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1. INTRODUCTION 

1.1. Silk and silkworm 

The discovery of the use of silk fibre to make fine clothes is attributed 

to the Chinese Empress Hsi Ling-Shi in 2640 B.C. (Dingle, 2000). The 

Chinese kept secret the methods of producing silk and made huge profit from 

trading with India, the Middle East and Europe via the "Silk Route" for 

thousands of years (www.silk-road.com). Eventually, the methods of farming 

silkworms spread to other countries and in tum to Italy, France, Britain and 

USA and had periods of successful silk production. However, the silk 

industry collapsed after World War I with the advent of synthetic fibers. But 

it is now being revived because of the attractive properties of natural silk 

across the world (Dingle, 2000). Silk is a combined filament (baves) of two 

"brins" secreted from the spinneret below the mouth of silkworm. It is 

secreted as a liquid but hardens on contact with air. 

Now-a-days sericulture or commercial production of silk is an 

important industry in China, India, France, Japan, Spain and Italy. Over 30 

countries now produce silk but China alone produces half the world's 

production followed by India which is enhancing its production, and Korea 

and Japan where the production is declining slowly. In France silk production 

is being rejuvenated and in Latin American countries silk production is a new 

rapidly developing industry (www.seri.ap.gov.in). 

Annual world production of raw silk is about 60,000 tones. This is 

0.16% of all textile fibers. Most of China's silk is exported and is worth about 

$1,000 million per year. Ten million Chinese farmers rear silkworms and 

another half a million make silk fabrics (www.seri.ap.gov.in). 

In India the industry is still a cottage industry. There are 4.5 million 

Indians in 45,000 villages producing 7,000 tones of raw silk from 200,000 ha 



of mulberry bushes. India also produces coarser silk from wild silkworms, 

Tasar, Eri and Muga silk of which the muga silk moth is exclusive to India. 

In India, sericulture is considered as an important enterprise for employment 

generation and subsidiary income in rural areas (www.seri.ap.gov.in). India 

has the unique distribution of being the only country in the world producing 

all the four varieties of silk namely, eri (Philosomia ricini Boisd), muga 

(Antheraea assama Ww), mulberry (Bombyx mori L) and tasar (Antheraea 

my! itt a Drury and A. proylie, a hybrid oak tasar moth of the North-east India. 

1.2. Muga silkworm 

Among the four varieties, muga silkworm is well known for the 

production of unique shimmering golden-yellow silk. It is referred to in the 

literature from as long as 1662 B.C. ago (Dipali Devi, 1993). The muga 

silkworm (Antheraea assama Ww) belonging to the order Lepidoptera, 

family Saturniidae is a holometabolous, wild, now semi-domesticated, 

multivoltine, non-mulberry silk producing moth. The silkworm is reared on 

two major natural host plants, Som (Persea bombycina Kost) and Soalu 

(Litsaea polyantha Juss.) (Plate I) (Rao eta!., 2003). A assama has the lowest 

chromosome number (n=15) among the species of the genus Antheraea. On 

the basis of chromosomal studies it is advocated that the North-Eastern 

region of India is the ancestral home of the moths belonging to the geneus 

Antheraea and all other species of the genus Antheraea might have evolved 

from the species A. assama (Nagaraju, 2006). This species is an endemic wild 

silk moth of India, having a very restricted distribution to the North-eastern 

states particularly in the Brahmaputra valley of Assam, Meghalaya and 

adjoining hills. Now-a-days the species is reared semidomestically. In the 

Sub-Himalayan Terai region and adjoining plains of West Bengal, such as in 

the district of Coochbehar (Plate II) the species thrives quite well because of 
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Plate I 

b. Soalu leave 

c. Som tree d. Som leaves 

Two major host plants of A. assama 



agro-ecological contiguity of Coochbehar to Assam and other Northeastern 

states oflndia. 

1.3. Muga culture in nontraditional area 

Under the joint patronization of the Department of Sericulture, Govt. 

of West Bengal; Central Silk Board, Ministry of Textiles, Govt. oflndia and 

different NGOs, muga culture has found a significant progress since its 

introduction in the Coochbehar district of West Bengal during the early 

nineties (Plate II). There are about 494 families and 272-acres of land 

involved in muga culture in the Coochbehar district (Directorate of Seric., 

Govt. of W.B., 2004). Industrially backward and agriculturally less 

productive, labour surplus economy of Coochbehar district appear to have 

special relevance to the expansion of sericulture industry, specially muga 

culture for economic upliftment of rural population of this area. Moreover, 

under its unique soil and land quality, congenial agro-ecological situation and 

socio-ethno-economic background muga culture has the potential of bringing 

self reliance to the poor rural marginal farmers and arresting their migration 

to urban areas. 

Due to its natural golden yellow colour, the precious muga silk is used 

to prepare clothings and fine works of sculpture and embroidery. It is also 

utilized in preparing fishing net for its high tensile strength and durability 

(Dipali Devi, 1993). More so, due to its characteristic electrical properties, 

demand of this natural polymeric fibre in the electrical and electronic 

industries increases as well (Bora et at., 1992). According to Central Silk 

Board (CSB), Bangalore, Govt. of India report of 2004 muga is the costliest 

fiber compared to other natural commercially produced silk as follows (CSB 

statistics, 2004): 



Plate II. Location of survey fields in the Coochbehar District of West Bengal, INDIA 
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Muga (raw silk) 

Mulberry (raw silk) 

Eri (spun yam) 

Tasar (reeled yarn) 

Rs. 3000-3500 per kg 

Rs. 800-1200 per kg 

Rs. 800-1100 per kg 

Rs. 1350-1500 per kg 

The life cycle of Antheraea assama comprises of four stages, egg, 

larva, pupa and adult (Plate III). About five to six broods can be reared in a 

year, of these only two are considered commercial crops. These are locally 

known (in Assamese nomenclature) as Jethua crop reared during May-June 

(late spring) and Katia crop reared during October-November (autumn). 

Other four crops reared for seed crops are Chotua (P 1) in March-April 

(spring), Aherua (P2) in June-July (early summer), Bhodia (P 1) in August

September (wet part of the summer) and Jaruah (P2) in December-February 

(winter) (Thangavelu et al., 1988). The larval period of the muga silkmoth is 

completed in the trees at natural conditions and when the larvae become 

mature and are ready to spin cocoon, these are taken inside the room (indoor) 

up to the egg laying. Then, the eggs are placed back to the outside tree again 

at about the time of hatching. Hence, due to its almost entirely outdoor 

rearing, the muga silkworms are subjected to natural hazards such as 

fluctuation of temperature, heavy rainfall, winds and hailstorm, apart from 

various diseases and falling prey to pests and predators. 

1.4. Constraints of muga culture 

Since the muga silkworms are reared largely in outdoor condition, they 

are subjected to the fluctuation of environmental conditions. Thangavelu and 

Phukanand (1985) and Borah et al. (1988) observed a wide range of variation 

in cocoon characters of this silkworm in different seasons. Nevertheless, the 
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environmental factors influence the life cycle in general and on the larval 

stages in particular that ultimately affect the production of silk. As a 

poikilothermic organism significantly changes of environmental temperature 

greatly influence the rate of metabolism in insect life (Ratte, 1985; Stein and 

Fell, 1992). Although temperature and photoperiod (Danilevskii, 1965) have 

their major role in insect development, the relative humidity of atmosphere 

and the nature of food availability are also known to have notable influence 

on the life cycle ofthis silkmoth (Choudhury, 1981). 

1.5. Diseases 

Though the mulberry silkworm reanng as referred to in Chinese 

records dates back to more than 2,000 year B.C., but the earliest definite 

records of disease are to be found in the first European Treatise on 

Sericulture, that was published in 1599 by Olivier de Serres (Jameson, 1984). 

Despite immense potentiality of muga culture in the non-traditional 

area such as in the district of Coochbehar, its productivity in terms of cocoon 

yield per laying is far from satisfactory. One of the major causes of low 

production in the district is the high incidence of diseases such as bacteriosis, 

and virosis, and occasionally pebrine and muscardine (Plate IV). It has 

already been mentioned that the larval stages of muga silkworm spend almost 

entire period of their life in the field and are subjected to wide range of 

natural vagaries. The occurrence of bacteriosis is an important constraint and 

is mainly associated with the unevenness of environmental factors like 

temperature and relative humidity (Chishti et a!., 1991) coupled with the 

chances of contamination in the field. Therefore, a careful investigation and 

systematic study of bacteriosis in muga silkworm is required to evaluate the 

incidence and intensity of the disease and to make this industry viable in this 

non-traditional region. 



Plate TV 

a. Health y fifth instar larva 

c. Bacteriosis in fifth instar stage 

e. Muscard ine in fifth instar stage 

b. Larvae died of bacteriosis 
and dropped to the ground 

d. Pebrine infected third 
instar stage 

f. Virosis in fifth instar stage 

Symptoms of major diseases in the larvae of A. assam a 
as observed in the field 



The silkworms are very delicate and susceptible to the infection by a 

number of pathogens. Even the larvae of B. mori though under domestication 

with utmost precaution for over many centuries, still are susceptible to a 

number of diseases, resulting in the reduction in cocoon production hence, 

causes substantial loss to silkworm rearers throughout the world. In India the 

m~or silkworm diseases are pebrine, grasserie, flacherie and muscardine. 

Study of Kakati (1991) has revealed that pebrine, grass erie and flacherie 

diseases commonly occur in muga silkworm in all topographic and climatic 

regions of North-eastern states of India, while muscardine is very rare in 

muga silkworm. However, no preliminary information of diseases of muga 

silk larvae is available for Coochbehar district, the area of the present study. 

Pebrine is one of the diseases of muga silkworm. It is a trans-ovarian 

transmittable disease and is caused by the protozoan, Nosema sp. Pebrine 

infected larvae develop black dots or specks on the surface of the body (Plate 

IV). In primary infection (trans-ovarian) most of the larvae die at an early 

stage but in secondary infection, larvae spins cocoons of inferior quality. 

Grasserie is a viral disease in which larvae swell and their haemolymph turn 

milky due to the presence of hexagonal viral crystals. Flacherie can be caused 

by both bacteria (bacteriosis) and viruses (virosis). Fungal infection of 

silkworm causes muscardine or mycosis (Plate IV). 

Cocoon crop loss due to diseases in mulberry silkworm is 30 to 40 per 

cent in India (Janakiraman, 1961 ), over 30 per cent in developing countries of 

South East Asia and 10 per cent in advanced countries like Italy, Japan 

(Nanavathy, 1965) and China (Kellog, 1928). Among the various diseases, 

bacteriosis is of serious concern for B. mori (Krishnaswami, 1978; Vanitha 

Rani et a!., 1994 ). The bacteria belonging to the genera Bacillus, 

Streptococcus, Serratia, Staphylococcus and Proteus cause bacterial flacherie 

in B. mori (Krishnaswami et al. 1973). Kakati (1991) has estimated up to 



34.82 per cent annual mortality in muga silkworms due to various diseases in 

North-East India of which bacteriosis or flacherie alone causes mortality of 

16.3 8 per cent, nearly 50 per cent of the total mortality due to diseases. This 

justifies a preliminary attempt for understanding a study on the extent of 

different diseases with an emphasis on bacteriosis in muga larvae in the non 

traditional area of study where climatic factors are not fully conducive round 

the year for muga silkworm rearing. 

1.6. Haemolymph metabolites 

External factors like temperature, light, humidity, nutrition etc. 

regulates the biochemical activity of the insects in all the stages of life cycle 

(Choudhury, 1981 ). The biochemical profile of insect haemolymph has been 

the object of study by many investigators. The interest in insect biochemistry 

has been more and more directed to studies on the critical composition of the 

haemolymph. It is considered that the larval haemolymph protein content 

plays a major role in insect life. 

The larval stages of muga silkworm encounter outdoor environmental 

fluctuations, which may affect biochemical profiles of the haemolymph in 

different seasons or even in the same season. The haemolymph is the medium 

of mobilization of the metabolites in insects. The changes of biochemical 

profiles may have a relation to disease susceptibility as well as to develop 

defence against diseases. The diseases in tum cause low yield of silk. 

Therefore, it is necessary to explore the causal relation of diseases to the 

seasons and to the impact of major host plants and consequent haemolymph 

biochemical profiles of muga silkworm in the non-traditional area. In order to 

evaluate the performance of the species in the area of study and to have better 

understanding of intricacies of changes in the level of haemolymph 

metabolites such as amino acids, proteins, lipids and carbohydrates, a 
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qualitative and quantitative estimation of these parameters in different stages 

of larvae is an urgent need. In silkworms, proteins are the vital metabolites 

because of their important role in the determination of chemical 

characteristics of silk (Shigematsu, 1960), as well as in the development, 

morphogenesis and almost in all the intermediary metabolic pathways (Kar et 

al., 1994). Lipids and carbohydrates are also important to silkworms because 

of their role in diverge physiological and biochemical functions (Mullins, 

1985), in energy production as well as their significant role on economic 

characters (Saha and Khan, 1996). 

During embryonic development, carbohydrate and lipid yolk provide 

the main substrate for energy production. Measurement of the respiratory 

quotient of whole eggs has shown a general tendency for the quotient to 

decrease from 1.0 to 0.7 during embryonic development, suggesting that 

glycoprotein part of yolk is utilized before the lipoprotein component of yolk 

(Chippendale, 1978). 

Reports on the effect of seasonal variation on the haemolymph free 

amino acid content and certain other biochemical components of healthy 

muga silkworm are documented and that is in the traditional residence of the 

species. However, there are no reports available on the haemolymph 

biochemical constituents in diseased condition of A. assama Ww or even the 

healthy ones in the recently introduced area. Hence, a study, in this direction 

has been undertaken to analyze the relationship of seasonal environment and 

the two principal host plants (som, soalu) to the biochemical constituents 

(proteins, lipids, carbohydrates and amino acids) of the haemolymph of 

healthy and bacteriosis afflicted fourth and fifth larval stages of A. assama. 

Keeping in view of the gap in our knowledge of the changes of seasons 

affecting the muga culture in this non-traditional area, the present study is a 

first hand and preliminary attempt. The study involves certain biochemical 
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aspects of the silkworm Antheraea assama on healthy and bacteriosis 

afflicted larvae in the non-traditional area at the registered farmers' fields. 

1.7. The Objectives of the present study 

1) To identify the major diseases and degree of their incidence in muga 

silkworm larvae with an ultimate objective to recommend the less affected 

season(s) for commercial crop rearing by the farmers in the area under 

consideration. 

2) To detect the pathogens causing bacterial flacherie (bacteriosis) in the 

larvae, the most prevalent disease in the area of study. 

3) To determine comparative disease susceptibility of larvae fed on two 

principal host plants (som and soalu) with reference to changes in 

haemolymph biochemical profile with an ultimate objective to select 

better host plant for commercial crop rearing. 

4) To identify the critical day of fifth in star larvae when the major changes of 

haemolymph biochemical profiles occur in the diseased larvae and to 

compare the same in their healthy counterpart. 

5) To investigate comparative profiles of haemolymph free amino acids of 

healthy and diseased larvae with a view to identify any changes in amino 

acid patterns in the diseased larvae. 

6) To investigate comparative profiles of haemolymph proteins I peptides of 

healthy and diseased larvae with a view to identify any changes in protein 

patterns in the diseased larvae. 

1.8. Research Projects undertaken 

1) Survey of major diseases, their degree of incidence and differences if any 

due to rearing on two principal host plants at farmers' fields on two 

commercial cropping seasons. 
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2) Detection of the bacterial pathogens causing bacteriosis (bacterial 

flacherie) at an early stage. 

3) Studies on comparative haemolymph biochemical profiles (total protein, 

total lipid and total carbohydrate), larval body water content in fourth and 

fifth larval instars in different seasons reared separately on two host plants 

and their impact on disease susceptibility and cocoon character. 

4) Studies on day-wise changes of haemolymph biochemical parameters of 

the fifth instar larvae reared on different combination of principal host 

plants (up to third on som then soalu and up to third on soalu then som) 

and their impact on cocoon characters. 

5) Evaluation of free amino acid contents in haemolymph of fourth and fifth 

instar healthy and diseased worms reared on two principal host plants. 

6) Analysis of different types of protein I peptide (in terms of Rf, molecular 

weight and concentration) present in the haemolymph of fourth and fifth 

instar healthy and diseased worms reared on two principal host plants by 

HPLC and gel electrophoresis. 
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