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Succession and Incidence of Major Sucking Insect Pests of Cowpea and their Natural Enemies in Relation to Meteorological Parameters
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ABSTRACT 
	Aims: The present study exhibits a correlation between population of major sucking insect pests on cowpea with the predator and abiotic factors, i.e., the minimum & maximum temperature, relative humidity and rainfall. 
Background: The low productivity of cowpea is attributed to the infestation by insect pests and diseases. Climate change has been identified as one of the primary factors aggravating insect resistance to insecticides. The incidence of insect pests, nature and extent of damage to the crop vary in different regions due to change changes in agro-climatic conditions.
Study design: Five separate plots of 3.0 m x 2.5 m size keeping row-to-row and plant to plant distance of 30 cm and 10 cm, respectively were maintained. 
Place and Duration of Study: The investigations were carried out in Kharif, 2022 at Agronomy farm, S.K.N. College of Agriculture, Jobner.
Methodology: The RC-19 variety of cowpea was sown on 14th July, 2022, and the recommended agronomic package of practices was adopted for raising the crop, excluding plant protection measures. The observations on insect pest populations (aphid, leafhopper, and whitefly) were recorded on five randomly selected and tagged plants in each plot at a weekly interval, and a simple correlation was computed between mean observations of pest populations, natural enemies and meteorological parameters. 
Results: The infestation of the aphid commenced in the first week of August (31st SMW) and leafhopper and whitefly in the last week of July (30th SMW). The peak populations of aphid (111.68 aphids/ 10 cm terminal shoot), leafhopper (13.20/ three leaves) and whitefly (8.80/ three leaves) were recorded in the first week of September (35th SMW), when the minimum temperature, maximum temperature and relative humidity was 21.10C, 33.20C and 41 per cent, respectively. The leafhopper and whitefly showed significant negative correlation with relative humidity (r= -0.67 & -0.68) and a non-significant correlation with other meteorological parameters. The population of aphid and Coccinella septumpunctata showed a non-significant correlation with all the meteorological parameters, whereas the population of Coccinella septumpunctata showed a positive significant correlation with aphid (r= 0.88), leafhopper (r= 0.87) and whitefly (r= 0.82) population.
Conclusion: Populations of leafhopper and whitefly showed a significant negative correlation with relative humidity and Coccinella septempunctata showed a positive significant correlation with the populations of aphid, leafhopper and whitefly. 
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1. INTRODUCTION

Climate change has become a major source of concern all over the world because its effects are harming many facets of life, including agriculture and human health. Indeed, the world's food security is in jeopardy because many crops have low yields year after year due to climatic change, and the little that was produced is being infested by insect pests right from the farm level (Ashamo et al., 2021). Cowpea, Vigna anguiculata (Linn.) Walp. is one of the most important  pulse crops grown all over the world, native to Central Africa and commonly known as chola, lobia. It belongs to the family Fabaceae. Cowpea is a warm-season crop that is suitable for being grown in subtropical and tropical regions. Cowpea is called vegetable meat due to the high amount of protein in the grain with better biological value. On a dry weight basis, cowpea grain contains 23.4 per cent protein, 1.8 per cent fat, and 60.3 per cent carbohydrates, and it is a rich source of lysine and tryptophan (Singh, 1983). Climate change has been identified as one of the primary factors aggravating insect resistance to insecticides, and many of these insecticides have been banned by governments for adversely contributing significantly to the problem of climate change (Hajam & Kumar, 2022; Thakur et al., 2023).
The low productivity of cowpea is attributed to the infestation by insect pests and diseases. Sardhana and Verma (1986) reported 21 insect pests of different groups damaging the crop from germination to maturity. The important insect species infesting cowpea are aphid, Aphis craccivora Koch; jassid, Empoasca fabae (Harris); thrips, Megaleurothrips distalis Karny; army worm, Mythimna separata (Walker); semilooper, Thysanoplusia orichalcea (Fab.); Leafminer, Phytomyza horticola Meigen and pod borer, Helicoverpa armigera (Hubner), resulting in heavy yield losses (Prasad et al., 1983 and Satpathy et al., 2009). Therefore, a cultivar's tolerance or resistance to specific pest provides an added advantage, enabling it to avoid or withstand the harmful effects of infestations (Chowhan et al. 2022).
The incidence of insect pests, nature and extent of damage to the crop vary in different regions due to changes in agro-climatic conditions. Contrary due to the impact of global warming and climate change control and prevention of harmful insect pest is a big challenge (Chowhan et al. 2021; Chowhan et al. 2016). Consequently, for effective pest management, study on the influence of various parameters responsible for population fluctuation on a particular crop may assist in the prediction of occurrence in a given area. The study gives an idea about peak period of insect pest activity, which may be helpful in developing pest management strategy.

2. Materials and methods 

In order to study the succession and incidence of major sucking insect pests of cowpea five separate plots of 3.0 m x 2.5 m size keeping row-to-row and plant to plant distances of 30 cm and 10 cm, respectively were maintained. The variety RC-19 was sown on 14th July, 2022 and the recommended agronomic package of practices was adopted for raising the crop, excluding plant protection measures. The crop was allowed to have natural infestation and harvested in the first week of October.
For recording the observations, the crop was left for a natural infestation of insect pests. The observations on insect pest populations (aphid, leafhopper, and whitefly) were recorded on five randomly selected and tagged plants in each plot at the weekly interval from the appearance of insect pests till harvest of the crop. The observation of aphid population (nymphs and adults) was recorded on a 10 cm terminal shoot by the visual counting method without disturbing the plant. The population of leafhopper (nymphs and adults) was recorded on three leaves, viz., one each from the top, middle, and lower canopy of the plant (Rawat and Sahu, 1973). The population of whiteflies was recorded by counting the nymphs and adults on three leaves, viz., one each from top, middle, and lower canopy of plant. For counting the whitefly population, the leaf was held at the petiole by thumb and forefinger and twisted until the entire underside of the leaf became clearly visible (Butter and Vir, 1990). The data recorded on insect pests and meteorological parameters were statistically analyzed. To interpret the results of succession and incidence of major sucking insect pests on cowpea, simple correlation was computed between population of insect pest, predator and abiotic factors, i.e., the minimum & maximum temperature, relative humidity and rainfall.

The following formula was used for calculating the correlation coefficient (Gupta, 1996):   
N ∑xy – (∑x) (∑y)
                    r = 
√ N∑x2 - (∑x)2. N∑y2 - (∑y)2
 Where, 
r        =     Simple correlation coefficient 
x       =      Independent variables, i.e., abiotic components 
y       =      Dependent variables, i.e., pests 
N      =      Number of observations 

3. results and discussion

[bookmark: _Hlk170336406]The data on succession and incidence of a pest species provide useful information on the population buildup of the pest in relation to the meteorological parameters. Such information can effectively be utilized in predicting the buildup of pest populations and thus, is helpful in an integrated pest management programme. During the investigation, aphid, Aphis craccivora Koch, leafhopper, Empoasca fabae (Harris), whitefly, Bemisia tabaci (Genn.) were noticed as major sucking insect pests of cowpea. 
3.1 Aphid, Aphis craccivora Koch
The population of aphid, A. craccivora, appeared in the 31st SMW (20.80 aphids/10 cm terminal shoot) and reached its peak in 35th SMW (111.68 aphids/ 10 cm terminal shoot) at 33.20C °C maximum, 21.10C minimum temperature and 41.0 per cent relative humidity (Table 1 and Table 2). The population declined gradually thereafter. The findings were in conformity with those of Sharma et al. (2019) who reported that the incidence of aphid started from the 2nd week of August and gradually reached to its peak in 2nd and 3rd week of September. Similarly, Gauns et al. (2014) and Choudhary et al. (2017) also reported that the population of cowpea aphid commenced from the first week of August and reached the maximum in the fourth week of August, corroborating the investigation. The correlation coefficient revealed that aphid population had non-significant correlation with all the meteorological parameters viz., maximum temperature (r = -0.05), minimum temperature (r = 0.24), relative humidity (r = -0.40) and rainfall (r = 0.19) and positive significant correlation with a population of C. septumpunctata (r = 0.88) (Table 2). Soratur et al. (2017) reported that the population of aphid showed a non-significant negative correlation with maximum temperature and a non-significant positive correlation with minimum temperature and rainfall on cowpea corroborating the findings. However, same investigations also corroborate with that of Kumar and Kumar (2014), Choudhary et al. (2017) and Sharma et al. (2019), who observed that the incidence of aphid population had a negative correlation with relative humidity and a non-significant correlation with temperatures on cowpea. 
3.2 Leafhopper, Empoasca fabae (Harris)
The population of leafhopper, E. fabae appeared in 30th SMW (1.68 leafhoppers/ three leaves) and reached its peak in 35th SMW (13.20 leafhoppers/ three leaves), when the minimum temperature, maximum temperature and relative humidity was 21.10C, 33.20C and 41 per cent, respectively, and thereafter the population started to be declined (Table 1 and Table 2). Choudhary et al. (2021) and Sharma et al. (2019) observed that the leafhopper population on cowpea commenced from the last week of July (30th SMW) and first week of August (32nd SMW), respectively and the population reached to maximum in third week of August and third week of September, respectively, partially corroborate the findings due to prevailing weather conditions of the season. The correlation coefficient revealed that the infestation of leafhoppers on cowpea crop showed a negative significant correlation with relative humidity (r = -0.67), non-significant correlation with maximum temperature (r = 0.23), minimum temperature (r = -0.24) and rainfall (r = -0.47) and positive significant correlation with population of C. septumpunctata (r = 0.87) (Table.2). Kumar et al. (2016) and Ranawat et al. (2021) reported that the population of leafhopper on green gram and cowpea, respectively, showed positive correlation with maximum temperature and negative correlation with relative humidity, while the non-significant correlation with minimum temperature and rainfall which support the investigation. Anandmurthy et al. (2018) observed a positive correlation between jassid population on cowpea and maximum temperature and negative correlation with relative humidity and Sharma et al. (2019) reported a negative correlation between jassid population and relative humidity, which, also supports the findings.
3.3 Whitefly, Bemisia tabaci (Genn.)
The population of whitefly, B. tabaci appeared in the 30th SMW (1.48 whiteflies/ three leaves) and reached the peak in 35th SMW (8.80 whiteflies/ three leaves) at 33.20C maximum, 21.10C minimum temperature and 41.0 per cent relative humidity, thereafter started declining (Table 1 and Table 2). The findings conformed with Nitharwal et al. (2013) who observed that the whitefly population on cowpea commenced from the first week of August and its population reached to maximum in the first week of September. The findings also corroborate with that of Choudhary et al. (2021) and Sharma et al. (2019) who also observed the whitefly population on cowpea commenced from the last week of July and first week of August, respectively and its population reached to maximum in third week of September. The correlation coefficient revealed a non-significant correlation of whitefly population with rainfall, minimum temperature and maximum temperature while, it had significant negative correlation with relative humidity (r = -0.68) and a positive significant correlation with C. septumpunctata (r = 0.82) (Table 2). Nitharwal et al. (2013) reported that the population of whitefly showed a non-significant correlation with minimum temperature and rainfall which corroborates the findings. Sharma et al. (2019) observed that a negative correlation between whitefly population with relative humidity and rainfall and positive correlation with atmospheric temperature which is in close conformity with the investigations. Singh et al. (2022) also observed the positive correlation of whitefly population on green gram with maximum temperature and negative correlation with minimum temperature and relative humidity also corroborated the investigations.
3.4 Lady Bird beetle, Coccinella septempunctata
The population of C. septempunctata appeared in 31st Standard Meteorological Week and reached peak in 35th SMW (6.12/ five plants), when the minimum temperature, maximum temperature and relative humidity were 21.10C, 33.20C and 41 per cent, respectively (Table 1 and Table 2). The population declined gradually thereafter. The findings were in fully agreement with that of Choudhary et al. (2017) who reported that the population of ladybird beetle was initially noticed in the first week of August. The investigations are also in conformity with that of Jangu et.al. (2005), who also observed that the population of C. septempunctata appeared in the fourth week of August and reached to its peak in the 1st week of September. The ladybird beetle population showed positive significant correlation with the population of aphid (r = 0.88), leafhopper (r = 0.87) and whiteflies (r = 0.82) (Table 2). Choudhary et al. (2021) observed that the population of lady bird beetle had positive significant correlation with the population of aphid, leafhopper and whitefly conform to the findings. The findings were also supported by Ganus et al. (2014), Karane et al. (2019) and Borad et al. (2020) who reported a positive correlation between predator and cowpea aphid population.
The population of ladybird beetle has a non-significant correlation with abiotic factors viz., maximum and minimum temperatures, relative humidity and rainfall (Table 2). Singh and Singh (2014) and Choudhary et al. (2017) reported that the population of C. septempunctata had a non-significant correlation with abiotic factors, viz., maximum and minimum temperature, mean relative humidity and rainfall were in conformity of the investigation.

Table 1 Weekly mean meteorological observations recorded during Kharif, 2022

	S.
No.
	SMW*
	Duration

	Temperature
(°C)
	Relative
Humidity
(%)
	Total
Rainfall
(mm)

	
	
	From
	TO
	Max.
	Min.
	
	

	1.
	30
	23.07.2022  
	29.07.2022
	31.4
	21.7
	70
	84.0

	2.
	31
	30.07.2022
	05.08.2022
	31.9
	21.8
	59
	23.0

	3.
	32
	06.08.2022 
	12.08.2022
	33.1
	23.0
	52
	05.0

	4.
	33
	13.08.2022
	19.08.2022
	30.3
	21.1
	52
	93.0

	5.
	34
	20.08.2022
	26.08.2022
	30.2
	20.9
	59
	32.0

	6.
	35
	27.08.2022 
	02.09.2022
	33.2
	21.1
	41
	00.0

	7.
	36
	03.09.2022  
	09.09.2022
	35.2
	20.3
	47
	00.0

	8.
	37
	10.09.2022 
	16.09.2022
	34.7
	21.5
	45
	05.0

	9.
	38
	17.09.2022 
	23.09.2022
	33.1
	21.1
	50
	17.0

	10.
	39
	24.09.2022  
	30.09.2022
	32.9
	18.7
	45
	13.0


*SMW = Standard Meteorological Week


Table 2: Correlation between populations of insect pest, predator and meteorological parameters
	S.N.

	SMW*

	Date of observations
	Mean population

	
	
	
	Aphid 
	Leafhoppers
	Whiteflies
	Coccinella septempunctata 

	1
	30
	29.07.22
	-
	1.68
	1.48
	0.00

	2
	31
	 05.08.22
	20.80
	4.48
	2.96
	0.40

	3
	32
	12.08.22
	62.16
	9.24
	6.92
	1.36

	4
	33
	19.08.22
	95.22
	9.04
	6.64
	2.80

	5
	34
	26.08.22
	74.08
	10.20
	6.88
	3.20

	6
	35
	02.09.22
	111.68
	13.20
	8.80
	6.12

	7
	36
	09.09.22
	78.04
	9.80
	8.40
	4.56

	8
	37
	16.09.22
	66.84
	9.20
	7.92
	1.52

	9
	38
	23.09.22
	39.08
	4.72
	3.12
	0.32

	10
	39
	30.09.22
	14.64
	-
	-
	0.16

	Correlation with maximum temperature
	-0.05
	0.23
	0.39
	0.17

	Correlation with minimum temperature
	0.24
	-0.24
	-0.26
	-0.08

	Correlation with relative humidity
	-0.40
	-0.67**
	-0.68**
	-0.50

	Correlation with rainfall
	0.19
	-0.47
	-0.49
	-0.25

	 Correlation with Coccinella septempunctata
	0.88**
	0.87**
	0.82**
	-


*Standard Meteorological Week
**Significant at 5 per cent level of significance  


[image: ]

Fig. 1 Graphical presentation showing populations of insect pest, predator, and meteorological parameters

4. Conclusion

The population of aphid, A. craccivora, showed a non-significant correlation with all the meteorological parameters viz., maximum temperature, minimum temperature, relative humidity and rainfall. The correlation worked out between populations of leafhopper, Empoasca fabae (Harris)and whitefly B. tabaci and weather parameters revealed a significant negative correlation with relative humidity, whereas there was a non-significant correlation between the maximum temperature, minimum temperature, and rainfall with pest population. The ladybird beetle population showed a positive significant correlation with the population of aphid, leafhopper and whitefly and a non-significant with the rest of the meteorological parameters. 
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