Effect of abiotic factors on the population dynamics of the bean spider mite, Tetranychus ludeni Zacher (Acari:Tetranychidae) on cowpea

ABSTRACT 
Field trial was conducted in the summer season on cowpea crop during  2024during 2024 for population dynamic of the bean spider mite, Tetranychus ludeni Zacher at Hi-tech Horticulture, Dr. Rajendra Prasad Central Agricultural University, Pusa, Samstipur, Bihar. An attempt was made to correlate the effect of weather factors on the incidence and population dynamics of the bean spider mite on cowpea. The population dynamics of the bean spider mite, Tetranychus ludeni Zacher, had a significant negative impact on cowpea production. Observations of the mite population were recorded at weekly interval. The data revealed that the mite population were commenced first on 1st week of April, 2024 (14th SMW) 0.80 mite leaf-1 to July, 2024 (28th SMW) and reached its peak of 44.43 mites leaf-1 on 20th SMW in the month of May, 2024. The mite population exhibited a positive significant correlation with the average temperature, while showing a negative and non-significant association with the average relative humidity and total rainfall. The regression equation for the data, with a population (Y) as the dependent variable and weather factors as the independent variables, was as follows a determined coefficient of determination (R2). Based on the calculation, the coefficient value (R2) derived as 0.654 which suggested that 65% of the fluctuations in the bean spider mite population were attributed to the impact of abiotic factors.
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1.  INTRODUCTION
Cowpea (Vigna unguiculata Linn.) (2n=2x=22) is a plant family belonging to the leguminosae and one of the main pulse crops. It ranks as the second most significant legume crop, following groundnut. Cowpea is an annual legume crop that thrives in warm climates, often known by various names such as southern pea, black-eyed pea, lobia and pink eyes. It was in the form of erect, semi erect, prostrate, trailing, or ascending. Grain has 25% protein content and is rich in a variety of minerals and vitamins, making it another important crop for addressing current global food security issues (Singh et al., 2023). It is a crop grown in low and high rainfall areas and is an important part of the catch crop, intercrop, mixed crop and green crop systems. It is mainly mixed crop or intercropped with other crops for grain, fodder and vegetable purpose. Mixed/intercropping with these crops are a common occurrence in rainfed regions to reduce the likelihood of crop failure in extreme weather conditions (Rajpoot and Rana, 2016). Cowpea can be cultivated along with other widely grown crops, including maize, pigeon pea, cotton, sunflower, sugarcane and castor.
[bookmark: _Hlk150961838]The cowpea crop is affected by different insect species, at various stages, ranging from the seedling stage to storage. Insects that cause harm to the cowpea at various stages of its growth, including Megaleurothrips distalis Karny (thrips), Thysanoplusia orichalua Fab.. (Semilooper), Ahis crassivora Koch (aphid), Spilosoma obliqua Walker (bihar hairy caterpillar), Empoasca fabae Harris. (Leaf hopper), Acrocercops caerulea (leaf miner), Lampides boeticus (blue butterfly), Tetranychus spp (mites), Maruca vitrata Fab. (spotted pod borer), Clavigralla spp (pod sucking bugs) Adati et al (2007) and Yadav et al (2017). Analyzed the correlation and regression coefficients, revealing both positive and negative associations between cowpea insect pests, their natural enemies and prevailing weather conditions (Singh and Singh, 2014; Choudhary, 2016)).	Comment by USER: Maintain uniformity in referencing throughout the manuscript
Tetranychus ludeni Zacher, commonly referred to as the spider mite, is a destructive pest that inflicts significant damage on economically important plants, leading to a reduction in crop yields (Jeppson et al., 1975). Tetranychus ludeni Zacher, commonly known as the bean spider mite, is a highly polyphagous pest that affects more than 250 plant species (Gotoh et al., 2015). It poses a threat to a variety of economically important crops, including carrots, beans, eggplants, pumpkins and other cucurbitaceous plants. It is now recognized as a species of tropical origin. In India, T. ludeni frequently infests a variety of cultivated crops, particularly vegetables, leading to significant losses (Singh and Chauhan, 2016; Singh and Chauhan, 2018)). 	Comment by USER: Find recent references. Its too old one
These mites hatch eggs, there are 4 active life stags of spider mites. These are larva stage, the protonymph stage, the deutonymph stage and the adult stage. There is a period of rest between each active life stage. The tetranychid mite possess four pairs of legs and larva has three pairs of legs (Choudhary, 2016). The mites become serious pests because they have several generations per season. Phytophagous nature, high reproductive potential and short life cycle contributed to rapid resistance development to many acaricides even after few applications” (Devine et al., 2001; Stumpf and Nauen, 2001). Since the degree of incidence of red spider mites changes with the season, it is desirable to have a thorough understanding of the population dynamic of the mite, which will lead to the development of suitable management programs (Ghosh, 2019; Kumar et al., 2015; Prasad and Gouda, 2024). Hence, an attempt was made to correlate the effect of weather factors on the incidence and population dynamics of the bean spider mite on cowpea.
2. MATERIALS AND METHODS
In the summer season of April, 2024 – July, 2024, fieldwork was done at Dr. Rajendra Prasad Central Agricultural University at vegetable research farm near Hi-tech Horticulture, Pusa, Bihar. The selected site latitude 25.98o N and longitude 85.67o E and well level land with sandy loam soil, experiences hot, dry summers. The meteorological conditions in this region, including humidity, temperature and rainfall were ideal for cultivating a range of crops, including vegetables, throughout all seasons. These ideal conditions also support insect populations that infest a wide range of crops. The field layout of the experiment was presented in plot size of 2 [image: ][image: ] 2 m2 area with spacing of 50 × 30 cm2. Total number of replications were three. 
A bulk plot was established to study the population fluctuations of major mite associated with cowpea. The population of mites were recorded weekly, with weather data obtained from the university observatory. The pest population was then correlated with these abiotic factors. On March 10, 2024 the cowpea variety "Kashi Kanchan" was sown. The crop was cultivated using appropriate agricultural practices and managed without the use of pesticides.  
The population dynamics  ofdynamics of the bean spider mite, Tetranychus ludeni Zacher, had a significant negative impact on vegetable production. Observations of the mite population were recorded at weekly interval, starting 25 days after germination and continued till the harvest. Data were collected during morning hours from five randomly selected plants in each plot. To record the mite population, five plants were selected and three leaves were randomly sampled from each plot. The leaves were mixed, labeled and brought to the Laboratory Department of Entomology at RPCAU. Measures were taken to avoid disturbing the naturally occurring mite population on the leaves. All mites were counted using a stereo binocular microscope. Weather parameters, including maximum and minimum temperatures (°C), relative humidity (per cent) and total rainfall (mm) were obtained from the Meteorological Department of Dr. Rajendra Prasad Central Agricultural University (RPCAU), Pusa. The data were collected across the crop season
Essential abiotic factors, including maximum and minimum temperature (°C), relative humidity (%) and total rainfall data were employed to calculate simple correlation coefficient and examining the relationship between the insect pest population and diverse abiotic factors. The subsequent statistical analysis provided valuable insights.
3. RESULTS AND DISCUSSION
The study conducted at Vegetable research farm near Hi-tech horticulture in 2024. All findings about bean spider mite and predatory mites were recorded every week (Plate 1). The bean spider mite Tetranychus ludeni Zacher observed during the study period from the 14th to 28th standard weeks in 2024.
The study monitored the seasonal incidence of the bean spider mite (T. ludeni Zacher) with weather parameters (Temperature, Relative humidity and Rainfall) at the experimental site over a 14th SMW to 28th SMW during the year 2024 were illustrated in Table table 1 and figure 1. Bean spider mite was present and actively damaging the crop throughout the different growth stages of the cowpea. Correlation analysis indicated that the population dynamics of the bean mite were influenced by the prevailing weather conditions at the Vegetable research farm, near Hi-tech Horticulture. The mite incidence data was correlated with meteorological parameters obtained from Dr. Rajendra Prasad Central Agricultural University, Pusa, Bihar.
The study recorded the mean bean mite population on cowpea during the 2024 growing season, which ranged from 0.80 to 44.43 mites leaf-1. The first signs of infestation were observed approximately 25 days after sowing, coinciding with the 14th standard week. At this initial stage, the population density was 0.80 mites leaf-1 and from there, the population was observed to be increasing gradually till 18th standard week of May. There was sudden fall of mite population in 19th standard week due to small incidence of rainfall. The mite has reached its peak population on 20th standard week recording a maximum of 44.43 mean number of mites leaf1 on cowpea due to high temperature and no rainfall. During this period, the mean temperature and relative humidity in 20th standard week were observed to be 30.74°C and 63.86%, respectively. After 20th standard week, the mite population was observed to be fluctuated due to fluctuation in environmental conditions (Table 1). 
The present findings were somewhat consistent with that of Ghosh (2013) who bserved Tetranychid mites (Tetranychus urticae Koch) peak population during last week of May which confirm the result obtained in seasonal incidence study of tetranychid mite. Spider mite incidence was very less after 3rd week of June 2016 probably due to heavy splash of rainfall. My results are in conformity with Kumar et al. (2015) and Prasad and Gouda (2024) in which mite infestation on okra was heavy during May month. 
Singh and Chauhan (2016) the peak population of T. ludeni on cowpea was observed in May  months which is in conformity with present findings.	Comment by USER: Incomplete sentences
The study established a simple correlation (r) between the population of mites and various weather parameters in cowpea (Table 2). The results showed a positive and statistically significant correlation between mite population and mean temperature (r = 0.716**) and negative and non-significant correlation between mite population and mean relative humidity (r=-0.247NS) and total rainfall (r=-0.312NS).
	The regression equation for the data, with a population(Y) as the dependent variable and weather factors as the independent variables, was as follows a determined coefficient of determination (R2) and regression model (Table 2):
Y = -171.518 +X1 (7.228) - X2 (0.282) -X3 (0.042) 
X1 = Mean temperature, X2 =Mean relative humidity, X3 = Total rainfall
Based on the calculation, the coefficient value (R2) derived as 0.654 which suggested that 65% of the fluctuations in the bean spider mite population were attributed to the impact of abiotic factors. In other words, R2 value indicated that per cent of variation in the bean spider mite population were influenced by abiotic factors.
	Similar report done by Singh and Chauhan (2016) where T. ludeni populations on cowpea increased during periods of high temperatures and low humidity supporting the present study results. These findings were somehow inconsistent with the works of Mohanasundaram and Sharma (2011) who recorded correlation between mite infestations with important weather parameters revealed that population had non-significant positive correlation with temperature (maximum, minimum and average), maximum relative humidity and weekly total rainfall where as significant positive correlation with minimum and average relative humidity.
	Ghosh (2019) findings regarding the relationship between mite infestations and key weather parameters showed that mite population exhibited a statistically significant positive correlation with various temperature measures. Additionally, there was a significant positive correlation with both minimum and average relative humidity. These findings were inconsistent with my results. This might be due to variation of agro-climatic zones and climate changes from one location to other.
The present findings were in conformity with Singh and Chauhan (2018) observed that mite population showed a significant positive correlation with average temperature and a negative correlation with relative humidity. The present findings are in agreement with that of Choudhary (2016) and Prasad and Gouda (2024) who noticed that temperature showed positive and rainfall showed negative correlation with mite population fluctuation. 

4. CONCLUSION
The coefficient value (R2) derived as 0.654 which suggested that 65% of the fluctuations in the bean spider mite population were attributed to the impact of abiotic factors. In other words, R2 value indicated that 65% of variation in the bean spider mite population were influenced by abiotic factors.
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	Plate 1: Bean spider mite in cowpea




	[bookmark: _Hlk176800848]Table 1- Population dynamics of Tetanychus ludeni Zacher on cowpea during summer, 2024


	[bookmark: _Hlk176646686]Standard meteorological week
	Mean mite population leaf-1
	Temperature (ºC)
	Relative humidity (%)
	Total rainfall
(mm)

	
	
	Maximum
	minimum
	Mean
	Morning
	Evening
	Mean
	

	14
	0.80
	36.49
	19.27
	27.88
	70.43
	31.71
	51.07
	0

	15
	5.33
	35.86
	19.53
	27.69
	77.14
	40.28
	58.71
	0

	16
	24.90
	37.94
	21.06
	29.50
	76.43
	33.85
	55.14
	0

	17
	34.70
	39.24
	21.34
	30.29
	61.00
	28.85
	44.93
	0

	18
	35.27
	39.27
	19.73
	29.50
	61.43
	24.57
	43.00
	0

	19
	15.17
	31.79
	21.61
	26.70
	83.14
	68.14
	75.64
	18.2

	20
	44.43
	36.79
	24.69
	30.74
	79
	48.71
	63.86
	0

	21
	29.53
	34.24
	25.73
	29.99
	82.57
	67.42
	75.00
	69.2

	22
	28.90
	35.53
	26.01
	30.77
	85.57
	68.85
	77.21
	32.4

	23
	25.80
	35.43
	25.40
	30.41
	84.71
	60.71
	72.71
	0

	24
	39.17
	37.57
	27.27
	32.42
	91.14
	63.85
	77.50
	0

	25
	33.63
	35.73
	25.86
	30.79
	89.42
	60.42
	74.92
	1.2

	26
	21.23
	35.44
	27.14
	31.29
	90.28
	71.42
	80.85
	92.8

	27
	4.20
	31.20
	25.83
	28.51
	95.43
	87.57
	91.50
	120.80

	28
	1.13
	32.35
	26.26
	29.30
	93.86
	79.86
	86.86
	25.60
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	Table 2- Correlation coefficient of bean spider mite with weather parameters on cowpea crop during summer, 2024

	Correlation factors
	Temperature (oC)
	Relative humidity (%)
	Rainfall

	Bean spider mite
	0.716**
	-0.247
	-0.312

	Regression factor
	Regression equation
	R2 Value

	Bean spider mite
	Y = -171.518 +X1 (7.228) - X2 (0.282) -X3 (0.042)
	0.654

	**Correlation is significant at the 0.01 level. X1 = Mean temperature, X2 =Mean relative humidity, X3 = Total rainfall, R2- Coefficient of Determination






mean temperature	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	27.878571428571433	27.692857142857221	29.5	30.292857142857144	29.499999999999989	26.702142857142725	30.735714285714206	29.985714285714135	30.771428571428569	30.4142857142858	32.420714285714276	30.792857142857141	31.292857142857144	28.514299999999999	29.303550000000001	Mean relative humidity	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	51.069285714285712	58.711428571428407	55.139285714285762	44.925000000000011	42.999285714285719	75.641428571428548	63.855000000000004	74.995000000000005	77.209999999999994	72.709999999999994	77.495000000000005	74.92	80.849999999999994	91.5	86.857100000000003	total rainfall	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	0	0	0	0	0	18.2	0	69.2	32.4	0	0	1.2	92.8	120.8	25.599999999999987	mite population	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	0.80337877012807313	5.33	24.9	34.700000000000003	35.270135121885495	15.17	44.43	29.53	28.903922969248796	25.795120866675529	39.17	33.630000000000003	21.23	4.2	1.1343005339988546	Standard meteorological week
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Mean mite population per leaf  
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