SEASONAL ABUNDANCE OF RED COTTON BUG, DUSKY COTTON BUG AND MEALY BUG IN Bt COTTON, Gossypium hirsutum L. AND THEIR CORRELATION WITH ABIOTIC FACTORS 



ABSTRACT 
[bookmark: _GoBack]	In cotton, number of insect pests simultaneously occur and cause enormous damage to crop. Hence, investigation on seasonal abundance of different sucking pests in Bt cotton cultivar was carried out during 2022 and 2023 at S. D. Agricultural University, Sardarkrushinagar, Gujarat, India. The order of sequential occurrence of different bugs in Bt cotton was mealy bug > red cotton bug > dusky cotton bug. The population of red cotton bug build built up gradually and showed its peak level during 48th SMW (8.14 red cotton bugs/plant). The relatively higher activity was observed during the 45th SMW to 50th SMW, i.e. peak boll bursting stage. Incidence of dusky cotton bug gradually increased and showed its highest peak (3.38 dusky cotton bugs/boll) during the 46th SMW and incidence was observed during the later stage (after the boll bursting stage). The population of mealy bug was commenced from 34th SMW increased steadily from 36th SMW, and showed the highest peak during 43rd SMW, with the a population of 3.72 mealy bugs per 10 cm twig. The relatively higher activity was observed during 40th SMW to 47th SMW. Red cotton bug, dusky cotton bug and mealy bug showed negative and significant relationship with minimum temperature, morning relative humidity and wind speed whereas, it has shown positive and highly significant correlation with sunshine hours. 	Comment by Satya Sharan Mishra: a number of	Comment by Satya Sharan Mishra: the crop	Comment by Satya Sharan Mishra: an investigation
KEY WORDS:  Red cotton bug, Dusky cotton bug, Mealy bug, Correlation, Bt
INTRODUCTION
Genetics and environmental factors had a great influence in the behavior of cotton crop which is drastically affected by the attack of insect-pests. Cotton is considered as the white gold and globally known as “King of Fibre” which belongs to family Malvaceae and genus Gossypium. Gossypium hirsutum represents 90 per cent of the hybrid cotton production in India and all the current Bt hybrids are Gossypium hirsutum. In India, over 160 species of insect pests have been reported damaging to cotton crop (Agrawal, 1978). Among them, bollworms were recorded as most destructive causing 31 per cent loss of cotton production (Grover and Pental, 2003) and more than 80 per cent potential crop losses in cotton (Oerke., 2005). Cotton stainer (red cotton bug) was often treated as a minor pest earlier but due to the consequent adoption of such cotton varieties have allowed the cotton stainer Dysdercus cingulatus (Fab) (Hemiptera: Pyrrhocoridae) to become a potential pest of cotton (Rafiq et al. 2014). Due to their sucking into the developing bolls it results in transmitting fungi on the immature lint and seed, which later on stain the lint with typical yellow colour, hence the name “Cotton Strainer” (Gadewad and Pardeshi, 2017). Dusky cotton bug is a severe pest of cotton crop and plants of the family Malvaceae, distributed and well documented round the globe with few exceptions. Severe infestation of DCB damages the seed cotton embryo resultantly seed viability is reduced. Jhala and Bharpoda (2008) also reported 50 per cent reduction in cotton yield in Gujrat during 2006 due to severe mealy bug infestation. According to Goswami (2007) in India due to mealy bug plague nearly 2000 acres of cotton crop were ruined. Now apart from yield losses, the cost of insecticide application only for mealy bug has been increased by 250-375 US$ per acre (Nagrare et al., 2009). The management strategy rather becomes difficult when minor pest become major. The strategies for the management of insect pest become sound and economical by incorporating the information on occurrence and pest succession. Therefore, present study on seasonal abundance of different bugs in Bt cotton cultivar was carried out as per methodology described in following headings. 
MATERIAL AND METHODS
		A field experiment was carried out conducted to investigate the succession of different bugs in Bt cotton cultivar cultivars during kharif 2022 and 2023 at Agronomy Instructional Farm, C. P. College of Agriculture, S. D. Agricultural University, Sardarkrushinagar, Gujarat, India. The cotton cv. GTHH 49 (BG II) was grown in 18.0 m × 13.5 m area with the spacing of 1.20 m × 0.45 m after following standard agronomical practices. The experimental plot was kept completely free from the insecticidal spray during both the year. Five quadrates (each of 3.60 m × 3.60 m) were marked in the experimental plot for recording the population of sucking pests. From each quadrate, five plants were randomly selected. Red cotton bugs were recorded from each selected plants. Whereas, dusky cotton bugs were recorded from the three randomly selected open boll from the selected plants. The number of mealy bug was counted from 3 twigs (each of 10 cm long) selected randomly on each tagged plants.  Observations was taken from seven days after germination till the removal of the crop at weekly interval. Simple correlations between periodic mean values of sucking pests and various weather parameters was worked out.
RESULTS AND DISCUSSION
Seasonal incidence of sucking pests in Bt cotton
Red cotton bug
	The data on population of red cotton bug are summarized in Table 1 showed that there was no incidence of pest up to 39th SMW i.e. 13th week after sowing. The population showed its highest peak (7.84 red cotton bugs/plant) during 48th SMW i.e. 22nd week after sowing and thereafter, it started declining from 49th SMW to 51st SMW. Comparatively higher activity (5.12 to 7.84 red cotton bugs/plant) was observed during 45th SMW to 50th SMW i.e. in the month of November and December during 2022. During the year 2023, the data on population of red cotton bug are summarized in Table 1 revealed that there was no incidence of pest up to 38th SMW i.e. 12th week after sowing. The population gradually increased and attained its highest peak (8.44 red cotton bugs/plant) during 48th SMW i.e. 22nd week after sowing and thereafter, it started declining. Comparatively higher activity (5.08 to 8.44 red cotton bugs/plant) was observed during 45th SMW i.e. 19th week after sowing to 51st SMW i.e. 25th week after sowing. Earlier, more or less similar findings were reported by Behera et al. (2018) who found that the population of red cotton bug reached at its peak (7.78 and 7.96 bugs/plant in Bt and non-Bt cotton, respectively) at 48th SMW in both the years 2013 and 2014 i.e. during the peak boll bursting stage. Highest population about 31.33 numbers of red cotton bug was noticed during 46th SMW that was second week of November. The second highest population was found 20.5 nymphs and adults per plant according to Pal et al. (2020).  Thus, the results on occurrence of red cotton bug on Bt cotton recorded by above works are in conformity with the present findings.
Dusky cotton bug
	It is evident from the data presented in Table 1 revealed that there was no incidence of the dusky cotton bug up to 42nd SMW i.e. 16th week after sowing. The population showed its highest peak (3.23 dusky cotton bugs/boll) during 46th SMW i.e. 20th week after sowing and thereafter, it started declining and disappeared after 50th SMW i.e. 24th week after sowing. The activity of dusky cotton bug was observed during 43rd SMW to 49th SMW in the year of 2022. The data on population of dusky cotton bug during 2023 are presented in 1 revealed that there was no incidence of the dusky cotton bug up to 41st SMW i.e. 15th week after sowing. The population gradually increased and attained its highest peak during 46th SMW i.e. 20th week after sowing (3.53 dusky cotton bugs/boll). Thereafter, it started declining and disappeared after 50th SMW i.e. 24th week after sowing. The activity of dusky cotton bug was observed during 42nd SMW to 49th SMW. The information on the activity dusky cotton bug infesting Bt cotton was scanty in the past literatures. The activity of dusky cotton bug was also reported by Iqbal et al. (2018) and noted that it was observed in the month of September-November. Thus, above references were relatively supported with the present finding. 
Mealy bug
	A close perusal of the data on population of mealy bug per 10 cm twig are presented in Table 1 revealed that there was no incidence of the pest up to 35th SMW i.e. 9th week after sowing during the year 2022. The population showed its highest peak (3.21 mealy bugs/10 cm twig) during 43rd SMW i.e. 17th week after sowing. There was gradual reduction in population in subsequent week and during 51st SMW it showed 0.22 mealy bug per 10 cm twig. Relatively higher activity (2.13 to 3.21 mealy bugs/10 cm twig) was observed during 41st SMW to 46th SMW. During the year 2023, the data on abundance of mealy bug population showed that there was no incidence of the pest up to 33rd SMW i.e. 7th week after sowing. The population was commenced from 34th SMW i.e. 6th week after sowing with population of 0.28 mealy bug per 10 cm twig. Thereafter, it was disappeared during next 35th SMW and again population build up from 36th SMW with minimum incidence and reached to peak period (4.22 mealy bugs/10 cm twig) during 43rd SMW i.e. 17th week after sowing. Thereafter, it gradually declined up to 51st SMW. Earlier, as per the report of Chauhan et al. (2017), the incidence of mealy bug was started at the 10th WAS i.e., the second week of September. The population increased up to the 14th WAS and subsequently reached the peak during the 18th WAS i.e., the second week of November (4.11 mealy bugs/10 cm twig). Jat et al. (2023) reported that mealy bugs incidence in Bt cotton was first started from 29th SMW (3.00 mealy bugs/10 cm twig). The present findings are more or less in close agreement with the earlier reports.
Correlation of sucking pests of Bt cotton with abiotic factors
Red cotton bug
[bookmark: _Hlk166340805][bookmark: _Hlk164168005]The results on influence of weather parameters on red cotton bug population summarized in Table 2 during 2022 clearly indicate that red cotton bug exhibited negative and highly significant correlation with minimum temperature (r = -0.946**), morning relative humidity (r = -0.810**), evening relative humidity (r = -0.750**) and wind speed (r = -0.695**) whereas, it has shown positive and highly significant correlation with sunshine hours (r = 0.638**). Perusal of results revealed that correlation between the red cotton bug population and weather parameters summarized in 3 during 2023 indicated that the minimum temperature (r = -0.925**) and morning relative humidity (r = -0.668**) exhibited negative and highly significant correlation with red cotton bug population whereas, it has shown positive and highly significant correlation with sunshine hours (r = 0.644**). On the other hand, maximum temperature (r = -0.456*) and wind speed (r = -0.469*) had negative and significant correlation with red cotton bug population. Earlier, Behera et al. (2018) reported that red cotton bug showed negative and non-significant correlation with all the weather parameters. Above references were relatively supported with the present findings. 
Dusky cotton bug
	It is evident from the data on correlation coefficient between dusky cotton bug population and weather parameters summarized in Table 2 during 2022 showed that morning relative humidity (r = -0.641**) and wind speed (r = -0.512**) had negative and highly significant correlation with dusky cotton bug population whereas, it has shown negative and significant correlation with minimum temperature (r = -0.635*) and evening relative humidity (r = -0.485*). Dusky cotton bug exhibited positive and significant correlation with sunshine hours (r = 0.472*) while, it has shown negative and non-significant correlation with maximum temperature as well as rainfall (r = -0.093 and r = -0.275, respectively). During 2023, the data on dusky cotton bug population and weather parameters summarized in Table 3 exhibited negative and highly significant correlation with minimum temperature (r = -0.598**) whereas, it has shown negative and significant correlation with morning relative humidity (r = -0.485*). However, sunshine hours (r = 0.452*) were significant and positively correlated with pest population. Further, minimum temperature, evening relative humidity, rainfall and wind speed (r = -0.054, r = -0.174, r = -0.198 and r = -0.291, respectively) were found non-significant and negatively associated with dusky cotton bug population. According to Iqbal et al. (2018), dusky population exhibited significant negative correlation with temperature (maximum, minimum) and positive significant correlation with relative humidity. 
Mealy bug
	The results on influence of weather parameters on mealy bug population summarized in Table 2 during 2022 clearly indicate that mealy bug exhibited negative and highly significant correlation with morning relative humidity (r = -0.767**), evening relative humidity (r = -0.700**) and wind speed (r = -0.522**) whereas, it has shown positive and highly significant correlation with sunshine hours (r = 0.712**). Mealy bug exhibited negative and significant correlation with minimum temperature (r = -0.473*) and rainfall (r = -0.464*) while it was significant and positively associated with maximum temperature (r = 0.422*). Perusal of results revealed that correlation between the mealy bug population and weather parameters summarized in Table 3 during 2023 indicated that the minimum temperature (r = -0.567**), morning relative humidity (r = -0.826**), evening relative humidity (r = -0.665**) and wind speed (r = -0.606**) exhibited negative and highly significant correlation with mealy bug population whereas, it has shown positive and highly significant correlation with sunshine hours (r = 0.799**). The negative association between mealy bug population infesting Bt cotton and weather parameters viz., bright sunshine hours, evening relative humidity and vapour pressure was established in present study and are corroborative with the correlation coefficient study taken by Muchhadiya et al. (2014). Apparently, the variation in the results noticed with the present study might be due to the differences in agronomic practices, ecological condition and variation in varieties.
CONCLUSION
	Red cotton bug was reached to peak level during 48th SMW, however dusky cotton bug showed its highest peak during 46th SMW and incidence was noticed after boll bursting stage. Maximum incidence of mealy bug was observed during 43rd SMW. Red cotton bug, dusky cotton bug and mealy bug showed negative and significant relationship with minimum temperature, morning relative humidity and wind speed. 
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	Table 1: Seasonal incidence of different sucking pests in Bt cotton (2022 & 2023)

	SMW
	Weeks after sowing
	First year (2022)
	Second year (2023)

	
	
	Red cotton bug/plant
	Dusky cotton bug/boll
	Mealy bug/ 
10 cm twig
	Red cotton bug/plant
	Dusky cotton bug/boll
	Mealy bug/ 10 cm twig

	27
	1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	28
	2
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	29
	3
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	30
	4
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	31
	5
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	32
	6
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	33	Comment by Satya Sharan Mishra: No need to add this ????
	7
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	34
	8
	0.00
	0.00
	0.00
	0.00
	0.00
	0.28

	35
	9
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	36
	10
	0.00
	0.00
	0.42
	0.00
	0.00
	0.64

	37
	11
	0.00
	0.00
	0.87
	0.00
	0.00
	1.12

	38
	12
	0.00
	0.00
	0.62
	0.00
	0.00
	0.84

	39
	13
	0.00
	0.00
	1.14
	0.16
	0.00
	1.57

	40
	14
	0.36
	0.00
	1.96
	0.96
	0.00
	2.04

	41
	15
	1.64
	0.00
	2.42
	2.28
	0.00
	3.16

	42
	16
	2.24
	0.00
	2.74
	3.08
	0.28
	2.84

	43
	17
	2.72
	0.24
	3.21
	4.12
	0.64
	4.22

	44
	18
	3.56
	1.12
	3.04
	3.04
	1.24
	3.36

	45
	19
	5.80
	2.56
	2.46
	6.20
	1.96
	2.78

	46
	20
	6.88
	3.23
	2.13
	7.16
	3.53
	3.28

	47
	21
	5.12
	2.32
	1.78
	8.20
	2.48
	2.46

	48
	22
	7.84
	1.69
	1.22
	8.44
	1.84
	1.74

	49
	23
	7.52
	1.28
	0.78
	7.12
	0.84
	1.32

	50
	24
	5.16
	0.00
	0.86
	6.84
	0.00
	1.16

	51
	25
	4.36
	0.00
	0.22
	5.08
	0.00
	1.08

	Mean
	2.13
	0.50
	1.03
	2.51
	0.51
	1.36
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	Table 2: Correlation coefficient (r) between different sucking pests of Bt cotton and weather parameters (2022)

	Pests
	Weather parameters (Correlation coefficient)

	
	Temperature (°C)
	Relative humidity (%)
	Sunshine (hours/ day)
	Rainfall (mm)
	Wind speed
(km/hr)

	
	Max Temp.
	Min Temp.
	Morning
	Evening
	
	
	

	Red cotton bug
	-0.325
	-0.946**
	-0.810**
	-0.750**
	0.638**
	-0.405*
	-0.695**

	Dusky cotton bug
	-0.093
	-0.635*
	-0.641**
	-0.485*
	0.472*
	-0.275
	-0.512**

	Mealy bug
	0.422*
	-0.473*
	-0.767**
	-0.700**
	0.712**
	-0.464*
	-0.522**

	  * Significant at 5 per cent level of significance ('r' = 0.396); 
** Significant at 1 per cent level of significance ('r' = 0.505).




	Table 3: Correlation coefficient (r) between different sucking pests of Bt cotton and weather parameters (2023)

	Pests
	Weather parameters (Correlation coefficient)

	
	Temperature (°C)
	Relative humidity (%)
	Sunshine (hours/ day)
	Rainfall (mm)
	Wind speed
(km/hr)

	
	Max Temp.
	Min Temp.
	Morning
	Evening
	
	
	

	Red cotton bug
	-0.456*
	-0.925**
	-0.668**
	-0.307
	0.644**
	-0.303
	-0.469*

	Dusky cotton bug
	-0.054
	-0.598**
	-0.485*
	-0.174
	0.452*
	-0.198
	-0.291

	Mealy bug
	0.232
	-0.567**
	-0.826**
	-0.665**
	0.799**
	-0.376
	-0.606**

	  * Significant at 5 per cent level of significance ('r' = 0.396); 
** Significant at 1 per cent level of significance ('r' = 0.505).






