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 Abstract.- Imidacloprid and thiamethoxam are being used for cotton seed treatment in cotton, Gossypium 
hirsutum L., to control various early season piercing and sucking pests. To assess the activity of these neonicotinoids 
against whitefly, Bemisia tabaci and their aphelinid parasitoids, cotton seed were treated with imidacloprid and 
thiamethoxam and sown in the field. Untreated seed were also sown as control treatment. The studies were continued 
for three years. During the study period, the population of B. tabaci remained below economic threshold level  
(6 leaf-1) in all the treatments upto 50 days after sowing. It was significantly lower in the imidacloprid and 
thiamethoxam seed treated plots compared with untreated check plots during the same period. Parasitism in the treated 
plots was comparatively lower than untreated plots. During 2003, the seasonal mean percent parasitism in plot treated 
with imidacloprid was 12% less than untreated plots. During 2004 and 2005, the level of parasitism in imidacloprid 
plots was 23.8% and 21.9% less and in thiamethoxam it was 15.9% and 18.4% less compared with untreated check. 
Total parasitism in pooled data from these studies revealed that percent parasitism reduction in imidacloprid (19.2 %) 
and thiamethoxam (13.2%) was less compared with untreated. Comparatively, thiamethoxam proved less toxic to 
parasitoids compared with imidacloprid.  
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INTRODUCTION 
 

 Bemisia tabaci (Genn.) Amrasca devastans 
(Dist) and Thrips tabaci (Lind) cause considerable 
damage (> 10%) to the cotton crop during its early 
stages of development resulting in pre-mature 
shedding of leaves and fruiting parts. In the early 
stage of growing the crop, farmers use foliar 
insecticides to avoid damage from these pests. 
These early foliar applications of insecticide often 
kill the natural enemies which then results in a 
resurgence of the pests, especially whitefly (Naveed, 
2006). With the introduction of the systemic 
insecticides imidacloprid and thiamethoxam, for 
seed treatment, farmers have been able to use them 
to protect their crop from the early season, sap- 
sucking insect pests. The effects of imidacloprid and 
thiamethoxam on sucking pests (Kagabu, 1999; 
Yamada et al., 1999; Maienfisch et al., 2001) and 
their effects on predators are well documented 
(Woolweber and Tietjen, 1999). 
 However,  very  little information is available 
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on the effect of these seed treatment insecticides on 
the parasitoids of B. tabaci under field conditions. 
Traditionally, parasitoids have been successful in 
suppressing whitefly and more than 70% parasitism 
has been recorded during early stage of the cotton 
crop (Naveed et al., 2007) and need to be protected. 
Thus, in order to develop and conduct a successful 
IPM program, susceptibility of parasitoids to 
various insecticides especially the seed treatment 
should be known and taken into account. 
 Imidacloprid was the first neonicotinoid seed 
treatment insecticide used commercially to protect 
seeds and seedlings against injury by early season 
insects (Wilde et al., 1999; Graham, 1998; Burd et 
al., 1996; Almand, 1995; Mckirdy and Jones, 1996). 
It is also effective at controlling many insects, 
including aphids, thrips, jassid, mites, wireworms, 
and true bug when used as a seed treatment, and as 
soil and foliar applications (Bradley et al., 1998; 
Graham et al., 1995; Harvey et al., 1996), and is 
commonly used on several crops, including cotton, 
wheat, barley, sorghum, canola, corn and sugar 
beets (Kerns and Palumbo, 1995; Woolweber and 
Tietjen, 1999; Hernandez et al., 1999). 
 Thiamethoxam is a second-generation 
neonicotinoid belonging to the thianicotinyl sub-
class of the nicotinoid chemistry (Maienfisch et al., 
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2001). It provides excellent control of a wide variety 
of commercially important insect pests on a variety 
of crops including barley, cotton, sorghum, wheat, 
canola, and corn through contact, stomach and 
systemic activity (Gobel et al., 1999; Maienfisch et 
al., 1999; Hofer and Brandl, 1999; Zang et al., 
1998; Lawson et al., 1999). 
 This study was initiated to gain confidence on 
the safety of these compounds against the 
parasitoids in order to include these compounds for 
the management of early season sucking pest, 
especially the whitefly. 
 

MATERIALS AND METHODS 
 
 Effect of seed treatment with imidacloprid 
and thiamethoxam on the population of whitefly and 
parasitoids were recorded and compared with 
untreated check during 2003-2005 cotton seasons. 
To treat seed, imidacloprid 70WS @ 8 gm/kg cotton 
seed was mixed in 200 ml of water. Insecticide 
solution and delinted cotton seed of commercial 
variety CIM-473 were vigorously shaken and 
rotated in plastic bag. Insecticide treated seed were 
then dried under the shade. Likewise, thiamethoxam 
25WG @ 3 gm/kg seed was used for the second 
treatment and the above mentioned procedure was 
followed to treat seed with insecticide. The 
untreated seed were used as control treatments. Each 
year, the trial was sown in the 1st week of June. The 
experiment was laid out in a complete randomized 
block design, treatments were replicated 4 times 
having a plot size of 30 X 30.5 meter. Treated and 
untreated seed were sown by hand using a dibbing 
method on bed and furrow. The plots consisted of 
50,000 plants per hectare spaced 0.25 cm within row 
and 0.8 m between rows. No foliar spray application 
was given during the study period. 
 
Observations 
 Whitefly 
 Both nymph and adult population of whitefly 
were recorded by using leaf turn method (Ellsworth 
et al., 1995; Naranjo et al., 1996). Fifteen randomly 
selected leaves from 5th to 8th main stem down from 
terminal were taken from each plot and observations 
were continued from 30 days after sowing (DAS) to 
70 DAS at 10 days interval.  

 Whitefly parasitoids 
 Twenty leaves infested with the highest 
number of 3rd instar nymphs of whitefly per plot 
were harvested and brought back to the laboratory 
on each observation date. This procedure started 
from 30 to 70 DAS at 10 day intervals. Afterwards, 
a leaf disc displaying the highest number of 3rd 
instar nymphs was cut with the help of a leaf cutter 
of size (20 cm2 ). At least 20 leaf discs per plot per 
observation were kept in glass Petri dishes with their 
lids on in the laboratory at 28 + 2 °C and 65 + 3% 
RH (Naveed et al., 2007). The numbers of whitefly 
and their parasitoid adults that emerged were 
recorded. Percentage parasitism was defined as: 
percent parasitism = ((number of emerged 
parasitoids) / (number of emerged parasitoids + 
number of whitefly)) X 100. 
 

Data analysis 
 The population of whitefly recorded in the 
field and the percentage parasitism recorded in the 
laboratory were analyzed by analysis of variance 
(ANOVA) for each observation (Gomez and Arturo, 
1984). Treatments means were compared by using 
Fishers’ LSD test. 
 

RESULTS 
 

Effect on whitefly  
 During 2003, B. tabaci remained below 
economic threshold level (ETL, 6 leaf -1) in all the 
treatments upto 50 DAS. Comparatively population 
of whitefly in both imidacloprid and thiamethoxam 
seed treated plots were significantly lower than 
untreated plots at 30 DAS (F= 15.57; df= 2, 6; P < 
0.01), 40 DAS (F= 8.42; df= 2, 6; P < 0.01), and 50 
DAS (F= 5.87; df= 2, 6; P < 0.01). It was 
significantly higher and above ETL in untreated plot 
compared with seed treated plots (F= 15.64; df= 2, 
6; P < 0.01) at 60 DAS. Population of whitefly was 
above ETL in all the treatments and difference 
among all the treatments were non significant (F= 
3.15; df= 2,6; P<0.01) at 70 DAS whereas, 
maximum number of whitefly was in thiamethoxam 
seed treated plots (20.1) followed by untreated plots 
(16.4) (Table I). 
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Table I.- Field population of B. tabaci per leaf during 
2003 – 2005. 

 
Days after sowing (DAS) Treatments 

30  40  50  60  70  
      
2003      
Imidacloprid 1.7  2.0  2.5  3.6  15.8  
Thiamethoxam 1.5  2.6  3.0  4.2  20.1  
Untreated 3.4  4.1  5.6  6.1  16.4  
LSD (5%) 0.92 1.29 2.38 1.14 4.54 
      
2004      
Imidacloprid 1.1  2.4  2.6  5.6 7.0 
Thiamethoxam 2.0  2.5  3.1  6.5 8.1 
Untreated 3.7  4.5  5.3  7.8 8.5 
LSD (5%) 1.11 1.08 1.63 1.73 1.29 
      
2005      
Imidacloprid 1.5  2.4  2.8  4.8 11.5 
Thiamethoxam 1.9  3.0  3.5  5.5 14.5 
Untreated 2.8  4.5  5.8  6.9 13.4 
LSD (5%) 0.40 0.41 0.84 1.65 2.32 
      
 

 During 2004, B. tabaci also remained below 
ETL in all the treatments upto 50 DAS. 
Comparatively population of whitefly in both 
imidacloprid and thiamethoxam seed treated plots 
were significantly lower than untreated plots at 30 
DAS (F= 17.05; df= 2, 6; P < 0.01), 40 DAS (F= 
14.43; df= 2, 6; P < 0.01), and at 50 DAS (F= 9.28; 
df= 2, 6; P<0.01). It was above ETL in 
thiamethoxam (6.5) and untreated check (7.8) at 60 
DAS whereas, the population difference among all 
the treatments was non significant (F= 4.89; df= 2, 
6; P < 0.01). At 70 DAS, the population of whitefly 
was above ETL in all the treatments and the 
difference among the treatments was non significant 
(F= 4.34; df= 2, 6; P < 0.01) (Table I).  
 During 2005, a similar trend in the population 
of B. tabaci was recorded and it remained below 
ETL in all the treatments upto 50 DAS. 
Comparatively population of whitefly in both 
imidacloprid and thiamethoxam seed treated plots 
were significantly lower than untreated plots at 30 
DAS (F= 33.25; df= 2, 6; P < 0.01), 40 DAS (F= 
84.24; df= 2, 6; P < 0.01), and at 50 DAS (F= 42.23; 
df= 2, 6; P < 0.01). It was recorded above ETL in 
untreated check plot but the difference among the 
seed treated and untreated plots were non significant 
(F= 5.03; df= 2, 6; P < 0.01) at 60 DAS. Whitefly 

population was above ETL in all the treatments and 
the difference among the treatments were non 
significant (F= 5.11; df= 2, 6; P < 0.01) at 70 DAS 
(Table I). 
 Overall, seasonal mean population of 
whitefly per leaf was maximum in untreated check 
(7.1) followed by thiamethoxam (6.3) and 
imidacloprid (5.1) during 2003. It was also recorded 
higher in untreated check (5.9) followed by 
thiamethoxam (4.4) and imidacloprid (3.7) during 
2004. Similar trend in the whitefly population was 
recorded during 2005 and it was maximum in 
untreated check (6.7) followed by thiamethoxam 
(5.7) and imidacloprid (4.6) (Table II). 
 
Table II.-  Pool population of B. tabaci per leaf per year 

during 2003-05. 
 

Population per leaf (year wise) Seed treatment 
2003 2004  2005  

    
Imidacloprid 5.1 3.7 4.6 
Thiamethoxam 6.3 4.4 5.7 
Untreated 7.1 5.9 6.7 
LSD 5% 0.93 0.77 0.69 
    
 

Effect on parasitism 
 Three species of aphelinid parasites were 
identified, Encarsia lutea (Masi), E. sophia and 
Eretmocerus mundus Mercet, as parasitoids of B. 
tabaci. 
 During 2003, percent parasitism was 
significantly higher (F= 215.46; df= 2, 6; P < 0.01) 
in untreated check (72.4) followed by thiamethoxam 
seed treated plot (67.3) and significantly lowest in 
imidacloprid seed treated plot (65.8) at 30 DAS 
collected leaves. It was recorded significantly higher 
(F= 11.32; df= 2, 6; P < 0.01) in untreated plots 
compared with both the seed treated treatments plots 
collected leaves, but the percent parasitism in the 
imidacloprid and thiamethoxam seed treatments 
were non significant at 40 DAS. Similarly, the 
percent parasitism was significantly higher in 
untreated check plot at 50 DAS (F= 206.37; df= 2, 
6; P < 0.01) and at 60 DAS (F= 141.74; df= 2, 6; 
P<0.01) compared with both seed treatments and 
percent parasitism difference within thiamethoxam 
and imidacloprid seed treatments were also 
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significant during the same period. Level of 
parasitism were non significant (F= 1.55; df= 2, 6; 
P<0.01) in the seed treated and untreated check 
plots at 70 DAS collected leaves (Table III). 
 
Table III.-  Percent parasitism recorded during 2003 – 2005. 
 

Days after sowing (DAS) Treatments 
30  40  50  60  70  

      
2003      
Imidacloprid 65.8  72.1  31.7  14.8  37.8 
Thiamethoxam 67.3  74.1  38.4  20.2  39.3 
Untreated 72.4  77.2  40.2  24.5  38.2 
LSD (5%) 0.82 2.16 1.08 1.41 2.16 
      
2004      
Imidacloprid 35.3  55.7  75.0  44.0  28.7  
Thiamethoxam 34.3  71.0  79.7  44.0  34.3  
Untreated 42.1  81.7  90.5  49.5  49.5  
LSD (5%) 1.41 2.90 2.16 2.58 2.64 
      
2005      
Imidacloprid 65.1  83.3  50.0  67.2  69.3 
Thiamethoxam 68.3  86.8  55.6  68.7  70.4 
Untreated 77.1  93.7  86.1  92.4  79.5 
LSD (5%) 3.26 3.35 5.25 4.20 9.37 
      
 
 During 2004, initially the level of parasitism 
was low compared with 2003 and afterward 
gradually increased in all the treatments. Level of 
parasitism was significantly higher (F= 108.08; df= 
2, 6; P < 0.01) in untreated check compared with 
seed treated plots and the difference in the 
imidacloprid and thiamethoxam treated plots were 
non significant at 30 DAS. It was again significantly 
higher in untreated plots (F= 243.18; df= 2, 6; P < 
0.01) compared with seed treated treatments at 40 
DAS, but the difference within the seed treatments 
were significant and percent parasitism were 
significantly lower in imidacloprid plots. During 50 
DAS, the similar trend in the parasitism was 
recorded and the parasitism was significantly higher 
in untreated plots (F=162.42; df= 2, 6; P < 0.01) 
compared with seed treated plots and the difference 
within the imidacloprid and thiamethoxam was also 
significant. Percent parasitism was significantly 
higher (F= 18.15; df= 2, 6; P<0.01) in untreated 
check compared with imidacloprid and 
thiamethoxam treated plots at 60 DAS, but the 
difference within the seed treatment insecticides 

were non significant. During 70 DAS, the difference 
within the treatments were significant (F= 198.58; 
df= 2, 6; P < 0.01) and highest parasitism was 
recorded in untreated check plot (49.5) followed by 
thiamethoxam (34.3) and imidacloprid (28.7) 
respectively (Table III). 
 During 2005, percent parasitism was 
significantly higher (F= 43.44; df= 2, 6; P < 0.01) in 
untreated check (77.1) compared with 
thiamethoxam seed treated plots (68.3) and 
imidacloprid seed treated plots (65.1) but the 
difference within the seed treated insecticides was 
non significant at 30 DAS. It was recorded 
significantly higher (F= 29.59; df= 2, 6; P < 0.01) in 
untreated plots compared with both the seed treated 
treatments plots, but the percent parasitism in the 
imidacloprid and thiamethoxam seed treatments 
were non significant at 40 DAS. Similarly, the 
percent parasitism was significantly higher in 
untreated check plot at 50 DAS (F= 166.64; df= 2, 
6; P < 0.01) and at 60 DAS (F= 152.85; df= 2, 6; P 
< 0.01) compared with both seed treatments and 
percent parasitism difference within thiamethoxam 
and imidacloprid seed treatments were non 
significant during the same period. Level of 
parasitism were non significant (F= 4.27; df= 2, 6; P 
< 0.01) in the seed treated and untreated check plots 
at 70 DAS collected leaves (Table III)  
 Overall, seasonal mean percent parasitism 
was maximum in untreated check (50.5) followed 
by thiamethoxam (47.9) and imidacloprid (44.4) 
during 2003. It was also recorded higher in 
untreated check (62.7) followed by thiamethoxam 
(52.7) and imidacloprid (47.7) during 2004. Similar 
trend in the percent parasitism was recorded during 
2005 and it was maximum in untreated check (85.8) 
followed by thiamethoxam (69.9) and imidacloprid 
(66.9) (Table IV). 
 
Table IV. Pool percent parasitism per leaf per year 

during 2003-05. 
 

Percent parasitism (year wise) Seed treatment 
2003 2004 2005 

    
Imidacloprid 44.4 47.7 66.9 
Thiamethoxam 47.9 52.7 69.9 
Untreated 50.5 62.7 85.8 
LSD (5%) 0.82 1.18 1.49 
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DISCUSSION 
 
 The prime objective of the study was to 
assess the effect of seed treatment insecticides 
imidacloprid and thiamethoxam against whitefly 
and its parasitoids. Early in the cotton season the 
population of whitefly remained below ETL level in 
all the treatments including the untreated check 
plots and gradually increased irrespective of 
treatments. Seed treatment insecticides gave 
significant control up to 50 to 60 DAS compared to 
the untreated check. Overall, seed treated with 
imidacloprid gave better control of whitefly 
compared with thiamethoxam and untreated check. 
Similarly, study undertaken by Torres and Ruberson 
(2004) revealed that thiamethoxam and imidacloprid 
showed significant control of whitefly in 
comparison with untreated plots upto 40 DAS. 
Percentage parasitism in the plots treated with 
imidacloprid and thiamethoxam was significantly 
lower than the untreated plots. During 2003, the 
percentage reduction in the imidacloprid treated 
plots were between 3.8 to 39.6% whereas, it was 
between 2.5 to 17.6% in thiamethoxam treated plots 
compared with untreated plots. During 2004, 
percentage parasitism reduction between 11.1 to 
42.0% in imidacloprid and 11.1 to 30.7% in 
thiamethoxam was recorded. During 2005, 
reduction in parasitism between 11.1 to 41.9% in 
imidacloprid and 7.4 to 35.4% in thiamethoxam 
plots were recorded. Overall, percentage parasitism 
reduction in imidacloprid (19.2) was more than 
thiamethoxam (13.2) and control plots. A 
consistently lower reduction in percentage 
parasitism was observed in the thiamethoxam-
treated plots compared to the imidacloprid-treated 
plots, thus suggesting a more toxic effect of 
imidacloprid to parasitoids than thiamethoxam.  
 Very few studies had been conducted on the 
systemic effect of neonicotinoids on the level of 
parasitism of B. tabaci. Study undertaken by Ogata 
(1999) and Torres et al. (2003) reported slight to 
moderate toxicity of thiamethoxam to parasitized 
whitefly pupae. In another study, Baldson et al. 
(1993) reported no effect of imidacloprid and 
thiamethoxam on emergence of Anagrus takeyanus 
Gordh, an egg parasitoid of the azalea lace bug 
Stephanitis pyrioides (Scott). 

 This study indicates that systemic insecticides 
applied in soil may be less harmful to parasitoids 
because direct contact is less. Although a direct 
comparison to foliar sprays was not made in the 
current study, a previous study suggests that the use 
of foliar spray early in the season not only disturbs 
the natural enemies but also flare up the sucking 
pest especially the B. tabaci (Naveed, 2006). 
 Integrated pest management practice in cotton 
production recommends the preservation of 
beneficial insects for control of various insect pests. 
Emphasis on IPM is especially important in early 
season cotton, when beneficials are capable of 
maintaining some pests below economic thresholds 
(Gerling, 1996; Gerling et al., 1997; Naranjo and 
Hagler, 1998; Naranjo et al., 1997). Consequently, 
the preservation of parasitoids activity is of great 
importance for B. tabaci management in the early 
stage of the crop. Information on the toxicities and 
exposure (foliar or systemic) of various cotton 
insecticides to several key beneficial species is 
therefore important in selection of compounds that 
will minimize mortality of these species. The 
knowledge gain from these experiments can be 
utilized to develop more effective pest management 
programs for early sucking pest. 
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