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[bookmark: _Hlk210325936][bookmark: _Hlk210325965]Abstract: The present study on “Biology of  Rangeeniof Rangeeni Strain of Lac Insect, Kerria Manipurensis  onManipurensis on host plant  Malvaviscusplant Malvaviscus penduliflorus  Found In  Manipur, was conducted in the Regional Field gene bank of the Department of Entomology,  College of Agriculture, Iroisemba  Central Agricultural University, during 2024-2025. The study revealed that  the mean duration of pre-sexual stages of Rangeeni strain of lac insect were 45.23, 47.56, 45.12, 48.32; 47.54, 49.24, 50.68, 48.36 and 50.65, 51.21, 52.3, 52.75 respectively on the upper, middle and lower portion of Malvaviscus penduliflorus with maximum mean duration of pre-sexual stages was 51.73 days whereas the minimum mean duration was 46.56 days. The mean duration of male emergence (days) of the Rangeeni strain of lac insect were was 12.92, 11.24, 11.06, 13.21; , 14.32, 15.02, 12.45, 13.92 and 14.89, 15.86, 15.96, 16.93, respectively, on the upper, middle, and lower portion portions of .Malvaviscus penduliflorus with a maximum duration of male emergence  recorded as 15.91 days and a minimum was of 12.11 days. The mean Sex ratio (in per cent per sq. cm) of Rangeeni strain of lac insect were was 25.32, 27.34, 25.12, 26.35; 27.45, 28.9, 29.03, 27.15 and 28.1, 28.5, 29.24 and 30.56 respectively on the upper, middle, and lower portion of Malvaviscus penduliflorus. The maximum percentage per sq. cm was 29.10% and minimum was 26.03% .The%. The mean life period of the female cell (days) reveals that the maximum mean life period (days) was 123.88 and the minimum was 121.67 days. The observed data recorded on the mean life period (days) of the Rangeeni strain of lac insect were 123.36, 122.02, 122.12 ,120.56  ; 122.25, 121.32, 120.74 ,122.36 and 122.69, 125.35, 123.45 ,124.02 days respectively on the upper, middle, and lower portionportions.	Comment by Prabhu Prasanna: Check the abstract thoroughly. The rationale of the study is missing.	Comment by Prabhu Prasanna: Recheck this sentence
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Introduction 
[bookmark: _Hlk210331363] 	Lac insects are soft-bodied insects belonging to the family Tachardiidae (Kerriidae) under the order Hemiptera. They secrete a resinous substance through minute openings on their bodies, which hardens to form lac, serving as a protective covering. The life cycle of the lac insect begins with the crawler stage; after settlement, the nymphs undergo three successive moults before reaching adulthood. The duration of each developmental stage varies depending on the host plant species, lac crop, and prevailing environmental conditions (Mohanta et al., 2014).
Lac insects yield three economically important products—resin, dye, and wax—with resin being the major constituent (68%). This resin, commonly referred to as lac, is marketed as shellac, seedlac, or button lac. The other constituents include dye (1.2%), wax (6%), and miscellaneous materials (25%) such as sugars, proteins, soluble salts, sand, woody matter, and insect body debris (Singh, 2006).
Lac and its derivatives hold immense commercial significance as they are biodegradable, non-toxic, eco-friendly, and possess high export potential. In addition, lac insect–host plant associations contribute to biodiversity conservation, supporting soil flora, fauna, and microorganisms (Sharma et al., 2006).
Natural populations of Kerria spp. are distributed throughout India (Mohanasundaram et al., 2018). The lac insect thrives on a wide range of host plants, which provide nourishment and support for lac secretion. So far, over 400 species of plants have been recorded as hosts, of which only a few are of commercial importance, including Butea monosperma (Palas), Schleichera oleosa (Kusum), and Ziziphus mauritiana (Ber). Other significant host plants are Acacia catechu (Khair), Ziziphus xylopyra (Ghont), Ficus benghalensis (Barh), Ficus religiosa (Peepal), Cajanus cajan (Arhar), Albizia lucida (Galwang), and Flemingia semialata (Semialata) (Sharma et al., 1997; Kumar et al., 2007; Kumar & Ramani, 2020). The choice of host plant significantly influences lac yield, colour, and quality.
Lac was extensively cultivated in Northeast India even before the 19th century; however, its production today remains insignificant. The region, particularly Assam, is recognized as a biodiversity hotspot with approximately 4,000 plant species, yet the commercial exploitation of these natural resources for lac cultivation remains limited (Rahman et al., 2021).
In Manipur, lac insects occur naturally on various host plants, with Malvaviscus penduliflorus identified as the most preferred host of Kerria manipurensis—the only lac insect species recorded in the state (Singh et al., 2020). This host plant grows wild across different parts of Manipur and other northeastern states.
Hence, the present study was undertaken with the objective of studying the biology of lac insect species Kerria manipurensis on its host plant Malvaviscus penduliflorus.	Comment by Prabhu Prasanna: Rationale of the study missing.
Material and Method 
The present experiment to study the biology of the lac insect species existing in Manipur was carried out at an experimental net house situated at the Department of Entomology, College of Agriculture, Central Agricultural University, lroisembaIroisemba, ImphaIImphal. Broodlacs were tied on host plants 1-1.5 ft. above the ground level to provide a succulent stem for crawlers to settle. Broodlacs were tied in a nylon mesh cage, which will allow only crawlers to move out and not the predators. Nymphs were allowed to hatch from mature females for about 7-10 days and after the emergence of newly hatched nymphs, the phunki lac sticks were removed from host plants.
The biology of the Rangeeni strain of lac insect was studied by recording the observations on different parameters responsible for the growth and development of the insect on Malvaviscus penduliflorus. The parameters, viz., duration of pre-sexual stages (days), duration of male emergence (days), sex ratio (%), and life period of the female cell, were recorded in June -julyJune-July  of 2024-2025 to find out the behavior of the insect. 
Observations 
[bookmark: _Hlk210332251]To study the biology of the Rangeeni strain of  of the Lac insect, insect Kerria manipurensis on Malvaviscus penduliflorus,  the following parameters were recorded on twelve plants in four set sets of pots replicated three times sown before the inoculation of brood Lac as per standard procedures prescribed.
i.	Duration of pre-sexual stages (Days)
The time elapsed, recorded between the date of inoculation and the male and female insect differentiation, was considered as the duration of pre-sexual stages (Days).
ii.	Duration of male emergence (Days)
The time elapsed, recorded between the date of male emergence and the time when male emergence was completed was considered as the duration of male emergence (Days)
iii.	Sex ratio (%)
At the time of emergence, larvae were not able to differentiate into male and female distinctly but after a certain period of growth, larvae were differentiated in tointo male and female Lac insects based on their morphological differences (male were elongated and females were round shapedround-shaped). After the emergence of crawlers, one square cm area was selected at random and the number of male and female  were counted. At least three such sites were selected (preferably lower, middle and upper parts of settlement) and the average was taken as sex ratio %.

iv.	Life period (in days) of the female cell
The time elapsed between the date of inoculation and crop harvest was recorded as life period of the female cell (in days).
Results 
Duration of pre-sexual emergence (days)
[bookmark: _Hlk210416182][bookmark: _Hlk210416214]Lac insect after settlement on host undergoes pre-sexual stages before attaining male and female stages which in turn decides the fecundity and quantity of lac produced. The observation in the mean duration of pre-sexual stages (days) of Rangeeni strain of lac insect, Kerria manipurensis was experimented on 4 sets plants which were replicated 3 times on upper, middle and lower portions of Malvaviscus penduliflorus.  The observation recorded on the mean duration of pre-sexual stages (Table 1) reveals that the maximum mean duration of pre-sexual stages was 51.73 days whereas the minimum mean duration was 46.56 days. The observed data recorded on the mean duration of pre-sexual stages were 45.23, 47.56, 45.12, 48.32; 47.54, 49.24, 50.68, 48.36 and 50.65, 51.21, 52.3, 52.75 respectively on the upper, middle and lower portion of Malvaviscus penduliflorus The present investigation is in close conformity with findings of Swami (2017)  who reported that time elapsed between date of inoculation to male and female differentiation of lac insect recorded as duration of pre sexual stages (days) varied from 47 to 51 days on 10 pigeon pea plants in three set of plots. And also  in agreement with the findings of Sharma (1991)  ), who also recorded a 6 to 7 week6-to-7-week duration for the cell differentiation in the Rangeeni strain of lac insect after its settlement.
Table 1:Duration of pre-sexual stages (days) of Rangeeni strain lac insect species existing in Manipur
	Malvaviscus penduliflorus
	Replication 1
	Replication 2
	Replication 3
	Replication 4
	Mean

	Upper portion
	45.23
	47.56
	45.12
	48.32
	46.56

	Middle portion
	47.54
	49.24
	50.68
	48.36
	48.96

	Lower portion
	50.65
	51.21
	52.3
	52.75
	51.73

	SE (d)
	
-
	1.09

	CD (5%)
	
	2.47


           Data represented are mean of three replications
           CD is calculated at 5% level of significance by least significant difference (LSD) test.

Duration of male emergence (days)
[bookmark: _Hlk210416304]The male lac insect generally emerges 6-7 weeks after the settlement. They may be winged or wingless and the relative number of two forms varies considerably in different seasons of the lac crops. The life span of males is very short as it fertilizes the females and dies. The longevity of male lac insects determines the fertilization of females for producing next generation. The time elapsed between date of initiation of male emergence to the completion of male emergence was recorded as duration of male emergence (days) has been presented in Table 2 The observation on the mean duration of male emergence (days)  reveals that the maximum duration of male emergence was 15.91 days and minimum was 12.11 days. The observed data recorded on the mean duration of male emergence (days) of Rangeeni strain of lac insect were 12.92, 11.24, 11.06, 13.21; 14.32, 15.02, 12.45, 13.92 and 14.89, 15.86, 15.96, 16.93 respectively on the upper, middle and lower portion  which are in conformity with the observations by Sharma (1991)  who recorded the male emergence in Rangeeni strain of lac insect at 6-7 weeks after its inoculation while Jaiswal and Sharma (2011)  observed longevity of males as only 2 days in Rangeeni strain during Katki crop.
0. Table 2. Duration of Male emergence (days) of Rangeeni strain lac insect species existing in Manipur
	Malvaviscus penduliflorus. 

	Replication 1
	Replication 2
	Replication 3
	Replication 4
	Mean

	Upper portion
	12.92
	11.24
	11.06
	13.21
	12.11

	Middle portion
	14.32
	15.02
	12.45
	13.92
	13.93

	Lower portion
	14.89
	15.86
	15.96
	16.93
	15.91

	SE(d)
	
-
	0.83

	CD(5%)
	
	1.88


 
             Data represented are mean of three replications
             CD is calculated at 5% level of significance by least significant difference (LSD) test

Sex Ratio (percentage)
[bookmark: _Hlk210416355]The lac cell cannot be differentiated into male/female at the time of emergence but after a period of certain growth cells can easily differentiated into male/female based on their shape (males are elongated while females are round) and other morphological differences. At this stage the females are sexually mature and fertilized by the males after the emergence of male lac insect from the cell. The observations on the total number of the male and female cells per square cm recorded by placing a graph paper with one square cm area cut window on three sites of plant i.e. lower, middle, upper portion of plant as mean per cent male lac insect of Rangeeni strain ( Table(Table 3) reveal that the maximum percentage per sq. cm was 29.10% and minimum was 26.03% on Malvaviscus penduliflorus. The observed data recorded on the mean Sex ratio (in per cent per sq. cm) were 25.32, 27.34, 25.12, 26.35; 27.45, 28.9, 29.03, 27.15 and 28.1, 28.5, 29.24 and 30.56 respectively on the upper, middle and lower portion . The findings of present investigation are almost similar results were observed by Divakara (2013)  who recorded highest per cent of male insect on Ber (26.86%) followed by F. semialata (24.84%) and Kusum (17.82%). According to Kong et al. (1984) females were predominant in both the seasons of Kerria lacca with 75-80 per cent in first generation and 50-78 per cent in second generation
Table 3. Sex ratio (per cent) of Rangeeni strain lac insect species existing in Manipur
	Malvaviscus penduliflorus.
	Replication 1
	Replication 2
	Replication 3
	Replication 4
	Mean

	Upper portion
	25.32
	27.34
	25.12
	26.35
	26.03

	Middle portion
	27.45
	28.9
	29.03
	27.15
	28.13

	Lower portion
	28.1
	28.5
	29.24
	30.56
	29.10

	SE (d)
	
-
	0.84

	CD (5%)
	
	1.90


            Data represented are mean of three replications
           CD is calculated at 5% level of significance by least significant difference (LSD) test


0. Life period (days)
[bookmark: _Hlk210416469]The state of female cell activity lasts for varying number of weeks depending upon temperature, host plant and strains of lac insect. The female lac insect lives for relatively longer period and are the chief sources of lac secretion. The duration of longevity or life period of female cells of lac insect depends on various factors such as species, strain, season of development and climatic conditions of area. The life period of female cell recorded as time elapsed between date of inoculation and maturity of females showing yellow spot at crop harvesting stage. The observation in the life period of female cell (days) of Rangeeni strain of lac insect  (insect (table 4) reveals that the maximum mean life period (days) was 123.88 and minimum was 121.67 days. The observed data recorded on the mean life period (days) of Rangeeni strain of lac insect were 123.36, 122.02, 122.12 ,120.56; 122.25, 121.32, 120.74 ,122.36:122.69, 125.35, 123.45 ,124.02 days respectively on the upper, middle and lower portion which are in conformity with the findings of Mohanasundaram et al. (2016)  who reported that Rangeeni strain on palas (Butea monosperma) took 3 months 16 days to complete their life cycle however according to Sharma (1991) Rangeeni strain of lac insect took 120-137 days to mature.

	Malvaviscus penduliflorus
	Replication 1
	Replication 2
	Replication 3
	Replication 4
	Mean

	Upper portion
	123.36
	122.02
	122.12
	120.56
	122.02

	Middle portion
	122.25
	121.32
	120.74
	122.36
	121.67

	Lower portion
	122.69
	125.35
	123.45
	124.02
	123.88

	SE (d)
	
-
	0.84

	CD (5%)
	
	1.85


Table 4.   Life period of the insect (days) of Rangeeni strain lac insect species existing in Manipur 
        
Data represented are mean of three replications
        CD is calculated at 5% level of significance by least significant difference (LSD) test.
Conclusion :
	The present study on the biology of the Rangeeni strain of lac insect, Kerria manipurensis, on Malvaviscus penduliflorus provided important insights into the life cycle, developmental duration, and host association of this lac insect species in Manipur. The results indicated that the duration of the pre-sexual stages of the Rangeeni strain ranged from 46.56 days (minimum) to 51.73 days (maximum). The male emergence period varied between 12.11 days (minimum) and 15.91 days (maximum), while the mean life span of the insect ranged from 121.67 to 123.88 days. These findings demonstrate that the Rangeeni strain completes all developmental stages successfully on Malvaviscus penduliflorus, highlighting the suitability of this host plant for lac insect growth and reproduction.
The study confirms that Malvaviscus penduliflorus, a widely available perennial plant in Manipur, not only supports the survival of the lac insect but also allows it to thrive until maturity. This suggests that the plant can serve as a primary host for the sustainable cultivation of lac in the region. The natural adaptation of the Rangeeni strain to this host indicates that lac cultivation could be promoted locally without the need for extensive introduction of non-native host plants, thereby reducing costs and supporting biodiversity conservation.
Furthermore, the findings emphasize the economic and ecological significance of utilizing Malvaviscus penduliflorus for lac cultivation. Given the high commercial value of lac products—resin, dye, and wax—and their applications in varnishes, textiles, cosmetics, and pharmaceuticals, promoting cultivation on this native host plant could enhance income generation for rural farmers and support livelihood development in North-East India. In addition, the cultivation of lac on this host plant contributes to maintaining ecological balance, as the lac insect–host plant association plays a role in supporting soil microflora, fauna, and overall biodiversity.
Despite these promising results, further detailed investigations are necessary to fully optimize lac production on Malvaviscus penduliflorus. Future studies could explore host–insect interactions, yield variation, seasonal effects, environmental conditions, pest and disease management, and genetic improvement of lac insect strains. Research on lac quality, resin composition, and economic viability would also help in developing this plant–insect system into a commercially sustainable enterprise in Manipur and the wider North-Eastern region.
Overall, the study highlights Malvaviscus penduliflorus as one of the most preferred and important host plants for lac insect cultivation in Manipur. The biological insights gained from the Rangeeni strain can serve as a foundation for future research, sustainable lac farming, and biodiversity-based economic development, thereby contributing to both scientific knowledge and practical applications in lac production.
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