[bookmark: _GoBack]Original Research Article

Population Dynamics of Bark-eating Caterpillar and Bagworm Moth on Citrus Plants Correlated with Weather Parameters
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ABSTRACT 
	Aims: To correlate population of bark eating caterpillar and bagworm with the meteorological parameters, i.e., the maximum & minimum temperature, relative humidity, rainfall and rainy days.
Study design: Four plants in each of the four orchard locations were chosen for the weekly recording of the insect pest population. Four directions of pest population were seen in each plant with an area of 0.5 square meters.
Place and Duration of Study: Study was conducted at College of Horticulture in Mandsaur, R.V.S.K.V.V., Gwalior (M.P.) from December 2022 to April 2023.
Methodology: The observations on population of caterpillars that consume bark was counted and averaged based on the quantity of holes that are actively growing in each selected plant. Citrus bagworm population was measured from a 0.5 square meter area, averaging four directions per plant. Basic correlations were calculated between the mean values of bark-eating caterpillars and bagworms on a periodic basis and several abiotic characteristics.
Results: Bark eating caterpillar appearance started from 51st SMW (1.70/plant) and the peak population (4.08/plant) was observed in 10th SMW. The maximum temperature (0.340*) exhibited positively significant correlation with population of bark eating caterpillar. First appearance of bagworm larval population was noted from 50th SMW (1.00 case/plant) and the peak population was observed in 8th SMW (3.62 case/plant). Relative humidity (0.354*) showed positively significant correlation with the bagworm population.
Conclusion: The maximum temperature (0.340*) and relative humidity (0.354*) showed positively significant correlation with the bark eating caterpillar and bagworm infestation, respectively.
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1. INTRODUCTION 

One of the most important fruit crops grown in temperate, tropical and subtropical regions of the world is citrus. Our society is greatly impacted by it on a social, cultural, and economic level. After the mango and banana, it is regarded as a significant tropical fruit crop in India and is essential to the nation's fruit industry (Vijaya et al.). Citrus fruits were the second most produced fruit in the world in 2022, with 166 million tonnes produced on more than 10.2 million hectares of farmed land. China produced 48.8 million tons of citrus fruit in 2022, making up 29.25% of the global total. India grows citrus on 1114 million hectares of total land, producing 14782 million tons and yielding 13.26 tons per hectare. There are 166.46 million hectares of citrus crops grown in Madhya Pradesh, producing 2735.72 million tons of citrus fruit annually. India's principal states for citrus production are Maharashtra, Madhya Pradesh, Andhra Pradesh, Punjab, Gujarat and Rajasthan (Anonymous, 2024). Citrus fruits are a good source of minerals like iron (0.3 mg/100 ml), P (20 mg/100 ml) and calcium (90 mg/100 ml) as well as vitamin C (62.90 mg/100 ml), B1 and B2 (Abhilash, 2018). About 21 species of pests are common throughout citrus-growing regions in India, according to the pattern of pest prevalence and dispersion. The remaining species may appear sometimes or infrequently in some areas, where bagworm moths and bark-eating caterpillars are common. The bark of fruit, forest and avenue trees is consumed by the polyphagous pest- Indarbela sp. (Metarbelidae: Lepidoptera). Three of the genus Indarbela's thirteen species- Indarbela quadrinotata (Walker), Indarbela tetraonis (Moore) and Indarbela dea (Swinhoe), have been shown to be economically significant. The nocturnal bark-eating caterpillar penetrates the trunk and branches to feed on the bark behind the web's cover. During the day, it retreats inside the tunnel and continues to bore until it is about 15 to 25 cm long. The tube contains just one caterpillar. An infection is indicated by an odd, winding web of excretory pellets and frass spun together with silk, which is typically located at the forks or angles on the stem and branches. Fruit production is impacted when there is a serious infestation because the plant stops flushing and stops producing sap (Verma and Khurana, 1978). Bagworms are considered small pests that cause damage to several tree species by defoliating their leaves. They are frequently polyphagous. Because of the tiny bag size, the prevalence of bagworms goes unfound. The sack grows larger and becomes more noticeable as growth continues. The observable trait of the pest was the presence of erect sacks that were attached to the side, midrib, lower thin branches and beneath the branch canopy. Using silk as reinforcement, the host plant's leaves were fashioned into bags. The bag was made of extraordinarily durable and challenging to crack open silk that was expelled by the bagworm (Davis, 1975).

2. material and methods 

In 2022–2023, the study was conducted on an eight-year-old, 1.5-hectare citrus orchard at College of Horticulture in Mandsaur, R.V.S.K.V.V., Gwalior (M.P.). There were four plants in each of the four orchard locations that were chosen for the weekly recording of the insect pest population. Four directions of pest population were seen in each plant with an area of 0.5 square meters. The population of caterpillars that consume bark was counted and averaged based on the quantity of holes that are actively growing in each plant. Citrus bagworm population was measured from a 0.5 square meter area, averaging four directions per plant. The meteorological observatory at the College of Horticulture in Mandsaur provided the weekly meteorological data on many abiotic factors.The data recorded on insect pests and meteorological parameters was statistically analyzed. Basic correlations were calculated between the mean values of bark-eating caterpillars and bagworms on a periodic basis and several abiotic characteristics. To interpret the results simple correlation was computed between population of insect pest and abiotic factors.
The following formula was used for calculating 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

The number of bark-eating caterpillars was first recorded in the 51st SMW (1.70/plant) and it peaked in the 10th SMW (4.08), when the max. temperature, min. temperature, RH, rainfall and rainy days were 34.67 °C, 17.10 °C, 54.15 %, 1.14 mm and 1 days respectively. Maximum temperature (0.340*) exhibited positively significant and minimum temperature (0.220), rainfall (0.044) and rainy days (0.315) exhibited positive non-significant relation with the pest population while relative humidity (-0.312) exhibited negative non-significant relation with the pest population. The current findings are consistent with those of Kumar et al. (2021), who found that the first SMW had the lowest incidence of bark-eating caterpillars (65.73%), while the 48th SMW had the highest incidence (86.89%). The first SMW had the lowest average number of active holes per infested tree (0.66), whereas the 36th SMW had the highest average number of active holes (7.36). Arya and Dubey (2017) observed the peak activity period of Inderbela spp. from September to October. The findings of Patel and Patel (2008) are in lesser support for pest occurrence and in contradiction to the correlation studies, where they observed that the incidence of bark eating caterpillar showed highest per cent infestation during 45th to 47th standard week in fruit crops and 46th to 48th standard week in forest trees. Minimum and average temperature had highly significant negative influence on the infestation of bark eating caterpillar which showed that as the minimum and average temperature increased the activity of bark eating caterpillar decreased and vice-a-versa.	
	First appearance of bagworm larval population was noted from 50th SMW (1.00 case/plant) and the peak population was observed in 8th SMW (3.62 case/plant) when the max. temperature, min. temperature, relative humidity, rainy days and rainfall were 34.43 °C, 15.93 °C, 51.27  %, 0 and 0.00 mm, respectively. Maximum temperature (-0.302) showed negatively non-significant, minimum temperature (-0.424*) showed negatively significant relation whereas relative humidity (0.354*) showed positively significant correlation with the bagworm population while rainfall (0.147) and rainy day (0.178) showed positively non-significant correlation with the bagworm moth population. The findings of Islam and Amin (2020) are in partial support in relation to pest occurrence period and also on correlation studies as they observed the seasonal incidences of bagworm Thyridopteryx ephemeraeformis on thuja plants and revealed that the insect occurred from December to May. In March month, the bagworms at peaked. Both the individual and combined effects of the climatic parameters on the pests were negligible. Further, Bhagat et al. (2022) found that the average peak incidence of bagworms on T. arjuna (2.20 to 3.70 larval cases/plant) was recorded between 18th and 20th Standard Metrological Week (SMW). The incidence of bagworm was found to be significantly lower in T. tomentosa than in T. arjuna, with a high incidence of 0.20 to 0.30 larval case/plant during the first two weeks of June (23rd& 24th SMW). Bagworm incidence begins in April, peaks in May (for T. arjuna) and June (for T. tomentosa). From July forward, the population begins to decline and between August and March, it is almost negligible.

Table 1.Mean meteorological data during Dec. 2022 to April 2023

	SMW*
	Period
	T. Max (0℃)
	T. Min (0℃)
	RH (%)
	R/F
(mm)
	Rainy Days

	50
	10-16 Dec 2022
	25.10
	12.26
	67.50
	0.00
	0.00

	51
	17-23 Dec 2022
	26.04
	11.09
	68.72
	0.00
	0.00

	52
	24-31 Dec 2022
	22.29
	8.40
	65.26
	0.00
	0.00

	1
	01 - 07 Jan 2023
	19.39
	6.47
	73.08
	0.00
	0.00

	2
	08 - 14 Jan 2023
	21.34
	8.64
	67.43
	0.00
	0.00

	3
	15 – 21 Jan 2023
	20.54
	2.63
	66.29
	0.00
	0.00

	4
	22 – 28 Jan2023
	21.93
	7.94
	71.43
	0.00
	0.00

	5
	29 Jan – 04 Feb 2023
	26.93
	13.01
	57.99
	4.96
	1.00

	6
	05 – 11 Feb 2023
	33.01
	14.54
	54.12
	0.00
	0.00

	7
	12 – 18 Feb2023
	33.21
	15.23
	44.36
	0.00
	0.00

	8
	19 – 25 Feb 2023
	34.43
	15.93
	51.27
	0.00
	0.00

	9
	26 Feb – 04Mar 2023
	37.30
	18.37
	40.89
	0.00
	0.00

	10
	05 - 11 Mar 2023
	34.67
	17.10
	54.15
	1.14
	1.00

	11
	12-18 Mar 2023
	34.17
	15.79
	47.93
	0.00
	0.00

	12
	19-25 Mar 2023
	31.81
	15.96
	47.36
	0.00
	0.00

	13
	26 Mar -01 Apr 2023
	34.73
	17.11
	47.65
	0.00
	0.00

	14
	02-08 Apr 2023
	36.39
	20.40
	24.50
	1.57
	1.00

	15
	09-15 Apr 2023
	40.14
	22.57
	34.29
	0.00
	0.00

	16
	16-22 Apr 2023
	41.87
	21.67
	33.07
	0.00
	0.00

	17
	23-29 Apr 2023
	39.81
	22.19
	30.57
	0.00
	0.00


*Standard Meteorological Week

Table-2: Population Dynamics of insect pests on citrus orchard

	SMW*
	Date of Observation
	Bark eating population
	Bagworm case / plant population

	50
	12 Dec 2022
	0.00
	1.00

	51
	19 Dec 2022
	1.70
	1.40

	52
	26 Dec 2022
	2.04
	1.82

	01
	02 Jan 2023
	2.36
	2.04

	02
	09 Jan 2023
	2.60
	2.55

	03
	16 Jan 2023
	2.89
	2.90

	04
	23 Jan2023
	2.97
	2.93

	05
	30 Jan 2023
	2.62
	2.85

	06
	06 Feb 2023
	2.78
	3.00

	07
	13 Feb2023
	3.12
	3.26

	08
	20 Feb 2023
	3.67
	3.62

	09
	27 Feb 2023
	3.88
	2.87

	10
	06 Mar 2023
	4.08
	2.55

	11
	13 Mar 2023
	3.90
	2.39

	12
	20 Mar 2023
	3.76
	1.95

	13
	27 Mar 2023
	3.48
	1.50

	14
	03 Apr 2023
	3.01
	1.35

	15
	10 Apr 2023
	2.70
	1.00

	16
	17 Apr 2023
	2.33
	0.86

	17
	24 Apr 2023
	2.01
	0.50


*Standard Meteorological Week

Table-3: Simple correlation of barkeating caterpillar and bagworm moth 	population with weather parameters
	S. No.
	Weather parameters
	Correlation coefficient
ofbarkeating caterpillar
	Correlation coefficient ofbagworm moth

	1
	Temperature (0C)
	
	

	
	a. Maximum
	0.340*
	-0.302

	
	b. Minimum
	0.220
	-0.424*

	2
	Relative humidity (%)
	-0.312
	0.354*

	3
	Rainfall (mm)
	0.044
	0.147

	4
	Rainy day
	0.315
	0.178


	* 5% level of significant

Table-4: Multiple regression between weather parameters and barkeating caterpillar population

	S.No.
	Weather parameters
	R2
 value
	Re equation

	1
	Temperature (0C)
	
	

	
	a. Maximum
	0.115
	y = 2.572*x + 23.56

	
	b. Minimum
	0.048
	y = 1.287x + 10.76

	2
	Relative humidity (%)
	0.098
	y = -4.864x + 65.98

	3
	Rainfall (mm)
	0.002
	y = 0.054x + 0.230

	4
	Rainy day
	0.040
	y = 0.077x - 0.066


	* 5% level of significant

Table-5: Multiple regressions between weather parameters and bagworm cases

	S.No.
	Weather parameters
	R2
value
	Re equation

	1
	Temperature (0C)
	
	

	
	a. Maximum
	0.091
	y = -2.400x + 35.83

	
	b. Minimum
	0.179
	y = -2.606*x + 19.88

	2
	Relative humidity (%)
	0.125
	y = 5.784*x + 40.14

	3
	Rainfall (mm)
	0.021
	y = 0.189x - 0.016

	4
	Rainy day
	0.004
	y = 0.025x + 0.095


	* 5% level of significant

Fig. 1. Population dynamics of barkeating caterpillar correlated with weather parameters


Fig. 2. Population dynamics of bagworm cases correlated with weather parameters

4. Conclusion

The presence of bark-eating caterpillars was first noted in the 51st SMW (1.70/plant) and the greatest number (4.08/plant) was noted in the 10th SMW. The maximum temperature and the number of pests showed a positively significant relationship. In the 50th SMW, bagworm appearance was noted (1.00 case/plant) and the peak was noted in the 8th SMW (3.62 case/plant). Relative humidity and the number of bagworms exhibited a positively significant link, while the minimum temperature revealed a negatively significant relationship.
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