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A number of Chinese, Japanese and European silk-
worm strains with coarse size filament were used for
breeding the coarse size variety. Through cross breed-
ing combined with pedigree selection within thirteen
generations, a pair of coarse size silkworm variety,
named CU, x CU,, was obtained after five years. Labo-
ratory trials showed that the filament size of its I,
hybrid was over 4.3 D, and the other economic charac-
ters were also good.
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Introduction

Silk is famed as the queen of fiber. Silk fabrics are in peo-
ples good graces from ancient time to the present, leading
to the fast development of sericultural industry. As the
needs of silk goods in the world market become diversi-
fied, there has been increasing demand on special mixture
fabrics and new woving products, both of which need to
use coarse size filament. Up to now, the coarse size silk-
worm varieties are few (Xu er al., 2000). For this reason,
based on the available silkworm germplasms, we
employed hybridization and directional pedigree selection
methods in our breeding program that aimed to obtain the
coarse size variety. As a result, a pair of coarse size vari-
eties, “CU,x CU,”, was obtained.
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Materials and Methods

Parentage selection

CU,; was a variety derived from a three-way hybrid. To
prepare it, firstly female moths of a variety named 57BC4
with good comprehensive character were crossed with
male moths of another variety named W,, with high
cocoon shell weight. Their F; generation was then crossed
with LUYU, a variety with high cocoon shell weight of
Chinese strain. As a fixed variety of the three-way hybrid
of (§7BC4xW,,) X LUYU, CU, is a Chinese strain vari-
ety and is bivoltine and 4 molting. Its larval stage lasts
27-28 days. The average number of eggs per moth is
over 680, its cocoon shell rate is 21 -22%, the filament
length of one cocoon is 1,000— 1,200 meters and the fil-
ament size is 3.8—-4.0 D.

CU, had W5, an European strain with high single
cocoon weight and cocoon shell weight, as female parent,
and N208, a strain bred in Anhui Sericultural Research
Institute with the highest single cocoon weight and
cocoon shell weight, as male parent. As a fixed variety of
the above hybridization, CU, is a Japanese strain variety
with partial European strain characters and is bivoltine
and 4 molting. The average number of eggs per moth is
over 650, its cocoon shell rate is about 20%, the filament
length of one cocoon is 1,000— 1,500 meters and the fil-
ament size is 3.7-4.0 D.

Control of raising environment and selection techniques
Silkworm breeding for special uses must provide adequate
raising environment according to the development of silk-
worms. This has been proved successful in the past breed-
ing activities. In order to enhance the directional selection
(Chen and Yao, 1995; He et al., 1998), young larvae were
raised under 2627, 85—90% RH. Grown larvae were
raised under 23-25, 65—-80% RH. During each instar,
fresh and appropriately matured leaves were fed to the lar-
vae so as to add proteins into the larval bodies and speed



102 Yuan Zhao et al.

up their development. Rearing trays were changed regu-
larly and special care was taken while maintaining the
breeding lines. In addition, the raising environment should
also be controlled consistently to reduce influence of the
environment on selection accuracy.

Keeping in mind that the breeding target is to obtain a
coarse size variety with acceptable comprehensive char-
acters, we attached great emphasis on investigating the
influence of environmental factors on cocoon filament
size and cocoon quality. To ensure that breeding target
was realized, we examined individual cocoons for their
weight, filament size and other characters. Those with
favorable data were kept as the parents for reproducing
offspring.

Results

The course of breeding

The F, generation was raised in spring of 1995 through
mixed batch collection of newly hatched larvae. Because
of heterosis, the F, generation showed strong physique,
big body size, high cocoon weight. Lots of female
cocoons had single cocoon weight of over 4 g. During lar-
val stage, late molting and weak larvae were eliminated.
In seed cocoon preparation period, firstly chose 100
female and male cocoons respectively, than did individual
weighing to those with big and hard shells. Individuals
with high cocoon weight, cocoon shell weight and cocoon
shell rate were used in mixed egg production. During egg
production period, each batch was composed of 40
healthy female and male pupae, respectively, among
which the early emerged moths and caudal moths were
eliminated.

In generations F,—F;, the gene separation in these two
generations is not stable genetically. Difference between
the individuals is significant. At this time it is good to
implement individual selection. We selected the coarse
size individuals directly and indirectly, and intensive
directional selection was carried out all over the whole
seeding period. Moths with the good aspect of egg laying
and uniform hatching were used to reproduce offspring. In
generations F4—F4, single batch rearing was used.
Because the coarse size belongs to measurable quantita-
tive inherited traits, which are controlled by multiple
genes and the effective genes are greatly affected by envi-
ronmental factors, we adopted “‘mating within the same
batches” method to allow expression of the effective genes
to facilitate the selection.

In generation F;, crossing between different batches
were adopted in order to stabilize the favorable traits, inte-
grate breeding environment, enlarge seeding batches, set

up sub-lines, select the good batches from good lines,
select high percentage of good eggs and good hatching
batches. When collecting newly hatched larvae; super-
seded bad batches. During seed cocoon preparation,
detailed survey was conducted to items including reeling
filament size and other comprehensive traits. Two best
batches were selected for each race. Then did individual
cocoon weighing. Cocoons with shell weight over the
average level were retained for reproducing offspring.

During the whole course of breeding, on the basis of
paying attention to balanced development of all economic
characters, emphasis was laid on obtaining the coarse size
while giving consideration to the silk quality. In the later
rearing course, strength of the larvae was specially con-
cerned. Raising data of the breeding lines are shown in
Tables 1 and 2.

Combination and raising data of F; hybrid

The common combining ability was tested for six gener-
ations since 1997 using the incomplete diallel crossing
method. CU, had the best result among all the Japanese
strains tested. Special combining ability test showed that
CU, xCU, had the thickest filament size (4.3 D) among a
number of hybrid combinations tested. In addition, its other
economic characters met the objectives of breeding plan
and were above the standards set for general commercial
varieties. Its cocoon filament length was 1,100—1,200
meters, unwinding ratio over 75% and filament size above
43 D.

The hybrids were bivoltine and 4 molting. Egg color of
CU,;xCU, was celadon. Average egg number of
CU,xCU, was around 1,650 per gram. Egg color of
CU,xCU, was gray purple or purplish brown. Average
egg number of CU,x CU, ranged from 1,600 to 1,700 per
gram. The individuals were uniform in hatching, molting
and maturing and had long larval period (27-30 d in
spring rearing season and 26 —28 d in autumn rearing sea-
son). The fifth instar took about 9—11 d. Larval body was
stout and was with normal marking. Body color of the 5"
instar larvae changed from greenish white to greenish
gray. Cocoon shape was big and regular. Cocoon color
was white. Cocoons were heavy. Shell ratio of male
cocoons was over 30%. Moths were big and the mating
ability was good. Average number of eggs per moth was
over 650. Because the larvae had big body size, they were
reared and mounted sparsely.

Several rules should be followed when the hybrids were
reared.

(1) Proper incubation. The temperature should be kept at
24-26°C, RH = 85-90%. After blastokinesis period, the
temperature should be raised to 25.5°C, and the eggs
should be protected in darkness after head bluing to make
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hatching uniform.

(2) Requirement of temperature and humidity in various
instars. The first and second instars: 26 —27°C, depression
of wet bulb 0.5—1°C; the third instar: 25-26°C, depres-
sion of wet bulb 1-2°C, the fourth instar: 24 -25°C,
depression of wet bulb 2°C; the fifth instar; 23 -24°C,
depression of wet bulb 2-3°C,

(3) Silkworm bed should be rearranged and rearing trays
should be changed on time to avoid mulberry leaves being
unevenly distributed and eaten because the young silk-
worms are phototactic and tend to stay together. The
leaves for first meal of each instar should be tender and
fresh. Losing silkworm should be avoided during rearing.
(4) Disinfection should be conducted during the rearing
period to protect silkworms against diseases. Ventilation
should be enhanced, and low temperature with high
humidity or high temperature with high humidity should
be avoided.

(5) On the second day of the fourth instar, number of silk-
worms in each tray need to be fixed at 300. The hybrid
silkworms have very good appetite. The leaf consumption
ranges from 272 to 284 kg for 10,000 eggs. Silkworm
beds should be rearranged well, especially in the fifth
instar because the larvae grow very fast.

(6) Silkworms in the mounting period should not be too
dense. The mounting environment should be kept dry and
maintained at 23 —24 to improve cocooning rate, reduce
non-cocooning silkworms, and improve cocoon quality.

Performance of the hybrids in rural areas

In 20022003, the hybrids were reared in rural areas of
Anhui, Jiangsu and Shandong Provinces. The results
showed that the cocoon filament size was above 4.7 dtex
(Table 4).

Characters of silk and fabrics
In 2001, silk and fabric performance were tested using the

cocoons obtained from lab rearing. For each group, five
cocoons were used to conduct the test. It showed that the
coarse size variety had a filament size of 27.985 dtex, and
the filament strength and elongation was better than the
control ones (shown in Table 5).

Discussion

In China, sericulturists began to breed silkworm varieties
with coarse size only a few years ago, but the progress
was significant. Up to now, 2-3 hybrids have been exper-
imented in rural areas. The general feedback was that:
under favorable rearing condition like in spring, they
showed their special good characters, leading to high out-
put of desired cocoons. However, under unfavorable rear-
ing condition like in summer and autumn, their special
traits are difficult to show. So how to breed a variety that
can grow well in all rearing seasons and have high yield of
coarse size filament cocoons has become the items for
silkworm breeders. The coarse size hybrid we obtained
showed better results than the existing coarse size varieties
in harsh environment, making it a promising variety for
future commercialization.
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