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1. INTRODUCTION 

1.1 Brief history of Sericulture 

Cultural, political and economic history of mankind, for last 5000 years, is intermingled 

with the voyage of silk. Archeological evidences dating dyed silk gauze from 3600 BC 

and complex woven design from 2400 BC, establish the period of the origin of 

sericulture. According to Chinese legends silk was created by Empress Xi Lung, wife of 

Yellow Emperor (2678-2598 BC).  Methods for domestication of silkworm became 

highly developed during Shang dynasty (1750-1100 BC). Bombyx mori had originated 

from B. mandarina through the domestication of different wild races within a short 

time.  During Han period (200BC to AD200), large state of silk weaving workshop had 

appeared. The technology of cocoon cooking did not however penetrate the west until 

6
th

 century AD. In the 3
rd

 and 4
th

 centuries BC silk had reached India. Chinese silk 

goods reached the Mediterranean at least the 2
nd

 century BC, but only became common 

in the 4
th

 century. Along with Chinese silk Romans received silk from Asia Minor, 

Syria and Wild silks from India (Hutcher & Battery, 2011). 

Although finished silk goods were traded widely from China, sericulture spread much 

later; by Chinese peasants to Korea from where it reached Japan and also was smuggled 

to Persia, not started producing silk by AD500. The silkworm had been introduced into 

Byzantium in about AD553 and the emperor Justinian embarked on enforcing a silk 

monopoly. From this origin sericulture spread via Arabian Gulf to Egypt between 800-

900AD and along the coast of North Africa by the Moors to Spain and Portugal and 

from Greece during mid 12
th

 century to Sicily and Italy and later in the 15
th

 century to 

France (Hutcher & Battery,2011). 

So, first silk seen in Europe, was from wild silkworms as mentioned by Aristotle and 

Pliny - from an industry, which had started in at least 4
th

 century BC, entered on the 

Mediterranean islands of Cos. A cast of cocoon was reported from excavation of 

settlements of Santorini, a Mediterranean island destroyed about 14 th century BC and 

identified as Pachypasa otus. This species probably gives rise to Cos silk and continued 

to be used to produce silk into 19
th

 century (Hutcher & Battery, 2011).  

A variety of moths were used for wild silk production in India before B. mori was 

introduced. Antheraea paphia (Saturnidae) produces Tusseh silk, which accounts for 
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7% of world wide wild silk production. Antheraea pernyi and A. yamamai, respectively 

Chinese and Japanese Oak silk moth had also been introduced into North America and 

Europe, have become naturalized. Eri silk moth (Samia cynthia) is native to China and 

was introduced to many parts of Europe and USA for silk production (Tazima,1984). 

A.assama has been used in India to avoid religious taboos associated with the 

destruction of life. The silk worm spins a cocoon with a build in exit hole, so that the 

adult can emerge without damage the silk thread (Hutcher & Battery,2011). 

1.2 Present state of Indian Sericulture 

So Sericulture has a long tradition with human. Global silk production had increased 

from 139100.02 MT to 192692.45MT in 2016. In 2010 China, India, Thailand and 

Brazil accounted for 99.95% of silk production of which China contributes 82.2%, 

India contributes 16.6%, Thailand contributes 0.59% and Brazil contributes 0.56% 

(Berda, Jr. & Pereira, 2013). India is the only country produces known four varieties of 

silk including mulberry, Eri, Tasar and Muga. Mulberry is the largest industry 

accounting 76% of the entire silk production. According to International Sericulture 

Commission website, almost 76 million people across 51,000 villages operating 328627 

handlooms and 45,867 power looms with 8,14,616 weavers are the key components of 

Indian Sericulture. From 2010 to2016 India has the second largest production of 30348 

MT followed by Uzbekistan (1256MT), Thailand (712 MT), Brazil (650 MT), Vietnam 

(523 MT), North Korea (365MT) and Iran (125MT).China is the largest producer of 

silk (158400MT in 2016) over last decade. 

Indian sericulture industry is growing steadily from 23060MT silk production with 

2240 crore (In Rs) export earning and 7.56 million employments in 2011-12 to 

32000MT silk production, 3172 croe (in Rs) export earning and 9.24 million 

employments. But import for raw silk had also decreased from 7338 MT in 2009 to 

2010 to 3489 MT in 2014-15. But a decade ahead that import amount was steady (i.e. 

7948 MT in 2004-05 to 7338 MT in 2009-10). Though sericulture is a labor intensive 

industry, employment generation is also increased from 5.95 million people in 2005-06 

to 9.25 million in 2016-17. Indian sericulture industry exports 360 million USD of 

which 70% is comprised of natural silk yarn and fabrics, 13% made up and 26% 

garments. But domestic demand, now, stands at 28800 MT, compared to 23679 MT 

annually (Kumaresan & Qadri, 2012). 
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Chiefly bivoltine raw silk production has increased from 1200MT in 2009-10 to 3870 

MT in 2014-15 but stability of production is yet questionable. Kumaresen and Qadri, 

2012 discussed in detail, comparing sericulture profile, from1996-97 to 2009-10. 

Annual growth of Mulberry sericulture was 2.10% whereas 7.49% growth was recorded 

in Non mulberry section, of which highest growth was attained by Eri sericulture 

(78%). But Muga sericulture grew at the rate of 4.32% to reach 105 MT during 2009-

2010 from 73 MT, during 1996-97. But now mulberry silks have higher instability in 

their production compared to non mulberry silks. 

In 2009-10, Karnataka had 44.67% followed by Andhra Pradesh (31.38%), West 

Bengal with (11.43%) and Tamilnadu (7.56%) were the major producer in raw silk 

production. In India, Karnataka (44.67%), Andhra Pradesh (19.80%) and West Bengal 

(6.78%) are major land user of mulberry sericulture too. Raw silk production is also 

increased from 26.69kg/ha in 1981-82 to 88.78kg/ha in 2009-10 at a compound growth 

rate of 4.9% per. anum. In mulberry sericulture the area was increased steadily from 

179,896 ha in 1981-82 to 2 80,651 ha in 1996-97, but after sharp decline it was 

183,733ha in 2009-10. 

1.3 Muga culture in focus  

1.3.1 State of Muga culture in India 

In the perspective of rural poverty and unemployment in terai zone of West Bengal 

having low productive agriculture and industrial backwardness, the sericulture in 

general and muga culture in particular may have special reference for the economic up 

lift of rural people. Muga culture is an agro based small scale industry of North East 

India (42642 families) and around 34316 families from Assam are directly engaged in 

this culture. Three districts of West Bengal, viz Cooch Behar, Jalpaiguri, and in 

Darjeeling, Kalimpong have included into commercial production of Muga. Sikkim, 

Bageswar in Uttaranchal, Chintapalli in Andhrapradesh and Hosangabad in Madhya 

Pradesh have been reported  rearing of Muga silkworm, but its commercial exploitation 

is yet to take off (Jayprakash et. al. 2012). 

Muga silkworm, Antheraea assama, West wood (Lepideptera: Saturnidae) is 

multivoltine and eggs are non-diapause type, therefore muga culture requires 

continuous multiplication of the species. This polyphagous insect is feeding out door on 
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trees of wide range of host plant, Som, Persia bombycina, (Kost)  and Soalu, Litsaea 

monopelata (Rox.) are considered primary food plants. Silk worm feeding on Som 

produces yarn of good quality while that feeding on Soalu produces better fecundity. 

Owing to distinct host plant preference by muga silkworm, lower Assam extending 

from Kamrup to Kokrajhar, Nalbari, Barpeta that abound in Soalu, was considered as 

seed  zone while rest of Assam that abounds in Som was considered as commercial 

zone. Silkworm seed are produced by the farmers from lower Assam and reared in 

Upper Assam during the commercial crop Jethua (May-June) and Kotia (October- 

November). 

1.3.2. Constraints of Egg supply in Muga culture 

Out of 9241 hectares of existing muga plantation available all over north eastern states, 

Assam, alone posses around 6755 hectares and commercial rearing of muga silkworm 

for production of silk is confined  around upper Brahmaputra Valley (Ranjan and 

Hajarika,2012). Though commercial crop rearing periods are May-June and October-

November, but muga silkworm reared out door 5-6 times in a year exposing to 

intermittent climatic fluctuation particularly during seed crop production. The adverse 

climatic condition as very high temperature and humidity, heavy and continuous rainfall 

storm etc during seed crop rearing to supply required quantity of quality seed for 

subsequent commercial rearing which on turn becomes uncertain, leading to low 

production of seed (Sahu et. al, 1998). Estimating from the available plantation, about 

1.5 core dlf are required annually. However presently around 60-30 lakh dlfs are 

produced leaving 20-40% of the plantations are unutilized (Joyprakash et. al,2012). 

Raw silk production statistics showed that over 50 years or so production of muga has 

increased only 2 times as against 21 times in mulberry (Das,2000).  Last ten years, 

production of muga raw silk is fluctuating in between 100-124MT. This is a gloomy 

state of growth in muga silk production (Joyprakash et. al., 2012).According to the 

Annual report of Central silk Board, in 2014-15, 4.5% rise in production of muga silk 

was reported (158MT).  

Success of a crop is directly dependent on quality silkworm seed that is characterized 

by a brood which is completely free from disease, has more quality of viable egg, given 

uniform hatching and ensures crop stability (Choudhury & Sahu, 2000). Seed 

production under Government monitoring agencies are able to fulfill only around 10% 
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of the demand, balance of 90% is produced by the farmers who do not follow any seed 

testing protocol, which on turn adversely affect the success of the crop. 

1.3.3 Refrigeration of egg is an alternative for quality seed supply in Muga culture 

For maintaining quality dlfs, a 4 tier system of quality seed production was adopted by 

Muga Silkworm Seed Organization (MSSO), Central Silk Board, Guwahati.  Presently 

two P4 units in Tura (Meghalaya) and Mandipahar (Meghalaya) and P3 units are in 

Hahim and Narayanpur (Assam), Adokgiri, Nongpoh and Rompara (Meghalaya) and 

Jia (Arunachal Pradesh). Therefore refrigeration schedule for proper transportation of 

seed supply to the farmers‟ field is a necessity. Season specific cropping schedule was 

standardized by MSSO linking the two commercial crops along with the nature of seed. 

As the muga seeds are non diapauses type, low temperature preservation of seeds to 

arrest the developmental process for some time to skip the adverse environmental 

condition may overcome the constraint. An egg incubation schedule has been 

formulated for obtaining uniform hatching, where 4 days of eggs are incubated in BOD 

incubator at 26±1.5ᵒ C and 85±3% relative humidity using Potassium Chloride solution. 

Under normal condition, the incubation period in muga silkworm eggs is 8 days, in 

summer and 11-12 days in winter. This short period of incubation hinders long distance 

transportation. A schedule has been developed by MSSO where 4 days eggs are 

preserved at 12.5ᵒC for 9 days to prolong the embryonic period by 22 days (Rajan & 

Hajarika, 2012) Development of egg preservation technique for muga silk worm eggs 

of different embryonic ages have been kept at low temperature (5ᵒC) by following some 

intermediate steps of preservation for different durations (10days to 20 days with 10 

days interval to detect suitable embryonic stages for long term preservation (Rajan and 

Hajarika,2012). This is why, low temperature tolerant embryonic stages and 

standardization and improvement of preservation technology are the primary necessity. 

It, therefore, requires detailed analysis of embryogenesis in order to identify low 

temperature tolerant embryonic stages and subsequent standardization and improvement 

of low temperature egg preservation technology to ensure sufficient seed supply to the 

commercial rearing to make muga culture more remunerative.         
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1.3.4 Identification of low temperature resistant embryonic stages for muga seed 

technology 

For the success of the sericulture industry, proper supply of silk worm egg is essential. 

The hatching period of eggs must coincide with the availability of suitable leaves as 

well as environmental conditions. Therefore, the hatching of the larvae has to be 

controlled, accelerated or postponed by artificial treatment under refrigerated condition 

(Upadhyay and Pandey, 2000). In the life cycle of the silkworm, refrigeration is usually 

done during all developmental stages, viz., egg, larva, cocoon and moth, but the cold 

treatment is to be restricted to any one of the developmental stages of the silkworm to 

avoid deleterious effect (Jolly, 1983). Hiratsuka (1975) opined that the eggs after 

oviposition can be preserved for 20 day without affecting the rearing characteristics. 

Moreover an increase in chilling duration beyond 20 days results in decrease in 

hatching percentage of non hibernating eggs (Narayanaswamy and Govindan, 1987). 

According to Yuyin (2000), for silkworm the safety time for cold inhibition is 3-5 days 

and at 5
0
 C, with an intermediate temperature of 10-13

0
 C for 2-3 hours. Researches on 

cold preservation of mulberry silkworm egg have been tried successfully because of the 

availability of detailed information on embryonic development on Bombyx mori in 

diapausing and non-diapausing eggs (Dutta, 1988; Otsuki, 1997; Tazima1978). 

Moreover, biochemical findings to identify the cold resistant stages are also available in 

Bombyx mori (Sakano et al, 2004).  

Developmental processes including differentiation and organogenesis in muga 

silkworm (Antheraea assama, Ww) egg is a continuous programme because these are 

non-diapause eggs and are laid by multi-voltine muga silk worm and larva hatch on day 

7 after lay. Efforts for cold preservation as well as diapause induction in muga 

silkworm is not fruitful yet as because success of cold preservation of egg or diapause 

induction solely depends on the developmental events and needs studies on detailed 

embryogenesis. No complete information is available on embryogenesis of Muga 

silkworm eggs, except some preliminary works by Singhaet al. (1998), and 

identification of some developmental stages by Ghosh and Ray (2006). And regarding 

cold preservation, very little information is there on muga silkworm egg. On the basis 

of preliminary study, Ghosh and Ray (2005) opined that preservation period becomes 

shorter as the age of the egg progress-a maximum of 15 days for 48 hours and a 

maximum of 12 days for 96 hour eggs. When 48 hours eggs need to be preserved, 15 
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days preservation at 8ºC shows 18 days delayed hatching with high hatching percentage 

and at 6ºC hatching is delayed by 15 days, also with high hatching percentage. Hatching 

can be delayed for 2 weeks in 72 hours eggs when preserved for 15 days at 6ºC. 

Delayed hatching (9-13days) with satisfactory hatching percentage can be obtained for 

96 hours eggs when preserved for maximum of 12 days at 4ºC. So, it can be assumed 

that low temperature stress on Muga silk worm can be exploited to control hatching 

period as and when needed.  

This situation needs a detailed study on embryogenesis including biochemical clues and 

subsequent standardization and improvement of cold preservation technique which can 

mitigate the problem of seed supply in suitable environmental condition. The present 

research design has been drawn accordingly with the following objectives:  

1. To identify embryonic developmental events chronologically from post 

fertilization stage to chitinizaton stage with a view to observe the detailed 

embryogenesis. 

2. To identify low temperature resistant embryonic stage(s) with a view to improve 

cold preservation technology of seed. 

3. To determine the optimum low temperature used as cold stress to the identified 

low temperature resistant embryonic stage(s) for successful low temperature 

preservation. 

4. To determine the optimum period of low temperature stress to the identified 

embryonic stages, so that the differentiation period can be delayed to ensure 

seed supply at desired quantity- when required. 

5. To investigate the biochemical changes in embryonic developmental events 

during normal differentiation as well as during low temperature stress as a 

comparative analysis with an objective to study the changes of embryonic 

differentiation in normal and stressed condition. 

 

 

 


