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Comparative diversity and seasonal occurrence of insect pest complex in litchi ecosystem from two different agro-climatic sub-regions of Eastern Himalayan Zone of India

ABSTRACT
A study was conducted to find out the diversity and seasonal occurrence of different insect pests in litchi orchards of two different agro-climatic sub-regions, i.e., sub-region II and sub-region V of Agro-Climatic Zone II (Eastern Himalayan Region) of the country during March, 2022 to February 2024. The study has documented a total of 16 species of insect pests under 16 different families infesting litchi plants from these two sub-regions of Zone II. Among them, six were Coleopteran pests, two were Hemipteran, and six were Lepidopteran pests, and one pest from each of the Diptera and Sarcoptiformes orders was in the species assemblage. The cumulative population of different leaf- and stem-infesting insect pests was 1763 individuals/120 sweeps in sub-region II, which was drastically higher than that of sub-region V (i.e., total population of 581 individuals/120 sweeps). However, the sub-region V was characterized by a greater diversity and richness in the species community than the sub-region II. Furthermore, in sub-region V, the species are more evenly distributed in the community, with less dominance by a single or few species as compared to sub-region II. The incidence pattern of different insect pests suggested higher insect pest incidence from the 1st fortnight of March to the 1st fortnight of June in sub-region V and from the 1st fortnight of May to the 1st fortnight of June in sub-region II. These outcomes provide valuable insights in order to adopt appropriate pest management schedules, typically during the most critical period of pest incidence.
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1. INTRODUCTION
Originating in the mountainous areas of central and western China, litchi (Litchi chinensis Sonn.), a perennial fruit crop belonging to the Sapindaceae family, was brought to India by the end of the 17th century (Dalui and Sarkar, 2021). From an Indian perspective, this crop is of enormous importance, as the country holds 2nd position in litchi production after China (Rangare et al., 2022). Although India and China contribute 91% of the world’s litchi production (Rangare et al., 2022), this crop is also grown in countries like Australia, Hong Kong, Indonesia, Mauritius, Malaysia, South Africa, Thailand, and Taiwan (Kumar et al., 2014a; Dalui and Sarkar, 2021).In India, litchi is the sixth most valuable fruit crop, yet it ranks seventh in terms of area and ninth in terms of production (Rangare et al., 2022). Litchi has a growing popularity because of its unique flavour, deliciousness, higher nutritional content, and juicy aril that provides a cooling effect in the sweltering summer months (Chauhan et al., 2008) and hence is considered as the 'Queen of the Fruits' (Regmi, 2022). Such growing demand, high economic return, and export potential make the cultivation of litchi a gaining traction (Regmi, 2022).
However, the enormous contribution of litchi towards the horticultural sector of the country is highly threatened due to a number of biotic and abiotic stressors that affect its production (Srivastava et al., 2015;Malik and Deveshwar, 2017). Among them, the occurrence of different insect pests can cause significant yield loss in litchi orchards. Litchi plants used to face a variety of insect attacks throughout their growth period. Usually, the plant starts blooming in February, and fruits get mature during April-May (Yadav et al., 2011). At that time, the crop becomes more susceptible to the attack of different fruit-feeding insects, including fruit borer, fruit fly, nut borer, etc. (Kumar et al., 2024). In addition to that, litchi plants used to face infestation by a wide range of leaf- and stem-feeding insects, including stem borer, leaf folder, bark eating caterpillar, grey weevil, red weevil, litchi mite, phytophagous beetles, bagworm, etc., almost throughout the season (Srivastava et al., 2016). Infestation by these insect pests can cause severe yield loss and also reduce the quality and marketability of the fruits.
Litchi is also considered an important fruit crop in eastern and northeastern parts of the country, including states like Bihar, West Bengal, Assam, Arunachal Pradesh, Tripura, Meghalaya, etc. In these states, this crop plays a very crucial role for the socio-economic upliftment of the rural people. Despite the importance of litchi in the country's economic growth and the fact that a large area of litchi is under cultivation in India, research literature on insect pest complexes on litchi plants from the country is limited. That’s why the present study was conducted in order to determine the diversity and seasonal occurrence of different insect pests of litchi in two different agro-climatic sub-regions of Agro-Climatic Zone II (Eastern Himalayan Region) of the country.
2. MATERIALS AND METHODS
2.1 Study area
The study was conducted in sub-region II and sub-region V of the Agro-Climatic Zone II (Eastern Himalayan Region) of India. Sub-region II includes parts of the Arunachal Pradesh and Bhutan Himalayas, which are distinguished by their rich biodiversity, deep forests, and abundant rainfall. This sub-region has an annual temperature of 25.5ºC and receives about 4000 mm of precipitation annually. In sub-region II, the study was conducted at the Instructional Farm of the College of Horticulture and Forestry, Central Agricultural University (CAU), Pasighat, Arunachal Pradesh.
In contrast, the sub-Himalayan tract of West Bengal, which comes under sub-region V, has a perhumid climate with temperatures ranging between 10°C and 38°C with an average of around 3000 mm of rainfall annually, which usually falls between June and September as a result of the southwest monsoon. After that, there is a brief winter with little to no rainfall and reduced sunlight from December to February. In the sub-region V, the study was conducted at the Horticultural Instructional Farm of Uttar Banga Krishi Viswavidyalaya (UBKV), Pundibari, West Bengal, India.
2.2 Collection, preservation and identification of insect pests
The adults of different insect pests were collected through aerial sweeping. The captured insects were collected in vials and brought back to the laboratory for identification. The larvae of different internal feeders, like stem borers, fruit borers, nut borers, fruit fly, bark eating caterpillar, etc., were collected and reared in the laboratory for adult emergence. In the laboratory, the specimens were pinned, dried, and identified under a stereo-zoom microscope by using proper taxonomic literatures. The specimens were also sent to the Zoological Survey of India, Kolkata, for confirmation of their identity. 
2.3 Field study and observation recording
The experiment was conducted in a fixed plot during March, 2022 to February, 2024 with a randomly selected 10 number of litchi trees of 8–12 years old. The experimental trees were maintained completely under natural conditions and kept free from insecticidal applications. Four twigs (from 30 to 50 cm from the shoot tip) from each direction in an individual tree at a height of 1.5 to 2 m above ground level were tagged for observation. The observations were taken at fortnightly intervals for major pests on each tree’s leaf, stem, and fruit during the period of investigation. 
To record the leaf infestation, sampling was done in the morning or evening with a sweep net depending on the activity of the pests by sweeping and hand picking. Ten sweeps were randomly made from all four directions of the tree, and their population was recorded as the number of individuals/10 sweeps. For fruit-infesting insects, 100 fruits from each tree were randomly collected at the time of harvest from all directions (East, West, North, and South) and different elevations of the tree. Each fruit was cut open to check for the presence of larvae, and their population was recorded as the number of individuals/100 fruits.
2.4 Diversity indices
[bookmark: _GoBack]Based on the cumulative population of different insect pests in litchi, the following ecological indices (Table 1) for species diversity, evenness, richness, and dominance were computed for each sub-region by using the following formulas.
Table 1. Different ecological indices for species diversity, richness, evenness, and dominance used in the study
	Indices
	Equation
	Reference

	Diversity indices
	Shannon index 
	
	Shannon, 1948

	
	Brillouin index
	
	Peet, 1975

	Richness indices
	Margalef index
	
	Margalef, 1958

	
	Menhinick index 
	
	Menhinick, 1964

	Evenness indices
	Sheldon index 
	
	Sheldon, 1969

	
	Heip index 
	
	Heip, 1974

	
	Pielou index 
	
	Pielou, 1966

	Dominance Indices
	Berger-Parker index
	
	Berger and Parker, 1970

	
	Simpson index
	
	Simpson, 1949

	
	McIntosh index 
	
	McIntosh, 1967


Note: N = total no. of individuals; ni = no. of individuals of ith species; S = total no. of species; Nmax = no. of individuals of most abundant species; pi = proportion of species in a community (ni/N)
3. RESULTS AND DISCUSSION
3.1 Diversity of insect pest complex
The study has documented a total of 16 species of insect pests under 16 different families infesting litchi plants from these two sub-regions of Zone II. This insect pest complex included six Coleopteran, two Hemipteran, and six Lepidopteran pests, and one pest from each of the Diptera and Sarcoptiformes (Acari) orders (Table 2). Furthermore, there was also little variation in qualitative species composition between sub-region II and sub-region V. The occurrence of these insect pests in litchi orchards has also been reported from different parts of India, causing mild to serious damage to the plants (Hameed et al., 1992, 2001; Singh et al., 2001; Kumar et al., 2011; Choudhary et al., 2013; Kumar et al., 2013; Kar et al., 2023).
Table 2. Diversity of insect pests observed during the period of study (2022-24) 
	Order
	Family
	Common name
	Scientific name

	Coleoptera

	Curculionidae
	Grey weevil
	Myllocerus sp.

	
	Attelabidae
	Red weevil
	Apoderus sp.

	
	Chrysomelidae
	Flea beetles
	Altica sp.

	
	Scarabaeidae
	Metallic Beetle
	Popillia sp.

	
	Tenebrionidae
	Shoulder beetle
	Lagria sp.

	
	Cerambycidae
	Litchi stem borer
	Aristobia reticulator (Fabricius)

	Hemiptera
	Alydidae
	Gundhi bug
	Leptocorisa oratoria (Fabricius)

	
	Tessaratomidae
	Litchi stink bug
	Tessaratoma papillosa (Drury)

	Lepidoptera
	Tortricidae
	Leaf folder/ roller
	Dudua aprobola Meyrick

	
	Cossidae
	Bark-eating caterpillar
	Indarbela sp.

	
	Psychidae
	Bagworm
	Eumetacrameri Westwood

	
	Geometridae
	Semilooper
	Perixera illepidaria (Guenee)

	
	Gracillariidae
	Fruit borer
	Conopomorpha sinensis Bradley  

	
	Blastobasidae
	Litchi nut borer
	Blastobasis sp.

	Diptera
	Tephritidae
	Fruit fly
	Bactrocera tau Walker 

	Sarcoptiformes
	Eriophyidae
	Mite
	Aceria litchi (Keifer)



3.2 Seasonal occurrence of leaf- and stem-infesting insect pests in litchi 
Our study suggests a great variation in the occurrence of different insect pests in two sub-regions. Sub-region II was characterized by a very high incidence of different leaf- and stem-infesting insect pests, with a total population of 1763 individuals/120 sweeps, which was drastically higher than that of sub-region V (i.e., total population of 581 individuals/120 sweeps). 
3.2.1 Seasonal occurrence of leaf- and stem-infesting insect pests in sub-region V
In sub-region V, the incidence of different leaf- and stem-infesting insect pests was much higher from the 1st fortnight of March to the 1st fortnight of June, with the population peaking in the 1st fortnight of March. This period is characterized by the flowering and fruiting season of litchi in this region, making these crop growth stages highly susceptible to the insect pest attack in this sub-region. Thereafter, there was a steady decline, as a very small population of insect pests was noted from the in-between 2nd fortnight of July to the 1st fortnight of February. Furthermore, the occurrence of different insect pests also greatly varies throughout the season. During the 1st fortnight of March, the flea beetle used to dominate the insect pest complex (with a population of 33 individuals/10 sweeps), and its population started declining with the passing date, with no individuals recorded from the 2nd fortnight of June onwards. In contrast, the population of grey weevil followed an opposite trend, as its population was very low in the 1st fortnight of March (with a population of 4 individuals/10 sweeps) but gradually increased with time and peaked in the 1st fortnight of June (with a population of 55 individuals/10 sweeps), and again the population declined thereafter. Considering the other insect pests of sub-region V, their population used to follow a declining trend from the 1stfortnight of March onwards, whereas the occurrence of leaf rollers followed a trend similar to the grey weevil, with a peak population in the 2nd fortnight of April (with a population of 22 individuals/10 sweeps) (Fig.1).
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Fig. 1. Insect-pest populations of litchi leaf and stem in sub-region V 2022-24
3.2.2 Seasonal occurrence of leaf- and stem-infesting insect pests in sub-region II
Unlike sub-region V, in sub-region II, the highest population of different insect pests was recorded from the 1st fortnight of May to the 1st fortnight of June. Thereafter, the population started declining and became almost negligible in winter months (i.e., during January-February). However, there was a small peak in the 1st fortnight of October, which was due to a sudden increase in the grey weevil population. Like sub-region V, in sub-region II, the grey weevil was also the most dominant pest in the species assemblage. The grey weevil population was highest in the 1st fortnight of May (with a population of 382 individuals/10 sweeps) and declined thereafter. In contrast, the second most abundant insect of this sub-region, i.e., the litchi bug, had an increment in population from the 1st fortnight of May onwards and had the peak population in the 2nd fortnight of June (with a population of 97 individuals/10 sweeps). Furthermore, the litchi stem borer was found to be present in the field for a very short period, from the 2nd fortnight of July to the 2nd fortnight of September. In sub-region II, two pests, i.e., leaf roller and litchi bug, were found in litchi plants almost throughout the season (Figure 2).
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Fig.  2. Insect-pest populations of Litchi leaf and stem in Sub-region II 2022-24
3.3 Seasonal occurrence of fruit-infesting insect pests in litchi
Our study has documented only three insect pests that used to infest litchi fruits. These fruit-infesting pest complexes were first observed during March, with fruit initiation. Unlike the population of leaf- and stem-infesting insects, the cumulative population of fruit-infesting insects was a bit higher in sub-region V than sub-region II. Among them, the population was highest for the litchi fruit borer in both sub-regions. Furthermore, its population was quite higher in sub-region II than sub-region V, whereas fruit fly and nut borer had a greater population in sub-region V than sub-region II (Fig.3).
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Fig. 3. Insect-pest populations of Litchi fruit 
[bookmark: _pzrmrfkksh1]From flowering to fruiting, this is the typical time period when the crop is highly vulnerable to different insect pest attacks. Our study showed variation in the seasonal occurrence of different insect pests, which was sometimes in corroboration with or sometimes a bit different from previously published literatures. The pattern of grey weevil population fluctuation, with a greater population from April‒July, was also reported by other researchers (Atwal, 1976; Mazumder et al., 2014). Furthermore the complete absence of this weevil during December‒January was also recorded by Srivastava et al. (2015). Kumar et al. (2014b) have noticed a low red weevil population during December-January, when the temperature was low, and a high population during May-June, when the temperature was high enough in Bihar, which was pretty similar to our outcomes. Although three species of litchi leaf roller have been reported from West Bengal, among them, Dudua aprobola was the predominant one (Kar et al., 2023). According to Kar et al. (2023), this pest started infesting the plant from the 26th standard week (i.e., the 1st week of July) and remained active up to the 41st standard week (i.e., the 2nd week of October), which was almost similar to its seasonal incidence pattern in our sub-region II. Further, our finding on litchi leaf roller incidence is also in line with the findings of Chakraborty and Samanta (2005).
The litchi stem borer, Aristobia reticulator, is an invasive pest of litchi and usually found in the north-eastern part of India, including Assam, Manipur, Meghalaya, Sikkim, Tripura (Firake et al., 2013; Agarwala and Bhattacharjee, 2015), Arunachal Pradesh (Kumawat et al., 2017; Kumawat and Wangchu, 2021), Mizoram, and Nagaland (Mozhui et al., 2020) and Nagaland (Reddy et al., 2025). In our study also, this pest was found only in sub-region II of Zone II at the north-eastern part of the country. According to different studies, this pest used to attack the plants from mid-June to August, causing damage to young as well as old litchi trees (Kumawat et al., 2017; Reddy et al., 2025), which was also observed in the pest population pattern of sub-region II. In the case of the litchi bug, the adults used to hibernate during extreme winter (Kumar et al., 2008), which might be the reason for the low population of this pest during October‒February in our sub-region II. Then a greater population was noticed during March‒September, which was in agreement with the findings of Deng et al. (1999) and Kumar et al. (2008).
Usually, three species of litchi fruit borers, viz., Conopomorpha sinensis, C. cramerella, and C. litchiensis, are found in India (Reddy et al., 2016). However, we have found only one of them from our studied regions. According to a previous study from West Bengal (Dalui and Sarkar, 2021), the infestation of C. sinensis used to begin at the last week of March, and infestation gradually increased and reached its peak during the first week of May, which was in line with our outcomes. The higher incidence of litchi fruit and shoot borer from the 11th to 22nd standard week (i.e., March‒June) was also reported by Kumar et al. (2024). Furthermore, the variation in the occurrence pattern of different insect pests in sub-region II and V might be due to the variation in the weather parameters and topographic condition among these two regions.
3.3 Comparative ecological indices of insect pests in sub-region II and sub-region V
In this study (Table 3), we have observed greater values for Shannon and Brillouin diversity indices in sub-region V (i.e., 2.139 and 1.835, respectively) than sub-region II (i.e., 1.348 and 1.525, respectively), indicating a greater species diversity in sub-region V. Likewise, the Margalef and Menhinick richness indices were also depicted as greater values in sub-region V (1.532 and 0.421, respectively) than sub-region II (i.e., 1.329 and 0.255, respectively), suggesting a rich insect pest composition in the litchi ecosystem in sub-region V. In addition to that, the insect pest assemblage of sub-region V is not only diverse and rich, but the higher values (tending to 1) of different evenness indices (Sheldon, Heip, and Pielou index) suggested an evenly distributed species composition in sub-region V. Whereas, in the sub-region II, the values are tending towards 0, suggesting a less evenly distributed species composition. This is also justified by the dominance indices (Simpson, Berger-Parker, and McIntosh index). The greater values of the Simpson and Berger-Parker dominance indices and lower value of the McIntosh index in sub-region II are a clear indication that the region had a greater dominance by a single or few species in the species assemblage (Heip, 1974; Kanieski et al., 2018). This can be further justified by the individual population of different insect pests in both sub-regions, as stated above. Although, the species composition of the sub-region V has a bit greater population of grey weevils, but in comparison to sub-region II, this variation is low enough. Moreover, in sub-region II, the greater dominance by the grey weevil and litchi bug in the species composition is mainly responsible for obtaining lower evenness and higher dominance in its species composition.
Table 3. Different indices of insect-pests of the Litchi ecosystem in 2022-24
	Indices
	Sub-region 
	Indices
	Sub-region 

	
	II
	V
	
	II
	V

	Diversity 
	Shannon index
	1.348
	2.139
	Richness 
	Margalef index
	1.329
	1.532

	
	Brillouin index
	1.525
	1.835
	
	Menhinick index
	0.255
	0.421

	Dominance 
	Berger-Parker index
	0.515
	0.301
	Evenness 
	Sheldon index
	0.350
	0.772

	
	Simpson index
	0.355
	0.150
	
	Heip index
	0.285
	0.749

	
	McIntosh index
	0.414
	0.637
	
	Pielou index
	0.562
	0.892


4. CONCLUSION
Our study on the diversity and seasonal occurrence of different insect pests in the litchi ecosystem has provided valuable insights, particularly with regard to the implementation of incidence-based management strategies. As per our study, a wide range of insect pests are available in these regions that can cause serious damage to the litchi production. Furthermore, the insect pest population was drastically higher in sub-region II, requiring a comparatively greater management effort in the litchi orchards of this sub-region than sub-region V. The higher population of different insect pests at the flowering-to-fruiting stage of the crop makes the crop more vulnerable during these particular growth stages. This suggests that appropriate and judicious insect pest management strategies need to be implemented at this typical timeframe in order to safeguard the orchards from facing a heavy yield loss.
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