


Evaluation of different insecticides against cabbage butterfly, Pieris brassicae (L.), Lepidoptera: Pieridae on broccoli
Abstract
	 The present study on the evaluation of different insecticides against the cabbage butterfly, Pieris brassicae (L.), Lepidoptera: Pieridae on broccoli was carried out at Vegetable Research and Demonstration Block, VCSG, Uttarakhand University of Horticulture and Forestry, Bharsar, Pauri Garhwal. An experiment was accomplished in a randomized block design with ten treatments and three replications on broccoli cv. Palam Samriddhi. The nine insecticides, namely, neem oil, NSKE + neem oil, onion extract, garlic extract, cow urine, Spinosad 45SC, Indoxacarb 14.5SC, Emamectin benzoate 5SG, Deltamethrin 2.8EC, and water spray as control, were evaluated against cabbage butterfly Pieris brassicae L. on broccoli. Two sprays were given at an interval of 15 days. Observations on the larval population of P. Brassicae, the number of fresh leaves, the number of damaged leaves, and the yield were recorded at 1, 3, 7, 10, and 15 days after each application of insecticides. All treatments were effective over the water-sprayed control plot. Among all treatments, Spinosad 45 SC (7.00) was found highly effective and statistically significant with respect to minimizing larval population, followed by indoxacarb (11.00), Emamectin benzoate (14.33), Deltamethrin (16.00), garlic extract (17.90), onion extract (18.33), NSKE+ neem oil (19.66), Neem oil (21.00), Cow urine (22.66) and control (35.60) after fifteen days of second spray. While after second spray of fifteen days, the minimum insect infestation of 19.30% was found in spinasad treated plot followed by Deltamethrin (23.80%), Emamectin Benzoate (27.60%), Indoxacard (30.10%), neem oil (34.50%), garlic extract (37.10%), NSKE+neem oil (38.00%), onion extract (40.90%), cow urine (42.40%) and control (63.40%), respectively.  The highest yield was resulted in plots treated with Spinosad (219.00q/ha), followed by Deltamethrin (213.82q/ha), Emamectin benzoate (210.24q/ha), Indoxacarb (206.16q/ha), Neem oil (198.01q/ha), NSKE (193.82q/ha), Garlic extract (189.13q/ha), Onion extract (182.96q/ha) and Cow urine (176.90q/ha), as compared to untreated control (90.86 q/ha). , respectively.
Keywords:  cabbage butterfly, broccoli, Spinosad 45 SC, Indoxacarb 14.5SC, Emamectin benzoate 5SG, Deltamethrin 2.8EC

Introduction:
            Broccoli (Brassica oleracea L. var. Italica) is an important cole crop which belongs to the family Brassicaceae. It is a fast-growing, upright, branched, annual plant that is prized for its top crowns of tender, edible, green flower buds. Broccoli is the most abundantly consumed vegetable in the world. It is cultivated extensively in tropical and temperate regions of the world, including India (Kalia, 2007).  India is the second-largest producer of broccoli in the world. It is grown in an area of 0.8 million hectares with a production of 11.87 million tonnes and a productivity of 17.2 tonnes per hectare (Anonymous, 2014). Many insect pests are associated with this crop. These are the cabbage butterfly, Pieris brassicae Linnaeus; diamondback moth, Plutella xylostella Linnaeus; cabbage semi-looper, Thysanoplusia orichalcea Fabricius and Autographa nigrisigna Walker; the tobacco caterpillar, Spodoptera litura Fabricius; leaf webber, Crocodolomia binotalis Zeller; the cabbage borer, Hellula undalis Fabricius and flea beetles, Phyllotreta cruciferae Goeze; P. chotanica Duviv, P. birmanica Harold., P. oncera Maulik and P. sdownesi Baly (Anonymous, 2014). Out of these, the cabbage butterfly is the major constraint on commercial cultivation of this crop in hill and plain areas of Uttarakhand (Mishra and Ram. 1997 and Singh et al. 2003). This pest is distributed worldwide and is found wherever cruciferous vegetables are grown. It feeds on Brussels sprouts, cabbage, cauliflower, kohlrabi, rape, swede, and turnip and is also reported in some parts of east Uttar Pradesh (Rohit et al., 2015). They feed gregariously during their early instars and disperse as they approach maturity and cause serious economic losses (Moore and Bill, 2010). At the pre-heading stage, the caterpillars may organize the whole plant, but at the head formation stage, they damage it by feeding on the head and also by contaminating it with feces. Whereas, after head formation, the caterpillars feed mainly on inflorescences, reducing the seed yield. The insect overwinters in the pupal stage (Moiseeva, 1984) recorded that a single larva of P. Brassicae consumed 74-80 cm2 of cole crop leaves, 85 to 87 % of which was consumed by the fifth instar. Different control measures are recommended for the management of the cabbage butterfly, among which chemical methods are best. Due to the harmful impact of organochlorine, organophosphate on human beings and the environment, viz., mammalian toxicity, including impaired memory, concentration disorientation, and residues found in water and harmful effects on natural enemies. Keeping in view the present study “Evaluation of different insecticides against cabbage butterfly, Pieris brassicae (L.) on broccoli” was designed to find newer insecticides which were less toxic to environment.

Materials and Methods
The present study on the “Evaluation of different insecticides against the cabbage butterfly, Pieris brassicae (L.), Lepidoptera: Pieridae on broccoli” was conducted at Vegetable Research and Demonstration block, VCSG, Uttarakhand University of Horticulture and Forestry, Bharsar, Pauri Garhwal, Bharsar is situated in Pauri Garhwal under the mid-hill zone of Uttarakhand. The nine insecticides, namely, Neem oil, NSKE + Neem oil, onion extract, garlic extract, Cow urine, Spinosad 45SC, Indoxacarb 14.5SC, Emamectin benzoate 5SG, Deltamethrin 2.8EC with a water spray as control were evaluated against cabbage butterfly Pieris brassicae L. on broccoli. The details of treatment were given in Table 1. 
Table 1:   Details of different insecticides evaluated against cabbage butterfly
	Treatment
	Treatment name
	Dose
	Manufacturer
	Group of insecticides

	T0
	Control
	Water
	
	

	T1
	Neem oil
	1%
	T. Stanes& Company Ltd
	Botanicals

	T2
	NSKE (60.0W/W)+ Neem oil (35.0W/W)
	4%
	Indore Biotech
	Botanicals

	T3
	Onion extract
	1%
	Home made
	Botanicals

	T4
	Garlic extract
	1%
	Home made
	Botanicals

	T5
	Cow urine
	10%
	Home made
	Animal waste

	T6
	Spinosad 45SC
	0.013%
	RallisaTata Enterprise
	Spynosyns

	T7
	Indoxacarb 14.5SC
	0.01%
	Gharda Chemical Ltd
	Oxadiazine

	T8
	Emamectin benzoate 5SG
	0.0025%
	Crop life science Ltd
	Avermectin

	T9
	Deltamethrin 2.8EC
	0.01%
	Bayer crop science
	Synthetic pyrethroids



The trial was laid out in a randomized block design having a plot size of 1.8 m x 1.5 m and a spacing of 30 cm x 45 cm with Broccoli cv. Palam Samriddhi. All the treatments were replicated thrice. Onion and garlic extracts were prepared by using 200g each of onion and garlic bulb was mixed with 1 L of water and ground with a blender to obtain onion juice. The extract is thoroughly mixed with an additional 1 L of water. The extract was then sieved to obtain a uniform extract. Three liters of fresh cow urine were kept in a vessel (pot made up of mud); the mouth of the pot was closed with a piece of cloth. After 15–20 days, the quantity of the cow urine was reduced to 2.8L from 3L. The concentration of cow urine used against P. Brassicae was 10% i.e.; the preparation was made by diluting 100ml of cow urine in 1000ml of distilled water. The doses used for different treatments are given in the (Table 1). The desired amount of insecticides was calculated by using the following formula. 
	
	Required concentration (%) X Spray volume (Lit)
	

	Desired amount of insecticide =
	

	X100

	
	Concertation of insecticides (%)
	



The insecticidal spray solution of desired concentration as per the treatments was prepared at the site of experiment just before the start of spraying. Two sprays were given at an interval of 15 days. Spray solutions were applied with the help of hand compression sprayer. Spraying was done during evening hours and there must not be much wind currents. The observations on population of P. brassicae larvae, Number of fresh leaves, Number of damage leaves and Yield were recorded at 1,3,7,10 and 15 days after application of the treatments. Per cent leaves damage and insect reduction over pre count were estimated by using following formulae.
Per cent reduction of insect over pre-treatment=
 
Leaf damage (%)=  


Result and discussion:
1. Effect of different insecticides against the larval population of Pieris brassicae L. on broccoli.  All the insecticides were found effective over control during both the first and second sprays. Data presented in table 2 revealed that before spraying, the minimum larvae (18.66) were observed on garlic and the maximum on spinosad (24.33) treatment. The efficacy of different insecticides against the larval population of Pieris brassicae on broccoli was observed lowest in Garlic extract on the first day after the first spray, followed by Onion extract, NSKE+Neem Oil, Spinosad, Neem Oil, Deltamethrin, Emamectin benzoate, Cow urine, Indoxacarb. Spinosad was found most effective and which was statistically significant over control.  The minimum larval population 13.66, 11.33, 10.33 and 13.33 was recorded at 3DAS, 7DAS, 10 DAS and 15 DAS of first spray. Similar trend was reported after 3, 7, 10 and 15 days after second spray. After 15 days of second spray, all the treatment was found statistically significant with control. The minimum larval population was recorded in Spinosad (7.00) followed by indoxacarb(11.00),Emmamectin benzoate (14.33), Deltamethrin (16.00), garlic extract (17.90), onion extract (18.33), NSKE+ neem oil (19.66), Neem oil (21.00), Cow urine (22.66) and control (35.60). Rangad et al. 2010, reported spinosad was best effective treatment for controlling cabbage butterfly. Effective control of cabbage butterflies was also reported by the following researchers: Harris and Maclean, 1999 and Zlata et al. 2007.  Data presented in table 3 observed that all treatments, namely Spinosad, Deltametrin, NSKE+Neem oil, Garlic extract, Neem oil, Onion extract, Emamectin benzoate, were found highly effective in percent reduction of Pieris brassicae larvae at 1, 3, 7, 10 and 15 days after first and second sprays. While in untreated control, the larval population of the cabbage butterfly increased gradually during pre-count and 1, 3, 7, 10 and 15 days after first and second sprays. The maximum reduction of the larval population of the cabbage butterfly was recorded in a spinosad treated plot. The highest reduction in the larval population of the cabbage butterfly, 79.06 percent, was found 10 days after the second spray.  During 15 DAS Spinosad was followed by Indoxacarb, Garlic extract, NSKE+ Neem oil, Emamectin benzoate, Deltamethrin and cow urine. The present finding was in close association with the research conducted by Thakur and Stanikzi (2016), who reported that the maximum percentage reduction of lepidopteran larva was found in Spinosad 45 SC (49.45) followed by Indoxacarb 14.5% SC (45.305), Deltamethrin 5% EC (44.215), Emamectin benzoate 5% SG (42.78), Profenophos 50% EC (40.975), Neem Seed Kernal extract (39.195), Neem oil (39.705) and Cow urine (21.32), respectively. Harris and Maclean, 1999, observed that spinosad was highly effective for reducing the larval population of Pieris brassicae. Rai et al. 2010 also reported that Spinosad is very effective for reducing the larval population of the cabbage butterfly and is comparatively safer and selective in nature. Subedi et al, 2025 reported that crow urine was most effective as insecticides against cabbage butterfly. 
Table 2: Efficacy of different insecticides against larval population of Pieris brassicae L. on broccoli.
	
Treatments
	
Treatment name
	
Pre
Count
	Mean larval population of P. brassicae  after

	
	
	
	1st spray
	2nd spray

	
	
	
	1DAS
	3DAS
	7DAS
	10DAS
	15DAS
	1DAS
	3DAS
	7DAS
	10DAS
	15DAS

	T0
	
Water
	19.66
(4.44)
	23.03
(4.90)
	24.37
(5.03)
	25.70
(5.16)
	27.47
(5.33)
	29.17
(5.49)
	30.15
(5.61)
	31.80
(5.72)
	32.40
(5.74)
	33.80
(5.80)
	35.60
(6.04)

	T1
	
Neem oil
	21.33
(4.62)
	17.00
(4.24)
	16.66
(4.20)
	17.33
(4.27)
	18.33
(4.39)
	20.00
(4.58)
	17.30
(4.35)
	17.23
(4.39)
	18.67
(4.43)
	20.00
(4.58)
	21.00
(4.69)

	T2
	
NSKE+Neem oil
	20.66
(4.55)
	16.00
(4.12)
	15.33
(4.04)
	13.33
(3.77)
	16.00
(4.12)
	18.66
(4.43)
	17.00
(4.23)
	16.33
(4.15)
	16.67
(4.19)
	17.33
(4.27)
	19.66
(4.54)

	T3
	
Onion extract
	19.23
(4.40)
	15.33
(4.03)
	14.33
(4.04)
	16.33
(4.16)
	17.00
(4.24)
	17.00
(4.24)
	16.33
(4.16)
	15.33
(4.02)
	17.10
(4.22)
	17.66
(4.31)
	18.33
(4.39)

	T4
	
Garlic extract
	18.66
(4.32)
	14.60
(3.99)
	13.73
(3.91)
	15.00
(3.99)
	16.66
(4.20)
	17.00
(4.24)
	16.23
(4.06)
	15.20
(4.11)
	16.00
(4,11)
	17.33
(4.27)
	17.90
(4.34)

	T5
	
Cow urine
	22.33
(4.73)
	18.66
(4.43)
	19.33
(4.50)
	20.00
(4.58)
	20.50
(4.62)
	21.00
(4.68)
	20.33
(4.58)
	21.20
(4.18)
	21.67
(4.75)
	22.00
(4.79)
	22.66
(4.86)

	T6
	
Spinosad
	24.33
(4.93)
	16.66
(4.20)
	13.66
(3.82)
	11.33
(3.50)
	10.33
(3.36)
	13.33
(3.65)
	9.66
(3.22)
	6.33
(2.69)
	5.33
(2.50)
	3.00
(1.98)
	7.00
(2.82)

	T7
	
Indoxacarb
	22.66
(4.76)
	19.00
(4.47)
	15.66
(4.08)
	14.00
(3.87)
	13.00
(3.74)
	14.33
(3.91)
	11.00
(3.44)
	10.33
(3.78)
	9.67
(3.26)
	8.67
(3.41)
	11.00
(3.60)

	T8
	
Emamectin benzoate
	21.66
(4.66)
	17.66
(4.31)
	14.33
(3.91)
	12.33
(3.64)
	11.00
(3.46)
	20.00
(4.57)
	16.66
(4.20)
	13.00
(3.74)
	11.67
(3.69)
	9.33
(3.20)
	14.33
(3.91)

	T9
	
Deltamethrin
	23.33
(4.83)
	17.00
(4.24)
	14.00
(3.87)
	12.00
(3.60)
	10.66
(3.41)
	20.33
(4.61)
	15.00
(3.99)
	12.33
(3.64)
	10.67
(3.41)
	9.00
(3.16)
	16.00
(4.11)

	SE(d)
	
	0.09
	0.09
	0.09
	0.11
	0.07
	0.09
	0.10
	0.11
	0.11
	0.10
	0.10

	CD (0.05)
	
	0.29
	0.01
	0.28
	0.34
	0.22
	0.29
	0.30
	0.34
	0.32
	0.31
	0.30

	
	

	
	
	


   Figure in parentheses are square root transformed value	
   
 Table 3: Effect of different insecticides on per cent changes of larval population of P. brassicae over pre-count.  
	
Treatment
	
Treatment name
	Per cent changes of  larval population P. brassicae over pre-count

	
	
	1st spray
	2nd spray

	
	
	1DAS
	3DAS
	7DAS
	10DAS
	15DAS
	1DAS
	3DAS
	7DAS
	10DAS
	15DAS

	T0
	Water
	+17.17
	+23.95
	+30.72
	+39.72
	+48.37
	+3.35
	+9.01
	+10.73
	+15.87
	+22.04

	T1
	Neem oil
	-20.30
	-21.89
	-18.75
	-14.06
	-6.23
	-10.00
	-13.50
	-6.65
	-5.85
	+5.00

	T2
	NSKE+Neem oil
	-22.26
	-25.79
	-35.47
	-22.55
	-9.68
	-8.89
	-12.48
	-10.66
	-7.12
	+5.35

	T3
	Onion extract
	-20.28
	-25.48
	-15.08
	-11.59
	-6.39
	-3.94
	-9.82
	+0.58
	+3.88
	+7.82

	T4
	Garlic extract
	-21.50
	-26.18
	-19.61
	-10.71
	-8.89
	-4.52
	-10.58
	-5.88
	+1.94
	+5.29

	T5
	Cow urine
	-16.43
	-13.43
	-10.43
	-8.19
	-5.95
	-3.19
	+0.95
	+3.10
	+4.76
	+7.90

	T6
	Spinosad
	-31.52
	-43.85
	-53.43
	-57.54
	-41.10
	-32.86
	-55.82
	-62.80
	-79.06
	-51.15

	T7
	Indoxacarb
	-16.15
	-30.89
	-38.21
	-42.63
	-41.17
	-10.78
	-16.22
	-27.45
	-30.25
	-10.78

	T8
	Emamectin benzoate
	-18.46
	-33.84
	-43.07
	-49.21
	-7.66
	-16.70
	-35.0
	-41.65
	-53.35
	-28.35

	T9
	Deltamethrin
	-27.13
	-39.99
	-48.5
	-54.30
	-12.85
	-26.21
	-39.35
	-47.51
	-55.73
	-21.29






Table 4: Effect of different insecticides on percent leaf infestation caused by P. brassicae on broccoli.
	
Treatments
	
Treatment name
	
Pre
Count
	Mean per cent leaf damage

	
	
	
	1st spray
	2nd spray

	
	
	
	1DAS
	3DAS
	7DAS
	10DAS
	15DAS
	1DAS
	3DAS
	7DAS
	10DAS
	15DAS

	T0
	
Water
	44.80
(41.9)
	45.10
(42.5)
	46.70
(43.04)
	48.20
(44.07)
	49.6
(45.12)
	54.30
(47.93)
	55.80
(48.33.)
	56.70
(48.85)
	58.20
(49.72)
	60.30
(50.94)
	63.40
(52.77)

	T1
	
Neem oil
	38.40
(38.2)
	37.30
(37.64)
	36.20
(35.99)
	37.50
(37.84)
	44.7
(42.01)
	48.60
(44.21)
	30.38
(33.42)
	29.50
(32.86)
	28.81
(32.4)
	30.00
(33.25)
	34.50
(35.99)

	T2
	
NSKE+Neem oil
	39.60
(38.9)
	37.30
(37.64)
	36.70
(36.19)
	37.70
(37.80)
	45.06
(42.30)
	47.4
(43.60)
	33.63
(34.80)
	31.80
(34.31)
	31.09
(33.8)
	34.70
(36.03)
	38.00
(38.04)

	T3
	
Onion extract
	41.10
(39.8)
	39.80
(39.09)
	39.10
(38.72)
	40.60
(39.60)
	46.5
(43.07)
	48.80
(44.21)
	37.03
(37.46)
	35.90
(36.77)
	37.96
(37.9)
	39.40
(38.84)
	40.90
(39.68)

	T4
	
Garlic extract
	40.80
(39.6)
	39.20
(38.82)
	32.10
(34.66)
	40.00
(39.21)
	47.2
(43.45)
	50.6
(45.28)
	34.56
(35.99)
	32.90
(34.98)
	34.91
(36.1)
	35.90
(36.57)
	37.10
(37.60)

	T5
	
Cow urine
	42.30
(40.5)
	40.90
(39.73)
	40.80
(39.74)
	42.10
(40.37)
	46.30
(42.81)
	50.30
(46.31)
	38.77
(38.49)
	38.00
(38.08)
	40.70
(39.6)
	41.90
(40.34)
	42.40
(40.63)

	T6
	
Spinosad
	29.50
(32.9)
	27.60
(31.71)
	26.98
(31.28)
	26.10
(30.85)
	24.7
(29.76)
	32.5
(34.90)
	20.34
(26.81)
	19.65
(26.28)
	18.44
(25.40)
	17.93
(24.99)
	19.30
(26.02)

	T7
	
Indoxacarb
	35.80
(36.7)
	33.10
(35.16)
	30.80
(33.81)
	30.10
(33.60)
	42.0
(40.38)
	44.8
(41.72)
	29.47
(32.77)
	28.9
(32.50)
	28.59
(32.30)
	29.40
(32.82)
	30.10
(33.28)

	T8
	
Emamectin benzoate
	33.60
(35.4)
	31.10
(34.06)
	30.50
(33.40)
	29.10
(32.56)
	40.0
(39.21)
	48.2
(43.98)
	27.33
(31.50)
	26.8
(31.18)
	25.74
(30.40)
	26.80
(31.14)
	27.60
(31.67)

	T9
	
Deltamethrin
	31.60
(34.2)
	29.30
(32.71)
	28.4
(33.05)
	27.30
(31.65)
	26.2
(30.75)
	33.8
(35.61)
	25.81
(30.51)
	21.09
(27.27)
	19.81
(26.40)
	19.45
(26.11)
	23.80
(29.23)

	SE(d)
	
	0.26
	0.54
	0.41
	0.45
	0.35
	0.39
	0.28
	0.29
	0.37
	0.26
	0.22

	CD(0.05)
	
	0.80
	1.64
	1.23
	1.35
	1.05
	1.17
	0.85
	0.89
	1.11
	0.78
	0.67


Figure in parentheses are angular transformed value

Table 5: Percent changes of leaf infestation over pre-count.  
	
Treatments
	
Treatment name
	Per cent changes of  leaf infestation  over pre-count

	
	
	1st spray
	2nd spray

	
	
	1DAS
	3DAS
	7DAS
	10DAS
	15DAS
	1DAS
	3DAS
	7DAS
	10DAS
	15DAS

	T0
	
Water
	
0.66
	
4.24
	
7.58
	
19.40
	
27.56
	
2.76
	
4.41
	
7.18
	
11.04
	
16.70

	T1
	
Neem oil
	-2.86
	-5.72
	-2.34
	10.7
	
21.2
	-37.48
	-39.30
	
-40.72
	
-38.27
	-29.01

	T2
	
NSKE+Neem oil
	-5.80
	-7.32
	-4.79
	13.78
	19.69
	-29.05
	-32.91
	-34.40
	-26.79
	-19.83

	T3
	
Onion extract
	-3.16
	-4.86
	-1.21
	13.13
	17.56
	-24.11
	-26.43
	-22.21
	-19.26
	-16.18

	T4
	
Garlic extract
	-4.85
	-21.32
	-1.96
	15.68
	24.01
	-31.69
	-34.98
	-31.00
	-29.05
	-26.50

	T5
	
Cow urine
	-3.30

	-3.54
	-0.47
	12.21
	18.91
	-22.92
	-24.45
	-19.08
	-16.69
	-15.70

	T6
	Spinosad
	-6.44

	-8.54
	-11.52
	-16.27
	10.16
	-37.41
	-39.69
	-43.26
	-44.92
	-40.61

	T7
	Indoxacarb
	-6.70

	-13.96
	-15.92
	17.31
	25.13
	-34.21
	-35.49
	
-36.18
	
-34.37
	-32.81

	T8
	
Emamectin benzoate
	-7.44
	-9.22
	
-13.39
	
19.04
	
26.45
	-43.29
	-44.39
	
-46.59
	-44.39
	-42.55

	T9
	
Deltamethrin
	-7.27
	
-10.12
	
-13.60
	-17.08
	6.96
	-23.63
	-37.60
	
-41.39
	-42.60
	-29.55


Negative (-) and positive (+) signs denote decrease and increase in leaf infestation over pre count. 

2. Effect of different insecticides on percent leaf infestation caused by P. brassicae on broccoli.  Data presented in table 4 showed that all treatments were found highly effective over water sprayed plot for reducing cabbage butterfly infestation on broccoli. The minimum infestation 27.60, 26.98, 26.10, 24.70, 32.50 per cent at 1st, 3rd, 7th  10th, 15th days after first spray and 20.34, 19.50, 18.44,17.93, 19.30 per cent at 1st, 3rd, 7th  10th, 15th days after second spray were  observed in spinosad treated plot. Treatment spinosad was significantly differ with all treatment expect Deltamethrin at at 1st, 7, th 10th, 15th days after first spray. While after second spray of fifteen days, the minimum insect infestation 19.30% was found in spinasad treated plot followed by Deltamethrin (23.80%), Emamectin Benzoate (27.60%), Indoxacard (30.10%), neem oil (34.50%), garlic extract (37.10%), NSKE+neem oil (38.00%), onion extract (40.90%), cow urine (42.40%) and control (63.40%). It was found highly effective and significantly differ with all treatment.  All treatments were found effective to minimized cabbage butterfly infestation over pre count expect water treated plot (Table 5). The above finding had strong conformity with Khan and Kumar (2017), who reported that the lowest mean per cent leaf damage during both first spray and second spray was observed in spinosad 45 SC as compared to that of the other chemical insecticides. Similar finding was reported by Perry et al. 2011 and Nirmal and Mahal (2005). The result showed by Muthukumar et al. (2007) also reported higher mean per cent reduction over control recorded against cabbage butterfly was 78.7 and 57.7 (spinosad), 75.8 and 45.5 (emamectin benzoate and 84.4 and 64.2 (indoxacarb) after first and second spraying, respectively, and 73.7 and 68.6 (spinosad), 76.2 and 75.3 (emamectin benzoate), 62.1 and 61.3 (cartap hydrochloride) and, 68.3 and 71.4 (indoxacarb) after first and second spraying. 

Table 6: Effect of different insecticide on plant height, fruit width and yield of broccoli
	Treatments
	
Treatment name
	Plant height (cm) ±SE(m)
	Head width (cm) ±SE(m)
	Yield per hacter (q) ±SE(m)

	T0
	
Water
	26.94±0.10
	10.10±0.31
	90.86±16.96

	T1
	
Neem oil
	31.15±0.02
	12.86±0.26
	198.01±0.53

	T2
	
NSKE+Neem oil
	30.22±0.13
	12.60±0.60
	193.82±0.32

	T3
	
Onion extract
	28.12±0.07
	11.17±0.44
	182.96±1.33

	T4
	
Garlic extract
	29.09±0.03
	11.40±0.16
	189.13±0.53

	T5
	
Cow urine
	27.42±0.07
	11.12±0.28
	176.90±1.28

	T6
	
Spinosad
	35.11±0.06
	16.78±0.20
	219.00±0.75

	T7
	
Indoxacarb
	32.02±0.01
	14.14±0.33
	206.16±1.00

	T8
	
Emamectin benzoate
	32.94±0.27
	15.26±0.61
	210.24±0.75

	T9
	
Deltamethrin
	34.08±0.05
	16.40±0.28
	213.82±0.89

	SE(d)
	
	0.10
	0.34
	15.75

	CD(0.05)
	
	0.31
	1.02
	5.06



3. Effect of different insecticides on plant height, fruit width and yield. The highest yield of broccoli was recorded in the plots treated with Spinosad (219.00q/ha), followed by Deltamethrin (213.82q/ha), Emamectin benzoate (210.24q/ha), Indoxacarb (206.16q/ha), Neem oil (198.01q/ha), NSKE (193.82q/ha), Garlic extract (189.13q/ha), Onion extract (182.96q/ha) and Cow urine (176.90q/ha), as compared to untreated control (90.86q/ha). The above finding show close resemblance with the research conducted by Thakur and Stanikzi. (2016) who reported that the highest yield was recorded in Spinosad 45% SC (187.60 q/ha), followed by Indoxocrab 14.5%SC (178.25 q/ha), Cypermethrin 10 EC (175.48 q/ha), Emamectin benzoate 5%SG (173.75 q/ha), Profenophos 50% EC (165.24 q/ha), Neem oil (157.38 q/ha), NSKE 5% (152.61 q/ha), as compared to untreated check (80.24 q/h).
CONCLUSION
	The nine insecticide’s namely, Neem oil,  NSKE + Neem oil, Onion extract, Garlic extract, Cow urine, Spinosad 45 SC, Indoxacarb 14.5SC, Emamectin benzoate 5SG, Deltamethrin 2.8EC with a water spray as control were evaluated against cabbage butterfly Pieris brassicae L. on broccoli. All treatments were effective over water sprayed control plot. Among all treatments Spinosad 45 SC was found highly effective in respect to minimize larval papulation, infestation and give high yield after first and second spray.
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