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ABSTRACT
Aim- The study aimed to evaluate the bio-efficacy of microbial insecticides against key lepidopteran pests of cabbage, namely the DBM (P. xylostella Linn.) and CB (P. brassicaeLinn.), with a focus on developing eco-friendly alternatives to chemical pesticides.
Study Design- A field experiment was conducted during the Rabi season of 2024 to 25 at the Vegetable Research Farm, College of Agriculture, Iroisemba, Central Agricultural University, Imphal. The cabbage variety Green Hero was used, and treatments were arranged in a Randomized Block Design (RBD) with three replications.
Methodology- The experiment included microbial insecticides Beauveria bassiana at 5, 6, and 7 ml/L and Metarhizium anisopliae at 5, 6, and 7 ml/L along with Malathion 50 EC at 1 ml/L and an untreated control for comparison.
Results-Malathion 50 EC @ 1 ml/L proved most effective, recording the highest reduction in pest population (64.21% in DBM and 59.30% in CB), maximum yield (20.0 t/ha), avoidable yield loss of 36.95%, and the highest benefit-cost ratio (15.2:1). Among microbial insecticides, M. anisopliae @ 7 ml/L and B. bassiana @ 7 ml/L also showed promising results, with reductions of 60.36% and 58.71% in DBM, and 58.60% and 56.24% in CB, respectively. These treatments also recorded appreciable B:C ratios of 4.8:1 and 5.4:1.
Conclusion-While Malathion demonstrated superior efficacy and profitability, microbial insecticides exhibited significant potential as eco-friendly and sustainable pest management tools. Therefore, the integration of B. bassiana and M. anisopliae into Integrated Pest Management (IPM) strategies can contribute to sustainable cabbage cultivation.
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1. INTRODUCTION 
Cabbage (Brassica oleracea var. capitata Linn.) is one of the most popular and extensively cultivated cole crop in India. Cabbages, which are widely grown in India's tropical and temperate regions, are said to have originated in Western Europe and the Mediterranean. (Khan et al., 2017). In India, different regions have varying times for sowing; the northern and eastern regions sow in October to November for the mild season, while the southern and western regions sow in July to August and January to February for the hot season (Anonymous, 2012). After China, India is the world's second-largest producer of cabbage, making up 12.79 percent of global production and 16.55 percent of the world's land area. Vitamins (thiamine or vitamin B1 0.061 mg, riboflavin or vitamin B2 0.040 mg, niacin or vitamin B3 0.234 mg, pantothenic acid or vitamin B5 0.212 mg, folate or vitamin B9 43 mg, vitamin C 36.6 mg, and vitamin K 76 mg) and minerals (Ca 40 mg, Fe 0.47 mg, Mg 12 mg, Mn 0.16 mg, P 26 mg, K 170 mg, Na 18 mg, and Zn 0.18 mg) make up a hundred grams of cabbage (Sharma et al., 2017). 
The insect complex is the primary barrier to cabbage production from germination to harvest. The first impotent insect species is the diamondback moth (P. xylostella Linn.). Cutworm of cabbage (Agrotis ipsilon Hufnagel), tobacco caterpillar (Spodoptera litura Fabricius), cabbage leaf webber (Crocidolomia binotalis Zeller), cabbage head borer (Hellula undalis Fabius), cabbage semilooper (Plusia orichalcea Fabius), and Spilosoma obliqua Walker, commonly referred to as the Bihar hairy caterpillar (Debbarma et al., 2017).
In the Indian states of Punjab, Haryana, Himachal Pradesh, Delhi NCR, Uttar Pradesh, Bihar, Tamil Nadu, Maharashtra, and Karnataka, the diamondback moth is currently the most damaging pest of cole crops. It was first found on cruciferous vegetables in 1914 (Fletcher, 1914). The diamondback moth (DBM) has become the most destructive insect pest of cruciferous crops worldwide, according to Singh et al. (2005). The DBM, CB, cabbage aphid (Brevicoryne brassicae Linn.), and mustard aphid (Lipaphis erysimi Kaltenbach) are the main factors preventing the crop from being grown profitably in India. P. brassicae is a butterfly that is thought to be among the main issues with the commercial production of cauliflower and cabbage because of its high incidence. According to Godonou et al. (2009), the main pest impeding Benin's cabbage output is the DBM. Eight native isolates of Beauveria bassiana and Metarhizium anisopliae were tested against DBM larvae. B. bassiana (Bba 5653) was most effective, causing 94% mortality. Cabbage yield reached 41.9–44.1 t/ha with Bba 5653 formulations, about three times higher than untreated or bifenthrin plots. DBM reduction was highest at 1.0, 0.75, and 0.5 kg/ha, lower at 0.25 kg/ha. Rangad et al. (2014) tested nine eco-friendly insecticides on cabbage. Highest larval mortality after 15 days: Endosulfan (98.65%), Annonin (98.47%), and Spinosad (97.84%). Spinosad was most effective among microbial insecticides, and Annonin among botanicals.
2. MATERIALS AND METHODS
A field experiment was conducted at the Vegetable Research Farm of the College of Agriculture, Iroisemba, Central Agricultural University, Imphal during the Rabi season of 2024–2025 using the cabbage variety "Green Hero" to study the bio-efficacy of certain microbial insecticides of key Lepidopteran pests. The experimental design was Randomized Block Design (RBD) with 8 treatments and 3 replications with plot size of 3 m × 2 m, spacing of 45 cm × 45 cm. The Microbial products are manufactured at GREEN BIOTECH ECO SOLUTION PVT. LTD. (An ISO 9001:2008 certified company), Lamsang Laimgamkhul, Spinning mill road, Imphal West-795146.  
2.1 Application of insecticides
The insecticides were prepared with the correct concentration or dose and applied as foliar spray thrice at a 10 days intervals right after the incidence of pests appeared using a knapsack sprayer. The spray liquid volume was kept @ 500 l/ha. All the insecticides were sprayed at evening hours. Spraying was done with care to avoid insecticidal spray solution wandering from one plot to the next and to ensure that the plants were completely covered.



Table 1. Treatment details
	TREATMENTS
	DOSES (ml/L)

	T1
	Myco-Jaal (Beauveria bassiana)
	5 ml

	T2
	Myco-Jaal (Beauveria bassiana)
	6 ml

	T3
	Myco-Jaal (Beauveria bassiana)
	7 ml

	T4
	Green Pacer (Metarhizium anisopliae)
	5 ml

	T5
	Green Pacer (Metarhizium anisopliae)
	6 ml

	T6
	Green Pacer (Metarhizium anisopliae)
	7 ml

	T7
	Malathion 50 EC
	1 ml

	T8
	Control (Water)
	-



2.2 Observations to be recorded
The larval population of DBM and CB was recorded from five randomly selected plant in each plot on one day before application, 3, 7 and 10 days after the application of insecticides in all the sprays. The data of insect population were subjected for calculation of per cent reduction over control as suggested by Abbott WS (1925).
Per cent reduction × 100
Where, X = Per cent living in check (Untreated control) 
Y = Per cent living in treated plots 
X – Y = Per cent killed by the treatment


3. RESULTS AND DISCUSSION
3.1 Effect of bio-insecticides on DBM 
The results of the present investigation in (table 2, Fig.1.) indicated that Malathion 50 EC @ 1 ml/l was the most effective treatment in suppressing the incidence of DBM larvae, with the highest population reduction of 64.21%. This was closely followed by the M. anisopliae @ 7 ml/l, which recorded 60.36% reduction, while Beauveria bassiana @ 7 ml/l (58.71%) was statistically at par with M. anisopliae @ 6 ml/l (57.79%). The treatment with M. anisopliae @ 5 ml/l (52.22%) was statistically comparable with B. bassiana @ 6 ml/l (51.57%). These findings demonstrate that although the chemical insecticide Malathion exhibited the highest suppression of DBM population, the eco-friendly microbial insecticides M. anisopliae and B. bassiana also performed effectively, offering sustainable alternatives for DBM management. Similar trends have been reported by Debbarma et al. (2017), who observed that microbial insecticides like B. bassiana and M. anisopliae significantly reduced infestation of lepidopteran pests in cabbage. Singh et al. (2021) also confirmed the bio-efficacy of these entomopathogens against cabbage pests, where M. anisopliae at higher doses was particularly effective in reducing larval incidence and increasing yield. Thus, the integration of eco-friendly microbial insecticides with conventional insecticides could provide an effective and environmentally safe strategy for the management of DBM in cabbage cultivation.
3.2 Effect of Bio-insecticides on CB
The results of the present study in (table 2, Fig.1.) revealed that Malathion 50 EC @ 1 ml/l was the most effective treatment against CB larvae, recording the highest population reduction with (59.30%). This was closely followed by M. anisopliae @ 7 ml/l with 58.60% reduction. Treatments with B. bassiana @ 7 ml/l (56.24%) and B. bassiana @ 6 ml/l (55.80%) were found statistically at par, indicating their comparable efficacy. Similarly, M. anisopliae @ 6 ml/l (52.71%) and B. bassiana @ 5 ml/l (52.38%) were also statistically at par, showing no significant difference in their suppressive effect on cabbage butterfly larvae. These findings suggest that although Malathion remained the most effective option, the eco-friendly microbial insecticides M. anisopliae and B. bassiana demonstrated promising efficacy, making them suitable alternatives for sustainable management of P. brassicae in cabbage. Comparable results were reported by Debbarma et al. (2017), who documented significant suppression of P. brassicae by B. bassiana and M. anisopliae in cabbage fields. Singh et al. (2021) also confirmed the effectiveness of these entomopathogens in reducing larval infestation and improving cabbage yield under NEH region conditions.

Table 2. Overall mean of population reduction of DBM and CB over bio-insecticide application
	Treatment
	Dose in ml/L
	Overall mean of
Diamond back moth
	Overall mean of
Cabbage butterfly

	T1 (B. bassiana) 0.5%
	5 ml
	50.14 e
	52.38 d

	T2(B. bassiana) 0.6%
	6 ml
	51.57 d
	55.80 c

	T3 (B. bassiana) 0.7%
	7 ml
	58.71 c
	56.24 c

	T4 (M. anisopliae) 0.5%
	5 ml
	52.22 d
	50.37 e

	 T5 (M. anisopliae) 0.6%
	6 ml
	57.79 c
	52.71 d

	T6 (M. anisopliae) 0.7%
	7 ml
	60.36 b
	58.60 b

	T7 Malathion 50 EC
	1ml
	64.21 a
	59.30 a

	S.Em(±)
	-
	0.31
	0.25

	CD (P=0.05)
	-
	0.95
	0.78


Means followed by same letter(s) in columns are no significantly different from each other by DMRT at 5%  


Fig. 1. Graphical representation of larval population reduction of DBM and CB over control 
3.3 Avoidable yield loss and cost benefit ratio of different insecticidal treatments
The results of the present study indicated in (table 3) that Malathion 50 EC @ 1 ml/L was the most effective treatment in suppressing major insect pests of cabbage var. “Green Hero,” recording the highest realizable yield of 20.0 t/ha with a maximum avoidable yield loss of 36.95% in untreated plots. Among the bio-insecticides, B. bassiana @ 7 ml/L and M. anisopliae @ 7 ml/L showed considerable efficacy, with avoidable yield losses of 35.66% and 33.28%, respectively, while the lowest avoidable loss of 24.03% was observed in M. anisopliae @ 5 ml/L. In terms of economics, Malathion registered the highest benefit-cost (B:C) ratio of 15.2:1, followed by B. bassiana @ 7 ml/L (5.4:1) and M. anisopliae @ 7 ml/L (4.8:1), indicating that eco-friendly microbial insecticides, though less profitable than Malathion, still provided significant economic returns. These findings are in close agreement with Poojitha et al. (2024), who reported that Malathion effectively reduced P. xylostella and P. brassicae incidence with the highest yield gains, while B. bassiana offered promising alternatives. Similarly, Vignesh et al. (2023) highlighted that entomopathogenic fungi such as B. bassiana and M. anisopliae contributed substantially to pest suppression and yield improvement in cruciferous crops under integrated pest management systems. These observations are further supported by Anka Poojitha et al. (2024), who emphasized the role of bio-rational insecticides in minimizing pest pressure while reducing reliance on synthetic chemicals. Thus, while Malathion remains the most effective treatment, the consistent performance of B. bassiana and M. anisopliae confirms their potential as eco-friendly components of sustainable pest management strategies in cabbage cultivation.





Table 3. Avoidable loss and cost effectiveness of the different treatments 
	Treatment
	Yield (t/ha)
	Yield Increase (t/ha)
	Avoidable yield loss (%)
	B:C Ratio

	T1 (B. bassiana)
	17.2
	4.59
	26.68
	4.2:1

	T2(B. bassiana)
	18.4
	5.79
	31.46
	4.8:1

	T3 (B. bassiana)
	19.6
	6.99
	35.66
	5.4:1

	T4 (M. anisopliae)
	16.6
	3.99
	24.03
	3.9:1

	T5 (M. anisopliae)
	17.8
	5.19
	29.15
	4.7:1

	T6 (M. anisopliae)
	18.9
	6.29
	33.28
	4.8:1

	T7 Malathion 50 EC
	20.0
	7.39
	36.95
	15.2:1

	T8 Control (Water)
	12.61
	0
	0
	-



4. CONCLUSION
Malathion 50 EC @ 1 ml/l proved most effective against P. xylostella and P. brassicae, minimizing yield loss and maximizing returns. However, entomopathogenic fungi (Beauveria bassiana and Metarhizium anisopliae) emerged as promising eco-friendly alternatives, offering effective pest suppression, favourable B:C ratios, and ecological safety without resistance or residue risks. While chemicals ensure quick control, integrating microbial insecticides within IPM provides a more sustainable and environmentally responsible approach for managing major cabbage pests.
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