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Introduction 
 

Cauliflower (Brassica oleracea var. botrytis L.) is one of 

the most economically important cole crops grown 

extensively across Karnataka, including the Kolar region, 

owing to its short duration, high yield potential and 
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The diamondback moth, Plutella xylostella (L.), is considered as the most damaging pest of brassica crops 

in the country and worldwide, necessitating continuous evaluation of pest management strategies to 

mitigate resistance and environmental impact. Field experiment was conducted during February to April 

2026 in Kolar Taluk, Kolar District, Karnataka, India, to evaluate the field efficacy of novel chemical 

insecticides and bio-insecticides against diamondback moth, Plutella xylostella (L.), infesting local 

popular cauliflower variety Dhawal. The trial was executed in a randomized block design (RBD) 

comprising ten treatments, including an untreated control, replicated twice. Two rounds of spraying were 

carried out at the recommended doses using a knapsack sprayer, and larval populations and percent leaf 

damage were recorded at 3, 5, 7 and 10 days after spray (DAS). Among the treatments evaluated, 

broflanilide 20% SC (0.25 ml/l) recorded the lowest pooled larval population (0.60 larvae/plant) and the 

lowest pooled leaf damage (8.7%), representing a reduction of about 80% in larval count and 73% leaf 

damage over the untreated control, and was significantly superior to all the other treatments. 

Fluxametamide 10% EC (1 ml/l) was the second best treatment (0.80 larvae/plant; 12.4% leaf damage), 

followed by emamectin benzoate 5 SG and chlorfenapyr 10% SC. The biopesticides Bacillus thuringiensis 

var. kurstaki, Beauveria bassiana and azadirachtin, significantly better than the untreated control. But 

comparatively less effective than the novel chemical molecules. Analysis of variance revealed non-

significant differences among treatments before spraying and up to 5 DAS of the first spray. Significant 

differences emerging from 7 DAS onward and becoming highly significant after the second spray, 

indicating a cumulative and time-dependent insecticidal action. The results suggest that broflanilide and 

fluxametamide, novel insecticides with a distinct mode of action (GABA-gated chloride channel 

modulation), can be effectively integrated with biopesticides in a rotational schedule for sustainable and 

resistance-conscious management of DBM in cauliflower. 
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steady market demand (KAU Agri-Infotech Portal). 

However, its cultivation is seriously constrained by insect 

pests, among which the diamondback moth (DBM), 

Plutella xylostella (Linnaeus) (Lepidoptera: Plutellidae), 

is recognised as the most destructive pest of cruciferous 

vegetables worldwide (1) (2). 

 

The larvae of DBM feed voraciously on the leaf lamina, 

skeletonising the foliage and, under severe infestation, 

damaging the curd directly, which drastically reduces 

both marketable yield and quality. Management of DBM 

has traditionally relied on repeated applications of 

synthetic insecticides. This heavy reliance, coupled with 

the pest's short life cycle and high fecundity, has led to 

the development of resistance in DBM populations to 

nearly every major class of insecticide used against it, 

including organophosphates, pyrethroids and several 

newer chemistries, as documented in recent global and 

Indian reviews of DBM insecticide resistance (1 & 3). 

 

Field populations of DBM in India have already shown 

reduced susceptibility to widely used molecules such as 

emamectin benzoate and tolfenpyrad, underscoring the 

urgent need to identify and validate alternative molecules 

with novel modes of action that can be rotated with 

existing chemistries and with biological control agents (4 

& 5). Recently introduced insecticides such as 

broflanilide and fluxametamide, both meta-

diamide/isoxazoline compounds acting as non-

competitive antagonists of the insect GABA-gated 

chloride channel, have shown high intrinsic toxicity to 

DBM and other lepidopteran pests in laboratory and 

baseline-susceptibility studies, with no known cross-

resistance to conventional insecticide groups, making 

them attractive candidates for resistance management 

programmes (6, 7 & 8). 

 

At the same time, biopesticides such as Bacillus 

thuringiensis var. kurstaki, the entomopathogenic fungus 

Beauveria bassiana, and the botanical azadirachtin 

remain important components of integrated pest 

management (IPM) because of their target-specificity, 

safety to natural enemies and pollinators, and suitability 

for resistance-management rotations, even though their 

field efficacy against DBM is generally more variable 

than that of synthetic insecticides (1, 9 & 10).  

 

In this context, systematic field evaluation of the newer 

chemical molecules alongside standard biopesticides 

under local agro-climatic conditions is essential before 

they can be recommended to farmers.  

Keeping this in view, the present study was undertaken to 

evaluate the comparative bio-efficacy of selected novel 

chemical insecticides and biopesticides against DBM 

infesting cauliflower under field conditions of Kolar 

taluk, Kolar district, Karnataka, with the objective of 

identifying effective and sustainable options for inclusion 

in DBM management programmes. 
 

Materials and Methods 
 

Experimental Site and Period 
 

The field experiment was conducted at Kolar taluk, Kolar 

district, Karnataka, India, during February to April 2026, 

on the local popular cauliflower variety Dhawal. 
 

Experimental Design and Layout 
 

The experiment was laid out in a randomized block 

design (RBD) with ten treatments, including an untreated 

control, replicated twice. Each block was divided into six 

raised beds, with each raised-bed unit measuring 1.5 m × 

3 m (4.5 m²).  

 

The overall plot size was 30 m², and spacing of 50 cm × 

50 cm was maintained between both plants and rows. A 

0.5 m wide unplanted alley was left between adjacent 

plots to prevent spray drift and interplot interference. 

 

Cauliflower seedlings raised in the nursery were 

transplanted at the four-leaf stage (30 days after sowing) 

during February 2026. 

 

Spray Application 
 

Sprays were applied at the company-recommended doses 

using a separate 20-litre capacity knapsack sprayer fitted 

with a cone nozzle for each treatment, to avoid cross-

contamination. Spray solutions were applied uniformly to 

all above-ground vegetable parts of the cauliflower crop 

up to the point of run-off.  

 

Two rounds of spray application were carried out during 

the experimental period, timed with the appearance and 

build-up of DBM populations in the field. 

 

Observations recorded 
 

Pre-treatment (before spray) and post-treatment larval 

counts of DBM were recorded on five randomly selected 

and tagged plants per plot, beginning from the second 
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week after transplanting. Post-treatment observations 

were taken at 3, 5, 7 and 10 days after spray (DAS) for 

both the first and second spray rounds, and the pooled 

mean of the two sprays was worked out for each 

treatment. Per cent leaf area damaged by DBM larvae 

was also recorded on the same sample plants after the 

first and second spray, and the pooled mean per cent leaf 

damage was computed for each treatment. 

 

Statistical Analysis 
 

Larval count data were subjected to square-root (√x) 
transformation prior to statistical analysis to stabilise 

variance and normalise the distribution of count data, and 

the transformed values are presented in parentheses 

alongside the original means in Table 2.  

 

The transformed data were analysed by one-way analysis 

of variance (ANOVA) appropriate to the randomized 

block design, and treatment means were compared for 

significance at the 5% (P < 0.05) probability level. The 

results of the ANOVA are presented in Table 3. 
 

Results and Discussion 
 

Effects of treatment on larval population 
 

The pre-treatment (before spray) larval counts across 

treatments ranged from 1.6 to 2.0 larvae/plant and were 

statistically at par (Table 1 and Table 2), confirming a 

uniform initial pest population across the experimental 

plots before the imposition of treatments. 

 

Following the first spray, the pooled larval population 

ranged from a minimum of 0.65 larvae/plant in 

broflanilide 20% SC (T4) to a maximum of 2.45 

larvae/plant in the untreated control (T10). After the 

second spray, the trend was more pronounced, with T4 

recording the lowest pooled larval population (0.55 

larvae/plant), followed by fluxametamide 10% EC, T3 

(0.70), emamectin benzoate 5 SG, T1 (1.05) and 

chlorfenapyr 10% SC, T5 (1.15), while the untreated 

control recorded the highest population (3.70 

larvae/plantOn a pooled (both sprays) basis, broflanilide 

20% SC (0.60 larvae/plant) was the most effective 

treatment, recording nearly 80% reduction in larval 

population over the untreated control (3.07 larvae/plant), 

followed by fluxametamide 10% EC (0.80 larvae/plant; 

~74% reduction) and emamectin benzoate 5 SG (1.10 

larvae/plant; ~64% reduction). The biopesticide 

treatments – Bacillus thuringiensis var. kurstaki (1.50), 

Beauveria bassiana (1.60) and azadirachtin (1.72) – 

though significantly superior to the untreated control, 

recorded comparatively higher larval populations than 

the novel chemical molecules, reflecting their generally 

slower and more indirect mode of action against 

lepidopteran larvae. The analysis of variance (Table 3) 

showed non-significant differences among treatments for 

the before-spray count and for the 3 and 5 DAS counts of 

the first spray, indicating that the insecticidal action of 

most treatments had not yet fully manifested at these 

early intervals. Significant differences appeared from 7 

DAS of the first spray onward (P < 0.05) and became 

highly significant at all observation intervals after the 

second spray (P < 0.01 to P < 0.001), suggesting a 

cumulative, time-dependent build-up of insecticidal 

efficacy with repeated application – a pattern consistent 

with the residual and translaminar activity reported for 

meta-diamide and isoxazoline insecticides such as 

broflanilide and fluxametamide. 

 

Effect of treatment on percent of leaf damage 
 

Per cent leaf area damage by DBM (Table 4) followed a 

trend broadly similar to that of larval counts. The pooled 

leaf damage was lowest in broflanilide 20% SC, T4 

(8.7%), followed by fluxametamide 10% EC, T3 (12.4%) 

and chlorfenapyr 10% SC, T5 (14.5%), while the 

untreated control recorded the highest leaf damage 

(32.7%). Broflanilide thus reduced leaf damage by about 

73% and fluxametamide by about 62% over the untreated 

control. Among the biopesticides, Bacillus thuringiensis 

var. kurstaki (18.7%), Beauveria bassiana (19.4%) and 

azadirachtin (21.0%) recorded comparatively higher leaf 

damage than the top-performing chemical treatments, 

although all were markedly better than the untreated 

control. 

 

The superior performance of broflanilide 20% SC and 

fluxametamide 10% EC against DBM observed in the 

present study is consistent with their reported mode of 

action as non-competitive antagonists of the insect 

GABA-gated chloride channel, a binding site distinct 

from that of conventional insecticide groups such as 

organophosphates, pyrethroids, spinosyns and diamides. 
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Table.1 Treatments evaluated along with the company-recommended doses 

 

Treatments Insecticides Recommended dose 

T1 Emamectin benzoate 5 SG 0.4g/lt 

T2 Fipronil 5% SC 2ml/lt 

T3 Fluxametamide 10%EC 1ml/lt 

T4 Broflanilide 20%SC 0.25ml/lt 

T5 Chlorfenapyr 10%SC 2ml/lt 

T6 Tolfenpyrad 15% EC 2ml/lt 

T7 Bacillus thuringienisis va. kurstaki  2g/lt 

T8 Beauveria bassiana 1.15% WP. 1x10>8 

CFU/GM MIN 

10gm/lt 

T9 Azardirectin 5% EC 0.5ml/lt 

T10 Control   

 

Table.2 Efficiency of novel chemical insecticides and bio-insecticides against Diamondback moth (Plutella 

xylostella (L.)) infesting cauliflower 

  
Av. No. of Diamondback moth larvae per plant 

Treat 

ments 

Insecticides Recommended 

dose 

Before 

spray 

1st spray 2nd spray Pooled 

3DAS 5DAS 7DAS 10DAS Pooled 

(1st 

spray) 

3DAS 5DAS 7DAS 10DAS Pooled 

(2nd 

spray 

T1 Emamectin 

benzoate 5 SG 

0.4g/lt 1.8 

(1.34) 

1 (1) 0.8 

(0.89) 

1.2 

(1.09) 

1.6 

(1.26) 

1.15 

(1.07) 

1 (1) 0.6 

(0.77) 

1 (1) 1.6 

(1.26) 

1.05 

(1.02) 

1.1 

(1.09) 

T2 Fipronil 5% 

SC 

2ml/lt 1.8 

(1.34) 

1.2 

(1.09) 

1 (1) 1.4 

(1.18) 

1.8 

(1.34) 

1.35 

(1.16) 

1 (1) 0.8 

(0.89) 

1.2 

(1.09) 

1.8 

(1.34) 

1.2 

(1.09) 

1.27 

(1.13) 

T3 Fluxametamide 

10%EC 

1ml/lt 2 

(1.41) 

1 (1) 0.6 

(0.77) 

0.8 

(0.89) 

1.2 

(1.09) 

0.9 

(0.95) 

0.6 

(0.77) 

0.4 

(0.63) 

0.6 

(0.77) 

1.2 

(1.09) 

0.7 

(0.84) 

0.8 

(0.89) 

T4 Broflanilide 

20%SC 

0.25ml/lt 2 

(1.41) 

0.8 

(0.89) 

0.4 

(0.63) 

0.6 

(0.77) 

0.8 

(0.89) 

0.65 

(0.81) 

0.4 

(0.63) 

0.2 

(0.44) 

0.6 

(0.77) 

1 (1) 0.55 

(0.74) 

0.6 

(0.77) 

T5 Chlorfenapyr 

10%SC 

2ml/lt 1.6 

(1.26) 

1 (1) 0.8 

(0.89) 

1.2 

(1.09) 

1.8 

(1.34) 

1.2 

(1.09) 

1 (1) 0.8 

(0.89) 

1.2 

(1.09) 

1.6 

(1.26) 

1.15 

(1.07) 

1.17 

(1.08) 

T6 Tolfenpyrad 

15% EC 

2ml/lt 1.8 

(1.34) 

1.2 

(1.09) 

1 (1) 1.2 

(1.09) 

1.8 

(1.34) 

1.3 

(1.14) 

1 (1) 1.4 

(1.18) 

1.8 

(1.34) 

2 

(1.41) 

1.55 

(1.24) 

1.42 

(1.19) 

T7 Bacillus 

thuringienisis 

va. kurstaki  

2g/lt 2 

(1.41) 

1.4 

(1.18) 

1.2 

(1.09) 

1.6 

(1.26) 

2 

(1.41) 

1.55 

(1.24) 

1.2 

(1.09) 

1 (1) 1.6 

(1.26) 

2 

(1.41) 

1.45 

(1.20) 

1.5 

(1.22) 

T8 Beauveria 

bassiana 1.15% 

WP. 1x10>8 

CFU/GM MIN 

10gm/lt 2 

(1.41) 

1.8 

(1.34) 

1.4 

(1.18) 

1.6 

(1.26) 

2.2 

(1.48) 

1.75 

(1.32) 

1.4 

(1.18) 

1.2 

(1.09) 

1.4 

(1.18) 

1.8 

(1.34) 

1.45 

(1.20) 

1.6 

(1.26) 

T9 Azardirectin 

5% EC 

0.5ml/lt 1.8 

(1.34) 

1.6 

(1.26) 

1.4 

(1.18) 

1.8 

(1.34) 

2.2 

(1.48) 

1.75 

(1.32) 

1.6 

(1.26) 

1.4 

(1.18) 

1.8 

(1.34) 

2 

(1.41) 

1.7 

(1.30) 

1.72 

(1.31) 

T10 Untreated 

Control 

  1.8 

(1.34) 

2 

(1.41) 

2.2 

(1.48) 

2.6 

(1.61) 

3 

(1.73) 

2.45 

(1.56) 

3.4 

(1.84) 

3.6 

(1.89) 

3.8 

(1.94) 

4 

(2) 

3.7 

(1.92) 

3.07 

(1.75) 

 SEm±  0.66 0.70 0.62 0.50 0.41 0.37 0.48 0.51 0.54 0.55 0.37 0.27 

Note: Figures in parenthenses are square-root (√ x) transformed values; figures outside parenthensis are original mean larval 
counts per plant. DAS= days after spray. 
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Table.3 Annova for the efficiency of novel chemical insecticides and bio-insecticides against Diamondback 

moth (Plutella xylostella (L.)) infesting cauliflower 

 
Variable DF_ 

Treatment 

DF_Err

or 

SS_Treat

ment 

SS_Err

or 

MS_Trea

tment 

MS_Er

ror 

F_value ANOVA_p

_value 

Significance 

Before 

_Spray 

9 40 1.12 59.6 0.1244 1.490 0.0835 0.9998 NS 

Spray1_3D

AS 

9 40 6.08 50.00 0.6756 1.250 0.5404 0.8361 NS 

Spray1_5D

AS 

9 40 11.68 36.00 1.2978 0.900 1.4420 0.2034 NS 

Spray1_7D

AS 

9 40 14.00 28.00 1.5556 0.700 2.2222 0.0406 * 

Spray1_10

DAS 

9 40 16.40 31.60 1.8222 0.790 2.3066 0.0340 * 

Average_S

pray1 

9 40 11.42 22.10 1.2689 0.553 2.2966 0.0347 * 

Spray2_3D

AS 

9 40 30.82 30.80 3.4244 0.770 4.4473 0.0004 *** 

Spray2_5D

AS 

9 40 40.82 27.20 4.5356 0.680 6.6699 0.0000 *** 

Spray2_7D

AS 

9 40 37.28 41.20 4.1422 1.030 4.0216 0.0010 ** 

Spray2_10

DAS 

9 40 29.70 56.80 3.3000 1.420 2.3239 0.0328 * 

Average_S

pray2 

9 40 34.06 26.60 3.7846 0.665 5.6911 0.0000 *** 

Since p- value <0.05 significant 

NS = Non-significant; * P < 0.05; ** P < 0.01; *** P < 0.001; DAS = days after spray. 

 

Table.4 Percent area of leaf infestation by Plutella xylostella (L.) in cauliflower after application of 

insecticides 

 

Treatement Insecticides Recommended 

dose 

% area of leaf 

infestation 

after first spray 

% area of leaf 

infestation after 

second spray 

Pooled 

T1 Emamectin benzoate 5 SG 0.4g/lt 16.6 14 15.3 

T2 Fipronil 5% SC 2ml/lt 16.8 16 16.4 

T3 Fluxametamide 10%EC 1ml/lt 16 8.8 12.4 

T4 Broflanilide 20%SC 0.25ml/lt 10.8 6.6 8.7 

T5 Chlorfenapyr 10%SC 2ml/lt 15.2 13.8 14.5 

T6 Tolfenpyrad 15% EC 2ml/lt 16 17 16.5 

T7 Bacillus thuringienisis va. 

kurstaki  

2g/lt 20.8 16.6 18.7 

T8 Beauveria bassiana 1.15% 

WP. 1x10>8 CFU/GM MIN 

10gm/lt 22 16.8 19.4 

T9 Azardirectin 5% EC 0.5ml/lt 22.2 19.8 21 

T10 Untreated Control   29.8 35.6 32.7 

Anova: Two-Factor Without Replication  
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SUMMARY Count Sum Average Variance 
  

Row 1 3 45.9 15.3 1.69 
  

Row 2 3 49.2 16.4 0.16 
  

Row 3 3 37.2 12.4 12.96 
  

Row 4 3 26.1 8.7 4.41 
  

Row 5 3 43.5 14.5 0.49 
  

Row 6 3 49.5 16.5 0.25 
  

Row 7 3 56.1 18.7 4.41 
  

Row 8 3 58.2 19.4 6.76 
  

Row 9 3 63 21 1.44 
  

Row 10 3 98.1 32.7 8.41 
  

       

Column 1 10 186.2 18.62 27.55067 
  

Column 2 10 165 16.5 60.79333 
  

Column 3 10 175.6 17.56 40.86711 
  

ANOVA 

Source of 

Variation 

SS df MS F P-value F crit 

Rows 1103.412 9 122.6013 37.09696 8.24E-10 2.456281 

Columns 22.472 2 11.236 3.399812 0.055904 3.554557 

Error 59.488 18 3.304889 
   

       

Total 1185.372 29         

 
Baseline-susceptibility studies have similarly reported 

high intrinsic toxicity of broflanilide and fluxametamide 

against DBM populations, with no cross-resistance to 

existing chemistries, supporting their potential utility in 

resistance-management programmes for this pest. 

 

The comparatively lower efficacy of emamectin 

benzoate and tolfenpyrad relative to the newer molecules 

in the present trial may partly reflect the widespread and 

repeated use of these older chemistries in vegetable-

growing tracts of India, which has been associated with 

declining susceptibility of field DBM populations in 

some regions, including reports of resistance to 

emamectin benzoate and tolfenpyrad from Andhra 

Pradesh (11). This reinforces the importance of 

periodically introducing insecticides with novel modes 

of action, such as broflanilide and fluxametamide, into 

spray schedules. 

 

The biopesticides evaluated – Bacillus thuringiensis var. 

kurstaki, Beauveria bassiana and azadirachtin – provided 

significant, though comparatively moderate, suppression 

of DBM relative to the untreated control. Their slower 

and more indirect modes of action (ingestion-dependent 

toxin activity for Bt, infection and mycosis for the 

entomopathogenic fungus, and antifeedant/growth-

regulatory action for azadirachtin) likely account for the 

somewhat lower larval and leaf-damage reduction 

compared with the fast-acting novel synthetic molecules. 

Nevertheless, given their favourable safety profile 

towards natural enemies, pollinators and the 

environment, these biopesticides remain valuable 

components for rotation with synthetic insecticides in an 

integrated, resistance-conscious DBM management 

programme, as has been widely emphasised in recent 

reviews on sustainable DBM management. 

 

Overall, the results indicate that a spray schedule 

alternating broflanilide or fluxametamide with 

biopesticides such as Bacillus thuringiensis var. kurstaki, 

Beauveria bassiana or azadirachtin could provide 

effective DBM suppression in cauliflower while 

reducing selection pressure for resistance and 

minimising the ecological footprint of chemical control, 

in line with current recommendations for sustainable 

crucifer pest management. 

 

This study concludes that under the field conditions of 

Kolar taluk, Kolar district, Karnataka, broflanilide 20% 

SC (0.25 ml/l) was found to be the most effective 



Int.J.Curr.Microbiol.App.Sci (2026) 15(10): 147-154 

153 

 

treatment against diamondback moth in cauliflower, 

recording the lowest larval population and leaf damage, 

followed by fluxametamide 10% EC (1 ml/l). Both novel 

molecules significantly outperformed the standard 

insecticides and the biopesticides tested. The 

biopesticides Bacillus thuringiensis var. kurstaki, 

Beauveria bassiana and azadirachtin, while less effective 

than the novel chemistries, offered significant protection 

over the untreated control and remain useful rotation 

partners. Based on these findings, broflanilide and 

fluxametamide can be recommended, in rotation with the 

evaluated biopesticides, as key components of a 

sustainable and resistance-management-oriented spray 

schedule for DBM in cauliflower. As the present trial 

was conducted for a single season with two replications, 

multi-location and multi-season validation, along with 

economics of cultivation and safety to natural enemies, 

is recommended before large-scale field 

recommendation. 
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