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ABSTRACT  Forty-two strains of the silkworm, Bombyx mori (L.), collected
from China, Japan, Vietnam, South Korea, Brazil, India, and France were reared
in the spring, summer and autumn seasons during 1991-92 at the Regional
Station of Central Sericultural Research and Training Institute, Coonoor,
Tamilnadu State, India. Analyses were made on five silk yield-contributing
characters, namely pupation rate, cocoon weight, shell weight, cocoon shell ratio,
and silk filament length. Results indicated the superiority of the following strains
for all the above mentioned characters: 14M and JC2P (in spring); NBJPO and
JC2P (in summer); and M2, NBJPO and SPJ2 (in autumn). The importance of
rearing a given strain of silkworm in the optimal season for its maximum
economic value in terms of silk yield is discussed.

KEY WORDS Bombyx mori, sericulture, silk yield.

Commercial exploitation of the silkworm, Bombyx mori L., has resulted in the
production of 72,879 metric tons of raw silk per year (Currie 1991). World silk
production has doubled during the last 30 years in spite of artificial fibers
replacing silk for the same uses (Cherry 1987). India is the second largest
producer of cocoons and silk thread after China (Bhargava et al. 1992). Some
European countries like France, Italy, and Spain, which formerly had a fairly
large scale of sericulture, are no longer engaged in mulberry planting and
silkworm rearing. There are approximately 2,000 different strains of B. mori
used in silk production and twenty-one characters of this species are recognized
as contributing to silk yield quantitatively or qualitatively (Thigarajan et al.
1993a). These are: 1) fecundity; 2) per cent hatch; 3) mortality of young age
larvae; 4) mortality of late-age larvae; 5) total larval duration, i.e., rearing
period; 6) fifth instar duration; 7) cocoon yield number per 10,000 larvae
brushed which is the process of separating the newly-hatched larvae by gently
and carefully from the empty egg shells or egg sheets and transferring them to

1 Accepted for publication 05 January 1995.
2 Current address: Central Sericultural Research and Training Institute, Mysore-570 008, India.
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the rearing trays with the help of a soft brush; 8) cocoon yield (weight per 10,000
larvae brushed); 9) pupation rate; 10) single cocoon weight; 11) single shell
weight; 12) cocoon shell ratio, i.e., ratio of single shell weight to single cocoon
weight expressed in percentage; 13) mature larval body weight; 14) floss percent-
age (floss is the foundation layer of the cocoon with the entangled filaments from
which a continuous filament, i.e., silk fiber, cannot be obtained; 15) single cocoon
filament length (length of silk thread from a single cocoon); 16) Denier (single
cocoon filament weight); 17) filament size; 18) reelability percentage (the percent-
age of silk reeled easily without any break out of the average single cocoon fila-
ment length); 19) raw silk percentage (the quantity of silk reeled from the fresh
cocoons expressed in percentage); 20) neatness of silk thread; 21) boil-off ratio of
silk thread (silk thread is reeled from the cocoons by boiling them in water so that
the gummy materials are dissolved and the silk thread can be reeled without
breakage. (The term is used in the silk industry to classify the grade of raw silk
with respect to reeling and weaving.) While some of these characters are herita-
ble, others are determined by environmental factors.

The domestic and international demand for silk has always been greater than
the supply. In India, the average cocoon yield from indigenous strains of silkworm
is about 30 kg/100 dfl (dfl = disease free laying; one dfl equals approximately 500
eggs with an average 80% eclosion). In Japan, however, the average cocoon yield
is 60 kg/100 dfl. If the yield in India could be increased to 45 kg/100 dfl, overall
silk production would increase by 50% (Thiagarajan et al. 1991). This may be
achieved by employing exotic silkworm strains and exploiting the favorable sea-
sons for rearing particular strains for better cocoon yield. However, this is cur-
rently not practiced in India. To solve this problem and achieve maximal harvest,
it is essential to select a few superior strains of silkworm in relation to seasonal
performance. In Japan, there are 19 strains suitable for spring rearing (May-
June) and 22 strains suitable for summer (July-August) and autumn (September-
October) rearings (Shimizu and Tazima 1972). The purpose of this study was to
evaluate the performance of different strains of silkworm available to us in rela-
tion to their performance in spring, summer, and autumn.

Materials and Methods

Rearing experiments were conducted in the spring, summer, and autumn dur-
ing 1991-92 at the Regional Sericultural Research Station, Coonoor, located in
the Nilgiri Hills of Tamilnadu State, India. All 42 strains of silkworm (Table 1)
were reared in a randomized block design. Each group evaluated consisted of lar-
vae from a single laying by an individual female. For each strain three replica-
tions were made by using one laying per replication. All the larvae were retained
until spinning. Each experimental tray was placed in a rearing stand; the positions
of the trays were changed regularly two times a day to reduce effects of environ-
mental factors. The silkworms were reared inside the rearing houses as in the
method described in an earlier paper (Bhargava et al. 1993a). Duration of experi-
mental rearings were 26 d in summer, 27 d in spring, and 28 d in autumn with
three replications of each strain. The maximum-minimum air temperature inside
the rearing house recorded during spring, summer, and autumn seasons were
25.7-12.0, 25.3-14.5, and 22.2-13.2°C, respectively. The mean relative humidity in
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spring, summer, and autumn was 47.5, 67.6, and 74.2%, respectively. The
total rainfall received during the autumn (September-October 1991), spring
(March-April 1992), and summer (May-June 1992) seasons was 304.9, 52.6
and 144.2 mm, respectively.

Observations (n = 150) were made on five characters which contribute to silk
yield, namely: 1) pupation rate; 2) cocoon weight; 3) shell weight; 4) cocoon shell
ratio, and; 5) silk filament length.

Analysis of variance of the five characters for 42 strains in three seasons and
the strains x season interaction was done. A simple method for making a decision
on each character based on least significant difference as described by Arunacha-
lam and Bandyopadhayay (1984) was followed for each character for ranking of
the strains. The population means were arranged in groups based on LSD. The
uppermost group containing the population with the highest means was given a
score of 1, the next best a score of 2, and so on. If 'k’ was the number of groups for
a particular character, the populations in group 1 were given a score of 1/k, those
in group 2, a score of 2/k and so on, to obtain standardized scores across the char-
acters. The individual scores for each character were totalled to provide a total
score for each population. The populations were then ranked in descending order
of the numerical values of total scores. The method consists of the following steps:

1) The performance of each character is seen from its mean value in the
particular entry or season and a score (actual score) is allotted to that
character. This is to say, a high mean value will get a score of 1; mod-
erate value 2; low value 3, and so on.

2) Next, the actual score given for a particular character is converted
into a standard score by dividing actual score obtained with the num-
ber of scores applied. For example, in pupation rate there are a total
of 4 scores. Thus, the standard score will be actual score/4.

3) Finally, a score or rank S; is obtained for each entry (there are 3
entries in each strain, which stand for [i] spring, [ii] summer, and [iii]
autumn) by multiplying the standard score by the number of charac-
ters (which is 5 in this study) S; = Sij (where j = number of charac-
ters).

Results and Discussion

The average rearing performance together with the least significant difference
values of five characters of the forty-two strains of silkworm in spring, summer,
and autumn seasons are shown in Table 1. Analysis of variance, i.e., the mean
squares for all the five characters, is given in Table 3.

All of the five characters contribute to the silk yield in the entire growth phase
of the silkworm. However, the pupation rate is the most important. The economic
value of a silkworm strain is decided, to a large extent, by this character. The
remaining characters, in the order of importance, are as follows: cocoon shell
ratio, cocoon weight, silk filament length, and shell weight. Furthermore, a silk-
worm strain with > 85% pupation rate and > 20% cocoon shell ratio is considered
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to be economically important. Hence, it is essential to enlist those strains (Table
2) whose per se performance is significantly (P < 0.01) better than the average.
The per se performance of a given strain for each character was assessed individ-
ually and the per cent increase in a character of a given strain over the character
mean of strains is shown in parentheses (Table 2).

Based on LSD values, the silkworm strains found to be superior in the order of
merit for the five silk yield-contributing characters were found to be most suitable
to rear during particular seasons: 14M and JC2P in spring, NBJPO and JC2P in
summer, and M2, NBJPO and SPJ2 in autumn. These strains performed well for
most of the silk yield-contributing characters, especially pupation rate and cocoon
shell ratio. However, as illustrated in Tables 1 and 2, the remaining strains also
are useful for one or the other characters.

The results of season-specific performance of different strains with respect to
characters reported in this study are in agreement with earlier reports (Venugopala
Pillai 1979, Pershad et al. 1986, Bhargava et al. 1993b, Thiagarajan et al. 1993b).
The results of the analysis of variance (Table 3) showed significant differences
among seasons, among strains, and strains/seasons interaction for all of the five
characters studied. These data indicate that not only heredity but also environmen-
tal factors influence the performance of a given strain for the characters studied.

In this study the silkworms were reared under standard laboratory conditions
of temperature and humidity. Hence, the seasonal variations noted in the silk
yield contributing characters of different strains may be attributed only to a cer-
tain extent to physical factors such as temperature and relative humidity, which
are known to affect the growth of silkworms (Gabriel and Rapusas 1976). First
and second instars reared at 26-28°C and 80-90% RH were found to be healthier
as older larvae than those reared in other temperature and humidity regimes.
Temperature, relative humidity, and ventilation during the spinning of silk-
worms influence the quality of cocoon, especially the shell. The length of silk
thread of a cocoon may also vary in the given strain in different seasons (Ueda et
al. 1969). A recent experiment conducted by Zhu (1990) showed that physical
properties such as cocoon weight, shell weight, and length of silk filament are
greatest when mature B. mori are kept at 21 - 24°C and 67% relative humidity.
The main reason for variation in the performance of a given strain in different
seasons may be due to the leaf quality in different agroclimatic conditions. In this
study, all of the strains of silkworm were fed with leaves of the same variety, i.e.,
of MR2 variety. In different seasons the nutritional values and moisture content
of the leaf may not be the same, which can influence the growth of the silkworm
and cocoon characters.

Since silkworm domestication began, breeders have been interested in devel-
oping strains with more silk in their cocoons. The breeders of sericulturally
advanced countries like China, Japan, and South Korea always preferred to
develop season-specific silkworm strains. Mano et al. (1991) suggested that the
cross N147 X C145 with high cocoon shell weight and long length of silk filament,
as a suitable silkworm race for spring season. He et al. (1991) developed Xuhua
and Qiuxing, two silkworm strains with high silk yielding performance for sum-
mer and autumn rearings. Similarly, the south Korean silkworm breeders (Sohn
et al. 1990) developed Samkwangjam, an F; silkworm cross variety suitable for
summer-autumn rearing with high silk yielding ability.
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Prior to this work, no attempt was made in India to note the season-specific
performance of silkworm strains. Hence, the results of this study, which has
determined the strains of silkworm that are most suitable for rearing during par-
ticular seasons are important to sericulture in India. Thus, to obtain maximal
harvest of a cocoon crop, it is suggested that a particular strain should be reared
during the season in which the environmental conditions are most favorable for
its survival. Thus, knowing that variations in parents caused by environmental
conditions can be produced in progeny, we can successfully exploit the cocoon
crops from strains 14M and JC2P (both in spring), NBJPO and JC2P (both in
summer), and M2, NBJPO, and SPJ2 (all in autumn).

Finally, it is suggested that these high-yielding strains can be obtained readily,
if some rearers or sericulture stations want to establish cultures of them.
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