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ABSTRACT 

  

Among the tomato pests, Helicoverpa armigera causes significant damage to the crop. Chemical control 

is the most commonly used method against this pest and is becoming less and less effective. In order to find out 

an alternative, a formulation of Helicoverpa armigera nucleopolyhdrovirus (HearNPV) of 0.15% was compared 

to a 2% neem extract product in the laboratory to assess its potential role as a bio-insecticide on the pest. The 

formulations were tested on stage 2 (L2) larvae up to stage 5 (L5). Results showed 100% mortality with HearNPV 

formulation compared to 71.48% with neem formulation with a highly significant difference (p-0.0001) 6 days 

after treatment in L2/L3 larvae and 87.92% versus 70.74% 15 days after treatment in L4/L5 larvae. An average 

lethal time (LT50) that varies from treatment to treatment has been observed in L4/L5. This TL50 is reduced in 

L2/L3 and is shorter with neem. These results show that HearNPV formulation appears to be more effective than 

neem formulation with faster action on young larvae. 

© 2021 International Formulae Group. All rights reserved. 
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INTRODUCTION  

The tomato moth or the African capsule 

worm, Helicoverpa armigera (Heliothis 

armigera) (Hunner, 1808) (Lepidoptera, 

Noctuidae), is an indigenous species considered 

a major constraint on the production of food, 

fiber and horticultural plants in Africa. Its 

perception as a particularly severe pest stems 

from its polyphagia, high fertility and short 

generation time, high mobility (Feng et al., 

2009; Lu and Baker, 2013), its preference for 

the harvestable fruiting parts of its host plant 

and its ability to develop resistance to chemical 

insecticides (Achaleke and Brévault, 2009). 

The severity of the attack on H. armigera varies 

not only between cultures and regions, but also 

on a temporal scale. In addition, because of its 

dispersive and migratory attributes, the 

incidence of H. armigera is unpredictable. H. 

armigera is reported to cause serious damage, 

particularly on cotton, tomato and maize 

(Kpindou et al., 2012). On tomatoes, they can 
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reduce yield by up to 70% due to fruit heaviness 

(Abbas et al., 2015). In Senegal, crop losses due 

to H. armigera on tomatoes are in the range of 

60-80% and population peaks are observed 

from January to the end of March (PAN/IPEN, 

2008). 

In sub-Saharan Africa, chemical control 

is intensely practiced and becomes less and less 

effective due to the emergence of insecticide 

resistance genes (pyrethroids) in this moth 

(Brévault et al., 2008). In addition, there are 

other adverse effects, such as the emergence of 

new pests, environmental pollution and the 

deterioration of human and animal health. 

Faced with these drawbacks, hopes have turned 

to other more ecological alternatives such as 

biological control, in particular the use of bio-

insecticides. 

The purpose of this study was to contribute to 

the control of the pest H. armigera. 

Specifically, we evaluated the the bio-

insecticidal potential of H. armigera 

nucleopolyedrovirus (HearNPV) and Neem on 

the larvae Helicoverpa armigera of stage L2 to 

L5. 

 

MATERIALS AND METHODS  

Larvae of Helicoverpa armigera 

The H. armigera larvae used come from 

the tomato fields of the Centre for the 

Development of Horticulture (CDH) 

Camberene and Sangalkham experimental 

stations. Mass rearing of Helicoverpa armigera 

on artificial nutrient medium has been set up at 

the entomology laboratory of CDH. The 

identification of the larvae was based on the 

descriptions of Toguebaye and Couilloud 

(1982). 

Helicoverpa armigera nucleopolyhedrovirus 

bio-insecticide (HearNPV) 

The product to be tested is an insecticide 

based on H. armigera nucleopolyhedrovirus 

(HearNPV). It is a commercial formulation of 

Kenyan origin. The active substance is 

Helicoverpa armigera nucleopolyhedrovirus, 

belonging to the baculovirus family, with a 

concentration of 0.15%. The effectiveness of 

HearNPV was compared to that of a biologic 

product of 2% neem extract (azadirachtin).  

Reference biological product (neem)  

Fully biodegradable, emulsifiable 

concentrate product (0.03% azadirachtin), 

neem is a natural fungicide and insect repellent 

made from its seeds. It is recommended for 

preventive control of plant diseases and insect 

infestations during cultivation or post-harvest. 

The 2% dose was applied to the L4 / L5 and L2 

/ L3 larvae of H. armigera during treatment. 

 

Tomato leaves  

The leaves come from the greenhouse 

and tomato fields of the Centre for Horticulture 

Development (CDH) which have not 

undergone any insecticide treatment. 

  

Preparation of rearing medium  

To prepare the artificial nutrient 

medium, 17.5 g of agar was poured into a liter 

of distilled water first. The mixture is brought 

to a boil and stirred well to prevent the 

formation of lumps and then cool to a 

temperature of 60°C. This temperature allows 

us to obtain a gel which is a fluid. Secondly, a 

liter of distilled water was poured with 20 g 

ascorbic acid, 175 g corn flour, 43.75 wheat 

germ, 43.75 brewer's yeast and 1 sachet of 250 

mg erythromycin. The mixture thus made is 

added to the agar mixture obtained beforehand. 

The whole is stirred vigorously until 

homogenized. Then the mixture is sterilized in 

a water bath at 97°C for one hour. The nutrient 

medium thus prepared is poured into small 

plastic jars and stored in a refrigerator at 4°C 

until use. The breeding method used was 

developed by Giret and Couilloud (1987). 

 

Experimental device 

For the assessment of the sensitivity of 

the H. armigera caterpillars to H. armigera 

nucleopolyhedrovirus bioinsecticide 

(HearNPV), the "soaking" method was used. 

The experimental unit is a batch of 10 

Petri dishes containing 10 larvae of H. 

armigera. Each test includes the following 

treatment modalities:it is a batch of 10 Petri 

dishes containing 10 H. armigera larvae. Each 

test includes the following treatment 

modalities: 
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 Three batches corresponding to larvae 

subjected to tomato leaves soaked in 

distilled water (untreated) ;  

 Three batches corresponding to the 

larvae subjected to the reference 

product (neem);  

 Three batches corresponding to the 

larvae subjected to the bio-insecticide 

tested. 

For each product its reference dose was used 

and the test was repeated 3 times.  

 

Application of products  

It consisted in feeding the caterpillars 

with tomato leaves previously soaked in the 

bio-insecticidal solution of concentration 0.39 

ml for 250 ml of water for the HearNPV and 5 

ml for 250 ml of water for the neem. The 

solutions are prepared on the same day of the 

test in emulsion form. The young, green and 

fresh leaves are harvested on the day of the test 

from tomato plants which have not previously 

undergone any insecticide treatment. Once 

harvested, the leaves are soaked one by one in 

the solutions for five minutes with gentle 

agitation, then dried flat on driers for about one 

hour at 25°C. They are then placed in Petri 

dishes containing agarose gel to delay the 

drying of these. The caterpillars are distributed 

one by one using a soft forceps in the 10 Petri 

dishes (containing tomato leaves) constituting 

the treatments. The control batch consists of 

leaves soaked in distilled water. 

 

Observation of mortalities  

Observations consisted of counting 

larval mortality at 3 days, 6 days, 9 days, 12 

days and 15 days for the L4 / L5 stages and at 

24 hours, 48 hours, 72 hours, 96 hours, 120 

hours and 144 hours for L2 / L3 stages. The test 

is repeated if the percentage of mortality in the 

control is greater than or equal to 10%. 

 

Statistical analysis 

The percentages of mortality are 

calculated and corrected relative to the 

percentages of mortality of the corresponding 

control using the Abbott formula (Abbott, 

1925):  

Corrected mortality (%) = (Mortality in 

the treated group - mortality in the control 

group) / (100 - mortality in the control group) * 

100.  

The data collected is entered using a 

mock-up with the EXCEL spreadsheet. 

Statistical analyzes are performed with the 

XLSAT version 2018 software. A normality 

test was performed with the Shapiro-wilks test. 

The larval mortality variable L4 / L5 did not 

follow a normal distribution law therefore the 

Kruskal wallis and Wilcoxon Manwitney test 

was used. L2 / L3 larval mortality data were 

subjected to analysis of variance (ANOVA), 

means (± standard deviation) are compared 

using Newman-Keuls multiple comparison 

tests. 

The correlation test allowed us to 

determine the TL50. P-value values below 0.05 

were considered significant. 

 

RESULTS  

Effect of HearNPV and neem oil on H. 

armigera larvae. 

HearNPV and neem had significant 

effects on H. armigera larvae. In H. armigera 

larvae treated with HearNP, there is 

transparency and stretching of their bodies. On 

the other hand, moth larvae treated with neem 

lose their appetite and tend to avoid contact 

with the leaves. There is also a blackening and 

shrinking of their bodies. 

 

Effect of HearNPV and neem on L2 / L3 

stage larvae  

In stage L2/L3 larvae, only the 

percentage of neem mortality is significant 24 

hours after treatment. For 48 hours, 72 hours, 

96 hours and 120 hours after treatment, no 

significant difference was found between the 

percentage of death due to HearNPV and that 

due to neem. On the other hand, it was 

significantly higher for HearNPV than neem at 

144 hours after treatment with a P-value < 

0.0001. There was no significant difference 

between the percentage of natural mortality 

(untreated control) and HearNPV 24 hours after 

treatment, but also between the control, neem 

and HearNPV 48 hours and 72 hours after 
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treatment. The difference is highly significant 

between the percentage of control mortality and 

the percentages of mortality due to HearNPV 

and neem 96 hours, 120 hours, and 144 hours 

after treatment (Table 1). 

 

Effect of HearNPV and neem on L4 / L5 

stage larvae  

Statistical analysis of the percentages of 

mortality recorded with HearNPV and neem 

showed no significant difference between the 

percentage of natural mortality (distilled water 

control) and the treatments 3 days, 6 days, 9 

days and 12 days after treatment. The 

structuring of the means shows that the 

HearNPV and neem treatments were not 

significantly different from one another but 

were significantly different from the absolute 

control at the 5% level on the 15th day after 

treatment (Table 2).  

 

Lethal time 50 (TL50)  

The lethal times at which 50% of H. 

armigera larvae died are obtained from the time 

regression rights based on corrected mortality 

percentages of HearNPV and neem-treated 

larvae. The calculation of lethal times at which 

50% of the larvae died (TL50) tells us about the 

importance of the effect of treatment over time. 

The TL50 values for each treatment are drawn 

directly from the regression rights. Indeed, the 

lethal times calculated, vary from one treatment 

to another. 

 

TL50 in L2 / L3 larvae  

Compared to the regression right the 

lowest time: 83 hours or 3.46 days is obtained 

with the HearNPV, while the highest time: 101 

hours or 4.21 days is recorded with the neem 

(Table 3). 

 

TL50 in L4 / L5 larvae  

The results on HearNPV formulation 

toxicity and neem oil in terms of lethal time 

(TL50) (Table 4) revealed that HearNPV 

recorded a relatively shorter lethal time of 10 

days 17 hours compared to neem oil, which 

recorded a 12-day 2-hour TL50.

 

 

 

Table 1: Mean percentage of mortality in L2 / L3 larvae of H. armigera after treatment with Hear 

NPV and neem. 

 

*P-value Significant 

NB: in this table, the means assigned the same alphabetical letter are not significantly different according to the Newman Keuls 

test (P <0.05). 

  

                Hours 

Treatments 

24 hours 48 hours 72 hours 96 hours 120 hours 144 hours 

HearNPV 0,000 b 23,333 a 35,553 a 60,367 a 85,187 a 100,000 a 

Neem 23,333 a 27,777 a 28,147 a 45,923 a 60,370 a 71,483 b 

Intreated control 0,000 b 3,333 a 6,667 a 6,667 b 6,667 b 6,667 c 

Pr > F(Modèle) 0,004* 0,459 0,283 0,045* 0,008* < 0,0001* 
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Table 2: Mean percentage mortality of L4 / L5 larvae of Helicoverpa armigera for the different 

treatments. 

 

Meaning of abbreviations: DAT = day after treatment  

NB: in this table, the means assigned the same alphabetical letter are not significantly different according to the Newman Keuls 

test (P <0.05). 

 

Table 3: Equations of regression lines, regression coefficients and TL50 values for L2 / L3 larvae of 

Helicoverpa armigera. 

 

L2 / L3 larvae                               TL50 

Treatments Regression lines (Y) and 

regression coefficients (R) 

Value   

HearNPV Y = 0.846 x - 20.298 

R² = 0.993 

3 days 11 hours 

Neem Y = 0.424 x + 7.208 

R² = 0.925 

4 days 5 hours 

 

Table 4: Equations of the regression lines, regression coefficients and the TL50 values for L4/L5 

larvae of Helicoverpa armigera according to the treatments. 

 

L4 / L5 larvae               TL50 

Treatments Regression lines (Y) and 

regression coefficients (R)  

Value 

HearNPV Y = 7.123 x - 26.26  

R² = 0.981 

10 days and 17 hours 

Neem Y = 5.16x - 12.295 

R² = 0.965 

12 days and 2 hours 

  

 

                    Days 

Treatments   

3 DAT 6 DAT 9 DAT 12 DAT 15 DAT 

HearNPV 0,000 a 13,333 a 34,813 a 55,183 a 85,927 a 

Neem 6,667 a 16,667 a 33,333 a 43,333 a 70,740 a 

Intreated control 0,000 a 0,000 a 3,333 a 3,333 a 3,333 b 

Pr > F(Modèle) 0,500 0,536 0,493 0,321 0,070 
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DISCUSSION 

The long-term use of synthetic 

insecticides accompanied by serious health and 

environmental problems (Nathan and 

Kalaivani, 2006) but also Insect resistance to 

synthetic insecticides (Ahmad et al., 2003; 

2007) and development of awareness of their 

detrimental effects has prompted the 

introduction of integrated pest management 

programs (Nathan and Kalaivani, 2006) for the 

control of these pests. It is in this context that a 

laboratory study was carried out with the aim of 

testing the biological effectiveness of a 

formulation based on Helicoverpa armigera 

Nucleopolyhedrovirus (HearNPV). Statistical 

analyzes of the results of this study revealed 

that the formulations of HearNPV and neem 

had a toxic effect on the larvae of Helicoverpa 

armigera. The effectiveness of these 

formulations varies according to the stages of 

larval development of the insect. This may be 

justified by a difference in vulnerability in the 

larvae of H. armigera. These results agree with 

those of Zhang et al. (2015) who reported that 

HaSNPV showed a high virulence and 

pathogenicity to larvae of 4 th and 5 th stage of 

H. armigera. 

Over a short period of time, HearNPV 

application was significantly ineffective on H. 

armigera larvae in contrast to neem extract 

formulation which caused higher larval 

mortality. It is well known that a baculovirus 

infection takes several days to kill the host, so 

higher mortality with neem oil was expected 

compared to HearNPV six days after treatment 

in L4/L5 larvae and two days after treatment in 

L2/L3 larvae. 

However, HearNPV appears to be more 

effective than neem over time. And this could 

be justified by the fact that nuclear polyedrosis 

viruses move from cell to cell after ingestion 

causing chronic disease and the resulting 

infected cells disintegrate which ultimately 

leads to the death of the insect. While, neem is 

an anti-appetant, an insect growth regulator 

(Ramya and Jayakumararaj, 2009).  

In fact, in L4/L5 larvae, the mortality 

rate was 85.92% with HearNPV and 70.74% 

with neem with a non-significant difference (p 

-0.070) 15 days after treatment. On the other 

hand, in L2/L3, there was 100% mortality with 

HearNPV compared to 71.48% with neem with 

a highly significant difference (p -0.0001) 144 

hours or 6 days after treatment. These results 

show that young H. armigera larvae are more 

susceptible to HearNPV than advanced larvae. 

This could be correlated with resistance in 

some L4/L5 larvae and corroborates the work 

of Koppenhifer and Kaya (2000) who had noted 

a decline in the susceptibility of H. virescens to 

NPV after the second stage. Especially since 

Pourmirza (2000), Kumar et al. (2008) and 

Zhang et al. (2015) supported the notion of the 

sensitivity of early-stage larvae to advanced 

larvae. The reason for this behavior is not yet 

properly explored, except that Nathan et al. 

(2005), who studied the effects of azadirachtin 

(AZA) and NPV on enzyme activity of the 

middle intestine in S. litura had noted that 

enzyme activities of the intestine were 

decreased by AZA and NPV individually and 

in combination. But there is still room for 

further research on the biochemical, molecular 

and histopathological studies of the middle 

intestine needed to understand the mechanism 

of decreased sensitivity of aging larvae. 

Knowing how long it takes to kill target 

insects is crucial information for good pest 

management. The infectious dosage of a virus 

is not the only measure of its virulence because 

the rate of destruction is also important. In this 

study, HearNPV killed 50% of H. armigera 

larvae faster than neem oil. The average lethal 

time (TL50) for L4/L5 larvae treated with 

HearNPV was 1 day 9 hours shorter than the 

TL50 of those treated with neem oil and it is 

reduced to 18 hours in L2/L3 larvae. TL50 was 

longer in L4/L5 larvae than in L2/L3 larvae. 

The difference in TL50 between L2/L3 and 

L4/L5 larvae could be explained by resistance 

acquisition as the larvae age progresses. 

However, the results of this study are consistent 

with the longest lethal times reported in the 

literature. Ogembo et al. (2005) studying the 

pathogenicity of two isolates of 

nucleopolyedrovirus infecting Helicoverpa 

armigera achieved approximately the same 

results with TL50s of 2.8 to 11.9 days and 2.8 
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to 6.8 days, suggesting a slight increase in 

resistance within infected larvae as their 

development. Working on another insect, 

Masetti et al. (2008), mention during treatment 

of Spodoptera littoralis with SlNPV a 7.32 days 

TL50 for second stage larvae. 

Although this assumption should be 

verified by field studies, it is likely that an 

average lethal time of more than seven days is 

too long to be very useful in preventing 

economic losses on most crops. Inefficiency in 

achieving rapid reduction in pest populations is 

one of the main drawbacks of baculoviruses 

and one of the reasons why farmers are often 

opposed to the use of these control agents 

(Toprak et al., 2007).  

The nuclear polyedrosis virus must be 

ingested by the larvae in order to be effective, 

therefore, good target coverage is essential. In 

addition, it is noted that a living organism loses 

its power when exposed to sunlight, especially 

the ultraviolet component. Therefore, repeated 

applications and much higher doses would be 

required for field control of H. armigera 

throughout a culture cycle. For maximum 

efficacy, it is essential to apply the right amount 

of virus to achieve an acceptable reduction of 

the larval population. 

HearNPV could be used as an 

alternative in the fight against H. armigera in 

the same way as most viral formulations 

(Lavina et al., 2001). 

 

Conclusion 

This work was carried out with the aim 

to determine insecticidal effect of Helicoverpa 

armigera Nucleopolyhdrovirus on the larvae of 

H. armigera. The results show that the 

effectiveness of HearNPV can match or even 

outperform neem oil on H. armigera larvae 

depending on the stage of development. 

However, this effectiveness decreases as the 

age of the larvae progresses. Mortality is 100% 

with an LT50 of 3.46 with HearNPV 

formulation while it is 71.48% with a 4.21-day 

LT50 with neem with a highly significant 

difference (p-0.0001) to six (6) days after 

treatment in L2/L3 larvae. In L4/L5 larvae, the 

mortality rate was 87.92% with an average 

lethal time (LT50) of 10.7 days with HearNPV 

versus 70.74% with a 12-day LT50 with neem 

at fifteen (15) days after treatment. 
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