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ABSTRACT 
Tomato is an economically important crop that is attacked by several pests, including the cotton 
whitefly, Bemisia tabaci (Genn.). B. tabaci causes direct and indirect damage to crops by piercing and 
sucking the plant foliage and transmitting viruses. In this study, we investigated the efficacy of 
individual and sequential treatments with a commercial formulation of the Beauveria bassiana, 
azadirachtin and imidacloprid against both eggs and nymphs of B. tabaci on tomato plants under 
laboratory and greenhouse conditions. Results of the leaf-dip bioassay, comparing the individual 
treatments, revealed that imidacloprid exhibited the highest toxicity (LC50= 151 and 153 mg/L) against 
the eggs and the 2nd nymphal instar, respectively, followed by azadirachtin and B. bassiana. The leaf 
spray bioassay results indicated that, B. bassiana alone caused 66.5% and 70 % mortality of eggs and 
the 2nd nymphal instar, respectively, while its toxicity was elevated in either sequential treatments [B. 
bassiana/imidacloprid] to 85.7% and 88.2%, or [imidacloprid/B. bassiana] to 90% and 80%, 
respectively. Concerning the greenhouse experiment, all treatments resulted in a significant reduction 
in the nymph and egg populations of B. tabaci at all period intervals after treatment. With the 
prolongation time, the residual effect of B. bassiana on eggs and nymph populations in the individual 
treatment decreased gradually to reach 8.5 and 2.52% mortality, respectively, day 15 after treatment, 
while it significantly increased when it was applied in sequences with both imidacloprid and 
azadirachtin treatments. These results emphasize the importance of integration between chemical and 
biological agents to improve control efficacy and achieve environmentally friendly requirements.  
 
Keywords: Beauveria bassiana, azadirachtin, imidacloprid, Bemisia tabaci, tomato, sequential 

treatments 

 
Introduction 

Tomato, Solanum lycopersicum, is one of the most important economic vegetable crops in Egypt 
and worldwide (Mahmoud et al., 2020; Abd-Elgawad, 2020). Tomato plants are attacked by several 
pests, including the cotton whitefly, Bemisia tabaci (Genn.) (Hemiptera: Aleyrodidae), a global serious 
and destructive pest of many vegetables, horticultural, field and ornamental in many countries 
(Srinivasan et al., 2012; Mahmoud et al.,2020 and Khatun et al., 2023). It causes damage by piercing 
and sucking the plant foliage and transmitting the viruses (Alegbejo, 2000 and Nomikou et al., 2004). 

Insecticides are an essential control option for reducing B. tabaci infestation and are involved in 
any management programs (Khalifa and Bedair, 2023). Imidacolprid, a neonicotinoid insecticide, 
possesses a broad spectrum of activity against various pests, including sucking insects (aphids, 
whiteflies, thrips and bugs), and also many Coleopterans and selected Lepidopteran pests. According 
to its high insecticidal potency and relatively low mammalian toxicity (Sheets, 2010 and Awasthi et al., 
2013), it is widely used to control sucking insects (Malekan et al., 2012 and El-Naggar and Zidan, 
2013). However, using chemical insecticides faces major challenges, including the development of 
insect resistance (Pavan et al., 2020; Horowitz et al., 2020) and negative environmental impacts  



Middle East J. Agric. Res., 13(3): 588-598, 2024 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2024.13.3.31  

589 

(Shalaby et al., 2012; Shalaby and Abdou, 2020; Abdelgaleil et al., 2022). Consequently, developing 
and utilizing environmentally friendly controlling measures is in high demand (Horowitz and Ishaaya, 
2004). Botanical insecticides include azadirachtin, which controls a wide range of agricultural and 
medical insect pests attributable to its broad-spectrum mode of action (Dua et al., 2009; Muthusamy, et 
al., 2024). Azadirachtin performs as an antifeedant, a repellent, delays molting, and decreases growth 
development and oviposition all resulting in considerable mortality of many insects including B. tabaci 
(Mitchell et al., 2004; Kumar et al., 2005 and Kumar and Poehling, 2014). In addition, 
entomopathogenic fungi  are known as an effective bio-agents against many insect pests (Ahmed et 
al.2022) particularly B. bassiana (Al-Deghairi, 2008 and Gebremariam et al., 2021)). This fungus is 
described as an environmentally friendly for plants and humans as well as the non-targeted organisms 
(Khetan, 2001 and Wu et al., 2014). The combination of chemical or biorational agents and 
entomopathogenic fungi against various insects was investigated by many researchers (Halder et al., 
2021, Suarez-Lopez et al., 2022, Li et al., 2023 and Dearlove et al., 2024). In particular, the combination 
of certain biologically compatible insecticides such as imidacloprid with fungi may enhance fungal 
effects on insect pests, Feng et al. (2004 a and b) reported a synergism between the entomopathogenic 
fungus B. bassiana, and  imidacloprid against Empoasca vitis and Trialeurodes vaporariorum 
Moreover, Halder et al.( 2021) found that, a combination of Lecanicillium lecanii and neem oil in half 
of their recommended rats showed a higher reduction of the jassid and whitefly populations compared 
with the individual treatments. Consequently, utilizing such a combination in IPM programs provides 
an environmentally friendly measure that is essential to achieving the goals of pest control. Therefore, 
the purpose of this study was to evaluate the efficacy of individual and sequential treatments of a 
commercial formulation of entomopathogenic fungus B. bassiana, a bio-rational insecticide 
(azadirachtin) and a chemical insecticide imidacloprid against both eggs and nymphs of B. tabaci 
attacking tomato plants under laboratory and greenhouse conditions.   
 
2. Materials and Methods 
2.1. Insecticides used: 
Entomopathogenic fungus, Beauveria bassiana, (Bio Power) a commercial formulation containing 8 
x108 conidia /ml, produced by Stanes company, India. The recommended rate is 5ml / L of water 
according to the manufacturer's   recommendations. 
Azadirachtin: a botanical insecticide named Nimbecidine 0.03% EC. was obtained from, Stanes 
Company, India. The recommended rate is 5 ml / L according to the company directions. 
Imidacloprid: a commercial sample named “Imida-max” 70%WG was obtained from the Agri cure 
company. Egypt. The recommended rate is 30 g /100 L water, according to APC, (2022). 
 
2.2. Treatments: 

Eight treatments were tested in the laboratory and greenhouse experiments as mentioned in (Table 
1). In Sequential treatments the second treatments were applied 24 h next to the first one (Cuthbertson 
et al., 2005). 
 
2.3. Laboratory Experiments 
 2.3.1.  Leaf -dip Bioassay:  

  A leaf-dip bioassay method described by Moores et al. (1996) was used to evaluate the toxicity of 
B.  bassiana, azadirachtin and imidacloprid against egg and 2nd nymph stages of B. tabaci. A serial 
concentration of each tested insecticide was prepared in distilled water. The alive eggs and 2nd nymph 
stages were counted on each leaf before treatment, then dipped in the desirable insecticide solution for 
10 seconds and transferred to petri dishes laid on an agar layer (0.2%). The treatments were kept at (28 

oC ± 2, 60% RH ± 10 and 12:12 D/L photoperiod). The data were recorded 72 h after treatment, using 
a binocular microscope.  
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Table 1: Sequential and individual treatments for leaf spray bioassay and greenhouse experiments  

Treatments detail* Treatments 

Beauveria bassiana (recommended rate) Beauveria bassiana 
Azadirachtin (recommended rate) Azadirachtin 
Imidacloprid (recommended rate) Imidacloprid 
Beauveria bassiana (recommended rate) following by  
Azadirachtin (½ recommended rate) 

B.bassiana / azadirachtin 

Beauveria bassiana (recommended rate) following by 
Imidacloprid (½ recommended rate) 

B.bassiana / imidacloprid 

Azadirachtin (½ recommended rate) following by Beauveria 
Bassiana (recommended rate) 

Azadirachtin / B. bassaina 

Imidacloprid (½ recommended rate) following by Beauveria 
Bassiana (recommended rate) 

Imidacloprid / B. bassaina 

Water Control 
*In the sequential treatments, the second spray was applied 24h after the first spray.  

 
2.3.2. Leaf spray bioassay: 

This technique was used to evaluate the toxicity of all treatments against egg and 2nd nymph instar 
of B. tabaci. The alive eggs and the 2nd nymphal instar were counted on tomato seedlings and the other 
instars were eliminated, then sprayed by a fine nozzle hand sprayer with the insecticide solution as 
shown in (Table 1), then incubated as described above. The data was recorded 7 days after treatment, 
using a binocular microscope. 
 
2.4. Greenhouse experiment: 

The experiment was conducted in a greenhouse at the National Research Centre, Cairo. The 
experiment was arranged as a completely randomized design with eight treatments and three replicates 
for each.  Tomato plants were planted in plastic pots three seedlings/pot (two weeks old). Pots were 
prepared by adding usual fertile soil. The 1st spray was applied three weeks after plantation and  the 2nd 
spray was applied 24 h after the first one (Table 1). Data were recorded as egg and nymph numbers 
found on the lower surface of 10 leaflets per replicate using a binocular microscope before treatments 
and then (3, 5, 7, 10 and 15 days after treatments. The reduction in egg and nymph populations was 
calculated using Henderson and Tilton equation (1955).  
 
2.5. Statistical analysis: 

The leaf dip bioassay data were subjected to probit analysis according to Finney (1971) using Ldp-
line program to estimate the LC50, confidence limits and slope values. The greenhouse experiment data 
were implemented to an analysis of variance (ANOVA) followed by least significant difference (L.S.D.) 
at 5% using Costat Statistical Software (1990). 
 
3. Results and Discussion 
3.1. Leaf -dip Bioassay: 

The susceptibility of B. tabaci eggs and the 2nd instar nymphs to B. bassiana, azadirachtin and 
imidacloprid is presented in Tables 2 and 3. The results indicate that, the susceptibility of the 2nd instar 
nymphs of B. tabaci to all tested treatments were higher than the eggs susceptibility. Imidacloprid 
showed the highest toxicity against eggs and the 2nd instar nymphs followed by azadirachtin and B. 
bassaina, with LC50 values of (151 and 153), (2006 and 1824) and (3404 and 3356) ppm, respectively. 
Imidacloprid was 13.3 and 22.5 times more toxic to eggs than azadirachtin and B. bassaina, 
respectively, while, azadirachtin was 1.7 times more toxic than B. bassaina. Moreover, imidacloprid 
was 11.9 times more toxic to the 2nd instar nymphs than azadirachtin and 21.9 times more than B. 
bassaina while, azadirachtin was approximately 1.8 times more toxic compared to   bassaina.  
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Table 2: Toxicity of B. bassiana, azadirachtin and imidacloprid against B. tabaci eggs 

Slope ± SE 
Confidence 

Limits  
90LC 

(ppm) 
Confidence Limits 

50LC  
(ppm)  

Insecticides 

2.93±0.29  7936 – 12568 9099 2190 – 3864 3404  B. bassiana 

0.29±3.02 4538-6661 5326 1815- 2197 2006  Azadirachtin  

2.88±0.27 351 -543 421 138 – 165 151 Imidacloprid 

 
Table 3: Toxicity of B. bassiana, azadirachtin and imidacloprid against the 2nd nymphal instar of B. 

tabaci 

Slope ± SE 
Confidence 

Limits  
90LC 

(ppm) 
Confidence 

Limits 
50LC 

(ppm ) 
Insecticides 

0.27±2.87 7839 – 12146 9401 3076 – 3666 3356 B. bassiana 

0.27±3.14 4094 – 5572 4672 1658 -1983 1824 Azadirachtin  

0.24±3.05 351 – 483 403 141 – 165 153 imidacloprid 

 
3.2. Leaf spray bioassay: 

The data in Figs. 1 and 2 illustrate the efficiency of the individual and the sequential treatments of 
either imidacloprid or azadirachtin with B. bassiana against eggs and the 2nd nymphal instar of B. tabaci. 
The data revealed that, the treatment of B. bassiana alone caused 66% mortality of eggs, while its 
toxicity was elevated in the sequential treatments with the other tested insecticides. Moreover, the 
highest egg mortality rate of Bemisia tabaci was observed with individual imidacloprid treatment 
(93.3%), followed by the sequential treatment of [imidacloprid /B. basaina] (90%) and [B. bassiana 
/imidacloprid] (85.7%) (Fig.1.).  
 

 
 

Fig. 1: Mortality percent of B. tabaci eggs on tomato seedling treated with individual and sequential 
treatment of B. bassiana, azadirachtin and Imidacloprid under laboratory condition 

 
A similar trend was obtained for the 2nd nymphal instar as B.bassiana alone caused 70% mortality 

which increased to 88.2% in the sequential treatment with imidacloprid [B.bassiana /imidacloprid], 
which approximately was equal to the highest mortality (88.9%) that achieved by imidacloprid alone at 
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its recommended rate. However, the sequential treatment of [B.bassiana /  azadirachtin] caused 61.9% 
mortality lower  than the individual treatments of azadirachtin (82.5%) or  B.bassiana ( 70%) mortality  
(Fig. 2).   

These results agree with Al-Deghairi (2008), who demonstrated that, nymphs of B. tabaci were 
more susceptible to B. bassaina compared with eggs. Also, Cuthbertson et al. (2005 and 2010) reported 
that the 2nd instar nymphs of B. tabaci were the most susceptible life stage to fungal infection of 
B.bassiana. Malekan et al. (2012) found that, the combination of imidacloprid with B. bassiana or L. 
muscarium in the laboratory bioassays were more effective on both young and old nymphal stages of 
whitefly, T. vaporariorum compared with the fungus alone. 

 

 
 
Fig. 2: Percent mortality of B. tabaci 2nd nymph instar on tomato plant treated with                                       

individual and sequential treatment of B. bassiana, azadirachtin and imidacloprid under 
laboratory condition 

 
Similarly, Sarhozaki et al. (2021) reported that the toxicity of B. bassiana and NeemAzal-T/S 

combination against eggs, nymphs and pupae of the B.tabaci was higher than each of them alone . In 
addition, Amjad et al. (2012) mentioned that imidacloprid, diafenthuron and buprofezin, were most 
compatible with fungi, Isaria   fumosorosea and L. muscarium, among nine commercial pesticides 
evaluated. Feng et al. (2004a) reported also a synergistic effect of imidacloprid with Paecilomyces 
fumosoroseus and B bassiana against greenhouse whitefly T.  vaporariorum than using a single 
application  
 
3.3. Greenhouse experiment: 

The percent reduction of B. tabaci eggs on tomato plants at different time intervals after application 
is presented in Table 4 and Fig. 3. All treatments caused significant reduction percentages in the egg 
number of B. tabaci at all periods after treatment. After three days of treatment, imidacloprid alone 
achieved the highest percent reduction of the egg count (81.44 %), followed by [imidacloprid / 
B.bassiana] (78.88%), single treatments B. bassaina (69.04%) and azadirachtin (65.87%). After 5 days, 
the percent reduction in egg count was increased in most treatments. By prolonging the time after 
application, the residual effect of the single treatment [B. bassaina] decreased gradually; as the percent 
reductions were 44.54%, 21.41% and 8.50% at 7, 10 and 15 days after application, respectively. 
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Table 4:  Efficacy of individual and sequential treatments of B. bassaina, azadirachtin and imidacloprid 
against B. tabaci eggs on tomato at different intervals   

% Reduction relative to control of Bemisia tabaci eggs per 10 leaflets at 
different intervals (days) Treatment 

15 10 7 5 3 

8.50e± 3.64 21.41e± 3.15 44.54e ± 2.37 79.45c ± 0.16 69.04b ± 4.25 B. bassiana 

86.24d ± 2.11 39.71d ± 4.51 40.11f ± 0.81 75.40e ± 0.60 65.87b ± 5.85 Azadirachtin 

91.33a ± 0.19 95.67a ± 0.37 80.87b ± 0.35 77.84d ± 0.57 81.44a ± 2.49 Imidacloprid 

78.19 d± 2.76 41.14d ± 0.43 59.73d ± 0.50 54.29f ± 0.29 67.76b ± 3.66 B. bassiana / azadirachtin 

86.94b ± 3.22 65.96b ± 1.80 65.93c ± 0.65 83.30b ± 0.31 47.52c ± 5.72 B. bassiana / imidacloprid 

48.65d ± 1.12 55.96c ± 1.23 39.67f ± 3.00 83.82b ± 0.67 48.13c ± 8.91 Azadirachtin / B. bassiana 

88.72a ± 1.27 94.18a ± 0.84 88.46a ± 0.17 86.83a ± 0.43 78.88a ± 3.37 Imidacloprid / B. bassiana 

3.56 2.57 1.55 0.60 5.56 LSD 0.05 

The reduction percentages followed by the same letter(s) in the column are not significantly different 
(P< 0.05). 
 

 
 

Fig. 3: The overall mean of the percent reduction in count eggs of B. tabaci/ 10 tomato leaflets 

  However, the residual effect of B. bassiana increased when it was applied in sequence with 
imidacloprid at the half-recommended rate Additionally, B. bassiana became ineffective 15 days post-
treatment, whereas the other treatments continued to demonstrate prolonged effects.The general mean 
of the percent reduction of eggs is illustrated in Fig.3. The [imidacloprid /B. bassiana] treatment showed 
significant elevation in eggs reduction (87.42%) compared to the reduction achieved by imidacloprid 
or B. bassiana alone, which were 84.85% and 44.59%, respectively. The efficacy against nymph 
populations, as presented in Table 5 and illustrated in Fig. 4, revealed that after three days of treatment, 
there were slight differences in the percentage reduction of nymphs in the imidacloprid single treatment 
(74.10%) and the sequential treatments, [B.bassiana / imidacloprid] (76.94%), [B.bassiana / 
azadirachtin] (74.72%) and [imidacloprid / B. bassiana] (72.62%). After 5 days of treatment, the 
bioactivity of all single and sequential treatments increased whereas the sequential treatment 
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[imidacloprid /B. bassiana] showed the highest reduction percent (93.07%), while the lowest reduction 
percent was recorded with the individual treatment of B. bassiana (78.40%). Over time, the residual 
effect of B. bassiana in the individual treatment decreased gradually, with reduction percentages 
dropping to 52.00%, 42.41%, and 2.52% at 7, 10, and 15 days post-application, respectively. Moreover, 
after 15 days of treatment, the residual activity of the single treatment B. bassiana was declined (2.52%), 
whereas it increased markedly in the sequential treatments: [B. bassiana / imidacloprid] (90.46%), 
[imidacloprid / B. bassiana] (85.06%), [azadirachtin /B. basaina] (95.82%) and [B. basaina 
/azadirachtin] (78.38%). The overall mean reduction in Bemisia tabaci nymph populations  is illustrated 
in Fig.4. The treatments followed the same trend of eggs reduction as the highest reduction was achieved 
by [imidacloprid /B. bassiana] and [B. bassiana / imidacloprid] while [B. basaina] showed the lowest 
reduction. These results are consistent with those reported by Lacey et al. (2008) reported that B. 
bassiana caused  a reduction of approximately 41- 50% in B. tabaci populations compared to untreated 
plants. Olson and Oetting (1999) mentioned that B. bassiana did not appear to have a residual effect. 
Moreover, Sarhozaki et al. (2021) stated that the effect of B. bassaia on eggs and second instar nymphs 
was the lowest at 14 days of treatment which may be referred to the impact of varying humidity, 
temperature, soil moisture and wind speed. Thuppukonda and kumar (2022) found that imidachloprid 
showed the highest percent reduction in the chilli thrips population (94.5%) among the tested 
treatments. El-Naggar and Zidan (2013) noticed that imidacloprid had long residual effect against 
whitefly after foliar application on cotton seedlings in field.  

Aljedani (2018) illustrated that imidacloprid had a stronger effect in the elimination and mortality 
of black bugs Coridius viduatus compared with azadirachtin. 

Gill and Chong (2021) noted that among all tested pesticides a drench and spray application of 
dinotefuran and imidacloprid on poinsettia were the most effective against nymphs and adults of B. 
tabaci. Omprakash and Raju (2013) mentioned that thiamethoxam and imidacloprid showed the highest 
efficacy in population  reduction of B. tabaci while azadirachtin caused the lowest efficacy among all 
tested treatments on brinjal. Khalifa (2021) mentioned that imidacloprid was a highly effective 
treatment against whitefly adult and nymph stages on tomatoes. Khalifa and Bedair (2023) 
demonstrated that, among eight tested treatments, imidacloprid showed a significant suppression of the 
whitefly adult population in cucumber fields. 
 
Table 5:  Efficacy of individual and sequential treatments of B. bassaina, azadirachtin and imidacloprid 

against B. tabaci nymphs population on tomato at different intervals  
% Reduction relative to control in nymphs population of Bemisia tabaci per10 

leaflets at different intervals (days) 
Treatment 

15 10 7 5 3 

2.52g ± 1.33 42.41f± 2.93 52.00e ± 3.50 78.40e ± 0.6 67.67c ± 1.62 B.  bassiana 

47.76f ± 3.76 94.69a ± 1.03 66.07d ± 3.37 80.00d ± 1.00 48.00e ± 2.28 Azadirachtin 

54.83 e± 2.56 88.07c ± 0.42 92.35b ± 0.60 81.46c ± 0.2 74.10ab ± 1.41 Imidacloprid 

78.38d ± 2.53 68.50 e± 2.65 53.15e ± 4.76 81.10cd ± 0.65 74.72ab ± 1.62 B.bassiana / azadirachtin 

90.46b ± 1.31 91.88b ± 0.43 89.64b ± 1.41 92.91a ± 0.15 76.94a ± 0.87 B.bassiana/ imidacloprid 

95.82a ± 0.61 79.57d ± 1.10 75.70c ± 1.63 91.62b ± 0.51 59.17d ± 1.21 Azadirachtin / B. bassiana 

85.06c ± 0.31 95.49a ± 0.22 97.12a ± 0.55 93.07a ± 0.49 72.62b ± 1.36 Imidacloprid / B. bassiana 

2.95 1.90 2.95 0.82 1.66 LSD 0.05 

The reduction percentages followed by the same letter(s) in the column are not significantly different (P< 0.05). 
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Fig. 4: The overall mean of the percent reduction in infestation of nymph B. tabaci/ 10 tomato leaflets 

 
Our finding about the sequential treatments is similar to that concluded by Islam et al., (2010a and 

b) as they reported that B. tabaci is difficult to control with a single treatment of either neem  or  B. 
bassiana, but their combined effects have proven successful control of this insect. Also. Cuthbertson et 
al. (2005) summarized the combination treatments of entomopathogenic fungus L. muscarium with 
imidacloprid resulted in high mortality of B. tabaci nymphs compared to either teflubenzeron or 
nicotine on verbena foliage. Also, Cuthbertson et.al., (2008 and 2010) demonstrated that sequential 
combination of chemicals such as savona, majestic or certis spray oils with fungi L. muscarium caused 
mortality of B. tabaci eggs, second instar nymphs and adults that ranged between 90% and 96% under 
greenhouse condition. Moreover, our data is agrees with Zawrah et al. (2020) who reported that, the 
sequential combinations treatment of imidacloprid and B. bassiana caused an equal effect as 
imidacloprid alone which added more benefits of the combination as we used a low dose of imidacloprid 
which reported to decrease its effects against the natural enemies.    
 
4. Conclusion 

We can conclude that the sequential combination of the commercial formulation of the 
entomopathogenic fungus, B. bassiana with half the recommended rate of imidacloprid and azadirachtin 
is a promising approach for enhancing the benefits and maximizing the efficacy of both chemical and 
biological control against B. tabaci. Moreover, the commercial formulation of B. bassiana could be 
more suitable for combination with imidacloprid than azadirachtin in an integrated pest management 
program to control B. tabaci. This integrated approach not only improves pest control efficacy but also 
offers a sustainable strategy to reduce reliance on chemical insecticides, thereby mitigating potential 
resistance development and environmental impact. 
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