
Fall  2012        Resistant Pest Management Newsletter                 Vol. 22 No. 1 

1 
 

Resistant Pest Management Newsletter 
 

A Biannual Newsletter of the Center for Integrated Plant Systems (CIPS) in Cooperation with the Insecticide 

Resistance Action Committee (IRAC) and the Western Regional Coordinating Committee (WRCC-60) 

 
Vol. 22, No. 1 (Fall 2012) 

 
Table of Contents  

 
Resistance Management from Around the Globe 

 

Susceptiblity of Anopheles arabiensis (Diptera: Culicidae) adults to some commonly used 

agricultural insecticides in El Rahad Agricultural Corporation, Central Sudan – Jihad 

Eltaher Sulieman Yagoop, Nabil H. H. Bashir and Yousif O. H. Assad ___________________ 2 

Fungicidal activity of fluopyram for suppression of Alternaria species pathogenic on 

California pistachio – Hervé F. Avenot, Hans van den Biggelaar, David P. Morgan and 

Themis J. Michailides __________________________________________________________ 10 

Comparative efficacy of microbial and chemical insecticides on four major lepidopterous 

pests of rice and their (insect) natural enemies – Kaushik Chakraborty, Sunil K.R. Ghosh 

and Nachiketa Bandyopadhyay ___________________________________________________ 14 

 

 

Research in Resistance Management 

 

Lethal and sublethal effect of insecticide over different Chrysoperla carnea (Stephens) 

(Neuroptera: Chrysopidae) instars – Omar Garcia-Ángel, Ernesto Cerna-Chávez, Luis 

Aguirre-Uribe, Mariano Flores-Dávila, Jerόnimo Landeros-Flores and Carlos Ail-Catzim _____ 20 

Investigation on Efficacy of Verticillium lecanii for biological control of Whitefly (Bemicia 

tabaci) – S. P. Gawande, S. G. Gohokar, R. M. Wadaskar and T. D. Kakde ________________ 24 

Genetic modeling of the fipronil resistance’s increase in the population of Colorado potato 

beetle – K.A. Kitaev, E. V. Surina, G. V. Benkovskaya and M. B. Udalov _________________ 29 

Effect of photoperiod on organophosphate pesticide detoxification ability in midgut tissue of 

Spodoptera litura (Fab.) – Karthi S, Bharathi S. and M.S. Shivakumar ____________________ 32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fall 2012 Resistant Pest Management Newsletter Vol. 22, No. 1 

2 

 

  

Resistance Management from Around the Globe 

Susceptibility of Anopheles arabiensis (Diptera: Culicidae) adults to some commonly used agricultural 

insecticides in El Rahad Agricultural Corporation, Central Sudan 

 
ABSTRACT 

As with other insects, resistance to insecticides has become a limiting 

factor in the use of insecticides to control mosquitoes.  Mosquito 

control depended on the use of insecticides for a long time (initially 
organochlorines, followed by organophosphates, carbamates and 

pyrethroids). This study aimed to determine the susceptibility of 

Anopheles arabiensis adult to the public health and agricultural 
insecticides, viz. DDT 4%, fenitrothion 1%, malathion 5%, 

bendiocarb 0.1%, propoxur 0.1%, deltamethrin 0.05% and lambda-

cyhalothrin 0.05% at El Rahad Agricultural Corporation (RAC) area, 
Central Sudan, to provide base-line data about the Anopheles 

susceptibility, by determining their KDT50 and KDT95. The WHO 

procedure was adopted. The number of knockdown (Kd) mosquitoes 
were recorded after 10, 15, 20, 30, 40, 50 and 60 min. of exposure. 

The percent mortalities after 24 hrs for each chemical were 

determined. The KDT50 and KDT95 were calculated with the 95% 
CL. These were as follows: for DDT 4% (34.84 and 74.41), in 

fenitrothion 1% (58.96 and 112.44), in malathion 5% (49.37 and 

141.25), in bendiocarb 0.1% (97.20 and 292.06), in propoxur 0.1% 

(38.88 and 138.20), in deltamethrin 0.05% (58.30 and 147.82) and in 

lambda-cyhalothrin 0.05% (34.80 and 66.65) respectively. Some 

recommendations were listed: 1-The importance of annual 
monitoring and evaluation of insecticides commonly used in the area 

to evaluate the status of resistance. 2-Conducting bioassays for 

insecticides recommended but not commonly used. 3- Conducting 
bioassays for insecticides commonly used for other purposes and 

possibility for mosquitoes to come in contact with them.  4- 

Screening for new molecules with new modes of action.  

 

Keywords: Anopheles arabiensis, DDT, fenitrothion, malathion, 

Bendiocarb, Propoxur, delta-methrin, lambda-cyhalothrin, 
knockdown time, Resistance, El Rahad Agricultural corporation 

Scheme, Central Sudan 

 

INTRODUCTION 

Malaria is a major health problem in the tropical 

countries, especially sub Saharan Africa, where about 

90% of the clinical cases occur. There are nearly 500 

million clinical cases of malaria worldwide each year 

and 1.1 to 2.7 million people die annually (WHO, 

2000). The Federal Ministry of Health (FMOH) in the 

year 2006 stated that malaria is a significant health 

problem in the Sudan, affecting 52% of outpatients and 

accounting for 9% of all hospitals deaths. 

 

Estimating the burden of malaria is highly needed for 

evidence-based planning of malaria control. In Sudan, 

malaria has been the subject of a large amount of 

epidemiological, entomological and biomedical 

research (Abdalla et al., 2007).  

 

The use of insecticides is the main strategy for 

controlling malaria vectors in the Sudan through indoor 

residual house spraying and, more recently, the use of 

insecticide-treated bed nets (ITNs) (WHO, 2005). 

   

An. arabiensis is the major malaria vector reported 

from all parts of the country, coexisting with An. 

gambiae sensus stricto (s. s.) and An. funestus in 

Southern Sudan (Petrarca, et. al., 2000). These three 

African mosquitoes are as efficient as malaria vectors 

because of their marked preference for human 

environments and humans as hosts and because they 

adapt so rapidly to changes in the environment. The 

intensity of malaria transmission by these mosquitoes 

is determined largely by environmental conditions. An. 

gambiae is usually predominant in humid 

environments while An. arabiensis is found in drier 

areas, but they coexist widely over much of their range 

of distribution (Coetzee, et al., 2000). 

 

An. Arabiensies is adapted to change in the breeding 

sites according to the change in the environment 

(WHO, 1975). In Sudan An. arabiensis utilizes 

different types of breeding sites, such as pools made by 

the flood (receding floodwater) along the bank of the 

Nile River, rain pools, and artificial water storage 

containers. The Anopheline tend to breed in sluggishly 

moving streams or in stagnant pools, especially where 

there is a luxurious growth of weed's or grass and not 

apt to be found in rapidly flowing streams. Hence there 

is necessity for constant care of ditches and necessity to 

prevent them from becoming obstructed by vegetation 

(WHO, 2001). 

 

In the absence of methods to control adult mosquitoes, 

the strategy was to reduce breeding sites. Accordingly, 

a considerable effort should be made to drain swamps 

and marshes and to somehow limit the populations of 

mosquitoes, whether vectors or not (Clive, 2002).  
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What has been learned over the past several decades is 

that specific control strategies should be developed for 

specific country conditions (Gillies, 2001). The most 

important tools to control malaria consist of properly 

trained personnel with authority to coordinate and carry 

out their scientific work (Roberts, et. al., 2000). 

 

Resistance is a potentially powerful, pervasive natural 

phenomenon. The development and severity of 

resistance to pesticides is controlled primarily by 

human action. Ignorance or a lack of concern in 

dealing with resistance can set the stage for explosions 

in pest populations leading to reversals in the 

effectiveness of public health protection programs. 

Insecticide resistance in An. Arabiensis has been 

reported in various African localities to commonly 

used insecticides in public health, like organochlorines 

(OCs) DDT, BHC, dieldrin, pyrethroids and other 

insecticides (Matambo, et al., 2007).  Heimingway 

(1983) reported resistance to malathion 

(organophosphate, OP), DDT, dieldrin and permethrin 

(pyrethroids) insecticides in Sudan.   Current surveys 

of An. arabiensis in the Sudan showed high levels of 

DDT, malathion and permethrin resistance in the 

Gezira and Central Sudan (Abdalla, et al., 2007 and El 

Gaddal, et al., 1985). 

 

Several reports, workshops and scientists accused 

agricultural insecticide spraying, whether for the 

summer or the winter crops, as one of the major 

reasons behind the fast development of resistance in 

mosquitoes in general. Agricultural pesticides belong 

to organochlorines (OCs), e.g. endosulfan, Ops, viz. 

dimethoate, omethoate, malathion, chlorpyrifos, some 

carbamates, e.g. carbaryl , methomyl and aldicarb, and 

several pyrethroids, e.g. permethrin, deltamethrin, 

cypermethrin, alphamethrin, cyhalothrin, fenvalerate, 

etc. 

 

Evidence of DDT resistance in An. arabiensis was 

clearly found in El Dwaim town, where DDT showed 

only 67.5% (±7) mortality rate. An. arabiensis was 

tolerated to DDT in Kosty, Kenana sugar cane and 

Assalaya sugar cane with mortality rates: 97% (±1), 

93% (±1) and 95% (±2) respectively. The susceptibility 

of An. arabiensis to the pyrethroid insecticide Lambda 

cyhalothrin was 74% (±8) in Kosti town, 90% (±2) in 

Kenana, 94% (±2) in Assalaya, 88.75% (±3) in El 

Dwaim and 76% (±4) in Assalaya sugar cane area 

respectively (Ismail, 2009(. 

 

Current surveys of An. arabiensis in the Sudan showed 

high level of DDT and permethrin resistance in the 

central states of Sudan. The ministry of health, malaria 

vector control program relies mostly in the present 

studies, the investigation; the importance of the (kdr) 

mutation and potential enzyme-related in DDT 

resistance strain of An. arabiensis from Sennar state to 

the center of the Sudan was detected. Most colonies 

were exposed to insecticides from all four classes, 

approved for use in malaria vector control program 

(Abdella, 2007). 

 

Insecticide susceptibility bioassay carried by Abdella 

(2007) the results showed 100% mortality on 

bendiocarb 54%-78% on permethrin, 55%-66% on 

DDT and 76%-78% on malathion. These finding have 

serious implication for malaria control program in 

Gezira state.  

 

Susceptibility of An. arabiensis in Eastern Sudan to 

insecticide DDT, malathion and fenitrothion was 

97.8%, 96.3% and 100 respectively. An. arabiensis is 

the sole malaria vector in the Eastern Sudan and is 

perennial rather than seasonal (Himeidan et al., 2004). 

 

A colony of An. arabiensis from the Sennar region of 

Sudan was selected for resistance to DDT. Adults from 

the F-16 generation of the resistant strain were exposed 

to all four classes of insecticides approved for use in 

malaria vector control and showed high levels of 

resistance to them all (24 hours mortalities: malathion 

16.7%, bendiocarb 33.3%, DDT 12.1%, dieldrin  0%, 

deltamethrin 24.0% and permethrin 0%). Comparisons 

between the unselected base colony and the DDT-

resistant strain showed elevated glutathione-

Stransferase (P < 0.05) in both sexes and elevated 

esterases (P < 0.05) in males only. The Leu-Phe 

mutation in the sodium channel gene was detected by 

polymerase chain reaction and sequencing, but showed 

no correlation with the resistant phenotype. These 

results do not provide any explanation as to why this 

colony exhibits such widespread resistance and further 

studies are needed to determine the precise 

mechanisms involved. The implications for malaria 

vector control in central Sudan are serious and 

resistance management through the rotational use of 

different classes of insecticides is recommended 

(Matambo et al., 2007). 

 

Insecticide resistance has long been recorded in almost 

all West-African countries. Pyrethroid resistance due to 

Kdr mutation has recently been observed, other 

resistance mechanisms (resistant AChE, esterases, 

oxydases, GST) have also been recorded in West- and 

Central-African populations of An. gambiae (Weill et. 

al., 2003). Although pyrethroid insecticides are a 

promising means of controlling Anopheles malaria 

vectors compared to DDT, there is a need to monitor 

for resistance, in order to provide the baseline 

information for development of an effective control 

measures for An. arabiensis mosquitoes in the Rahad 

Agricultural Corporation (RAC) area, the study aims at 
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determining the DDT 4%, fenitrothion 1%, malathion 

5%, bendiocarb 0.1%, propoxur 0.1%, deltamethrin 

0.05% and lambda-cyhalothrin 0.05% The present 

study investigates the susceptibility of An. arabiensis 

adults to the recommended public health insecticides 

and their counterparts (DDT 4%, fenitrothion 1%, 

malathion 5%, bendiocarb 0.1%, propoxur 0.1%, 

deltamethrin 0.05% and lambda-cyhalothrin 0.05%) 

that are used in the agricultural sector, viz. in the 

Rahad Agricultural Corporation (RAC). The study 

aims at determining the knockdown (KDT50 and 

KDT95) to An. arabiensis and evaluates the level of 

resistance to these insecticides. 

 
MATERIALS AND METHODS 

The Study Area 

EL Rahad agricultural areas, which are found at the 

East part of the Sudan, include a big agricultural 

scheme surrounded by many channels. It is covered by 

many types of vegetation which make a suitable habitat 

for mosquito's breeding sites. This study was carried 

out at (12.5°-14.5° N and 32.9°-35.4° E). The state is 

delimited from the North-east direction by the River 

Nile state, from the West by Khartoum and Gezira 

state, from the East by the Ethiopia boarders and from 

the South by the Blue Nile state.  

 

The climate of the area is tropical continental with 600 

mm of annual rain fall. There are three seasons per 

year; a dry winter from November to February with an 

average temperature of 27°C, a hot dry summer from 

March to May with an average temperature 32° C and a 

cooler rainy season from June to October with an 

average temperature 26° C. In general the land is flat, 

but in many places it is interrupted by the seasonal 

khors (Elnaiem, et. al., 1997). 

  

An. arabiensis existed throughout the year with two 

peaks, a major one at the end of the rainy season 

(September) during the irrigated season of the scheme. 

The second peak is most likely due to presence of 

breeding sites that were formed from the puddles of 

irrigation canals around the area. Thus An. arabiensis 

has become perennial instead of seasonal because of 

irrigation and agricultural practices. Similar findings 

were reported from an irrigated area in the Gezira 

scheme in central Sudan (Elgaddal et al., 1985). 

 

Sampling 

Sampling Sites  

The study was carried out by collection of mosquitoes' 

aquatic stages from: village 10, village 13, village 18, 

village 19, village 20 and some channels and testing 

them. 

 

 

 

Sample Design 

Mosquito larva collection was carried out weekly 

March to April 2010. 

 

Methodology 

Insecticide Susceptibility/Resistance Tests 

One- to three-day-old female mosquitoes were tested 

with different insecticides for their susceptibility, using 

the WHO standard protocol (WHO, 1998) under 

optimum conditions (temperature 26—29 ◦C and 70—

80% relative humidity). The results were recorded for 

either dead or alive mosquitoes during 24 hours post-

exposure. The test kits and the impregnated papers 

were obtained from the WHO Eastern Mediterranean 

Regional Office (EMRO) in Cairo, Egypt. Each test 

had five replicates on papers impregnated with the 

above-mentioned insecticides and a control tube with 

oil-treated paper, i.e. without insecticide for public 

health insecticides, and for their counter part of 

agricultural insecticides the impregnation was 

completed in the BNNICD and the insecticide procured 

from the ARC while the impregnated papers were 

brought from University of Gezira department of 

Pesticides and Toxicology. A total of 25 mosquitoes 

were used per tube. Knockdown was recorded after 1 

hour and final mortality was recorded after 24 hours 

post exposure, during which time a 10% sugar solution 

was made available to survivors. Dead and surviving 

mosquitoes were stored separately in clearly labeled 

1.5 ml tubes containing silica gel. 

 

Specimen's Collection, Identification and Rearing 

Anopheline larvae were collected from different 

breeding sites in the study area using standard larval 

collection kits including: dippers, screened netting, 

glass and plastic pipettes, plastic buckets, iron dishes 

and sorted out from other aquatic organisms. Larvae 

were kept in plastic bottles and bowls covered by 

cherish so as to protect them from the heat. After 

cleaning and isolating of predators in the field, we 

transferred them in the same day of collection to the 

insectary of BNNICD. 

 

In the insectary larvae were reared and were being fed. 

When larvae became adults we put them in cages with 

fine meshes (156 meshes/ inch) to rest. I used (125) 

adult Anopheles arabiensis mosquitoes per test as 

exposure and another (25) adult Anopheles arabiensis 

mosquitoes per test as control. 

 

Chemical Used in the Study 

In this present study we chose certain chemicals used 

in the public health sector and recommended from 

WHO: 
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These same insecticide classes are widely used to 

control agricultural pests in Africa and this can pose 

additional selection pressure on mosquitoes when 

insecticide contaminated ground water permeates their 

larval habitats (Hilary et al, 2009). 

 

On the other side we also tested an agricultural 

insecticides recommended.  

 
 

The WHO tubes for testing susceptibility of adult 

mosquitoes  

The WHO tube test kit consists of two plastic tubes 

(125 mm in length, 44 mm in diameter), with each tube 

fitted at one end with a 16-mesh screen. One tube 

(exposure tube) is marked with a red dot, the other 

(holding tube) with a green dot. The holding tube is 

screwed to a slide unit with a 20 mm hole into which 

an aspirator will fit for introducing mosquitoes into the 

holding tube. The exposure tube is then screwed to the 

other side of the slide unit. Sliding the partition in this 

unit opens an aperture between the tubes so that the 

mosquitoes can be gently blown into the exposure tube 

to start the treatment and then blown back to the 

holding tube after the timed exposure (generally one 

hour). The filter-papers are held in position against the 

walls of the tubes by four spring wire clips: two steel 

clips for attaching the plain paper to the walls of the 

holding tube and two copper clips for attaching the 

insecticidal paper inside the exposure tube (WHO, 

2006). 

 

Data analysis 

Data was subjected to probit statistical analysis to 

determine KDT50, KDT95. 

 

RESULTS 

Susceptibility tests 

An. arabiensis females were collected (ca. 1050) and 

tested. A total of 42 replicates were used, each one 

containing 25 An. arabiensis, for all the agricultural 

and public health insecticides tested. All the 

agricultural insecticides were procured from the 

Agricultural Research Corporation. The number of 

knocked down mosquitoes were counted during the 

exposure time (one hour), and the overall mortality 

rates were recorded for each insecticide after 24 hours 

and analyzed using SPSS software program; probit 

analysis. 

 

The WHO criteria for determining 

resistance/susceptibility were applied: 98—100% 

mortality indicates susceptibility; <80% mortality 

suggests resistance; and 80—97% mortality requires 

confirmation of resistance (WHO, 1998). 

 

Assessment of resistance to seven insecticides to 

Anopheles arabiensis and detection of knockdown 

resistance (kdr), carried out in El Rahad area. The 

result observed from the study showed that Anopheles 

arabiensis is resistant to DDT 4% (88%± 3), 

deltamethrin 0.05% (72.8%± 7), malathion 5% 

(59.2%± 2) and propoxur (54.4%± 10), while it is 

highly resistant to bendiocarb (12.8%± 2). It is found 

tolerant to fentrothion 0.1% (96.8%± 2) although it was 

found susceptible to lambda-cyhalothrin 0.05% 

(99.2%± 0.8) according to WHO criteria (Table 1, Fig. 

1). During bioassay, control showed no mortality.      

 

Table (1): Insecticides Percentage of mortality rates 

after 24 hours post exposure for the An. arabiensis 

2010 

 
 

 



Fall 2012 Resistant Pest Management Newsletter Vol. 22, No. 1 

6 

 

 
Figure (1): An. Arabiensis Percentage mortality, after 

24 hours exposure to the tested chemicals.  
 

Knockdown bioassay 

Knockdown susceptibility status of Anopheles 

arabiensis to insecticides; the adult mosquitoes were 

exposed to the insecticides recommended by WHO 

using adult susceptibility test according to the standard 

procedure. The number of mosquito's knockdown after 

10, 15, 20, 30, 40, 50 and 60 minutes were recorded. 

Knockdown effects of the tested insecticides to the 

Anopheles arabiensis population collected from El 

Rahad presented in table (2).  The results indicated that 

the Anopheles arabiensis was found to be resistant to 

all insecticides tested. The susceptibility bioassay 

results showed the knockdown times KDT50 and 

KDT95 for all the insecticides used; calculated using 

log-time and probit-mortality regression models. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (2): KDT50 and KDT95 for An. arabiensis 

collected from El Rahad area 2010 that expose to 

the tested insecticides: 

 
 

During the exposed time of mosquitoes to insecticides 

numbers of mosquitoes knocked down were recorded 

after 10, 15, 20, 30, 40, 50 and 60 minutes of exposure. 

The study observed that in DDT 4% the percent 

mortalities after 24 hrs were 0%, 0%, 16%, 42.4%, 

61.6%, 78.4% and 87.2% respectively. In fenitrothion 

1% the percent mortalities after 24 hrs were 0.8%, 

4.8%, 9.6%, 8.8%, 16%, 42.4% and 52% respectively. 

In malathion 5% the percent mortalities after 24 hrs 

were 0%, 0%, 5.6%, 34.4%, 43.2%, 48% and 53.6% 

respectively. In Bendiocarb 0.1% the percent 

mortalities after 24 hrs were 0.04%, 0.05%, 0.02%, 

6.4%, 12.8%, 24% and 21.6% respectively. In 

Propoxur 0.1% the percent mortalities after 24 hrs were 

5.6%, 4.4%, 26.4%, 37.6%, 50.4%, 63.2% and 71.2% 

respectively. In deltamethrin 0.05% the percent 

mortalities were 0%, 1.6%, 4%, 7.2%, 25.6%, 35.2% 

and 51.2% respectively. In lambda-cyhalothrin 0.05% 

the percent mortalities were 0%, 1.6%, 4%, 43.2%, 

64.8%, 80% and 90.4% respectively. 

 

The quick knockdown time minutes were obtained by 

DDT (KDT50= 33.58) and lambda-cyhalothrin 

(KDT50= 35.38) to Anopheles arabiensis followed by 

propoxur (KDT50= 39.81), malathion (KDT50= 49.91), 

deltamethrin (KDT50= 64.62), fenitrithion (KDT50= 

78.63), while the latest knockdown obtained by 

bendiocarb (KDT50 = 106.08) (Table 2 and Fig. 2, 3, 4, 
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5, 6, 7 and 8). With regard to the KDT95 seeming that 

the quick knockdown time minutes were obtained by 

lambda-cyhalothrin (KDT95= 67.49) and DDT 

(KDT95= 79.06) which indicate that the population 

more homogenous to lambda-cyhalothrin and DDT 

than other insecticides (Table 2 and Fig. 2, 3, 4, 5, 6, 7 

and 8). 

 

 
Figure (2): Regression line of log time knockdown of 

DDT to Anopheles arabiensis collected from El Rahad 

area after 60 minute of exposure 
 

 

 
Figure (3): Regression line of log time knockdown of 

fenitrothion to Anopheles arabiensis collected from El 

Rahad area after 60 minute of exposure  

 

 

 

 

 

 

 
Figure (4): Regression line of log time knockdown of 

malathion to Anopheles arabiensis collected from El 

Rahad area after 60 minute of exposure. 

 

 
Figure (5): Regression line of log time knockdown of 

bendiocarb to Anopheles arabiensis collected from El 

Rahad area after 60 minute of exposure. 
 

 
Figure (6):  Regression line of log time knockdown of 

propoxur to Anopheles arabiensis collected from El 

Rahad area after 60 minute of exposure. 
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Figure (7): Regression line of log time knockdown of 

deltamethrin to Anopheles arabiensis collected from El 

Rahad area after 60 minute of exposure.                           

 

 
                        Figure (8): Regression line of log time knockdown of 

lambda-cyhalothrin to Anopheles arabiensis collected 

from El Rahad area after 60 minute of exposure  

 

DISCUSSION 

This entomological study was carried out in an 

agricultural area in eastern Sudan. An. arabiensis was 

the main vector (99.9%) found in the area; only 0.1% 

was An. pharoensis and no other species were detected. 

This agrees with a previous study from the nearby area 

(Gedaref in the eastern Sudan where An. arabiensis 

was the main vector, besides 2 other species, An. 

pharoensis and An. funestus (Hamad et al., 2002). 

Anopheles arabiensis and An. gambiae are the only 

species of the An. gambiae complex reported in Sudan 

(Petrarca et al., 2000; Zahar, 1985). Previous studies 

carried out in central Sudan based on morphology and 

cytogenetics identified only An. arabiensis were found 

(El Gaddal et al., 1985; Petrarca et al., 2000). 

   

In Africa, resistance to pyrethroid insecticide in 

malaria vector mosquitoes may become a major 

problem for malaria interventions because pyrethroids 

are the mainstay of vector control strategies (WHO, 

2000). According to the WHO criteria for 

characterizing insecticide susceptibility; Anopheles 

species was found to be resistance to DDT 4% 88% 

(±3) and evidence of DDT resistance in An. arabiensis 

was clearly found in other many semi areas like El 

Dwaim, where DDT showed only 67.5% (±7) mortality 

rate. Current surveys of An. arabiensis in the Sudan 

showed high level of DDT and permethrin resistance in 

the central states of Sudan. Also the insecticide 

susceptibility bioassay result showed 55.4-99.1% 

mortality on DDT 4% in Gezira and Sennar states 

(Hiba et al, 2007). Resistance to the organochlorines 

DDT and the now obsolete dieldrin was first reported 

in African malaria vectors in the 1950s and 1960s 

(Hilary et al, 2009). 

 

Anopheles sp were found to be tolerant to fenitrothion 

0.1% (96.8%) at the same time it found also tolerant in 

an irrigated area of eastern Sudan (96.3%) (Hamad et 

al., 2002). This result was agreed with central Sennar 

(96.6%) march 2005 (Dukeen, 2006). 

 

The use of malathion for IRS in central Sudan was 

stopped in 1978 as a result of physiological resistance 

(El Gaddal et al., 1985). Insecticides from the 

organophosphate group are still widely used for 

agricultural purposes in the Gezira Agricultural 

Scheme (GAS, unpublished data) and presumably play 

an important role in selecting for resistance to this 

group of insecticides at this study Anopheles sp was 

found to be resistance to malathion 5% 59.2% (±9) and 

the semi result (56.3%) obtained from Khartoum state 

2005 (Dukeen, 2006). On the other hand the results 

obtained from Gezira and Sennar states (Hiba et al, 

2007) showed that the insecticide susceptibility 

bioassay result showed 76-100% mortality on 

malathion 5%. Anopheles arabiensis showed high 

resistant to bendiocarb (12.8%) and also it found 

resistance in Sennar state (33.3%). An. arabiensis was 

found resistance to propoxur (54.4%) in the study area 

and also it recorded low percentage of mortality in 

other areas like (47.5%) in Tabat and Wad Raiah in 

Gezira state in February 2005 (Dukeen, 2006). 

 

Anopheles arabiensis was found resistance to 

deltamethrin 0.05% (72.8%), in Sennar Anopheles 

arabiensis was found highly resistance (24.0%),. while 

in El Maygooma, Khartoum state found at the same 

range (52-96%) (Dukeen, 2006). An. arabiensis was 

found susceptible to lambda-cyhalothrin 0.05% 

(99.2%) at El Rahad area, while in other studies it was 

found resistance in Kosti town (74%±8), in Kenana 

(90%±2), in Assalaya village (94%±2), in El Dwaim 

(88.75%±3) and in Assalaya sugar cane area (76%±4) 

(Ismail, 2009). 

 

The KdT50 and KdT95 for An. Arabiensis collected from 

El Rahad area 2010 the most effective insecticides 

among the tested were lambda-cyhalothrin and DDT, 

followed by propoxur; then medium fenitrithion, 
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malathion and deltamethrin and the weakest is 

bendiocarb. The fastest in knockdown is DDT, 

followed by lambda-cyhalothrin and propoxur; the rest 

of the tested insecticides take from 64-106min. Thus 

indicates that resistances may happen because the lack 

of operational research in the area, proper application 

of the insecticides and the accurate using of techniques 

related with dosages and procedures. The highest 

values of the slope are recorded by lambda-cyhalothrin 

followed by DDT and the rest are from 2.5-3.5. The 

high values refer to the more homogeneity of the 

population of An. Arabiensis to the tested insecticides.  

 

Possible factors influencing the frequency of resistant 

individuals observed in the study area were discussed. 

The results of this study highlight the importance of 

standardized longitudinal insecticide resistance 

monitoring and the urgent need for studies to monitor 

the impact of this resistance on malaria vector control 

activities. 

 

These results come in line with Gedaref state ministry 

of health reports which, indicate that this area is the 

highest endemic area with malaria victims comparing 

with other areas of the State, this reflects that the 

intensive use of different insecticides in agricultural 

and public health sectors in this area could be the 

reason of resurgence of the malaria vectors and 

selection malaria vector resistant. 

 

In conclusion, the findings on insecticide resistance or 

susceptibility have serious implications for the vector 

and pests control programs. A resistance management 

strategy through the rotational use of insecticides 

should be applied, but issues of cost and residual life 

would have to be taken into consideration. As it stands; 

resistance data collected during this study indicate 

vector control program failure, and whether this is due 

to insecticide resistance in An. arabiensis, poor spray 

coverage, incorrect dosages applied to the walls or 

breakdown of the insecticide this needs to be urgently 

addressed. The results of this study will enable 

informed selection of insecticides for vector control 

programs as well as provide baseline information 

essential in the monitoring of the development of 

insecticide resistance. It is important to note that the 

establishment of the El Rahad agricultural corporation 

in the area has resulted in a serious abundance of An. 

arabiensis throughout the year. More studies are 

needed in order to assess the role of malaria vector 

control and other pests. 
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Fungicidal activity of fluopyram for suppression of Alternaria species pathogenic on 

California pistachio 
 

ABSTRACT 

Fluopyram, a new succinate dehydrogenase inhibiting fungicide 

(SDHI), was recently registered for use in pistachio for the control of 
Alternaria late blight (ALB). Lack of disease control due to boscalid 

(the first SDHI labeled on pistachio) resistance has been documented 
in several California pistachio orchards. Because widespread 

resistance to boscalid is prevalent in pistachio, the sensitivity of 23 

boscalid-resistant mutants and 18 boscalid-sensitive isolates of 

Alternaria alternata were tested for their sensitivity to fluopyram. 

The EC50 values of fluopyram did not show a clear distinction 

between resistant and sensitive isolates and showed a wide range of 
EC50 values. The EC50 ranged from 0.0813 µg ml-1 to values higher 

than 100 µg ml-1. Twenty-three of the 41 isolates (56%) showed an 

EC50 value below 1 µg ml-1. Only 4 isolates had an EC50 value above 
10 µg ml-1. The other 14 isolates showed an EC50 value between 1 µg 

ml-1 and 10 µg ml-1. Based on the sensitivity distribution, a 

discriminatory concentration of 5 µg ml-1 was selected for monitoring 
sensitivity to fluopyram. A total of 125 isolates of A. alternata were 

collected in 2010 from commercial pistachio orchards and tested for 

resistance against boscalid and fluopyram in PDA amended with 10 
and 5 ppm of each fungicide, respectively. 72 isolates showed 

resistance or reduced sensitivity to boscalid and 17 to fluopyram. The 

occurrence of known mutations in AaSDH genes was investigated 
using previously developed CAPS assays. This analysis showed that 

50, 18, and 1 isolates had substitutions in subunits AaSDHB 

(H277Y, 48 mutants; H277R, 2 mutants), AaSDHC (H134R) and 

AaSDHD (H133R), respectively. Results from this study also 
indicated the existence of A. alternata boscalid resistant mutants 

showing a lack of sensitivity to fluopyram with uncharacterized 
mutations. Further DNA sequence analysis of AaSDH genes from 

these isolates could reveal mutations associated with these 

phenotypes. In light of these findings, concurrent use of fluopyram 

and boscalid for the control of ALB should be avoided.  
 

INTRODUCTION 

Alternaria late blight (ALB) caused by Alternaria 

alternata, A. tenuissima, and A. arborescens is an 

annual production concern for commercial pistachio 

growers in California. The disease affects foliage and 

fruits and under optimal conditions the fungus can 

defoliate a tree in late summer and autumn (Pryor and 

Michailides, 2002). Although cultural practices such as 

irrigation management and pruning, to increase air 

movement and decrease air humidity in the orchard, 

can help to manage ALB, the disease is best controlled 
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by the use of multiple fungicide applications. 

Fungicides registered for control of Alternaria late 

blight include sterol demethylation inhibitors (DMIs), 

respiration inhibiting fungicides including quinone 

outside inhibitors (QoIs), and succinate dehydrogenase 

inhibitors (SDHIs). Respiratory inhibiting fungicides 

have been a key component in Alternaria late blight 

fungicide spray programs. However, the rapid 

development of Alternaria populations resistant to 

these fungicides has caused serious challenges for 

pistachio growers. For instance, resistance to 

azoxystrobin (Abound
®
) has been detected in 

Alternaria alternata, A. tenuissima, and A. arborescens 

isolates from pistachio and almond orchards and cross 

resistance was determined to other registered QoIs (Ma 

et al., 2003; Luo et al., 2007; Avenot et al., 2008). The 

introduction of the first SDHI fungicide, boscalid in a 

pre-mixture along with pyraclostrobin (Trade name 

Pristine
®
) provided a high efficiency in controlling 

ALB even in orchards with widespread resistance to 

QoIs (Avenot et al., 2008). However, strains of 

Alternaria resistant to boscalid were detected within 

two seasons after the first registration and use of this 

fungicide on pistachio (Avenot and Michailides, 2007). 
 

Fluopyram (N-[2-[3-chloro-5-(trifluoromethyl)-2-

pyridinyl]ethyl]-2 (trifluoromethyl) benzamide) is a 

new succinate dehydrogenase inhibitor (SDHI) recently 

launched by Bayer CropScience Co. The fungicide was 

recently registered on pistachio for ALB control as 

products premixed with demethylation inhibitor (DMI) 

tebuconazole (trade name: Luna experience) and QoI 

trifloxystrobin (trade name: Luna sensation).  

Resistance to boscalid in Alternaria was found to be 

associated with different mutations detected in the SDH 

B, C, and D genes of succinate dehydrogenase (Avenot 

et al., 2008, 2009). Pathogen populations that develop 

resistance to one fungicide simultaneously become 

resistant to other fungicides that are affected by the 

same gene mutation and the same resistance 

mechanism. Because widespread resistance to boscalid 

is prevalent in California pistachio orchards, it is 

crucial to assess the sensitivity of Alternaria to the new 

SDHI fluopyram and to generate data for the rational 

and sustainable use of this fungicide on pistachio. In a 

preliminary study, the sensitivity to fluopyram of 

selected A. alternata boscalid-resistant SDHB, SDHC, 

and SDHD mutants and wild-type isolates was 

determined by recording their relative mycelial growth 

in presence at 10 mg/ml fluopyram. All of the A. 

alternata isolates sensitive to boscalid were also 

sensitive to fluopyram while A. alternata boscalid-

resistant isolates carrying the histidine to tyrosine 

mutation in the Ip gene were also found to be sensitive 

to fluopyram (Avenot and Michailides, 2009; 2010). A. 

alternata boscalid-resistant isolates carrying mutations 

in SDHC conferred a low resistance to fluopyram 

(Avenot and Michailides, 2010). These differences in 

cross-resistance patterns between SDHIs suggested 

differences in their intrinsic activity.  

 

The objectives of this study were to (i) test the 

sensitivity of boscalid-resistant and -sensitive 

Alternaria isolates to fluopyram and select a 

discriminatory concentration to monitor the sensitivity 

to fluopyram, (ii) determine the level of sensitivity to 

boscalid and fluopyram for 125 isolates collected in 

2010 from commercial pistachio orchard in different 

Counties of California, (iii) investigate if there is cross-

resistance between boscalid and fluopyram, (iv) check 

whether any of the already known molecular 

mechanisms are determining this resistance.  

 

MATERIAL and METHODS 
Single-spored isolates of A. alternata were isolated 

from dormant buds collected from several pistachio 

orchards. Fungicides used were technical-grade 

fluopyram (a.i. 99.60% Bayer Crop Science Co.). 

Forty-one A. alternata isolates (28 boscalid-resistant 

mutants and 18 boscalid-sensitive isolates) from the 

collection of Kearney Agricultural Center were tested 

for their sensitivity to fluopyram. Fluopyram was 

dissolved in 100% acetone to obtain a stock solution of 

10 g a.i. L
-1

 and aliquots were added to autoclaved 

PDA cooled to 45ºC to obtain PDA media amended 

with final concentrations 0 (control); 0.001; 0.005; 

0.01; 0.05; 0.1; 0.5; 1.0; 5.0; and 10.0 µg fluopyram 

mL
-1

. The concentration of acetone never exceeded 10 

mL L
-1

. A mycelial plug of 5 mm was taken from the 

edge of a culture and placed in the middle of a Petri 

dish containing media amended with fungicide or on 

the control. Each isolate was tested twice for the same 

concentration and the average value was used. After 6 

days at 30ºC the radial growth of each isolate was 

measured (colony diameter). The original mycelial 

plug (5 mm) was subtracted from this measurement. 

Inhibition of growth was expressed as a percentage of 

the mean diameter of the untreated control. The EC50 

value of an individual isolate was calculated by 

regressing the inhibition of mycelial growth against the 

log of the fungicide concentrations. To determine the 

discriminatory concentrate to discriminate between 

sensitive and resistant isolates to fluopyram, isolates 

were tested at 1, 2.5, 5, and 10 µg ml
-1 

fluopyram. Each 

isolate was tested twice for each fungicide and the 

mean growth (minus the original mycelial plug) was 

used to determine the inhibition of growth by the 

different fungicides. Based on the fluopyram sensitivity 

distribution and previous research by (Avenot and 

Michailides, 2010) the concentration of 5 µg ml
-1

 was 

selected as discriminatory concentration to monitor the 

sensitivity to fluopyram. The discriminatory 

concentration of 10 ppm boscalid was used to 

determine the sensitivity to boscalid. A mycelial 
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growth assay using discriminatory concentration for 

each fungicide was used to determine sensitivity to 

fluopyram and boscalid of 125 single-spore isolates of 

A. alternata isolated from different counties in 

California in 2010.  

 

The mechanism of resistance to boscalid is caused by 

mutations resulting a substitution of a conserved 

histidine residue at position 277 in the AaSDHB 

subunit to tyrosine or arginine (Avenot et al., 2008b). 

Three different amino acid changes occurred in the 

AaSDHC (H134R) and AaSDHD (H133R and D123E) 

subunits (Avenot et al., 2009). Genomic DNA was 

extracted from mycelium of 10-days old colonies of 74 

strains of A. alternata which were resistant or showed 

reduced sensitivity to one of the fungicides and 9 

isolates that were sensitive to both fungicides. CAPS 

analyses were used to screen for the presence of the 

point mutation reportedly associated with boscalid 

resistance. Portions of the AaSDHB, AaSDHC, and 

AaSDHD genes potentially carrying mutations were 

PCR-amplified using relevant primers (Avenot et al., 

2008, 2009) and directly digested with different 

restriction enzymes (Avenot et al., 2008, 2009) 

according to the manufacturer’s instructions. Digestion 

products were then separated on agarose gels.  

 

RESULTS and DISCUSSION 

Use of the SDHI boscalid has been an important 

component in Alternaria late blight management 

programs. Fluopyram is a novel SDHI which was 

recently labeled in pre-mixed fungicides for use on 

pistachio. When resistance develops to a fungicide, all 

fungicides in the same chemical class are also affected 

with direct implications for disease management. Since 

widespread resistance to boscalid has been documented 

in pistachio orchards, we conducted this study to assess 

the sensitivity to of boscalid-resistant and -sensitive 

isolates to fluopyram. The EC50 values of fluopyram 

did not show a clear distinction between resistant and 

sensitive isolates and showed a wider range of EC50 

values. They ranged from 0.0813 μg ml-
1
 to values 

higher than 100 μg ml-
1
. Twenty-three of the 41 

isolates (56%) that were tested showed an EC50 value 

below 1 μg ml-
1
. Only 4 isolates had an EC50 value 

above 10 μg ml-1, of which two had a value above 100 

μg ml
-1

. The other 14 isolates showed EC50 values 

between 1 μg ml-
1
 and 10 μg ml-

1 
(Fig. 1). The 

discrepancy of cross-resistance pattern of fluopyram 

with a compound from the same cross-resistance group 

confirmed the higher intrinsic activity observed for this 

fungicide.  
 

 

 

 

 

 
Fig. 1: Frequency distribution of effective 

concentration to inhibit 50% of mycelial growth (EC50 

value) values to fluopyram for 41 Alternaria alternata 

isolates from the collection of Kearney Agricultural 

Research and Extension Center (University of 

California). 

 

Routine monitoring of a large number of isolates is 

more easily accomplished by selecting a single 

discriminatory concentration. Mycelial growth tests 

performed at 1 μg ml-
1
, 2.5 μg ml-

1
, 5 μg ml-

1
, and μg 

ml-
1
 fluopyram showed that the latter two 

concentrations could be used in monitoring studies as 

discriminatory concentrations for differentiating 

between sensitive and resistant isolates to fluopyram 

(data not shown). The sensitivities to boscalid and 

fluopyram were then tested for 125 isolates of A. 

alternata that were collected in 2010 from pistachio 

orchards in different counties in California. The entire 

experiment with 10 µg ml
-1 

boscalid and 5 µg ml
-1 

fluopyram was repeated. The mycelial growth 

inhibition values of the two experiments did not differ 

significantly (P = 0.595 and P = 0.185 for boscalid and 

fluopyram, respectively), therefore the average 

inhibition value of the two experiments was used in the 

data analysis. In total, 61 isolates were resistant to 

boscalid whereas 11 showed reduced sensitivity. There 

was only one isolate resistant to 5 µg ml
-1

 fluopyram 

and 16 other isolates had a reduced sensitivity for this 

concentration of fluopyram. 43 isolates were sensitive 

(>75% inhibition) to both fungicides (Table 1). 

Resistant isolates for fluopyram did not occur at the 

same spectrum as boscalid resistance. Forty-eight of 

the 83 tested isolate showed the presence of mutation 

H277Y. Two isolates showed the different mutation at 

the same codon, which resulted in another amino acid 

substitution (H277R). All these SDHB mutants were 

resistant to boscalid but these genotypes remained 

sensitive to fluopyram. Boscalid resistant isolates with 

H134-SDHC and H133R-SDHD alterations showed 

some reduced sensitivity to fluopyram and a cross 

resistance between the two SDHIs was found with  

lower resistance factors observed for fluopyram. 
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Table 1: Origin, phenotype, and mutation locations of the different 

genes from field isolates of Alternaria alternata tested at 10 µg ml-1 

boscalid and 5 µg ml-1 fluopyram. 

Isolate Origin Number1 Phenotype2 Mutation3 

   Bosc.  Fluop.  

40-48-1 

Madera 

county 73 R  S N.F. 

40-48-7 
Madera 
county 47 RS  RS N.F. 

SVF-B3-

9 

Kern 

county 87 RS  RS N.F. 

KAC-1 Fresno 
county 32 S  RS N.F. 

40-42-4 Madera 

county 72 S  S N.F. 

SVF-B3-
2 

Kern 
county 77 S  S N.F. 

KAC-9 

Fresno 

county 34 S  S N.F. 

Fag3 
Kings 
county 71 S  S N.F. 

ORA2-2 

Tulara 

county 88 S  S N.F. 

ORA-3-
7 

Tulara 
county 81 S  S N.F. 

GAT-3 

Kern 

county 80 S  S N.F. 

COR-A-

1 

Kings 

county 66 S  S N.F. 

COR-A-

2 

Kings 

county 67 S  S N.F. 

DRU-F-

6 

Kings 

county 91 S  S N.F. 

Fag7 

Kings 

county 28 R  S 

H277Y 

(B) 

23-01-06 

Madera 

county 37 R  S 

H277Y 

(B) 

40-48-2 

Madera 

county 41 R  S 

H277Y 

(B) 

40-48-4 

Madera 

county 45 R  S 

H277Y 

(B) 

40-48-8 

Madera 

county 48 R  S 

H277Y 

(B) 

40-48-9 

Madera 

county 49 R  S 

H277Y 

(B) 

40-48-10 Madera 

county 74 R  S 

H277Y 

(B) 

40-42-5 Madera 

county 52 R  S 

H277Y 

(B) 

40-42-7 Madera 

county 51 R  S 

H277Y 

(B) 

40-42-8 

Madera 

county 50 R  S 

H277Y 

(B) 

40-42-9 
Madera 
county 79 R  S 

H277Y 
(B) 

39-18-3 

Madera 

county 22 R  S 

H277Y 

(B) 

39-18-6 
Madera 
county 23 R  S 

H277Y 
(B) 

DBGr7 

Kern 

county 19 R  S 

H277Y 

(B) 

DBGr8 
Kern 
county 20 R  S 

H277Y 
(B) 

Fag5 

Kings 

county 27 R  S 

H277Y 

(B) 

Fag8 
Kings 
county 29 R  S 

H277Y 
(B) 

ORA-3- Tulara 59 R  S H277Y 

6 county (B) 

SVF-B3-
3 

Kern 
county 62 R  S 

H277Y 
(B) 

SVF-E4-

1 

Kern 

county 75 R  S 

H277Y 

(B) 

GAT-1 Kern 
county 63 R  S 

H277Y 
(B) 

GAT-2 

Kern 

county 70 R  S 

H277Y 

(B) 

GAT-5 Kern 
county 69 R  S 

H277Y 
(B) 

GAT-9 

Kern 

county 78 R  S 

H277Y 

(B) 

GAT-10 
Kern 
county 64 R  S 

H277Y 
(B) 

COR-A-

10 

Kings 

county 54 R  S 

H277Y 

(B) 

KAC-8 

Fresno 

county 33 R  S 

H277Y 

(B) 

23-01-04 

Madera 

county 55 R  S 

H277Y 

(B) 

23-01-05 

Madera 

county 36 R  S 

H277Y 

(B) 

23-01-07 

Madera 

county 38 R  S 

H277Y 

(B) 

23-01-09 

Madera 

county 39 R  S 

H277Y 

(B) 

40-48-3 

Madera 

county 44 R  S 

H277Y 

(B) 

40-42-1 Madera 

county 40 R  S 

H277Y 

(B) 

DBGr5 

Kern 

county 17 R  S 

H277Y 

(B) 

DBGr6 

Kern 

county 18 R  S 

H277Y 

(B) 

Fag9 

Kings 

county 30 R  S 

H277Y 

(B) 

SVFA-5 

Kern 

county 89 R  S 

H277Y 

(B) 

SVF-B3-
1 

Kern 
county 76 R  S 

H277Y 
(B) 

SVF-B3-

6 

Kern 

county 95 R  S 

H277Y 

(B) 

SVF-E4-
6 

Kern 
county 84 R  S 

H277Y 
(B) 

SVF-E4-

9 

Kern 

county 42 R  S 

H277Y 

(B) 

GAT-4 
Kern 
county 92 R  S 

H277Y 
(B) 

GAT-6 Kern 

county 93 R  S 

H277Y 

(B) 

39-18-8 Madera 
county 24 RS  S 

H277Y 
(B) 

SVFA-6 

Kern 

county 86 RS  S 

H277Y 

(B) 

SVF-E4-
2 

Kern 
county 83 RS  S 

H277Y 
(B) 

Fag2 

Kings 

county 26 RS  S 

H277Y 

(B) 

GAT-7 Kern 
county 68 RS  S 

H277Y 
(B) 

SVFA-9 

Kern 

county 90 RS  S 

H277R 

(B) 

SVF-E4-
4 

Kern 
county 61 RS  S 

H277R 
(B) 

DBGr4 

Kern 

county 16 R  S 

H277R 

(B) 
H134R 

(C) 
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DBGr9 

Kern 

county 21 R  RS 

H277Y 

(B) 

H134R 

(C) 

23-01-01 

Madera 

county 57 R  R 

H134R 

(C) 

23-01-02 

Madera 

county 35 R  RS 

H134R 

(C) 

40-48-5 

Madera 

county 46 R  RS 

H134R 

(C) 

40-42-10 

Madera 

county 56 R  RS 

H134R 

(C) 

39-18-9 Madera 

county 25 R  RS 

H134R 

(C) 

DBGr1 Kern 

county 13 R  RS 

H134R 

(C) 

DBGr3 

Kern 

county 15 R  RS 

H134R 

(C) 

Fag10 

Kings 

county 31 R  RS 

H134R 

(C) 

ORA-3-

8 

Tulara 

county 58 R  RS 

H134R 

(C) 

SVF-B3-

5 

Kern 

county 94 R  RS 

H134R 

(C) 

SVF-E4-

5 

Kern 

county 43 R  RS 

H134R 

(C) 

40-42-3 Madera 

county 53 R  S 

H134R 

(C) 

DBGr2 Kern 
county 14 R  S 

H134R 
(C) 

SVF-E4-

3 

Kern 

county 60 R  S 

H134R 

(C) 

SVF-E4-
8 

Kern 
county 82 S  S 

H134R 
(C) 

COR-A-

9 

Kings 

county 65 S  S 

H134R 

(C) 

SVF-E4-

7 

Kern 

county 85 R  RS 

H133R 

(D) 

N4 = 42       

1 Number that is used in molecular analysis and electrophoresis agarose 

gels. 
2 Phenotype was based on relative mycelial growth: R=<50, RS = 50-
75, S=>75 
3 Mutation found by running PCR with known primers with gene (B, C, 

or D). N.F. means that no previous known mutation caused this 
phenotype of the isolate.  
4 There were 42 isolates that did not show any resistance for the tested 

fungicides at the first experiment and therefore were not tested for 
mutations. 

 

In this study, a small number of isolates showed a loss 

of sensitivity to fluopyram, even though boscalid was 

the only fungicide applied in pistachio orchards where 

these isolates were collected. This suggests that 

additional unique mechanism of resistance to 

fluopyram may exist. Characterization of the AaSDH 

genes for these particular isolates is in progress and 

could reveal unknown mutations associated with 

resistance to fluopyram. The emergence and spread of 

isolates expressing high level of resistance to 

fluopyram could have detrimental consequences for the 

sustainable use of fluopyram in ALB management 

strategy. Therefore, it is important to maintain the 

efficacy of fluopyram for as long as possible by 

following resistance management strategies.  
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Comparative efficacy of microbial and chemical insecticides on four major lepidopterous 

pests of rice and their (insect) natural enemies 

 
ABSTRACT  
Two microbial (halt and dipel),  three chemical insecticides 

(bifenthrin 10 EC , lambda-cyhalothrin 5 EC and clopyriphos 20 EC) 

and one neem formulation (multineem) were compared for efficacy 
on four major lepidopterans pest and their natural enemies in 

replicated field trials at Uttar Dinajpur district, West Bengal, India. 

Halt was evaluated at different combinations with lambda-
cyhalothrin in a second trial. The results showed that the microbial 

formulations and plant extracts were lethal to stem borer and leaf 

roller larvae but non-lethal to their natural enemies. The synthetic 
chemicals on the other hand caused mortality to both pest and natural 

enemies. However all the types of insecticides enhanced paddy grain 
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yield considerably. Application of halt followed by lambda-

cyhalothrin was found prudent than other formulations so evaluated. 

Key words: paddy, pest, microbial insecticides, plant extract 

formulation, chemical insecticides  

 

INTRODUCTION  
Yellow stem borer (Scirpophaga incertulas Wlk.), pink 

stem borer (Sesamia inferens Wlk.) white stem borer 

(Tryporyza innontata Wlk.) and leaf folder 

(Cnaphalocrosis medinalis Guen.) are reported to be 

the major lepidopterous pests of rice fields in West 

Bengal, India (Chakraborty et al., 2010). Out of the 

three borer species, S. incertulas, predominates 

(Satpathi et al. 2005). These insect pests are currently 

being controlled by the application of broad spectrum 

insecticides three times at monthly intervals during the 

growing season. However, these broad spectrum 

materials are highly toxic to insect natural enemies 

(Hamilton and Attia, 1976). On the other hand, 

Bacillus thuringiensis Berl, is potentially active against 

many lepidopterous pest species imparting very little 

lethality to natural enemy complexes (Fadare et al. 

1998). Guild of natural enemies of lepidopteron pests 

grossly includes both parasites (braconid wasp) and 

predators (spider, coccinellid beetle and odonate fly).  

Design of a suitable programme depending on the 

lethality of insecticides which would endure the 

beneficial species and cause the mortality of 

destructive ones is urgently desired. The efficacy of B. 

thuringiensis could be increased by the addition of 

sublethal doses of pesticides and could be used in such 

a programme. Here we compare the efficacy of two 

microbial insecticides (halt and dipel), one neem 

formulation (multineem) and three other chemical 

insecticides (bifenthrin, lambda-cyhalothrin and 

clopyriphos) on yellow stem borer , pink stem borer, 

white stem borer, leaf folder and their natural enemies. 

 

MATERIALS AND METHODS  

Study was conducted during four consecutive kharif 

crop years (2005-2008) in the field of paddy cultivar 

Swarna mashuri (MTU 7029). Transplantation to main 

field was done with 35-day old seedlings at 10 x15 cm 

spacing on 20-22 standard meteorological weeks 

(SMW). The soil of the experimental field was sandy 

loam with PH value 6.2 and EC value 0.29 mmhs/cm. 

N, P2O5 and K2O was 315, 76 and 367 kg/ha 

respectively. During land preparation, each plot 

received 150:60:60 kg/ha NPK as basal dose. Field 

experiment was done following national protocol with 

befitting modifications (Khushawa, 1995). The 

treatments were arranged in a randomized complete 

block design with four replications. Each plot was 10m 

x 10m by size. Plots with heavy infestation of these 

concerned pests were chosen for this study. 

 

There were two sets of experiments (set I and set II). In 

the first phase (set-I) six insecticide formulations were 

selected (Table 1). The formulations comprised of two 

microbials [halt (at 1500 gm/ha) and dipel (at 2000 

gm/ha)], one neem formulation [multineem: 3750 

ml/ha] and three chemical insecticides, [bifenthrin 10 

EC (at 1150 ml/ha), lambda-cyhalothrin (at 375 ml/ha), 

clopyriphos 20 EC (at 1875 ml/ha)]. Relative efficacy 

of these formulations was evaluated with hand operated 

calibrated knapsak sprayer (hollow cone NMD 60450 

nozzle, droplet diameter 1.6 mm, droplet size. 140 lm, 

discharge 450 ml/min at 40 psi pressure and distance 

between nozzle and target 30–45 cm) at 400 l/ha. 

 

Table 1: List of insecticides used during experiment  

 
 

In the second phase (set-II) two insecticides out of the 

six formulations to suppress pest induced damage were 

selected. These were one microbial (halt) and one 

chemical insecticide (lambda-cyhalothrin). Different 

grade formulations of these two insecticides were 

prepared (table 5 [C1-C4]). In general, all the 

formulations were applied to the field at two times; at 

30 and 70 days after seedling transplantation (DAT).  

But for multineem an additional dose was applied at 50 

DAT. Plot without insecticide application was 

considered as control (T5).  

 

Extent of pest infestation was assessed in terms of the 

crop damage symptoms. Damage due to all stem borer 

species was noted collectively. Incidence of dead 

heart+ white head due to stem borer and the occurrence 

of folded leaves due to leaf folder infestation were 

recorded accordingly. To count the adult incidence and 

the extent of damage 25 rice hills were randomly 

selected from each plot and the symptoms were 

recorded. Pre and post spray sampling of population of 

natural enemies (especially the predators) were carried 

out with an aerial net. Eggs, larvae and pupae forms of 

both the pests were taken to the laboratory and the 

extent of parasitization depending on the emergence of 

parasites was also recorded.  

 

Data collected was subjected to statistical analysis. 

Efficacy of each formulation was assessed in 
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consideration of pre and post application count of both 

pest and natural enemy population, incidence of 

damage symptoms and the generation of yield in 

comparison to control plots. 

 

RESULTS  

Experiment I  
All the insecticide formulations effectively suppress 

the pest population and the consequences of damage 

symptoms (Table 2). Incidence of adult borer 

population during post spray count ranged from 3.51 to 

3.67 individuals/hill for chemical insecticides, from 

2.72 to 3.12 individuals/hill for microbial insecticides 

and 2.89 individuals/hill for plant extract formulations 

respectively. The control plot has registered 5.72 adult 

individuals/hill. On the other hand incidence of leaf 

folder population during post spray count ranged from 

4.35 to 4.81 individuals/hill for chemical insecticides, 

from 3.85 to 4.12 individuals/hill for microbial 

insecticides and 3.91 individuals/hill for plant extract 

formulations respectively. The control plot has 

registered 5.34 adult individuals/hill.  

 

Table 2: Incidence of pest population and the extent of 

damage under different treatments 

 
* Individuals/hills, A: before application B: after application 

Figure in the parenthesis are square root transformed value 

 

Results from both the fields varied considerably. 

Infestation to paddy at early and late growth stage of 

paddy results in dead heart (DH) and white head (WH) 

respectively. Extent of DH and WH generation in plots 

treated with chemical insecticide ranged from 4.78-

5.78%. While the corresponding value for microbial 

and plant extract application were 4.18-4.27% and 

4.27% respectively. These values were significantly 

lower (P =0.05) than that of chemical insecticide 

treated plots.  

 

In control plot 12.89% DH and WH was counted. 

Instances of rolled leaf formation due the gluing of the 

growing leaf margin by leaf folder larvae varied 

significantly (P = 0.05) in insecticide treated and 

untreated plots. The untreated control plot has 

registered 10.04% rolled leaf. Chemical insecticide and 

microbial treated plots has registered 3.95-4.03% and 

3.12-3.43% rolled leaf (Table 3). Post harvest grain 

yield ranged from 28.85-32.16 q/ha for chemicals and 

35.84-38.54 q/ha for the microbial treatment and the 

results were statistically different. In case of plant 

extract (neem formulation) treated plots yield was 

36.51 q/ha. However, yield from the control plots was 

24.59q/ha and this was significantly lower than those 

from the sprayed treatment (P = 0.05). Increase of yield 

from sprayed plots over the control plots ranged from 

30.96 to 31.18 for the microbials and 32.04 to 32.68 for 

the chemical insecticides (Table 3). The mean numbers 

of parasites and predators recorded from plots sprayed 

with microbial differed insignificantly from those of 

the unsprayed control plots. In plots treated with 

chemical insecticides the mean numbers of parasites 

and predators were low than both the microbial and 

plant extract treated fields (Table 4). Grossly the 

numbers of coccinellid recorded from each plot were 

relatively higher than other natural enemies. An 

increase of both parasites and predator count was 

generally noted following the application of the 

microbial. But count was either same or reduced when 

chemical insecticide was applied. Maximum number of 

natural enemies was recorded in control plots. The 

numerical abundance of spider, predatory bug, beetle 

and odonate fly was 8.27, 5.98, 7.32, 4.68 and 3.45 

individuals/10 hills respectively. The minimum 

incidence was recorded in bifenthin (T1) plots and the 

values were 5.67, 3.45, 4.56, 1.45 and 2.23 

individuals/10 hills respectively.  
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Table 3:  Extent of damage by pests under different 

treatments 

 
A: individuals/4m2, B: Extent of damage/100 hills 

Figure in the parenthesis are square root transformed value 

 

Table 4: Incidence of natural enemy population under 

different treatments 

 
 

Experiment II  
One microbial (halt) and one chemical (lambda-

cyhalothrin) insecticide is further selected among of the 

applied six insecticide formulations. In consideration of 

efficacy, halt is the best microbial insecticide in set-I 

experiment. While the impact of lambda-cyhalothrin as 

chemical insecticide was found least. Different grade 

combinations of such microbial and chemical 

insecticides were prepared (Table 5). In consideration 

of the incidence of pest population and the extent of 

damage symptoms, all the grades were found superior 

to the untreated control plots. Least damage (0.71% 

DH+WH and 0.67% rolled leaf) for both the pest was 

recorded in C4 treatment. An increase of 38.02% grain 

yield over the control was noted in C4. Among the 

treatments, extent of damage was maximum (2.09% 

DH+WH and 3.14% rolled leaf) in C2.  Degree of 

damage in C3 (1.05% DH+WH and 1.42% rolled leaf) 

was immediately followed by C1 (1.54% DH+WH and 

2.36% rolled leaf). 

 

Table 5: Extent of damage and yield generation under 

different combinations of halt and lambda-cyhalothrin  

 
(-): Not applicable 

Figure in the parenthesis are square root transformed value 

 

DISCUSSION 
During post application count, all the insecticide 

formulations were effective in reducing the level of 

DH+WH and the incidence of rolled leaves. However 

in consideration of the degree of damage suppression, 

all the formulations differed significantly. In 

suppressing stem borer induced damage, the microbials 

and plant extract performed significantly better (P = 

0.05) than the chemicals. Grain yield from both 

microbial and chemical insecticide treated plots were 

relatively higher than that of the control plots. 

Application of microbials increases the yield in average 

more than 32% while that of chemicals it was 30.50%. 

Such high yield could be due to the effective protection 

of the growing foliage from larval ingestion which 

consequently enhanced the quantity and quality of the 

end products. In all the instances count of the natural 

enemies before insecticidal application was more than 

the count at post application. However, in case of 

microbials and plant extracts such decrease was 

marginal and such difference is statistically 

insignificant.  
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In case of chemicals, a drastic fall in count during post 

application was registered. Apparently, application of 

microbials and plant extracts allows the survival and 

multiplication of the natural enemies but disallows the 

destructive pest populations. Microbials are mostly 

targeted to the soft larval stage of insect life cycle. The 

larva due to their gregarious habit roams in the plant 

canopy and thus obviously made a ready contact to the 

spray formulation and ultimately periled.  Plant 

extracts acts mostly as deterrent to the pest population. 

On the other hand, the probability of ready contact of 

grub or lymph present in their lifecycle of natural 

enemies with the formulation was less due to their 

comparatively small body size. Further some natural 

enemy completes lifecycle outside the fields and only 

the adult morph invades the rice crop. Contrary to this 

the chemicals caused the mortality of both the 

beneficial and destructive species. Chemicals are 

targeted to all the stages and morphs of life cycle of 

both pest and natural enemies. They penetrate to insect 

system either by gustatory or contact. Chakraborty et 

al. (2010) have enlisted a list of paddy pest natural 

enemies from this area. Natural enemies as he reported 

broadly include both parasite and predators. 

Coccinellid beetle, odonate fly, spider and bug are the 

important predatory groups. Results further 

demonstrate the existence of a mechanism in tropical 

irrigated rice systems that support high levels of natural 

biological control. This mechanism depends on season 

long successional processes and interactions among a 

wide array of species, many of which have hitherto 

been ignored as important elements in a rice 

ecosystem.  

 

Combinations of different proportions of halt and 

lambda-cyhalothrin were effective in reducing the level 

of both yellow stem borer and leaf folder larval 

population significantly in the present study. Grain 

yield from all the treated plots were significantly 

higher than that from the control. From the experiment 

II, it is evicted that treatment C3 (application of halt-

2g/l and lambda-cyhalothrin-0.5 ml/l) is the best 

combination. Incidence of both the pests were 

significantly low than the control.  Yield from C3 was 

higher than all treatments in experiment II. Ali et al. 

(1973) have noted that spray formulations of halt and 

thuricide effectively suppressed grape leaf-folder 

Desmia funeralis (Hubn.) population with least residual 

toxicity. But from the present study a single 

formulation of either microbial or chemical insecticide 

less effective for pest suppression and hence not be 

advisable. Microbial insecticides, being highly 

selective conserve the populations of parasites and 

predators as well as other beneficial species while they 

suppress lepidopterous populations for which they are 

specific.  An application of chemical insecticides at 

early growth stages of paddy disallows the settlement 

of natural enemies from the nearby field. This 

generates an agreeable condition for the 

accommodation and subsequent speedy multiplication 

of pest population especially the loppers.  

  

Natarajan (1990) from Tamil Nadu have reported that 

botanical pesticides followed by microbial pesticides 

expressed less lethality to the coccinellid beetle 

population in descending order. He has further noted 

that high reduction of beetle population following the 

application of triazophos, monocrotophos or 

methamidophos in paddy field. Bull et al. (1979) had 

reported a deliberate suppression of beneficial species 

populations with methyl parathion and subsequent 

outbreak of Heliothis sp. on cotton fields. Saljogi et 

al.(2002) have reported that Padan 4 G (cartap-

hydrochloride) was found to be the most effective in 

reducing rice stem borer infestation, followed by 

Regent 300 EC (fipronil) @ 197.6 ml/ha. Firake et al. 

(2010) have experimented with a batch of insecticides 

in rice field. They have concluded that the efficacy of 

Dipel (B.thuringiensis var. kurstaki) was the previous 

of the last within the batch. Campbell et al. (1991) 

from north California have reported that B. 

thuringiensis formulation did not cause reduction of 

Trichogramma exiguum and Trichogramma pretiosum 

parasitism on Heliothis zea egg in tomato fields. In 

India, 1.3 to 10.2 fold incidence of egg mass parasitism 

of leaf folder eggs was noted in bio-control plots 

compared to control as reported by Bentur et al. 

(1989). Morris et al. (1975) had commented that 

simultaneous application of both microbial and 

chemical insecticides though not significantly different 

result from thuricide or lambda-cyhalothrin alone. 

When lambda-cyhalothrin was applied in combination 

with B.thuringiensis, there are no risks as due to their 

compatibility (Morris 1975). Though the chemical 

insecticide may have adverse effects on parasites and 

predators in the agro-ecosystem, application of 

microbial insecticides with low supplemental doses of 

chemical insecticides has been thus suggested for 

integrated control of rice insect pests.  The application 

of neem based formulation as an alternative to the 

chemical insecticides is also advocated by Samal et al. 

(2007). Bast and effective control of rice pest 

population and side by side the restoration of natural 

enemy complex was possible when sequential 

application of halt followed by lambda-cyhalothrin was 

adopted. The potential application of bio-formulations 

followed by chemical insecticide for the effective 

control of rice leaf folder is advocated by Patil et al. 

(2009). Rath (2006) have also documented that 

cypermethrin in combination with neem formulation 

effectively protects rice crop. Sabbour et al. (2005) 

from Egypt have noted that bio-pesticides can control 

lepidopteran insect pests of cabbage. 
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Approach of the present study is aimed to reduce the 

injudicious application of chemical insecticides, to 

subsume the insect pest populations and to enhance the 

activity of parasite, predator and other beneficial 

insects. Present study has elaborated that bio- 

formulations are as good as the commercially available 

chemical insecticides to check lepidopterous pests.  
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LETHAL AND SUBLETHAL EFFECT OF INSECTICIDE OVER DIFFERENT 

Chrysoperla carnea (STEPHENS) (NEUROPTERA: CHRYSOPIDAE) INSTARS 

 
ABSTRACT 

The chemical and biological control in sustainable 

management requires knowing the risks, selectivity and 

conditions of use of insecticides, in that matter, tolerance of 
Chrysoperla carnea (Stephens) to field concentration 

abamectin, endosulfan and profenofos was compared. 

Profenofos was the insecticide that showed the higher toxicity 
to larvae and adults. Abamectin showed toxicity over 1st instar 

larvae and a negative effect on oviposition and endosulfan had 

adverse effects on eggs, 1st instar, 2nd instar and had no 
negative effect over 3rd instar pupae.  

Key words: integrated control, selectivity, tolerance 

 

INTRODUCTION 

Chrysoperla carnae (Stephens) is a voracious 

generalist predator in agricultural systems (Tauber 

et al., 2000), having a wide host range (McEwen 

et al., 2001), and effective as a biological control 

agent (Hagley and Miles, 1987). However, in 

some cases, using only biological control agents is 

not enough to provide adequate control, but 

through its integration with other management 

tools, can be a source of sustainable control 

(Cock, 1994). The indiscriminate use of 

insecticides can jeopardize biological control 

success due to its toxic effects on natural enemies; 

therefore it is important to know the risks, 

selectivity and conditions of use of these products 

to maximize compatibility between chemical and 

biological control (Stevenson and Walters, 1983). 

The effect of insecticides on beneficial arthropods 

were measured first by bioassays, usually 

designed to assess the acute toxicity of individuals 

of specific age and size, in order to estimate their 

mortality through products with lower toxicity on 

non-target organisms (Purcell et al., 1994). The 

estimated lethal dose for acute toxicity test and 

selectivity is only a partial measure of the total 

effect of insecticides on these beneficial 

organisms; in addition to direct mortality induced 

by pesticides, sub-lethal effects on arthropod 

physiology and behavior should be considered for 

a complete analysis of its impact (Desneux et al., 

2007). Sub-lethal effects are defined as effects on 

individuals which survive exposure to a pesticide 

and can show a reduction in cycle life, rate of 

development, fertility, fecundity, change in sex 

ration and changes in feed and search capacity and 

oviposition (Desneux et al., 2004). Therefore, the 

objective of this research was to evaluate the 

lethal and sub-lethal effects of endosulfan, 

abamectin and profenofos over C. carnea under 

laboratory conditions.  

 

MATERIALS AND METHODS 

Insect colony: Lacewing colony was obtained 

from eggs provided by the Centro de 

Reproduccion de Organismos Beneficos (CROB) 

of the state of Coahuila, placed individually in 

plastic cups (3 cm x 3 cm) and after emergence, 

larvae were fed with Sitotroga cereallela eggs and 

maintained under controlled conditions at a 

temperature of 25 ± 2° C and 70 ± 10% relative 

humidity.  

 

Insecticides: Insecticides evaluated were 

endosulfan (EC Thiodan 33%), abamectin (EC 

Agrimec 1.8%) and profenofos (73% Curacrόn 

EC) whose field concentration were 180, 18, 1400 

ppm L-1, respectively, and the control in which 

only water was applied.  

 

Treatments: Treatments consisted of a petri dish 

(6 cm diameter) with 50 individuals per 

developmental stage (eggs, larvae 1-3, pupae and 

adult), individually placed in each petri dish. 

Approximately 2 mg per cm
2 

of the insecticide 

solution was sprayed in each case and 

subsequently transferred into individual containers 

for food as appropriate. Mortality for larval stages, 

eggs, and pupae was assessed daily until the adult 

stage, while in treated adults only ovipostion rate 

was measured. Larval stages were fed every other 

day with S. cereallela eggs. Death was record 

when insect displacement was less than the length 

of its body, after stimulating them with a brush. 

All bioassays were performed at a temperature of 

25 ± 2°C and relative humidity of 70 ± 10%.  

 

Statistical analysis: Mortality data, life cycle in 

days and oviposition were analyzed with a one-

way ANOVA using the GLM SAF/ STAT (SAS, 

2001 procedure), and means of the least squares 

were compared using Tukey (p≤0.05_ (SAS, 

2001). 

 

RESULTS AND DISCUSSION 

Evalutaion of commercial doses of endosulfan, 

profenofos and abamectin over eggs of C. carnea 

are shown in Table 1. Endosulfan and abamectin 
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showed higher cumulative mortality with 20 and 

30% respectively. For life cycle duration, all 

treatments showed similar results; for ovipostion, 

profenofos was the insecticide that had the higher 

average (35.2 eggs per female), while for sex 

ration, abamectin presented the greater difference 

(21.12, female: male). Regarding endosulfan, 

Carvalho et al., (2002), evaluating the toxic effect 

of this insecticide on eggs of C. externa (Hagen), 

found low mortality and reported no mortality on 

1
st
 instar larvae. Rimoldi et al., (2008), reported 

less than 20% mortality of eggs of the same 

species treatd with endosulfan; however, these 

authors consider it highly toxic because in 

subsequent stages of development from eggs 

treated, mortality was 100%. All these data sugges 

that this insecticide is not recommended for 

inclusion in Integrated Pest Management (IPM) 

systems. In relation to abamectin, there are reports 

which indicate tolearance of C. carnea to this 

product, for example, Giolo et al., (2009), 

reported low toxicity on the complete cycle (egg, 

larva, pupa and adult) of C. carnea, which differs 

to results found in this investigation. In relation to 

the other biological parameters, Giolo et al., 

(2009) mentioned that there was no effect on 

fertility of adults of C. carnea from eggs treated 

with abamectin.  

 

Table 1: Cumulative mortality (%) (+ SE), days 

of development and oviposition of Chrysoperla 

carnea treated on the egg stage. 

 
α: Females, β: Male,% T: total mortality. 

 

In the case of C. carnea treated in 1
st
 instar larvae 

(Table 2), profenofos was very toxic to this 

developmental stage, with 100% mortality, 

followed by abamectin with 50% mortality. Life 

cycle based on development days, the control 

without treatment showed differences for 3
rd

 instar 

larvae and pupae stages as compared with 

abamectin and endosulfan; for ovipostion, 

endosulfan had the higher average 34.6 eggs per 

female, and no difference was found in relation of 

sex ratio.  

 

 

 

Table 2: Cumulative mortality (%) (+ SE), days 

of development and oviposition of Chrysoperla 

carnea treated in first instar stage. 

 
α: Females, β: Male,% T: total mortality. 

 

In larvae treated on 2
nd

 instar, profenofos was very 

aggressive (Table 3), having 100% mortality as 

compared with other treatments that had 28% and 

20% mortality for endosulfan and abamectin 

respectively. For the duration of the life cycle, 

endosulfan and abamectin caused a decrease in 3
rd

 

instar larvae as well as in the pupal and adult 

stages in the effet on oviposition, endosulfan had 

the higher oviposition average with 32.1 eggs per 

female and a sex ratio of 23.13, female: male, 

whereas abamectin had a negative effect on the 

predator with 19.1 eggs per female. 

 

Table 3: Cumulative mortality (%) (+ SE), days 

of development and oviposition of Chrysoperla 

carnea treated in second instar stage. 

 
Profenofos 96 4 0 0 5.5c 0a 0a0a 0 0 100 

α: Females, β: Male,% T: total mortality. 

 

Profenofos was the most damaging product 

causing 100% mortality over 3
rd

 instar C. carnae 

larvae (Table 4). For the duration of the cycle 

based on development days, the control without 

treatment had the least time to develop (6.5), 

whereas in abamectin and endosulfan, the pupal 

stage lasted 8.5 days. For ovipostion, the 

insecticide endosulfan and the control had the 

higher average with 31.7 eggs per female. 

Abamectin showed an adverse effect on 

ovipostion with 19.1 eggs per female and no effect 

effect was obtained in regard to sex ratio where all 

treatments presented a similar sex proportion.  
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Table 4: Cumulative mortality (%) (+ SE), days 

of development and oviposition of Chrysoperla 

carnea treated on third instar stage. 

 
α: Females, β: Male,% T: total mortality. 

 

In this regards, we can mention that the insecticide 

profenofos, is reported as an insecticide extremely 

toxic to different larval stages of C. carnea 

(Nasreen et al., 2003), results similar to those 

reported in this study. For the insecticide 

abamectin, Good and Freitas (2004) reported low 

mortality in the three larval instars of C. externa 

exposed to this insecticide, however, in this study, 

a high mortality (50%) was found for 1
st
 instar 

larvae. In relation to the fecundity, Giolo et al., 

(2009), mentioned that there was no effect on 

fecundity of C. carnea, from larvae treated with 

abamectin, but in this research it was a marked 

decrease in the average number of eggs per female 

when all larval stages were treated with this 

insecticide. Endosulfan is classified as harmless in 

most evaluations conducted on larvae of this 

predator (Silva et al., 2005), results similar to 

these results found in this investigation for 3
rd

 

instar larvae (2% mortality).  However, there are 

reports stating that the product is highly toxic to 

larvae of C. carnea, (Ulhôa et al., 2002), similar to 

those reported in this study with mortalities of 20 

to 28% for 1
st
 and 2

nd
 instars respectively. 

Furthermore, Silva et al., (2005), found that the 

three larval instars exposed to endosulfan, the 

duration for each instar larva was not affected, nor 

the subsequent phases of development and also 

did not have an adverse effect on fertility and 

fecundity.  

 

In the case of C. carnea treated pupa, Table 5, 

which all treatments caused low mortality to the 

predator pupal stages; however, abamectin and 

profenofos had an effect on development time in 

the adult stage. For oviposition, the insecticide 

abaemectin presented the lower average (40.8) 

eggs per female compared with the other 

treatments while no effect was found in sex ratio 

where all showed a similar proportion. 

 

 

Table 5: Cumulative mortality (%) (+ SE), days 

of development and oviposition of Chrysoperla 

carnea treated in pupal stage. 

 
α: Females, β: Male,% T: total mortality. 

 

In relation to endosulfan, there are conflicting 

reports, Silva et al., (2006), reported this 

insecticide safe on pupae of C. externa, they also 

mentioned that endosulfan had no influence on the 

duration of pupal stage, ovipostion period, 

fecundity and fertility of adults from pupae 

treated, similar to the results in this study. On the 

other hand, Godoy et al., (2004), for the 

insecticide abamectin, reported that when pupae 

of C. externa were treated with this insecticide, 

did not show an adverse effect on mortality, 

fecundity and fertility of adults from pupae 

treated; however, in this study, no effect was 

observed on mortality, but had a reduction of 

fecundity.  

 

Finally, for treated adults, Table 6 shows that 

profenofos caused a 100% mortality, whereas 

endosulfan and abamectin only caused a 20 and 

12% mortality, respectively; abamectin and 

endosulfan had an effect on oviposition with 24.5 

and 26.4 eggs per female respectively as 

compared with the untreated control that had a 

higher average (41.4) eggs per female, while no 

effect was found on sex ratio, although abamectin 

presented a greater difference (20:12 female: 

male). 

 

Table 6: Cumulative mortality (%) (+ SE), days 

of development and oviposition of Chrysoperla 

carnea treated in adult stage. 
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In this regard we can mention that the insecticide 

profenofos, is reported as an insecticide extremely 

toxic to different larval stages and adults of C. 

carnea (Nasreen et al., 2003), results similar to 

those reported in this study; however, Godoy et 

al., (2004), reported that abamectin does not affet 

mortality of C. carnea but does affect fertility. 

Finally, in regard to endosulfan, adults of C. 

externa exposed to this insecticide, Ulhôa et al., 

(2002), found high mortality and Silva et al., 

(2006) mentioned it safe to use and also mention 

that endosulfan did not affect fertility on treated 

adults.  

 

CONCLUSION 
The insecticide profenofos showed a high toxicity 

to all larval stages and adults of Chrysoperal 

carnea. Abamectin had detrimental effects in 1
st
 

instar larvae, also showed a negative effect on 

adult ovipostition from treated larvae. Endosulfan 

caused adverse effects on eggs, 1
st
 and 2

nd
 instar 

larvae, and not to 3
rd

 instar larvae and pupa. 

Therefore, abamectin and endosulfan are better 

products to use in Pest Management scheme as 

long as the doses used are the recommended low 

and intermediate dosages.  
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Investigation on the Efficacy of Verticillium lecanii for Biological Control of Whitefly 

(Bemicia tabaci) 

 

ABSTRACT 

Efficacy of entomopathogenic fungus, Verticilium lecanii was 

evaluated against assorted populations of Bemicia tabaci 
nymphs in vitro. The nymphal population was subjected to 

various concentration of bioagent viz., 109 – 106 spores /ml 

alone and in combination with various oils viz., Neem oil, D-
C-Tron plus oil and liquid paraffin oil at 1% concentration, 

respectively, replicated thrice. Dose mortality (LC50) and time 

mortality (LT50) response of Whitefly nymphs against various 
treatments formed the basis of comparison. Dimethoate @ 0.05 

per cent, the application of standard check was the most 
effective treatment amongst the all. In case of   bioagent 

application, V. lecanii @ 109 spores /ml in combination with 

Neem oil and D-C-Tron plus oil at 1 % concentration, 
respectively were the promising treatments in terms of lower 

time to registered 50 per cent mortality in test population and 

higher mortality inflicted. Higher spore load of fungus was 
more lethal in terms of mortality inflicted, statistically 

significant over untreated control, though less effective as 

compared to application of standard check Dimethoate. The 
probit analysis reveals the possibility of utilization of V. lecanii 

as a potent bio agent against Bemicia tabaci. 

Keywords: Biocontrol, Verticillium lecanii, Bemicia tabaci, 
Oil base formulations 

 

INTRODUCTION 

Whitefly (Bemicia tabaci) is a major polyphagous 

pest of several economically important crops and 

an efficient vector of Yellow vein mosaic virus, 

which is the root cause of damage. There has been 

increased concern and awareness regarding 

adverse effect of chemicals on ecosystem viz., 

objectionable residues, and fast development of 

resistance in insect pests demanding higher 

pesticides application along with ill effect on 

natural enemies. Several workers have 

concentrated on bio-control as cheap, eco-friendly 

and a potential source of pest management. 

Studies on the effect of various entomopathogenic 

microorganisms for control of Whitefly (Bemicia 

tabaci) are prominent amongst them. The efforts 

were made to search not only economical but also 

effective, eco-friendly alternative measure to 

insecticides for the management of Whitefly.  

 

Earlier studies show that Verticillium lecanii is a 

useful biological agent against Whitefly (Ekbom, 

1979). These fungi are attacking on nymphs and 

adults stuck to the leaf underside by means of a 

filamentous and somewhat crystalline 

mycelium.     V. lecanii is a widely distributed 

fungus, which can cause large epizootics in 

tropical and subtropical regions, as well as in 

warm and humid environments (García and 

López, 1997 in Nunez et al, 2008). Considering 

the potential of Verticillium lecanii in Whitefly 

management, their “eco friendly” nature and 

mammalian safety the present investigation was 

planned to evaluate the bioefficacy of these 

entomopathogenic fungus against Whiteflies with 

a view to include these components in the pest 

management strategies of Whiteflies. 
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MATERIALS AND METHODS 

Bioassay experiment was planned with six 

treatments and replicated thrice in the laboratory 

of Department of plant pathology, College of 

Agriculture, Nagpur. Different concentrations of 

entomopathogenic microorganism V. lecanii alone 

and its oil base formulations were evaluated 

against assorted populations of nymphs of 

Bemicia tabaci. For  preparation of formulations 

of spore suspension in different oils, spores from 

young culture grown on PDA medium were 

suspended in one percent oil (Neem oil, D-C-Tron 

plus oil and liquid paraffin oil, separately) with 

0.05 percent aqueous tween 80.  The 

concentration was estimated using 

haemocytometer.  It was adjusted to 1x10
6
, 10

7
, 

10
8 

and 10
9
 spores/ml. The adult whiteflies were 

collected with the help of aspirators from the 

cotton fields of College of Agriculture, Nagpur for 

infection. 

 

For bioassay procedure for nymphs of B. tabaci, 

third instar nymphs were used for all screening 

bioassay procedures. Individual cotton leaves with 

more or less uniformly distributed insects (5 to l0 

insects/cm
2
) were selected prior to fungal 

inoculation. Leaf sectors with approximately 50 to 

100 insects were used. These leaf pieces bearing 

nymphs were immersed in a spore suspension for 

l0 sec; control leaves were immersed in 0.005% 

Triton x 100 for the same length of time. To 

prevent development of saprophytic fungi, treated 

leaves were placed for 20-30 min. on filter paper 

to remove excess moisture. The leaves were then 

placed in petri dishes, undergoing incubation in a 

growth chamber at alternating  temperatures of 25 
o 

C (14 h in light) and 20
 o 

C (10 h in the dark). 

Relative humidity close to 100% was reached by 

placing a moist filter paper in each petri dish. For 

aeration purposes, each petri dish was opened 

daily for 25-30 min. This procedure was necessary 

to avoid development of saprophytic fungi on 

Whitefly honeydew. The number of insects per 

leaf sector was counted prior to inoculation. The 

percentage of dead insects following inoculation 

and infection was recorded daily. The natural 

mortality in control leaves was usually lower than 

10% and was not subtracted from the obtained 

mortality percentage. The observation on 

mortality of assorted population of nymphs of 

Bemicia tabaci was based on mycotic effects of 

the entomopathogenic microorganism V. lecanii 

and mycelial growth on the insect body.  These 

observations were recorded for 7 days at 24 hours 

interval, commencing the first observation 24 hrs 

after application of the treatment during all the 

sets of  

experiment (Gindin et. al 2000). The mortality 

data was recorded to find the effect of various 

treatments on assorted population of nymphs of 

Bemicia tabaci, subjected to probit analysis for 

estimation of dose mortality (LC50) and time 

mortality (LT50) response of treatments (Finney, 

1972). 

 

RESULT AND DISCUSSION 

The most effective treatment, Verticillium lecanii 

with 1% neem oil formulation, registered a lowest 

median lethal concentration (LC50) value of 5.8 to 

7.5x10
6
 spores /ml i.e. lowest concentration 

required to kill the 50% of nymphal population of 

Whitefly followed by V. lecanii with 1% D-C-

Tron plus oil registered median lethal 

concentration (LC50) of 1.8 to 8.5x10
7 

spores/ml, 

(Table 1). Whereas V. lecanii alone registered 

median lethal concentration of 5.2 to 8.8 x 10
7 

spores /ml for all three sets of experiment (Table 

2). V. lecanii with 1% liquid paraffin oil registered 

the same lethal concentrations as obtained in the 

alone trial. This means that the formulations of V. 

lecanii with liquid paraffin oil did not inflict any 

significant effect on mortality of Whitefly nymphs 

as found in formulations of neem oil and D-C-

Tron plus oil. 

 

Table 1: Concentration –mortality (LC50) 

response of Bemicia tabaci nymphs to different oil 

base formulations 

 
*(P = 0.05@   d. f. = 5.991 and at @5 d. f. =11.070 and P = 0.1 

@ 2 d. f. =4.605 and at @5 d. f. = 9.236) 
**: (The Chi Squre values compared with table values at 

respective degree of freedom for any real deviation.) 

n         =  no. of nymphs treated. 
LC 50   =  Median lethal concentration 

F.L.     =  Fiducial Limit 

Note : 1%N+V.l : V lecanii was used at different concentration  
viz., 109,108,107 and 106 spores/ml along   with 1 % Neem oil, 

respectively. 

1%D+V.l:   V lecanii was used at different concentration viz., 
109,108,107 and 106 spores/ml along with 1 % Dctron plus oil, 

respectively. 

1%P+V.l: Verticillium lecanii was used at different 
concentration   viz., 109,108,107 and 106 spores/ml along with 1 

% Liquid paraffin oil,  respectively.           
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Table 2: Concentration –mortality (LC50) 

response of Bemicia tabaci nymphs for Set I, Set 

II, and Set III 

 
* (P = 0.05@ d. f. = 5.991 and at @5 d. f. =11.070 and P = 0.1 

@ 2 d. f. =4.605 and      at @5 d. f. = 9.236) 

**: (The Chi Squre values compared with table values at 

respective degree of freedom for any real deviation.) 

n =  no. of nymphs treated. 

LC 50   = Median lethal concentration  
F.L.  = Fiducial Limit 

Note:  Verticillium lecanii was used at different concentration 

viz., 109,108,107 and 106 spore/ml, respectively.      
 

The median lethal time (LT50) values, i.e. time or 

days required to kill 50% of nymphal population, 

were lowest due to V. lecanii with 1% neem oil 

with (LT50) value in the range of 2.3 to 4.6 days 

when spore load was in order of 10
9
 to 10

6
 spores/ 

ml
 
(Table 3).  Where as V. lecanii alone brought 

about 50 per cent mortality in range of 4.1 to 6.4 

days for all the three sets of experiment with 

suspension strength of 10
9
 to 10

6
 spores/ml   

respectively. It was observed that all the 

treatments were superior over control and 

managed to bring about significant mortality in 

test population. Application of Dimethoate 

(0.05%) proved to be the most effective treatment 

in terms of lowest median lethal time (LT50) 

(Table 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Time –mortality (LT50) response of 

Bemicia tabaci nymphs due to 1 % Neem oil base 

formulations 

 
*(P = 0.05@   d. f. = 5.991 and at @5 d. f. =11.070 and P = 0.1 
@ 2 d. f. =4.605 and at @5 d. f. = 9.236) 

**: (The Chi Squre values compared with table values at 

respective degree of freedom for any real deviation.) 
n     = no. of nymphs treated.     

LT 50    =  Median lethal Time   

F.L.      =  Fiducial Limit 
 

Table 4: Time –mortality (LT50) response of 

Bemicia tabaci nymphs to different concentrations 

of V. lecanii 

 
*(P = 0.05@   d. f. = 5.991 and at @5 d. f. =11.070 and P = 0.1 

@ 2 d. f. =4.605 and at @5 d. f. = 9.236) 
**: (The Chi Squre values compared with table values at 

respective degree of freedom for any real deviation.) 

n         =   no. of nymphs treated. 

LT 50   =  Median lethal Time 

F.L.     =  Fiducial Limit 

 

Higher conidial concentration was more lethal and 

the mortality due to treatments differed 

significantly from untreated control.  It is inferred 

that the mortality of nymphs was highest in V. 

lecanii with 1% neem oil and proved to be very 

effective formulation against the nymphal 

population of Bemicia tabaci. Burges (1998) 

reported that oil formulations increase the efficacy 

of infection by entomopathogenic fungi based on 

bioassay experiment. The present findings are in 
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agreement with their findings in respect to the 

efficacy of V. lecanii in combination with various 

oils. Hall (1982) estimated the LC50 value at 2.3 x 

10
6
 conidia/ml. Spraying a conidial suspension at 

a concentration of 10
8 

conidia / ml seems to be an 

economical and effective way of controlling 

Whitefly.  Kim (2002) reported that V. lecanii was 

an effective biological control agent against 

Trialeurodes vaporariorum in South Korean 

greenhouses by spraying with a suitable 

concentration of conidia in the suspension applied 

as inoculum at 10
8
/mL with a temperature range 

of 20- 25°C. Bouhous and Larous (2012) observed 

based on the realised tests that the 

entomopathogenic fungus V. lecanii is particularly 

infectious for larval and adult stages, and slightly 

infectious for eggs. In larvae, LD50 is relatively 

low (0.5x10
3
 spores/ml) in the experimentation 

conditions. The action time of the fungus reached 

its maximum in day 7. Ahmedi et al. (2004) found 

that suspension of V. lecanii, at 10
3 

to 10
7 

conidia/ml grown in liquid culture medium, was 

effective against 2
nd

 stage of T. tabaci under 

controlled conditions. Thus, the infectivity, 

resultant mortality and LC50 value of V. lecanii 

against Bemicia tabaci in corroboration with 

present findings. As a result, V lecanii can be 

proposed for its incorporation into pest 

management programs that utilize biological 

control agents against Whitefly, Bemicia tabaci.  

 

 
Figures 
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Genetic Modeling of the Fipronil Resistance's Increase  

in the Population of Colorado potato beetle. 
 

ABSTRACT 
The effectiveness of insecticides has been reduced due to resistance 
formation in many populations of pests. We have constructed a 

discrete predictive genetic model of resistance in populations of 

Colorado potato beetle, based on the interaction of various factors. 
We test various hypotheses in the model for the development of 

strategies for overcoming resistance. This allows us to calculate a 

model with intergenic mediated interactions using phenetic markers 
of nonspecific resistance to environmental factors. Calculations show 

that use of minimal effective doses of insecticides leads to impaired 

development of the share of resistant individuals in populations of 
Colorado potato beetle. Сalculations show a slow increase in the 

proportion of stable individuals in populations of Colorado potato 

beetle using the minimal effective dose of insecticide (low dose). 
Key word: Colorado potato beetle, Leptinotarsa decemlineata, 

protection of resistance to insecticides, fipronil, population, genetic 

modeling, low dose of insecticide. 

 

INTRODUCTION 
Insecticides are currently the most effective means of 

control of insects. But the effectiveness of their use is 

reduced due to an increase of resistance (Roslavtseva, 

2005, 2009; Sukhoruchenko, 2005; Benkovskaya et al, 

2008; Baker et al., 2007; Alyokhin et al., 2008, 2009; 

Benkovskaya et al., 2009). Also by means of 

protection, the Colorado potato beetle currently 

available in the arsenal of agronomists have the 

potential to become a factor in forming new resistant 

populations and lose their original precious economic 

property (Sukhoruchenko et al, 2006). The 

development of strategies for the use of pesticides and 

other technological barriers to the formation of 

resistant populations of pests is not only a relevant 

scientific problem, but also is an important task for 

businesses, aimed both at protecting their capital 

investment in the creation of drugs or production of 

agricultural. 
 

The effectiveness of insecticides is reduced due to the 

resistance formation in the populations of pests. We 

have constructed a discrete predictive genetic model of 

resistance in populations of Colorado potato beetle, 

based on the interaction of various factors. The 

emergence of insecticide resistance of insect 

populations is the result of instability of the gene pool 

and the selection that occurs in agricultural lands. 

Insecticides used in agrotechnology act as selective 

factors of selection of resistant phenotypes to them. 

Some phenotypes can overcome the effect of 

insecticides, stored selection, while non-adaptive 

phenotypes derived from reproduction cannot and 

eventually are eliminated. The effect of other factors as 

may reduce survival of stable phenotypes and improve 

it. 

 

Our objective is to test hypotheses about the impact of 

various agricultural practices on the acceleration or 

deceleration of increase of resistance in populations of 

Colorado potato beetle. Since the population of insects 

always act as factors, it is necessary to have methods 

for evaluating the impact of each factor, as well as their 

set. To solve this problem requires a fairly simple and 

at the same time universal mathematical tool that lets 

you change the prediction set of so that the results 

obtained experimentally validate and refine. 
 

Materials and Methods 
We examine genetic model of population resistance to 

insecticides in the case Leptinotarsa decemlineata Say 

and fipronil. Fipronil acts on the nervous system of 

insects by binding to an allosteric site receptor gamma-

aminobutyric acid (GABA), and blocks the chloride 

ion channel, which causes the death of the pest 

(Narahashi et al., 2007). Insect resistance to fipronil 

caused by the presence of mutation in the gene Rdl, 

encoding subunit of the GABA receptor (Li et al., 

2006). The researchers point out that there is a 

mutation in one gene. Resistance to fipronil is inherited 

recessively, but at low doses of the drug and are 

partially in heterozygotes (Sayyed, Wright, 2004), 

suggesting an incomplete recessive allele. 

 

We use data about resistance in the population of 

Colorado potato beetle on the South Ural (fig. 1) and 

data from the experiment of testing diagnostic dose of 

fipronil (0.0001% of the active substance) (table 1). 

 

Figure 1: Increase in resistance to fipronil in the 

population of Colorado potato beetle on the South Ural. 
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Table 1: Changing the proportion of fipronil-resistant 

Colorado potato beetle with use of the Regent 

(fipronil). (Mardanshin et al., 2012, with addition of 

the authors). 

 
 

 

Formulas 1-3 are proposed on the basis of Hardy-

Weinberg Law and population growth formula Fisher's 

describing the processes of increasing or decreasing the 

frequency of alleles in the selection of a function of 

time (Altukhov, 2004). 

pn+1=
w1∗ pn

2 +w2∗ pn∗ qn

w
    

   (1) 

qn+1=
w3∗ qn

2+w2∗ pn∗ qn

w
   

   (2) 

w=w1∗ pn
2 +w2∗ pn∗ qn +w3∗ q2

  

    (3) 

Where p and q are the allele frequencies of genotypes 

in the amount of components 1, w - the selection 

coefficient, and w1, w2, w3 – the selection coefficients 

of which genotype. The coefficient of selection is a 

complex function w (R, S or M). R – resistance 

(survival in the field), S – winter survival, M – 

morphotype survival. 

 

We made models with one gene, determining 

resistance or sensitivity for fipronil (2 alleles: ss – 

susceptible, sr – heterozygote, rr – resistance). There is 

resistance (survival in the field) in the case of the 

recommended dose of the insecticide Regent R1 = 

0.06; R2 = 0.20; R3 = 1. There is resistance (survival in 

the field) in the case of low dose (1/2 – 1/3 

recommended dose) R1 = 0.125; R2 = 0.35; R3 = 1. 

We calculate these parameters according to the 

schedule of dose-effect and the lognormal distribution 

of the probability of a given dose each individuals 

(Bezel et al., 1994). Winter survival is S1 = 1; S2 = 0.7; 

S3 = 0.4. 

 

In addition, we made models with two genes: first gene 

is fipronil resistance (ss – susceptible, sr – 

heterozygote, rr - resistance), second gene – 

morphotype (AA – achromist, AM – intermediate, MM 

– melanist) (Benkovskaya et al., 2004; Benkovskaya et 

al., 2009; Benkovskaya, Udalov, 2011). There is 

morphotype survival for AA M1=M2=M3=1, for 

AMss M4=1, for (AMsr) M5=0.8, for AMrr M6=0.5, 

for MMss M7=1, for MMsr M8=0.5 and for MMrr 

M9=0.4 (table 2). 

 

Table 2: Genotypes and the calculation model with 

two non-entangled genes (percentage calculated on the 

proportion of over-wintering the summer of last year, 

the shares are calculated from a summer share alleles 

and survival after treatment with insecticide). 

 

RESULTS 
We calculated the increase of resistance and reduction 

of biological effectiveness of different doses of the 

drug Regent (fipronil) in the model with winter 

survival (fig. 2). The difference between the increase of 

resistance in the case of recommended and low dose is 

1-2 seasons. 

 

Figure 2: The results of mathematical calculations of 

increase resistance and reduce the biological 

effectiveness of different doses of the drug Regent 
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(fipronil) in the model with winter survival. Proportion 

of resistant individuals, and changes in the biological 

effectiveness of using the recommended dosage 

indicated (1) and (2), and the use of low-dose (3) and 

(4), respectively (ow - overwintered, s - summer 

generation). 

 

We calculated the increase of resistance and reduction 

of biological effectiveness of different doses of the 

drug Regent (fipronil) in the model with morphotype 

survival (fig. 3). The difference between the increase of 

resistance in the case of recommended and low dose is 

2-3 seasons. 

 

Figure 3: The results of mathematical calculations of 

resistance and reduce the biological effectiveness of 

different doses of the drug Regent (fipronil) in the 

model of two genes. Designations are given above (fig. 

2). 

 

Also we examined several hypotheses. We calculated 

the increase of resistance in the model at different 

doses of insecticide and, correspondingly, different 

survival in the field (fig. 4). The most appropriate dose 

of the relevant biological insecticide efficacy of 85% 

(R1 = 0.15). 

 

 

Figure 4: The results of mathematical calculations 

reduce the biological effectiveness of different doses of 

the Regent (fipronil) in the model of two genes (R1 — 

survival of sensitive in field). 

 

And we examine in the model variants with minimal 

dose of two insecticides alternating with each other. In 

this variation slowing resistance is equal to 9-14 

seasons. 

 

CONCLUSION  
A possible way to preserve the biological effectiveness 

can be the alternation of insecticides of different 

classes over a number of years. When new classes of 

insecticides will be entered into circulation, lower 

doses of it should be used to maintain of its biological 

effects and inhibition of increase of resistance in 

populations of Colorado potato beetle. We must focus 

on determining the minimum effective doses of drugs. 
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Effect of photoperiod on organophosphate pesticide detoxification ability in midgut tissue of 

Spodoptera litura (Fab.) 

 
ABSTRACT 

Photoperiod is an important environmental factor which governs the 

physiological activity in insects. The proportion of photophase and 

scotphase also influence the enzyme activity. Present study is aimed 
at assessing the influence of light and dark phase on the 

organophosphate detoxification ability in Spodoptera litura. The 

study shows that Cyt P450 activity is higher, when scotphase is 
increased. While the activity of esterase increases with increased 

photophase. Result suggests that S.litura employs a differential array 

of detoxification enzymes with respect to the change in photoperiod 
for organophosphate detoxification.  

Key words: Photoperiod; common cutworm; Esterase; Cyt P450; 

superoxide dismutase. 

 

INTRODUCTION 

The seasonal activity of many insects is governed by 

environmental factors like photoperiod, temperature 

and humidity.  Among environmental factors 

photoperiod affects the growth and development of 

several insects (Musolin & Saulich, 1997). The roles of 

circadian clock-controlled molecular rhythms in 

adapting organisms to the environment are only 

beginning to be explored (Dubruille & Emery, 2008). 

The basic molecular mechanisms are shared in insects 

and mammals, a fundamental understanding of the 

functional significance of circadian rhythms in 

chemical exposures may facilitate strategies to reduce 

adverse events in humans, promote control of pest 

species, and reduce pesticide use (Hooven, et al., 

2009). The detoxification enzyme kinetics in S.litura 

beet armyworm have been well documented when 

feeding on different host plants (Wang et al., 2003; 

Karthi et al., 2012) and different photoperiod, this 

relationship was investigated with focus on 

detoxification enzyme activity; therefore Cytochrome 

P450, SOD, Esterase enzyme activity were selected. 

Insecticide resistance is mainly attributed to decreased 

penetration, and enhanced detoxification by mixed 

function oxidases (MFO), esterases and glutathione-S-

transferases. Cytochrome P450
 
enzymes are involved 

in the oxidation of a wide variety of drugs, 

carcinogens, steroids, pesticides, and other chemicals 

(Coon et al., 1992). In insects, it has been shown that 

the enzyme can metabolize insect hormones 

(Feyereisen et al., 1981), secondary plant chemicals 

(Dowd et al., 1983), and synthetic insecticides (Agosin 

et al., 1985). In the present study, this relationship was 

investigated with focus on carboxylesterase (CarE), 

Cytochrome P450 and Superoxide Dismutase (SOD). 

CarE is an important detoxifying enzyme which 

distributes broadly in insects, playing an important role 

in the metabolism with various functions, especially on 

insecticide resistance (Wang et al., 2003). The present 

study is aimed at assessing the influence of 

photoperiod on organophosphate detoxifying ability of 

detoxification enzymes in S. litura. 

 
MATERIALS AND METHODS 

Insect culture and insecticide treatment 

Larvae of Spodoptera litura were obtained from the 

laboratory stock maintained at insectary (Molecular 

Entomology Lab, Department of Biotechnology, 

Periyar University). The larvae were divided into two 

photoperiodic regimen of 12L: 12D; 0 L: 24D. Larvae 

were maintained castor leaves till 5
th

 instars. At 5
th

 

instar the larvae were treated at  field recommended 

dosage of monocrotophos (175 g/a.i) insecticide using 
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leaf dip method recommended by (IRAC; www.irac-

online.org/resources/methods.asp). 

 

Enzyme preparation 
20 fifth instar larvae were separated and dissect remove 

the midgut tissues. The dissected larval tissue was 

homogenized on ice in homogenization buffer (0.1 M 

phosphate buffer, pH 7.2). The homogenate was 

centrifuged at 4°C, 10, 000 rpm for 15 min, and the 

solid debris and cellular material were discarded. The 

supernatant was decanted into a clean eppendorf tube, 

placed on ice and used immediately for enzymatic 

estimation of Mixed Function Oxidase (MFO), 

Esterase (EST), and Superoxide dismutase (SOD). 

 

Enzyme assays 

Enzyme assays are following methods, esterase assay 

(Kranthi et al., 2005); cytochrome P450 assay 

(Brogdon et al., 1998) and superoxide dismutase 

(Marklund & Marklund, 1974). 

 

RESULTS AND DISCUSSION 

Esterase activity in Spodoptera litura larvae shows 

high in 12:12 photoperiod.  SOD activity was high in 

both photoperiods (12:12; 0:24). Cytochrome P450 

activity was high in 0:24 photoperiod as compared to 

control (Fig: 3). Several studies on insects circadian 

rhythms in ECOD activity reflecting mixed function 

oxidase activity, which has been associated with 

insecticide resistance and over expression of Cyt P450 

in Drosophila (Sousa et al., 1995). Constant light 

which abrogates clock function, depressed rhythm in 

both enzymes activity (Esterase, Cyt P450) and rhythm 

is susceptibility to monocrotophos. Daily rhythms in 

expression of xenobiotic metabolizing enzymes may 

have evolved to anticipate the intake of plant 

allelochemicals, mycotoxins and other compounds 

ingested during daily feeding rhythms (Saunders, 2002; 

Shea et al., 2005). The above study suggests that there 

are differential detoxification enzyme profiles in 

response to changes in photoperiod. Suggesting that 

photo phase positively affects esterase activity while 

inhibits/reduces the activity of Cyt P450. The further 

studies on the relative contribution of detoxification 

enzymes to OP detoxification can further sustainable 

our findings and can help in dividing the timing of the 

insecticide sprays to achieve maximum efficiency in 

Insect control. 

 

 

 

 

 

 

 

 

Figure 1: Detoxification enzyme profiles of esterase 

on fifth instar Spodoptera litura larvae exposed to 

organophosphate using different photoperiods 

 
*Enzyme activities are represented as Mean (±SD) value; control; 

mono- Monocrotophos; MG- Midgut. 

 

 
Figure 2: Detoxification enzyme profiles of 

Superoxide dismutase (SOD) on fifth instar Spodoptera 

litura larvae exposed to organophosphate using 

different photoperiods. 

 
*Enzyme activities are represented as Mean (±SD) value; control; 
mono- Monocrotophos; MG- Midgut. 

 

 
Figure 3: Detoxification enzyme profiles of MFO on 

fifth instar Spodoptera litura larvae exposed to 

organophosphate using different photoperiods. 

 
*Enzyme activities are represented as Mean (±SD) value; control; 

mono- Monocrotophos; MG- Midgut. 
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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/Newsletter/submission.htmlfor 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 18, 2013 

Monday, September 16, 2013 

 

We hope you continue to consider the newsletter as a forum for displaying your ideas and research. 
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Libraries that wish to receive a printed version may send a request to: 

  

rpmnews@msu.edu, or 
 

Newsletter Coordinator 

Resistant Pest Management Newsletter 
B-11 Center for Integrated Plant Systems 

Michigan State University 

East Lansing, MI 48824-1311  
USA 

 

Please visit us online today athttp://whalonlab.msu.edu/Newsletter/index.html 
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