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Abstract: Three bio-insecticides and four chemical insecticides were evaluated for their efficacy in the 
control of Tuta absoluta ( Meyrick), ( Lepidoptera : Gelechiidae ) and Heliocoverpa armigera Hubner 
( Lepidoptera : Noctuidae) on tomato plant . The bio-chemical insecticides were Spinetoram (Radiant), 
Spinosad (Tracer) and Emamectin (Emamectin benzoate). The chemical insecticides were, Pyridalyl 
(Pleo), Indoxcarb, Coragen (Chlorantraniliprole) and Chlorfenapyr (Challenger).Generally, the bio-
insecticides were more effective in the control of T. absoluta infesting tomato leaves, than the selected 
chemical insecticides. After two biweekly applications; Spinetoram exhibited the highest toxic effect 
in reducing infestation of T. absoluta followed by Spinosad then Emamectin. These effects were 
concentration dependant. Of the tested considered chemical insecticides, Pyridalyl was the most 
effective in reducing infestation of T. absoluta followed by Chlorantraniliprole, then Indoxcarb and 
least by Chlorfenapyr. Highest reduction in infestation of Helicoverpa armigera on tomato fruit was 
recorded following treatment by Spinetoram followed by Emamectin. Meanwhile, Pyridalyl was 
significantly more effective than Indoxcarb in reducing infestation percentage of H. armigera. The 
different efficacies of the considered bio- or chemical insecticides is discussed with regard to their 
mode of action. 
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INTRODUCTION 

 
 Tomato (Lycopersicon esculentum Mill.) belonging to Solanaceae is an important and remunerative 
vegetable crop grown around the world for fresh market and processing (Salunkhe et al., 1987). The tomato 
leafminer, Tuta absoluta Meyrick (Lepidoptera: Gelechiidae) is a native micro lepidopteron of South America 
(Torres et al., 2001) and a major pest of tomato crop since its detection in the Mediterranean basin (Guenaoui, 
2008). The pest has been responsible for losses of 80-100% in tomato plantations in both protected cultivation 
and open fields (CFIA, 2010).  
 T. absoluta feeds on the leaves of several species of Solanaceae plants. There are host records on many 
Solanum species, including aubergine (S. melongena), pepino (S. muricatum) and black nightshade (S. nigrum). 
Hosts in other genera in the Solanaceae include peppers (Capsicum spp.), devil’s apple (Datura stramonium), 
and tree tobacco (Nicotina glauca). Larvae preferentially feed in new growth, e.g. apical shoots, thus affecting 
the overall growth and yield of the plant. Up to 100% losses have been reported in tomato crops, and even 
where chemicals control are implemented, losses can still exceed 5% (Korycinska and Moran, 2009). 
 Helicoverpa armigera, one of the most serious agricultural insect pests worldwide, alone causes huge losses 
due to its high reproductive potential and polyphagy (Atwal, 1976). The production and productivity of the 
tomato crop is greatly hampered by the fruit borer, H. armigera which causes damage to developing fruits and 
results in yield loss ranging from 20 to 60% (Tewari and Krishnamoorthy, 1984; Lal and Lal, 1996). Due to 
wider host range, multiple generations, migratory behavior, high fecundity and existing insecticide resistance 
this insect became a difficult pest to tackle (Hussain et al., 1991 and Ahmed et al., 2000).  
 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) 
 The present study was carried out to evaluate the efficacy of three bio and four chemical insecticides 
against Tuta absoluta and Helicoverpa armigera on tomato crop in the open field.  
 

MATERIALS AND METHODS 
 
 The present study was conducted at Shibin Al Qanatir, Kalyobiya Governorate.  
 
Bio – Insecticides Tested:  
1- Radiant (12% SC):  
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Common name: Spinetoram  
Chemical structure:  
  

 
 
Applied at: 80, 100, 120 ml/feddan for the control of T. absoluta and 60, 80, 100, 120 ml/feddan for the control 
of H. armigera  
 
2- Tracer (24% SC):  
Common name: Spinosad  
Chemical structure:  

 
 
Applied at: 80, 100, 120 ml/feddan for the of control T.absoluta 
 
3- Emamectin benzoate ( 5 % SG ):  
Common name: Emamectin 
Chemical structure:  
 

  
Applied at: 80 gm/feddan for the control of T.absoluta and H. armigera  
Chemical insecticides tested:  
1-Pleo (50 % EC):  
Common name: Pyridalyl  
Chemical structure:  
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Applied at: 150 ml/feddan for the control of T.absoluta and100 ml/feddan for control of H. armigera 
 
2- Indoxcarb ( 15 % SC ):  
Common name: Indoxcarb 
Chemical structure:  
 

 
Applied at: 150 ml/feddan for the control of T.absoluta and 105 ml/feddan for the control of H. armigera 
 
3- Chlorantraniliprole ( 20 % SC ):  
Common name: Coragen 
Chemical structure:  

 
Applied at: 200 ml/feddan for the control of T.absoluta  
 
4-Challenger (36 % SC):  
Common name: Chlorfenapyr  
Chemical structure:  

 
Applied at: 200 ml/feddan for the control of T.absoluta  
 
 Seven insecticides were evaluated for their efficiency in the control of Tuta absoluta and Helicoverpa 
armigera on tomato plant. Two feddans of agricultural fields were planted with tomato, variety Fayroz at Shibin 
Al Qanatir, Kalyobiya Governorate. The normal agricultural practices were carried out. The field was divided 
into 48 plots, each measuring 42m2. A total of 4 plots were considered for each tested insecticide.  
 Two insecticidal applications were conducted for the control of T. absoluta, the first was after 30 days from 
the appearance of the tomato seedlings. The second application was conducted after 7 days following the first 
application.  
 Similarly, for the control of H. armigera two applications were carried out, after 90 and 97 days 
respectively from the appearance of tomato seedling.  
 It was important to record percentage infestation of both insects prior to insecticide application. Ten plants 
were randomly collected from each plot, 5 leaves or fruits from each plant were examined and galleries were 
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counted to record percentage infestation of T. absoluta and H. armigera. Application of insecticides was carried 
out by a Hydraulic Back Pack sprayer. After 1, 3 and 7 days post spraying, percentage infestation was recorded.  
 
Analysis of Data:  
 Data obtained were submitted to analysis of variance (ANOVA) using F test and means were compared by 
Tukey's Standardized Range Test at 0. 05 probability level.  
 
Results: 
 Percentag of T. absoluta infestation on tomato leaves in the different experimental plots ranged between 
55.5 to 62.5 % (Table1). Generally, the considered bio-insecticides were more effective in the control of T. 
absoluta than the selected chemical insecticides. Spinetoram exhibited the highest toxic effect on T. absoluta 
after 7 days following the first application, followed by Spinosad then by Emamectin. These effects were 
concentration dependent and the number of applications (Table 1). 
 Mean reduction in T. absoluta infestation was 13.3, 17.5 and 23.3% following 1st application of Spinetoram 
at 120, 100 and 80 ml respectively. Infestation was a mean of 18.3, 20.8 and 26.7% following application of 
Spinosad at 120, 100 and 80 ml, respectively. Of the tested bio-insecticides after the 1st application, Emamectin 
at 80g gave the lowest efficacy as percentage infestation by T. absoluta of 28.3%. 
 After 7 days following the 2nd application (i.e. 14 days from the initiation of the experiment), the efficiency 
of the bio-insecticides could be arranged in the following descending order, 120 ml Spinetoram (7.5%), 100 ml 
Spinetoram (11.9%), 120 ml Spinosad (15%), 80 ml Spinetoram (16.9%), 100 ml Spinosad (17.5%) , 80 ml 
Emamectin (21.9%) and 80 ml Spinosad ( 26.3).  
 Application of any of the four considered insecticides caused a gradual decrease in T. absoluta infestation 
from 55 to 62.5% pre treatment to between 13.8 to 36.2% at the termination of the experiment, (Table 1). Of the 
tested insecticides Pyridalyl at 150 ml exhibited the highest efficiency in reducing T. absoluta on tomato plant 
leaves to 21.7% after 7 days from the 1st application to a low of 13.8% after the second application ( i.e. 14 days 
from initiation of the experiment). 
 The least effective insecticides was at 200 ml, as infestation percentage decreased from 62.5% pre treatment 
to 39.2 and 36.2% after 1st and 2nd insecticide application, respectively. Meanwhile, Indoxcarb at 150 ml caused 
a decrease from 60 % prespraying to 33.3 % after 7 days post 1st application. This percentage further decreased 
to 29.4% following the 2nd application; i.e. 14 days following the 1st insecticide application. Coragen at 200 ml 
reduced infestation from 55 to 30.8 % after the 1st application and to 24.4 % after the 2nd application.  
 
Table 1: Percentage infestation of Tuta absoluta on tomato leaves. 

Treatment/feddan Pre- 
treatment 

1st post-treatment (days) 2nd Post-treatment (days) 
1 3 7 Mean+Sd 1 3 7 14 Mean+Sd 

B
io

-i
ns

ec
tic

id
es

 

Spinetoram 
(120ml) 

62.5 10 12.5 17.5 13.3±1.2 2.5 5 7.5 15 7.5±1.5 

Spinetoram 
(100ml) 

55 15 17.5 20 17.5±1.4 7.5 10 12.5 17.5 11.9±2.1 

Spinosod (120ml) 52.5 15 15 25 18.3±2.1 12.5 12.5 15 20 15±2.2 
Spinosod (100ml) 55 17.5 17.5 27.5 20.8±2.2 15 15 17.5 22.5 17.5±1.7 

Spinetoram 
(80ml) 

60 20 22.5 27.5 23.3±2.3 12.5 15 17.5 22.5 16.9±2.1 

Spinosad (80ml) 57.5 25 25 30 26.7±1.4 22.5 25 27.5 30 26.3±2.2 
Emamectin 

(80gm) 
52.5 25 27.5 32.5 28.3±2.0 17.5 20 22.5 27.5 21.9±2.3 

C
he

m
ic

al
 

in
se

ct
ic

id
es

 Pyridalyl (150ml) 62.5 17.5 20 27.5 21.7±2.1 10 12.5 15 17.5 13.8±1.5 
Coragen (200ml) 55 27.5 30 35 30.8±2.2 20 22.5 25 30 24.4±1.7 

Indoxcarb 
(105ml) 

60 30 32.5 37.5 33.3±1.9 25 27.5 30 35 29.4±1.6 

Chlorfenapyr 
(200ml) 

62.5 40 37.5 40 39.2±1.3 30 35 37.5 42.5 36.2±1.4 

Control 55 57.5 65 72.5 65±2.4 82.5 85 85 87.5 85±1.1 
F. value (interactions)  22.3 17.63 

 

 As seen in Table 2, at the initiation of the experiment, percentage infestation by Heliothis armigera on 
tomato fruit was 45% in the control plot. This percentage gradually, increased to 54.2% then to 69.4% after 7 
and 14 days respectively from the initiation of the experiment.  
 Meanwhile, in the plots receiving bio- or chemical insecticides experienced a marked gradual decrease in 
H. armigera infestation. This effect was most evident post spraying by Spinetoram at 120, 100 or 80 ml, 
following by Pyridalyl at 100 ml, then Spinetoram at 60 ml and Emamectin at 80 g. The least toxic effect was 
exhibited by 105 ml Indoxcarb.  
 Spraying Spinetoram at 120 ml reduced H. armigera infestation from 45% at the initiation of the 
experiment to 7.5 % and lowered to 2.5% after the 1st and 2nd application respectively. The lower concentration 
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of Spinetoram at 100 and 80 ml also caused a marked decrease of 4.4 and 8.1 % in H. armigera infestation at the 
termination of the experiment. The second effective insecticide was Pyridalyl or it reduced H. armigera 
infestation from 42.5 to 19.2% after 7days from the 1st spraying to 10.6 % after the 2nd application, (14 days 
from the being of the experiment). 
 The chemical insecticides Indoxcarb at 105 ml showed very low toxic effect on H. armigera following two 
biweekly applications, and percentage infestation was reduced from 45 % to only 39.2 %. 
 
Table 2: Percentage infestation of Heliothis armigera on tomato fruits. 

Treatment/feddan Pre- 
treatment 

1st post-treatment (days) 2nd Post-treatment (days) 
1 3 7 Mean+Sd 1 3 7 14 Mean+Sd 

B
io

-i
ns

ec
tic

id
es

 

Spinetoram 
(120ml) 

45 5 7.5 10 7.5+1.4 0 0 2.5 7.5 2.5±1.6 

Spinetoram 
(100ml) 

42.5 7.5 10 12.5 10±1.7 0 2.5 5 10 4.4±1.7 

Spinetoram 
(80ml) 

47.5 12.5 15 17.5 15±1.5 2.5 5 10 15 8.1±2.1 

Spinetoram 
(60ml) 

47.5 17.5 25 20 20.8±1.7 12.5 17.5 17.5 20 16.3±1.3 

Emamectin 
(80gm) 

50 17.5 2.5 22.5 21.7±2.4 10 15 20 22.5 16.9±1.4 

C
he

m
ic

al
 

in
se

ct
ic

id
e Pyridalyl(100ml) 42.5 15 20 22.5 19.2±1.8 5 7.5 12.5 17.5 10.6±1.8 

Indoxcarb 
(105ml) 

45 30 37.5 40 35.8±1.3 20 25 30 42.5 39.2±1.4 

Control 45 47.5 52.5 62.5 54.2±2.1 65 67.5 70 75 69.4±1.7 
F. value (interactions)   18.77     20,32   

 
Discussion: 
 Results show a significant difference in infestation percentages of T. absoluta and H. armigera as affected 
by the different control treatments under field conditions. The differences can be attributed to different modes of 
action of the products and also the number of sprays. The results show good efficacy of bio-insecticides, 
Spinetoram, Spinosad and emamectin against T. absoluta and H. armigera. Spinetoram is the active ingredient 
in a series of insecticides formulated by Dow AgroSciences. Spinetoram is a mixture of chemically modified 
spinosyns J and L. Spinosyns insecticide that makes it more effective than Spinosad, though Spinosad maintains 
low 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. Emamectin is a non-
systemic insecticide which penetrates leaf tissues by translaminar movement, following its treatment, larvae stop 
feeding within hours and die after 2-4 days.  
 Coragen and Indoxcarbe exhibit the same mode of action as they block sodium channel in nerve axon and 
inhibit propagation of nerve potential, this explains their similar mean reduction in T. absoluta infestation. 
Pyridalyl inhibits protein synthesis in insect cells, therefore exhibit a cytotoxic action; it acts through dermal 
exposure as well as ingestion (contact and stomach poison). After treatment, skin of larvae becomes black and 
shows necrosis and larval body becomes flaccid, followed by death after 3-4 days under field conditions. 
Measurements of the insecticidal activity of Pyridalyl against Spodoptera littoralis revealed the correlation 
between the cytotoxicity against cultured cell lines and the insecticidial activity. From these observations, it was 
concluded that the selective inhibition of cellular protein synthesis by Pyridalyl might contribute significantly to 
the insecticidal activity and the selectivity of this compound. Chlorfénapyr is an acaricide, for this reason it gave 
the lowest reduction in T .absoluta infestation (39.2 and 36.2% after 1st and 2nd treatment respectively). 
 Spinosad and Spinetoram insecticides showed high efficacy in controlling all instar larvae of T. absoluta 
giving an average mortality of 66.5% and 85.6%. Hafsi et al., (2012) and Braham et al., (2012) investigated the 
efficacy of 7 different insecticides against T. absoluta in a laboratory bioassays. Spinosad, Chlorantraniliprole + 
Abamectin or Indoxacarb treatment resulted in 100% mortality at their recommended doses of 120, 50.4 and 60 
mg respectively. The efficacies of Abamectin, Metaflumizone and Azadirachtin were found to be moderate to 
low at the recommended doses of 4.5, 240 and 50 mg respectively. Nannini et al., (2011) found that in all tests, 
Spinosad proved to be highly effective against tomato borer larvae. Indoxacarb, Metaflumizone, Azadirachtin, 
and Abamectin appeared to be less active. Gacemi and Guenaoui (2012) evaluated the efficacy of Emamectin-
benzoate against larvae of the tomato leaf miner in tomato greenhouse. Three foliar applications were made at 7 
days interval in a tomato greenhouse. The results showed a good activity on Tuta absoluta larvae with a 
mortality reaching 87%. 
 Babariya et al., (2010 ) found that Indoxacarb gave the highest percent mortality of Helicoverpa armigera 
followed by Spinosad, Profenophos + Cypermethrin and Endosulfan. Ahmed et al., (2004) evaluated two sprays 
of Arrivo (Cypermethrin), Lannate (Methomyl), Tracer (Spinosad) and Steward (Indoxacarb) at interval of 15 
days against H. armigera on chickpeas. Results revealed Tracer was the most effective treatment in restricting 
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the pest infestation followed by Steward and Lanante. Ravi et al., (2008) found that application of microbial and 
neemazol were equally effective as that of the sequential application of synthetic chemical insecticides, e.g. 
Endosulfan, Quinolphos and Indoxacarb in reducing H. armigera larval population and fruit damage. Thus the 
microbials and neem could be the best alternatives for the sustainable management of H. armigera on tomato 
with less impact on the naturally occurring predatory arthropods. 
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