


Insecticidal activity of aqueous extracts of selected medicinal and aromatic plants against diamondback moth, Plutellaxylostella (L.)

ABSTRACT: The diamondback moth (DBM), Plutellaxylostella (L.), is one of the most destructive pests of cruciferous vegetables, causing severe yield losses. To date, pesticides have remained the primary method of managing this pest at the farmer level; however, control is often unsatisfactory due to the rapid development of resistance to most chemical insecticides. Therefore, the present study aimed to evaluate the insecticidal activity of selected medicinal and aromatic plants against P. xylostella. A laboratory experiment was conducted at the College of Horticulture, Bengaluru, using aqueous extracts of 20 plant species, including seed extracts of neem, pongamia, custard apple and jatropha; leaf extracts of datura, lantana, mehandi, tulasi, bael, nagadali, madhunashini, vitex, hebbevu and calotropis; rhizome extracts of sweet flag, turmeric and ginger and extracts of cinnamon bark, marigold flower and garlic bulb. Bioassays were carried out using the leaf dip method against early third instar larvae of the DBM.
The results revealed that neem seed kernel extract (NSKE) at 2.5 per cent concentration was the most effective treatment, recording 93.33 per cent larval mortality at 120 h after treatment and significantly reducing pupation and adult emergence, indicating both toxic and growth-inhibitory effects. High efficacy was also observed with pongamia (90.00%), turmeric rhizome (86.67%), bael (83.33%) and hebbevu (83.33%) extracts. Moderate efficacy was recorded with datura (80.00%), calotropis (76.67%) and cinnamon bark (73.33%), whereas jatropha and sweet flag were the least effective, each recording 40.00 per cent mortality. A clear dose-dependent response was observed for all extracts. These findings highlight the potential of selected medicinal and aromatic plant extracts as eco-friendly components of Integrated Pest Management (IPM) programs for sustainable management of diamondback moth, thereby reducing reliance on synthetic insecticides and mitigating resistance development.
Key words: Diamondback moth, medicinal and aromatic plants, aqueous extracts, insecticidal activity, larval mortality, NSKE.
1. INTRODUCTION:The diamondback moth, Plutellaxylostella (L.) (Lepidoptera: Plutellidae), is one of the most destructive and dreaded insect pest of cruciferous vegetables worldwide, causing yield losses of up to 90 per cent in cabbage (Gashawbeza, 2006). Management of this pest remains a major challenge due to its extraordinary ability to develop resistance to almost all groups of insecticides, including microbial insecticides such as Bacillus thuringiensis and spinosyns (Tabashniket al., 2003). Even newly introduced chemical molecules often fail to provide consistent and long-term control.
The intensive and indiscriminate use of synthetic insecticides for managing P. xylostella has resulted in several undesirable consequences, including pesticide resistance, pest resurgence, environmental contamination and risks to human health. According to the World Health Organization (WHO), nearly 200,000 deaths occur globally each year due to pesticide poisoning. These concerns have intensified the search for alternative pest management strategies that are economical, effective and environmentally safe (Uma, 2009).
Plant-based insecticidal products have emerged as promising alternatives because of their biodegradability, low toxicity to non-target organisms and reduced risk of resistance development. Botanical pesticides have been used since ancient times, and increasing research efforts are now focused on identifying effective plant-derived compounds for incorporation into integrated pest management programmes (Liu et al., 2007). Of the approximately 350,000 plant species reported worldwide (Ganeshaiah, 2004), only a small proportion has been evaluated for insecticidal activity. Plants synthesize a wide range of secondary metabolites such as alkaloids, terpenoids, flavonoids, phenolics and tannins that play a significant role in defense against insect pests. Although more than 10,000 plant-derived compounds exhibit insecticidal properties, botanical insecticides currently constitute only about one per cent of the global insecticide market (Akhtar and Isman, 2007).
Despite their enormous potential, the practical application of botanical insecticides remains limited, with neem-based products being the most widely adopted. However, extensive studies indicate that many medicinal and aromatic plants possess biologically active compounds exhibiting insecticidal, repellent, antifeedant, growth-regulating, ovicidal and oviposition-deterrent properties (Liu et al., 2007). In view of increasing concerns regarding pesticide residues, resistance development and environmental safety, the exploration of medicinal and aromatic plants for the management of diamondback moth has become increasingly important (Liang et al., 2003). Recent studies have further strengthened the scope of botanical insecticides by demonstrating the effectiveness of medicinal and aromatic plant extracts against Plutella xylostella under laboratory and field conditions, along with improved extraction approaches for enhancing insecticidal efficacy (Gaddennavar et al., 2024; Gaddennavar et al., 2026). These findings highlight the growing relevance of plant-based insecticides as sustainable components of integrated pest management programmes for cruciferous vegetable pests. Therefore, the present investigation was undertaken to evaluate the insecticidal efficacy of selected medicinal and aromatic plants against P. xylostella, with particular emphasis on aqueous extracts.

2. MATERIALS AND METHODS:
2.1 Mass rearing of the test insect, Plutellaxylostella:The diamondback moth (Plutellaxylostella) culture was maintained under laboratory conditions following Liu and Sun (1984) with suitable modifications. Mustard (Brassica juncea) seedlings were raised in plastic cups (8 × 4 cm) containing a 1.5 cm layer of well-soaked vermiculite. Seeds germinated within three to four days, and seedlings were watered as required.
Late-instar larvae and pupae collected from cabbage fields around Bengaluru were used to initiate the laboratory culture. Larvae were reared on mustard seedlings until pupation, after which pupae were transferred to oviposition cages (35 × 10 × 35 cm) for adult emergence. Adults were provided with 10% honey solution on cotton as a nutritional source and three- to four-day-old mustard seedlings for oviposition. After 24 hours, egg-bearing seedlings were moved to rearing cages, with fresh seedlings supplied daily to support larval development.
Neonate larvae initially mined the leaves, while later instars consumed the entire leaf lamina. Larvae were transferred to fresh seedlings as required until pupation, with folded paper strips provided during the fourth instar for pupation. To synchronize adult emergence, pupae were temporarily stored at low temperature in a refrigerator. Only F₁ generation larvae were used in the experiments. All rearing equipment was regularly disinfected with 2% sodium hypochlorite solution, and precautions were taken to prevent contamination and predation.
2.2 Collection of plant materials: The medicinal and aromatic plants selected for this study were chosen based on their reported or potential efficacy against insect pests, as indicated by a thorough literature review, as well as their local availability. Plant materials were collected from various sources: Tulasi, Bael, Mehandi, Vitex, Nagadali, Hebbevu, Sweet Flag, Marigold, and Calotropis from the Medicinal Plants and Floriculture Blocks of the College of Horticulture, Bengaluru; Datura, Cinnamon, Turmeric, and Ginger from Bagalkot; Lantana and Garlic bulbs from Shimoga; Madhunashini, Neem, Pongamia, and Jatropha from the University of Agricultural Sciences, GKVK campus, Bengaluru; and Custard Apple seeds from the Regional Horticultural Research and Extension Centre, Bengaluru. The botanical identity of all collected plant materials was authenticated prior to their use.
A total of twenty plants were evaluated for their insecticidal activity and classified based on the plant parts used for extraction, namely seeds, leaves, rhizomes and other parts.Seed extracts were prepared from Neem (Azadirachtaindica), Pongamia (Pongamiapinnata), Jatropha (Jatropha curcas), and Custard Apple (Annona squamosa). Leaf extracts were obtained from Datura (Datura stramonium), Lantana (Lantana camara), Mehandi (Lawsoniainermis), Tulasi (Ocimum sanctum), Bael (Aegle marmelos), Nagadali (Rutagraveolens), Madhunashini (Gymnemasylvestre), Vitex (Vitex negundo), Hebbevu (Melia dubia), and Calotropis (Calotropis gigantea). Rhizome extracts were prepared from Turmeric (Curcuma longa), Ginger (Zingiberofficinale), and Sweet Flag (Acorus calamus), while bark, flower, and bulb extracts were obtained from Cinnamon (Cinnamomumverum), Marigold (Tagetesminuta), and Garlic (Allium sativum), respectively.
2.3 Preparation of plant extracts: The different parts of the selected medicinal and aromatic plants (as described in section 2.2) were used for the preparation of plant extracts. The collected plant materials were washed thoroughly with tap water to remove dust and debris, shade-dried for one week, and then ground into fine powder using an electrical grinder. The active principles were extracted using aqueous extractsfollowing standard extraction procedures described by Mishra and Singh (2014).
Ten grams of powdered plant material were mixed with 100 ml of distilled water and stirred for eight hours using a mechanical stirrer. The mixture was filtered through Whatman No. 1 filter paper, and the filtrate was concentrated in a hot water bath at 60 °C until all water evaporated. The resulting semi-solid crude extract was weighed, and a stock solution was prepared by dissolving the extract in a known volume of distilled water for use in bioassay studies.
2.4 Bio-assay method: The insecticidal activity of the selected medicinal and aromatic plants was evaluated using a standard leaf dip bioassay following Kumar et al. (2009). Freshly moulted early third instar larvae of Plutellaxylostella were used as test insects. Test concentrations of each plant extract were prepared from the stock solution by serial dilution. For seed, rhizome, and other plant parts, the concentrations were 2.5%, 2.0%, and 1.5%, whereas for leaf extracts, concentrations of 4.5%, 3.0%, and 1.5% were used.
A 0.05% soap solution was added to all treatments and the control as a sticking agent. Uniform leaf discs were prepared from fresh cabbage leaves, dipped in the respective extract solutions for 15 seconds, air-dried under shade, and transferred to Petri plates. Ten freshly moulted third instar larvae were released on each treated leaf disc, constituting one replication, and three replications were maintained per concentration. Larvae treated with distilled water served as the control. The Petri plates were maintained at room temperature. Since the treated leaves withered within 48 hours, they were replaced with fresh untreated leaves. Leaf replacement continued until complete larval mortality or pupation of all test insects.
Observations:Larval mortality was recorded at 24-hour intervals after treatment until either complete larval mortality or pupation of all test insects occurred. Pupae were carefully separated and monitored for adult emergence. The observed mortality data were corrected using Abbott’s formula (1925) to account for natural mortality in the control. 
2.5 Data analysis:The observations on larval mortality, pupation and adult emergence were summarized and presented as mean ± standard deviation (SD) for each treatment and concentration.
3. RESULTS: A total of twenty medicinal and aromatic plants were evaluated for their insecticidal activity against early third instar larvae of the diamondback moth (DBM), Plutellaxylostella, under laboratory conditions using the leaf dip bioassay method. Aqueous extracts prepared from different plant parts were tested, and observations on larval mortality, percent pupation, and adult emergence were recorded for each treatment. For better comparison, the twenty plants screened in the present study were classified into four major categories based on the plant part used: seed extracts, leaf extracts, rhizome extracts, and other plant part extracts. The results of these evaluations are presented according to these categories in the following sections.
3.1 Seed extracts: The insecticidal activity of different seed extracts such as neem, pongamia, custard apple and jatropha was tested against early third instar larvae of DBM after 120 hours of treatment. The results obtained are mentioned in Table 1. Among the four seed extracts, NSKE was found to be superior and recorded 93.33±0.58, 83.33±0.58 and 70.00±1.0 per cent larval mortality at 2.5, 2.0, 1.5 per cent concentration after 120 hrs of the treatment. This was followed by pongamia seed extract with larval mortality of 90.00±1.0, 80.33±1.00 and 63.33±2.52 per cent while the least larval mortality of 40.00±4.00, 26.66±1.53, 20.00±2.00 per cent was recorded in the case of Jatropha seed extract.
The data recorded on pupation in different seed extracts revealed that, the lowest per cent pupation was recorded in the NSKE treated larvae with 6.67±0.58, 16.67±0.58 and 30.00±1.0 at 2.5, 2.0 and 1.5 per cent concentration followed by pongamia and custard apple with 10.00±1.00, 20.00±1.00 and 36.67±2.52 per cent and 33.33±2.31, 36.67±0.58 and 60.00±1.0 per cent, respectively. While, the maximum number of larvae treated with jatropha extracts entered in to pupation by recording 60.00±4.00, 73.33±1.53 and 80.00±2.00 per cent pupation at 2.5, 2.0 and 1.5 per cent concentration, respectively and found least effective. 
Similarly, the per cent adult emergence was comparatively less with NSKE treated larvae as that of other seed extract treatment with 0.00±0.0, 6.67±0.58 and 16.67±0.58 at 2.5, 2.0 and 1.5 per cent concentration, respectively. This was followed by pongamia and jatropha seed extracts with 3.33±0.58, 10.00±1.00, 23.00±1.53 and 10.00±0.0, 13.33±0.58, 13.33±2.31 per cent at same concentration as mentioned above. At same concentration, custard apple showed relatively more adult emergence with 10.00±1.00, 20.00±0.0 and 23.33±1.53 per cent.
Overall, among the seed extracts tested, neem seed kernel extract (NSKE) was the most effective in causing high larval mortality with minimum pupation and adult emergence, whereas Jatropha seed extract was the least effective against Plutellaxylostella. The insecticidal activity of all seed extracts increased with increasing concentration.
Table 1: 	Effect of aqueous seed extracts of medicinal and aromatic plants on early third instar larvae of Plutellaxylostella at 120 h after treatment
	Seed extracts
	Concentration(%)
	% Larval mortality (Mean ± SD)
	% Pupation (Mean ± SD)
	% Adult emergence (Mean ± SD)

	Neem 
	2.5
	93.33±0.58
	6.67±0.58
	0.0±0.0

	
	2.0
	83.33±0.58
	16.67±0.58
	6.67±0.58

	
	1.5
	70.00±1.0
	30.00±1.0
	16.67±0.58

	Pongamia
	2.5
	90.00±1.00
	10.00±1.00
	3.33±0.58

	
	2.0
	80.00±1.00
	20.00±1.00
	10.00±1.00

	
	1.5
	63.33±2.52
	36.67±2.52
	23.00±1.53

	Custard apple 
	2.5
	66.67±2.31
	33.33±2.31
	10.00±1.00

	
	2.0
	63.33±0.58
	36.67±0.58
	20.00±0.00

	
	1.5
	40.00±1.0
	60.00±1.00
	23.00±1.53

	Jatropha seed 
	2.5
	40.00±4.00
	60.00±4.00
	10.00±0.0

	
	2.0
	26.67±1.53
	73.33±1.53
	13.33±0.58

	
	1.5
	20.00±2.00
	80.00±2.00
	13.33±2.31



3.2 Leaf extracts: Among the leaf extracts viz., datura, lantana, mehandi, tulasi, bael, nagadali, madhunashini, vitex, hebbevu, calotropis tested against early third instar larvae of DBM, the bael found to be highly effective in causing larval mortality of 83.33±1.15, 73.33±2.52 and 70.00 ±1.0 per cent at 4.5, 3.0 and 1.5 per cent concentration, respectively after 120 hrs of the treatment. It was followed by hebbevu with 83.33±0.58, 66.66±0.58 and 63.33±2.08 per cent mortality at same concentration. The moderate mortality was found in datura (80.00±0.0%, 66.67±1.17% & 46.67±0.58%), calotropis(76.67±2.08%, 60.00±2.0 % & 56.67±1.53 %), nagadali (73.33±1.53 %, 60.00±2.0 % & 53.33±0.58 %), tulasi (70.00±0.58%, 63.33±0.58%, & 53.33±1.53%) at 4.5, 3.0 and 1.5 per cent concentration, respectively.  The least larval mortality was noticed in madhunashini with 43.33±1.53, 43.33±1.53 and 33.33±2.89 per cent and lantana with 50.00±1.00, 33.33±0.58 and 26.66±1.15 per cent (Table 2).
Among the ten leaf extracts tested, the least pupation of 16.67±1.15, 26.67±2.52 and 30.00±1.00 per cent was noticed in bael at 4.5, 3.0 and 1.5 per cent concentration, respectively, followed by hebbevu 16.66±0.58, 33.33±0.58 and 36.66±2.08 per cent. The datura (20.00±2.31%, 33.33±1.15 % & 53.33±0.58%) and calotropis (23.33±2.08%, 40.00±2.00% and 43.33±1.53%) found moderately effective. Whereas, lantana was found least effective against Plutellaxylostella by recording higher pupation of 50.00±1.00, 66.67±0.58, 73.33±1.15 per cent at 4.5, 3.0 and 1.5 per cent concentration, respectively.
The results revealed from the bioassay studies that, no adult emergence was noticed from datura leaf extract treated larvae at all concentration tested and found most effective treatment. It was followed by calotropis with 0.00±0, 10.00±1.0 and 10.00±1.0 at 4.5, 3.0 and 1.5 per cent concentration, respectively. The moderate adult emergence was observed in bael (3.33±0.58%, 6.60 ±0.58% and 10.00 ±1.73%), hebbevu (6.66±0.58 %, 10.00±1.73 % and 13.33±1.15 %) and lantana (10.00±1.0%, 13.33±1.53 % and 16.66±1.15%). Whereas, highest adult emergence of 13.33±0.58, 20.00±0.0, 40.00±1.0 per cent was noticed with tulasi at all concentrations.
Overall, among the leaf extracts evaluated, bael and hebbevu were the most effective in causing high larval mortality with reduced pupation and adult emergence, whereas lantana and madhunashini were the least effective against Plutellaxylostella. In general, insecticidal activity increased with increasing concentration of the extracts.
Table 2:	Effect of aqueous leaf extracts of medicinal and aromatic plants on early third instar larvae of Plutellaxylostella at 120 h after treatment
	Leaf extracts
	Concentration(%)
	%Larval mortality(Mean ± SD)
	%Pupation(Mean ± SD)
	% Adult emergence(Mean ± SD)

	Datura
	4.5
	80.00±0.0
	20.00±2.31
	0±0

	
	3.0
	66.67±1.17
	33.33±1.15
	0±0

	
	1.5
	46.67±0.58
	53.33±0.58
	0±0

	Lantana
	4.5
	50.00±1.00
	50.00±1.00
	10.00±1.00

	
	3.0
	33.33±0.58
	66.67±0.58
	13.33±1.53

	
	1.5
	26.67±1.15
	73.33±1.15
	16.67±1.15

	Mehandi
	4.5
	56.67±0.58
	43.33±0.58
	16.67±1.15

	
	3.0
	46.67±0.58
	53.33±0.58
	26.67±0.58

	
	1.5
	43.33±0.58
	56.67±0.58
	30.00±1.00

	Tulasi
	4.5
	70.00±0.58
	30.00±1.0
	13.33±0.58

	
	3.0
	63.33±0.58
	36.67±1.0
	20.00±0.0

	
	1.5
	53.33±1.53
	46.67±1.53
	40.00±1.0

	Bael
	4.5
	83.33±1.15
	16.67±1.15
	3.33±0.58

	
	3.0
	73.33±2.52
	26.67±2.52
	6.60±0.58

	
	1.5
	70.00±1.00
	30.00±1.00
	10.00±1.73

	Nagadali
	4.5
	73.33±1.53
	26.67±1.53
	3.33±0.58

	
	3.0
	60.00±2.00
	40.00±2.00
	13.33±0.58

	
	1.5
	53.33±0.58
	46.67±0.58
	23.33±0.528

	Madhunashini
	4.5
	43.33±1.53
	56.66±1.53
	13.33±0.58

	
	3.0
	43.33±1.53
	56.67±1.53
	30.00±0.00

	
	1.5
	33.33±2.89
	66.66±2.89
	33.33±1.15

	Vitex
	4.5
	63.33±2.08
	36.67±2.08
	13.33±0.58

	
	3.0
	50.00±1.00
	50.00±1.00
	20.00±1.00

	
	1.5
	40.00±2.00
	66.67±3.06
	30.00±2.00

	Hebbevu
	4.5
	83.33±0.58
	16.67±0.58
	6.67±0.58

	
	3.0
	66.67±0.58
	33.33±0.58
	10.00±1.73

	
	1.5
	63.33±2.08
	36.67±2.08
	13.33±1.15

	Calotropis 
	4.5
	76.67±2.08
	23.33±2.08
	0.0±0.0

	
	3.0
	60.00±2.00
	40.00±2.00
	10.00±1.0

	
	1.5
	56.67±1.53
	43.33±1.53
	10.00±1.0


3.3 Rhizome extracts: When three rhizome extracts namely sweet flag, turmeric, ginger wereevaluated for their insecticidal properties against P. xylostella larvae, the turmeric rhizome extract was found highly effective and recorded 86.67±1.15, 66.67±0.58, 53.33±1.15 per cent larval mortality after 120 hrs of the treatment at 2.5, 2.0 and 1.5 per cent concentration, followed by ginger with 66.67±1.53, 40.00±1.0, 23.33±0.58 per cent. Whereas, sweet flag was found less effective with less mortality of 40.33±1.0, 30.00±1.53, 23.33±1.53 per cent at 2.5, 2.0 and 1.5 per cent concentration, respectively (Table 3). 
The data recorded on per cent pupation of larvae treated with rhizome extracts revealed that, the turmeric was found superior with 13.33±1.15, 33.33±1.58, 47.67±1.15 per cent pupation whereas sweet flag was found least effective with 60.67±1.0, 70.00±1.53, 76.67±1.53 per cent pupation at 2.5, 2.0 and 1.5 per cent concentration, respectively.
The results revealed from the adult emergence data that, lowest per cent of adults were emerged in turmeric extract with 6.67±1.15, 20.00±2.65 and 33.33±1.15 per cent. Whereas sweet flag and ginger extracts with high per cent adult emergence with 10.00±1.73, 13.33±1.15 and 16.67±1.53 per cent each at 2.5, 2.0 and 1.5 per cent concentration, respectively.
Among the rhizome extracts, turmeric was the most effective in causing high larval mortality with minimum pupation and adult emergence, followed by ginger, whereas sweet flag was the least effective against Plutellaxylostella. The bioefficacy of all rhizome extracts increased with increase in concentration.



Table 3:	Effect of aqueous rhizome extracts of medicinal and aromatic plants on early third instar larvae of Plutellaxylostella at 120 h after treatment
	Rhizome extracts
	Concentration(%)
	% Larval mortality (Mean ± SD)
	% Pupation (Mean ± SD)
	% Adult emergence (Mean ± SD)

	Sweet flag
	2.5
	40.33±1.00
	60.67±1.00
	10.00±1.73

	
	2.0
	30.00±1.53
	70.00±1.53
	13.33±1.15

	
	1.5
	23.33±1.53
	76.67±1.53
	16.67±1.53

	Turmeric
	2.5
	86.67±1.15
	13.33±1.15
	6.67±1.15

	
	2.0
	66.67±0.58
	33.33±0.58
	20.00±2.65

	
	1.5
	53.33±1.15
	47.67±1.15
	33.33±1.15

	Ginger
	2.5
	66.67±1.53
	33.33±0.0
	10.00±1.73

	
	2.0
	40.00±1.00
	60.00±1.00
	13.33±2.31

	
	1.5
	23.33±0.58
	76.67±0.58
	16.66±0.58



3.4 Other plant extracts: The larval mortality of different plant extracts viz., cinnamon bark, marigold flower and garlic bulb extracts were recorded from bioassay studies. Among which the cinnamon bark extracts showed better results with 73.33±1.53, 63.33±2.08, 46.67±4.16 per cent mortality after 120 hrs of the treatment at 2.5, 2.0 and 1.5 per cent concentration, respectively. Whereas, garlic bulb has registered comparatively less mortality with 60.00±1.00, 43.33±1.53, 20.00±2.0 per cent after 120 h of the treatment and the least mortality was observed in marigold flower extract with mortality of 46.67±4.04, 33.33±1.53, 30.00±2.65 per cent both at 2.5, 2.0 and 1.5 per cent concentration, respectively (Table 4).
Per cent pupation recorded in different plant extracts treatments indicated that, the lowest pupation was noticed in cinnamon bark extract with 26.67±1.53, 36.67±2.08 and 53.33± 4.04 per cent and found better among the tested plant extracts. Whereas, highest pupation was observed in marigold flower extract with 53.33±4.04, 66.67±1.53 and 70.00 ±2.65 per cent from the larvae treated at 2.5, 2.0 and 1.5 per cent concentration, respectively. 
Lowest per cent adult emergence was recorded in cinnamon bark extract with 3.33±0.58, 13.33±0.58, 13.13±1.15 per cent, whereas highest adults were emerged in garlic bulb extract with 20.00±1.00, 13.33±0.58 and 13.33±2.31 at 2.5, 2.0 and 1.5 per cent concentration, respectively. The marigold flower extract at all concentrations registered 6.67±0.58 per cent adult emergence.
Among the other plant extracts, cinnamon bark was the most effective in causing high larval mortality with minimum pupation and adult emergence, whereas marigold flower and garlic bulb were comparatively less effective. The insecticidal efficacy of all extracts increased with increase in concentration.
Table 4:	Effect of aqueous extracts of different parts of medicinal and aromatic plants on early third instar larvae of Plutellaxylostella at 120 h after treatment
	Plant extracts 
	Concentration(%)
	% Larval mortality (Mean ± SD)
	% Pupation (Mean ± SD)
	% Adult emergence (Mean ± SD)

	Cinnamon bark extract
	2.5
	73.33±1.53
	26.67±1.53
	3.33±0.58

	
	2.0
	63.33±2.08
	36.67±2.08
	13.33±0.58

	
	1.5
	46.67±4.16
	53.33±4.16
	13.13±1.15

	Marigold flower extract
	2.5
	46.67±4.04
	53.33±4.04
	6.67±1.15

	
	2.0
	33.33±1.53
	66.67±1.53
	6.67±0.58

	
	1.5
	30.00±2.65
	70.00±2.65
	6.67±1.15

	Garlic bulb extract
	2.5
	60.00±1.00
	40.00±1.0
	20.00±1.00

	
	2.0
	43.33±1.53
	56.67±1.53
	13.33±0.58

	
	1.5
	20.00±2.00
	80.00±2.00
	13.33±2.31


Overall, the results of the present investigation clearly demonstrated that aqueous extracts of several medicinal and aromatic plants exhibited significant insecticidal activity against Plutellaxylostella. Among all treatments, neem seed kernel extract (NSKE) and bael, datura and turmeric extracts were consistently superior in causing high larval mortality and reducing pupation and adult emergence. Moderate efficacy was recorded with pongamia, hebbevu, ginger and cinnamon bark, while extracts such as jatropha, sweet flag, lantana and marigold were comparatively less effective. These findings indicate the strong potential of selected plant extracts as eco-friendly alternatives for the management of diamondback moth.
4. DISCUSSION: The present study demonstrated that several aqueous extracts of medicinal and aromatic plants possess significant insecticidal potential against early third instar larvae of the diamondback moth, Plutellaxylostella. Among the twenty plant extracts tested, neem seed kernel extract (NSKE) was consistently the most effective, causing the highest larval mortality of 93.33, 83.33, and 70.00 per cent at 2.5, 2.0, and 1.5 per cent concentrations, respectively. It also resulted in the lowest pupation (6.67–30.00%) and adult emergence (0–16.67%), indicating both toxic and growth-regulating effects on the larvae. The superior performance of NSKE can be attributed to the presence of multiple bioactive compounds, including azadirachtin, which interfere with feeding behavior, digestive enzyme activity, and hormonal regulation of moulting and metamorphosis (Amtul, 2014; Goudegnonet al., 2000). 
Among other seed extracts, pongamia showed considerable larval mortality (90.00%, 80.00%, 63.33% at 2.5%, 2.0%, and 1.5%), while custard apple and jatropha were less effective. The trend of decreasing efficacy from NSKE to jatropha indicates that different seeds contain variable concentrations of bioactive compounds influencing insect mortality and development. 
In leaf extracts, bael and hebbevu were the most effective, causing larval mortality of 83.33, 73.33 and 70.00 per cent and 83.33, 66.67 and 63.33 per cent, at 4.5, 3.0, and 1.5 per cent concentrations, respectively along with reduced pupation and adult emergence. In contrast, lantana and madhunashini exhibited lower larval mortality (50.00–26.66% and 43.33–33.33%) and higher pupation, suggesting weaker insecticidal potential. Extracts such as datura and calotropis demonstrated high larval mortality but variable effects on adult emergence, highlighting differences in growth-regulating effects among plants.
Among rhizome extracts, turmeric was the most effective, causing larval mortality of 86.67, 66.67, and 53.33 per cent at 2.5, 2.0 and 1.5 per cent concentrations, followed by ginger. Sweet flag showed the least effect (40.33–23.33%). Among other plant parts tested, cinnamon bark exhibited superior efficacy (73.33–46.67%) compared to marigold (46.67–30.00%) and garlic (60.00–20.00%), confirming that insecticidal potential varies among plant parts.
The overall results indicate that the efficacy of all extracts increased with increasing concentration, suggesting a dose-dependent response. These findings are in agreement with previous reports where NSKE and pongamia extracts were found highly effective against P. xylostella and other lepidopteran pests (Patil, 2006; Mondedjiet al., 2016; Ramya et al., 2008). Variations observed in the efficacy of certain extracts, such as tulasi or sweet flag, compared to other studies may be due to differences in insect species, larval stages, plant parts used, and extraction methods (Summarwar and Pandey, 2016; Behera and Satapathy, 1997). 
Overall, the present study confirms the strong insecticidal and growth-regulating potential of selected medicinal and aromatic plants, particularly neem, bael, and turmeric, highlighting their suitability for integration into eco-friendly pest management strategies against Plutella xylostella. The present laboratory results are further supported by recent studies that demonstrated the effectiveness of medicinal and aromatic plant extracts against P. xylostella under both laboratory and field conditions, emphasizing their practical applicability. Recent investigations have also shown that appropriate extraction methods and aqueous formulations enhance insecticidal efficacy while ensuring safety to natural enemies and the environment (Gaddennavar et al., 2024; Gaddennavar et al., 2026). Collectively, these findings reinforce the potential of botanical extracts as good components of Integrated Pest Management (IPM) programs for sustainable management of diamondback moth.
CONCLUSION: The present study demonstrated that aqueous extracts of selected medicinal and aromatic plants possess significant insecticidal activity against early third instar larvae of the diamondback moth, Plutellaxylostella. Among the extracts evaluated, neem seed kernel extract (NSKE) was the most effective, recording the highest larval mortality of 93.33 per cent at 2.5 per cent concentration after 120 h of treatment, along with minimum pupation and adult emergence, followed by pongamia (90.00%), turmeric rhizome (86.67%), bael and hebbevu leaf extracts (83.33%), indicating both toxic and growth-inhibitory effects. Moderate efficacy was recorded with datura (80.00%), calotropis (76.67%) and cinnamon bark (73.33%), whereas jatropha and sweet flag were found to be the least effective each registering 40.00 per cent mortality.
The insecticidal activity of all plant extracts increased with increasing concentration, demonstrating a clear dose-dependent response. These results confirm the strong potential of selected medicinal and aromatic plant extracts particularly NSKE, bael, and turmeric, as eco-friendly alternatives for the management of diamondback moth and support their inclusion in integrated pest management programmes to reduce reliance on synthetic insecticides.
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