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ABSTRACT
The present investigation was conducted to study the p“Population fFluctuations of cCotton pPests and tTheir nNatural eEnemies under rRainfall cConditions” during Kharif 2020–21 and 2021–22 at Agriculture Research Station, Achalpur, Dr. PDKV, Akola. The cotton variety AKH-081 was grown under field conditions following the recommended agronomic practices without plant protection measures. Weekly observations were recorded on randomly selected plants for major sucking pests, viz., aphid, thrips, whitefly, leafhopper and pink bollworm, along with natural enemies such as ladybird beetles, chrysopids, and spiders.
The results indicated that most sucking pests, including aphid, thrips, leafhopper and whitefly, appeared during the 32nd–33rd standard meteorological weeks SMW, while pink bollworm infestation commenced during the 36th standard meteorological weeks SMW. Peak pest populations were observed during the mid to late crop growth stages. Correlation analysis revealed a significant negative association of aphid and pink bollworm with rainfall. However, leafhopper and thrips showed a significant positive association with rainfall, while whitefly exhibited non-significant positive associations with rainfall. The natural enemies were present throughout the crop season and their peak activity coinciding with higher pest abundance. The study highlights the pest dynamics and to emphasizes the importance of understanding role of natural enemies in regulating cotton pest populations under field conditions.Top of FormBottom of Form
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Introduction:
Cotton (Gossypium spp.), popularly known as “White Gold” and “King of Fibre”, is one of the most important commercial and fibre crops cultivated worldwide. India is one of the major cotton-producing countries, where cotton the crop plays a vital role in the agricultural economy and textile industry. However, cotton is attacked by a large number of insect pests throughout its growth stages. More than 160 insect pest species have been reported infesting cotton in India (Rajendran et al., 2018). Among them, sucking pests such as aphids (Aphis gossypii), jassids (Amrasca biguttula biguttula), thrips (Thrips tabaci), and whiteflies (Bemisia tabaci) along with the bollworm complex including pink bollworm (Pectinophora gossypiella) are considered major constraints in cotton production. Sucking pests damage the crop by extracting cell sap from tender leaves and shoots, causing curling, yellowing, and stunted growth. Whereas Bbollworms feed on squares, flowers and bolls, resulting in severe yield and quality losses. Bollworms are regarded as the most destructive pests and are reported to cause about 31 per cent loss in cotton production (Grover and Pental, 2003). The combined damage caused by sucking pests and bollworms may lead to substantial reduction in yield and fibre quality (Dhawan and Sindhu, 1986). The incidence and population build-up of these pests vary with crop growth stages and environmental conditions. Simultaneous occurrence of sucking pests and borers in the cotton ecosystem often complicates pest management practices. Therefore, understanding the population fluctuations of pest is essential for developing effective and economical pest management strategies. Hence, the present investigation was undertaken to study the population fluctuation of cotton pest and their natural enemies under field conditions.
Material and Methods
The study was carried out under open field condition at Agriculture Research Station, Achalpur (Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola) during Kharif 2020-21 and 2021-22. The cotton variety AKH-081 which was released by Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola (MS) shown at a spacing of with 60 x 30 cm spacing is used under this investigation. Weekly observations were recorded on 10 randomly selected plants. Aphids, leaf hoppers, thrips and whitefly population count were recorded on top, middle and bottom canopy of each plant and expressed as average number of pests per 3 leavesfs per plant. Total number of green fruiting bodies (square, buds, flowers, and green bolls) and those infested by pink bollworms were recorded at weekly interval and the percentage damage caused by pink bollworm was calculated.was worked out as the percentage damage by bollworm. The population count of lady bird beetles, Cchrysopa and spiders were also recorded on 10 randomly selected plant and calculated work out the population per plant.
Statistical analysis:
The data on population of sucking insect pests, bollworm, and natural enemies (predators) were statistically analyzed, and correlation coefficients were determined. The relationship between insect pest populations and rainfall was assessed using Karl Pearson’s correlation coefficient.
The correlation coefficient was calculated using the following formula:

where,
rxy = Simple correlation co-efficient.
x = Variable i.e. abiotic component (rainfall).
y = Variable i.e. mean number of insect pests per plant.
n = Number of observations.
The significance of the obtained correlation coefficients was tested using Student’s t-test, calculated as:

The computed t-values were compared with the tabulated values at the 1 % and 5% level of significance with (n − 2) degrees of freedom to determine statistical significance.
Results and Discussion
The results obtained from the present investigation along with the as well as relevant discussion have been summarized under following headingss:
Aphid (Aphis gossypii):
The tTable 1 revealed that aphid incidence commenced during the 34th SMW (0.90 aphids/leaf) in 2020–21 and during the 33rd SMW (0.80 aphids/leaf) in 2021–22.  However, the population reached its peak during the 49th SMW (19.60 aphids/leaf) in 2020-21 and 46th SMW (14.20 aphids/leaf)2021-2022. , respectively. Correlation analysis revealed a significant negative association between aphid population and rainfall during 2020–21 (r = −0.532*) and a highly significant negative association during 2021–22 (r = −0.701**), indicating that rainfall adversely affected aphid multiplication (Table 2).









Table 1: Population fFluctuation of major pest of cotton and their natural enemies with rainfall during 2020-21 and 2021-22
	Sr. No.
	SMW
	Rainfall
	Av. No. Sucking pest / 3 leaf / plant	Comment by Priyanka S M: Give the expansion
	Pink bollworm Damage (%)
	Lady bird beetle
	Chrysopa
	Spider

	
	
	
	Aphid
	Leafhopper
	Thrips
	Whitefly
	
	
	
	

	
	
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22

	1.
	29
	55.2
	139.1
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2.
	30
	10.8
	78.4
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	3.
	31
	48.4
	109.8
	0.00
	0.00
	0.00
	2.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.10
	0.00
	0.00
	0.00
	0.00
	0.00

	4.
	32
	42.4
	8
	0.00
	0.00
	0.00
	4.20
	0.00
	0.80
	0.00
	0.00
	0.00
	0.00
	0.50
	0.10
	0.00
	0.00
	0.70
	0.00

	5.
	33
	36.2
	0
	0.00
	0.80
	0.80
	6.40
	0.50
	1.50
	0.90
	0.60
	0.00
	0.00
	0.70
	0.20
	0.30
	0.00
	0.30
	0.00

	6.
	34
	48
	26.4
	0.90
	1.20
	1.60
	5.30
	1.00
	2.00
	1.20
	1.00
	0.00
	0.00
	0.30
	0.00
	0.50
	0.10
	1.20
	0.60

	7.
	35
	34.4
	28.2
	1.80
	2.00
	2.20
	8.10
	1.70
	3.61
	2.00
	1.60
	0.00
	0.00
	0.50
	0.00
	0.90
	0.00
	0.70
	0.40

	8.
	36
	67.2
	69.2
	2.70
	2.80
	2.80
	10.30
	2.90
	3.00
	3.20
	2.50
	1.00
	0.80
	0.60
	0.40
	1.10
	0.00
	0.40
	0.50

	9.
	37
	21.6
	105.6
	3.60
	3.30
	3.60
	4.21
	3.20
	4.13
	2.90
	2.80
	1.80
	1.10
	0.40
	0.00
	0.50
	0.40
	0.80
	0.80

	10.
	38
	43.8
	29.2
	4.50
	4.70
	5.20
	3.20
	3.00
	5.20
	3.60
	3.60
	2.50
	1.60
	0.60
	0.80
	0.40
	0.60
	1.00
	1.20

	11.
	39
	38.2
	22.6
	5.70
	4.20
	1.80
	3.00
	3.50
	5.60
	4.10
	3.20
	3.30
	2.00
	1.20
	1.00
	0.60
	0.70
	1.10
	0.60

	12.
	40
	75
	65.9
	8.90
	5.52
	2.20
	2.10
	3.90
	6.00
	5.30
	4.26
	5.20
	3.20
	1.80
	1.40
	0.70
	1.00
	1.30
	1.50

	13.
	41
	12.2
	43.8
	10.20
	6.20
	2.80
	3.18
	3.20
	5.61
	6.20
	6.50
	7.10
	5.33
	0.50
	0.40
	0.90
	0.80
	1.20
	0.90

	14.
	42
	30.4
	20
	10.00
	7.45
	1.60
	2.80
	3.80
	5.80
	7.80
	7.20
	8.50
	7.22
	0.60
	0.60
	1.20
	0.20
	1.10
	1.20

	15.
	43
	1.2
	63.4
	9.40
	8.47
	0.60
	2.00
	2.50
	5.00
	6.00
	8.50
	10.20
	8.18
	0.50
	0.20
	0.60
	0.00
	0.80
	0.80

	16.
	44
	1.8
	0
	11.30
	10.22
	0.00
	1.60
	2.10
	4.20
	5.00
	5.60
	12.70
	10.30
	0.00
	0.00
	0.50
	0.20
	0.90
	0.40

	17.
	45
	0
	0
	10.70
	12.30
	0.50
	1.00
	1.80
	3.45
	4.20
	5.00
	14.30
	12.25
	0.40
	0.00
	0.00
	0.60
	1.20
	0.00

	18.
	46
	0
	0
	13.10
	14.20
	0.80
	0.80
	2.20
	3.00
	2.90
	4.20
	17.40
	14.30
	0.00
	0.10
	0.00
	1.10
	0.80
	0.10

	19.
	47
	0
	0
	16.90
	13.00
	0.70
	0.40
	1.20
	2.18
	1.50
	3.41
	19.50
	15.42
	0.00
	0.00
	0.40
	0.70
	0.60
	0.00

	20.
	48
	1.6
	0
	15.30
	13.80
	0.40
	0.20
	0.00
	1.70
	1.20
	3.00
	22.60
	18.30
	0.30
	0.20
	0.50
	0.50
	0.50
	0.20

	21.
	49
	0
	0
	19.60
	11.20
	0.50
	0.80
	0.00
	1.00
	0.80
	2.60
	23.90
	19.21
	0.10
	0.20
	0.20
	0.20
	0.20
	0.00

	22.
	50
	0
	0
	17.20
	12.00
	0.00
	0.00
	0.00
	0.60
	0.70
	1.00
	28.60
	21.45
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	23.
	51
	0.4
	0
	13.50
	9.33
	0.20
	0.00
	0.00
	0.00
	0.20
	0.40
	32.90
	22.47
	0.00
	0.10
	0.00
	0.00
	0.00
	0.00

	24.
	52
	0
	0
	9.20
	7.10
	0.20
	0.10
	0.00
	0.00
	0.00
	0.00
	35.60
	24.20
	0.00
	0.00
	0.00
	0.00
	0.10
	0.10



The present findings are in agreement with Bhute et al. (2012), who reported that there is a significant negative correlation of aphid population with rainfall. Similar peak incidence between 39th and 46th SMW was also reported by Soujanya et al. (2010). Likewise, Khedkar and Kabre (2020) observed highest aphid activity during October to mid-November. Mohapatra (2008) also reported a negative effect of rainfall on aphid population. 
Table 2 : Correlation of rainfall with major pests of cotton and their natural enemies
	Insect pest
	2020-21
	2021-22

	Aphid / leaf  
	-0.532*
	-0.701**

	Leaf hopper / leaf 
	0.476*
	0.635**

	Thrips / leaf 
	0.544*
	0.302

	Whitefly / leaf 
	0.231
	0.190

	Pink bollworm (%) 
	-0.755**
	-0.697**

	Lady Bird Beetle / plant
	0.316
	0.648**

	Chrysopa / plant
	-0.158
	0.505*

	Spider
	0.569*
	0.388


* - Significant correlation at 5% significance level
** - Significant correlation at 1% significance level
Leaf hopper (Amrasca biguttula biguttula):
The iIncidence of leafhopper commenced during the 33rd SMW (0.80 leafhoppers/leaf) in 2020–21 and the 31st SMW (2.00 leafhoppers/leaf) in 2021–22. The population reached its peak during the 38th SMW (5.20 leafhoppers/leaf) in 2020–21  and the 36th SMW (10.30 leafhoppers/leaf) in 2021–22., respectively. Correlation analysis revealed a significant positive association between leafhopper population and rainfall during 2020–21 (r = 0.476*) and a highly significant positive association during 2021–22 (r = 0.635**), indicating that rainfall favoured leafhopper multiplication (Table 2).
The present findings are in agreement with Deshmukh and Patil (2024) who reported that the leafhopper population ranged from 0.02 to 5.76 per 3 leaves per plant. Sarode et al. (2020) also observed peak leafhopper population during the 37th SMW. Likewise, Mohapatra (2008) and Prasad et al. (2008) reported peak leafhopper incidence between 30th and 50th SMW. However, in contrast to the present study, Khedkar and Kabre (2020) observed a non-significant association of rainfall with leafhopper population.
Thrips (Thrips tabaci):
The tTable 1 revealed that thrips incidence observed from the 33rd SMW (0.50 thrips/ leaf) in 2020–21 and the 32nd SMW (0.80 thrips / leaf) in 2021-22. However, the population attained its peak during the 40th SMW (3.90 thrips/ leaf IN 2020-21 and 6.00 thrips / leaf in 2021-22), respectively. Correlation analysis indicated a significant positive association during 2020-21 (r=0.544*), whereas a non-significant positive association was observed during 2021–22 (r = 0.302) between thrips population and rainfall (Table 2).
The present findings are in agreement with Khedkar and Kabre (2020), who reported the thrips population began to increase in the first week of July, starting at 0.17 thrips per 3 leaves and remained active throughout the cropping season. Likewise, Boda and Ilyas (2017) recorded highest thrips incidence during the 41st SMW. However, iIn contrast to the present findings, Khedkar and Kabre (2020) reported a negative effect of rainfall on thrips population.
Whitefly (Bemisia tabaci):
The tTable 1 revealed that whitefly incidence commenced during the 33rd SMW in 2020-21 (0.90 whitefly/ leaf) and in 2021-22 (0.60 whitefly / leaf). However, the population attained its peak during the 42nd SMW (7.80 / leaf) and 43rd SMW (8.50 whitefly / leaf), respectively, for both the year. However, from table 2 the correlation analysis revealed a non-significant positive association between whitefly population and rainfall during 2020-21 (r=0.231) and 2021-22 (r=0.190). 
The present findings are in agreement with Shanab and Awad-Allah (1982) that, the peak incidence of whitefly was reported during July to October. The present findings are also supported by Purohit et al. (2006) and Deshmukh and Patil (2024), who reported peak whitefly incidence during August to October. However, in contrast to the present findings, Deshmukh and Patil (2024) and Bhede (2003) reported a negative association between rainfall and whitefly population.
Pink bollworm (Pectinophora gossypiella) Damage:
The table 1 revealed that pink bollworm damage incidence commenced from the 36th SMW (1.00% damage) and 0.80% damage) during 2020-21 and 2021-22, respectively. However, the population attained its peak during the 52nd SMW (35.60% damage) and 43rd (24.20% damage) respectively for both the year. Correlation analysis indicated a highly significant negative association during 2020-21 (r= -0.755**) and 2021-22 (r=-0.697**) at 1% and 5% level of significance, indicating that increased rainfall adversely affected pink bollworm infestation (Table 2).
The present findings are partially in agreement Naik et al. (2018), who reported that, the peak activity observed from October onwards was is consistent with higher infestation from the 45th SMW onward. Similar seasonal incidence patterns were further supported by Patel (1992), who recorded maximum infestation during September to November. Further, Prasad et al. (2008) also observed peak pink bollworm activity during the mid- to late-season crop period, corresponding to October–November. Sharma et al. (2009) reported that pink bollworm incidence was higher during dry weather conditions with reduced rainfall, thereby supporting the present experiment. Similarly, Kranthi (2015) documented that, weather factors particularly rainfall and humidity, significantly influenced bollworm population dynamics in cotton ecosystems. Overall, the present study confirms that low rainfall conditions favor pink bollworm buildup, while peak infestation typically occurs during the late-season crop stage (October–November), consistent with earlier reports. However, in contrast to the present findings, Dhawan et al. (1996) reported a non-significant positive relationship between rainfall and pink bollworm incidence.
Natural Enemies 
Table 1 revealed that ladybird beetles were present throughout the cropping period. During 2020–21, their population ranged from 0.10 to 1.80 beetles per plant between the 31st and 49th SMW, whereas during 2021–22, the population ranged from 0.10 to 1.40 beetles per plant from the 32nd to 49th SMW. The Cchrysopa populations in 2020–21 ranged from 0.20 to 1.20 per plant between the 33rd and 49th SMW, with a peak abundance observed during the 42nd week. During In 2021–22, the population varied from 0.10 to 1.10 individuals per plant from the 34th week onward, reaching its maximum during the 46th SMW. Spider populations during 2020–21 ranged from 0.10 to 1.30 individuals per plant between the 32nd and 52nd SMW, with peak abundance recorded in the 40th week. Similarly, during 2021–22, the population ranged from 0.10 to 1.50 individuals per plant from the 34th to 52nd SMW, attaining maximum density observed during the 40th SMW. Across both years, the populations of natural enemies showed variability throughout the crop season and exhibited a non-significant correlation with rainfall.
The present findings are in agreement with Khedkar and Kabre (2020), who reported the presence of ladybird beetles on cotton from the 28th to 47th SMW, with peak activity during the 40th SMW. Sarode et al. (2020) also reported a non-significant negative correlation with rainfall. The present results are further supported by Kapadia and Puri (1989) and Sharma et al. (2004), who noted higher predator activity during September–October, with spiders occurring at low but consistent levels during June–July and chrysopid activity increasing during August–October. 
Conclusion: 
The major cotton pests showed population fluctuation patterns influenced by rainfall. Sucking pests appeared early, whereas while pink bollworm occurred during in later crop stages, with peak populations observed during mid to late season. Rainfall had a significantly negative effect on affected aphid and pink bollworm negatively, while leafhopper and thrips showed a significant positive response. Whitefly reported a weak, non-significant relationship with rainfall. Natural enemies were present throughout the season, with peak activity corresponding to higher pest abundance and they played an important role in regulating pest dynamics in cotton.
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