



Effect of meteorological factors on incidence of mango leafhopper (Idioscopus sp.) in shoot pruned mango plants under Sub-Himalayan Terai region of West Bengal 

Abstract
Aim: Hopper incidence proliferates on mango foliage, trunk, and panicle during flowering stage and increases the flower drop which reduces yield drastically. Factors affecting the incidence of hoppers on mango cultivars were studied for two consecutive years (2019-2020 and 2020-2021).
Study design
: 
Methodology: Twelve years old mango cvs. Himsagar, Bombai and Langra planted at 8×8m distance at the Instructional Farm of Dept. of Pomology & Post Harvest Technology, Uttar Banga Krishi Viswavidyalaya, Pundibari, Cooch Behar, West Bengal were considered for the experiment. Hopper population was recorded at monthly interval from the mango tree after shoot pruning (30cm from the tip) as well as from another set of plants where no shoot pruning were performed (control treatment) and the relationship between weather parameters and pest dynamics were studied.
Results: Highest significant negative correlation was found between hopper incidence with maximum relative humidity (r ꞊ -0.683*) followed by minimum relative humidity (r ꞊ -0.682*) in shoot pruned plants of Himsagar variety and the lowest significant correlation (r ꞊ -0.520*) was found in non-pruned (control) plants of Bombai between hopper population and minimum temperature. It is revealed from the stepwise regression equation that combined effect of all the weather parameters had more influence on the hopper population than the individual weather factor. In case of unpruned plants of Himsagar, Bombai and Langra, the impact of weather factors on hopper population variation could be explained upto 67.8%, 85.8% and 49.3%, respectively. While, in shoot pruned plants it was found as R2 = 0.534 for Himsagar and R2 = 0.383 for both Langra and Bombai.

Conclusion: It is stated that environmental factors particularly maximum relative humidity, minimum relative humidity and minimum temperature had significant relationship with the variation of hopper population in different mango varieties after shoot pruning as well as in unpruned plants. The regression model could explain upto 38.3 to 85.8% variation of hopper incidence in different mango varieties. 
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INTRODUCTION:
               Mango (Mangifera indica L.) is the most relished fruits in India and remains unique, delicious crop, since ancient time. It is the national fruit of India and Pakistan as well as national tree of Bangladesh. Moreover, it is designated as the King of Fruit because of its sweet peerless taste and richness in phytochemical and nutrient content. India is the largest producer of mango in world. However, mango suffers from various biotic and abiotic factors and affected by a variety of insect species which feed on the leaves, stems, blossoms and fruits, thereby causing severe yield loss. At global level, mango crop is infested by 492 different insect species and several other non-insect pests. Among the all the pests, cicadellid leafhoppers are considered as one of the severe pests and create significant damage throughout the year particularly during flowering stage with economic losses ranging from 32 to 68 percent (Baldaniya et al., 2022). 
Weather fluctuations play an important role in multiplication, growth, development and spread of insects, as well as their population build up (Dhaliwal and Arora, 2001). In mango orchards, weather and crop phenological stages are significant determinants of insect and disease dynamics (Gundappa et al., 2016 and Shukla et al., 2016). The Sub-Himalayan Terai region of West Bengal experiences with a high annual rainfall (2500-3500mm) along with high humidity and congenial temperature particularly during rainy season might be the reason behind the higher pest infestation in mango. Many approaches are being attempted to control the infestation of leaf hopper in mango. Shoot pruning is reported as important operation to maintain vigour of trees, fruit productivity and yield of fruit crops (Singh and Dhaliwal 2004). Moreover, earlier several attempts were made to mitigate the pest infestation through pruning operation also (Hasan et al., 2009 and, Das and Jana, 2013).
Considering this fact, the present experiment was undertaken to study the impact of shoot pruning on the incidence of mango leaf hopper in relationship with the weather parameters in different mango cultivars grown under Sub-Himalayan Terai region of West Bengal.

MATERIALS AND METHODS:
       The experiment was conducted for two consecutive years (2019-2020 and 2020-2021) at the Instructional Farm of Department of Pomology and Post Harvest Technology, Uttar Banga Krishi Viswavidyalaya, Pundibari, Cooch Behar, West Bengal. The climate of sub-Himalayan Terai region is characterized with substantial rains (April to September), followed by a long dry spell (October to March) and moderate temperatures. Mango cultivars viz., Himsagar, Bombai and Langra were selected based on their fruit maturity period and considered as early, medium and late variety, respectively. The mango plants were 12 years old and planted 8×8m distance. Five plants from each of the varieties were selected for pruned and non-pruned treatments. Each plant was considered as one replication. Shoot pruning was practiced at 30 cm from the tip of the shoot with help of secateurs in the month of August under pruned treatments. Non-pruned plants considered as a control. For that total 120 shoots were pruned and from each direction of plant (east, west, south and north) and each variety considered as a treatment randomised with three replications. Observations were noted on the incidence of leafhopper on these both pruned and unpruned plant at monthly interval from the month of August to July without any insect control measures. 

Observation during off-season of mango: In the off-season, observation of the population of leafhoppers were 
taken from foliage as well as trunk region with the help of insect sweeping net. Five sweeps were done in different direction of the mango plant and collected hopper were counted and recorded
 .
Observation during flowering season: Five panicles were chosen in different directions (North, West, East, and South) during the flowering season of three selected mango varieties and hopper population (both adult and nymphal stages) was recorded through visual counting. During each month’s observation altogether 60 samples (from all the directions of mango plant) were considered for recording the hopper incidence in each of the mango variety and mean value was considered for statistical analysis
 .
Meteorological data: Daily weather data of temperature (minimum and maximum), relative humidity (minimum and maximum) and rainfall was collected from the meteorological observatory unit of the University and these data was utilized for correlation and regression analysis with the hopper incidence.

Statistical analysis: The correlation between mean hopper population with various weather factors was worked out by the Pearson’s correlation coefficient. Stepwise regression (coefficient of determination-R2) analysis was carried out in SPSS package (Ver 12.0) to predict the hopper incidence with the weather factors.
RESULTS AND DISCUSSION:
Incidence of mango hopper:

It is revealed from the incidence study (Fig 1) that the occurrence of mango hopper were noticed throughout the year in different parts of mango tree (shoots/ trunks/ flowers), while, the peak population of mango hopper was recorded in the month of February- March in all the mango cultivars (Himsagar, Bombai and Langra).  
It was also found that the non-pruned plants were highly infested by hopper population than shoot pruned plants. Shoot pruning provides better ventilation, high access of sunlight into the canopy. More ventilation and sun light might result in less infestation of mango hopper. Among the all three cultivars studied, cv. Bombai (non-pruned plants) were found to more prone to incidence of hopper population. More number of shoots may lead to comparatively higher hopper incidence in non-pruned plants indicating the beneficial role of canopy management towards the controlling of hopper infestation. The present findings are in conformity with Bana et al. (2018). They observed that the peak occurrence of mango hopper during second week of March and the last week of May. Similarly, Baldaniya et al. (2022) recorded the peak incidence of the pest during 4th week of March. Whereas, Kadavkar et al. (2021) reported the peak incidence of mango hopper in 49th meteorological standard week (December) from Kolhapur, Maharashtra. 
Correlation between hopper population and weather factors:
The studies on hopper incidence in relation to weather parameters (Table 1) reveals that the pooled hopper incidence had highest significant negative correlation with maximum relative humidity (r ꞊ - 0.683*) followed by minimum relative humidity (r ꞊ - 0.682*) and rainfall (r ꞊ - 0.631*)  in shoot pruned plants of Himsagar cultivar. However in the un-pruned (Control) trees of Himsagar the weather parameters did not show any significant relation with the hopper incidence. In case of Bombai the significant relation of weather factors with pooled hopper incidence was recorded with minimum relative humidity (r ꞊ - 0.587*) and minimum temperature (r ꞊ - 0.520*). Whereas, in Langra cultivar the significant relationship between hopper incidence and weather factors was observed during 2020-21 with minimum relative humidity (r ꞊ - 0.614*).   
From the aforementioned results it may be stated that the relative humidity (both maximum and minimum) as well as the minimum temperature were significantly correlated with hopper population and other weather parameters like maximum temperature and rainfall did not show any significance influence on the hopper population at this sub-Himalayan Terai region of West Bengal. Similar observations were also recorded by Pushpalatha et al. (2008) and Kumari et al. (2009) regarding the population of hoppers also negatively correlated with relative humidity and rainfall but positively with the maximum temperature. Talpur and Khuhro (2003) also reported that there is a negative non-significant relationship with the relative humidity and a positive significant correlation between mango hopper and temperature in cv. Langra at Sindh province of Pakistan. According to Sarode and Mohite (2016), the incidence of mango hopper was favourably associated with temperature, whereas the incidence of mango hopper correlated negatively with relative humidity and rainfall.

Regression study: 
humidity
 (r=-0.549, -0.581) and evening relative humidity (r=-0.658, -0.688) in two cultivars viz., Baneshan and Dashehari,

respectively and non-significantly with temperature and rainfal

To predict the hopper population dynamics on different mango cvs. Himsagar, Bombai and Langra as influenced by the prevailing weather parameters, the stepwise regression equations were worked out (Table 2). The weather parameters like temperature (maximum and minimum), relative humidity (maximum and minimum) and rainfall were considered for regression analysis. It was noted from this study that the combined influence of the weather parameters had more influence on the hopper population in non-pruned plants of mango cultivars. In case of Himsagar weather factor showed 67.8% influence on the hopper incidence while that influences were 85.8% and 49.3% in Bombai and Langra cultivar, respectively. However, in pruned plants of different mango cultivars (Himsagar, Bombai and Langra) these R2 values were calculated as 0.534, 0.383 and 0.383, respectively.
Similarly, weather-based pest forewarning models developed in seven varieties of mango predicted fluctuation in mango hopper population by 25 to 49% using linear models, as compared to 28 to 71% achieved with non-linear models (Lakshmi et al., 2010) and Kumari et al. (2009) developed linear regression models which revealed that the meteorological parameters contributed to 47.4% for hopper population in Dashehari variety. Gundappa et al. (2018) constructed an equation that described 66% of the fluctuation in the hopper population under Lucknow conditions.
CONCLUSION:

               From the present study it is concluded that the hopper incidence in cv. Himsagar was negatively correlated with maximum and minimum relative humidity. Whereas, in cv. Bombai significant negative correlation of hopper population was recorded with minimum temperature and maximum relative humidity. The stepwise regression equation reveals that combined effect of all the weather parameters had more influence on hopper population than the single weather factor. It was also observed that the population of mango hopper was more in non-pruned plants than the shoot pruned plants of different mango cultivars. Besides, mango cultivar, Himsagar showed least susceptibility to hopper incidence compared to all other cultivars in the Sub-Himalayan Terai region of West Bengal. This forewarning regression model might be useful for integrated pest management program in mango but future validation is needed to increase its efficacy
 .
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Table 1: Correlation coefficient between hopper population on shoot pruned and non-shoot pruned (control) plants in different mango cultivars with meteorological parameters.
	Weather factors
	Himsagar
	Bombai
	Langra

	
	Control
	Shoot Pruning
	Control
	Shoot Pruning
	Control
	Shoot Pruning

	
	2019-20
	2020-21
	Pooled
	2019-20
	2020-21
	Pooled
	2019-20
	2020-21
	Pooled
	2019-20
	2020-21
	Pooled
	2019-20
	2020-21
	Pooled
	2019-20
	2020-21
	Pooled

	Temp

(max)
	0.293
	0.163
	0.402
	-0.240
	-0.062
	-0.098
	-0.350
	-0.263
	-0.281
	-0.098
	-0.179
	-0.211
	0.125
	-0.093
	0.021
	-0.036
	-0.022
	0.004

	Temp

(min)
	0.081
	-0.077
	0.041
	-0.575**
	-0.396
	-0.458
	-0.338
	-0.565**
	-0.520*
	-0.227
	-0.361
	-0.325
	0.124
	-0.122
	-0.024
	-0.134
	-0.395
	-0.277

	RH 

(max)
	-0.432
	-0.204
	-0.376
	-0.727**
	-0.571**
	-0.683*
	0.120
	-0.472
	-0.284
	-0.233
	-0.255
	-0.241
	-0.117
	-0.121
	-0.201
	-0.308
	-0.498
	-0.482

	RH 

(min)

	-0.261
	-0.327
	-0.381
	-0.696*
	-0.605*
	-0.682*
	-0.125
	-0.685*
	-0.587*
	-0.284
	-0.432
	-0.368
	0.015
	-0.022
	-0.079
	-0.238
	-0.614*
	-0.521

	Rainfall
	0.028
	-0.202
	-0.052
	-0.585*
	-0.427
	-0.631*
	-0.001
	-0.523**
	-0.249
	-0.181
	-0.162
	-0.204
	0.135
	-0.118
	0.144
	-0.293
	-0.357
	-0.245


**Significant at 1% level                                                   *Significant at 5% level 
                                                 df =10 

Table 2: Stepwise regression equation for estimating the hopper population as influenced by weather parameters on shoots pruned mango cultivars.
	Mango cultivars
	Non pruned plants (Control)
	Shoot pruned plants

	
	Pooled data (2019-20 and 2020-21)
	
	Pooled data (2019-20 and 2020-21)
	

	
	Regression Model
	R2
	Regression Model
	R2

	Himsagar
	Y=0.69+0.34X1
	0.161
	Y=13.99-0.07X1
	0.010

	
	Y= -11.28+1.02X1-0.43X2
	0.439
	Y= 1.05+0.66X1-0.47X2
	0.467

	
	Y = -34.91+1.59X1-0.78X2+0.15X3
	0.439
	Y = 19.53+0.21X1-0.20X2-0.12X3
	0.517

	
	Y = 1.83-0.05X1+0.78X2+0.36X3-0.50X4
	0.619
	Y = 16.01+0.37X1-0.35X2-0.14X3+0.05
	0.519

	
	Y = 26.69-0.65X1+1.11X2+0.29X3-0.63X4+0.00X5
	0.678
	Y = 5.22+0.63X1 0.49X20.11X3+0.11X4+0.00X5
	0.534

	Bombai
	Y=18.27-0.19X1
	0.079
	Y=19.79-0.17X1
	0.045

	
	Y= 8.88+0.34X1-0.34X2
	0.345
	Y= 13.92+0.16X1-0.21X2
	0.116

	
	Y = -11.67+0.84X1-0.64X2+0.13X3
	0.413
	Y = 20.10+0.01X1-0.12X2-0.04X3
	0.121

	
	Y = 18.95-0.53X1+0.66X2+0.30X3-0.42X4
	0.545
	Y = 53.58-1.49X1+1.29X2+0.14X3-0.46X4
	0.229

	
	Y = 64.911.65X1+1.27X2+0.18X3+0.66X4+0.01X5
	0.858*
	Y = 92.46-2.44X1+1.81X2+0.04X3-0.67X4+0.01X5
	0.383

	Langra 
	Y= 10.82+0.01X1
	0.000
	Y= 19.79-0.17X1
	0.045

	
	Y= 9.63+0.08X1-0.04X2
	0.006
	Y= 13.92+0.16X1-0.21X2
	0.116

	
	Y = 28.34-0.38X1+0.23X2-0.12X3
	0.079
	Y = 20.10+0.01X1-0.12X2-0.04X3
	0.121

	
	Y = 19.77+0.01X1-0.13X2-0.17X3+0.12X4
	0.093
	Y = 53.58-1.49X1+1.29X2+0.14X3-0.46X4
	0.229

	
	Y =65.48-1.10X1+0.48X2-0.29X3-0.13X4+0.01X5
	0.493
	Y = 92.46-2.44X1+1.81X2+0.04X3-0.67X4+0.01X5
	0.383


(X1= Maximum temperature; X2= Minimum temperature; X3= Maximum relative humidity; X4= Minimum relative humidity; X5= Rainfall.)

Fig 1 :  Monthwise mean incidence of mango hopper in different mango cultivars
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Fig 2: Associating Factors contributing to the incidence of mango hopper
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