaf worm, Spodoptera littoralis 

(Boisd.) is one of the most notorious and destructive 

phytophagous insect pests in Egypt, not only to cotton, 

but also to other field crops and vegetables (Kandil et 

al 2003). Their caterpillars are very polyphagous, 

causing important economic losses in both greenhouses 

and open field on a broad range of ornamental, 

industrial and vegetable crops. The Ministry of 

agriculture (MOA) cancelled all conventional 

insecticides from spraying on egg masses to conserve 

their enemies and uses IGR
S 

mainly for the newly 

hatched larvae during this period (Temerak 2002). For 

the time being, Spinosad is the recommended rapid 

product by the MOA to face egg masses and conserve 

the natural enemies. 

 

Field populations and/or selection laboratory strain of 

some insects showed tolerance or resistance to 

spinosad and abamectin (Moulton et al. 2000; Young et 

al 2000; Sayyed and Wright 2004; Scott et al 1991; 

Rugg 1996 ; Liett et al 2005).   

 

In Egypt, however, the field populations of cotton 

leafworm collected from different regions showed 

susceptible toward spinosad and abamectin in 

laboratory tests (Abdu-Allah 2007). A selection of 

Fayoum and Gharbia cotton leafworm larvae for 20 

generations by spinosad using leaf dipping technique 

showed resistance for 26.56 and 34.64 fold, 

respectively (Mahmoud 2005). Abdu-Allah 2007 noted 

that field populations of cotton leafworm showed 

resistance 86.85 fold toward spinosad after 23 

laboratory selection generations using leaf dip bioassay 

and 108.13 fold in 25 selection generations using larval 

dip technique. Selection of the field populations of 

cotton leaf worm by abamectin for 25 generations 

produced resistance 18.98 fold.  

 

As with any new insecticide we need to answer some 

questions such as how rapidly could resistance develop 

and to what level of resistance (Shono and Scott 2003). 

Also we should answer the question of the stability of 

resistance in the absence of insecticide selection 

pressure. This is especially important since there is 

little information at this point and this information is 

very important in designing the appropriate resistance 

management strategy for any insect (Smirle et al 1998). 

 

The aim of this investigation to answer the following 

questions: 

1- Are spinosad resistant strains of cotton 

leafworm easily reverted to susceptibility 

with rearing free spinosad?  

2- Are their differences in reversibility of two 

spinosad resistant strains selected by different 

ways? 

3- Is the reversibility ranking of abamectin 

resistant strain alike in spinosad strains?  

 

MATERIALS AND METHODS   

Insects: 

For every strain used in this investigation, eggs were 

allowed to hatch at room temperature, at which larvae 

were reared on fresh castor bean, Ricinus communis, 

leaves as described by Eldefrawi et al 1964. 

 

Susceptible strain (SS): 

The susceptible strain was brought as eggs and newly 

hatched larvae from Alexandria university laboratory, 
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kept away from insecticidal contamination for more 

than five years ago before starting the research. 

 

Reversion strains: 

The source of these strains was collected from cotton 

fields as big catches from different Lower and Upper 

governorates of Egypt. The supplied insects were 

reared without exposure to insecticide in the laboratory 

of Plant Protection at Assiut University for one 

generation. Then they were divided to three batches 

and selected by spinosad or abamectin in laboratory 

conditions for many successive generations. The 

characters of these strains are presented in Table 1 for 

reversion strains. Eggs of each strain were allowed to 

hatch at room temperature, at which larvae were reared 

on fresh leaves of castor bean, Ricinus communis as 

described by Eldefrawi et al, 1964 with insecticide free 

pressure for four generations. 

 

Bioassay tests of relaxed strains: 

At least 30 breeding pairs were maintained per 

generation. Larval susceptibility (log dose-mortality) 

was investigated by the following bioassay to 

determine the resistance level. 

 

 

Larval - dip bioassay: 

Fourth instar larvae of S. littoralis at an average weight 

of 38-40 mg / larva were prepared. Serial water 

aqueous solution of concentrations of the tested 

insecticide prepared+ triton x100(0.05%) were used for 

bioassay tests. From three to four replicates were used 

to each concentration using 10 larvae in every 

replicate. The ten larvae were dipped in the tested 

solution for 5 seconds and then transferred to Petri-

dishes containing filter papers to dry. The larvae for 

each replicate were similarly dipped in solution of 

distilled water plus surfactant as a control treatment. 

 

After that the dipped larvae were supplied with fresh 

castor leaves and incubated at 26± 2 temperature and 

12:12 L:D and 65± 5 RH until recording the results. 

The mortality was counted 48 hrs after treatment. The 

larva was considered dead if no movement was 

detected when it was touched with a small brush. The 

toxicity of each insecticide was replicated 2 times. 

 

Leaf -dip bioassay: 

The same procedures mentioned above were used 

except the larvae were fed on dried treated castor bean 

leaves for 24 hrs. Then the larvae were allowed to feed 

on untreated fresh castor bean leaves 24 hrs. The 

mortality was counted. Each experiment was replicated 

twice. 

 

 

 

Statistical analysis: 

Mortality percentages were corrected by Abbotôs 

formula if needed (Abbot, 1925). The LC50 and slope 

values were determined by a computerized probit 

analysis program. The resistance values (RF) were 

calculated by dividing the LC50 of relaxed generation / 

LC50 of susceptible strain. Stability percentages= LC50 

of relaxed generation / LC50 of previous relaxed 

generation. Reversibility percentages =100- % stability. 

 

Chemicals: 

Spinosad (Success , SC 24 %, Dow AgroSciences Co.), 

was supplied by Prof. Dr. Sobhy A. Temerak, a 

professor in Plant Protection Dept., Faculty of 

Agriculture, Assiut University, Egypt and the scientific 

coordinator of Dow Agrosciences Co. in Egypt. 

Abamectin (Romacten, EC 1.8 %, Rotam 

Agrochemicals Co.), was provided from commercial 

pesticide shop in Egypt. Triton X100, Iso-

octylphenoxy polyethoxy ethanol polyethoxy(100 % 

purity, BDH Chem, Ltd. Poole England) was bought, it 

used as surfactant. 

RESULTS 

In Spinosad dipping resistant strain (SDRS) table 2, the 

larval-dip LC50 value towered spinosad for the fourth 

instar larvae of cotton leaf worm were sharply 

decreased from 16081 in parent SDRS strain to 8422 

mg AIL
-1
 in F1 strain. Statistically, there is no 

significant difference between two values.  Then in F2, 

F3 and F4, the value gradually decreased. There is no 

significant difference between them. There are 

significant differences between the F1 value and F3 

and F4 values. The values in F3 and F4 were 1729 and 

615 mg AIL
-1
. The resistance factor values fell down 

from 99 to 52, 24, 11, and 4 fold in F1, F2, F3 and F4, 

respectively. The values of regression were 1.79, 1.52, 

1.53, 0.94 and 1.17 within parent, F1, F2, F3 and F4, 

respectively. 
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Data in table 3 shows that the feeding-dip LC50 values 

in, SFRS relaxed generations,  F1, F2, F3 and F4 

toward spinosad were determined to be 4270, 3329, 

2812, and 1277 mg AIL
-1
. There is no significant 

difference between any of these values and parent 

(LC50 5804 mg AIL
-1
). Within SFRS relaxed 

generations, the resistance factors in F1, F2, F3 and F4 

were determined to be 42, 33, 28, and 13 fold, 

respectively. The slope values in parent SFRS, F1, F2, 

F3, and F4 were 2.42, 1.89, 2.02, 3.11, and 4.94, 

respectively.  

 

 
 

 
 

Within the abamectin resistance strain relaxed 

generations, the larval-dip LC50 values toward 

abamectin for the fourth instar larvae of cotton 

leafworm in F1, F3 and F4 were 1243, 757, and 707 

mg AIL
-1
, respectively. No significant difference 

between any of these values and that in parent SFRS, 

the value = 1339 mg AIL
-1
.  The resistance level in F1, 

F3 and F4 determined to be 15, 9, 8 fold, respectively. 

Also within ARS, the slope values were 3.38, 2.72 and 

1.81 in F1, F3 and F4, respectively. 

 

The resistance stability and reversibility percentages in 

SDRS, SFRS are presented in figure 1. This data 

further demonstrated that the stability percentages in 

SDRS in F1, F2, F3, and F4 were 52, 24, 11, and 4 %, 

respectively. In contrast, those in SFRS were 74, 57, 

48, and 22 % in F1, F2, F3, and F4, respectively. The 

reversibility % in SDRS and SFRS in F1, F2, F3, and 

F4 were 48, 76, 89, 96 % and 26, 43, 52 and 78 %, 

respectively. Figure 2 shows the stability and 

reversibility percentages in ARS relaxed generations. 

The stability values decreased from 100 % in ARS to 

93, 57 and 53 % in F1, F3 and F4, respectively. In 

contrast the reversibility of those increased from 0 in 

ARS to 7, 43 and 47 %, respectively.    
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DISCUSSION 

The SDRS was rebuilt in 24 selection successive 

generations by using larval dipping method. The strain 

reached to high level of resistance, the RF around 100 

fold compared the susceptible strain (Table 1). The rate 

of resistance is very terrible to the spinosad. On the 

other hand, this strain was not selected to spinosad for 

one generation. The resistance decreased to 52 fold. 

This means about 50% of the stability of resistance was 

lost in one generation with free spinosad. Moreover, 

the RV reached about 96% after four relaxed 

generations. This means the resistance herein is 

unstable. 

 

 
 

Our results supported by  the results of Ferguson, 2004, 

who found that the spinosad  resistant strain  of  

leafminer, Liriomyza trifolii (RR > 188 fold) reverted 

to the susceptible strain after reared absence of 

spinosad pressure fore five generations. Osman et al 

1991 found that rearing of two resistant strains of pink 

bollworm, Pectinophora gossypiella under conditions 

free insecticides resulted in reversion of resistance in 

four to five generations. Sawicki et al 1980 reported 

that even highly resistant clones of the green peach 

aphid, Myzus persicae lost resistance when selection 

pressure was relaxed. Abo Elghar et al 2005 stated that 

resistant field strain of cotton leafworm was reared for 

6- 8 generations free of insecticide pressure lost 

resistance, the RR values for cymethrin and methomyl 

decreased from 83.5, 22.9 fold to 9.8, 8.4 fold, 

respectively after these generations. 

 

Ninsin and Toshiharu 2005 reported that the 

acetamiprid resistant of P. xylostella (RR= 110 fold) 

when was reared without exposure to acetamiprid for 

Figure2: % Stability(ST) and % reversabilty(RV)  of resistance in abamectin  resistant strain(ARS)  

toward abamectin in four relaxed generations under labortory conditions.
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Figure1: %Stability(ST) and % reversabilty(RV)  of resistance in spinosad dipping  resistant 

strain(SDRS) and spinosad feeding resistant strain(SFRS) toward spinosad in four relaxed 

generations under labortory conditions.
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seven generations dropped rapidly to 2.42 fold. Pasteur 

and Raymond 1996 suggested that all resistance genes 

whether conferring a low or high level of resistance are 

selected as long as the selection pressure is maintained 

because they confer a high fitness to their carriers. It 

seems that in the absence of insecticide, the resistance 

genes have lower fitness than their susceptible 

counterpart. However, the intensity of selection against 

resistance genes varies widely with the nature of the 

genes. Evaluation of this fitness in natural conditions in 

the absence and presence of insecticides should allow 

us to devise control programs where both selection 

forces negate each other. 

 
In contrast, the present results were not compatible to 

the results of Wyss, 2003 who published the resistant 

strain of tobacco budworm, H. virescens; the RR= 669-

fold resistance to spinosad. When this strain was not 

exposed to spinosad for five generations, the RR 

decreased to 476-fold. He suggested that the resistant 

strain is highly homogenous with the predominant 

genotype, rr. As would be expected, in the absence of 

any immigration of susceptible genes into the 

population, resistance is stable. 

  

In our investigation, the slope value is relative low in 

SDRS; it appears that the strain is not homogenous. 

The strain has susceptible genes. However in SFRS, 

these values are relatively high, and this means the 

strain is relatively more homogenous than SDRS. This 

can explain why resistance stability is higher in SFRS 

than SDRS. Our studying suggested that selection 

methods play a vital role in the ability of strain to back 

to susceptibility. In SDRS, the most path route of 

spinosad to reach insects is by dermal contact but in 

SFRS by ingestion. In the field application, the insect 

may be exposed to two ways together, so we expected 

that the resistance is different. 

 

Abamectin was used as acaricide, although it has 

insecticidal activity (Jansson and Dybas1998; Corbitt 

et al 1985). Cotton is usually infested by mites with 

cotton leafworm. In this investigation, we compared 

the resistance of this bacterium product to spinosad. 

The cotton leafworm became resistant to this product 

in 25 selection generations. The reversion ratio is 

relatively slower than spinosad resistant strains, 

although the ARS selected by larval dip method like 

SDRS. These results are very important when using 

abamectin for controlling mites in cotton; we should 

consider the rate and the effects of this product to 

cotton leafworm. It may be the low concentrations that 

make selection to resistance and this resistance quite 

stable.  

The reversion of spinosad resistance in spite of the high 

RR at the parental generation could be attributed to a 

heterogeneous resistant strain and the inability of the 

resistant individuals to compete effectively with the 

susceptible ones in terms of reproductive potential and 

other biotic factors. Unstable spinosad resistance 

implies that the rotational use of spinosad with 

insecticides such as pyrethroids and abamectin (Wang 

et al 2005; Liang et al 2003; Temerak 2003) that do not 

show cross-resistance would be an effective approach 

in maintaining susceptible individuals in field 

populations of S. littoralis so as to further retard the 

development of spinosad resistance. Although 

resistance development in cotton leafworm to 

conventional insecticides is well documented, the 

resistance is unstable and there is no cross-resistance 

between the insecticides. Thus, incorporating both of 

these insecticides in a rotational scheme with spinosad 

would be a reliable resistance management strategy. 

 

In conclusion, our study recommended that spinosad 

and abamectin can be used for controlling cotton 

leafworm with IPM programs, especially with the 

tactics split spray or spray the product then stop at least 

1-2 generations for spinosad and 2-3 generations to 

abamectin. Further studies need to be investigate 

especially the competition of resistant, reversion and 

susceptible individuals in the field. Also the selection 

and reversion of the two products by several methods 

should be investigated.  
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