Screening of selected medicinal and aromatic plants for their insecticidal activity against diamondback moth, Plutella xylostella (L.)
ABSTRACT: The diamondback moth, Plutella xylostella (L.) is a major pest of cruciferous vegetables causing severe yield losses, and its rapid development of resistance to synthetic insecticides necessitates the search for eco-friendly alternatives. A laboratory screening study was conducted at the College of Horticulture, Bengaluru, to identify promising insecticidal plants from twenty medicinal and aromatic plants using seed, leaf, rhizome and other plant part extracts prepared in aqueous and methanol solvents through the leaf-dip bioassay method against early third instar larvae of P. xylostella. Among the aqueous extracts, neem seed kernel extract (NSKE) at 2.5% exhibited the highest larval mortality (93.33%) after 120 h of the treatment followed by pongamia (90.00%), turmeric (86.67%), bael and hebbevu (83.33%), datura (80.00%) and calotropis (76.67%), while jatropha and sweet flag recorded the lowest mortality (40.00%). Methanol extracts showed consistently superior insecticidal activity compared to aqueous extracts. NSKE recorded the highest larval mortality (96.67%), followed by pongamia (93.33%) and datura (86.67%) at 2.5% concentration after 120 h. Turmeric, hebbevu and cinnamon were statistically on par with mortalities of 90.00, 86.67 and 76.67%, respectively, whereas lantana and marigold were least effective (43.33%). NSKE and pongamia treatments significantly suppressed pupation and adult emergence, indicating strong growth-regulating effects. Overall, screening of twenty medicinal and aromatic plants identified several promising botanical insecticides, with NSKE at 2.5% being the most effective, followed by pongamia and leaf extracts of datura, calotropis, bael, hebbevu and nagadali. The consistently higher efficacy of methanol extracts further indicates its superiority in extracting bioactive compounds. These plants can therefore be considered promising eco-friendly alternatives for the sustainable management of diamondback moth on cabbage and cruciferous crops.
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1. INTRODUCTION: The present plant protection strategies for managing insect pests depend heavily on the use of synthetic insecticides. Their uninterrupted and massive application has created several serious problems such as pest resurgence, secondary pest outbreaks, environmental pollution and severe human health hazards. In order to overcome these problems, continuous efforts are being made to develop alternative pest management approaches that are economical, effective and environmentally safe. One such promising approach that has gained worldwide attention is the use of plant products possessing insecticidal activity (Uma, 2009).
Plant-derived phytochemicals have been widely used in the management of agricultural pests since time immemorial. These botanical pesticides are eco-friendly, non-toxic to non-target organisms, non-persistent in nature and do not promote resistance development. Consequently, researchers worldwide are actively engaged in the search for novel plant products that can be effectively utilized in insect pest management (Liu et al., 2007).
Of the estimated 3,50,000 plant species worldwide (Ganeshaiah, 2004), only a very small proportion has been explored for insecticidal potential. So far, about 2,400 plant species belonging to 189 families have been reported to possess pesticidal properties, with nearly 22 genera containing more than ten insecticidal plant species in each family (Koul, 1983). Plants function as natural chemical laboratories, synthesizing a wide array of secondary metabolites such as alkaloids, terpenoids, flavonoids, phenols, glycosides, sitosterols and tannins that help defend them against insect attack. More than 10,000 plant-derived chemicals are known to possess insecticidal properties, although botanicals presently constitute only about one per cent of the global insecticide market (Akhtar and Isman, 2007).
In recent years, except for neem-based products, very few botanicals are widely used in pest management. However, extensive literature indicates that many medicinal and aromatic plants possess a large proportion of biologically active compounds with insecticidal, repellent, antifeedant, growth-inhibitory, ovicidal and oviposition-deterrent properties (Liu et al., 2007; Afiunizadeh et al., 2022). These plants are easily available, traditionally used for medicinal purposes and are generally considered safe for humans, making them attractive alternatives to synthetic insecticides.
Despite their potential, limited research has been carried out to assess the efficacy of medicinal and aromatic plants against major insect pests. One such serious pest is the diamondback moth, Plutella xylostella (L.)(Lepidoptera: Plutellidae) isthe most destructive and dreaded insect pest of cruciferous vegetables, causing up to 90 per cent loss in the marketable yield of cabbage (Gashawbeza, 2006). At the farmer level, pesticides remain the primary means of managing this pest; however, the control achieved is often unsatisfactory due to the rapid development of resistance to almost all insecticides, including biopesticides such as Bacillus thuringiensis and spinosyns (Tabashnik et al., 2003). Even newer insecticide molecules have failed to provide consistent control of this pest.
The growing concern over heavy pesticide use, associated health hazards, pesticide residues in vegetables and the rapid build-up of resistance has strengthened the need to explore medicinal and aromatic plants for the management of diamondback moth on cruciferous crops (Liang et al., 2003). Therefore, the present investigation was undertaken to screen selected medicinal and aromatic plants for their insecticidal activity against diamondback moth, Plutella xylostella (L.).

2. MATERIALS AND METHODS:
2.1 Mass rearing of the test insect, Plutella xylostella:The culture of diamondback moth (P. xylostella) was maintained under laboratory conditions following the method of Liu and Sun (1984) with suitable modifications. Mustard seedlings were raised in plastic cups (8 × 4 cm) filled with well-soaked vermiculite (1.5 cm depth). Seeds germinated within three to four days and seedlings were watered as required.
Late instar larvae and pupae collected from cabbage fields in and around Bengaluru were used to initiate the culture. Larvae were reared on mustard seedlings until pupation. Pupae were transferred to oviposition cages (35 × 10 × 35 cm) for adult emergence. Adults were provided with 10 per cent honey solution on cotton and three- to four-day-old mustard seedlings for oviposition. After 24 hours, egg-bearing seedlings were transferred to rearing cages and fresh seedlings were supplied daily.
Neonate larvae initially mined leaves, while later instars consumed the entire leaf. Larvae were transferred to fresh seedlings as needed until pupation. During the fourth instar, folded paper strips were provided for pupation. For synchronized emergence, pupae were temporarily stored in a refrigerator. Only F₁ generation larvae were used in the experiments. All rearing equipment was regularly disinfected with two per cent sodium hypochlorite solution to prevent contamination, and precautions were taken to protect the culture from predators.
2.2 Collection of plant materials: The selection of promising medicinal and aromatic plants used in the present study was made on the basis of their known or unknown efficacy against insect pests from at horough review and also their availability. A list of plants used for assessing their insecticidal activity is provided in the Table 1. 
Plant materials such as tulasi, bael, mehendi, vitex, nagadali, hebbevu, sweet flag, marigold and calotropis were collected from the Medicinal Plants Block and Floriculture Block of the College of Horticulture, Bengaluru. Datura, cinnamon, turmeric and ginger were collected from the Bagalkot region, while lantana and garlic bulbs were obtained from Shimoga. Madhunashini, neem, pongamia and jatropha were collected from the University of Agricultural Sciences, GKVK campus, Bengaluru. Custard apple seeds were procured from the Regional Horticultural Research and Extension Centre, Bengaluru. The botanical identity of all the collected plant materials was authenticated prior to their use in the study.





Table 1: List of medicinal and aromatic plants evaluated for their insecticidal activity against Plutella xylostella
	Sl. No. 
	Common name 
	Scientific name 
	Family 
	Parts explored 

	1. 
	Neem 
	Azadirachta indica A. Juss. 
	Meliaceae 
	Kernels 

	2. 
	Datura 
	Datura stramonium L. 
	Solanaceae 
	Leaves 

	3. 
	Lantana 
	Lantana camera L. 
	Verbenaceae 
	Leaves 

	4. 
	Mehandi 
	Lowsomia inermis L. 
	Lythraceae 
	Leaves 

	5. 
	Custard apple 
	Annona squamosa L. 
	Annonaceae 
	Seeds 

	6. 
	Tulasi 
	Ocimum sanctum L. 
	Laminaceae 
	Leaves 

	7. 
	Bael 
	Laurus nobilis L. 
	Rutaceae 
	Leaves 

	8. 
	Cinnamon 
	Cinnamomum verum J. Presl 
	Louraceae 
	Bark 

	9. 
	Marigold 
	Tagetus minute L. 
	Asteraceae 
	Flower 

	10. 
	Calotropis 
	Calotropis gingante L. 
	Apocynaceae 
	Leaf 

	11. 
	Pongamia 
	Pongamia pinnata L. 
	Fabaceae 
	Seeds 

	12. 
	Sweet flag 
	Acorus calamus L. 
	Zingiberaceae 
	Rhizome 

	13. 
	Jatropha 
	Jatropa curcus L. 
	Euphorbiaceae 
	Seeds 

	14. 
	Garlic 
	Allium sativum L. 
	Amaryllidaceae 
	Bulbs 

	15. 
	Turmeric 
	Curcuma longa L. 
	Zingiberacaea 
	Rhizome 

	16. 
	Ginger 
	Zingiber officinale Roscoe. 
	Zingiberacaea 
	Rhizome 

	17. 
	Nagadali 
	Ruta graveolens L. 
	Rutaceae 
	Leaves 

	18. 
	Madhunashini 
	Gymnema sylvestre R.Br. 
	Ascelpidaceae 
	Leaves 

	19. 
	Vitex 
	Vitex nigundo L. 
	Laminaceae 
	Leaves 

	20. 
	Hebbevu 
	Melia dubia Cav. 
	Miliaceae 
	Leaves 



2.3 Preparation of plant extracts: The different parts of the selected medicinal and aromatic plants (as listed in Table 1) 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 and methanol solvents following standard extraction procedures described by Mishra and Singh (2014) and Amerasan et al. (2015), respectively.
2.3.1 Aqueous extracts: Aqueous extracts of the selected medicinal and aromatic plants were prepared following the method described by Mishra and Singh (2014). Ten grams of powdered plant material were mixed with 100 ml of distilled water and stirred using a mechanical stirrer for eight hours. The mixture was then filtered through Whatman No. 1 filter paper into a conical flask. The filtrate was concentrated in a hot water bath at 60 °C until complete evaporation of water. The weight of the resulting semi-solid crude extract was recorded and a stock solution was prepared by dissolving the extract in a known quantity of distilled water for use in bioassay studies.
2.3.2Methanol extracts: Methanol extracts were prepared following the Soxhlet extraction method described by Amerasan et al. (2015). Four grams of powdered plant material were placed in a thimble and extracted with 80 ml of methanol using a Soxhlet apparatus. The extraction was carried out at 60 °C for one hour, followed by evaporation of the remaining solvent at boiling temperature for one and half hours. The crude extract obtained was weighed and stock solutions were prepared by dissolving the extract in a known quantity of distilled water for further 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 method as described by Kumar et al. (2009). Freshly moulted early third instar larvae of Plutella xylostella were used as test insects for all bioassays.Test concentrations of each plant extract were prepared from the stock solution by serial dilution. For seed, rhizome and other plant parts, the concentrations maintained were 2.5, 2.0 and 1.5 per cent, whereas for leaf extracts, the concentrations used were 4.5, 3.0 and 1.5 per cent.
A soap solution at 0.05 per cent was added to all treatments and control as a sticking agent. Uniform-sized leaf discs were prepared from fresh cabbage leaves and dipped in the respective extract solutions for 15 seconds, air-dried under shade and transferred to Petri plates. Ten freshly moulted early third instars larvae of DBM were released on each treated leaf disc, which constituted one replication. Three replications were maintained for each 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 was continued until complete larval mortality or pupation of all test insects.
Observations:Larval mortality was recorded at 24-hour intervals after treatment until complete larval mortality or pupation of all test insects was observed. The pupae were separated and further observed for adult emergence. The observed mortality data were corrected using Abbott’s formula (1925).
2.5 Statistical analysis: The data on concentration and time mortality responses were subjected probitanalysis as described by Finney (1952). The LC50 and LT50 values were worked for thesedata using SPSS advanced statistics programme version 16.0. The data on per centmortality obtained with various experiments were analyzed with one- way analysis ofvariance after subjecting the data to Arc-sine transformation. 
3. RESULTS: A total of twenty medicinal and aromatic plants, extracted using aqueous and methanol solvents, were evaluated for their insecticidal activity againstearly thirdinstar larvae of diamondback moth (Plutella xylostellaL.) under laboratory conditions using theleaf dip bioassay method.The effects of these treatments on larval mortality, pupation, and adult emergence were recorded, and the results are presented and discussed under the following sub-headings.
3.1 Effect of aqueous plant extracts on diamondback moth (Plutella xylostellaL.)
The data on larval mortality, per cent of treated larvae entered in to the pupation
and subsequent per cent adult emergence from these pupae in different plant extracts which were evaluated for assessing their insecticidal activity against DBM were recorded and presented in the Table 2.
The larval mortality registered with different plant extracts tested at 2.5 per cent
concentration revealed that, the NSKE showed highest mortality with 93.33 per cent and
which is significantly differed from all other plant extracts tested, followed by seed extract of pongamia and rhizome extract of turmeric with 90.00 and 86.67 per cent mortality, respectively. Next best plants in the order of efficacy were bael (83.33%), hebbevu (83.33%) and calotropis (76.67%) and these were statistically on par with each other. Whereas, Jatropha and sweet flag extracts registered lower mortality each with 40.00 per cent.
The similar trend was observed in respect of per cent pupation. The lower per cent
pupation was observed in NSKE (6.67%) followed by seed extract of pongemia andrhizome extract of turmeric with 10.00, 13.33 per cent pupation, respectively at 2.5 per
cent concentration. Whereas, 60.00 per cent pupation was recorded in sweet flag andjatropha extracts and thus these extracts found less effective. While, highest per centpupation with 86.67 was recorded in untreated control.
The data on per cent adult emergence from the larvae treated with different plant
extracts indicated that, none of the treated larvae successfully entered in to the adult stage
in the case of NSKE, datura and calotropis. This was followed by seed extract of pongemia, leaf extract bael and bark extract of cinnamon where 3.33 per cent adult emergence was observed. Whereas, highest adult emergence of 20.00 per cent was recorded with bulb extract of garlic of the different plant extracts tested. However, the untreated control registered highest adult emergence of 96.67 per cent and it was significantly different from other treatments.
	













Table 2:	Effect of aqueous extracts of medicinal and aromatic plants on early third instar larvae of Plutellaxylostella at 120 h after the treatment
	Plants extracts
	Conc.
(%)
	Aqueous extracts

	
	
	Larval mortality(%)
	Pupation
(%)
	Adult emergence(%)

	1. Neem seed kernel extract
	2.5
	93.33
 (77.59)a
	6.67 
(12.41)i
	0.00 
(0.36)e

	2. Datura leaf extract
	4.5
	80.00 
(63.93)abcde
	20.00 
(26.07)efghi
	0.00
 (0.36)e

	3. Lantana leaf extract
	4.5
	50.00 
(45.00)fgh
	50.00 
(45.00)bcde
	10.00 
(15.12)bcd

	4. Mehandi leaf extract
	4.5
	56.67 
(48.84)efgh
	43.33 
(41.15)bcdef
	16.67 
(23.60)bc

	5. Custard apple seed extract
	2.5
	66.67 
(55.37)defgh
	33.33
 (12.41)cdefgh
	10.00
 (15.10)bcd

	6. Tulasi leaf extract
	4.5
	70.00
 (56.99)cdefg
	30.00
(34.63)cdefgh
	13.33
 (21.14)bc

	7. Bael leaf extract
	4.5
	83.33 
(66.64)abcd
	16.67
 (33.02)fghi
	3.33 
(6.39)de

	8.Cinnamon bark extract
	2.5
	73.33 
(59.37)abcdef
	26.67 
(23.36)cdefghi
	3.33 
(6.39)de

	9. Marigold flower extract
	2.5
	46.67 
(37.98)fgh
	23.33 
(30.99)bcdef
	6.67
 (9.09)cde

	10. Calotropis flower extract
	4.5
	76.67
 (65.73)abcd
	23.33
(28.29)fghi
	0.00 
(0.36)e

	11. Pongamia seed extract
	2.5
	90.00 
(74.88)ab
	10.00 
(24.27)hi
	3.33 
(6.39)de

	12. Sweet flag rhizome extract
	2.5
	40.00 
(39.14)h
	60.00 
(50.85)bc
	10.00 
(11.31)cde

	13. Jatropha seed extract
	2.5
	40.00 
(34.34)h
	60.00 
(55.85)b
	10.00 
(18.43)bcd

	14. Garlic bulb extract
	2.5
	60.00 
(50.85)defgh
	40.00 
(39.14)bcdef
	20.00
 (26.07)b

	15. Turmeric rhizome extract
	2.5
	86.67
 (72.17)abc
	13.33 
(17.83)ghi
	6.67 
(9.09)cde

	16. Ginger rhizome extract
	2.5
	66.67 
(55.07)defgh
	33.33 
(34.93)cdefgh
	10.00 
(11.31)bcd

	17. Nagadali leaf extract
	4.5
	73.33 
(59.70)bcdef
	26.67
(30.292)defghi
	3.33
 (6.39)de

	18. Madhunashini leaf extract
	4.5
	43.33
 (41.07)gh
	56.67 
(48.93)bcd
	13.33
 (21.15)bc

	19.Vitex leaf extract
	4.5
	63.33 
(53.15)defgh
	36.67 
(36.85)bcdefg
	13.33
 (53.85)bc

	20. Hebbevu leaf extract
	4.5
	83.33 
(66.14)abcd
	16.67 
(23.86)fghi
	6.67 
(12.41)cde

	21. Control
	
	3.33 
(6.39)i
	96.67
 (83.61)a
	96.67
 (83.61)a

	SEm ±
	-
	10.30
	8.96
	3.13

	CD(P=0.05)
	-
	29.44
	25.62
	8.95


Figures in parenthesis are arc sign transformed values. 
Figures in each column followed by same alphabet (s) are not significantly different (P=0.05) by DMRT
3.2Effect of onMethanol extractsdiamondback moth (Plutella xylostella L.):The results of methanol extracts of different medicinal and aromatic plants on larval mortality, pupation and adult emergence of P. xylostella are presented in Table 3.
The NSKE found to be superior by registering highest larval mortality with96.67 per cent and found significantly different from all other plant extracts tested,followed by seed extract of pongamia with 93.33 and datura with 86.67 per cent mortalitywhen tested all of these extracts at 2.5 per cent concentration and morality recorded after120 hours of the treatment. The rhizome, leaf and bark extracts of turmeric, hebbevu andcinnamon were found on par with each other and showed mortality of 90.00, 86.67 and76.67, respectively. While leaf extract of lantana and flower extract of marigold were foundless effective in inducing mortality with 43.33 per and in control 3.33 per cent each at 2.5per cent concentration after 120 hours of the treatment.
The NSKE registered significantly lesser level of per cent pupation with 3.33 per
cent followed by pongemia with 6.67 per cent at 2.5 concentration. Turmeric (10.00 %),
datura (13.33%), and nagadali (13.33 %) found next best treatments and on par with each
other. Whereas, the lantana and marigold were less effective by recording higher per cent
pupation with 56.67 per cent at 2.5 concentration and on par with each other. While, highestof 96.67 per cent pupation observed in case of untreated control.
Relatively lesser level of adult emergence was recorded in NSKE, pongamia,datura, nagadali and calotropis extracts each with 3.33 per cent at 2.5 per centconcentrations and found on par with each other. The moderate adult emergence wasnoticed in sweet flag (4.00%), turmeric (6.67%), cinnamon (6.67%), lantana (10.00%) andcalotropis (10.00%) and which were also at par with each other. Whereas, the least adultemergence was found with leaf extract of mehandi and tulasi, seed extract of custard appleand rhizome extract of ginger by recording 3.33 per cent adult emergence in each extractand which were at par with each other. While, maximum per cent adult emergence was observed in untreated control (93.33%).



Table 3:	Effect of methanol extracts of medicinal and aromatic plants on early third instar larvae of Plutellaxylostella at 120 h after the treatment
	Plants extracts
	Conc.
 (%)
	Methanol extracts

	
	
	Larval mortality(%)
	Pupation
(%)
	Adult emergence(%)

	1. Neem seed kernel extract
	2.5
	96.67
(83.61)a
	3.33
(6.39)i
	3.33
(6.39)b

	2. Datura leaf extract
	4.5
	86.67
(76.69)abc
	13.33
(13.32)ghi
	3.33
(6.38)b

	3. Lantana leaf extract
	4.5
	43.33
(41.15)g
	56.67
(48.85)b
	10.00
(15.12)b

	4. Mehandi leaf extract
	4.5
	70.00
(57.0)cdefg
	30.00
(33.15)bcdefg
	13.33
(21.14)b

	5. Custard apple seed extract
	2.5
	60.00
(50.85)efg
	40.00
(39.15)bcd
	13.33
(21.14)b

	6. Tulasi leaf extract
	4.5
	56.67
(48.93)efg
	36.67
(36.14)bcde
	13.33
(21.14)b

	7. Bael leaf extract
	4.5
	86.67
(72.17)abcd
	13.33
(17.83)efghi
	3.33
(6.36)b

	8.Cinnamon bark extract
	2.5
	76.67
(65.73)abcde
	23.33
(24.27)defghi
	6.67
(8.97)b

	9. Marigold flower extract
	2.5
	43.33
(41.07)g
	56.67
(48.93)b
	13.33
(18.43)b

	10. Calotropis flower extract
	4.5
	80.00
(77.50)abcdef
	20.00
(26.07)cdefghi
	10.00
(21.14)b

	11. Pongamia seed extract
	2.5
	93.33
(83.61)ab
	6.67
(12.41)hi
	3.33
(6.38)c

	12. Sweet flag rhizome extract
	2.5
	70.00
(56.70)cdefg
	30.00
(33.00)bcdefg
	4.00
(15.12)b

	13. Jatropha seed extract
	2.5
	70.00
(50.78)cdefg
	30.00
(33.00)bcdefg
	10.00
(18.43)b

	14. Garlic bulb extract
	2.5
	60.00
(74.89)efg
	40.00
(39.23)bcd
	13.33
(21.14)b

	15. Turmeric rhizome extract
	2.5
	90.00
(45.00)abcd
	10.00
(15.12)fghi
	6.67
(12.41)b

	16. Ginger rhizome extract
	2.5
	50.00
(45.00)fg
	50.00
(45.00)bc
	13.33
(21.14)b

	17. Nagadali leaf extract
	4.5
	76.67
(65.73)abcde
	13.33
(13.31)ghi
	3.33
(6.38)b

	18. Madhunashini leaf extract
	4.5
	66.67
(55.77)defg
	33.33
(34.22)bcdef
	10.00
(15.12)b

	19.Vitex leaf extract
	4.5
	76.67
(61.22)bcdef
	23.33 (28.78)bcdefgh
	10.00
(18.43)b

	20. Hebbevu leaf extract
	4.5
	86.67
(72.66)abcd
	13.33
(17.33)efghi
	3.33
(6.38)b

	21.Control
	
	3.33
(6.39)h
	96.67
(83.61)a
	93.33
(83.61)a

	SEm ±
	
	7.43
	8.06
	3.78

	CD(P=0.05)
	
	21.22
	23.04
	10.80


Figures in parenthesis are arc sign transformed values.



Figures in each column followed by same alphabet (s) are not significantly different (P=0.05) by DMRT



DISCUSSION:Aqueous and methanol extracts of twenty medicinal and aromatic plants werescreened in the present study for their insecticidal activity against diamondback moth,Plutella xylostella. The results obtained in respective extracts were discussed here underwith relevant previous work.
Aqueous extracts: Among the plant extracts tested, neem seed kernel extract (NSKE) exhibited the highest insecticidal activity against early third instar larvae of DBM. The superior efficacy of NSKE over other extracts may be attributed to the presence of neem-derived bioactive compounds which interfere with insect feeding and growth processes. Extracts of pongamia, datura, turmeric, bael and hebbevu also showed considerable insecticidal activity, whereas marigold, madhunashini, sweet flag and jatropha were comparatively less effective.
The lower pupation and adult emergence observed in NSKE-treated larvae indicate that neem not only induces mortality but also disrupts normal development of the insect. This effect is mainly due to the presence of multiple phytochemicals which act synergistically to inhibit digestive enzymes such as α-amylase, thereby affecting nutrient utilization and insect growth (Amtul, 2014). The growth-regulating effect of neem is not dependent solely on azadirachtin but results from the combined action of several active compounds, as also suggested by Goudegnon et al. (2000).
The present findings are in close agreement with Patil (2006) who reported that the NSKE at 4and 2 per cent concentrations caused 79.99 and 77.78 per cent larval mortality,respectively, followed by pongamia seed kernel extract (40.00 %), custard apple seed extract (37.37 %) and mahua seed extract (24.44 %) Further, the author also mentioned that, the number of treated larvae that pupated and developed in to adults was lowest forthe NSKE compared to other extracts. Similar insecticidal and oviposition-deterrent effects of medicinal plant extracts against P. xylostella have also been reported by Afiunizadeh et al. (2022).The present results are also in confirmation with findings of Mondedji et al. (2016), who reported superiority efficacy of NSKE against fourth instar larvae of P. xylostella by recording higher larval mortality and lowest pupation and adult emergence (57.78 %)
The efficacy of other plant extracts exhibited in the present investigation was alsoobserved by Ramya et al. (2008) wherein, the extracts of Datura metal Andrographispaniculata and Catharanthus roseus were found highly effective by recording significant
larval mortality ranged from 10.8 to 72.8 per cent against the fourth instar larvae ofHelicoverpa armigera. The level of efficacy observed in present study with rhizome extract of turmeric was more or less in agreement with Javier et al. (2017) who also reported that Curcuma longa was found to be the most toxic with LC50 values of 5.93 mg/ml by leaf residue film method. Whereas, the lowest efficacy obtained with leaf extract of tulsi in the present study is in contradictory with that of Summarwar and Pandey (2016)where 77.30 per cent larval mortality of spodoptera litura was recorded at 2 per cent concentration. However, the efficacy observed with sweet flag in the present study is in conformity withBehera and Satapathy (1997) who reported that sweet flag (Acorus calamus) induced 38.6 and 37.33 per cent abnormalities due to morphogenetic effects both by leaf dip and topical application, respectively against Helicoverpa armigera.
Methanol extracts: Among the twenty medicinal and aromatic plants tested, neem seed kernel extract (NSKE) was the most effective against P. xylostella larvae, followed by pongamia, turmeric, datura, bael, hebbevu, and calotropis. Moderate larval mortality was observed with nagadali, cinnamon, vitex, mehandi, sweet flag, jatropha, and madhunashini, while lantana and marigold were the least effective. Methanol extracts of NSKE and pongamia not only caused high larval mortality but also significantly inhibited pupation and adult emergence, indicating strong growth-regulating effects. In contrast, larvae treated with lantana and marigold showed higher pupation rates but failed to reach adulthood.
The present findings are in confirmation with findings of Sharma et al., (2014) whoreported that, the toxic effect of methanol and hexane extracts of neem againstdiamondback moth. Methanol and ethanol extract of neem showed 100 and 51.67 per cent mortality at 3 per cent concentration. Similar observations were also made by Vishal
Kumar et al. (2006) where the methanolic extracts of crude seed oil of Karanj showed the
maximum growth reduction against the larvae of Spodoptera litura (EC50: 0.11).Over all, the per cent larval mortality when pooled for both aqueous and methanolsolvent extracts for all twenty plants which indicated that the principle insecticidalcomponentsextracted with methanol solvent found to be superior as that of aqueousextracts, irrespective of the tested plants and their plant parts taken for evaluation of theirinsecticidal activity (Fig. 1, 2 & 3).



















Fig. 1: Effect of aqueous and methanol seed extract of medicinal and aromatic plants on early third instars larvae of Plutella xylostella at 2.5 % concentration






Fig. 2:	Effect of aqueous and methanol leaf extracts of medicinal and aromatic plants on early third instars larvaeof Plutellaxylostellaat 4.5 % concentration



Fig. 3:	Effect of aqueous and methanol rhizome extracts of medicinal and aromatic plants on early third instar larvae of Plutellaxylostella at 2.5% concentration



CONCLUSION: Screening of twenty medicinal and aromatic plants under laboratory conditions using leaf-dip bioassays identified several promising plants for their insecticidal activity against diamondback moth. The neem seed kernel extract (NSKE) at 2.5% was found to be the most effective, followed by seed extract of pongamia and leaf extracts of datura, calotropis, bael, hebbevu, and nagadali. Methanol extracts consistently exhibited higher efficacy than aqueous extracts, indicating that methanol is a superior solvent for extracting bioactive insecticidal compounds. Based on these findings, neem, pongamia, datura, calotropis, bael, nagadali, and hebbevu can be considered potential botanical insecticides for the sustainable management of diamondback moth on cabbage.
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Aqueous 	Neem	Pongemia 	Custard apple 	Jatropha 	93.33	90	66.669999999999987	40	Methanol	Neem	Pongemia 	Custard apple 	Jatropha 	96.66	93.33	60	70	Plants

Larval mortality (%)



Aqueous 	Datura	Lantana	Mehandi	Tulasi	Bael	Nagadali	Madhunashini	Vitex	Hebbevu	Calotropis   extract	80	50	56.660000000000011	70	83.33	73.33	43.33	63.33	83.33	76.66	Methanol	Datura	Lantana	Mehandi	Tulasi	Bael	Nagadali	Madhunashini	Vitex	Hebbevu	Calotropis   extract	86.66	43.33	70	56.660000000000011	86.66	76.66	76.66	76.66	86.66	80	Plants



Aqueous 	Sweet flag	Turmeric	Ginger	40.33	86.66	66.66	Methanol	Sweet flag	Turmeric	Ginger	70	90	73.33	Plants





