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INTRODUCTION

Tomato (Lycopersicon esculentum Mill), is one of the most 
popular and widely grown vegetables in the world, ranking 
second in importance next to potato and  mostly grown in 
home gardens and by the market gardeners. It can be used both 
in fresh or processed form and is a good source of vitamins A, 
B and C also helps in healing of wounds due to antibiotic 
properties (Baloch, 1994). Tomato is attacked by a number of 
pests and 13 insect pests of tomato which include mainly, 
lepidopteron, coleopteran and hemipterans are listed to attack 
it at various growth stages of the crop (Cohic, 1958).The 
important insect pest of tomato are fruit borer, Helicoverpa 
armigera Hubner:  whitefly, Bemisia tabaci Gen; jassids, 

Amrasca devastans Ishida; leaf miner, Liriomyza trifolii 
Blanchard and hadda beetle, Epilachana dodecastigma 
Widemann. Helicoverpa armigera (Hubner), one of the most 
serious agricultural insect pests world wide alone causes huge 
losses due to its high reproductive potential (Atwal, 1976). 
Larvae of fruit worm are polyphagous and feed exclusively on 
foliage, flower buds and flowers, while the later instars of 
these insects bore into fruit decreasing its market value 
(Gajete et al., 2004). Due to wider host range, multiple 
generations, migratory behavior, high fecundity and existing 
insecticide resistance this insect has become a difficult pest to 
tackle (Hussain et al., 1991 and Ahmed et al., 2000).
All over the world this pest alone causes annual loss of 
approximately 5 billion US dollars (Sharma, 2001) where as 
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Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae) is a polyphagous pest and is considered as the 
most important limiting factor in successful cultivation of tomato. The notorious pest causes huge yield 
losses even up to 70% by boring in tomato fruits and the damaged fruits rot or ripen prematurely. There 
have been reports of existence of some predators and parasitoids in field for its natural control however 
their manipulation to a successful crop management is still awaited. Globally insecticides have been 
intensively used to overcome this pest in field crops. Tomato is an absolutely perishable commodity and 
needs the specified period required between the application of conventional pesticides of 
organophosphate group and consumption which can hardly be afforded.Therefore, six insecticides from 
the new chemistries Radiant 12%SC (spintoram), Tracer 240SC (spinosad), Emamectin benzoate 5%SG 
(emamectin), Lufenuron 5%EC (lufenuron), Coragen 20SC (chlorantraniliprole) and Challenger 
36%SC (chlorofenapyr) which are relatively safer to human and environment were tested on tomato crop 
heavily infested by this pest at Vegetable Research Sub Station, Multan,Punjab,Pakistan. The percentage 
mortality was compared after 03, 05 and 07 days of spray and all the treatments were compared with 
control as well as with one another. The results reveal that among the bioinsecticides Radiant 12%SC 
(spintoram) and Tracer 240SC (spinosad) proved to be most effective by exhibiting average maximum 
percentage mortality of the pest up to seven days after treatment where as among the chemical 
insecticides Lufenuron 5%EC (lufenuron) proved to be most effective. Therefore these bioinsecticides 
and the chemical insecticide against Helicoverpa armigera can be best fitted in the IPM program for 
control of the pest.
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the pest greatly hampers the production and productivity of 
the tomato crop by causing a yield loss in the range of 20 to 
60% (Tewari and Krishnamoorthy, 1984; Lal and Lal, 1996; 
Selvanarayanan, 2000; Talekar et al., 2006; Bhusan et al., 
2012; Gadhiya et al., 2014). However, in Pakistan, 30-35% 
fruit infestation was observed in tomato (Latif et al., 1997) 
and fruit loss of 53% was reported in Peshawar, Khyber 
Pakhtunkhwa Province (Inayatullah, 2007). Economic 
significance of crop produce compelled the commercial 
farmers to advocate insecticidal use almost in alternate days, 
sometimes almost double the recommended doses. The 
indiscriminate use of synthetic chemical pesticides to control 
this pest resulted in development of resistance and harmful 
pesticide residues in fruits (Armes et al., 1992, 1994) 
therefore now a days there is a need to search for newer 
chemicals that are selective, ecofriendly and can replace older 
spurious chemicals on tomato hence keeping in view 
bioefficacy of newer insecticides against tomato fruit borer, 
Helicoverpa armigera (Hubner) on tomato, Lycopersicon 
esculentum (Mill) under field conditions was evaluated.

MATERIALS AND METHODS

The comparative bioefficacy studies of selected 
bioinsecticides (Radiant 12%SC (spintoram) @100ml/ha, 
Tracer 240SC (spinosad) @40ml/ha, Emamectin benzoate 
5%SG (emamectin) @ 80ml/ha) and chemical insecticides 
(Lufenuron 5%EC (lufenuron) @ 80ml/ha, Coragen 20SC 

(chlorantraniliprole) @08ml/ha, Challenger 36%SC 
(chlorofenapyr) @40ml/ha) against fruit borer Helicoverpa 
armigera on tomato (Lycopersicon esculentum Mill.) were 
conducted at Vegetable Research Sub Station, Multan, 
Punjab, Pakistan in a Randomized Block Design (RBD) with 
seven treatments including untreated control replicated 
thrice. The grown variety was “Naqeeb” and plot size was  

235m  (7mx5 m). All the insecticides were applied in field as 
foliar application. The observations on pest incidence were 
recorded one day before spraying as pre treatment count. All 
the insecticides were applied by Hydraulic Knap Sack 
sprayer. Post treatment count was taken at 03, 05 and 07 days 
after spraying. For recording the pest population counts, five 
plants were selected randomly and tagged in each plot. The 

rddata on mortality was recorded, based on the dead larvae of 3 , 
th th4  and 5  instars. The population data of H. armigera obtained 

was subjected for the conversion into per cent reduction using 
Hendersonand Tilton (1952) formula as under:

  % reduction in population= 100 [1- T  x C ] ___________a b

                                                                          [T  x C ]b a

Where,
T =Number of insects after treatmenta

T =Number of insects before treatmentb

C = Number of insects in untreated check after treatmenta

C =Number of insects in untreated check before treatmentb

Table 1

Data regarding average % mortality of Helicoverpa armigera on tomato in 2015.

Means sharing similar letters are not significantly different by Tukey's Test at P = 0.05
HSD = Honestly Significant Difference Value        * = Significant at P < 0.05.         ** = Significant at P < 0.01.

 TREATMENTS   
DOSE/  

HA 

MEAN PERCENT OF REDUCTION OF LARVAL 
POPULATION  AFTER  

TRADE NAME  COMMON NAME  3 DAYS  5 DAYS  7 DAYS  

B
io

in
se

ct
ic

id
es

 
Radiant 12% SC 

 
spintoram 

 
100ml 59.63±7.07ab 66.18±2.76a 63.39±3.21a 

 
Tracer 240SC 

 
spinosad 

 
40ml 54.47±4.40ab 58.84±4.62ab 50.39±1.58b 

 
Emamectin 
benzoate 1.9EC 

 
emamectin 

 
80ml 38.70±3.67c 40.49±1.92cd 34.48±4.20c 

C
h

em
ic

a
l

in
se

ct
ic

id
es  

Lufenuron 5%EC 
 
lufenuron 

 
80ml 63.22±2.72a 58.06±5.12a 52.26±2.01b 

 
Coragen 20SC 

 
chlorantraniliprole 

 
08ml 42.72±2.12c 38.52±1.64d 38.29±4.13c 

 
Challenger 36SC 
 

 
chlorofenapyr 

 
40ml 48.88±3.63c

 

48.47±3.90bc

 

52.13±4.48b

 

 

Control
 

4.87±1.02d
 

6.49±1.06e
 

6.35±0.46d
 

Tukey’s HSD at 5%  69.31 104.04 100.25 

F-Value 11.36 9.53 9.18
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STATISTICAL ANALYSIS

All the treatments were compared with control and one 
another to assess the performance of the treatment in 
uncontrolled field condition. The data was finally subjected to 
Analysis Of Variance (ANOVA) using Statistix Version-9 
(www.statistix.com/freetrial.html) (Lawes Agricultural Trust 
Rothamsted Experimental Station, Rothamsted, UK) and the 
means were separated by Tukey's HSD (Honestly Significant 
Difference).

RESULTS 

PERCENT MORTALITY OF TOMATO FRUIT BORER 
AFTER 03 DAYS OF SPRAY
The data on the effectiveness of various insecticides for the 
control of tomato fruit borer after 03 days of spray revealed a 
highly significant difference among treatments in the 2015 
trial (F=69.31;df=20,12;P<0.01;Table I, Fig. 1).The data 
table shows that after 24 hours of spray Lufenuron 5%EC 
(lufenuron) @ 80ml/ha exhibited the maximum percentage 
mortality i.e. 63.22% followed by Radiant 12%SC 
(spintoram) @100ml/ha and Tracer 240SC (spinosad)@ 
40ml/ha exhibiting the 59.63% & 54.47% mortality of the 
tomato fruit borer. Emamectin benzoate 5%SG (emamectin) 
@ 80ml/ha exhibited the least percentage mortality of 38.70% 
which is statistically similar to Coragen 20SC 
(chlorantraniliprole) @ 08ml/ha and Challenger 36%SC 
(chlorofenapyr) @ 40ml/ha showing a percentage mortality 
of 48.88% and 42.72% respectively.

PERCENT MORTALITY OF TOMATO FRUIT BORER 
AFTER 05 DAYS OF SPRAY
Highly significant difference were observed among 
treatments after 05 days of spray in the 2015 trial(F=104.04; 
df=20,12;P<0.01;Table 1, Fig. 1) The data table shows that .
after 05 days of spray Radiant 12%SC (spintoram) 
@100ml/ha exhibited the highest percentage mortality of  
larvae (66.18%) followed by Tracer 240SC (spinosad) @   
40ml/ha (58.84%), Lufenuron 5%EC (lufenuron) @ 80ml/ha 
(58.06%), Challenger 36%SC (chlorofenapyr) @ 40ml/ha 
(48.47%) and Emamectin benzoate 5%SG (emamectin) @ 
80ml/ha (40.49%). Coragen (chlorantraniliprole)@08ml/ha 
exhibited the lowest percentage mortality i.e.38.52% of the 
pest after 72 hours of insecticides application respectively.

PERCENT MORTALITY OF TOMATO FRUIT BORER 
AFTER 07 DAYS OF SPRAY
Highly significant difference was observed among treatments 
after 07 days of spray in the 2015 trial (F=100.25; df=20,12; 
P<0.01; Table I, Fig. 1)  The data table shows that after 07 .
days of spray Radiant 12%SC (spintoram) @ 100ml/ha 
exhibited the highest percentage mortality of larvae (63.39%) 
followed by Lufenuron 5%EC (lufenuron) @ 80ml/ha 
(52.26%), Challenger 36%SC(chlorofenapyr) @ 40ml/ha 
(52.13%) Tracer 240SC (spinosad) @ 40ml/ha (50.39%). 
Emamectin benzoate 5%SG (emamectin) @ 80ml/ha 
exhibited the lowest percentage mortality i.e. 34.48% which 
is statistically similar to Coragen (chlorantraniliprole) @ 
08ml/ha showing a percentage mortality of 38.29% after 07 
days of spray respectively.

Fig. 1

Graphical presentation of average % mortality of Helicoverpa armigera on tomato in 2015.
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PERCENT MORTALITY OF TOMATO FRUIT BORER 
AFTER 03 DAYS OF SPRAY
The data on the effectiveness of various insecticides for the 
control of tomato fruit borer after 03 days of spray revealed a 
highly significant difference among treatments in the 2016 
trial (F=167.46;df=20,12;P<0.01;Table 2, Fig. 2).The data 
table shows that after 03 days of spray Lufenuron 5%EC 
(lufenuron) @8 0ml/ha exhibited the maximum percentage 
mortality i.e. 62.93% followed by Radiant 12%SC 
(spintoram) @ 100ml/ha, Tracer 240SC (spinosad) 
@40ml/ha, Challenger 36%SC (chlorofenapyr) @40ml/ha 
and Coragen (chlorantraniliprole) @ 08ml/ha exhibiting the 
60.24% ,54.12%,48.11% ,40.98% mortality of the tomato 
fruit borer. Emamectin benzoate 5%SG (emamectin) @ 
80ml/ha exhibited the least percentage mortality of 35.58% 
after 03 days of spray respectively.

PERCENT MORTALITY OF TOMATO FRUIT BORER 
AFTER 05 DAYS OF SPRAY
Highly significant difference were observed among 
treatments after 05 days of spray in the 2016 
trial .(F=327.64;df=20,12;P<0.01;Table 2, Fig. 2) The data 
table shows that after 05 days of spray Radiant 12%SC 

(spintoram) @ 100ml/ha  exhibited the highest percentage 
mortality of  larvae (72.71%) followed by Challenger 36%SC 
(chlorofenapyr) @ 40ml/ha (67.77%), Tracer 240SC 
(spinosad) @ 40ml/ha (64.71%), Lufenuron 5%EC 
(lufenuron) @ 80ml/ha (62.32%),Emamectin benzoate 
5%SG (emamectin) @ 80ml/ha (61.75%). Coragen 
(chlorantraniliprole) @ 08ml/ha exhibited the lowest 
percentage mortality i.e.50.44% of the pest after 05 days of 
spray respectively.

PERCENT MORTALITY OF TOMATO FRUIT BORER 
AFTER 07 DAYS OF SPRAY
Highly significant difference were observed among 
treatments after 07 days of spray in the 2016 trial 
(F=166.48;df=20,12; P<0.01; Table 2, Fig. 2) The data table .
shows that after 07 days of spray Radiant 12%SC (spintoram) 
@ 100ml/ha  exhibited the highest percentage mortality of  
larvae (73.06%) which is statistically similar to Tracer 240SC 
(spinosad) @ 40ml/ha (71.10%) and Emamectin benzoate 
5%SG (emamectin) @ 80ml/ha (70.54%) followed by 
L u f e n u r o n  5 % E C  ( l u f e n u r o n )  @  8 0 m l / h a  
(67.18%).Challenger 36%SC (chlorofenapyr) @ 40ml/ha 
exhibited the lowest percentage mortality i.e.59.21% which is 

Table 2

Data regarding average % mortality of Helicoverpa armigera on tomato in 2016.

Means sharing similar letters are not significantly different by Tukey's Test at P = 0.05
HSD = Honestly Significant Difference Value
* = Significant at P < 0.05.
** = Significant at P < 0.01.

 TREA TMENTS   
DOSE/  

HA 

MEAN PERCENT OF REDUCTION OF 
LARVAL POPULATION  AFTER  

TRADE NAME  COMMON NAME  3 DAYS  5 DAYS  7 DAYS  

B
io

in
se

ct
ic

id
es

 
Radiant 12% SC 

 
spintoram 

 
100ml 60.24±4.06a 72.71±2.46a 73.06±2.50a 

 
Tracer 240SC 

 
spinosad 

 
40ml 

54.12±1.94bc 64.71±2.52b 71.10±4.26a 

 
Emamectin 
benzoate 1.9EC 

 
 
emamectin 

 
80ml 35.58±1.87e 61.75±3.15b 70.54±1.00a 

C
h

em
ic

a
l

in
se

ct
ic

id
es

 
Lufenuron 5%EC 

 
lufenuron 

 
80ml 62.93±3.32a 62.32±3.52b 67.18±5.45ab 

 
Coragen 20SC 

 
chlorantraniliprole 

 
08ml 40.98±1.36de 50.44±1.80c 60.82±1.84b 

 
Challenger 36SC 

 
chlorofenapyr 

 
40ml 48.11±2.60d 67.77±2.56ab 59.21±2.40b 

 Control 5.54±0.29f 6.08±0.22d 6.12±0.28c 
Tukey’s HSD at 5%  7.48 6.19 9.04 
F-Value  167.46 327.64 166.48 
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statistically similar to Coragen (chlorantraniliprole) @ 
08ml/ha showing a percentage mortality of 60.82% after 07 
days of spray respectively.

PERCENT MORTALITY OF TOMATO FRUIT BORER 
AFTER 03 DAYS OF SPRAY
The cumulative data on the effectiveness of various 
insecticides for the control of tomato fruit borer after 03 days 
of spray revealed a highly significant difference among 
treatments in both the years (2015-16) of trial 
(F=435.52;df=20,12;P<0.01;Table 3, Fig. 3).The data table 
shows that after 03 days of spray Radiant 12%SC (spintoram) 
@ 100ml/ha exhibited the maximum percentage mortality i.e. 
68.22% followed by Challenger 36%SC (chlorofenapyr) @ 
40ml/ha, Lufenuron 5%EC (lufenuron) @ 80ml/ha and 
Tracer 240SC (spinosad) @ 40ml/ha exhibiting the 61.62% , 
61.40% , 58.79% mortality of the tomato fruit borer. 
Emamectin benzoate 5%SG (emamectin) @ 80ml/ha 
exhibited the least percentage mortality of 46.85% after 03 
days of spray which is statistically similar to Coragen 
(chlorantraniliprole) @ 08ml/ha exhibiting 49.56% mortality 
of the pest respectively.

PERCENT MORTALITY OF TOMATO FRUIT BORER 
AFTER 05 DAYS OF SPRAY
Highly significant difference were observed among 
treatments after 05 days of spray for both the  years (2015-
2016) of trial (F=426.57;df=20,12;P<0.01; Table 3, Fig. 
3) The data table shows that after 05 days of spray Radiant .

12%SC (spintoram) @ 100ml/ha  exhibited the highest 
percentage mortality of larvae (69.45%) followed by Tracer 
240SC (spinosad) @ 40ml/ha (60.78%), Lufenuron 5%EC 
(lufenuron) @ 80ml/ha (60.20%), Challenger 36%SC 
(chlorofenapyr) @ 40ml/ha (58.13%) and Emamectin 
benzoate 5%SG (emamectin) @ 80ml/ha (51.12%).Coragen 
(chlorantraniliprole) @ 08ml/ha exhibited the lowest 
percentage mortality i.e.44.48% after 05 days of spray 
respectively.

PERCENT MORTALITY OF TOMATO FRUIT BORER 
AFTER 07 DAYS OF SPRAY
The cumulative data on the effectiveness of various 
insecticides for the control of tomato fruit borer after 07 days 
of spray revealed a highly significant difference among 
treatments in both the years (2015-16) of trial 
(F=233.03;df=20,12;P<0.01; Table 3, Fig. 3).The data table 
shows that after 07 days of spray Lufenuron 5%EC 
(lufenuron) @ 80ml/ha exhibited the maximum percentage 
mortality i.e. 63.07% which is statistically similar to Radiant 
12%SC (spintoram) @ 100ml/ha (59.93%) followed by, 
Tracer 240SC (spinosad) @ 40ml/ha, Challenger 36%SC 
( c h l o r o f e n a p y r )  @  4 0 m l / h a  a n d  C o r a g e n  
(chlorantraniliprole) @ 08ml/ha exhibiting the 54.30% , 
48.50% , 41.85% mortality of the tomato fruit borer. 
Emamectin benzoate 5%SG (emamectin) @ 80ml/ha 
exhibited the least percentage mortality of 37.14% after 07 
days of spray respectively.

Fig. 2

Graphical presentation of average % mortality of Helicoverpa armigera on tomato in 2016.
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Table 3

Data regarding cumulative average % mortality of Helicoverpa armigera on tomato in 2015-2016.

 TREATMENTS   
DOSE/  

HA 

MEAN PERCENT OF REDUCTION OF 
LARVAL POPULATION  AFTER  

TRADE NAME  COMMON NAME  3 DAYS  5 DAYS  7 DAYS  

B
io

in
se

ct
ic

id
es

 
Radiant 12% SC 

 
spintoram 

 
100ml 68.22±2.84a 69.45±2.57a 59.93±1.54a 

 
Tracer 240SC 

 
spinosad 

 
40ml 58.79±2.77b 60.78±3.57b 54.30±1.96b 

 
Emamectin 
benzoate 1.9EC 

 
emamectin 

 
80ml 

46.85±2.33c 51.12±1.90c 37.14±1.99e 

C
h

em
ic

a
l

in
se

ct
ic

id
es

 
Lufenuron 5%EC 

 
lufenuron 

 
80ml 

61.40±2.20b 60.20±0.84b 63.07±2.35a 

 
Coragen 20SC 

 
chlorantraniliprole 

 
08ml 

49.56±1.81c 44.48±1.52d 41.85±1.17d 

 
Challenger 36SC 
 

 
chlorofenapyr 

 
40ml 61.62±2.37ab 58.13±1.86b 48.50±1.94c 

 Control 6.24±0.27d 6.29±0.63e 5.21±0.37f 
Tukey’s HSD at 5%  6.74 4.99 4.64 
F-Value  435.52 426.57 233.03 

 
Means sharing similar letters are not significantly different by Tukey's Test at P = 0.05
HSD = Honestly Significant Difference Value
* = Significant at P < 0.05.
** = Significant at P < 0.01.

Fig. 3

Graphical presentation of average % mortality of Helicoverpa armigera on tomato in 2015-2016.
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DISCUSSION

The burgeoning population of the country demands the 
continuous supply of food which has compelled conventional 
agriculture to be strongly dependent on chemicals but 
unfortunately pest management is facing economic and 
ecological challenge worldwide due to human and 
environmental hazards caused by majority of the synthetic 
pesticides. Generally, the extensive and unwise use of 
synthetic pesticides in the control programmes against 
agricultural pests often creates in major deleterious side 
effects. The increasing concerns of consumers and 
government on food safety have led growers to explore new 
ecofriendly methods to replace or at least supplement the 
current chemical based practices. The use of bioinsecticides 
has emerged as promising alternative to chemical pesticides. 
The demand for bioinsecticides is rising steadily in all parts of 
the world because when used in Integrated Pest Management 
(IPM) systems bioinsecticides provide best alternative to 
chemical insecticides regarding their less toxicity to 
mammals and human beings and less residues in the 
environment (Mazid et al., 2011).
In our studies among the bioinsecticides Radiant 12%SC 
(spintoram) and Tracer 240SC (spinosad) exhibited an 
effective control of H. armigera after 03, 05 and 07 days of 
treatment. Spinetoram is the active ingredient in a series of 
insecticides formulated by Dow Agro Sciences. Spinetoram is 
a mixture of chemically modified spinosyns J. and L. 
spinosyns insecticide that makes it more effective than 
spinosad, though spinosad maintainslow toxicity to mammals 
and other non-target organisms. Spinertoram and Spinosad 
activate the nicotinic acetylcholine receptors, but at a site 
distinct from that of nicotine or the neonicotinoids. The 
present findings are similar to Ganeshan et al., (1995) and 
Rizvi and Saleem (2015) who in a study of chemical 
insecticides and biopesticides on the growth and development 
of three important Noctuidae pests found that Voliam Flexy 
300EC (chlorantraniliprole + thiamethaxim) and Delegate 
25EC (spintoram) showed the highest percentage mortality of 
Helicoverpa armigera. Murray et al. (2005), Reddy et al. 
(2007), Ghosh et al., (2010) and Devi et al., (2014) reported 
that Spinosad 45SC was consistently superior to other tested 
insecticides against H. armigera. Similarly Ahmed et al. 
(2004 Singh and Yadav, (2005), Prasad et al. (2009),),  
Babariya et al. (2010) and Meena and Raju, (2014) in their 
studies found that Spinosad 45SC and Steward 150EC 
(indoxacarb) showed the highest percentage mortality of 
Helicoverpa armigera. Katroju et al., 2014 in their studies 
found Spinosad 45SC and Bifenthrin 10%EC to be most 
effective in controlling the population of Helicoverpa 
armigera larvae in tomato fields. In our studies among the 
chemical insecticides used Lufenuron 5%EC (lufenuron) 
proved to be most effective insecticides after 03, 05 and 07 
days however among the chemical insecticides Challenger 
36%SC (chlorofenapyr) exhibited an effective control of the 
pest only up to 05 days after treatment.

CONCLUSION

From the present studies it is concluded that among the used 
biopesticides Radiant 12%SC (spintoram) and Tracer 240SC 

(spinosad) exhibited an effective control of the pest while in 
case of chemical insecticides Lufenuron 5%EC (lufenuron) 
proved to be most effective insecticides against Helicoverpa 
armigera.
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