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Eighteen new bivoltine silkworm (Bombyx mori L.)
hybrids developed at Andhra Pradesh State Sericul-
ture Research and Development Institute, Hindupur
are evaluated for 10 economic traits by following two
multiple trait index methods, i.e., Subordinate Func-
tion and Evaluation Index for their economic merit.
The hybrid genotype, APS6 x APS11 with highest Sub-
ordinate Function value of 8.2432 and highest average
Evaluation Index of 61.67 ranked first. This hybrid is
adjudicated as most promising hybrid and recom-
mended for commercial use. Further, applicability of
Subordinate Function Index Method is tested and rec-
ommended for application of multiple trait evaluation
similar to Evaluation Index Method as the results
obtained are comparable. Further, both these methods
can be applied for confirmation of results.

Key words: Silkworm, Bivoltine, Multiple traits, Evalu-
ation index, Subordinate function

Introduction

Widespread utilization of hybrids towards achieving sus-
tainability and quality oriented increased production is
well established in plants and animals in general and silk-
worm in particular as it is the only animal where hybrids
are used compulsorily (Yokoyama, 1976). Inspite of quan-
titative increase in the overall silk production in India over
years through the development and use of productive silk-
worm hybrids on commercial scale (Sengupta et al., 1971;
Sudhakar Rao et al., 2001), there remains a wide quan-
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titative and qualitative yield gap that is mainly attributed
to the dearth for potential silkworm hybrids suitable for
Indian tropical conditions necessitating the need for more
potential silkworm hybrids. Realizing the need for
increased qualitative silk production, due emphasis is
being laid towards the development of suitable and qual-
itatively superior bivoltine hybrids for prevailing tropical
conditions of the country in general and region and season
specific in particular. In this direction, unstinted efforts by
the silkworm breeders at Andhra Pradesh State Sericulture
Research and Development Institute (APSSRDI), Hindu- .
pur over the last 3 years resulted in the development of a
few productive and qualitatively superior bivoltine hybrids.
Since, the genetic improvement of multiple traits being
the objective of evolving the productive hybrids, many
breeders (Naseema Begum et al., 2000; Ramesh Babu et
al., 2001; Sudhakar Rao et al., 2001; Vidyunmala et al.,
1998) followed the Evaluation Index method of Mano et
al. (1993) to adjudicate the relative merit of the hybrids. In
the present investigation an attempt has been made to
evaluate the overall merit of the developed hybrids and
identification of most promising hybrids by an alternate
method, the Subordinate Function Index Method (Gower,
1971) and compared its applicability with that of the Eval-
uation Index Method for confirmation of the results.

Materials and Methods

A total of eighteen hybrid combinations (9 each of oval x
peanut and peanut x oval type) involving six parents
namely APS5, APS11, APS13 (oval), APS2, APS6, APS8
(peanut) developed at APSSRDI constituted the study
materials. All the combinations were brushed as compos-
ite in 3 replicates each. Each composite laying with about
1000 eggs represented by 10 — 12 different mother broods.
From each replication, 300 larvae were retained after third
moult. The rearings were conducted as per the standard
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rearing methods as detailed by Bhargava et al. (1993).
Data was accruded for 10 economic traits namely fecun-
dity, cocoon yield/weight, pupation rate (viable), cocoon
weight, cocoon shell weight, shell ratio, filament length,
raw silk recovery (quantitative), reelability and neatness
(qualitative). The data was analyzed as per Subordinate
Function and Evaluation Index methods as detailed below
and relative rankings are assigned.

Subordinate Function Index Method (Gower, 1971)
The Subordinate Function values character wise were cal-
culated using the following formula.
Xu=(Xi X min) / (X max X min)
Where, Xu = Subordinate Function
Xi = Measurement of character of a tested geno-
type
X max =The maximum value of the character
from all the tested genotypes
X min=The minimum value of the character
among all the tested genotypes.
The highest cumulative Subordinate Function value is
assigned first rank and subsequent ranks are assigned in
the descending order.

Evaluation Index Method (Mano et al., 1993)
The Evaluation Index values character wise are calculated
by using the formula.

Evaluation Index = x 10 + 50

Where,
A = Value obtained for a trait for a hybrid
B = Mean of a trait of all the hybrids for the trait
C = Standard deviation of all the hybrids for a trait
10 = Standard unit
50 = Fixed value

The average cumulative index value over a number of
traits analyzed was arranged in descending order. The
hybrids with average Evaluation Index (E. 1.) value above
50 were considered to possess the economic merit. The
hybrid with highest average Evaluation Index was adju-
dicated to be the most promising one.

Results and Discussion

Wide and sudden micro-climatic fluctuations coupled
with poor quality mulberry and management practices by
the farmers under tropical conditions require more flexible
genotypes. It is well established that, silk yield in silk-
worm is contributed by more than 21 characters (Thia-

garajan et al, 1993). It is therefore obvious that the
superiority of the hybrid genotype is to be assessed by a
number of economic traits. In the present study, 10 impor-
tant primary economic traits (3 viable, 5 quantitative and
2 qualitative) are considered and analysed so as to find out
the superiority and relative merit of the eighteen newly
developed bivoltine hybrids.

The mean performance of the eighteen hybrid geno-
types for ten traits of economic importance is presented in
Table 1. The Subordinate Function and E. 1. values cal-
culated for all the ten traits combination-wise are given in
Tables 2 and 3 respectively. The relative ranks assigned to
the test hybrids based on their overall superiority in both
the methods are shown in Table 4 and compared.

In the Evaluation Index Method, out of the eighteen
hybrid combinations, 9 combinations (APS6 x APS11;
APS8 x APS11; APS6 x APS5; APS5 x APS2; APSS x
APSE; APS11 x APS8; APS11 x APS2; APS2 x APSI11
and APS8 x APSS5) recorded cumulative index values
above 50 (Table 4) suggesting that these combinations
possessing economic merit. Among them, the hybrid,
APS6 x APS11 recorded highest average index of 61.67
while APS8 x APSS5 recorded the lowest (50.33). Based
on the average cumulative index, relative ranks are assig—
ned in the descending order with APS6 x APS11 figuring
in first place.

In the Subordinate Function Method, the cumulative
values ranged from a maximum of 8.2432 (APS6 x
APS11) to a minimum of 1.7806 (APS8 x APS13). The
hybrid, APS6 x APS11 with highest Subordinate Func-
tion value is assigned first rank while the subsequent ranks
for the remaining test hybrids are assigned in the descend-
ing order.

The scrutiny of the data present that the performance of
the eighteen different hybrid genotypes exhibited superi-
ority in different individual characters and no single
hybrid combination excelled in all the ten analyzed char-
acters put together. These observations confirm the estab-
lished fact that superiority in one or a couple of characters
may not reflect the overall merit of the hybrid (Vidyun-
mala et al., 1998). However, a few breeders (Singh et al.,
1993; Udupa and Gowda, 1988) used selection index
method for identification of promising hybrids based on
only few characters. Since the comprehensive merit of the
hybrid over a range of traits depends on relative superi-
ority of many individual traits selection need to be based
on multiple trait analysis comprising viable, quantitative
and qualitative traits. As such, it is highly imperative to
consider the contribution of various traits contributing to
overall silk out put as opined by Singh and Subba Rao
(1993). It is absolute must for the breeder to adopt reliable
methods for identification of potential hybrids exercising
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Table 4. Comparative ranking of hybrids

sI Cumulative Average
no.. Hybrid v suerdinate Evaluation
function Index Index (E. 1)
1 APS6x APS11 8.2432 61.67
2  APS8x APSI11 6.7965 56.33
3 APS6 x APS5 6.5190 55.40
4 APS5 x APS2 6.3438 54.75
5 APS5 x APS8 6.0819 53.28
6  APSI11 x APS8 5.7704 52.53
7  APS11 x APS2 5.7230 52.26
8 APS2x APSI11 5.1986 50.49
9  APS13 x APS8 5.0646 49.91
10 APS2 X APSS 5.0143 49.40
11 APS8 x APS5 5.0050 50.33
12 APS13 x APS6 47427 4891
13 APS11 x APS6 4.5286 47.93
14  APSS5 x APS6 39136 46.01
15  APS6 x APS13 3.8288 45.98
16 APS2 x APS13 34731 44.57
17  APS13 x APS2 2.7659 41.99
18  APS8 x APS13 1.7806 38.28

due weightage to all the economic traits considered. For
such selection strategies, different index methods are in
vogue used for both plants and livestock breeding pro-
grammes (Arunachalam and Bandhyopadhyay, 1984;
Naseema Begum et al., 2000; Ramesh Babu et al., 2001;
Sudhakar Rao et al., 2001; Vidyunmala et al., 1998). Mul-
tiple Trait Evaluation Index Method of Mano et al. (1993)
has become a very useful tool for evaluation and identi-
fication of promising silkworm breeds/hybrids and is
widely being applied by many silkworm breeders across
the country (Ramesh Babu et al., 2001; Sudhakara Rao et
al., 2001) and the same is applied in the present study
also. The analysis present that the hybrid genotype, APS6
x APS11 with highest index value of 61.67 and ranked
first among the rest of the 17 hybrids. In addition to this,
the findings emanated from the Evaluation Index Method
are compared with the Subordinate Function Index
(Gower, 1971) a relatively less applied but equally effec-
tive method for confirmation of results. The results indi-
cate that the hybrid combination APS6 x APS11 being
the best among the 18 hybrids tested scoring highest Sub-
ordinate Function value (8.2432). The relative ranks assig-
ned for all the test hybrids are in confirmity with all the
hybrids scoring average E. 1. above 50 except for APS8 x
APS5 and ranked 11" instead of 9™ rank as for Subor-
dinate Function values. Rest of the ranks assigned is sim-

ilar in both the methods. These results not only confirm
the applicability of Subordinate Function Index Method
for multiple trait analysis of silkworm breeds/hybrids and
subsequent identification of promising silkworm hybrids
but also its comparability with widely applied E. I
Method. These conclusions are in agreement with those of
Ramesh Babu ef al. (2001).

In light of the above observations, the new hybrid gen-
otype, APS6 x APS11 that ranked first in both the meth-
ods is adjudicated as most promising hybrid and recom-
mended for commercial use. Further, application of rel-
atively less known Subordinate Function Method is rec-
ommended for multiple trait evaluation on par with the E.
1. Method that is very popular with the silkworm breeders.
This method can serve as an alternate method for E. L.
Method. So also, both these methods can be used together
for selection of promising silkworm breeds/hybrids for
confirmation of results.
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