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Ten multivoltine female parental lines were crossed
with popular bivoltine male silkworm breed NB4D,.
Three types of heterosis parameters viz., heterosis over
mid-parental value (hybrid vigour), heterobeltiosis (useful
heterosis) and standard heterosis (standard check)
were estimated for 15 economically important quanti-
tative traits. The interaction among the hybrids and
parents indicated significant effect for maximum char-
acters. The heterotic effect of new hybrid combination
was compared with popular hybrids viz., Pure Mysore
x NB4D, and Nistari x NB,D,. Varied heterotic effect
was observed for different traits for different hybrid
combination. The results inferred that the crosses viz.,
BL,; x NB4D, ranked top for 14 traits followed by Hosa
Mysore x NB4D, for 11 traits; PA,, x NB,D, for 9 traits;
BL,4 x NB4D, for 8 traits; Kolar Gold x NB,D, for 7
traits; WAL x NB,D, for 6 traits and MU,; x NB,D, for 5
traits. Among these, the best hybrids Kolar Gold x NB,D,
and MUy, x NB,D, were identified for longer filament
length and fine denier. Similarly for higher cocoon yield
and silk productivity BLy; x NB,D, and BL,; x NB/D,
were found to be superior. These hybrid combinations
are suitable for commercial exploitation at large scale.

Key words: Heterosis, Multivoltine, Bivoltine, Silkworm
germplasm, Bombyx mori L.

Introduction

The successful introduction of F; hybrids of multivoltine
female and bivoltine male silkworm strains was the major
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contributory factor for sustainable sericulture in India
(Nagaraju, 2002). The tropical multivoltine silkworm
races can be reared throughout the year as they have
genetic adaptation to survive and reproduce even under
high temperature, but which spin inferior quality silk with
neatness defects. During 1960s crossbreeding programme
was introduced with the objective of improving the mul-
tivoltine silkworm races (Tazima, 1959, 1988). In India at
present more than 90% of the silk is produced from the
polyvoltine x bivoltine hybrids, particularly Pure Mysore
x NB,D; and Nistari x NB,D, (Govindan et al., 1996; Rayar,
2001; Mal Reddy et al., 2002). During the last three
decades these cross combinations are being utilized for
commercial production of silk in India, but the poor yarn
quality and neatness defects of these cross breeds neces-
sitates the demand for replacement of these parental
lines. Subsequently, several new cross combination were
tested, but due to varied technical reasons they failed.
Varied silkworm germplasm stocks contribute immensely
to the development of viable and hardy silkworm hybrids
for commercial exploitation (Nirmal kumar and
Sreerama Reddy, 1994). Central Sericultural Germplasm
Resource Centre (CSGRC), Hosur (Latitude: 12°45"N,
Longitude: 77°51"E, Altitude: 942 meter above MSL) is
a premier institute, which is maintaining 63 multivoltine
silkworm genetic resources collected from different geo-
graphical regions possessing large amount of genetic
variability, which could be exploited well for breeding
programme. In the present study, ten elite multivoltine
silkworm accessions reported as a best combiner and
productive pure breeds (Kumaresan et al., 2000, 2002)
were selected as female component and crossed with
well known bivoltine pure breed NB,D; as a male com-
ponent to exploit the hybrid vigour potential of their F;s.
The popular commercial hybrids viz., Pure Mysore x
NB,D, and Nistari x NB4D, were considered as control
to compare the heterotic effect of the new hybrid com-
bination.
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Materials and Methods

Ten elite multivoltine silkworm inbred strains considered
as female parents viz., Hosa Mysore, Kolar Gold, G, PA,,,
MU,, MUy, WAI;, MHMP (Y), BL,; and BL,, were crossed
with male bivoltine NB,D, and ten multi x bivoltine
hybrid combination obtained. The crossing was done fol-
lowed by a simple line x tester model. Two control hybrids
viz., Pure Mysore x NB,D, (Check 1) and Nistari x NB4D,
(Check 2) were also raised simultaneously to compare the
heterotic effect of new hybrid combination. Rearing of
parental lines followed by hybrids along with control
hybrids were undertaken during March - May, 2003 at
CSGRC, Hosur. Two replications of three hundred larvae
each after third moult was retained for each cross com-
binations. The standard rearing techniques recommended
were followed (Krishnaswamy, 1978). Fifteen economi-
cally important quantitative characters viz., weight of 10
matured larvae (g) (LWT), fifth age larval duration (hrs)
(VLD), total larval duration (hrs) (TLD), single cocoon
weight (g) (CWT), single shell weight (cg) (SWT), shell
ratio (%) (SR), cocoon yield by weight (kg)/10,000 larvae
(YWT), silk productivity (g/day/10,000 larvae) (SILK),
cocoon length (cm) (CL), cocoon width (cm) (CW), cocoon
length/width ratio (L/W), cocoon volume (cm®) (VOL),
filament length (m) (FL), non-broken filament length (m)
(NBF) and denier (DEN) were considered to study the
heterosis following the standard procedure (Falconer,
1989; Naseema Begum et al., 2002). Heterosis parameters
were derived from the following formulae:

Heterosis % over Mid Parental Values (MPV)

_F,-MPV
=~Mpv

Heterosis % over Better Parental Values (BPV) (Heterobeltiosis)

_ F,-BPV
-~ "BPV

100

%100

% Improvement over Control Hybrid (SH) (Standard Heterosis)

_ F;—Control

Control x100

ANOVA was estimated for all the fifteen parameters by
using the computer packages developed by Indostat Ser-
vice Pvt. Ltd., Hyderabad, India. Critical differences (CD)
obtained for heterosis parameters of economic traits of
new hybrids were compared with control hybrids to see
the significant effect of hybrid vigour. The heterosis
parameters of check varieties were also compared with
new hybrids to see the effect of standard heterosis. The
best hybrid combination for desired parameters were eval-

uated through Evaluation Index (E.L) method (Mano et
al., 1993), which was arrived at by the following formula:

Evaluation Index (E.L) = 222 x 10+ 50

Where, A = Mean of the particular trait for a hybrid, B =
Overall mean of the particular trait (the experimental
mean), C = Standard deviation, 10 = Standard and 50 =
Constant. The hybrids that score index values for the traits
above 50 are considered to have greater economic value.

Results and Discussion

Mean performance of parental lines and their hybrids
along with check varieties for fifteen economic parame-
ters is presented in Table 1. The pooled ANOVA revealed
that the parental lines selected for the study are signifi-
cantly varied for all the traits, whereas, the hybrid com-
bination obtained have showed significant variation in
cocoon quality parameters. The interaction among the
hybrids and parents indicated significant effect for all the
traits except for total larval duration and cocoon length/
width ratio (Table 2).

In the present study, heterotic effect was observed for
different traits in different hybrids, which corroborates the
findings of earlier report (Gamo and Hirabayashi, 1983;
Naseema Begum et al., 2002). Harada (1961) found a
relationship between MPV and F, hybrid values. Falconer
(1989) stated that the genes by which two lines differ will
not be the same for all pairs of lines, so different pairs of
lines will have different value of MPV and will show dif-
ferent amount of heterosis.

The positive heterosis over mid-parental values (hybrid
vigour) was obtained for different hybrids viz., Hosa
Mysore x NB,D; for LWT, CWT, SWT and YWT; Kolar
Gold x NB4D, for SWT and SR; PA,, x NB,D, for SWT,
SR and SILK; G x NB,D, for SR, SILK and YWT; MU,
x NB,D, for SR and SILK; MHMP (Y) x NB,D, for SR,
YWT and SILK and BL,, x NB,4D, for SR, YWT and SILK.
Further, the significant improvement was noticed in the
new hybrid combination when compared with the check
varieties, which indicates the possibilities of replacing
local varieties of female components such as Pure Mysore
and Nistari with these inbreed lines. It was also recom-
mended by the earlier report that the hybrid combination
of Kolar Gold x NB4D, and G x NB4D, can be utilized for
commercial exploitation (Tribhuwan Singh, 2001; Naray-
anaswamy et al., 2002).

Silk productivity observed in the above hybrids has
been reported as a breeding index to evaluate silkworm
breeds for hybridization (Singh et al., 1990; Thiagarajan
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et al., 1993). Further, the desirable negative heterosis was
observed in all the hybrids for TLD and VLD. The filament
length showed very high hybrid vigour, which ranged
from 18 to 44% for five hybrids viz., MU, x NB,D,, MU, x
NB.D,, WAI, x NB,D,, BL,; x NB,D, and BL,;, x NB4D,.
Similarly, almost all the hybrids showed high level of
hybrid vigour (16 to 64%) for non-broken filament length.
The denier exhibited desirable negative heterosis for all
the hybrids, and most of them have shown better values
over either of the check varieties. Significant heterotic
effect was recorded for cocoon volume in case of Kolar
Gold x NB,D,, WAI, x NB.D,, MHMP (Y) x NB,D, and
BL,; x NB4D; hybrids.

Most of the hybrids for one or more characters recorded
positive heterobeltiotic effect. The hybrid Kolar Gold x
NB4D> has showed more heterobeltiosis for CWT, VLD,
SR, VOL, NBF; MU,; x NB,D, for CWT, VLD, SWT, NBF

and DEN; MHMP (Y) x NB4D, has showed improvement
for LWT, VLD and DEN. Similarly, the silk productivity
has showed positively in the combination of BL,y x
NB,D,. The considerable amount of heterosis over BPV
for the cocoon volume has been exhibited by almost all
the hybrids and that are better than either of the check
varieties.

Among the three types of heterosis, as far as breeders
are concerned, standard heterosis (SH) is more important
since the hybrids to be released are expected to out per-
form the superior local variety or hybrid (standard check).
The results indicated that the hybrids Kolar Gold x NB4D,,
PA,; x NB,D,, MU, x NB4D,, BL,; x NB4D, and BL,,
NB4D; have showed significantly higher value for SH for
SWT and SR over either of the check varieties. The hybrid
BL; x NB,4D, has showed 6.29% SH for YWT while BL,,
x NB4D, exhibited higher SH for silk productivity. Fur-

Table 4. Evaluation index values (E.L) for the economic characters of different hybrid combination.

. Weight of *_Fifth age Total larval Single Single shell ~ Shell COC.OOH yieldby Silk pro-
Hybrids 10 matured larval dura- . cocoon . . weight/10,000 .
larvae tion duration weight weight ratio larvae ductivity
Hosa Mysore x NB4D, 57.70 41.55 41.55 71.80 59.41 42.10 57.80 58.50
Kolar Gold x NB4D, 43.25 57.90 57.90 39.50 58.90 66.83 22.54 26.75
G x NB,D, 36.35 64.44 64.44 46.80 35.72 38.74 55.80 42.30
PA|; x NB4D, 54.60 38.30 38.30 57.43 58.40 52.50 46.94 55.01
MU, x NB4D, 47.40 4482 44,82 40.53 51.85 59.40 42.93 55.21
MU,;; x NB4D, 43.94 41.55 41.55 37.80 39.75 49.95 47.64 49.50
WAI, x NB,D, 64.42 57.90 57.90 58.28 48.82 42.00 49.81 47.04
MHMP (Y) x NB,D, 54.34 54.63 54.63 43.83 38.80 44,72 51.80 47.62
BL,; x NB,D, 55.20 41.55 41.55 53.07 64.95 61.01 53.72 62.50
BL,; x NB4D, 49.80 44.82 4482 45.10 58.40 61.72 60.22 62.50
Pure Mysore x NB4D, 31.30 67.71 67.71 47.87 39.75 41.90 57.23 43.03
Nistari x NB4D, 61.83 44.82 44.82 58.07 45.30 39.25 53.65 50.20
. Cocoon Cocoon Cocoon Cocoon  Filament Non-bro- . Average
Hybrids . length/ ken fila- Denier
length width . . volume length E.L value
width ratio ment length
Hosa Mysore x NB,D, 58.52 51.30 55.70 55.24 39.15 42.40 63.50 53.10
Kolar Gold x NB4D, 50.00 64.50 37.12 60.72 57.80 62.00 35.73 49.42
G x NB4D, 43.05 50.70 43.42 46.90 61.75 58.03 33.00 48.10
PA |, x NB4D, 51.60 39.60 60.83 43.33 43.51 39.74 57.94 49.20
MU, x NB,D, 38.00 38.14 50.62 36.05 48.70 45.30 58.11 46.80
MU;; x NB4D; 31.52 43.52 39.90 37.30 64.25 68.80 46.20 45.54
WAI; x NB4D, 68.40 68.30 49.20 72.42 51.35 47.82 61.32 56.33
MHMP (Y) x NB,D, 58.61 40.81 65.80 47.03 48.20 44 .45 55.60 50.05
BL,; x NB,D, 50.44 52.30 48.40 51.81 62.40 58.61 47.94 53.70
BL,, x NB,D, 46.72 54.80 42.80 51.50 40.90 4420 54.40 50.83
Pure Mysore x NB,D, 46.10 56.47 40.70 52.63 32.90 35.80 44.81 47.05
Nistari x NB,D, 57.20 39.70 65.71 45.20 49.21 53.00 41.53 50.00
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ther, the cocoon volume indicated higher SH in case of
WAI; x NB,D,. The filament length and non-broken fil-
ament length have showed more SH in case of Kolar Gold
x NB4D,, G x NB,D,, MU;; x NB,D, and BL,; x NB,D..
The denier exhibited negative SH for Kolar Gold x NB,D,
and G x NB;D, (Table 3).

The mean data obtained in all the hybrid combinations
were subjected to multiple traits evaluation index (Mano
et al., 1993), which is the standard method to select the
best hybrid combination based on single or multiple traits.
""he result inferred that the crosses viz., BL,3 x NB4D, ranked
best for 14 traits followed by Hosa Mysore x NB4D, (11
traits); PAj» x NB4D; (9 traits); BLys X NB4D, (8 traits); Kolar
Gold x NB4D, (7 traits); WAI; x NB4D, (6 traits) and MU
3 NB4D, (5 traits) (Table 4). Among these best hybrids
Kolar Gold x NB,D, and MU;; x NB,D, were identified
tor longer filament length and fine denier. Similarly, for
higher cocoon yield and silk productivity BL,3 x NB4D,
and BL,4 x NB4D, were found to be the superior. Vidyun-
mnala et al. (1998) has also confirmed that BL,, x NB4D,
‘s the best hybrid suited for commercial exploitation. For
‘tigher cocoon volume the combination of WAL x NB,4D,
was found to have greater hybrid vigour. These hybrid
combinations may be utilized for the commercial exploi-
tation at large scale after further evaluation of multi-loca-
tional trail.
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