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The experiment was conducted at College of Agriculture, University of Agricultural Sciences, Raichur, India during Rabi, 2022-23 for management of major lepidopteran insect pests of cabbage. The treatments viz.,Isaria fumosorosea 5g/L,Beauveria bassiana4g/L, Neem Seed Pellets Powder-NSPP 30g/L, commercial neem product 1500 ppm (Neemsuper-1500) 2ml/L, Lecaniciliumlecani4g/L, Commercial Bt (Bacillus thuringiensis var kurtsaki) 2ml/L, Metarhiziumrileyi 4g/L,Metarhiziumanisopliae 4g/L and controlwere applied twice with three replications. Data indicated that per cent reduction in larval population of DBM over untreated check was maximum in both the sprays commercial Bt(92.77%; 90.76%) followed by Beauveriabassiana(91.69%; 90.00%). Whereas, per cent reduction of head borer population was maximum in commercial neem (70.56%; 74.71%), followed by commercial Bt (61.93%; 65.19%). CommercialBtobtained higher yield (20.01 t/ha).Field efficacy of eco-friendly bio-rational indicated that promising bio-rational insecticides can be used as an alternative to chemical management.
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Introduction:
Among crucifer’s vegetables, cabbage (Brassica oleraceae var. capitata L.) is a most popular and frequently produced winter crop throughout India.In India, cabbage is planted over 397thousand hectares, with an annual production of9.21 million metric tons and an average productivityof 23.19 MT ha-1. Major cabbage-growing statesinclude West Bengal, Uttar Pradesh, Odisha, Bihar,Assam, Maharashtra, and Karnataka, with UttarPradesh alone providing 348.94 thousand MTannually (Sharma et al., 2022).Cabbage is a good source of dietary fiber, vitamins, and minerals despite being low in calories. High levels of calcium, iron, iodine, potassium, sulfur, and phosphorus also make it noteworthy. Because of its anti-cancer properties, cabbage is an amazing dietary treatment for the terrible disease of cancer. (USDA, 2009).
The productivity of cabbage is much lower due to various causes and among them heavy attack of insect-pests is the major constraint.Cabbage productionin India is severely constrained by insect pestinfestations, with around 37 species reported.Among these, the diamondback moth (Plutella xylostella L.), cabbage leaf webber (CrocidolomiabinotalisZell.), head borer (Helulaundalis L.), tobacco caterpillar (Spodopteralitura Fab.), cabbage semilooper (TrichoplusianiHübner), cabbage butterfly (Pierisbrassicae L.),flea beetles (PhyllotretacruciferaeGoeze), aphid(Brevicorynebrassicae Linn.), and mustardsawfly (Athalialugensproxima Klug) are the mostdestructive.According to Lalet al. (2020), these pests can result in yield losses of 10–25% in field crops and 80–100% in nurseries.Among the lepidopteran insect-pests which attack on cabbage, diamondback moth (DBM), Plutella xylostella L. is the most destructive pest. In India, diamondbackmoth has national importance on cabbage as it causes 50-80% annual loss in the marketable yield (Devjani and Singh, 1999; Ayalew, 2006) and a loss of US $ 16 million every year (Mohan and Gujar, 2003).In case of head borer damage, the larvae initially mine the leaves then feed on leaves, shoots hidden within silken channel and finally bore into the stems. They prevent head initiation creating several shots or heads. In crucifer crops, Shankar and Raju (2012) showed yield losses of 36.5% from aphids and 30–58% from head borer incidence.
New problems including the emergence of insecticide resistance and many pest infestations in cabbage were brought on by the abuse of insecticides, the quick reproduction of insects, and the frequent access to host plants. There is a concerning need to find a highly efficient and ecologically safe solution that can be used separately or in combination to safely control DBM and head borer in cabbage in order to address the issue of pesticide resistance and manage various pest infestations (Verma and Mishra, 2010 ).Biorationals  are  inherently  different  from  conventional  pesticides  and  have lower  risks  associated  with  their  use.  According  to Environmental  Protection  Agency  (EPA)  the  term  “biorationals”  is  practically synonym  to  term “biopesticides”  which have  low risk,  are  derived  from natural sources including plants, animals, bacteria  and  certain  minerals and are divided into “microbials”, plant-incorporated  protectants  (PIPs) and  biochemical  (Rosellet al., 2008)
Biorationals  are  inherently  different  from  conventional  pesticides  and  have 
lower  risks  associated  with  their  use  (Ware  &Whitacre,  2004).  According  to
Environmental  Protection  Agency  (EPA)  the  term  “biorationals”  is  practically 
synonym  to  term “biopesticides”  which have  low risk,  are  derived  from natural 
sources including plants, animals, bacteria  and  certain  mineralsand are divided 
into “microbials”, plant-incorporated  protectants  (PIPs) and  biochemical  (Rosell
et al., 2008)
To support resistancemanagement, and facilitate the integration ofchemical control with biological and culturalpractices within an Integrated Pest Management (IPM) framework bio rational play a vital role in reducing the pest population. In light of this succinct summary, the current study was conducted to assess the efficacy of bio-rational pesticides on cabbage in field.
Material and methods:
This experiment was conducted during rabi2022-23 at Entomology field,UAS Raichur, to know bio-efficacy of bio-rational viz.,Isariafumosorosea 5g/L,Beauveriabassiana4g/L, Neem Seed Pellets Powder-NSPP 30g/L, commercial neem product 1500 ppm (Neemsuper-1500) 2ml/L, Lecaniciliumlecani4g/L, Commercial Bt(Bacillus thuringiensisvarkurtsaki) 2ml/L, Metarhiziumrileyi 4g/L,Metarhiziumanisopliae 4g/L and control against insect pests of cabbage. The experiment was laid out randomized block design with nine treatments and replicated thrice and crop was raised with appropriate agronomic practices with spacing 60 x 30cm. 
Observation was recorded on number of larvae per plant from ten randomlyselected plants per replication. The pre-treatments count was made day before spray and post treatment observations was recorded on 3rd, 5th, 7th and 10th day after each spray. Sprays were done based on ETL.The mean data was subjected to Duncan Multiple Range Test (DMRT) byusing SPSS software. However, reduction of pestpopulation and increase in the yield over control was calculated using the formula givenbelow.
Reduction over control (%) = No of insects in control-No of insects in treatment x 100
No of insects in control
Results and Discussion:
Efficacy on DBM
A day before first spray, there was no statistically significant difference between the treatments with respect to the mean number of larvae per plant. On third day after spray lowest number of larvae per plant was recorded in the plot treated with commercial Bt (Bacillus thuringiensis varkurtsaki) (0.47) and Beauveriabassiana(0.48).The next best treatment was neem seed pellets powder and Isariafumosorosea recorded 0.99 and 1.07 larvae per plant respectively, followed by lecanicilliumlecanii(1.17). On fifth day after treatment imposition lowest number of 0.30 and 0.43 larvae per plant was recorded in plots treated with commercial Bt (Bacillus thuringiensis varkurtsaki) and Beauveriabassianarespectively, followed by neem seed pellets powder recorded 0.77 larvae per plant. Similar trend was observed even after seventh and tenth day after spray where the commercial Bt (Bacillus thuringiensis varkurtsaki) was found to be superior. The per cent reduction in larval population over untreated check was maximum in six plots treated with commercial Bt(92.77%) followed by Beauveriabassiana(91.69%), neem seed pellets powder (83.08%), Metarhizium anisopliae(81.54%) and Metarhizium rileyi(79.23%). The minimum per cent reduction over untreated check was recorded in Isariafumosorosea (61.54%) followed by Lecaniciliumlecani(66.16%) and commercial neem (70.00%).
Similarly during the third day after second spraylowest number of larvae per plant was recorded in the plot treated with commercial Bt (Bacillus thuringiensis varkurtsaki) (0.45) and Beauveriabassiana(0.47).The next best treatment was neem seed pellets powder and Metarhizium rileyi recorded 0.96 and 1.23 per plant respectively. The treatments like Isariafumosorosea,Lecaniciliumlecanirecorded 1.33 and 1.38 larvae per plant respectively and was on par with Metarhizium anisopliae. Similar trend was observed on fifth, seventh and tenth day after second spray. Per cent reduction in larval population after second over untreated check was maximum in six plots treated with commercial Bt (90.76%) followed by Beauveriabassiana(90.00%), neem seed pellets powder (80.30%), Metarhizium anisopliae (66.67%) and Metarhizium rileyi(64.70%).The present findings are in line with the findings of Krishnaiah et al. (1981) who reported that Beauveriabassiana and Bacillus thuringiensis  varkurtsakiwere found more effective in suppressing the diamondback moth. Similarly,Malathiet al. (1999) also reported that Beauveriabassiana was found effective in managing the larval population of diamondback moth.
Efficacy on head borer
There was no statistically significant difference between the treatments with respect to the mean number of larvae per plant a day before spray. After three days of spray, the lowest number of larvae per plant was recorded in a plot treated with commercial neem product (0.96). Commercial Bt (Bacillus thuringiensis varkurtsaki) recorded 0.99 larvae per plant and was on par with commercial neem product. The next best treatment was Metarhizium rileyi recorded 1.23 larvae per plant and Metarhizium anisopliae recorded 1.25 larvae per plant and was on par with Metarhizium rileyi. Neem seed pellets powder recorded 1.27 larvae per plant and were on par with Metarhizium anisopliae.Lowest number of larvae per plant was recorded in a plot treated with commercial neem product (0.78). Commercial Bt (Bacillus thuringiensis varkurtsaki) recorded 0.84 larvae per plant and was on par with commercial neem product on five days after spray.Similarly during seventh and tenth days after spray Commercial Bt (Bacillus thuringiensis varkurtsaki) recorded 0.73 and 0.75 larvae per plant respectively. The maximum larvae were recorded in plots treated with Isariafumosoroseaduring seven and ten days after spray. However, all the treatments were statistically superior over untreated check. The per cent reduction in larval population over untreated check was maximum in six plots treated with commercial neem (70.56%), followed by commercial Bt (61.93%), neem seed pellets powder (49.92%), Metarhizium rileyi(49.07%), Beauveriabassiana(34.86%) andLecaniciliumlecani(34.01%).
Similarly after three days of second spray lowest number of larvae per plant was recorded in a plot treated with commercial neem product (0.95). Commercial Bt (Bacillus thuringiensis varkurtsaki) recorded 0.99 larvae per plant and was on par with commercial neem product. The next best treatment was Metarhizium anisopliae recorded 1.17 larvae per plant. Metarhizium rileyirecorded 1.32 larvae per plant and Lecaniciliumlecani recorded 1.31 larvae per plant which were on par with Metarhizium rileyi.The maximum larvae were recorded in plots treated with Isariafumosorosea(1.35). Lowest number of larvae per plant after five days of spray was recorded in the plot treated with commercial neem product (0.77). Commercial Bt (Bacillus thuringiensis varkurtsaki) recorded 0.86 larvae per plant and was on par with commercial neem product.The maximum larvae were recorded in plots treated with Isariafumosorosea(1.34) followed by Metarhizium rileyi(1.32).
The per cent reduction in larval population over untreated check was maximum in six plots treated with commercial neem (74.71%) followed by commercial Bt (65.19%), neem seed pellets powder (52.71%), Metarhizium anisopliae(52.71%), Metarhizium rileyi(46.63%) and Beauveriabassiana(42.86%). The minimum per cent reduction over untreated check was recorded in Isariafumosorosea (40.89%) followed by Lecaniciliumlecani(39.24%). Similar findings were reported byFeninget al. (2020) who reported that commercial neem was found more effective in suppressing the Hellulaundalis. Similar results were obtained by Ramasamyet al. (2020) and Prasannakumaret al. (2014) reported that commercial neem was effective against H. undalis larval population. 
Yield:
The yield obtained from different treatments was significantly higher compared to the untreated check. Among the treatments, commercicialBtobtained higher yield (20.01 t/ha), followed by Beaveriabassiana (19.81 t/ha) and neem seed pellet powder (19.80 t/ha). The other treatments, Metarhizium anaisopliae(19.75 t/ha), commercial neem (19.70 t/ha), Metrahiziumrileyi(18.49 t/ha), Isariafumorosea(17.67 t/ha), Lecaniciumlecanii(16.40 t/ha) and were statistically inferior to other treatments but superior to untreated check (11.61 t/ha). The above results indicated that the commercial Bt treated plot registered a higher yield (20.01 t/ha) compared to other treatments. The results are in with the findings of Shukla and Kumar (2006) recorded significantly higher yields in plots sprayed with commercial Bt. Similarly, Bansode and Purohit (2009) recorded that the application of B. thuringienis recorded a significantly lower diamondback moth population and higher yield compared to the other untreated check.
The evaluation of bio-rational insecticides against the majorinsect pests of cabbage revealed that all the treatments irrespective of their concentration and mode of action were effective in causing mortality of major pests. Among all the treatments, commercialBtwasfound superior against the diamondback moth, Commercial neem and neem seed pellet powder were effective against the head borer Further,commercial Btand Beauveriabassianaresulted higher yield and cost benefit. 
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Table1. Bio-efficacy of bio-rational insecticides against Diamondback moth, Plutellaxylostella on cabbage 
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
	
	No. of larvae/ plant
	

	
Treatments
	Dosage (ml or g/ L)
	First spray
	Second Spray
	

	
	
	DBS
	3DAS
	5DAS
	7DAS
	10DAS
	%ROC
	DBS
	3DAS
	5DAS
	7DAS
	10DAS
	%ROC

	T1-Isaria fumosorosea
	5
	1.50
(1.41)
	1.07
(1.22)ab
	0.98
(1.21)ab
	0.95
(1.20)b
	0.83
(1.14)c
	61.54
	1.55
(1.43)
	1.33
(1.35)b
	0.96
(1.21)b
	0.88
(1.18)bc
	0.83
(1.14)bc
	62.12

	T2-Beauveria bassiana
	4
	1.33
(1.35)
	0.48
(1.00)a
	0.43
(0.96)a
	0.27
(0.87)a
	0.18
(0.82)a
	91.69
	1.45
(1.34)
	0.47
(0.97)a
	0.37
(0.93)a
	0.29
(0.89)a
	0.22
(0.85)a
	90.00

	T3-Neem Seed Pellets Powder-NSPP
	30
	1.08
(1.23)
	0.99
(1.22)ab
	0.77
(1.10)a
	0.45
(0.96)ab
	0.37
(0.93)ab
	83.08
	1.25
(1.32)
	0.96
(1.21)b
	0.77
(1.10)ab
	0.55
(1.02)ab
	0.43
(0.96)ab
	80.30

	T4-Commercial Neem product 1500 ppm
	2
	1.42
(1.38)
	1.27
(1.34)c
	0.87
(1.15)ab
	0.88
(1.15)ab
	0.65
(1.04)ab
	70.00
	1.38
(1.37)
	1.25
(1.31)b
	1.12
(1.26)b
	1.03
(1.24)c
	0.99
(1.22)c
	55.15

	T5-Lecanicilium lecani
	4
	1.75
(1.50)
	1.17
(1.36)c
	1.03
(1.20)ab
	0.92
(1.19)ab
	0.73
(1.10)ab
	66.16
	1.78
(1.51)
	1.37
(1.37)b
	1.22
(1.30)b
	0.96
(1.21)c
	0.87
(1.17)c
	60.45

	T6-Bacillusthuringiensis varkurtsaki
	2
	1.58
(1.44)
	0.47
(0.98)a
	0.30
(0.89)a
	0.25
(0.87)a
	0.16
(0.81)a
	92.77
	1.42
(1.38)
	0.45
(0.96)a
	0.32
(0.90)a
	0.27
(0.88)a
	0.20
(0.84)a
	90.76

	T7-Metarhizium rileyi
	4
	1.25
(1.29)
	1.25
(1.19)c
	0.88
(1.16)ab
	0.53
(1.01)ab
	0.45
(0.96)ab
	79.23
	1.33
(1.35)
	1.23
(1.31)b
	1.00
(1.22)b
	0.92
(1.19)c
	0.78
(1.13)bc
	64.70

	T8-Metarhizium anisopliae
	4
	1.43
(1.39)
	1.25
(1.32)c
	1.20
(1.30)ab
	0.60
(1.03)ab
	0.40
(0.95)ab
	81.54
	1.40
(1.38)
	1.38
(1.37)b
	1.08
(1.23)b
	0.97
(1.21)c
	0.73
(1.11)b
	66.67

	T9-Control
	--
	1.92
(1.55)
	2.10
(1.59)d
	2.08
(1.59)b
	2.03
(1.58)c
	2.17
(1.63)d
	0.00
	2.17
(1.63)
	2.22
(1.64)c
	2.26
(1.66)c
	2.22
(1.64)d
	2.20
(1.64)d
	0

	S.Em ±
	NS
	0.10

	0.14
	0.10
	0.09
	
	NS
	0.07
	0.09
	0.05
	0.06
	

	C.D.at 5%
	
	0.31
	0.41
	0.29
	0.28
	
	
	0.22
	0.26
	0.16
	0.17
	

	CV (%)
	
	14.39
	14.52
	15.07
	15.51
	
	
	12.58
	12.57
	12.50
	12.65
	






Values in parenthesis are  transformed; ROC –Reduction over control; DBS- Day before spray; DAS- Day after spray



Table 2.Bio-efficacy of bio-rational insecticides against head borer, Hellulaundalis on cabbage
	

Treatments
	
Dosage (ml or g/L)
	No. of larvae/ plant
	

	
	
	First spray
	Second spray
	

	
	
	DBS
	3DAS
	5DAS
	7DAS
	10DAS
	%ROC
	DBS
	3DAS
	5DAS
	7DAS
	10DAS
	%ROC

	T1-Isaria fumosorosea
	5
	1.53
(1.42)
	1.40
(1.38)b
	1.39
(1.37)b
	1.37
(1.37)d
	1.38
(1.37)d
	29.95
	1.54
(1.43)
	1.35
(1.36)c
	1.34
(1.36)c
	1.32
(1.35)d
	1.20
(1.30)d
	40.89

	T2-Beauveria bassiana
	4
	1.38
(1.37)
	1.33
(1.35)b
	1.30
(1.34)b
	1.28
(1.33)d
	1.28
(1.33)d
	34.86
	1.41
(1.38)
	1.25
(1.32)bc
	1.21
(1.31)bc
	1.19
(1.30)de
	1.16
(1.29)d
	42.86

	T3-Neem Seed Pellets Powder-NSPP
	30
	1.37
(1.37)
	1.27
(1.33)ab
	1.25
(1.32)b
	0.98
(1.22)c
	0.99
(1.22)c
	49.92
	1.37
(1.37)
	1.26
(1.33)bc
	1.17
(1.29)bc
	0.97
(1.21)c
	0.96
(1.21)c
	52.71

	T4-Commercial Neem product 1500 ppm
	2
	1.50
(1.41)
	0.96
(1.21)a
	0.78
(1.13)a
	0.57
(1.04)a
	0.58
(1.04)a
	70.56
	1.48
(1.41)
	0.95
(1.20)a
	0.77
(1.13)a
	0.55
(1.02)a
	0.51
(1.01)a
	74.71

	T5-Lecanicilium lecani
	4
	1.52
(1.42)
	1.42
(1.38)b
	1.40
(1.38)b
	1.30
(1.34)d
	1.30
(1.34)d
	34.01
	1.52
(1.42)
	1.31
(1.34)bc
	1.27
(1.33)c
	1.25
(1.32)de
	1.23
(1.32)d
	39.24

	T6-Bacillus thuringiensisvarkurtsaki
	2
	1.45
(1.40)
	0.99
(1.22)a
	0.84
(1.16)a
	0.73
(1.11)b
	0.75
(1.12)b
	61.93
	1.49
(1.41)
	0.99
(1.22)ab
	0.86
(1.17)a
	0.76
(1.12)b
	0.71
(1.10)b
	65.19

	T7-Metarhizium rileyi
	4
	1.52
(1.42)
	1.23
(1.39)ab
	1.42
(1.38)b
	1.00
(1.23)c
	1.00
(1.35)c
	49.07
	1.35
(1.36)
	1.32
(1.35)bc
	1.32
(1.35)c
	1.12
(1.27)cd
	1.08
(1.26)cd
	46.63

	T8-Metarhizium anisopliae
	4
	1.40
(1.38)
	1.25
(1.32)ab
	1.22
(1.31)b
	1.30
(1.34)d
	1.33
(1.35)d
	32.32
	1.33
(1.35)
	1.17
(1.29)abc
	1.00
(1.22)ab
	0.97
(1.21)c
	0.96
(1.21)c
	52.71

	T9-Control
	--
	1.50
(140)
	1.85
(1.53)c
	1.88
(1.54)c
	1.90
(1.55)e
	1.97
(1.57)e
	0
	1.55
(1.43)
	1.77
(1.50)d
	1.83
(1.53)d
	1.92
(1.55)e
	2.03
(1.59)e
	0

	S.Em ±
	NS
	0.04
	0.04
	0.02
	0.02
	
	NS
	0.04
	0.03
	0.02
	0.02
	

	C.D.at 5%
	
	0.11
	0.11
	0.06
	0.05
	
	
	0.11
	0.09
	0.07
	0.06
	

	CV (%)
	
	13.79
	13.84
	12.82
	12.47
	
	
	13.73
	14.15
	12.71
	12.70
	



Values in parenthesis are  transformed; ROC –Reduction over control; DBS- Day before spray; DAS- Day after spray 
Table 3.Yield and Cost economics of different bio-rational insecticides in cabbage 
	Treatments
	Dosage (ml or g/L)
	Yield (t/ha)
	Total cost (Rs)
	Gross return (Rs)
	Net return (Rs)
	B:C Ratio

	T1-Isaria fumosorosea
	5
	17.67
	110720.6
	176700
	65979.4
	1.59

	T2-Beauveria bassiana
	4
	19.81
	108736.5
	198100
	89363.5
	1.82

	T3-Neem Seed Pellets Powder-NSPP
	30 
	19.80
	163492.06
	198000
	34507.94
	1.21

	T4-Commercial Neem product 1500 ppm
	2 
	19.70
	116673
	197000
	80327
	1.68

	T5-Lecanicilium lecani
	4 
	16.40
	108736.5
	164000
	55263.5
	1.50

	T6-Bacillus thuringiensis varkurtsaki
	2 
	20.01
	107149.2
	200100
	92950.8
	1.86

	T7-Metarhizium rileyi
	4
	18.49
	108736.5
	184900
	76163.5
	1.70

	T8-Metarhizium anisopliae
	4
	19.75
	108736.5
	197500
	88763.5
	1.81

	T9-Control
	--
	11.61
	100000
	116100
	16100
	1.16



