


Seasonal performance of Eri silkworm, Samia ricini (Lepidoptera: Saturniidae) in two different zones of Manipur, India

Abstract: Samia ricini, commonly known as eri silk worm, is a domesticated, multivoltine, polyphagous silkworm which feeds on various food plants, namely castor (Ricinus communis Linn.), kesseru (Heteropanax fragrans Seeman), tapioca (Manihot esculanta Crantz), etc. Among them, castor and kesseru are considered major food plants. This silkworm species is widely reared in various regions of north-eastern states, including Manipur. The seasonal performance of the silkworm in two different zones was evaluated to assess its optimal season for growth, development, and cocoon productivity, as there is limited comparative research on low- and high-altitude conditions of Manipur. The present study was conducted in three different seasons (Spring, Summer, and Autumn) across two zones (Wangkhei and Sanjenbam Hill) of Manipur. To achieve this, variables such as fecundity, hatching percentage (%), larval length, larval weight, larval survival rate, effective rate of rearing, cocoon weight, shell weight, pupal weight and cocoon-shell ratio were studied during Spring (March- April), Summer (May- June) and Autumn (September- October) seasons of 2025. Rearing was performed on the preferred host plant, Ricinus communis (castor). Seasonal variations had a significant effect on some of these parameters, primarily attributed to differences in temperature, humidity, and leaf quality. Two commercial parameters, shell weight and shell ratio, were 0.41±0.03g, 0.33±0.03g,0.33±0.01g, and 13.77±0.59%, 13.52±0.53%, 13.64±0.45% in summer, spring, and autumn of Wangkhei and 0.41±0.02g, 0.29±0.01g,0.30±0.01g and 13.47±0.42%, 13.19±0.78%, 13.65±0.43% in summer, spring, and autumn of Sanjenbam Hill, respectively. This indicates that the summer season was the most favourable in terms of performance and productivity in both zones in Manipur.
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1. INTRODUCTION:
Sericulture, the rearing of silkworms for the production of silk fibres, is commonly a primary source of income for many farmers in the north-eastern states of India, including Manipur. North-East India is rich in seri biodiversity, being a natural abode for a number of sericigenous insects and their host plants (Sarmah et al., 2015). Being an agro-based industry, it involves food plant cultivation for silkworms, mainly for cocoon production. It is also reared for consumption in some parts of India. Sericulture plays a crucial role in poverty alleviation and is one of the vital sectors in raising the economy of India. It is well known fact that sericulture is a cash crop, which gives returns within 30 days (Siddappaji et al., 2014). 
India produced 38,913 metric tons (MT) of silk, employing approximately 9.76 million people in rural and semi-urban areas during the 2023-24 fiscal year. The sericulture activities in India are spread across 52,360 villages. Central silk-producing states in the country are Andhra Pradesh, Assam, Bihar, Gujarat, Jammu and Kashmir, Karnataka, Chhattisgarh, Maharashtra, Tamil Nadu, Uttar Pradesh and West Bengal. Karnataka contributed around 32.3% of the total silk in the country during FY 2024 (CSB: Central Silk Board of India). Although India has become the second-largest producer of silk, most of it is consumed within the country. Thus, India must give special attention to the production of high-quality silk to gain a significant economic advantage in the international market.
Eri silkworm (Samia ricini), also known as ahimsa silkworm, as the process of harvesting its silk does not involve killing the silkworm, is a domesticated, multivoltine, polyphagous silkworm species which feeds on various food plants, namely castor (Ricinus communis Linn.), kesseru (Heteropanax fragrans Seeman), tapioca (Manihot esculanta Crantz), etc. There are twenty-six ecotypes of S. ricini distributed in different parts of north-east India, and six homozygous strains, which can be identified by their larval markings and colour. They are-Greenish Blue Plain (GBP), Greenish Blue spotted(GBS), Greenish Blue Zebra(GBZ), Yellow Plain(YP), Yellow Spotted(YS), Yellow Zebra(YZ) (Debraj et al., 2001). Silk obtained from silkworms is known as the queen of all fibres due to its softness, elegance, durability, water absorbency, resistance to heat, superior dyeing efficiency, and luminance. Silk is used for making luxurious and decorative items, so there must be no compromise in the quality of the product, so that the forward move of the sericulture-based natural product towards sustainable fashion and the promotion of cultural heritage could be enhanced across the world (Athokpam et al., 2025).
The growth of S. ricini larvae is susceptible to environmental conditions. Temperature, humidity, and rainfall directly affect metabolic rates, development, and feeding behaviour. Optimum temperature  (23 °C and 28 °C) and humidity (70% and 85%) during growth stages promote healthy larval growth and timely cocoon formation, while extremes can reduce feed efficiency, cause stress, and decrease survival rates. Lower temperature and humidity reduce larval growth, lengthen larval duration, decrease feed consumption, leading to low-quality silk, whereas an increase in temperature and humidity above the optimum promotes disease outbreak.  Photoperiod, soil properties, and leaf quality affect the production of cocoon, the quality of the product and the life cycle of the silkworm. Seasonality, thus, also affects its cocoon-related characters. They have been evaluated in various environmental and agro-climatic conditions to identify season- and region-specific breeds for utilisation (Malik et al., 2002). Moreover, varying light-dark cycles can alter their growth, duration, and cocoon characteristics. Based on mulberry sericulture, the efficiency of Eri silkworm rearing is affected by various factors, such as: 38.20 per cent by food, 37.00 per cent by climatic condition (temperature, relative humidity, light, air), 18.20 per cent by rearing techniques and 6.60 per cent by race or silkworm stock (Rahmathulla, 2012).
Manipur, a north-eastern state situated between 23.83⁰N and 25.68⁰N latitude and 93.03⁰E and 94.78⁰E longitude, with a total area of approximately 22,327 square kilometres, includes a central valley surrounded by hills, exhibiting a predominantly humid subtropical climate marked by distinct seasonal variations. Due to the agro-climatic conditions of Manipur, it is suitable for rearing all four types of silkworms, namely the Mulberry silkworm, Eri silkworm, Tasar silkworm, and Muga silkworm (Athokpam et al., 2025). 
The seasonal performance of the Eri silkworm, S. ricini, is a critical factor influencing the sericulture industry. An extensive study is needed for the improvement of existing strains of S. ricini for commercial production of silk, new improved strain through different breeding programs to improve silk productivity, increase the strains adaptability to different environmental condition and also to produce disease resistant variety (Sen et al., 1999). Seasonal fluctuation can alter the parameters such as larval weight, larval duration, larval survival rate, and cocoon yield, affecting the consistency and reliability of silk production. Although many studies have been conducted on the effects of temperature and humidity on S. ricini, less information exist on the effects of seasonal variation on altitudinal difference in this species. Understanding the seasonal performance will help the rearers in efficient rearing as well as in increasing cocoon production, which will directly impact their income.
This study focuses on Imphal due to its unique climatic conditions and its role as a hub for Eri silk production in Manipur. The region’s sericulture practices are rooted in traditional knowledge, passed down through generations, yet face challenges posed by changing environmental conditions and market demands. The present investigation was undertaken to evaluate the rearing performance and various economic traits of the silkworm, S. ricini, across different seasons in two agro-climatic zones of Manipur, a north-eastern state of India. 



2. [image: ]MATERIALS AND METHODS:(d)
Fig. 1 Location of the study area. (a) India map, (b) Manipur map, (c) Imphal city map and (d) Imphal East map showing Sanjenbam Hill and Wangkhei.

2.1 Experimental site
The experiment was conducted in the silkworm rearing house at Sanjenbam Hill (24.804⁰N 94.036⁰E) with an altitude of 997 MSL and Wangkhei (24.800⁰N 93.957⁰E), a valley region with an altitude of 783 MSL (Fig. 1)
2.2 Equipment
Plastic rearing trays, rearing stand, chopping board, chopping knife, feather, cleaning nets, mountages (collapsible plastic mountages), hygrometer, thermometer, antwells and electronic balance.
2.3 Data collection and observation
The present study evaluated the seasonal performance of Eri silkworm (S. ricini) during three seasons i.e., Spring (March- April), Summer (May- June) and Autumn (September- October) of Manipur to observe morphological characters, larval parameters (larval weight in grams, larval length in centimetre and larval survival rate in percentage and effective rate of rearing in percentage), cocoon parameters (single cocoon weight in grams, pupal weight in grams, shell weight in grams and cocoon-shell ratio in percentage) and grainage parameters {fecundity  and hatching percentage)}. 
2.4 Selection of race
The Eri silkworm Yellow Plain (YP) breed, an indigenous breed of Manipur, was selected for the experiment, and rearing was performed on the preferred host plant, Castor (R. communis).

2.5 Disinfection
Disinfection before and after each rearing is an essential measure to prevent disease outbreaks and is key to successful cocoon production. Disinfection of the rearing house and equipment with appropriate chemicals at the correct concentrations is required. The rearing room and equipment were first disinfected using 2% formalin solution. After applying the disinfectant, the windows and ventilators were kept open to ensure proper aeration and air circulation.

2.6 Maintenance of larvae
After hatching, the larvae were brushed with a feather on the plastic tray and fed 3 times per day (5:30 am, 1:30 pm, and 9:30 pm). First, second and third instar larvae were fed with tender castor leaves. Fourth- and fifth-instar larvae were fed mature castor leaves. Bed cleaning is essential for the healthy rearing of the worms. During the 1st instar, there will be no bed cleaning as the larvae are tiny and delicate. In the 2nd and 3rd instar, 2 -3 times bed cleaning has been carried out. But in the 4th and 5th instars, daily cleaning is done because the bed becomes thick and damp due to increased consumption rates. Proper spacing and good aeration are necessary for healthy worms, as overcrowding leads to undernourishment and unhealthy worms. In a standard rearing tray (1 meter in diameter), 300 5th instar worms can be reared conveniently. During moulting, the worms are left undisturbed, and no feed is provided. A good rearing is judged by uniform moulting and emerging from moulting. After maturation, during the late 5th instar stages, larvae excrete semi-solid substances. This indicates that they are ready to spin a cocoon. They also produce a hollow sound when gently rubbed between fingers. At this stage, the worms stop feeding and become restless, searching for a suitable place to cocoon. Mature worms were picked and placed in the mountages for cocooning.

2.7 Harvesting of cocoons
Larvae after spinning cast off their skin, and pupation takes place. Cocoon is harvested from the mountages after 5-6 days of spinning, and defective cocoons are sorted out.

2.8 Statistical analysis- Student's t-test and one-way ANOVA analysis were performed using SPSS.

3. RESULT: 
Table 1. Seasonal minimum and maximum temperature and relative humidity (mean ± SE) in the rearing house of the two zones.
	Zone
	Month (Season)
	Temperature (°C)
	Relative Humidity (%)

	
	
	Minimum
	Maximum
	Minimum
	Maximum

	

Wangkhei
(Valley)
	March-April (Spring)
	14.15 ± 0.42
	29.50 ± 0.30
	38 ± 0.53
	92.31 ± 1.21

	
	May-June
(Summer)
	24.78 ± 0.21
	30.71 ± 0.36
	55.69 ± 1.90
	79.44 ± 1.97

	
	September-October
(Autumn)
	21.56 ± 0.22
	29.19 ± 0.33
	65.31 ± 1.50
	97.31 ± 0.24

	

Sanjenbam (Hill)
	March-April (Spring)
	10.49 ±0.21
	26 ±0.22
	22.46 ±0.31
	98.21 ±0.57

	
	May-June
(Summer)
	19.0 ± 0.80
	29.30 ± 0.93
	54 ± 0.44
	84.51 ± 1.23

	
	September-October
(Autumn)
	20.72 ± 0.5
	28.0 ± 0.37
	41.03 ± 1.42
	95.49 ± 2.01


3.1 Morphological view of the Eri silkworm lifecycle:
· EGG- oval, laid in cluster, freshly laid eggs are white, which turns yellowish after 1-2 days and then blue-black at the time of hatching. Egg duration is 8-10 days. A disease-free moth lays 300- 400 eggs. Each egg weighs 0.0015 g approx.
· 1st Instar- Head, legs and spiracles are shiny black, integuments slightly orange, covered with numerous blackish tiny hairs. Feeds on young, glossy leaves. Larval length and weight of 10 larvae increase from 0.4 to 0.8 cm and 0.05 to 0.18 g with a duration of about 3 to 4 days (Fig. 2a).
· 2nd Instar – Head, eyes, and spiracles black; body yellowish. Larval length and weight of 10 larvae increase from 0.8cm to 1.5cm and 0.18g to 0.64g with a duration of about 2 to 3 days (Fig. 2b).
· 3rd Instar- Head, legs and spiracles black, body colour changes from pale yellow to white. The body is covered with fine white powders and numerous soft spikes. Larval length and weight of 10 larvae increase from 1.5cm to 2.2cm and 0.64g to 2.60g with a duration of about 2 to 3 days (Fig. 2c).
· 4th Instar- Head and legs turn yellow. Body creamy white with black spiracles and numerous spikes. Larval length and weight of 10 larvae increase from 2.2cm to 4.5cm and from 2.60g to 20.39g with a duration of about 3 to 4 days (Fig. 2d).
· 5th Instar- Spikes more pronounced, spiracles larger and distinct. The body is white, turning yellow in the late stages of the 5th instar. Larval length and weight of 10 larvae increase from 4.5cm to 7cm and from 20.39g to 85.32g with a duration of about 4 to 5 days (Fig. 2e).
· Cocoon- cocoons are white, open-mouthed, elongated with no peduncle. Cocoon weight and size range from 1.72g to 3.70g and 2.8×4.5cm to 3.0×6.2cm. Cocoons were harvested after 5-6 days of cocooning.
· Pupa- Orange in colour, which turns darker during the late stage. Pupal weight and size range from 1.50g to 2.96g and 1.1×2.5cm to 1.4×3.0cm. Pupal duration lasts for 15 to 19 days.
· Moth- Body covered by thick fur and has a texture like velvet with a wing span of 12cm- 13.5cm for females and 10.5cm- 12.2cm for males.
The weight of male and female moths ranges from 0.46g to 0.63g and 0.98g to 1.10g. The duration lasts for 7 to 8 days.
[image: ]
Fig. 2: Different larval stages of Eri silkworm (S. ricini). (a) 1st Instar larva, (b) 2nd Instar larva, (c) 3rd Instar larva, (d) 4th Instar larva  and (e) 5th Instar larva.

Fig. 3: Hatching percentage, larval survival rate and effective rate of rearing of Eri silkworm in three different seasons. Error bars represent standard error (±SE).




3.2 Grainage parameters: 
a) Fecundity 
Fecundity is a heritable character that is directly correlated with physiological and ecological factors. Significant variation in fecundity was observed in the two zones during the autumn season (Table 5).  In different season, rearing in the Wangkhei zone during summer has the highest fecundity (365.75±20.54), followed by autumn in Wangkhei (353±21.24), summer in Sanjenbam Hill (328.25±11.32), spring in Wangkhei (317±23.48), spring in Sanjenbam Hill (288.50±16.61) and autumn in Sanjenbam Hill (287±15.12) being the least (Table 6 and 7).
b) Hatchability/ Hatching percentage
Hatchability, or hatching percentage, is a key commercial trait in sericulture. Significant variation in hatchability was observed between the two zones during spring and autumn (Tables 3 and 5). In summer season, hatching percentage were significantly higher than autumn season in both zones (Tables 6 and 7). Wangkhei during summer showed the highest hatchability (98.41±0.45), followed by summer in Sanjenbam Hill (97.47±0.56), spring in Wangkhei (97.33±0.35), autumn in Wangkhei (96.10±0.72), spring in Sanjenbam Hill (94.6±0.90) and with the least during autumn in Sanjenbam Hill (93.13±0.98) (Fig. 3).
Table 2. Larval length (cm) and weight of 10 larvae (g) of different instars in two zones of Manipur during different seasons
	Instar
	Zone
	Spring
Length (cm)
	Spring
Weight (g)
	Summer
Length (cm)
	Summer
Weight (g)
	Autumn
Length (cm)
	Autumn
Weight (g)

	
1st instar
	Wangkhei
	0.60 ± 0.023
	0.17 ± 0.003*
	0.63 ± 0.024
	0.17 ± 0.003
	0.58 ± 0.023
	0.16 ± 0.003

	
	Sanjenbam
	0.56 ± 0.031
	0.15 ± 0.002*
	0.60 ± 0.023
	0.17 ± 0.002
	0.54 ± 0.031
	0.16 ± 0.002

	
2nd instar
	Wangkhei
	1.44 ± 0.020
	0.80 ± 0.004*
	1.48 ± 0.026
	0.81 ± 0.004
	1.41 ± 0.025
	0.79 ± 0.005

	
	Sanjenbam
	1.38 ± 0.023
	0.77 ± 0.006*
	1.41 ± 0.021
	0.79 ± 0.006
	1.40 ± 0.023
	0.78 ± 0.006

	
3rd instar
	Wangkhei
	2.45 ± 0.028*
	2.50 ± 0.024
	2.54 ± 0.034*
	2.77 ± 0.012*
	2.43 ± 0.038
	2.55 ± 0.045*

	
	Sanjenbam
	2.33 ± 0.033*
	2.47 ± 0.031
	2.43 ± 0.027*
	2.67 ± 0.013*
	2.34 ± 0.051
	2.41 ± 0.041*

	
4th instar
	Wangkhei
	4.37 ± 0.027
	13.43 ± 0.007*
	4.50 ± 0.019*
	13.53 ± 0.006*
	4.39 ± 0.021*
	13.39 ± 0.007*

	
	Sanjenbam
	4.33 ± 0.027
	13.35 ± 0.008*
	4.31 ± 0.028*
	13.47 ± 0.012*
	4.31 ± 0.021*
	13.28 ± 0.017*

	
5th instar
	Wangkhei
	6.90 ± 0.026
	84.77 ± 0.086*
	6.94 ± 0.036*
	84.94 ± 0.117
	6.84 ± 0.051
	84.04 ± 0.153

	
	Sanjenbam
	6.83 ± 0.049
	84.46 ± 0.097*
	6.80 ± 0.045*
	84.89 ± 0.018
	6.76 ± 0.050
	83.60 ± 0.130


    Values are mean ± SE. * indicates significant difference at P < 0.05.
3.3 Larval parameters: 
a) Larval length (cm)
Larval length during the 3rd instar showed significant variation between the two zones in spring and summer (Table 2). Also, during the 4th instar, significant variation was observed between the two zones in the summer and autumn seasons. Significantly higher larval length during the 5th instar was observed when rearing during summer in Wangkhei (6.94±0.036) as compared to summer in Sanjenbam Hill (6.80±0.045), followed by Wangkhei in spring (6.90±0.026), Wangkhei in autumn (6.84±0.051), Sanjenbam Hill in spring (6.83±0.049), and Sanjenbam Hill in autumn (6.76±0.050) being the least.
b) Weight of 10 larvae (g) 
Significant variation was observed during the 1st, 2nd, 3rd, 4th, and 5th instars across different seasons (Table 2). The highest 5th instar larval weight was observed during summer in Wangkhei (84.94±0.117), followed by summer in Sanjenbam Hill (84.89±0.018), spring in Wangkhei (84.77±0.086), autumn in Sanjenbam Hill (83.60±0.130), spring in Sanjenbam Hill (84.04±0.153) and the lowest in autumn in Wangkhei (83.60±0.130).
c) Larval survival rate (%)
Statistically, the larval survival rate was significantly higher in spring than in autumn in the Sanjenbam Hill zone (Table 7). The highest survival rate was observed in the spring in Sanjenbam Hill (99.00±0.31), followed by the spring in Wangkhei (98.16±0.29), the summer in Sanjenbam Hill (97.89±0.35), the autumn in Wangkhei (97.74±0.58), the autumn in Sanjenbam Hill (97.49±0.22) and the least, in summer in Wangkhei (96.81±0.70) (Fig. 3).
d) Effective rate of rearing (%)
No significant variation was found in the effective rate of rearing in two zones during different seasons (Table 3, 4 and 5). Summer in Sanjenbam Hill (92.64±0.93) has the highest effective rate of rearing, followed by summer in Wangkhei (92.50±1.04), spring in Sanjenbam Hill (91.06±0.83), autumn in Sanjenbam Hill (90.44±1.12), spring in Wangkhei (89.75±2.09) and lowest in autumn in Wangkhei (87.26±3.04) (Tables 6, 7 and Fig. 3).
3.4 Cocoon parameters: 
a) Cocoon weight (g)
Significant differences in cocoon weight were observed across seasons in both zones (Tables 6 and 7). Higher cocoon weight was observed when rearing in Sanjenbam Hill during the summer season (3.06±0.10), followed by Wangkhei during the summer (2.95±0.16), Wangkhei during spring (2.43±0.14), Wangkhei during autumn (2.39±0.06), Sanjenbam Hill during spring (2.28±0.13) and Sanjenbam Hill during autumn (2.21±0.10), which was found to be the lowest.
b) Pupal weight (g)
Pupal weight was significantly higher in summer than in spring and autumn in both zones (Tables 6 and 7). However, it was found to be non-significant between the zones (Tables 3, 4, and 5). Higher cocoon weight was observed when rearing in Sanjenbam Hill during the summer season (2.66±0.08), followed by Wangkhei during the summer(2.43±0.13), Wangkhei during the spring (2.07±0.11), Wangkhei during autumn (2.03±0.05), Sanjenbam Hill during spring (1.97±0.13) and Sanjenbam Hill during autumn (1.90±0.09), which was found to be the lowest.
c) Shell weight (g)
Significant variation was observed across seasons in Sanjenbam Hill (Table 7). The highest pupal weight was observed in the summer in Sanjenbam Hill (0.41±0.02) and Wangkhei (0.41±0.03), followed by spring and autumn in Wangkhei (0.33±0.03& 0.33±0.01), autumn in Sanjenbam Hill (0.30±0.01), and least in spring in Sanjenbam Hill (0.29±0.01) (Tables 6 and 7).
d) Shell ratio (%)
There was no significant variation in cocoon shell ratio between the zones in different seasons (Table 3, 4 and 5). The highest shell ratio was observed in Wangkhei during summer (13.77±0.59), followed by Sanjenbam Hill during autumn (13.65±0.43), Wangkhei during autumn (13.64±0.45), Wangkhei during spring (13.52±0.53), Sanjenbam Hill during summer (13.47±0.42), and found to be lowest during spring in Sanjenbam Hill (13.19±0.78) (Tables 6 and 7).

	ZONES
	FECUNDITY
	HATCHABILITY
(%)
	LARVAL SURVIVAL RATE (%)
	EFFECTIVE RATE OF REARING (%)
	COCOON WEIGHT (g)
	PUPAL WEIGHT
(g)
	SHELL
WEIGHT
(g)
	COCOON-SHELL
RATIO (%)

	WANGKHEI
	317±23.48
	97.33±0.35
	98.16±0.29

	89.75±2.09
	2.43±0.14
	2.07±0.11
	0.33±0.03
	13.52±0.53

	SANJENBAM
	288.50±16.61
	94.6±0.90
	99.00±0.31
	91.06±0.83
	2.28±0.13
	1.97±0.13
	0.29±0.01
	13.19±0.78

	t- value
	0.99
	2.82*
	-1.98
	-0.58
	0.77
	0.58
	1.12
	0.35


Table 3. Rearing performance of Eri silkworm in two zones of Manipur during Spring season.
Values are mean±SE.*significant difference at P≤0.05%.

Table 4. Rearing performance of Eri silkworm in two zones of Manipur during the Summer season.
	ZONES
	FECUNDITY
	HATCHABILITY
(%)
	LARVAL SURVIVAL RATE (%)
	EFFECTIVE RATE OF REARING (%)
	COCOON WEIGHT (g)
	PUPAL WEIGHT
(g)
	SHELL
WEIGHT
(g)
	COCOON-SHELL
RATIO (%)

	WANGKHEI
	365.75±20.54
	98.41±0.45
	96.81±0.70
	92.50±1.04
	2.95±0.16
	2.43±0.13
	0.41±0.03
	13.77±0.59

	SANJENBAM
	328.25±11.32
	97.47±0.56
	97.89±0.35
	92.64±0.93
	3.06±0.10
	2.66±0.08
	0.41±0.02
	13.47±0.42

	t- value
	1.60
	1.31
	-1.38
	-0.10
	-0.61
	-1.57
	-0.19
	0.42


  Values are mean±SE.*significant difference at P≤0.05%.
Table 5. Rearing performance of Eri silkworm in two zones of Manipur during the Autumn season.
	ZONES
	FECUNDITY
	HATCHABILITY
(%)
	LARVAL SURVIVAL RATE (%)
	EFFECTIVE RATE OF REARING (%)
	COCOON WEIGHT (g)
	PUPAL WEIGHT
(g)
	SHELL
WEIGHT
(g)
	COCOON-SHELL
RATIO (%)

	WANGKHEI
	353±21.24
	96.10±0.72
	97.74±0.58
	87.26±3.04
	2.39±0.06
	2.03±0.05
	0.33±0.01
	13.64±0.45

	SANJENBAM
	287±15.12
	93.13±0.98
	97.49±0.22
	90.44±1.12
	2.21±0.10
	1.90±0.09
	0.30±0.01
	13.65±0.43

	t- value
	2.53*
	2.45*
	0.41
	-0.98
	1.51
	1.18
	1.49
	-0.03


  Values are mean±SE.*significant difference at P≤0.05% significant level.
Table 6. Seasonal performance of Eri silkworm in Wangkhei zone.
	SEASON
	FECUNDITY
	HATCHABILITY
(%)
	LARVAL SURVIVAL RATE (%)
	EFFECTIVE RATE OF REARING (%)
	COCOON WEIGHT (g)
	PUPAL WEIGHT
(g)
	SHELL
WEIGHT
(g)
	COCOON-SHELL
RATIO (%)

	SPRING
	317±23.48a
	97.33±0.35bc
	98.16±0.29d
	89.75±2.09e
	2.43±0.14f
	2.07±0.11h
	0.33±0.03j
	13.52±0.53k

	SUMMER
	365.75±20.54a
	98.41±0.45c
	96.81±0.70d
	92.50±1.04e
	2.95±0.16g
	2.43±0.13i
	0.41±0.03j
	13.77±0.59k

	AUTUMN
	353±21.24a
	96.10±0.72b
	97.74±0.58d
	87.26±3.04e
	2.39±0.06f
	2.03±0.05h
	0.33±0.01j
	13.64±0.45k

	F-value
	1.35
	4.73*
	1.58
	1.40
	6.11*
	4.74*
	3.79
	0.06


Values are mean±SE. The SE followed by different letters indicates a significant difference at a P≤0.05% level of significance. (*significant difference)
Table 7. Seasonal performance of the Eri silkworm in the Sanjenbam zone.
	SEASON
	FECUNDITY
	HATCHABILITY
(%)
	LARVAL SURVIVAL RATE (%)
	EFFECTIVE RATE OF REARING (%)
	COCOON WEIGHT (g)
	PUPAL WEIGHT
(g)
	SHELL
WEIGHT
(g)
	COCOON-SHELL
RATIO (%)

	SPRING
	288.50±16.61a
	94.6±0.90bc
	99.00±0.31d
	91.06±0.83f
	2.28±0.13g
	1.97±0.13i
	0.29±0.01k
	13.19±0.78m

	SUMMER
	328.25±11.32a
	97.47±0.56c
	97.89±0.35de
	92.64±0.93f
	3.06±0.10h
	2.66±0.08j
	0.41±0.02l
	13.47±0.42m

	AUTUMN
	287±15.12a
	93.13±0.98b
	97.49±0.22e
	90.44±1.12f
	2.21±0.10g
	1.90±0.09i
	0.30±0.01k
	13.65±0.43m

	F-value
	2.60
	7.03*
	6.96*
	1.38
	18.48*
	16.35*
	22.85*
	0.17


Values are mean±SE. The SE followed by different letters indicates a significant difference at a P≤0.05% level of significance. (*significant difference)
4. DISCUSSION:
The experimental finding shows significant differences in certain economic parameters like cocoon weight and shell weight. There is significant variability in larval length, weight, duration, fecundity, hatching percentage, larval survival rate, cocoon weight, shell weight, and pupal weight across seasons and between the two zones of Manipur, though they are located within the same climatic region. This shows that larval growth, development, and cocoon traits were strongly influenced by multiple environmental factors, including temperature, humidity, photoperiod, and others, in addition to genetic factors. According to Rahmathulla (2011), temperature has played a significant role, which is consistent with the present finding (Table 1). Besides, quality of the leaves used for feeding the silkworms significantly affect the larval growth and development concomitant with the findings of Mathur et al., 2002 and Yokoyama, 1974. As reports from Mathur et al., 2002 and Dandin et al., 2003, suggested the possibility of enhancing digestion and more nutrient availability from the fresh and high moisture content leaves of feed. The present study revealed that the summer season (May-June) was found to be the most suitable season for rearing in both zones, followed by spring and autumn being the least, which is contradictory to the findings of Priyanki Sharma and Jogen Chandra Kalita (2017), who found autumn and spring to be the suitable seasons in Assam. This might be due to differences in climatic conditions between the states. However, parameters such as the effective rate of rearing and cocoon-shell ratio are found to be non-significant.
4.1 Larval parameters
Season had a strong influence on most measured traits. There was significant variation in larval length, weight, and duration across the two zones and seasons. Significantly higher larval length was observed in the 3rd instar (2.54±0.034), 4th instar (4.50±0.019) and 5th instar (6.94±0.036) larval stages during the summer season of the Wangkhei zone as compared to other seasons. Significant variation in larval weight in the 1st, 2nd, 4th and 5th instar during spring, the 3rd and 4th instar of the summer and autumn seasons (Table 2). The highest larval weight was observed in the Wangkhei zone (84.94 ± 0.117) during the summer. Similarly, larval duration tended to be shortest (faster development) in summer (16 days) in the Wangkhei zone and longest in spring (20 days) in the Sanjenbam Hill zone. Higher larval length, larval weight, and shorter larval duration during summer can be attributed to relatively higher temperatures and longer photoperiods, which accelerate metabolic rates and feeding activity. Conversely, prolonged development in spring likely reflects lower mean temperatures or highly daily temperature fluctuation, which slows growth. Larval survival rate was significantly higher in spring (99.00±0.31) as compared to autumn (97.49±0.22) in Sanjenbam Hill. But no significant variation in larval survival rate was observed in Wangkhei. 
The effective rate of rearing indicates the survivability of the silkworm during the silkworm crop. Significant differences were observed in ERR during summer in both valley and hill zones as compared to the study reported by Priyanki Sharma and Jogen Chandra Kalita, 2017 (Table 8). This indicates that the climate in Manipur during summer is more conducive to cocoon production.
4.2 Grainage parameters:
Fecundity, the biological potential of an organism to produce offspring, is an essential parameter for studying the rearing performance of the silkworm. Fecundity showed significant variation across seasons and between the two agro-climatic zones of Manipur, showing a strong influence of environmental conditions on reproductive potential. In the present study, fecundity was higher in summer than in spring in both Wangkhei (valley zone) and Sanjenbam (hill zone), with significant differences observed in autumn between the two zones. This trend suggests that the temperature and relative humidity prevailing during summer seasons positively influence ovarian development and egg maturation. Higher fecundity recorded in the valley zone compared to the hill zone may be attributed to relatively stable climatic conditions and highly nutritious host leaves, which enhance larval growth and result in healthier moths with higher reproductive output. It has been well documented that adult fecundity in silkworms is directly related to larval nutrition and physiological condition during the late larval stages. 
Abdelmegeed (2016) reported that mating duration affects egg fertility and is related to hatching. In the present investigation, hatching percentage varied significantly across seasons and zones. Higher hatching percentages were generally observed during summer compared to spring and autumn in both Wangkhei and Sanjenbam Hill. Also, significant variation was observed during summer and autumn in both zones. The comparatively higher hatching percentage recorded during the summer season may be due to optimal climatic conditions, which provide more favourable temperatures and humidity for egg incubation. Parental moths that emerge from healthy, well-nourished larvae produce eggs that tend to have higher viability. Therefore, improved larval performance during favourable seasons contributes to higher hatching percentage by improving egg quality. In the present investigation, the hatching percentage is higher than that of some selected breeds during different seasons, as reported by some workers (Table 8). This validates that rearing Eri in both the valley and hill regions is highly economical, and that farmers/rearers could expand the scope of farming as a means of livelihood. However, fecundity is lower than reported by some workers (Table 8). This might be related to the genetics of the selected breed, faulty handling of moth during mating and egg laying, defective preservation of the cocoons (Biram et al., 2009; Rahmatulla, 2012). 
Table 8. Comparative analysis of economic parameters of the Eri silkworm.
	PARAMETER
	SRAINS
	SPRING
	SUMMER
	AUTUMN
	SOURCE

	FECUNDITY
	YP
	439.33±4.359
	403.33±3.606
	435±7.638
	1

	
	YS
	442.66±3.606
	402.33±2.646
	441±5.508
	1

	
	YZ
	425.66±13.115
	400.66±51.029
	454±14.107
	1

	
	YP (Wangkhei)
	317±23.48
	365.75±20.54
	353±21.24
	Present study

	
	YP (Sanjenbam Hill)
	288.50±16.61
	328.25±11.32
	287±15.12
	

	HATCHING PERCENTAGE
	YP
	83.00±3.43
	70.96±3.12
	81.8±2.54
	1

	
	YS
	84.00±2.78
	65.67±2.21
	83.9±1.23
	1

	
	YZ
	81.71±2.33
	62.50±1.13
	79.29±1.04
	1

	
	YP (Wangkhei)
	97.33±0.35
	98.41±0.45
	96.10±0.72
	Present study

	
	YP (Sanjenbam Hill)
	94.6±0.90
	97.47±0.56
	93.13±0.98
	

	EFFECTIVE RATE OF REARING
	YP
	90.4±0.89
	82±3.60
	90.6±10.34
	1

	
	YS
	92.7±2.04
	84.6±18.19
	92.06±1.15
	1

	
	YZ
	88.9±7.4
	86.2±3.60
	91.2±2.00
	1

	
	YP (Wangkhei)
	89.75±2.09
	92.50±1.04
	87.26±3.04
	Present study

	
	YP (Sanjenbam Hill)
	91.06±0.83
	92.64±0.93
	90.44±1.12
	

	COCOON-SHELL RATIO
	YP
	13.53±0.545
	11.41±0.295
	13.72±0.415
	1

	
	YS
	16.03±1.005
	12.23±0.206
	15.87±0.913
	1

	
	YZ
	13.34±1.53
	10.6±0.680
	14.41±1.40
	1

	
	YP (Wangkhei)
	13.52±0.53
	13.77±0.59
	13.64±0.45
	Present study

	
	YP (Sanjenbam Hill)
	13.19±0.78
	13.47±0.42
	13.65±0.43
	


 Reference: 1Priyanki Sharma and Jogen Chandra Kalita, 2017

4.3 Cocoon parameters: 
Cocoon weight, shell weight and cocoon-shell ratio are important economic traits that determine the healthy larval development and profitable cocoon production. Significant variation in cocoon and shell weight was observed across seasons in both zones. Higher cocoon weight and shell weight were recorded during summer compared to spring and autumn. The increased shell and cocoon weight during summer seasons is due to increased silk protein production, which enhances fibroin and sericin deposition, resulting from improved larval nutrition and optimal rearing temperature. Zone-wise comparison revealed that shell weight was generally higher in Wangkhei than in Sanjenbam, particularly during autumn and spring. This may be due to better nutrient assimilation under valley conditions. Conversely, lower shell weight during spring in the hill zone could be attributed to physiological stress, which limits silk gland development and protein accumulation. Non-significant variation was observed in the cocoon-shell ratio in two zones during different seasons. In the present investigation, the cocoon shell ratio is relatively consistent during spring but higher during summer, as observed by some selected workers (Table 8). The comparatively higher cocoon shell ratio observed in the present study during summer may be attributed to improved management practices, better host plant quality and relatively favourable microclimatic conditions during the rearing period. The lower values reported in the present study may be associated with environmental stress and suboptimal rearing conditions, resulting in reduced feed intake and limiting the conversion of nutrients into silk protein. The state, with its rich culture and tradition, has been rearing silkworms for ages. Most of the people living here are underprivileged due to poverty and lack of financial support. Understanding the seasonal effects on silkworm economic parameters will help farmers boost cocoon production, providing a source of income without the need for high-intensity technology.

5. CONCLUSION:
Manipur, being an economically less developed state with rich biodiversity, relies mainly on agriculture and allied activities. The state exhibits relatively low per capita income and limited industrial development, making livelihood-based enterprises such as sericulture are very important. Ericulture, the rearing of Eri silkworms, is a stable and low-risk enterprise due to its adaptability to a changing environment, its short rearing cycle, and its minimal input requirements. The present investigation demonstrates that the seasonal performance of the Eri silkworm varied significantly across different seasons in both Wangkhei and Sanjenbam Hill of Manipur. Among the seasons (spring, summer and autumn), summer showed superior performance across most parameters, including fecundity, hatchability, effective rearing rate, cocoon weight, pupal weight, and shell weight, followed by spring. In contrast, autumn showed comparatively lower performance in several parameters. A comparative analysis between the two zones revealed that the Wangkhei zone performed slightly better than Sanjenbam Hill, particularly in fecundity, hatchability, cocoon weight, and shell weight. However, the cocoon-shell ratio did not differ significantly between zones or seasons. Overall, the findings clearly indicate that the rearing success and productivity of the Eri silkworm are highly determined by season, apart from genetic factors. Therefore, summer emerges as the most suitable season for Eri silkworm rearing in both the valley and hill regions of Manipur.
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