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The silkworm, Bombyx mori L. is a poikilothermic organism whose growth and
development is adversely affected by high temperatures. Rearing of silkworm at high
temperature conditions of tropical countries like India causes extensive crop loss by
reducing cocoon yield. Breeding new silkworm breeds tolerant to high temperatures is
the most effective and economical method to increase cocoon yield. Introduction of
stable genotypes in such breeding programs and knowledge on the relationships between
cocoon yield and other traits would be more advantageous in increasing cocoon yield at
high temperatures. Therefore, in this study twenty silkworm genotypes were reared in
five artificially simulated environments with different temperatures ranging from 25°C to
38°C. Based on coefficient of variation (%) values, the traits cocoon yield / 10,000
larvae by weight (CY) and cocoon weight showed maximum and minimal variation
among the traits in all the five environments. Analysis of variance revealed a substantial
genetic variability among the genotypes for most of the traits studied. The results of
combined analysis of variance showed significant differences over traits indicating that
the traits are influenced by genotype × environment interactions. Stability analysis with
respect to CY showed higher mean value compared to grand mean, regression coefficient
equal to unity and less deviation from regression in ATR16, CSR17, BHR2, S-5 and D13
genotypes, suggesting that they are consistent with the CY over the different
environments. Clustering based on the stability parameters resulted in separation of
twenty silkworm genotypes into 5 clusters based on their ability to tolerate high
temperatures. Correlation studies demonstrated positive and significant (P < 0.05)
correlations between CY and other traits. Pupation rate was most positively associated
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with CY followed by larval weight, cocoon weight, cocoon shell weight and cocoon
shell percent. Path coefficient analysis also revealed that the pupation rate had the
maximum direct effect on CY followed by cocoon shell weight and larval weight.
Cocoon shell percent and cocoon weight exhibited negative direct path effect on cocoon
yield / 10,000 larvae by weight. Therefore, the selection based on pupation rate, larval
weight and cocoon shell weight can be effective in improving cocoon yield in silkworm
at different environments with varying temperature.

Key words: Silkworm, Cocoon yield, Stability analysis, Correlation, Path
coefficient analysis

INTRODUCTION
Sericulture provides gainful employment, economic development and improvement in

the quality of life of the people in rural areas and therefore plays an important role in anti-poverty
programme in several developing countries like China, India, Thailand etc. (FAO, 2003).
Mulberry silkworm, Bombyx mori is the major source for silk production contributing about 90
percent of world production (ISC, 2014). Bombyx mori has been domesticated for more than 5000
years for its silk production. Such an intensive and careful domestication has deprived the
organism to adapt to the inimical climatic conditions, especially high temperature condition
prevailing in tropical countries like India (KUMARI et al., 2011). Attempts to rear high silk /
cocoon yielding (productive) hybrids throughout the sericulture belt of India resulted in extensive
crop loss due to the hot and humid climatic conditions of tropics (KUMAR et al., 2001).
Development of high temperature tolerant breeds is the most efficient way of limiting the effects
of high temperature and crop loss (CHANDRAKANTH et al., 2015).

Selection of stable silkworm breed as a parent is the prerequisite for any breeding
program. A genotype which shows a near constant yield or minimum variance over different
environments is considered as stable (NASR et al., 2006). Some genotypes may perform well in
certain environments, but, fail in several others (DHILLON et al., 1999). This variation, arising
from the lack of correspondence between the genetic and non-genetic effects is known as the
genotype × environment (GE) interaction. Therefore, GE interaction plays a major role in the
development and evaluation of genotypes because they reduce the genotypic-stability values
under diverse environments. Therefore, the assessment of genotypes for stability in their
performance over varying environmental conditions for yield and other commercial traits is of
paramount importance.

Stability refers to the adaptation of genotypes to diverse sets of environments and it has
been used to select stable genotypes unaffected by environmental changes (MOORTHY et al.,
2012). The concept of stability has been estimated in biometrical methods including univariate
and multivariate ones that have been developed to assess stability (LIN et al., 1986; CROSSA,
1990). The most widely used one is the regression method, based on regressing the mean value of
each genotype on the environmental index or marginal means of environments (MOORTHY et al.,
2012). A good method to measure stability was previously proposed by FINLAY and WILKINSON
(1963) and was later improved by EBERHART and RUSSELL (1966). MOORTHY et al. (2012)
successfully applied the method proposed by EBERHART and RUSSELL (1966) to calculate stability
index in 46 silkworm breeds in 3 environments. This method was also applied in many crops
(AKCURA et al., 2005; DEWDAR, 2013).
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In breeding programs aimed at increasing the yielding ability, the selection criterion may
be yield per se or one or more of the morphological components of yield. Therefore, it is also
necessary to have a good knowledge of those characters that have significant association with
yield because the characters can be used as indirect selection criteria to enhance the mean
performance of varieties in a new population (OJO et al., 2006). Silk / Cocoon yield is a complex
quantitative trait which is contributed by many characters that are influenced by genetic factors
and environment (BEGUM and YAMAMOTO, 2002). All characters that contribute to the cocoon
yield such as cocoon weight, shell weight, shell percent and filament length are quantitative in
nature and are controlled by polygenes (REZA and RAHMAN, 2005; ZHAO et al., 2007; AHSAN and
RAHMAN, 2008). Hence, any attempt to improve these characters needs an understanding of their
relationship of the desired traits with other traits. The interrelationships among yield and other
traits can be analysed by different statistical techniques such as correlation, regression, path,
factor and cluster analyses (LEILAH and AL-KHATEEB, 2005). Among them, correlation estimates
are helpful in determining the components of a complex trait, such as yield, but they do not
provide an exact picture of the relative importance of direct and indirect influences of each of the
component characters towards desired trait (MAURYA et al., 2015). Path coefficient analysis is
simply a standardized partial regression analysis and appears to be useful in partitioning the
correlation coefficients into direct and indirect effects (AMJAD et al., 2009). It is a multivariate
analysis that resembles to the principal component method with construction of multiplicative
model for the trait of primary interest (DARVISHZADEH et al., 2011; KHAZAIE et al., 2011).  The
technique has been widely used by animal breeders and geneticists. This method helps breeders to
select the best genotypes based on yield and its related traits (AMJAD et al., 2009).

The objective of this study was to investigate GE interactions and to identify stable
silkworm genotypes by using pooled data of rearing traits of the 20 silkworm breeds in 5
artificially simulated environments with different temperatures. The purpose of this study was
further extended in determining the relationship between cocoon yield / 10,000 larvae by weight
and other rearing traits of silkworm through correlation and path coefficient analysis.

MATERIALS AND METHODS
Silkworm rearing

The silkworm resources used in the present investigation include a total of 20 breeds
collected from different Sericultural Institutes of India. These breeds were reared at Central
Sericultural Research and Training Institute, Mysore, Karnataka during 2011-2012. Silkworm
rearing was conducted following the standard method under recommended temperature and
relative humidity till 2nd day of 5th instar as suggested by KRISHNASWAMI et al. (1978). Fifth instar
day two larvae were exposed to five artificially simulated environments with different
temperatures viz. 25°C, 30°C, 33°C, 35°C and 38°C for 6 hours daily till spinning reflecting the
duration of day temperature prevailing in the fields. When the larvae started spinning, they were
picked and spread on the plastic mountages to spin cocoons using silk thread. Cocoon harvesting
was carried out on 4th day after complete cocoon formation followed by deflossing of cocoon.
The experiment was performed in triplicate. Data on cocoon yield / 10,000 larvae by weight (CY)
and other rearing traits like larval weight (LW), pupation rate (PR), cocoon shell weight (CSW),
cocoon weight (CW) and cocoon shell percent (CSP) were collected according to KRISHNASWAMI
et al. (1978).
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Statistical analysis
Data from each of five artificially simulated environments were analysed. Standard

Bartlet's test of homogeneity was performed. ANOVA (Analysis of variance) on each trait for
individual environment and combined ANOVA on each trait for combined environments were
performed. Stability parameters such as linear regression coefficient (βi value) and deviation from
regression (S2Di) of genotype means over environment index were computed as suggested by
EBERHART and RUSSELL (1996) in WINDOSTAT software (www.indostat.org). Based on the
stability parameters, cluster analysis was done by constructing dendrogram (SAHIN et al., 2012;
FARSHADFAR et al., 2012).
Simple correlations between traits were calculated based on pooled data from five artificially
simulated environments. The direct and indirect responses between the traits were also analysed
by regression using cocoon yield / 10,000 larvae by weight as a predictor variable and other traits
as dependent variable. The correlation and path coefficient analysis were performed by using
SPSS software (www.spss.com) as per BEGUM and YAMAMOTO (2002).

RESULTS AND DISCUSSION
In order to initiate the breeding program, information on stability aspects of various

genotypes and their phenotypic expression of traits at different environments would be very
essential. The phenotypic stability of the genotypes can be analysed after establishing the
significant differences between genotypes and environmental conditions as well as interactions
between them. The results of analysis of variance in individual trait over each environment are
presented as mean squares in Table 1. Experimental coefficient of variation is widely used for
statistical evaluation of different genotypes (CARBONELL and ANTONIO, 2001). Cocoon yield /
10,000 larvae by weight and cocoon weight presented the highest and lowest coefficient of
variation (CV) among the traits studied in all the five tested environments. Genetic variability is
the basic requirement of sericulture industry on which selection can act to evolve superior
genotypes. A higher variation for a character in the breeding lines increases the ability for
selection towards its improvement. Therefore, cocoon yield / 10,000 larvae trait by weight can be
improved or increased by selecting superior genotypes of silkworm. Significant differences were
found between genotypes at individual temperature suggesting the differential behaviour of
silkworm genotypes with respect to studied traits.

The combined analysis of variance is presented in Table 2. Genotype (G), environment
(E) and genotype × environment interaction (GE) were significant (P ≤ 0.01) for yield and other
rearing traits (except cocoon shell percent). The significant GE interaction effects demonstrated
that genotypes responded differently to the variation in five different environmental conditions
which directed the necessity to study stability parameters in silkworm breeds at multiple
environments. Accessibility of significant differences between genotypes, environments and
genotype × environmental interaction with respect to the studied traits indicates the differentially
performance of the genotypes over different environments. The obtained results prove that the
genotype × environment interaction influence the traits. Therefore, inclusion of genotypes with
less deviation from their average in yield traits over different environments in breeding programs
would be a prerequisite for successful breeding program (RACHOVSKA et al., 2002).
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Table. 1. Analysis of variance on the rearing traits over individual environment represented by mean
squares

Environment Source of
variation DF Pupation

rate
Larval
weight CY Cocoon

weight

Cocoon
shell
weight

Cocoon
shell
percent

25°C Replicates 2 8.78* 2.55 0.47 0.0003 0.00009 0.149
Genotypes 19 14.65** 101.1** 9.72** 0.082** 0.013** 16.62**

Error 38 2.68 0.96 0.18 0.0007 0.00005 0.104
CV 1.79 2.62 3.08 1.67 2.18 1.68

30°C Replicates 2 666.64** 0.07 14.06** 0.0005** 0.00014 0.338
Genotypes 19 429.28** 68.57** 4.86** 0.065 0.0088** 16.48**

Error 38 93 0.59 1.95 0.001 0.00006 0.282
CV 14.84 2.4 16.4 3.16 3.18 2.91

33°C Replicates 2 54.55 0.31 1.02 0.0002 0.00001 0.158
Genotypes 19 771.24** 48.99** 9.8** 0.047** 0.0059** 12.33**

Error 38 38.29 0.99 0.6 0.0008 0.00005 0.222
CV 12.01 3.38 12.22 2.24 3.14 2.77

35°C Replicates 2 5.27 6.36** 0.07 0.0011 0.00014* 0.381
Genotypes 19 1097.78** 55.78** 11.98** 0.042** 0.0048** 11.82**

Error 38 45.73 0.79 0.86 0.0006 0.00003 0.146
CV 17.62 3.42 20.86 2.12 2.91 2.35

38°C Replicates 2 53.62* 1.32 0.63* 0.001* 0.00001 0.14
Genotypes 19 1280.29** 35.93** 13.17** 0.028** 0.0034** 10.25**

Error 38 12.64 1.04 0.17 0.0003 0.00002 0.124
CV 21.56 4.65 23.75 1.55 2.52 2.26

* Significant (P < 0.05), ** Highly significant (P < 0.01) , CY – Cocoon yield / 10,000 larvae by weight

Table 2. Combined ANOVA on rearing traits of silkworm in five environments

* Significant (P < 0.05), ** Highly significant (P < 0.01), ns Non significant

Source of
variation DF Pupation

rate
Larval
weight

Cocoon
yield/10,000
larvae by
weight

Cocoon
weight

Cocoon
shell
weight

Cocoon
shell
percent

Genotypes (G) 19 846.72** 82.89** 7.68** 0.077** 0.011** 21.304**

Environment
(E) 4 15929.36** 697.08** 424.26** 0.641** 0.063** 58.847**

G x E 76 87.802** 5.142** 2.208** 0.003* 0.0002** 0.301ns

Error 190 12.82 0.292 0.252 0.0003 0.00001 0.059
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Stability analysis
Development of silkworm breeds with high adaptability across wide range of diverse

environment is the ultimate goal for any silkworm breeder. According to EBERHART and RUSSELL
(1996) a stable genotype must have a slope equal to unity (βi = 1) and deviation from regression
equal to zero (S2Di = 0). The mean values for cocoon yield / 10,000 larvae by weight and other
rearing traits (calculated for the pooled data sets), regression coefficient (βi) and deviation from
regression (S2Di) for 20 genotypes over five environments are presented in Tables 3 and 4.

Table 3. Means and stability parameters in pupation rate, larval weight and cocoon yield / 10,000 larvae by
weight (CY) for 20 genotypes of silkworm over 5 environments

Variety Pupation rate Larval weight CY

Means βi S²Di Means βi S²Di Means βi S²Di

B-37 35.08 1.184 80.051 27.24 1.197 2.749 4.24 0.911 0.627
NN6D 54.52 1.063 11.817 26.82 1.075 2.065 6.56 0.885 0.1
S-38 44.93 1.242 -1.504 29.89 1.144 0.611 6.1 1.149 0.109
ATR 16 42.8 1.232 34.651 27.94 1.419 1.97 5.83 1.097 1.102
ATR 29 51.6 1.077 8.372 29.17 1.061 1.212 6.76 1.035 0.022
BHR 2 52.37 1.086 24.22 30.36 0.996 2.64 7.23 1.157 0.05
BHR 3 67.46 0.601 -7.624 28.09 0.64 0.937 8.4 0.576 0.057
SK 3 45.89 1.172 57.259 29.43 0.599 2.164 6.48 1.198 1.466
SK 4 47.26 1.113 34.624 29.33 0.936 0.445 6.29 1.056 0.56
D6(P)N 56.96 0.938 -11.282 26.44 0.952 2.239 7.22 0.977 -0.251
SK4C 67.62 0.624 -12.14 29.32 0.699 0.38 8.48 0.787 -0.018
D6(P) 41.58 1.107 0.305 28.66 1.113 2.098 5.82 1.116 0.185
CSR2 33.81 1.185 166.613 35.55 1.355 1.685 5.3 1.27 2.699
CSR17 46.89 1.191 16.209 35.29 1.065 0.906 7.66 1.342 0.387
8HT 53.64 1.062 1.571 33.19 1.087 1.23 8.05 1.154 0.113
5HT 50.33 1.117 12.424 34.05 0.87 0.528 7.52 1.157 0.349
S-5 53.86 1.096 10.194 35.58 1.135 1.536 8.21 1.164 0.428
D 13 43.41 1.137 34.782 29.22 1.743 5.646 6.47 1.216 0.515
Nistari 82.75 0.356 -3.833 21 0.316 0.128 9.23 0.471 -0.098
Cambodge 79.13 0.416 -8.764 20.92 0.597 -0.056 8.19 0.281 0.137
Grand mean 52.59 - - 29.37 - - 7.002 - -
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Table 4. Means and stability parameters in cocoon weight, cocoon shell weight and cocoon shell percent of
20 genotypes of silkworm over 5 environments

Variety Cocoon weight Cocoon shell weight Cocoon shell percent
Means βi S²Di Means βi S²Di Means βi S²Di

B-37 1.24 0.952 0.001 0.2 0.894 0 16.47 0.918 0.072
NN6D 1.26 1.149 0.002 0.2 0.999 0 16.2 0.907 0.383
S-38 1.26 1.033 0 0.21 0.928 0 16.67 0.958 0.219

ATR 16 1.3 1 0 0.22 0.955 0 16.8 0.957 0.523
ATR 29 1.25 1.251 0 0.22 1.187 0 17.58 1.178 0.064
BHR 2 1.36 1.031 0.001 0.21 1.029 0 15.81 1.085 0.278
BHR 3 1.26 0.766 0.004 0.22 0.758 0 17.46 0.79 -0.044
SK 3 1.38 0.95 0.001 0.26 0.961 0 18.78 0.942 0.652
SK 4 1.32 0.876 0.002 0.21 0.943 0 16.41 1.115 0.079

D6(P)N 1.24 0.989 0.001 0.21 0.962 0 17.1 1.081 0.469
SK4C 1.28 1.073 0.004 0.23 0.994 0 18.39 0.855 -0.053
D6(P) 1.31 1.025 0 0.23 1.131 0 17.57 1.309 0.37
CSR2 1.45 1.139 0.003 0.29 1.289 0 19.92 1.186 0.138

CSR17 1.51 1.008 0.002 0.3 1.196 0 19.75 1.163 -0.038
8HT 1.46 1.489 0.001 0.29 1.536 0 19.53 1.255 0.072
5HT 1.44 0.926 0.001 0.27 0.899 0 19.16 0.732 -0.046
S-5 1.46 1.032 0.002 0.29 1.305 0 19.68 1.376 0.028

D 13 1.4 1.183 0.001 0.27 1.137 0 19.09 0.902 -0.015
Nistari 1.06 0.422 0 0.14 0.375 0 12.75 0.601 -0.029

Cambodge 1.04 0.708 0 0.13 0.522 0 12.7 0.691 0
Grand mean 1.314 - - 0.23 - - 17.39 - -

Eight genotypes had mean values higher than grand mean (average of all genotype - trait
value in five environments) of larval weight. Among them, CSR17, 5HT, S-5 and S38 were
considered as stable based on the criteria of their higher mean value, regression coefficients
almost equal to unity and lower deviations from regression. Though genotypes SK3, 5HT and
BHR2 possessed mean values higher than grand mean but their responsiveness of below unity (βi
< 1) made them suitable to rear under favourable environments. Another genotype with mean
value higher than grand mean was CSR2, which was suitable for rearing under unfavourable
environments as it exhibited responsiveness of above unity (βi < 1) and non-significant deviation
from regression line. Likewise, eight genotypes displayed high mean performance compared to
grand mean of pupation rate. Based on the three stability parameters considered, genotypes
D6(P)N, 8HT, NN6D and S-5 were found to be stable. Though genotypes Nistari, Cambodge,
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SK4C and BHR3 had higher mean values, they were more suitable for unfavourable
environments due to very less βi value than one and significant deviation from regression.
Similarly, ten genotypes manifested high mean performance compared to grand mean of cocoon
weight among them D6(P)N, 8HT, BHR2, 5HT and S-5 were considered as stable with higher
mean value than grand mean, regression coefficients around unity and lower deviations from
regression. Low regression coefficients around unity and high mean values than grand mean was
observed in Cambodge, Nistari, BHR3 and SK4C indicating that they are suitable to rear under
unfavourable environments, whereas CSR17 had higher regression coefficient value indicating
that it is beneficial to rear CSR17 under favourable environment.

In the same way seven genotypes were found to have mean values higher than grand
mean of cocoon shell weight. SK3, CSR17 and D13 were found to be stable and CSR2, S-5 and
8HT were found suitable for rearing under favourable environments. 5HT was found suitable for
rearing under unfavourable environments.

The mean cocoon shell percent of 10 genotypes was higher than the grand mean.
Genotypes SK3, ATR29, CSR2 and CSR17 were considered as stable. Genotypes 8HT, D6(P)
and S-5 were found suitable for rearing under favourable environments and genotypes BHR3,
SK4C, 5HT and D13 were suitable for rearing under unfavourable environments. Eleven
genotypes possessed higher mean values over the grand mean of cocoon yield / 10,000 larvae by
weight. Among them, ATR16, CSR17, BHR2, S-5 and D13 were stable, ATR29 and 8HT were
suitable to rear under favourable environment with high regression coefficient and three
genotypes namely SK4, SK3 and 5HT were suitable to rear under unfavourable environments
with low regression coefficient.
The information generated would be valuable for silkworm breeders’ aiming for improving a
specific trait to rear under multiple environments with varying temperature. Such objectives can
be successfully achieved by utilizing stable silkworm genotypes for a trait of interest as parents in
the breeding programs. The tested genotypes did not show uniformity in stability and
responsiveness for all these traits which is consistent with the results of MOORTHY et al. (2012).

Cluster analysis
The two stability components (βi and S2Di) and average of all the studied rearing traits

were used for cluster analysis (KHODADADI et al., 2011). Discriminant analysis of the clusters
grouped the genotypes into five groups. The first group included thermo-susceptible genotype
CSR2 with high silk yielding and suitable to rear under favourable conditions. The second group
included low thermo-tolerant genotypes SK4, ATR16, D13, B-37 and SK3 with good silk
yielding ability and desirable for rearing under favourable conditions. The third group included
high thermo-tolerant genotypes D6(P)N, BHR3 and SK4C with good silk yield, while genotypes
Nistari and Cambodge (high thermo-tolerant, low silk yielding) formed the fourth group. Nistari
and Cambodge are also proved to be highly thermo-tolerant breeds in a separate experiment
conducted by CHANDRAKANTH et al., (2015). The fifth group included moderately thermo-tolerant
genotypes S-38, D6(P), 8HT, NN6D, ATR29, CSR17, 5HT, S-5 and BHR2 with moderate silk
yielding ability under unfavourable conditions (Figure 1).
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Fig.1.Cluster analysis

Correlation
Majority of the traits in silkworm are quantitative in nature and are genetically controlled

by multi-genes (BEGUM and YAMAMOTO, 2002) which can be affected by factors inside and
outside the body of silkworm. Correlations among these characters often exist. 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 traits (BEGUM and YAMAMOTO, 2002). Therefore, in the
present study the correlation among the rearing traits was carried out with the performance value
of twenty genotypes in 5 environments with different temperatures. All the studied traits were
positively (except cocoon shell weight and cocoon weight) and significantly correlated indicated
that the rearing traits were interdependent (Table 5). Furthermore the improvement of one trait
will mediate the improvement of other. The highest positive correlation was found between
cocoon weight and cocoon shell weight (0.97**). Positive and significant correlation of cocoon
weight with cocoon shell weight was also reported earlier by PETKOV (1981). The lowest positive
correlation was found between pupation rate and cocoon shell percent (0.28**). Cocoon yield /
10,000 larvae by weight is the most important commercial trait that is directly related to the
earning of Sericulturists. Pupation rate is the measure of indicator of thermo-tolerance in
silkworm (KUMAR et al., 2001). Cocoon yield / 10,000 larvae by weight was most correlated to
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pupation rate suggesting that the productivity of the silk / cocoon yield can be improved by
increasing thermo-tolerance in silkworm through breeding approach. The positive and significant
correlation between cocoon yield / 10,000 larvae by weight and pupation rate was also proved by
SINGH et al. (2011). Other than pupation rate, cocoon yield / 10,000 larvae by weight was also
positively correlated with larval weight (0.70**), cocoon weight (0.70**), cocoon shell weight
(0.66**) and cocoon shell percent (0.51**). On the other hand, pupation rate was also positively
associated with larval weight (0.51**), cocoon weight (0.48**), cocoon shell weight (0.42**) and
cocoon shell percent (0.28**). Larval weight was most related to cocoon shell weight (0.92**) and
cocoon weight (0.93**). Cocoon shell weight (SW) was positively correlated with cocoon weight
and (0.97**) cocoon shell percent (0.95**) in agreement with the reports of BEGUM and
YAMAMOTO (2002). The only negative association was found between cocoon weight and cocoon
shell percent (-0.57**). Negative association between cocoon weight and cocoon shell percent was
also reported by BEGUM and YAMAMOTO (2002) and SINGH et al. (2011). The positive and
significant association of major component among themselves in general and with cocoon yield /
10,000 larvae by weight in particular suggests that selection of component traits together or
separately will improve the cocoon yield / 10,000 larvae by weight.

Table 5. Correlation coefficients between the rearing traits based on data of 20 silkworm genotypes in 5
environments

Traits PR CSW CW CSP CY

LW 0.51** 0.92** 0.93** 0.86** 0.70**

PR 0.42** 0.48** 0.28** 0.92**

CSW 0.97** 0.95** 0.66**

CW -0.57 0.70**

CSP 0.51**

** Significant at P < 0.01, LW: Larval weight; PR: Pupation rate; CSW: Cocoon shell weight; CW: Cocoon weight; CSP:
Cocoon shell percent and CY: Cocoon yield / 10,000 larvae by weight

Path coefficient analysis
Path coefficient analysis measures the direct influence of one variable on another. The

path coefficient analysis has been utilized efficiently to quantify the direct and indirect
relationships between the response and several predictor variables (CHAUDHARY and JOSHI, 2005).
Path coefficient analysis reveals whether association of cocoon yield / 10,000 larvae by weight
with its components is due to the direct effects of component characters on cocoon yield / 10,000
larvae by weight or is a consequence of its indirect effects via some other traits. The pupation rate
had the maximum direct effect on cocoon yield / 10,000 larvae by weight (1.14), followed by
cocoon shell weight (0.1) and larval weight (0.06). On the other hand cocoon shell ratio (-0.19)
and cocoon weight (-0.08) exhibited negative direct effect on cocoon yield / 10,000 larvae by
weight but showed positive and significant correlation on cocoon yield / 10,000 larvae by weight
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(Table 6). The negative direct effect of cocoon weight and cocoon shell percent on cocoon yield /
10,000 larvae by weight was counterbalanced by indirect positive effect via larval weight,
pupation rate and cocoon shell weight. All the traits had a positive correlation and a positive total
effect on cocoon yield / 10,000 larvae by weight demonstrating the importance of these traits in
breeding high cocoon yielding silkworm breeds. The positive direct effect of pupation rate,
cocoon shell weight and larval weight indicates that B. mori breeds with high pupation rate,
higher cocoon shell weight and larval weight would be appropriate for improving cocoon yield /
10,000 larvae by weight in B. mori at different temperatures. Previous studies on path coefficient
analysis in silkworm were carried out on post cocoon or silk economical characteristics like
weight of bave, filament size, reelability percentage and non-broken filament length (ZHAO et al.,
2002). The results of the present investigation suggest that selection in B. mori based on pupation
rate, higher cocoon shell weight and larval weight would be beneficial to achieve the desirable
goals. The indirect selection through other component traits would also be useful to improve the
trait of interest.

Table 6. Direct (Diagonal) and indirect effects of rearing traits on cocoon yield / 10,000 larvae by weight
based on data of 20 silkworm genotypes in 5 environments

LW: Larval weight; PR: Pupation rate; CSW: Cocoon shell weight; CW: Cocoon weight; CSP: Cocoon shell percent and
CY: Cocoon yield /10,000 larvae by weight

CONCLUSION
The main focus of this study was to identify stable silkworm genotypes and to understand the
relationship between the traits and cocoon yield / 10,000 larvae by weight at high temperature
conditions. Significant differences were detected in all rearing traits over genotypes,
environments and genotype × environment interactions. Commonly researchers use yield for
analysis of stability, because yield is a complex trait influenced by genetic and environmental
factors. Therefore only focussing on stability analysis with respect to cocoon yield / 10,000 larvae
by weight, silkworm genotypes ATR16, CSR17, BHR2, S-5 and D13 were found to be highly
stable with high cocoon yield / 10,000 larvae by weight and increased adaptability to high
temperature conditions. Therefore, these silkworm breeds can be included in the breeding
programs to increase the cocoon yield / 10,000 larvae by weight at high temperature conditions.
Though, clustering was done based on stability parameters, the genotypes were grouped
according to their ability to tolerant high temperature instead of their stable performances
throughout the tested temperatures. Knowledge on relationships between the desired trait and

Traits LW PR CW CSW CSP Total
effect

LW 0.06 0.1 0.89 -0.54 0.54 1.05
PR 0.09 1.14 0.11 -0.7 0.19 0.83
CW 0.13 0.02 -0.08 1.51 -0.65 0.93

CSW -0.03 -0.04 0.55 0.10 0.46 1.04
CSP 0.12 0.05 -0.95 1.87 -0.19 0.90
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other traits will allow silkworm breeders to increase desired trait by selection or non-selection of
other traits. Cocoon yield / 10,000 larvae by weight was positively and significantly correlated to
the other rearing traits. Among them pupation rate was highly related to cocoon yield / 10,000
larvae by weight. Path coefficient analysis also showed a maximum direct positive relationship
between cocoon yield / 10,000 larvae by weight and pupation rate followed by larval weight and
cocoon shell weight. Therefore, inclusion of the stable genotypes like ATR16, CSR17, BHR2, S-
5 and D13 in breeding programs with pupation rate, larval weight and cocoon shell weight as
selection criteria can effectively improve cocoon yield / 10,000 larvae by weight in silkworm at
high temperature conditions.
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PAT ANALIZA STABILNOSTI PRINOSA I SRODNIH OSOBINA SVILENE BUBE
(Bombyx mori L.) GAJENE U USLOVIMA STRESA

N. CHANDRAKANTH, S.M. MOORTHY*, M. REKHA i V. SIVAPRASAD

Silkworm Crop Improvement, Sericultural Research and Training Institute, Mysore, Karnataka,
Indija

Izvod

Vršena su ispitivanja dvadeset genotipova svilene bube gajenih u pet veštačkih uslova sredine na
različitim temperaturama u rasponu od 25 do 38 0 C. Na osnovu koeficijenta variranja prinosa
čaura na 10,000 larvi težina larvi I teežina čaura su pokazale maksimalno odnosno minimalno
variranje među ispitivanim osobinama u svih pet uslova sredine. Analiza varijanse je pokazala
suštinsku genetičku varijabilnost između genotipova za većinu ispitivanih osobina. Rezultati
kombinovane analize varijanse  pokazuju značajne razlike osobina kao osledicu sadejstva
genotipa ispoljne sredine. Grupisanjem genotipova na bazi parametara stabilnosti formirano je 5
grupa (klastera) zasnovanih na tolerantnosti prema visokim temperaturama. Ispitivanja korelacije
su dala pozitivne i značajne korelacije između CY I ostalih osobina. Formiranje lutke je u većini
slučajeva bilo pozitivno vezano za CY Pupation rate was most positively associated with CY a
slede težina larvei  težina čaure, težina omotača čaure i procenat omotača larve. Analiza pat
koeficijnta je potvrdila da brzina formiranja lutke ima maksimalan direktan efekat na CY a slede
težina omotača lutke a slede težina omotača lutke i težina larve.Procenat omotača lutke i težina
lutke pokazuje negativan direktan pat efekat na prinos težine čaure na 10.000 larvi.. Selekcija
zasnovana na brzini formiranja lutke, težini larve i težini omotača čaure može da bude efektivna u
poboljšanju prinosa čaura svilene bube u uslovima sredine sa različitim temperaturama.
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