
© 2016 PP House

International Journal of Bio-resource and Stress Management 2016, 7(5):1037-1043

1.  Introduction

Chlorantraniliprole 10%+thiamethoxam 20% mixture is a 
broad-spectrum insecticide that employs two complementary 
modes of action to protect vegetables from both chewing and 
sucking insects. Its improved activity is due to the combined 
modes of action, chlorantraniliprole (CTPR), a new mode of 
action from the anthranilic diamide family of insecticides, 
and thiamethoxam, a member of the neo-nicotinoid class of 
chemistry and performs with fewer sprays needed, and helps 
to deliver improved yields. It has been reported that this mixed 
formulation having the two modes of action harmonize each 
other to combat the toughest insects in vegetables that includes 
a broad range of lepidopteran pests, as well as aphids, whiteflies 
and flea beetles (Oliveira et al., 2001). Thus, the effects of this 
need to be tested in combating the notorious insects of various 
vegetables considering the conservation of the natural enemies. 
Among the vegetables, tomato is widely known for their 
outstanding antioxidant content, including rich concentration 
of Lycopene. It is an important condiment in most diets and a 

very cheap source of vitamins. It is extensively grown all over 
the country with an area of 791 thousand ha and production 
of  15783.2 mt (Anonymous, 2015). Due to tender and supple 
nature of tomato and its cultivation under high moisture and 
input regimes, the vegetable is more prone to pest attack. 
Generally tomato is accounted by a number of insect pests 
such as tomato fruit borer, blister beetle, aphids, flea beetle, 
whitefly, leaf miner, red spider mite, thrips etc. Out of which, 
tomato fruit borer (Helicoverpa armigera Hub.), white fly 
(Bemisia tabaci Genn.) and leaf miner (Liriomyza trifolii) 
are most destructive to the crop (Lange and Branson, 1981). 
Among them fruit borer, Helicoverpa armigera (Hubner) is the 
most notorious and alone causes yield loss upto 40% (Tewari 
and Krishnamoorthy, 1984). Besides direct damage whitefly 
also causes indirect damage by transmitting Gemini virus to 
the crop. In India yield loss caused by Gemini virus infestation 
on tomatoes reached 93.3% (Sastry and Singh, 1979). Damage 
by leaf miner on tomato is also increasing day by day in recent 
years. Worldwide outbreaks of Liriomyza leafminers are 
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Experiments were conducted at Bidhan Chandra Krishi Viswavidyalaya, Kalyani, 
West Bengal, India to evaluate the efficacy of chlorantraniliprole 10%+thiamethoxam 
20% @ 105, 128 and 150 g a.i. ha-1 along with other insecticides against major pests 
of tomato under field condition. Tomato crop was raised in Randomized Block 
Design during 2010−11 and 2011−12 crop seasons. One soil drench application of 
all the treatments was given at 10 days after transplanting @ 100 ml water plant-1 
except λ-cyhalothrin 5 EC that was given as foliar spray at the same time with three 
replications. Observations of white fly, leaf miner and fruit borer were taken on 5th, 
10th, 15th, 20th and 30th days after soil drench application. Yield was recorded separately 
for each treatment during both the seasons. The per cent reduction or increase (+) 
of parasitoids (Encarsia sp. and Apanteles sp.) were recorded only on 30th day after 
application. Results revealed that chlorantraniliprole 10%+thiamethoxam 20% mixture 
@ 150 g a.i. ha-1  gave excellent control of the two sucking pests, viz. leaf miner (5.09 
and 5.75%) and white fly (0.50 and 0.41 scale) as well as of Helicoverpa armigera (0.46 
and 0.61 larvae plant-1) for both the seasons. The yield increases were also significantly 
higher in Chlorantraniliprole 10%+thiamethoxam 20% mixture treatments as well as 
it showed remarkable specificity to two important natural enemies associated with 
tomato ecosystem.
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associated with excessive use of broad-spectrum insecticides 
(Murphy and La Salle, 1999). To mitigate the losses due to 
these pests, a huge quantity of pesticides is used in tomato 
and it is not unusual for the vegetable growers to give 8−10 
sprays in a season without much increase in the yield. Thus, 
the tomato fruits are likely to retain high level of pesticide 
residues which may not only be hazardous to consumers but 
may affect the export quality as well. Further, the excessive 
reliance on chemicals has led to the problem of development 
of resistance, resurgence, environmental pollution. Considering 
all the troubles, the present study was oriented to evaluate 
chlorantraniliprole 10%+thiamethoxam 20% mixture with 
different doses against major insect pest of tomato.

2.  Materials and Methods

The experiments were conducted at Bidhan Chandra Krishi 
Viswavidyalaya, Kalyani, Nadia, West Bengal during 2010−11 
and 2011−12 to evaluate the efficacy of mix formulations of 
chlorantraniliprole 10%+thiamethoxam 20%) against major 
insect-pests of tomato and its effects on important natural 
enemies associated with tomato ecosystem. The experiments 
were conducted in Randomized Block Design (RBD) with 
three replications. Standard agronomic practices were followed 
for raising the crop. Tomato seedlings (Variety: Patharkuchi) 
were transplanted in plot size of 25 m2 with 75×45 cm2 spacing 
for both the seasons. Treatments viz. chlorantraniliprole 
10%+thiamethoxam 20% mixture @ 105, 128 and 150 g a.i. 
ha-1, chlorantraniliprole 20 SC @ 50 g a.i. ha-1, thiamethoxam 
25 WG @ 100 g a.i. ha-1, phorate 10 G @ 1500 g a.i. ha-1 and 
λ-cyhalothrin 5 EC @ 15 g a.i. ha-1 were used for experiment. 
One soil drench application of all the treatments was given 
at 10 days after transplanting @ 100 ml water plant-1 except 
λ-cyhalothrin 5 EC that was applied as foliar spray at the same 
time with knapsack sprayer @ 400 l of water ha-1. In case of 
white fly, number of nymphal stages of white fly/five random 
leaves from apical portion of five random  plants/ plot was 
counted while per cent leaf damaged by leaf miner was taken 
into account before as well as on 5th, 10th, 15th, 20th and 30th 
days after application.  For fruit borer, the counts were based 
on number of larvae present/ten plants before application as 
well as on 5th, 10th, 15th, 20th and 30th day after application. The 
number of infested and healthy fruits was counted at each 
picking. The data on infestation and yield were subjected to 
analysis of variance after making necessary transformation. 
Parasitised white fly nymph and Helicoverpa larvae by 
Encarsia sp. and Apanteles sp. respectively, were recorded 
from five leaves selected previously at randomly from five 
random plants on only 30th day after application. The data were 

subjected to suitable transformation and the critical difference 
(CD) at p=0.05 level of significance was worked out.

3.  Results and Discussion 

3.1.  Effects on incidence of white fly

The results of white fly incidence are presented in Table 
1. During 2010−11, it was observed that all treatments 
were effectual and superior over control. The mean 
white fly population was minimum in plots treated with  
chlorantraniliprole 10%+thiamethoxam 20% mixture @ 
150 g a.i. ha-1 with lowest scoring (0.5) which was at par 
with thiamethoxam 25 WG @ 100 g a.i. ha-1 (0.56) and 
chlorantraniliprole 10%+thiamethoxam 20% mixture 
@ 128 g a.i. ha-1 (0.78). Next order of treatments were  
chlorantraniliprole 10%+thiamethoxam 20% mixture @ 105 g 
a.i. ha-1 (0.97) which was at per with λ-cyhalothrin 5 EC @ 15 
g a.i. ha-1 (1.16). This mixture with all doses and thiamethoxam 
were significantly different from other treatments in reducing 
white fly population. Chlorantraniliprole 20 SC @ 50 g a.i. 
ha-1 and phorate 10 G @ 1500 g a.i. ha-1 (score 1.19 and 1.50 
respectively) were not as effective as chlorantraniliprole10%+ 
thiamethoxam 20% mixture at higher doses and thiamethoxam 
but superior over control plots (1.78). During 2011−12, similar 
trend of efficacies were found against this pest and occupied 
the order of efficacy as  chlorantraniliprole 10%+thiamethoxam 
20% mixture @ 150 g a.i. ha-1>thiamethoxam 25 WG @ 100 g 
a.i. ha-1> chlorantraniliprole 10%+thiamethoxam 20% mixture 
@ 128 g a.i. ha-1> chlorantraniliprole 10%+thiamethoxam 20% 
mixture @ 105 g a.i. ha-1>λ-cyhalothrin 5 EC @ 15 g a.i. ha-1 

>chlorantraniliprole 20 SC @ 50 g a.i. ha-1>phorate10 G @ 
1500 g a.i. ha-1. Mean of two seasons observation indicated the 
similar trend of results of individual season and maintained the 
same trend in the order of efficacy against this pest. Information 
regarding efficacy of  chlorantraniliprole 10%+thiamethoxam 
20% mixture on white fly is very scanty but many authors 
reported the effectiveness of thiamethoxam against white fly. 
Present findings are in conformity with the results of Lee et 
al. (2002) who reported that thiamethoxam was very effective 
against adults of white fly when applied at recommended dose. 
Further the findings were agreed with the study of David and 
Robert (2002) who reported that thiamethoxam was effective 
insecticide to control white fly in tomato as well as stated that 
control appeared to be better with soil application than foliar 
application. 

3.2.  Effects on incidence of leaf miner

Effects of treatments on leaf miner incidence are depicted 
in Table 2. Mean per cent leaf damage varied from 5.09 to 
12.44 and 5.75 to 13.27% during 2010−11 and 2011−12, 
respectively. All the treatments were significantly superior 
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Table 1:  Effect of single soil drench application of  chlorantraniliprole 10%+thiamethoxam 20% mixture on incidence of white 
fly Bemisia tabaci Genn. on tomato 
Treatments Dose 

(g a.i. 
ha-1)

Scoring of white flies on  different days after application
First season Second season Over-

all 
Mean 

5th 
DAA

10th  
DAA

15th  
DAA

20th  
DAA

30th 
DAA

Mean 5th 
DAA

10th  
DAA

15th  
DAA

20th  
DAA

30th 
DAA

Mean

C10+T20% 105 0.73
(0.85)

0.69
(0.83)

0.84
(0.92)

1.14
(1.07)

1.44
(1.20)

0.97
(0.97)

0.69
(0.83)

0.63
(0.79)

0.72
(0.85)

0.93
(0.96)

1.20
(1.09)

0.83
(0.90)

0.90

C10+T20% 128 0.56
(0.75)

0.45
(0.67)

0.54
(0.73)

0.69
(0.83)

0.84
(0.91)

0.62
(0.78)

0.48
(0.69)

0.39
(0.62)

0.57
(0.75)

0.63
(0.79)

0.72
(0.85)

0.56
(0.74)

0.59

C10+T20% 150 0.46
(0.68)

0.36
(0.60)

0.45
(0.67)

0.57
(0.75)

0.66
(0.81)

0.50
(0.70)

0.36
(0.60)

0.27
(0.51)

0.42
(0.65)

0.47
(0.68)

0.54
(0.73)

0.41
(0.63)

0.45

Chlorantra-
niliprole 20 
SC

50 0.45 0.84
(0.92)

1.02
(1.01)

1.38
(1.17)

1.77
(1.33)

1.19
(1.08)

0.87
(0.93)

0.80
(0.89)

0.93
(0.96)

1.07
(1.03)

1.29
(1.14)

0.99
(0.99)

1.09

Thiamethox-
am 25 WG

100 0.48
(0.69)

0.42
(0.65)

0.48
(0.69)

0.66
(0.81)

0.78
(0.88)

0.56
(0.74)

0.36
(0.60)

0.33
(0.57)

0.36
(0.59)

0.48
(0.69)

0.84
(0.92)

0.47
(0.67)

0.52

Phorate 
10 G

1500 0.84
(0.92)

0.84
(0.92)

1.44
(1.20)

1.98
(1.41)

2.40
(1.55)

1.50
(1.20)

0.75
(0.87)

0.80
(0.89)

1.17
(1.08)

1.44
(1.20)

1.84
(1.36)

1.20
(1.08)

1.35

λ Cyhalo-
thrin 5 EC

15 0.27
(0.52)

0.84
(0.91)

1.20
(1.09)

1.53
(1.24)

1.98
(1.41)

1.16
(1.03)

0.15
(0.38)

0.69
(0.83)

0.99
(0.99)

1.29
(1.13)

1.53
(1.24)

0.93
(0.91)

1.05

Control - 1.20
(1.10)

1.41
(1.19)

1.62
(1.27)

1.83
(1.35)

2.85
(1.69)

1.78
(1.32)

1.02
(1.01)

1.23
(1.11)

1.35
(1.16)

1.50
(1.22)

2.13
(1.46)

1.45
(1.19)

1.62

CD (p=0.05) - 0.06 0.07 0.07 0.09 0.09 0.08 0.09 0.10 0.12 0.12 0.08 0.10 -
C10+T20%: chlorantraniliprole 10%+thiamethoxam 20% mixture Figures in parentheses are square root transformed values; 
DAA=Days after application

over control as well as varied significantly from each others. 
During first season, lowest mean leaf damage was recorded in  
chlorantraniliprole 10%+thiamethoxam 20% mixture treated 
plots (5.09%) when applied @ 150 g a.i. ha-1 closely followed 
by thiamethoxam 25 WG @ 100 g a.i. ha-1 (5.60%). This 
mixture @ 128 g a.i. ha-1  was also effective in reducing leaf 
damage (6.68%) followed by phorate 10 G @ 1500 g a.i. ha-1 
(7.46%), λ-cyhalothrin 5 EC (7.56%) and chlorantraniliprole 20 
SC (8.11%) but this mixture @ 105 g a.i. ha-1 (9.51%) was found 
not very effective as higher doses while in control plots 12.44% 
leaf damage was recorded. In second season, this product @ 
150 g a.i. ha-1 again proved it’s superiority in suppressing 
pest population with minimum leaf damage (5.75%) followed 
by thiamethoxam 25 WG @ 100 g a.i. ha-1 (6.14%) and  
chlorantraniliprole 10%+thiamethoxam 20% mixture @ 128 
g a.i. ha-1 (7.42%). During second season, λ-cyhalothrin 5 EC 
(8.59%) exhibited better result as compared to phorate 10 G 
(8.64%). Others treatments showed similar trends of efficacies 
as recorded in first season. Overall, mean leaf damage was also 
the lowest in  chlorantraniliprole 10%+thiamethoxam 20% 
mixture treated plots (5.42%) when applied @ 150 g a.i. ha-1 

followed by thiamethoxam 25 WG (5.87%), same mixture @ 
128 g a.i. ha-1 (7.05%), phorate 10 G (8.05%), λ-cyhalothrin 
5 EC (8.10%), chlorantraniliprole 20 SC (8.40%) and  same 
mixture @ 105 g a.i. ha-1 while in control plots leaf damage 
was 12.85%. Soil application of thiamethoxam resulted in 
significant reduction of L. trifolii (David and Robert, 2002) 
that corroborate these findings. Thiamethoxam confers the 
effectiveness of chlorantraniliprole 10%+thiamethoxam 20% 
mixture to suppress the leaf miner. Findings are in similar with 
Vyas and Saxena (1981) who reported that phorate @ 0.5 kg 
a.i. ha-1 or seed treatment (4%) with phorate was effective in 
reducing the damage by leaf miner, Phytomyza horticola up 
to 14 weeks age of the crop in pea. 
3.3.   Effects on incidence of fruit borer, helicoverpa armigera 
hub

Table 3 represents the effect of different treatments on 
incidence of tomato fruit borer (Helicoverpa armigera Hub.). 
Results revealed that mean population ranged from 0.46 
to 3.42 and 0.58 to 4.04 larvae plant-1 during 2010−11 and 
2011−12, respectively. Both the seasons all treatments were 
significantly superior over untreated control and different 
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Table 2: Effect of single soil drench application of Chlorantraniliprole10%+ Thiamethoxam 20% mixture on incidence of 
leaf miner Liriomyza trifolii Burgess
T Dose 

(g a.i. 
ha-1)

Per cent leaf damage on  different days after application
First season Second season Over-

all 
Mean 

5th 
DAA

10th  
DAA

15th  
DAA

20th  
DAA

30th 
DAA

Mean 5th 
DAA

10th  
DAA

15th  
DAA

20th  
DAA

30th 
DAA

Mean

1 105 6.99 
(15.33)

7.29 
(15.66)

8.49 
(16.94)

10.89 
(19.27)

13.89 
(21.88)

9.51 
(17.82)

7.50 
(15.89)

7.92 
(16.35)

9.33 
(17.79)

10.02 
(18.45)

12.00 
(20.27)

9.35 
(17.75)

9.43

2 128 5.40 
(13.44)

5.46 
(13.51)

6.06 
(14.25)

7.68 
(16.09)

8.79 
(17.25)

6.68 
(14.91)

5.49 
(13.55)

5.70 
(13.81)

7.80 
(16.22)

8.79 
(17.25)

9.33 
(17.79)

7.42 
(15.72)

7.05

3 150 4.02 
(11.57)

3.99 
(11.52)

4.50 
(12.25)

5.94 
(14.11)

6.99 
(15.33)

5.09 
(12.96)

4.59 
(12.37)

4.29 
(11.95)

5.40 
(13.44)

6.66 
(14.96)

7.80 
(16.22)

5.75 
(13.79)

5.42

4 50 5.94 
(14.11)

6.06 
(14.25)

7.80 
(16.22)

8.79 
(17.25)

11.94 
(20.21)

8.11 
(16.41)

6.33 
(14.57)

6.99 
(15.33)

8.79 
(17.25)

9.06 
(17.52)

12.33 
(20.56)

8.70 
(17.05)

8.40

5 100 4.89 
(12.78)

4.23 
(11.87)

4.77 
(12.62)

5.70 
(13.81)

8.40 
(16.85)

5.60 
(13.59)

5.53 
(13.60)

4.53 
(12.29)

5.22 
(13.21)

6.39 
(14.64)

9.03 
(17.49)

6.14 
(14.25)

5.87

6 1500 5.49 
(13.55)

5.22 
(13.21)

6.03 
(14.21)

8.49 
(16.94)

12.09 
(20.35)

7.46 
(15.65)

5.94 
(14.11)

5.79 
(13.92)

7.59 
(15.99)

9.99 
(18.43)

13.89 
(21.88)

8.64
(16.87)

8.05

7 15 2.19 
(8.51)

4.20 
(11.83)

6.63 
(14.92)

9.99 
(18.43)

14.79 
(22.62)

7.56 
(15.26)

2.70 
(9.46)

5.94 
(14.11)

7.92 
(16.35)

11.40 
(19.73)

15.00 
(22.79)

8.59 
(16.49)

8.10

8 - 9.93 
(18.37)

10.80 
(19.19)

12.66 
(20.84)

13.80
(21.18)

15.00 
(22.79)

12.44 
(20.47)

11.04 
(19.41)

11.70 
(20.00)

12.99 
(21.13)

14.43 
(22.33)

16.20 
(23.73)

13.27 
(21.32)

12.85

*CD - 0.17 0.16 0.26 0.22 0.13 0.18 0.18 0.27 0.20 0.15 0.16 0.19 -
T: Treatments; 1: C10+T20%; 2: C10+T20%; 3: C10+T20%; 4: Chlorantraniliprole 20 SC; 5: Thiamethoxam 25 WG; 6: 
Phorate 10 G; 7: λ-cyhalothrin 5 EC; 8: Control; *CD: CD (p=0.05); Figures in parentheses are angular transformed values; 
DAA= Days after application

among the individuals. In first season,  chlorantraniliprole 
10%+thiamethoxam 20% mixture @ 150 g a.i. ha-1 recorded 
least number of Helicoverpa larvae (0.46 larvae plant-1) 
followed by chlorantraniliprole 20 SC (0.64 larvae plant-1). 
Next order of treatments were  same mixture @ 128 g a.i. 
ha-1 and @ 105 g a.i. ha-1, phorate 10 G, thiamethoxam 20 
WG, λ-cyhalothrin 5 EC with 1.11, 1.85, 1.97, 2.78, and 3.03 
larvae plant-1, respectively whereas in control plot population 
was 3.42 larvae plant-1. During second season, the best result 
was recorded with chlorantraniliprole 20 SC (0.58 larvae 
plant-1) which was closely at par with chlorantraniliprole 
10%+thiamethoxam 20% mixture @ 150 g a.i. ha-1 (0.61 
larvae plant-1). Rest of the treatments maintained their 
effectiveness accordingly as recorded in first season. Overall, 
mean larval population of Helicoverpa armigera Hub. was 
found to be minimum (0.54 larvae plant-1) in plots treated 
with higher dose of  chlorantraniliprole 10%+thiamethoxam 
20% mixture followed by chlorantraniliprole 20 SC (0.61 
larvae plant-1) and same mixture @ 128 and 105 g a.i. ha-1 
with 1.09 and 1.72 larvae plant-1, respectively. Higher mean 
larval populations were found in phorate 10 G, λ-cyhalothrin 

5 EC and thiamethoxam 25 WG with 2.12, 3.17 and 3.24 
larvae plant-1, respectively while in control plot it was very 
high (3.73 larvae plant-1). Results are in concurrence with 
the findings of Chowdhary et al. (2010) who reported that 
rynaxypyr (chlorantraniliprole) was superior in recording 
less larval populations of Helicoverpa armigera Hub., lower 
fruit damage and higher fruit yield in okra. Effectiveness of 
rynaxypyr against lepidopteran pests was already reported 
earlier by Boseli and Ceredi (2010). Chlorantraniliprole has 
also proved its superiority against Helicoverpa armigera Hub. 
in tomato. Many reports have been published regarding efficacy 
of chlorantraniliprole against different lepidopteran pests which 
are in conformity with the present findings (Hannig et al., 2009; 
Yang et al., 2010).

3.4.  Yield

Yield of tomato during first and second seasons are depicted 
in Table 3. Maximum yield was recorded in plots treated 
with  chlorantraniliprole 10%+thiamethoxam 20% mixture @ 
150 g a.i. ha-1 (215.06 and 214.06 q ha-1 ) followed by same 
chemical @ 128 g a.i. ha-1 (214.06 and 213.66 q ha-1)  and 
chlorantraniliprole 20 SC @ 50 g a.i. ha-1 (213.66 and 212.06 
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Table 3: Effect of single soil drench application of Chlorantraniliprole10%+ Thiamethoxam 20% mixture on incidence of Tomato 
fruit borer Helicoverpa armigera Hubner  
T Dose 

(g a.i. 
ha-1)

Number of Helicoverpa armigera larvae plant-1 Yield (q ha-1 )
First season* Second season* Overall 

mean
First 

season
Second 
season

Mean
15th  

DAA
20th  

DAA
30th  

DAA
Mean 15th  

DAA
20th  

DAA
30th  

DAA
Mean

1 105 0.96
(0.98)

1.80
(1.34)

2.79
(1.67)

1.85
(1.33)

1.08
(1.04)

1.56
(1.25)

2.13
(1.46)

1.59
(1.25)

1.72 212.33 212.06 212.19

2 128 0.69
(0.83)

0.99
(0.99)

1.65
(1.28)

1.11
(1.03)

0.66
(0.81)

0.99
(0.99)

1.59
(1.26)

1.08
(1.02)

1.09 214.06 213.66 213.86

3 150 0.06
(0.24)

0.26
(0.51)

1.05
(1.02)

0.46
(0.59)

0.36
(0.60)

0.48
(0.69)

0.99
(0.99)

0.61
(0.76)

0.54 215.06 214.06 214.56

4 50 0.26
(0.51)

0.66
(0.81)

0.99
(0.99)

0.64
(0.77)

0.30
(0.55)

0.60
(0.77)

0.84
(0.92)

0.58
(0.75)

0.61 213.66 212.06 212.86

5 100 1.95
(1.40)

2.73
(1.65)

3.66
(1.91)

2.78
(1.65)

2.79
(1.67)

3.96
(1.99)

4.35
(2.09)

3.70
(1.92)

3.24 211.66 209.66 210.66

6 1500 1.33
(1.15)

1.89
(1.370

2.70
(1.64)

1.97
(0.93)

1.02
(1.01)

2.19
(1.48)

3.60
(1.90)

2.27
(1.46)

2.12 209.33 208.33 208.83

7 15 2.03
(1.42)

3.06
(1.75)

3.99
(2.00)

3.03
(1.72)

2.97
(1.72)

3.03
(1.74)

3.93
(1.98)

3.31
(1.81)

3.17 208.66 207.06 207.86

8 - 2.33
(1.53)

3.66
(1.91)

4.26
(2.06)

3.42
(1.83)

3.33
(1.82)

3.99
(2.00)

4.80
(2.19)

4.04
(2.00)

3.73 199.33 196.66 197.99

*CD - 0.05 0.07 0.08 0.07 0.07 0.04 0.05 0.05 - 0.35 0.31 -
T: Treatments; 1: C10+T20%; 2: C10+T20%; 3: C10+T20%; 4: Chlorantraniliprole 20 SC; 5: Thiamethoxam 25 WG; 6: Phorate 
10 G; 7: λ-cyhalothrin 5 EC; 8: Control; *CD: CD (p=0.05); *on 5th and 10th days after application no larvae of Helicoverpa  
armigera was recorded. Figures in parentheses are square root transformed values; DAA= Days after application

q ha-1) during both the seasons, respectively. Next order of 
chemicals were  chlorantraniliprole 10%+thiamethoxam 20% 
mixture @ 105 g a.i. ha-1  (212.33 and 212.06 q ha-1) followed 
by thiamethoxam 25 WG (211.66 and 209.66 q ha-1), phorate 
10 G (209.33 and 208.33 q ha-1) and λ-cyhalothrin 5 EC 
(208.66 and 207.06 q ha-1) whereas in control plots yield were 
199.33 and 196.66 q ha-1  during both the seasons, respectively. 
Mean yield of tomato was also highest in  chlorantraniliprole 
10%+thiamethoxam 20% mixture at higher dose followed by 
medium and lower doses of same mixture, chloratraniliprole, 
thiamethoxam, phorate and λ-cyhalothrin with 214.56, 231.86, 
212.86, 212.19, 210.66, 208.83 and 207.86 q ha-1, respectively 
whereas it was only 197.99 q ha-1 in control plots.
3.5.  Effects on natural enemies
3.5.1.  Effects on encarsia sp

Effects of different treatments on Encarsia sp. are presented 
in Table 4. It was observed that there was significant variation 
among the treatments regarding nymphal parasitisation of 
white fly by Encarsia sp. during both the seasons. During first 
season, lowest nymphal parasitisation of white fly by Encarsia 
sp was found in λ-cyhalothrin 5 EC (18.69%) following phorate 
10 G (36.99%).  chlorantraniliprole 10%+thiamethoxam 20% 

mixture @ 150, 128 and 105 g a.i. ha-1 (51.03, 50.79 and 
49.29%, respectively), chlorantraniliprole 20 SC (50.59%) and 
thiamethoxam 25 WG (50.82%) were much safer to this natural 
enemy as compare to λ-cyhalothrin 5 EC and phorate 10 G as 
well as closer to control plots (52.29%). During second season, 
almost similar trend of nymphal parasitisation of white fly by 
this parasite were found. The ascending order of parasitisation 
in second season were λ-cyhalothrin 5 EC<phorate 10 G< 
chlorantraniliprole 10%+thiamethoxam 20% mixture @ 150 
g a.i. ha-1<thiamethoxam 25 WG<chlorantraniliprole 20 SC< 
chlorantraniliprole 10%+thiamethoxam 20% mixture @ 128 
g a.i. ha-1<same mixture @105 g a.i. ha-1<control.

3.5.2.  Effects on apantales sp.
Larval parasitisation of Helicoverpa armigera by Apantales sp. 
varied from 7.05 to 12.06 and 7.89 to 13.23% (Table 4) during 
2010−11 and 2011−12, respectively in different treatments. 
There were significant effects of treatments on parasitisation of 
Helicoverpa larvae by Apantales sp. in both the seasons. In first 
season, highest parasitized larvae of Helicoverpa was found in 
control plots (12.06%) followed by thiamethoxam (11.89%), 
chlorantraniliprole 10%+thiamethoxam 20% mixture at lower 
(11.79%), intermediate (11.04%) and higher dose (10.86%), 
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Table 4: Effect of Chlorantraniliprole10%+ Thiamethoxam 20% mixture against some important natural enemies associated 
with Tomato ecosystem  
Treatments Dose 

(g a.i. ha-1)
Per cent nymphal parasitisation of white 

fly  by Encarsia  sp
Per cent larval parasitisation of 
Helicoverpa by Apantales sp

First season Second season First season Second season
C10+T20% 105 51.03 (45.59) 53.80 (47.18) 11.79 (20.08) 12.66 (20.84)
C10+T20% 128 50.79 (45.45) 52.69 (46.54) 11.04 (19.41) 12.33 (20.56)
C10+T20% 150 49.29 (44.59) 51.00 (45.57) 10.86 (19.24) 11.73 (20.03)
Chlorantraniliprole 20 SC 50 50.59 (45.34) 51.99 (46.14) 11.25 (19.60) 12.36 (20.58)
Thiamethoxam 25 WG 100 50.82 (45.47) 51.69 (45.97) 11.89 (20.17) 12.69 (20.87)
Phorate 10 G 1500 36.99 (37.46) 40.83 (39.72) 10.94 (19.31) 9.09 (17.55)
λ-cyhalothrin 5 EC 15 18.69 (25.61) 21.99 (27.97) 7.05 (15.40) 7.89 (16.31)
Control - 52.29 (46.31) 54.40 (47.52) 12.06 (20.32) 13.23 (21.33)
CD (p=0.05) - 0.15 0.09 0.12 0.13
Figures in parentheses are angular transformed values

chlorantraniliprole (11.25%), phorate (10.94%) while lowest 
parasitisation was found in λ-cyhalothrin treated plots 
(7.05%). During second season, lowest Apantales population 
was found in plots treated with λ-cyhalothrin 5 EC (7.89% 
parasitisation) followed by phorate 10 G (9.09%). Among the 
doses of chlorantraniliprole 10%+thiamethoxam 20% mixture 
at higher dose (150 g a.i. ha-1) recorded lower number of 
parasitized larvae (11.73%).  The same mixture @ 128 g a.i. 
ha-1 was at par with chlorantraniliprole 20 SC with 12.33 and 
12.36% parasitized larvae, respectively. Chlorantraniliprole 
10%+thiamethoxam 20% mixture at lower dose (105 g a.i. ha-1) 
was at par with thiamethoxam 25 WG with 12.66 and 12.69% 
parasitized larvae, respectively.  Effects of chlorantraniliprole 
on natural enemies were negligible throughout the investigation 
which is supported by study of Huang et al. (2011). Findings 
may be consistent from the study of Hussain et al. (2012) who 
stated that after 8-days parasitism, chlorantraniliprole resulted 
in maximum emergence of  T. chilonis and it showed maximum 
survival (42%) of adult at 3 hours post application.

As chlorantraniliprole 10%+thiamethoxam 20% mixture has 
two insecticides having different mode of action and provide 
effective control of both sucking and borer pests. The effect 
of single soil drench application against the tomato fruit borer 
and two sucking pests was superior over other insecticides. 
However,  the mixture treated plots @ 150 g a.i. ha-1  gave 
maximum reductions of all the three pests compared to other 
chemical treatments. The second best was  chlorantraniliprole 
10%+thiamethoxam 20% mixture applied @ 128 g a.i. ha-1. 
The yield increase commensurated with the efficacy of various 
treatments being highest in the mixture applied @ 150 g a.i. 
ha-1 closely followed by the second highest dose of the same 
chemical i.e. 128 g a.i. ha-1. Chlorantraniliprole is very effective 
insecticide against lepidopteran pests while thiamethoxam is an 

excellent chemical for controlling sucking pests. This mixture 
may play consequential role to suppress both lepidopteran and 
sucking pests through its combined effects on several insect 
pests. Soil drench application may give wide spectrum control 
protecting early season growth and provides the ‘jump-start’ 
that vegetable crops need to ensure optimal yield as well as 
the quality demand of the consumers. 

4.  Conclusion

Chlorantraniliprole10%+thiamethoxam 20% mixture @ 150 g 
a.i. ha-1 and 128 g a.i. ha-1 gave maximum reduction of all the 
three pests of tomato. There were no significant differences 
among the two doses. Therefore, this mixture @ 128 g a.i. 
ha-1 may be considered for management of major insect pests 
of tomato.
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