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By means of correlation analysis and path coefficient
analysis, 18 characteristics of 325 conserved silkworm
races were studied for the selecting efficiency on main
silk quality characteristics. The result showed that
selecting lines with heavier cocoon weight are benefi-
cial to raise the weight of bave. Choosing strains with
higher cocoon shell percentage, longer filament length
and better reelability percentage is good for increasing
non-broken filament length. Selecting lines with
medium daily weight of bave produced in the fifth
instar, medium cocoon shell percentage and simulta-
neously selecting heavier cocoon shell weight are
favorable to promote reelability percentage. Choosing
strains with heavier cocoon weight, higher cocoon shell
percentage, heavier daily weight of bave produced in
the fifth instar and heavier weight of bave but shorter
filament length may hopefully breed out a race with
thick filament size. And selecting strains with heavier
weight of bave and fine filament size are beneficial to
increase filament length. Selecting lines with higher
cocoon shell percentage and heavier weight of bave are
favorable to raise raw silk percentage of cocoon. There
are no significant direct or indirect correlation coeffi-
cient between viability and major characteristics of
silk quality. It is, therefore, feasible to breed a silk-
worm race with excellent vitality and good silk quality
as well.
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Introduction

Most characteristics of cocoon and silk quality are quan-
titative ones controlled by micro-effective multiple genes
(Sericultural Research Institute, 1981) and easy to be
affected by environmental conditions. Correlations among
these characteristics are often existed. So, it is beneficial
to raise the effect of selection and speed up the process
and level of breeding to find out the positive correlation
among profitable characteristics. Larva to pupa ratio, sin-
gle cocoon weight, cocoon shell weight and cocoon shell
percentage are the main factors affecting the harvest of
cocoon (Yan and He, 1988). While the main factors affect-
ing the non-broken filament length are filament length,
reelability percentage and cocoon shell ratio. And cocoon
shell weight and egg quantity produced are highly related
to the weight of pupa (Yang and Zhong, 1987). In this
paper, we studied the correlations of the major silk quality
characteristics with the other ones, and analyzed the direct
and indirect effects of each characteristic to the major silk
quality ones with the method of path coefficient analysis
based on 18 characteristics of 325 races. Up to now no
experiment has been done on such a large number of silk-
worm races for study the correlation among silk quality
characteristics. Thus, our results provide the reference to
breed better silkworm races.

Materials and Methods

Resource of data

The data used in the article are from the investigation on
18 characteristics of 325 conserved silkworm races
including Chinese monovoltine and bivoltine, Japanese
monovoltine and bivoltine, European monovoltine, trimol-
tine and Chinese polyvoltine ones (Sericultural Research
Institute, 1987; Zhang, 2000).
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Methods of analysis

For the sake of easy analysis, 18 characteristics of 325
silkworm races are classified into 5 groups, i.e.: (1) dura-
tion of development including the 5™ instar and all instar;
(2) viability including larva to pupa ratio, larva to cocoon
ratio, dead silkworm cocoon percentage; (3) cocoon qual-
ity including cocoon weight, cocoon shell weight and
cocoon shell percentage; (4) silk economical characteris-
tics including weight of bave, daily weight of bave pro-
duced in the 5" instar, filament length, filament size,
reelability percentage, non-broken filament length and
row silk percentage; and (5) silk cleanness including neat-
ness, lousiness, rate of degumming loss. The correlation
coefficient among these characteristics and their path
coefficient analysis were carried out as described previ-
ously (Yang and Zhong, 1987; Yan and He, 1988). Before
analysis the data were exchanged into arc-sine (sin™ ﬁ).

Results and Discussion

Path coefficient analysis aimed at the weight of bave
The weight of bave is the most important characteristic of
silkworm race. The correlation coefficient analysis (Table
1) showed that the weight of bave is closely related to
cocoon shell weight, filament length, daily weight of bave
produced in the 5" instar, cocoon shell percentage and
row silk percentage. Their correlation coefficients are
0.937, 0.861, 0.922, 0.785 and 0.873, respectively. While
path coefficient analysis showed cocoon shell weight and
cocoon shell percentage, row silk percentage have higher
direct path coefficient, 0.748, —0.494 and 0.427, sepa-
rately, with weight of bave. Of which, cocoon shell weight
has the most strong direct effect on weight of bave, show-
ing the same tendency as its correlation coefficient. This
means that cocoon shell weight is the decisive factor. But
the direct effect of cocoon shell percentage on weight of
bave, largely through the positive effect of cocoon shell
weight on path chain, is contrary to that in correlation
coefficient. Therefore, selecting lines with average cocoon
shell percentage and as well as heavier cocoon shell
weight are favorable to promote weight of bave. On the
other hand, other characteristics are less important to
weight of bave both in correlation coefficient and path
coefficient.

Path coefficient analysis aimed at non-broken filament
length

Non-broken filament length is one of the most important
characteristics of silk quality. From the map of path coef-
ficient analysis (Fig. 1), we knew that it can be affected
not only by factors of direct effects such as filament length

and reelability percentage, but also factors of indirect
effects like weight of bave, cocoon shell percentage,
cocoon weight and cocoon shell weight. So it is not
enough to reflect the true relationships between all factors
and non-broken filament length to analyses from corre-
lation coefficient only. Taking the advantages of path coef-
ficient analyses, we can know the degree of correlations
between all factors and non-broken filament length and
then master the selecting yardstick to promote selecting
efficiency.

The pheneotypic correlation and path coefficient
between non-broken filament length and other 17 char-
acteristics of 325 races are listed in Table 1. Simple cor-
relation coefficient analysis showed that most characteri-
stics have a high significant correlation with non-broken
filament length except for filament size and viability. Of
which filament length, cocoon shell weight, cocoon shell
percentage, weight of bave, daily weight of bave produced
in the 5™ instar and row silk percentage are bigger, 0.744,
0.556, 0.515, 0.685, 0.672 and 0.676, respectively. While
path coefficient analysis tells us that the main factors
affecting non-broken filament length are cocoon shell
weight, filament length, daily weight of bave produced in
the 5" instar, cocoon shell percentage, reelability percent-
age and row silk percentage. Their path coefficients are -
0.841, 0.741, 0.668, 0.618, 0.671 and —0.501, separately,
with the same tendency as correlation coefficient except
for cocoon shell weight and row silk percentage. And their
direct path coefficients are haply consistent to the degree
of their correlations. The direct path coefficients of
cocoon shell weight and row silk rate to non-broken fil-
ament length are negative, expressing thought the indirect
action of filament length, daily weight of bave produced
in the 5" instar and cocoon shell percentage. The direct
action of reelability percentage is partially covered by the
action of filament length, daily weight of bave produced
in the 5" instar and cocoon shell percentage resulting in
weak correlation coefficient between reelability percent-
age and non-broken filament length. The above analysis
suggests that filament length has the closest correlation
with non-broken filament length, daily weight of bave
produced in the 5" instar and cocoon shell percentage also
should not be neglected. Therefore, selecting strains with
heavier cocoon shell weight, longer filament length and
better reelability percentage are propitious to increase
non-broken filament length. Duration of development,
viability and silk cleanness characteristics only have weak
action on non-broken filament length.

Path coefficient analysis aimed at reelability percentage
Reelability percentage is a characteristic of lower herita-
bility and it is easy to be affected by environmental fac-
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Fig. 1. Map of path coefficient network aimed at non-broken filament length.

tors. Of which duration of the 5 instar, cocoon shell
weight, filament length, cocoon shell percentage, weight
of bave, non-broken filament length and row silk rate have
higher correlation coefficients with reelability percentage,
—0.407, —0.449, —0.394, —0.475, —0.325, 0.254 and —0.285,
respectively. All these correlation coefficients are negative
values except that of non-broken filament length. The
results of path coefficient analysis showed their path coef-
ficients are —0.443, 0.871, —0.956, -0.814, 0.069, 1.191
and 0.803, separately. Of which the duration of the 5™
instar, filament length, cocoon shell percentage, non-bro-
ken filament length show higher direct action and the
same tendency as in correlation coefficient analysis.
While cocoon shell weight and row silk percentage
showed the opposite effect as in correlation coefficient
analysis. And weight of bave only has weak direct action
but daily weight of bave at the 5™ instar has restively
higher direct action on reelability percentage. So selecting
lines with mean cocoon shell percentage, daily weight of
bave produced in the fifth instar and heavier cocoon shell
weight are favorable to promote the reelability percentage.

Path coefficient analysis aimed at filament size

Filament size is an important economic index in breeding
of silkworm races with special filament size. Correlation
coefficient analysis showed that cocoon filament length,
non-broken filament length, lousiness and dead silkworm
cocoon percentage have no significant coefficients with
filament size; while larva to pupa ratio, survival rate of lar-
vae have significant coefficients; and the other character-
istics showed extreme significant coefficients, of which
cocoon weight, cocoon shell weight, weight of bave and
daily weight of bave produced in the 5" in star have pos-
itive correlation coefficients with filament size: 0.618,
0.464, 0.445 and 0.448, respectively. Then path coefficient
analysis showed cocoon weight, cocoon shell weight, fil-
ament length, weight of bave and cocoon shell percentage
have stronger direct action on filament size, 0.759, —0.600,
—1.335, 0.648 and 0.654. Filament length has negative and

weak correlation coefficient (—0.017) weakened by its

‘indirect action but strong direct action on filament size.

This result is not consistent with the point of view that
there are strong positive correlation coefficient among
weight of bave, filament length and filament size (Shen,
1928). This is probably due to the difference of materials.
But path coefficient analysis is more reliable than simple
correlation coefficient analysis. So in breeding of the races
with a thick filament size, strains with heavier cocoon
weight, higher cocoon shell percentage, higher daily weight
of bave produced in the 5™ instar and heavier weight of
bave should be selected for succession of generation.

The correlation coefficient and path coefficient among
filament length, weight of bave, cocoon shell percentage,
filament size and row silk percentage will not be given
unnecessary details. According to the experiment and
analysis, selecting strains with heavier weight of bave and
fine filament size is beneficial to increase filament length;
selecting strains with higher cocoon shell percentage and
heavier weight of bave are in favor of row silk percentage.
By analyzing the direct and indirect effects of one char-
acteristic to others related, path coefficient analysis is
more reliable and comprehensive compared with correla-
tion coefficient analysis. So that it can lead us to select
silkworm characteristics effectively.

Path network among the economic characteristics of
silkworm is complicated, and weather one silkworm race
is good or not is decided by evaluation of some charac-
teristics. In breeding of silkworm races, therefore, more
emphasis should be paid on the level of comprehensive
characteristics even races for special purpose.

Path coefficient analysis showed cocoon shell weight
and cocoon shell percentage are closely related to silk
economical characteristics. For the purpose of breeding
races with better comprehensive character we must master
the intension of selection on them. But over done on
selecting of high cocoon shell percentage will bring bad
effect to weight of bave and reelability. Selecting strains
with average cocoon shell percentage and cocoons with
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bigger shape are favorable to improve reelability percent-
age and increase the weight of bave.

Viability and silk cleanness characteristics almost have
no correlation with silk economical characteristics includ-
ing weight of bave, daily weight of bave produced in the
5" instar, filament length, filament size, reelability per-
centage, non-broken filament length and row silk ratio. So
that, it is feasible to breed a silkworm race with excellent
vitality, low lousiness and good silk quality.
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