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ABSTRACT 

Helicoverpa armigera (Lep.: Noctuidae) is one of the most important pests of crops, which imposes huge 
management costs on farmers every year, and also causes environmental harm to the agricultural 
ecosystem because of the utilization of different chemical pesticides. In this study, the effectiveness of three 
various formulations of the insect pathogenic fungus Beauveria bassiana and a biological insecticide based 
on the active ingredient Bacillus thuringiensis subsp. kurstaki and organic insecticide-based plants were 
investigated in laboratory conditions and two tomato fields. The results of laboratory bioassay of various 
formulations of B. bassiana fungus with a 1 × 107 conidia/ml concentration on third-instar larvae revealed 
that all three various formulations of the pathogenic fungus caused between 84-91% mortality on third-
instar larvae. The results of different concentrations of biological compounds on third-instar Helicoverpa 
armigera larvae after eight days revealed that with increasing concentration of use, the mortality rate also 
increases significantly. The highest mortality rate was reported with 93.33% at a 1.5 ml/L concentration 
and the lowest mortality rate was reported with 48.89% at a 0.5 ml/L concentration. The findings of the 
studies in tomato fields revealed that the effectiveness of the treatments used enhances with time and the 
highest percentage of effectiveness in all experimental treatments was between about 50 and 60% on the 
seventh and tenth days after foliar spraying. In the tomato field, the percentage of efficacy of fungal 
formulations decreased on the tenth day of foliar spraying. Regarding the fruit perforation percentage in 
both studied fields, the fungal treatment and the control treatment containing distilled water were placed 
in the same experimental group and revealed the highest rate of fruit perforation. 
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INTRODUCTION 
 

Tomato is an important vegetable of the family 

Solanaceae that is widely cultivated and 

produced in fields and greenhouses all over the 

world. Tomato is widely used in major 

agricultural industries, and in addition to fresh 

consumption, it is also used in various forms such 

as peeled fruit, fruit juice, pickles, dried fruit, 

chopped fruit, leaves, powder, paste, puree, 

various sauces, soups, and ketchup. Helicoverpa 

armigera Hubner (Lepidoptera: Noctuidae), 

which attacks tomato fruit, is one of the most 

important tomato pests in the world. Damage 

caused by this pest on tomatoes in an outbreak 

has been reported to be between 85 and 93% [1-

3].  

Helicoverpa armigera usually lays eggs singly on 

the terminal leaflets of leaves close to flowers or 

small fruits, and newly hatched larvae feed 

preferentially on immature fruits and bore holes 

in them, and the remaining larval excrement can 

be seen at the feeding site. Eventually, the fruits 

become unusable. Worm-infested fruits turn red 

earlier and the damage to the first fold is usually 

more severe. Ripe fruits are rarely attacked. The 
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larvae make deep holes in the fruits. After the 

pest attack, the fruits often provide a way for 

bacteria and secondary fungi to penetrate, which 

causes complete rot and decay. However, 

sometimes the insect larvae also attack flower 

buds or stems [4, 5]. The activity of this pest 

begins in the spring of the first generation on 

peas and tomatoes, and its activity is observed in 

cotton fields from the second generation, its 

activity is more intense in the third generation, 

which coincides with the emergence of maximum 

buds and flowering and young cotton bolls. 

Tomato fruitworm is a polyphagous pest and the 

important crops attacked include peas, tomatoes, 

corn, cotton, tobacco, soybeans, and cotton weed 

[6-9]. 

To manage and control this pest, various non-

chemical methods are recommended, including 

deep autumn and winter plowing, winter water 

freezing, observing crop rotation, installing light 

and pheromone traps, and releasing 

Trichogramma and Bracon bees. Every year, due 

to the outbreak of the pest, the use of various 

chemical pesticides is inevitable [8, 10-14].  

Studies conducted on the management of pests in 

the fields show that the use of many pesticides 

has not been very successful in controlling the 

pests due to the pests remaining inside the fruit. 

Therefore, the use of biological control methods, 

including insect pathogenic fungi and the 

biological pesticide Bt, is worth considering, 

especially in tomato fields that are consumed 

fresh and the weather conditions are suitable for 

the use of biological control agents during the 

tomato growing season. In this study, the 

effectiveness of three various formulations of the 

insect pathogenic fungus Beaveria bassiana 

(Balsamo), the biological insecticide Biolep based 

on the active ingredient (BtK) Bacillus 

thuringiensis subsp. kurstaki and an organic 

insecticide on agro (Matrin) in controlling the 

tomato fruitworm pest in laboratory conditions 

and in two fields were investigated. 

MATERIALS AND METHODS  

Fungal isolate 

In this study, an isolate of the fungus B. bassiana 

was used, which in recent research had shown 

the best performance among several other fungal 

isolates on the cotton bollworm. Before use in the 

experiments, the desired fungal isolate was 

cultured in Potato Dextrose Agar (PDA) medium 

and kept in an incubator at 25 °C for 12-14 days 

in the dark. Mass production of this fungal isolate 

was carried out in a solid medium containing rice 

bran and 8% whey [15]. 

Establishment of Helicoverpa armigera colony in 

the laboratory 

To establish a fruitworm population in the 

laboratory, this pest insect was collected from 

tomato fields as larvae and pupae, and all 

developmental stages of the pest were carried 

out in a breeding room at a temperature of 27 °C, 

relative humidity of 65%, and a light period of 16 

hours and a dark period of 8 hours. To feed the 

larvae, an artificial diet containing 205 grams of 

cowpea soaked in water for 24 hours, 35 grams 

of baker's yeast, 30 grams of wheat germ powder, 

1.1 grams of sorbic acid, 3.5 grams of ascorbic 

acid (vitamin C), 2.2 grams of methyl 

parahydroxybenzoate (nipagin), 1.4 grams of 

agar, 4.2 ml of sunflower oil (without 

antioxidant), 2.5 ml of 37% formaldehyde and 

700 ml of sterile distilled water were used. 10% 

honey water solution was used to feed the adult 

insects. 
 

Laboratory studies 

In vitro, the bioassay of biological control agents 

including three different formulations of fungi 

(concentrated oil suspension, mixture of fungal 

conidia in oil, and mixture of fungal conidia in 

water) as well as three different concentrations 

of the biological pesticide Biolep (WP) containing 

BtK bacteria were investigated on the third instar 

larvae of Helicoverpa armigera. In this study, two 

types of oil formulations were used, based on the 

findings of Devi and Hari [16]. Thus, based on the 

findings of Devi and Hari [16] and Tupe et al. [17], 

prepared a 30% concentrated fungal suspension 

based on mineral oil (liquid paraffin) containing 

fungal conidia, liquid paraffin, and Tween 80, 

carboxymethyl cellulose and talc. In the method 

of Tupe et al. [17] fungal conidia were mixed in a 

mixture of sunflower oil and diesel in a ratio of 

7:3. In the treatment of fungi with distilled water, 

fungal conidia were mixed in a ratio of 30% with 

sterile distilled water containing 0.05% Tween 

80. Finally, fungal formulations were mixed in a 

ratio with sterile distilled water containing 

0.05% Tween 80 to obtain a fungal suspension 

with a concentration of 107 conidia per ml. This 
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suspension was sprayed on third-instar 

fruitworm larvae using a hand sprayer. The 

experiments were conducted in triplicate, each 

with 20 larvae, along with a control treatment of 

sterile distilled water containing 0.05% Tween 

80. After spraying, the larvae were placed on 

filter paper for five minutes to absorb excess 

moisture and were finally transferred to 

containers containing some artificial food and 

placed in an incubator with a temperature of 26 

± 5 °C, a relative humidity of 60 ± 5%, and 16 

hours of light. Daily mortality was monitored and 

recorded for eight days. The experiments were 

conducted in a completely randomized design 

with three replications and a control treatment. 

In the bioassay of bollworm larvae with Biolep 

(WP), three concentrations of the biological 

pesticide were prepared and sprayed on the 

bollworm artificial food. 

Field experiments 

This experiment was done in a randomized 

complete block design with 6 treatments and 3 

replications in two regions. The experimental 

areas consisted of two tomato fields. The 

experimental treatments included three 

treatments containing fungal conidia, including 

1) an oil formulation based on diesel and 

sunflower oil (BbOil), 2) a concentrated 

suspension formulation based on mineral oil 

(BbSuspension), 3) a fungal suspension dissolved 

in sterile distilled water with 0.05% Tween 80 

(BbWater), 4) a biological product with Biolep at 

the recommended dose (one per thousand Bt), 5) 

an organic plant insecticide based on RuiAgro 

(Matrin) at the recommended dose (one per 

thousand), and 6) a control treatment (no foliar 

spray). In the treatments containing fungi, after 

preparing the fungal formulations according to 

the items mentioned in the laboratory studies 

section, in all fungal treatments, 250 mg of the 

above formulations were mixed in one liter of 

sterile distilled water using a laboratory 

homogenizer, so that the conidia content in this 

suspension was about 1010 conidia per ml. From 

this suspension, the amount required for field 

spraying was prepared. To investigate the effect 

of the mentioned treatments on larval losses, the 

number of pierced fruits and larvae was 

examined. The size of each plot was 5 by 10 

meters and the distance between the plots was 4 

meters. Foliar spraying was done using a 

motorized backpack sprayer and the time of 

spraying was at the peak of the emergence of 

second and third instar larvae according to 

previous studies. Foliar spraying was carried out 

early in the morning. Sampling was carried out 

one day before spraying and 3, 7, and 10 days 

after spraying. Larvae were collected by 

removing the marginal rows from the middle 

rows of the crop by randomly selecting 10 tomato 

plants from each plot. Larvae were collected from 

the plants and examined in the laboratory for 

fungal or bacterial contamination, and then the 

percentage of effectiveness of each treatment 

was obtained using the Henderson-Tilton 

formula. To calculate the number of fruits formed 

per plant and the percentage of pierced fruits, 20 

plants were randomly selected from each plot 

one week before harvest and the number of 

healthy and pierced fruits was calculated [18]. 

Finally, after analyzing the variance of the results 

using SPSS software, the comparison of the 

treatment means was performed based on the 

findings of the variance analysis using Tukey's 

test. 

Statistical analysis 

Statistical analysis and comparison of means 

were performed using SPSS version 23 software. 

Laboratory biometry experiments were 

performed in a completely randomized design 

with three replications. In the biometry 

experiments, analysis of variance (ANOVA) was 

used, the mortality rate of bollworm larvae was 

corrected based on Abbott's formula, and the 

average percentage of pest losses was compared 

using Tukey's test at a probability level of five 

percent with SPSS version 23 software. Graphs 

were drawn using Excel software. 

RESULTS AND DISCUSSION 

Laboratory studies 

The results of laboratory bioassay of various 

formulations of B. bassiana fungus with a 

concentration of 1 × 107 conidia/ml on third 

instar larvae of tomato fruitworm are shown in 

Figure 1. The findings of the variance analysis 

revealed that there was no significant difference 

between the experimental treatments including 

fungal suspension dissolved in sterile distilled 

water containing 0.05% Tween 80 (BbWater), oil 

formulation based on diesel and sunflower oil 

(BbOil), and concentrated suspension 
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formulation based on mineral oil (BbSuspension) 

(P > 0.001, F = 1.807, df = 2).  

BbSuspension with 90.96% mortality showed 

the highest and BbWater with 84% mortality 

showed the lowest mortality on third instar 

larvae of tomato fruitworm. 
 

 
Figure 1. Laboratory bioassay of various formulations 

of Beaveria bassiana fungus (concentration 1 × 107 

conidia/ml) on third instar larvae of Helicoverpa 

armigera. 

 

Similarly, the findings of the variance analysis of 

the bioassay of various concentrations of 

biocompound Bt on the third instar larvae of the 

fruitworm revealed that there was a significant 

difference between the experimental treatments 

including different concentrations of half per 

thousand, one per thousand, and one and a half 

per thousand (P < 0.05, df = 2, F = 152.045) 

(Figure 2). Comparison of the means using the 

Tukey test grouped the treatments into three 

statistical levels (P < 0.05). In this experiment, it 

was observed that with increasing concentration 

of Bt consumption, the mortality rate also 

enhanced significantly. The highest mortality 

rate was 93.33% at a concentration of one and a 

half per thousand and the lowest mortality rate 

was 48.89% at a concentration of half per 

thousand. 

 
Figure 2. Bioassay of different concentrations of a 

commercial biological pesticide containing the 

bacterium Bacillus thuringiensis subsp. kurstaki 

(Biolep) (Bt) on the third instar larvae of Helicoverpa 

armigera. 

 

Field experiments 

Field 1 

The results of the efficacy study of different 

biological control agents including three various 

formulations of insect pathogenic fungi (BbOil, 

BbSuspension, and BbWater) and a commercial 

biological pesticide containing the bacterium 

Bacillus thuringiensis subsp kursaki (Biolep) (Bt) 

as well as an organic plant-based pesticide 

RuiAgro are shown in Figure 3. Three days after 

foliar application, no significant difference was 

reported among the treatments, but the RuiAgro 

treatment showed the highest efficacy among the 

treatments with 38.77% (P > 0.05, F = 1.641, df = 

4). In all treatments, the lowest efficacy was three 

days after foliar application, which gradually 

increased on the seventh day in all treatments. 

On the seventh day, the BOil and RuiAgro 

treatments showed the highest percentage of 

efficacy and the BbWater treatment showed the 

lowest efficacy. On the tenth day, BbWater, 

BSuspension, and Bt treatments increased the 

percentage of efficiency, while the percentage of 

efficiency in the RuiAgro treatment remained 

constant and decreased in the BbOil treatment. 

Overall, the highest percentage of efficiency was 

observed on the tenth day in the BbSuspension 

treatment with 61.57%. 

 

 
Figure 3. Efficacy of different biological control 

agents including three various formulations of insect 

pathogenic fungus Beauveria bassiana (BbOil, 

BbSuspension, and BbWater) and a commercial 

biological insecticide containing bacteria Bacillus 

thuringiensis subsp. kurstaki (Biolep) (Bt) and an 

organic insecticide based on Agro (Matrin) (RuiAgro) 

on the damage of Helicoverpa armigera at three, 

seven, and ten days after foliar spraying in Field 1. 

 

Field 2 

The results of the field experiments in Field 2 

(Figure 4) showed that three days after foliar 

spraying, there was a significant difference 

between the experimental treatments (P < 0.05, 
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df = 4, F = 3.365). The examination of the mean 

difference of the treatments showed that the 

BbWater treatment had the lowest efficiency at 

30.53% and the Agro treatment had the highest 

efficiency at 55.55%. At seven days after foliar 

spraying, the efficiency increased in all 

experimental treatments, but the difference was 

not significant. There was no difference between 

treatments. Ten days after foliar application, the 

findings of the variance analysis revealed that 

there was a significant difference between the 

experimental treatments (P < 0.001, df = 4, F = 

8.887). The percentage of efficacy decreased in 

treatments containing fungal conidia, while in 

the Bt treatment, an increase in efficacy was 

observed. 

 

 
Figure 4. Efficacy of different biological control 

agents including three different formulations of insect 

pathogenic fungus Beauveria bassiana (BbOil, 

BbSuspension, and BbWater) and a commercial 

biological insecticide containing bacteria Bacillus 

thuringiensis subsp. kurstaki (Biolep) (Bt) and an 

organic insecticide based on Agro (Matrin) (RuiAgro) 

on the damage of Helicoverpa armigera at three, 

seven, and ten days after foliar spraying in field 2. 

 

Percentage of pierced fruits 

One week before fruit harvest, the percentage of 

fruits pierced by Helicoverpa armigera compared 

to healthy fruits in both studied plots was 

examined. The results (Figure 5) showed that in 

plot 1 there was a significant difference between 

the experimental treatments (P < 0.001, df = 4, F 

= 22.062). The difference in means showed that 

the control and BbWater treatments showed the 

highest percentage of pierced fruits with 23.33% 

and 18% of pierced tomato fruits, respectively, 

and the RuiAgro, BbSuspension, BbOil, and Bt 

treatments had the lowest percentage of pierced 

fruits, respectively. 

In Plot 2, the trend of the percentage of pierced 

fruits in the experimental treatments was similar 

to Plot 1. There was a significant difference 

between the experimental treatments (P < 0.001, 

df = 4, F = 9.481). The control and BbWater 

treatments were placed in an experimental group 

and revealed the highest fruit perforation rate 

with 35.79% and 22.38% of tomato fruit 

perforation, respectively. The RuiAgro, 

BbSuspension, BbOil, and Bt treatments were 

also placed in an experimental group and had the 

lowest percentage of fruit perforation, 

respectively.  

 

 
Figure 5. Percentage of fruits perforated by 

Helicoverpa armigera in both studied plots. 

 

The results of laboratory bioassay of various 

formulations of B. bassiana fungus at a 

concentration of 1 × 107 conidia/ml on third-

instar larvae of Helicoverpa armigera showed 

that all three various formulations of the 

pathogenic fungus caused between 84-91% 

mortality on third-instar larvae. In the study of 

the sensitivity of third-instar larvae of bollworm 

to seven fungal isolates of different genera in 

vitro, it was observed that between 68 and 100% 

mortality was caused by these isolates. In this 

study, an isolate of B. bassiana fungus at a 

concentration of 1 × 107 conidia/ml caused 100% 

mortality on third-instar larvae. These isolates 

also caused a 74.4 to 100% reduction in pupal 

emergence [19]. In another study, among three 

fungi evaluated in vitro on cotton bollworm 

larvae, an isolate of N. rileyi showed the highest 

mortality rate in the spot inoculation method. In 

this experiment, an isolate of B. bassiana showed 

about 58% mortality on bollworm larvae and 

pupae [20]. In Pakistan, 5 of 22 fungal isolates 

belonging to the B. bassiana and M. anisopliae, 

which showed more than 75% mortality on 

second-instar cotton bollworm larvae, caused 

72.92-100% and 65.24-93.96% mortality on 
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third-instar and fourth-instar larvae, 

respectively. In this study, increasing fungal 

concentrations increased the pathogenicity of 

these fungi on bollworm larvae [21]. Apart from 

the direct mortality of insect-pathogenic fungi, 

these factors also affected the larval period and 

the rate of pupal and adult emergence. 

The results of laboratory bioassays of different 

concentrations of Bt biocompound on third-

instar fruitworm larvae after eight days showed 

that with increasing Bt concentration, mortality 

also increased significantly. The highest 

mortality rate was 93.33% at a concentration of 

1.5 parts per thousand and the lowest mortality 

rate was 48.89% at a concentration of 0.5 parts 

per thousand. Similar studies also confirm the 

appropriate effect of Bt on bollworm larvae in 

laboratory conditions. According to research by 

Bouslama et al. [22], an isolate of B. thuringiensis 

bacteria called Hrl, in vitro and at a concentration 

of 1.8 × 109 cfu/ml, resulted in 93% mortality on 

first-instar cotton bollworm larvae within 96 

hours of use. Also, in the initial screening of 

concentrated spore-crystal suspensions (1000 

μg/ml) of four bacterial isolates, it was observed 

that 96 to 100% of bollworm larvae were killed 

within seven days [23]. 

Comparison of the effectiveness of different 

fungal formulations with the commercial product 

Bt and the insecticide RuiAgro under field 

conditions in two regions shows that in Plot 1, the 

effectiveness of the treatments used generally 

increases over time, and the highest effectiveness 

in all experimental treatments was between 

about 50 and 60% on the seventh and tenth days. 

Data from station 2 show that on the tenth day of 

spraying, the effectiveness of the fungal 

formulations decreased, while the treatments on 

RuiAgro and Bt did not change much. It seems 

that given that the experiments at station 2 were 

conducted a little later and the air temperature 

had increased on the days of the experiment, and 

because insect pathogenic fungi are very 

sensitive to environmental temperature and 

humidity, their effectiveness decreased with 

increasing temperature. A comparison of the 

effects of 14 fungal isolates belonging to B. 

bassiana and M. anisopliae and a commercial Bt 

powder (BIO-T-PLUSTM 5 WP) on bollworm 

larvae under laboratory and field conditions in 

pea fields showed that in laboratory conditions, 

an isolate of B. bassiana had the highest mortality 

on third-instar larvae. Field studies showed that 

this isolate was effective in reducing the number 

of larvae, reducing damage to the pods, and 

increasing pea yield. Bt powder caused the 

highest mortality on second-instar larvae (69%) 

compared to third-instar larvae (56.5%) at a 

concentration of 0.2 g/200 ml eight days after 

treatment [18].  

In Turkey, treatment of bollworm pests in tomato 

fields with Bt compared to common insecticides 

such as malathion, deltamethrin, and lambda-C-

halothrin did not significantly differ in terms of 

damage to fruit [24]. In a study by Younas et al. 

[25], using B. bassiana fungus, jasmonic acid, and 

the insecticide chlorantraniliprole alone or in 

combination to control cotton bollworm in 

chickpea fields showed that the lowest number of 

larvae per plant and pod infection was in the B. 

bassiana treatment with a concentration of 3.21 

× 106 conidia/mL along with the use of the 

insecticide chlorantraniliprole over two 

consecutive years. In this treatment, crop yield 

also increased with a decrease in larval 

population. 

CONCLUSION 

In this study, the effectiveness of three various 

formulations of the insect pathogenic fungus 

Beauveria bassiana and a biological insecticide 

based on the active ingredient Bacillus 

thuringiensis subsp. kurstaki and organic 

insecticide-based plants were investigated in 

laboratory conditions and two tomato fields. The 

results of laboratory bioassay of various 

formulations of B. bassiana fungus with a 1 × 107 

conidia/ml concentration on third-instar larvae 

revealed that all three various formulations of 

the pathogenic fungus caused between 84-91% 

mortality on third-instar larvae. The results of 

different concentrations of biological compounds 

on third-instar Helicoverpa armigera larvae after 

eight days revealed that with increasing 

concentration of use, the mortality rate also 

increases significantly. The highest mortality rate 

was reported with 93.33% at a 1.5 ml/L 

concentration and the lowest mortality rate was 

reported with 48.89% at a 0.5 ml/L 

concentration. The findings of the studies in 

tomato fields revealed that the effectiveness of 

the treatments used enhances with time and the 

highest percentage of effectiveness in all 
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experimental treatments was between about 50 

and 60% on the seventh and tenth days after 

foliar spraying. In the tomato field, the 

percentage of efficacy of fungal formulations 

decreased on the tenth day of foliar spraying. 

Regarding the fruit perforation percentage in 

both studied fields, the fungal treatment and the 

control treatment containing distilled water 

were placed in the same experimental group and 

revealed the highest rate of fruit perforation. In 

general, considering the decrease in the 

effectiveness of fungal formulations on the tenth 

day of foliar spraying, it can be stated that 

repeated foliar spraying of biological control 

agents is essential for better pest control, or 

combining these methods with organic or low-

risk pesticides should be considered. 

ACKNOWLEDGMENTS: None 

CONFLICT OF INTEREST: None 

FINANCIAL SUPPORT: None 

ETHICS STATEMENT: None 

REFERENCES 

1. Anamika SG, Goyal M, Malik JS, Bishnoi DK. 

Constraints faced by tomato growers at 

production and marketing level in Haryana. 

Indian J Ext Educ. 2023;59(2):142-5. 

2. Khan AA, Qadar G, Abro AA, Awais M. Tomato 

yield losses due to attack of insects/pests in 

Pakkhal valley of District mansehra Khyber 

Pakhtunkhwa, Pakistan. Sarhad J Agric. 

2023;39(1):21-8. 

3. Wang K, Miao Y, Wang X, Li Y, Li F, Song H. 

Research on the construction of a knowledge 

graph for tomato leaf pests and diseases 

based on the named entity recognition 

model. Front Plant Sci. 2024;15:1482275. 

doi:10.3389/fpls.2024.1482275 

4. Jafari H, Habibpour B, Hemmati SA, Stelinski 

LL. Population growth parameters of 

Helicoverpa armigera (Hübner) on various 

legume seeds reveal potential tolerance 

traits. Sustainability. 2023;15(9):7502. 

doi:10.3390/su15097502 

5. Volp TM, Zalucki MP, Furlong MJ. Helicoverpa 

armigera preference and performance on 

three cultivars of short-duration pigeonpea 

(Cajanus Cajon): the importance of whole 

plant assays. Pest Manag Sci. 

2023;79(2):627-37. doi:10.1002/ps.7230 

6. Li R, He Y, Li Y, Qin W, Abbas A, Ji R, et al. 

Identification of cotton pest and disease 

based on CFNet-VoV-GCSP-LSKNet-

YOLOv8s: a new era of precision agriculture. 

Front Plant Sci. 2024;15:1348402. 

doi:10.3389/fpls.2024.1348402 

7. Trapero C, Wilson IW, Stiller WN, Wilson LJ. 

Enhancing integrated pest management in 

GM cotton systems using host plant 

resistance. Front Plant Sci. 2016;7:500. 

doi:10.3389/fpls.2016.00500 

8. Liu J, Wang X. Tomato diseases and pests 

detection based on improved Yolo V3 

convolutional neural network. Front Plant 

Sci. 2020;11:898. 

doi:10.3389/fpls.2020.00898 

9. Hu W, Hong W, Wang H, Liu M, Liu S. A study 

on tomato disease and pest detection 

method. Appl Sci. 2023;13(18):10063. 

doi:10.3390/app131810063 

10. Kiobia DO, Mwitta CJ, Fue KG, Schmidt JM, 

Riley DG, Rains GC. A review of successes and 

impeding challenges of IoT-based insect pest 

detection systems for estimating 

agroecosystem health and productivity of 

cotton. Sensors. 2023;23(8):4127. 

doi:10.3390/s23084127 

11. Nagaraj S, Rajasekaran R, Palaniappan J, 

Rangasamy S, Narayanasamy C, Narayanan 

MB. Emerging technological developments 

to address pest resistance in Bt cotton. J 

Cotton Res. 2024;7(1):30. 

doi:10.1186/s42397-024-00192-z 

12. Qiu K, Zhang Y, Ren Z, Li M, Wang Q, Feng Y, 

et al. SpemNet: a cotton disease and pest 

identification method based on efficient 

multi-scale attention and stacking patch 

embedding. Insects. 2024;15(9):667. 

doi:10.3390/insects15090667 

13. Sun L, Liang K, Wang Y, Zeng W, Niu X, Jin L. 

Diagnosis of tomato pests and diseases based 

on lightweight CNN model. Soft Compu. 

2024;28(4):3393-413. doi:10.1007/s00500-

023-08631-w 

14. Wang X, Liu J, Liu G. Diseases detection of 

occlusion and overlapping tomato leaves 

based on deep learning. Front Plant Sci. 

2021;12:792244. 

doi:10.3389/fpls.2021.792244 



Malinga and Laing                                            Entomol. Appl. Sci. Lett., 2024, 11(4): 16-23 
   

 

23 

15. Javar S, Farrokhi S, Naeimi S, Kalantari 

Jooshani M. Effect of moisture content, 

substrate and nutritional supplements on 

condition and virulence of Beauveria 

bassiana against greenhouse whitefly 

Trialeurodes vaporariorum. J Appl Res Plant 

Prot. 2022;11(2):57-66. 

16. Devi PV, Hari PP. Beauveria bassiana 

suspension concentrate-a mycoinsecticide 

for the management of Helicoverpa armigera 

(Hubner). J Biol Control. 2009;23(4):403-8. 

doi:10.18311/jbc/2009/3695 

17. Tupe SG, Pathan EK, Deshpande MV. 

Development of Metarhizium anisopliae as a 

mycoinsecticide: from isolation to field 

performance. J Vis Exp: JoVE. 

2017;(125):55272. doi:10.3791/55272 

18. Fite T, Tefera T, Negeri M, Damte T, Sori W. 

Evaluation of Beauveria bassiana, 

Metarhizium anisopliae, and Bacillus 

thuringiensis for the management of 

Helicoverpa armigera 

(Hubner)(Lepidoptera: Noctuidae) under 

laboratory and field conditions. Biocontrol 

Sci Technol. 2020;30(3):278-95. 

doi:10.1080/09583157.2019.1707481 

19. Nguyen NT, Borgemeister C, Poehling HM, 

Zimmermann G. Laboratory investigations 

on the potential of entomopathogenic fungi 

for biocontrol of Helicoverpa armigera 

(Lepidoptera: Noctuidae) larvae and pupae. 

Biocontrol Sci Technol. 2007;17(8):853-64. 

20. Hatting JL. Comparison of three 

entomopathogenic fungi against the 

bollworm, Helicoverpa armigera 

(Hübner)(Lepidoptera: Noctuidae), 

employing topical vs per os inoculation 

techniques. Afr Entomol. 2012;20(1):91–

100. 

21. Tahir M, Wakil W, Ali A, Sahi ST. 

Pathogenicity of Beauveria bassiana and 

Metarhizium anisopliae isolates against 

larvae of the polyphagous pest Helicoverpa 

armigera. Entomol Gen. 2019;38(3):225-42. 

22. Bouslama T, Chaieb I, Rhouma A, Laarif A. 

Evaluation of a Bacillus thuringiensis isolate-

based formulation against the pod borer, 

Helicoverpa armigera Hübner (Lepidoptera: 

Noctuidae). Egypt J Biol Pest Control. 

2020;30(1):16. 

23. Lone SA, Malik A, Padaria JC. Selection and 

characterization of Bacillus thuringiensis 

strains from northwestern himalayas toxic 

against Helicoverpa armigera. 

Microbiologyopen. 2017;6(6):e00484. 

24. Yanar D, Yanar Y, Geboloğlu N. Effectiveness 

of Bacillus thuringiensis Berliner 1915 on 

bollworm (Helicoverpa armigera Hübn.) on 

tomato in the field conditions. Soil Water J. 

2013;2(2):1693-8. 

25. Younas A, Wakil W, Khan Z, Shaaban M, 

Prager SM. The efficacy of Beauveria 

bassiana, Jasmonic acid and 

Chlorantraniliprole on larval populations of 

Helicoverpa armigera in chickpea crop 

ecosystems. Pest Manag Sci. 

2017;73(2):418-24.

 


