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ABSTRACT
	 The present investigation was carried out at the Vegetable Research Farm of the Department of Vegetable Science, College of Horticulture, VCSG Uttarakhand University of Horticulture and Forestry, Bharsar, Pauri Garhwal, Uttarakhand, to study the population dynamics of cabbage butterfly on broccoli.   The standard weeks were considered as treatments. The experiment was conducted in two cropping seasons with twelve treatments and three replications. The number of eggs, larvae, number of pupae and adults of the cabbage butterfly were recorded at each standard week by correlating with weather parameters in two cropping seasons. During the first season (17th– 28th standard week) the eggs of the cabbage butterfly increased gradually and reached a peak level of 11.49 eggs at 24th standard week, 12.83 larvae at 23rd standard week, 10.49 pupae at 24th standard week and 1.34 adults at 23rd standard week. In the second season (37th – 48th standard week), the eggs laid by the Cabbage white butterfly increased gradually and reached a peak level of 10.49 eggs in 44th standard week, 10.56 larvae at 40th standard week, 8.48 pupa at 48th standard week and 0.48 adult at 48th standard week. The decline trend was observed due to the fall of optimum weather conditions for the cabbage butterfly. 	Comment by Dr. Mrs Abuh: Were recorded using what apparatus?
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            Broccoli (Brassica oleracea L.) is one of the most nutritious vegetables amongst the cole crops, grown for its tender heads. It is regarded as an important functional food due to its high nutritional value, i.e., vitamin A, protein and anticarcinogenic compounds. It is the richest source of sulforaphane, a compound associated with reducing the risk of cancer in human beings (Thamburaj and Singh, 2001). The pests which attack the broccoli are the cabbage butterfly, Pieris brassicae; the leaf webber, Crocidolomia binotalis; the leaf-eating weevil, Tanymecus circumdatus; the cutworm, Agrotis ipsilon; the termite, Microtermes obesi; the cabbage head borer, Hellula undalis; the mustard sawfly, Athalia lugens proxima; the painted bug. Bagrada cruciferarum, aphids, Brevicoryne brassicae and Lipaphis erysimi, diamondback moth, Plutella xylostella, whitefly, Bemisia tabaci, leaf miner, Chromatomyia horticola, tobacco caterpillar, Spodoptera litura, red spider mite, and Tetranychus urticae (Anonymous 2014). Among these, P. brassicae is emerging as an important pest (Sachan and Gangwar, 1990). P. brassicae is primarily a pest in hilly regions. Extreme winter in hills led to the migration of the pest to plains (Fletcher, 1925). It is also one of the major constraints in the commercial cultivation of the crop in hilly and plain areas of Uttarakhand (Mishra and Ram, 1997). A single larva can consume about 74 to 80 cm² of leaf area (Younas et al., 2004). In cruciferous vegetables, this pest alone causes 40 per cent yield loss annually in India (Hasan and Ansari, 2010). The severity of the incidence of insect pests is greatly influenced by the prevailing climatic conditions (Meena et al., 2013). Limited work has been done on the population dynamics of Pieris brassicae in relation to weather parameters in broccoli, particularly in the western Himalayan region.	Comment by Dr. Mrs Abuh: Write it in full; that is	Comment by Dr. Mrs Abuh: This is an outdated reference, replace with a recent reference	Comment by Dr. Mrs Abuh: Replace this reference	Comment by Dr. Mrs Abuh: Too old to be cited for this research paper, please replace it with a more recent reference	Comment by Dr. Mrs Abuh: Same here, change this reference to more recent ones	Comment by Dr. Mrs Abuh: Too old to be used for this research paper, please replace it	Comment by Dr. Mrs Abuh: Too old to be used for this research paper, please replace it

MATERIALS AND METHODS	Comment by Dr. Mrs Abuh: 2:  MATERIALS AND METHODS 
            The present investigation was carried out at the Vegetable Research Farm of the Department of Vegetable Science, College of Horticulture, VCSG Uttarakhand University of Horticulture and Forestry, Bharsar, Pauri Garhwal, Uttarakhand, for the study of population dynamics of the cabbage butterfly on broccoli. The incidence and population dynamics of the cabbage butterfly larvae were recorded from the three leaves of the five randomly selected and tagged plants per plot by correlating the population with weather parameters. The data on the population dynamics of the cabbage butterfly is taken at a weekly interval to check the effect of different climatic factors on the population of cabbage butterflies. For the statistical analysis, standard weeks were considered as treatments. The experiment was conducted in two cropping seasons with twelve treatments and three replications. The observations on the number of eggs, larvae, pupae and adults were recorded at each standard week. Meteorological observations were collected from the meteorological observatory Bharsar. The experimental data were subjected to statistical analysis for interpretation. Least significant differences (LSD) at the 5 per cent level of significance were computed based on ANOVA following a completely randomized design (CRD), after a needful transformation of data.	Comment by Dr. Mrs Abuh: How was the population of the cabbage butterfly counted?	Comment by Dr. Mrs Abuh: List all the climatic factors checked	Comment by Dr. Mrs Abuh: Indicate the months or years 
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3:  RESULTS AND DISCUSSION
Results on the population dynamics of the cabbage butterfly, Pieris brassicae, on broccoli in the western Himalayan region showed that the occurrence of the cabbage butterfly started from the 17th standard week (Table 1). The minimum number of 3.11 eggs/plant was recorded in the 28th standard week, and the maximum number, 11.49 eggs/plant, in the 24th standard week. The maximum larval population of cabbage butterfly, 12.83 larvae/plant, was reported in the 23rd standard week. Whereas the minimum larvae, 3.46 per plant, were recorded in the 17th standard week, which was found statistically significant with all other standard weeks. The highest number of pupae, 10.49, was found in the 24th standard week, and the minimum pupal population, 1.92/plant, was observed in the 17th standard week. The highest incidence of adult population (1.89) was observed in 19th standard weeks. The minimum population of adults was 0.47, recorded in 28 standard weeks. The average population of cabbage butterfly (Pieris brassicae) during the first season was positively correlated with temperature and sunshine hours but negatively correlated with rainfall (Table 2). This finding was confirmed by Sood and Bhalla. (1996) he reported that the population of cabbage butterflies is directly proportional to high temperature and more sunshine hours accompanied with low relative humidity and low rainfall favoured population buildup. Devi and Singh (2002) also reported that the population dynamics of Pieris brassicae infestation were observed throughout the year. Pest was observed from November to February in the heading stage and from March to June in the ratoon stage.	Comment by Dr. Mrs Abuh: Too brief discussion
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Table 1. Population dynamics of P. brassicae L in relation to agro climatic condition of bharsar during 18th April -4th July, 	Comment by Dr. Mrs Abuh: Use title case for all your titles
	
	
	Population of the indicated stage

	S.No
	Standard
Week
	No. of eggs
	No. of larvae
	No. of pupa
	No. of adult

	1

	17
	5.05
(2.36)
	3.46
(1.99)
	1.92
(1.56)
	0.89
(1.18)

	2

	18
	5.16
(2.38)
	4.46
(2.23)
	3.38
(1.97)
	0.69
(1.09)

	3

	19
	7.66
(2.86)
	8.32
(2.97)
	4.93
(2.33)
	1.89
(1.55)

	4
	20
	8.59
(3.01)
	8.74
(3.04)
	4.99
(2.34)
	0.68
(1.09)

	5

	21
	7.74
(2.87)
	10.39
(3.30)
	4.51
(2.24)
	0.66
(1.08)

	6

	22
	6.73
(2.69)
	11.13
(3.41)
	6.81
(2.70)
	1.09
(1.26)

	7

	23
	11.28
(3.43)
	12.83
(3.65)
	8.77
(3.04)
	1.34
(1.36)

	8

	24
	11.49
(3.46)
	12.26
(3.57)
	10.49
(3.32)
	1.10
(1.26)

	9

	25
	10.37
(3.30)
	10.88
(3.37)
	8.35
(2.97)
	0.91
(1.19)

	10

	26
	7.55
(2.84)
	9.04
(3.09)
	6.91
(2.72)
	0.69
(1.09)

	11
	27
	5.15
(2.38)
	5.14
(2.37)
	5.59
(2.47)
	0.65
(1.07)

	12
	28
	3.11
(1.90)
	4.49
(2.23)
	3.19
(1.92)
	0.47
(0.98)

	SE (d)
	0.07
	0.04
	0.05
	0.01

	C.D ( 0.05) 
	0.12
	0.07
	0.06
	0.03


Figures in parenthesis () are square root transformed value

              Figure 1. Weather graph during 17th standard week – 28th standard weeks	Comment by Dr. Mrs Abuh: Figure 1 is not captured in the explanation above
Table 2. Relationship between Pieris brassicae population and weather parameters on broccoli during 17th to 28th standard  weeks at bharsar condition.	Comment by Dr. Mrs Abuh: Rewrite the title and capitalize the key words
	                  Correlation co-efficient

Weather parameter
	No. of eggs
	No. of larva
	No. of pupa
	No. of adult

	Temperature (0C)
	0.216
	0.354
	0.215
	0.530

	Rainfall (mm)
	-0.512*
	-0.461
	-0.602*
	-0.651

	Sunshine hours
	0.041
	0.178
	0.014
	0.523


 * Significance of correlation coefficient at 5% level of significance
The population dynamics of P. brassicae presented in Table 3 revealed that the minimum number of 1.92 eggs/plant was observed in the 37th standard week. The maximum number, 10.49 eggs/plants, was found in the 44th standard week. The occurrence of larvae of the cabbage butterfly started from the 37th standard week. The minimum larvae 3.05 /plants were recorded in the 48th standard week, which was found statistically significant with all other standard weeks. The maximum larvae/plants were recorded at 10.56 in the 40th standard week. The maximum number of pupae, 8.48, was recorded in the 44th standard week. Whereas the minimum pupal population of 2.05/plant was observed in the 37th standard weeks. The highest incidence of the adult population (1.43) was recorded in the 42nd standard weeks. The minimum population of adults was 0.48, recorded in 48 standard weeks (Table 3). The average population of cabbage butterfly (Pieris brassicae) was positively correlated with temperature and sunshine hours but negatively correlated with rainfall (Table 4). Zuranska and Ciepielewska (1985) confirmed our findings and reported that the larvae appeared during August and September, while larval abundance was greatest in mid-August and September with an average of 3.8 larvae/plant. The time of appearance of adults, eggs and larvae and population size depend on weather conditions, especially temperature and low precipitation when favourable. Yunus et al. (2004) also reported that the population of cabbage butterflies was highest, with an average of 86.67% larvae/plant in the first week of November, and the lowest average of 0.67% larvae/plant was recorded in the first week of December due to the fall of temperature.	Comment by Dr. Mrs Abuh: Replace with recent research literatures
Table 3.  Population dynamics of Pieris brassicae L in relation to agro climatic condition of Pauri Garwal during 5th September – 21st November	Comment by Dr. Mrs Abuh: Make use of title case format
	
	
	Population of cabbage butterfly/plant

	S.No
	Standard
Week
	No. of egg
	No. of larva
	No. of pupa
	No. of adult

	1
	37
	1.92
(1.56)
	4.46
(2.23)
	2.05
(1.60)
	0.74
(1.11)

	2
	38
	3.38
(1.97)
	4.87
(2.32)
	3.18
(1.92)
	0.96
(1.21)

	3
	39
	4.93
(2.33)
	8.34
(2.97)
	4.52
(2.24)
	0.96
(1.21)

	4
	40
	4.99
(2.34)
	10.56
(3.33)
	4.86
(2.32)
	1.34
(1.36)

	5
	41
	6.51
(2.65)
	9.63
(3.18)
	4.57
(2.25)
	1.30
(1.34)

	6
	42
	6.81
(2.70)
	9.15
(3.11)
	7.04
(2.75)
	1.43
(1.39)

	7
	43
	8.77
(3.04)
	8.56
(3.01)
	6.66
(2.68)
	1.06
(1.25)

	8
	44
	10.49
(3.32)
	7.00
(2.74)
	8.48
(3.00)
	0.85
(1.16)

	9
	45
	8.35
(2.97)
	6.26
(2.60)
	7.58
(2.84)
	0.92
(1.19)

	10
	46
	6.91
(2.72)
	5.06
(2.36)
	4.84
(2.31)
	0.77
(1.13)

	11
	47
	5.59
(2.47)
	4.15
(2.16)
	3.69
(2.05)
	0.66
(1.08)

	12
	48
	3.19
(1.92)
	3.05
(1.88)
	3.23
(1.93)
	0.48
(0.99)

	SE (d)
	0.02
	0.02
	0.20
	0.02

	C.D ( 0.05) 
	0.06
	0.04
	0.42
	0.05


Figures in parenthesis () are square root transformed value
Table 4. Relationship between P. brassicae population and weather parameters on broccoli during 37th to 48th standard weeks at bharsar condition.
	                                Correlation co-efficient

Weather parameters  
	No. of eggs
	No. of larva
	No. of pupa
	No. of adult

	Temperature(0C)
	0.563
	0.5628
	0.252*
	0.143*

	Rainfall(mm)
	-0.651
	-0.720
	-0.592
	-0.289*

	Sunshine hour
	0.567
	0.440*
	0.287*
	0.172*


*significant at 5% level of significance


Figure 2: Weather parameters during 37th standard week – 48th standard weeks
Pooled data on the population dynamics of cabbage butterflies on broccoli presented in Table 4 showed that the maximum number of 10.99 eggs/plant was recorded in the 24th and 44th pooled standard weeks. The maximum numbers of 10.70 larvae/plants in the 23rd and 43rd and 9.49 pupae/plants were observed in the 24th and 44th standard weeks. Whereas the maximum adult population (1.37) was recorded in the 23rd and 43rd standard weeks. The above-mentioned findings are in strong conformation with Ahmad et al. (2007) reported that Pieris brassicae appeared in the 43rd standard week and remained active in the field up to the 7th standard week, with the peak population (58.10 larvae per plant) in the 50th standard week. The population of Pieris brassicae was positively correlated with temperature and sunshine and negatively with rainfall. Singh and Sandhu (2016) reported that the occurrence of the cabbage butterfly (Pieris brassicae) on cole crops and reported that after 11 weeks of transplanting (9th September), the larval population reached its peak with an average population of 1.88 larvae/plant, and this population was directly proportional to temperature and sunshine hours and inversely proportional to rainfall.
Table 5. Pooled Population dynamics of P. brassicae L in relation to agro climatic condition.
	
	Population of the indicated stage

	S.No
	Standard
Week
	No. of egg
	No. of larva
	No. of pupa
	No. of adult

	1
	17& 37
	3.49
(2.00)
	3.96
(2.11)
	1.99
(1.58)
	0.82
(1.15)

	2
	18& 38
	4.27
(2.18)
	4.67
(2.27)
	3.28
(1.94)
	0.83
(1.15)

	3
	19& 39
	6.30
(2.61)
	8.33
(2.97)
	4.73
(2.29)
	1.43
(1.39)

	4
	20& 40
	6.79
(2.70)
	9.65
(3.19)
	4.93
(2.33)
	1.01
(1.23)

	5
	21& 41
	7.13
(2.76)
	10.01
(3.24)
	4.54
(2.24)
	0.98
(1.22)

	6
	22& 42
	6.77
(2.70)
	10.14
(3.26)
	6.93
(2.73)
	1.26
(1.33)

	7
	23&43
	10.03
(3.24)
	10.70
(3.35)
	7.72
(2.87)
	1.20
(1.30)

	8
	24& 44
	10.99
(3.39)
	9.63
(3.18)
	9.49
(3.16)
	0.98
(1.22)

	9
	25& 45
	9.36
(3.14)
	8.57
(3.01)
	7.97
(2.91)
	0.92
(1.19)

	10
	26& 46
	7.23
(2.78)
	7.05
(2.75)
	5.88
(2.53)
	0.73
(1.11)

	11
	27& 47
	5.37
(2.42)
	4.65
(2.27)
	4.64
(2.27)
	0.66
(1.08)

	12
	28& 48
	3.15
(1.91)
	3.77
(2.07)
	3.21
(1.93)
	0.48
(0.99)

	SE (d)
	
	0.05
	0.07
	0.04
	0.03

	C.D ( 0.05) 
	
	0.11
	0.15
	0.10
	0.06


Figure in parentheses are square root transformation.
Table 6: Relationship between Pieris brassicae population and weather parameters on broccoli from 17th -37th to 28th to 48th standard weeks at bharsar condition.
	                             Correlation co-efficients (r)
Weather parameters  
	No of eggs
	No of larvae
	No of pupae
	No of 
Adult

	Temperature (0C)
	0.184
	0.285
	0.420
	0.254

	Rainfall (mm)
	-0.133
	-0.505
	-0.441
	-0.477

	Sunshine hour
	0.284
	0.148
	0.320
	0.420


*significant at 5% level of significance


Figure 3. Weather graph during 17th – 28th standard week and 37th– 48th standard week
Conclusion
	During the first season (17th–28th standard week), the egg of the cabbage butterfly increased gradually and reached a peak level of 11.49 eggs at the 24th standard week, 12.83 larvae at the 23rd standard week, 10.49 pupae at the 24th standard week and 1.34 adults at the 23rd standard week. Thereafter, a declined trend was observed due to the fall of temperatures, fewer sunshine hours and rainfall as the optimum weather conditions for the cabbage butterfly were decreasing. In the second season (37th – 48th standard week), the eggs laid by the Cabbage white butterfly increased gradually and reached a peak level of 10.49 eggs at the 44th standard week, 10.56 larvae at the 40th standard week, 8.48 pupae at the 48th standard week and 0.48 adults at the 48th standard week. The declined trend was observed due to the fall of optimum weather conditions for the cabbage butterfly. Therefore, the average population of the cabbage butterfly (P. brassicae) during the 2 seasons was positively correlated with temperature and sunshine hours but negatively correlated with rainfall.
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