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The diamondback moth, Plutella xylostella (L.), is a major pest of cabbage, and the development of eco-friendly 

management strategies is essential to reduce dependence on synthetic insecticides. The present investigation assessed 

the compatibility and insecticidal efficacy of three neem derivatives, namely neem seed kernel extract (NSKE, 5%), 

neem oil (5%), and azadirachtin (0.15%), in combination with five isolates of Beauveria bassiana. The laboratory 

experiments were conducted during 2024–2025 at the Biocontrol Research and Production Centre, Department of 

Entomology, College of Agriculture, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, Madhya Pradesh, using a 

factorial completely randomized design with four replications for compatibility assessment. Radial growth was 

evaluated at 3, 5, and 7 days after incubation, while conidial production and viability were assessed on the tenth day. 

Bioefficacy was evaluated against third-instar P. xylostella larvae using the leaf-dip method. Among the isolates, Bb 

Local recorded the highest radial growth at 3 and 5 days (50.65 and 68.78 mm, respectively), whereas MTCC-1022 

showed the highest growth at 7 days (77.84 mm). Among neem derivatives, NSKE recorded the highest radial growth 

at 7 days (69.42 mm), while neem oil exhibited the greatest percentage inhibition at 3, 5, and 7 days (30.73, 34.26, and 

20.15%, respectively). The NBAIM-93 × neem oil combination recorded the highest inhibition at all three intervals 

(54.92, 51.62, and 46.71%, respectively). The highest conidial production was recorded in the fungus-only control 

(2.17 × 10⁸ spores/ml), particularly in Bb Local × control (2.49 × 10⁸ spores/ml). MTCC-1022 showed the highest 

mean conidial viability (98.07%), while the highest treatment mean was recorded in the fungus-only control (98.36%); 

NBAIM-92 × control recorded the maximum interaction value (98.77%). At 120 hours after treatment, azadirachtin 

recorded the highest mean larval mortality (59.77%), followed by NSKE (50.22%) and neem oil (48.00%). The 

highest mortality was observed in the NBAIM-93 × azadirachtin combination (65.55%). The combination of selected 

B. bassiana isolates with neem derivatives offers potential for developing eco-friendly and sustainable management 

strategies against P. xylostella, potentially reducing reliance on synthetic insecticides. Identifying compatible 

combinations that maintain fungal viability while improving larval suppression is essential for their integration into 

environmentally compatible integrated pest management programmes. 
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Introduction 
 

Cabbage (Brassica oleracea L.) (Brassicaceae) is an 

economically significant vegetable crop grown 

extensively worldwide, including in India. However, its 

cultivation is affected by several insect pests, among 

which the diamondback moth (DBM), Plutella xylostella 

(L.) (Lepidoptera: Plutellidae), is regarded as one of the 

most destructive, resulting in considerable reductions in 

crop yield and quality (Talekar & Shelton, 1993; Zalucki 

et al., 2012). This pest occurs worldwide and attacks 

cruciferous crops, with severe infestations reported to 

cause yield losses of up to 80% (Li et al., 2016; Javed & 

Mukhtar, 2017). Its control has traditionally depended on 

the repeated use of broad-spectrum synthetic insecticides. 

Nevertheless, the continuous and indiscriminate 

application of these chemicals has led to the development 

of resistance against almost all major insecticide groups, 

making DBM one of the most insecticide-resistant pests 

of agricultural importance (Ridland & Endersby, 2011). 

Moreover, excessive use of chemical insecticides has 

raised concerns about environmental contamination, 

harmful effects on beneficial natural enemies, and 

possible risks to human health (Peng et al., 2010). 

 

These concerns have highlighted the need for sustainable 

and environmentally compatible pest-management 

strategies. Biological control, particularly the application 

of microbial biopesticides, has gained importance as a 

promising alternative for managing insecticide-resistant 

DBM populations (Sarfraz et al., 2005). Among the 

various biological control agents, entomopathogenic 

fungi have received considerable research attention 

because they infect insects through direct contact and 

generally offer opportunities for pest suppression with 

comparatively limited effects on non-target organisms, 

depending on the fungal species and strain (Nirgude et 

al., 2023; Sui et al., 2023; Qayyum et al., 2020; Shahid 

et al., 2012). Among the fungal biopesticides used 

worldwide, Metarhizium anisopliae (Metchnikoff) 

Sorokin (Hypocreales: Clavicipitaceae) and Beauveria 

bassiana (Balsamo) Vuillemin (Hypocreales: 

Ophiocordycipitaceae) are recognised for their potential 

as effective and sustainable biological control agents 

against P. xylostella (Greenfield et al., 2015; de Souza et 

al., 2020). Recent field studies have also reported the use 

of B. bassiana in combination with selected insecticides 

for suppressing lepidopteran pests; however, the 

performance of these treatments varies according to the 

target pest and the conditions of application (Dange & 

Tayde, 2024; Kumre et al., 2024). 

The compatibility of Beauveria bassiana with chemical 

insecticides is influenced by differences in its 

physiological and biochemical characteristics. Factors 

such as detoxification enzyme activity, cell-wall 

structure, membrane transport mechanisms, and 

variations in sensitivity at different stages of fungal 

development may determine the response of the fungus 

to insecticidal compounds (Faria & Wraight, 2007; 

Jaronski, 2010). In addition, formulation ingredients, 

particularly solvents and surfactants, can influence fungal 

viability by affecting conidial germination, mycelial 

growth, and sporulation. These variations may lead to 

differences in insecticide tolerance among fungal 

isolates, emphasising the need to identify appropriate and 

compatible fungus–insecticide combinations for 

integration into pest-management programmes. 

 

Recent investigations have further shown that 

interactions between entomopathogenic fungi and pest-

management products may vary according to the fungal 

strain, pesticide type, application concentration, and 

assessment method. Depending on these factors, the 

interactions may result in additive, synergistic, or 

antagonistic effects (Dearlove et al., 2024; Reyes-Haro et 

al., 2024; Bouketta et al., 2026). Despite these findings, 

comparative information regarding the compatibility of 

different Beauveria bassiana isolates with neem seed 

kernel extract (NSKE), neem oil, and azadirachtin, along 

with the laboratory bioefficacy of these combinations 

against Plutella xylostella, remains limited within a 

common experimental framework. 

 

Considering these research gaps, the present study was 

undertaken to identify compatible combinations of 

Beauveria bassiana with selected neem derivatives and 

to investigate their effects on radial mycelial growth, 

conidial production, and conidial viability in different B. 

bassiana isolates. Subsequently, laboratory bioassays 

were carried out to assess the efficacy of the selected 

combinations against the diamondback moth, P. 

xylostella. 

 

Materials and Methods 
 

The investigation on the compatibility and bioefficacy of 

Beauveria bassiana in combination with neem 

derivatives was conducted during 2024–2025 at the 

Biocontrol Research and Production Centre (BRPC), 

Department of Entomology, College of Agriculture, 

Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), 

Jabalpur. 
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Collection of Fungal Isolates  
 

Five isolates of Beauveria bassiana were included in the 

present investigation. The local isolate (Bb Local) was 

isolated from an insect cadaver collected from the 

research fields at Jabalpur. The MTCC-892 isolate was 

procured from the Microbial Type Culture Collection 

(MTCC), while NBAIR Bb-92 and NBAIR Bb-93 were 

obtained from the National Bureau of Agriculturally 

Important Microorganisms (NBAIM), respectively. The 

fifth isolate, designated BB-ICAR-RJP, was registered 

under MTCC accession number 1022. 

 

Collection and the Rearing of the Insect 
 

Specimens of Plutella xylostella were obtained from 

cabbage fields at JNKVV, Jabalpur, and maintained 

under controlled conditions in a BOD incubator at 25 °C. 

The third-instar larvae were selected from the reared 

population and used for subsequent bioassay 

experiments. 

 

Treatments of the Study 
 

Factor 1: Consisted of five B. bassiana isolates (MTCC-

892, NBAIR Bb-92, NBAIR Bb-93, B. bassiana local, 

and MTCC-1022). 

 

Factor 2: Consisted of three neem derivatives (NSKE 

[5% w/v], Neem oil [5% v/v], Azadirachtin [0.15%]) 

and a control. The two factors resulted in 20 treatment 

combinations 

 
Table.1 Details of treatment combinations and 

application doses used in the experiment. 

 
Treatments EPF + Insecticide Dose 

T1 Beauveria bassiana 

+ NSKE 

1×106spores/

ml + 5%w/v 

T2 Beauveria bassiana 

+ Neem oil 

1×106 

spores/ml + 

5%v/v 

T3 Beauveria bassiana 

+ Azadirachtin 

1×106spores/

ml + 3ml/l 

T4 Beauveria bassiana 

alone (CONTROL) 

1×106spores/

ml 

 

The experiment was laid out in a two-factor completely 

randomized design (CRD) with four replications. Factor 

A comprised five isolates of Beauveria bassiana, 

whereas Factor B included three neem derivatives and a 

treatment containing the fungus alone. The factorial 

arrangement resulted in 20 treatment combinations, 

comprising 15 fungus–neem derivative combinations and 

five corresponding B. bassiana-alone treatments serving 

as biological references. 

 

In the compatibility assay, each isolate of Beauveria 

bassiana was tested separately against three neem 

derivatives, with the corresponding fungus-only 

treatment maintained as the control. Compatibility 

between the fungal isolates and insecticides was assessed 

using the poison food technique. Radial growth was 

measured at 3, 5, and 7 days after incubation (DAI) to 

determine the effects of the insecticides on fungal 

growth. 

 

The bioefficacy of compatible combinations of 

Beauveria bassiana isolates and neem derivatives was 

assessed against third-instar larvae of Plutella xylostella 

through the leaf-dip bioassay. Cabbage leaf discs were 

immersed in the respective treatment suspensions, 

allowed to air-dry, and subsequently provided to the 

larvae as food. Larval mortality was assessed at 24, 48, 

72, 96, and 120 hours after treatment (HAT), and 

percentage mortality was determined at each observation 

interval. As the fungus-alone treatment served as an 

active biological reference rather than an untreated 

control, mortality data were analysed as observed 

mortality within the factorial experimental design. 

 

Radial Growth Measurement 
 

A 10 mm diameter mycelial disc of Beauveria bassiana 

was aseptically placed at the centre of each potato 

dextrose agar (PDA) plate, followed by incubation at 26 

± 2 °C. The radial growth of the fungal colonies was 

measured on the 3rd, 5th, and 7th days after incubation 

(DAI) to determine the extent of growth inhibition. 

Colony diameter was measured in millimetres along two 

perpendicular axes, and the mean of the two 

measurements was used to estimate radial growth, 

following the method described by Patnaik et al., (2025). 

Radial growth (RG) at each observation interval was 

calculated using the following formula: 

 

RG = (Rx − R0)  
 

Where, Rx = Colony radius after the initial fungal colony 

radial measurement; 
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R0 = Initial fungal colony radius after inoculation 

 

Spore Count and Viability Test 
 

Conidial concentration and viability of Beauveria 

bassiana were determined on the 10th day of incubation 

using a Neubauer haemocytometer (Moore, 2018) and 

trypan blue staining (Heckert, 2013), respectively. One 

gram of mycelial material was collected from 10-day-old 

cultures by gently scraping the colony surface. The 

collected material was suspended in a suitable diluent, 

thoroughly mixed to ensure uniform distribution of 

conidia, and serially diluted. The 10⁻² dilution was used 
for counting, and 10 µL of the diluted suspension was 

mixed with 90 µL of trypan blue solution to obtain a 1:10 

mixture. The prepared suspension was loaded into the 

haemocytometer chamber, and conidia were counted 

under a compound microscope. Conidial concentration 

was calculated using the following formula: 

 

Cells/mL= (Cell count) / (number of chambers counted) 

× Dilution factor×104 

 

Statistical Analysis 
 

The experimental data were subjected to factorial 

analysis of variance under a two-factor completely 

randomized design (F-CRD) using SPSS software to 

evaluate the individual effects of the treatments and their 

interaction. For statistical analysis, the fungal isolates 

were assigned to Factor A, whereas the chemicals, 

including the control treatment, constituted Factor B. 
 

Results and Discussion 
 

Radial Growth of Fungus 
 

The radial growth of different Beauveria bassiana 

isolates varied among treatments (C1–C4) at 3, 5, and 7 

days after inoculation (DAI). On the 3rd DAI, the highest 

mean radial growth among the isolates was recorded in 

Bb Local (50.65 mm), followed by MTCC-892 (40.56 

mm) and MTCC-1022 (40.53 mm), whereas NBAIM-93 

exhibited the lowest mean growth (19.15 mm). Among 

the treatments, C4 recorded the highest mean radial 

growth (45.48 mm), while C2 showed the lowest (29.57 

mm). Regarding the isolate × treatment interaction, Bb 

Local × C4 recorded the maximum radial growth of 

70.75 mm, whereas NBAIM-93 × C2 showed the 

minimum (12.50 mm). The lower radial growth observed 

under neem oil is consistent with the findings of Depieri 

et al., (2005), who reported inhibitory effects of 

emulsifiable neem oil on the vegetative growth of B. 

bassiana. 

 

On the 5th DAI, Bb Local exhibited the highest mean 

radial growth (68.78 mm), followed by MTCC-1022 

(67.28 mm), while NBAIM-93 recorded the lowest 

(26.29 mm). Among the treatments, C4 maintained the 

highest mean radial growth (65.58 mm), followed by C1 

(57.12 mm), whereas C2 recorded the lowest value 

(42.80 mm). For the interaction effect, Bb Local × C4 

showed the highest radial growth (79.25 mm), followed 

by MTCC-892 × C4 (78.97 mm). The lowest growth was 

observed in NBAIM-93 × C2 (17.37 mm). Variation in 

fungal growth among isolates exposed to neem 

formulations has also been reported by Mohan et al., 

(2007), who demonstrated that compatibility with neem 

products differed among B. bassiana isolates. 

 

On the 7th DAI, MTCC-1022 recorded the highest mean 

radial growth (77.84 mm), closely followed by Bb Local 

(77.53 mm) and NBAIM-92 (76.59 mm), while NBAIM-

93 exhibited the lowest mean growth (33.78 mm). 

Among the treatments, C4 recorded the highest mean 

radial growth (73.00 mm), followed by C1 (69.42 mm), 

C3 (67.15 mm), and C2 (60.07 mm). The interaction 

effect showed that several combinations, including Bb 

Local × C1, Bb Local × C3, MTCC-1022 × C1, MTCC-

1022 × C3, and MTCC-1022 × C4, attained the 

maximum recorded radial growth of 80.00 mm. In 

contrast, NBAIM-93 × C2 exhibited the lowest radial 

growth (24.50 mm). The variation in growth response 

among neem products is consistent with Gupta et al., 

(1999), who reported differences in the compatibility of 

neem products with B. bassiana. The differences among 

fungal isolates and treatments indicate that compatibility 

with neem derivatives may depend on both the fungal 

isolate and the formulation used, as reported by Depieri 

et al., (2005), Mohan et al., (2007), and Gupta et al., 

(1999). 

 

Percent Inhibition 
 

The percentage inhibition of radial growth varied among 

Beauveria bassiana isolates and treatments at 3, 5, and 7 

days after incubation (DAI). On the 3rd DAI, MTCC-892 

recorded the highest mean percentage inhibition 

(44.47%), followed by NBAIM-93 (41.23%) and Bb 

Local (37.85%), whereas MTCC-1022 exhibited the 

lowest mean value (−25.10%). Among the treatments, C2 
recorded the highest mean inhibition (30.73%), followed 
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by C3 (15.89%) and C1 (10.98%). At the interaction 

level, NBAIM-93 × C2 recorded the highest inhibition 

(54.92%), followed by MTCC-892 × C2 (51.51%). The 

lowest value was observed in MTCC-1022 × C3 

(−51.72%). 
 
On the 5th DAI, MTCC-892 exhibited the highest mean 

percentage inhibition (39.26%), closely followed by 

NBAIM-93 (35.73%), while NBAIM-92 recorded the 

lowest positive mean inhibition (5.62%). Among the 

treatments, C2 produced the highest mean inhibition 

(34.26%), followed by C3 (23.64%) and C1 (13.75%) 

inhibition. For the interaction effect, NBAIM-93 × C2 

showed the highest inhibition (51.62%), followed by 

MTCC-892 × C2 (48.55%). The lowest value was 

recorded in NBAIM-92 × C1 (−1.20%). 
 
On the 7th DAI, NBAIM-93 recorded the highest mean 

percentage inhibition (35.38%), followed by MTCC-892 

(14.10%), whereas MTCC-1022 showed a mean 

inhibition of 3.59%. Among the treatments, C2 

maintained the highest mean inhibition (20.15%), 

followed by C3 (9.86%) and C1 (6.98%) inhibition. At 

the interaction level, NBAIM-93 × C2 recorded the 

highest inhibition (46.71%), followed by NBAIM-93 × 

C3 (29.87%) and NBAIM-93 × C1 (29.56%). Negative 

inhibition values were observed in some combinations, 

including Bb Local × C1 (−0.31%) and Bb Local × C3 
(−0.31%). Negative percentage inhibition values were 
observed in certain isolate–treatment combinations, 

indicating that radial growth in these treatments exceeded 

that of the fungal-only control. This response suggests 

that the effect of neem derivatives on B. bassiana was not 

uniformly inhibitory and may have depended on the 

fungal isolate and botanical formulation. Previous studies 

have likewise documented variation in the compatibility 

of B. bassiana with botanical insecticides, with some 

products being compatible under particular test 

conditions (Ribeiro et al., 2012) 

 
Spore Count and Spore Viability 

 
The spore count of different Beauveria bassiana isolates 

varied across the treatments. Among the isolates, 

NBAIM-92 recorded the highest mean spore count (1.89 

× 10⁸ spores/ml), followed by Bb Local and MTCC-

1022, both with a mean of 1.88 × 10⁸ spores/ml. 
NBAIM-93 exhibited the lowest mean spore count (1.43 

× 10⁸ spores/ml). Among the treatments, C4 recorded the 

highest mean spore count (2.17 × 10⁸ spores/ml), 
followed by C1 (1.66 × 10⁸ spores/ml), C3 (1.64 × 10⁸ 
spores/ml), and C2 (1.57 × 10⁸ spores/ml). Depieri et al., 

(2005) likewise reported that emulsifiable neem oil 

reduced conidial production and viability, particularly at 

higher concentrations. These findings support the 

possibility of isolate-dependent responses to neem oil; 

however, the magnitude of the effect may differ with the 

neem formulation and concentration used in each study. 

At the interaction level, Bb Local × C4 recorded the 

highest spore count (2.49 × 10⁸ spores/ml), followed by 
MTCC-1022 × C4 (2.44 × 10⁸ spores/ml) and NBAIM-

92 × C4 (2.42 × 10⁸ spores/ml). The lowest spore count 
was observed in NBAIM-93 × C2 (1.28 × 10⁸ spores/ml). 
Neem oil treatment resulted in reduced spore production 

in certain B. bassiana isolates, indicating that the effect 

of neem-based products on fungal sporulation may vary 

with the isolate and formulation used. A similar response 

was reported by Islam et al., (2010), who found that 

neem treatments affected several physiological 

characteristics of B. bassiana, including conidial 

production, with sporulation reductions of up to 35%. 

 
Spore viability differed among the Beauveria bassiana 

isolates and treatments. Among the isolates, MTCC-1022 

recorded the highest mean spore viability (98.07%), 

followed by NBAIM-93 (97.24%) and NBAIM-92 

(97.21%). MTCC-892 exhibited the lowest mean 

viability (96.56%), these differences may be associated 

with isolate-specific physiological characteristics and the 

influence of culture conditions on conidial quality (Ying 

& Feng, 2006). Among the treatments, C4 recorded the 

highest mean spore viability (98.34%), followed by C1 

(97.84%) and C2 (97.49%), whereas C3 showed the 

lowest mean viability (95.00%). The comparatively 

higher viability in the fungal-only treatment suggests that 

the addition of neem derivatives may influence conidial 

viability, with the extent of the effect depending on the 

product formulation and concentration.  

 
Previous studies have also reported effects of neem-

based products on conidial viability and other 

physiological characteristics of B. bassiana (Depieri et 

al., 2005; Islam et al., 2010). At the interaction level, 

NBAIM-92 × C4 recorded the highest spore viability 

(98.77%), followed by Bb Local × C4 (98.71%) and 

MTCC-1022 × C4 (98.61%). The lowest viability was 

observed in MTCC-892 × C3 (93.41%). 
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Table.2 Radial growth of different isolates of Beauveria bassiana in interaction with the Neem derivatives 

 

C1- NSKE, C2- NEEM OIL, C3- AZADIRACHTIN, C4- CONTROL, DAI- DAYS AFTER INCUBATION, *The values mentioned in the table are the mean 

values of four replications 

 

Table.3 Inhibition percentage of different isolates of Beauveria bassiana in interaction with the Neem derivatives 

 

C1- NSKE, C2- NEEM OIL, C3- AZADIRACHTIN, C4- CONTROL, *The values mentioned in the table are the mean values of four replications 

ISOLATES (A) Radial growth in (mm) at different DAI 

3
rd DAY 5

th DAY 7
th DAY 

C1 C2 C3 C4 Mean 

(A) 

C1 C2 C3 C4 Mean 

(A) 

C1 C2 C3 C4 Mean 

(A) 

MTCC-892 38.00 29.50 33.87 60.87 40.56 60.75 40.62 42.50 78.97 55.71 79.75 59.50 66.25 79.75 71.31 

NBAIM-92 37.00 37.87 29.37 33.92 34.54 54.37 54.37 43.37 53.75 51.46 75.00 74.62 77.25 79.50 76.59 

NBAIM-93 18.25 12.50 18.12 27.72 19.15 25.50 17.37 26.37 35.92 26.29 32.37 24.50 32.25 46.00 33.78 

Bb LOCAL 50.25 38.37 43.25 70.75 50.65 73.37 51.25 71.25 79.25 68.78 80.00 70.37 80.00 79.75 77.53 

MTCC-1022 46.62 29.62 51.75 34.12 40.53 71.62 50.37 67.12 80.00 67.28 80.00 71.37 80.00 80.00 77.84 

Mean (B) 38.02 29.57 35.27 45.48  57.12 42.80 50.12 65.58  69.42 60.07 67.15 73.00  

 SEm± - - CD at 5% - SEm± - - CD at 5% - SEm± - - CD At 5% - 

Factor (A) 0.15 - - 0.45 - 0.14 - - 0.41 - 0.13 - - 0.38 - 

Factor (B) 0.14 - - 0.40 - 0.13 - - 0.37 - 0.12 - - 0.34 - 

Factor (AXB) 0.31 - - 0.90 - 0.29 - - 0.82 - 0.26 - - 0.76 - 

ISOLATES (A) PERCENT INHIBITION(B) 

3
rd DAY 5

th DAY 7
th DAY 

C1 C2 C3 C4 Mean 

(A) 

C1 C2 C3 C4 Mean 

(A) 

C1 C2 C3 C4 Mean 

(A) 

MTCC-892 37.57 51.51 44.34 0 44.47 23.07 48.55 46.17 0 39.26 -0.004 25.39 16.92 0 14.10 

NBAIM-92 -9.06 -11.65 13.37 0 -2.44 -1.20 -1.19 19.28 0 5.62 5.65 6.12 2.82 0 4.86 

NBAIM-93 34.15 54.92 34.61 0 41.23 29.01 51.62 26.57 0 35.73 29.56 46.71 29.87 0 35.38 

Bb LOCAL 28.96 45.74 38.85 0 37.85 7.40 35.32 10.08 0 17.60 -0.31 11.75 -0.31 0 3.70 

MTCC-1022 -36.70 13.12 -51.72 0 -25.10 10.46 37.03 16.09 0 21.19 0 10.78 0 0 3.59 

Mean (B) 10.98 30.73 15.89 0  13.75 34.26 23.64 0  6.98 20.15 9.86 0  

 SEm± - - CD at 5% - SEm± - - CD at 5% - SEm± - - CD At 5% - 

Factor (A) 0.70 - - 1.99 - 0.40 - - 1.15 - 0.32 - - 0.92 - 

Factor (B) 0.54 - - 1.54 - 0.31 - - 0.89 - 0.25 - - 0.71 - 

Factor (AXB) 1.21 - - 3.46 - 0.69 - - 1.99 - 0.56 - - 1.60 - 
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Table.4 Effect of Neem derivatives on spore count and spore viability percentage of different isolates of Beauveria bassiana on the 

tenth day after inoculation. 

 

C1- NSKE, C2- NEEM OIL, C3- AZADIRACHTIN, C4- CONTROL, *The values mentioned in the table are the mean values of four replications 

 

Table.5 Effect of neem derivatives in combination with different isolates of Beauveria bassiana on the third instar larvae of P. 

xylostella in the laboratory bioassay 

 
Isolates MORTALITY % 

24 HOURS 48 HOURS 72 HOURS 96 HOURS 120 HOURS 

C1 C2 C3 C4 Mea

n (A) 

C1 C2 C3 C4 Mea

n (A) 

C1 C2 C3 C4 Mea

n (A) 

C1 C2 C3 C4 Mea

n (A) 

C1 C2 C3 C4 Mea

n (A) 

MTCC-892 0.00 0.00 8.8
9 

0.00 2.22 13.3
3 

10.0
0 

20.0
0 

0.00 10.83 26.66 21.1
1 

36.6
6 

19.00 25.8
5 

42.2
2 

37.7
8 

50.0
0 

24.44 38.6
1 

50.0
0 

47.7
8 

56.6
6 

41.11 48.8
8 

NBAIM-92 15.5

5 

11.1

1 

17.

78 

0.00 11.1

1 

28.8

9 

24.4

4 

35.5

5 

0.00 22.22 32.22 30.0

0 

38.8

9 

26.66 31.9

4 

47.7

8 

46.6

6 

54.4

4 

37.78 46.6

6 

55.5

5 

53.3

3 

61.1

1 

46.66 54.1

6 

NBAIM-93 11.1
1 

10.0
0 

22.
22 

0.00 10.8
3 

24.4
4 

23.3
3 

40.0
0 

0.00 21.94 30.00 27.7
8 

44.4
4 

27.78 32.5
0 

45.5
5 

43.3
3 

56.6
6 

36.66 45.5
5 

53.3
3 

52.2
2 

65.5
5 

38.89 52.5
0 

Bb LOCAL 0.00 0.00 0.0
0 

0.00 0.00 15.5
5 

12.2
2 

16.6
7 

0.00 11.11 28.89 24.4
4 

31.1
1 

24.44 27.2
2 

38.8
9 

35.5
5 

47.7
8 

35.55 39.4
4 

45.5
5 

43.3
3 

56.6
6 

40.00 46.3
8 

MTCC-1022 0.00 0.00 0.0

0 

0.00 0.00 15.5

5 

13.3

3 

24.4

4 

0.00 13.33 30.00 27.7

8 

35.5

5 

25.55 29.7

2 

40.0

0 

36.6

6 

50.0

0 

35.55 40.5

5 

46.6

6 

43.3

3 

58.8

9 

45.55 48.6

1 

Mean (B) 5.33 4.22 9.7
7 

0.00  19.5
5 

16.6
6 

27.3
3 

0.00  29.55 26.2
2 

37.3
3 

24.68  42.8
8 

40.0
0 

51.7
7 

33.99  50.2
2 

48.0
0 

59.7
7 

42.44  

 SEm

± 

- - CD at 

5% 

- SEm

± 

- - CD at 

5% 

- SEm± - - CD at 

5% 

- SEm

± 

- - CD at 

5% 

- SEm

± 

- - CD at 

5% 

- 

Factor (A) 0.30 - - 0.87 - 0.55 - - 1.59 - 0.70 - - 2.01 - 0.74 - - 2.13 - 0.81 - - 2.33 - 

Factor (B) 0.27 - - 0.78 - 0.49 - - 1.42 - 0.62 - - 1.80 - 0.66 - - 1.91 - 0.72 - - 2.09 - 

Factor (AXB) 0.60 - - 1.74 - 1.11 - - 3.18 - 1.40 - - 4.03 - 1.49 - - 4.27 - 1.63 - - 4.67 - 

C1- NSKE, C2- NEEM OIL, C3- AZADIRACHTIN, C4- CONTROL, *The values mentioned in the table are the mean values of three replications 

ISOLATES(A) SPORE COUNT(X x 10⁸ Spores/ml) (B) SPORE VIABILITY % (B) 

C1 C2 C3 C4 Mean (A) C1 C2 C3 C4 Mean (A) 

MTCC-892 1.71 1.62 1.65 1.88 1.72 98.45 96.57 93.41 97.82 96.56 

NBAIM-92 1.68 1.70 1.74 2.42 1.89 97.71 97.15 95.39 98.77 97.25 

NBAIM-93 1.43 1.28 1.40 1.59 1.43 98.20 97.59 95.25 97.93 97.24 

Bb LOCAL 1.72 1.65 1.68 2.49 1.88 96.38 97.74 94.18 98.71 96.75 

MTCC-1022 1.75 1.61 1.74 2.44 1.88 98.46 98.43 96.79 98.61 98.07 

Mean (B) 1.66 1.57 1.64 2.17  97.84 97.49 95.00 98.36  

 SEm± - - CD at 5% - SEm± - - CD at 5% - 

Factor (A) 0.020 - - 0.058 - 0.058 - - 0.058 - 

Factor (B) 0.018 - - 0.052 - 0.052 - - 0.052 - 

Factor (AXB) 0.041 - - 0.115 - 0.116 - - 0.116 - 
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Bioefficacy of Beauveria bassiana and Neem 

Derivative Combinations against Plutella 

xylostella 

 
The mortality of Plutella xylostella caused by different 

Beauveria bassiana isolates varied across treatments and 

increased with the observation period from 24 to 120 

hours. At 24 hours, NBAIM-92 recorded the highest 

mean mortality (11.11%), followed by NBAIM-93 

(10.83%) and MTCC-892 (2.22%). No mortality was 

recorded with Bb Local and MTCC-1022. Among the 

treatments, C3 recorded the highest mean mortality 

(9.77%), followed by C1 (5.33%) and C2 (4.22%), 

whereas C4 recorded no mortality. At the interaction 

level, NBAIM-92 × C3 recorded the highest mortality 

(17.78%). 

 
At 48 hours, NBAIM-93 recorded the highest mean 

mortality (21.94%), closely followed by NBAIM-92 

(22.22%), while MTCC-892 exhibited a mean mortality 

of 10.83%. Among the treatments, C3 recorded the 

highest mean mortality (27.33%), followed by C1 

(19.55%) and C2 (16.66%); C4 again recorded no 

mortality. The highest interaction mortality was 

observed in NBAIM-93 × C3 (40.00%), followed by 

NBAIM-92 × C3 (35.55%). 

 
At 72 hours, NBAIM-93 exhibited the highest mean 

mortality (32.50%), followed by NBAIM-92 (31.94%) 

and MTCC-892 (25.85%). Among the treatments, C3 

produced the highest mean mortality (37.33%), followed 

by C1 (29.55%), C4 (24.68%), and C2 (26.22%). At the 

interaction level, NBAIM-93 × C3 recorded the highest 

mortality (44.44%), followed by MTCC-892 × C3 

(36.66%). 

 
At 96 hours, NBAIM-92 recorded the highest mean 

mortality (46.66%), followed by NBAIM-93 (45.55%). 

Among the treatments, C3 produced the highest mean 

mortality (51.77%), followed by C1 (42.88%), C4 

(33.99%), and C2 (40.00%). The highest interaction 

mortality was recorded in NBAIM-93 × C3 (56.66%), 

followed by NBAIM-92 × C3 (54.44%) and MTCC-892 

× C3 (50.00%). 

 
At 120 hours, NBAIM-92 recorded the highest mean 

mortality (54.16%), followed by NBAIM-93 (52.50%), 

while Bb Local showed a mean mortality of 46.38%. 

Such variation may be associated with differences in the 

pathogenic potential of individual fungal isolates.  

 

Variation in the efficacy of entomopathogenic fungi 

against P. xylostella has also been documented by 

Duarte et al., (2016). Among the treatments, C3 

recorded the highest mean mortality (59.77%), followed 

by C1 (50.22%), C2 (48.00%), and C4 (42.44%). The 

higher mortality observed with azadirachtin may be 

related to its toxic, antifeedant, and growth-disrupting 

effects on insect larvae. Liang et al., (2003) reported that 

neem-based insecticides caused substantial mortality and 

feeding deterrence in P. xylostella larvae. Similarly, 

Charleston et al., (2005) demonstrated that neem-derived 

botanical treatments affected diamondback moth larval 

behaviour, particularly feeding. At the interaction level, 

NBAIM-93 × C3 recorded the highest mortality 

(65.55%), followed by NBAIM-92 × C3 (61.11%) and 

MTCC-892 × C3 (56.66%). 

 

In conclusion, the study demonstrated considerable 

variation among Beauveria bassiana isolates in radial 

growth, spore viability, and bioefficacy against 

diamondback moth, Plutella xylostella. Neem 

derivatives influenced fungal growth and viability 

differently, with neem oil showing the greatest growth 

inhibition and azadirachtin producing the highest larval 

mortality.  

 

Among the isolates, MTCC-892 and NBAIM-93 

exhibited comparatively higher growth inhibition, while 

NBAIM-92 recorded the highest mean larval mortality. 

Overall, the findings highlight the potential of 

combining selected B. bassiana isolates with suitable 

neem derivatives for developing eco-compatible 

diamondback moth management strategies. Further 

validation under field conditions is needed to establish 

their practical effectiveness. 
 

Limitations of the Study 
 

As this study was performed under controlled laboratory 

conditions, the effectiveness of Beauveria bassiana–
neem derrivative combinations may differ under field 

environments. Therefore, further field investigations are 

required to confirm the efficacy, persistence, and 

compatibility of the most promising combinations before 

recommending their integration into sustainable 

management strategies for Plutella xylostella. 
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