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To evolve silkworm hybrids with higher survival and
productivity and easy and effective seed cocoon pro-
duction, three new evolved bivoltine hybrids of silk-
worm (Bombyx mori L.), created with participation of
sex-limited lines at eggs and larva stage were evaluated
with control Super; X Hessa, hybrid at Plovdiv Agrar-
ian University during 2000 — 2002. ANOVA analysis
was employed and the performance of hybrids was
observed in respect of main quantitative traits. The
results obtained show significant superiority of new
hybrids Ts4 X TBVy4, XT21518 X TVas, XTarsias X Boss
and their reciprocal crosses over the control. They
were characterized with 99% hatchability of eggs, 93 —
95% silkworm survival, 2.32 —2.42 g cocoon weight,
53.5—55.7 cg shell weight, 22.9 —23.1% shell ratic,
1,307 - 1,326 m filament length, 3.08 —3.17 denier,
95 — 96 % reelability, 44.4 — 45.1% silk ratio, 569 — 593
number of normal eggs per lying and 347 — 364 mg
weight of normal eggs per lying. Newly evolved
hybrids were manifested high productivity, 41.0 — 43.6
kg cocoon yield and 7.33 — 7.78 kg raw silk yield per
one box (20,000 + 200 viable eggs), which significant
surpass the control Super; x Hessa, hybrid with 7.6 —
14.4% and 10.8 — 17.6 %, respectively. Ti54 X TBV 4
and XT,;535 X TV3, were considered as highly produc-
tive hybrids to local conditions and found suitable to
rear in spring season.
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Introduction

Under free marked conditions private farm is appear as
main structure of sericulture organization in Bulgaria and
used commercial hybrids is one of the fundamental ele-
ments of technology for intensification of cocoon produc-
tion. The breeding experiments conducted during 1970s
yielded bivoltine hybrids with cocoon shell ratio at com-
mercial level and these hybrids could made much impact
in the field. It was established (Akimenko ef al., 1994;
Mano et al., 1994; Petkov, 1995; Petkov et al, 1998,
1999; Datta et al., 2000; Singh, 2001; Greiss et al., 2002)
that the superiority of F, silkworm hybrids toward their
initial races or lines has been reached 15 — 30%.

Systematic breeding approaches with appropriate selec-
tion procedures have contributed to amalgamate the major
economic traits of choice from selected breeds and to syn-
thesize genotypes of desirable constitution and expression
in silkworm (Mano ef al., 1982; Tanaka and Ohi, 1994).
Synthesis of new gene combinations by conventional
breeding techniques is one of the important tools for
exploiting the heterosis in the silkworm Bombyx mori L.
(Harada, 1961; Petkov, 1995).

However during the production of F; silkworm eggs
from hybrids, created with participation of non sex-lim-
ited initial forms, the percentage of eggs from pure par-
ent races or lines reaches 5 — 15% irrespective of sex
separation implementation. Ultimately about 25% of
advantage of hybridization is used in field level only.
Introduction and utilization of new hybrids, created with
participation of sex-limited races or lines will led to sig-
nificant improvement of productivity and cocoon and
raw silk quality. Keeping this in view, an attempt has
been made to evolve the productive performance of three
new bivoltine hybrids of silkworm, B. mori L, created
with participation of sex-limited at eggs and larva stage
lines.
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Materials and Methods

Experimental and theoretical work was carried out at
Agrarian University of Plovdiv during the period of 2000
—2002. Five newly evolved bivoltine breeds, i.e., T}s4 and
XT,151n8 (Japanese type), TVsj,, TBV,p, and By (Chinese
type) evolved by SES Vratza were formed experimental
material. Tysy and XT,,535 lines (Japanese type) are genet-
ically sex-limited at eggs stage. Female eggs are lightly
grey and male eggs are straw yellow. The larvae are
marked. Cocoons are white and dumbbell. TV3,, TBV 4
and By (Chinese type) are sex-limited for larval marking.
The eggs are lightly grey. Female larvae are marked and
male are white. Cocoons are white and oval. Three F,
hybrids, Tis4 X TBV24, XTa1538 X TV3, XTa1538 X Bys
and their reciprocal crosses were prepared and reared in 4
replicates of each having 150 larvae, counted after second
molting. Super, X Hessa, commercial hybrid, introduced
into practice on a mass scale was used as control because
of absent of F hybrid from sex-limited initial forms. All
hybrids along with control hybrid Super, X Hessa, were
reared at spring season as per standard techniques rec-
ommended by Petkov and Penkov (1980). The silkworms
were reared at 26 — 27°C and 85% RH during the first two
instars, at 25°C and 80% RH during the third larval instar,
at 23 —24°C and 70 —75% RH during the last instars.
During the first instars the silkworms were fed with sliced
(3 — 5 mm) leaves from local varieties 4 — 5 times per day,
with leaves three times per day at third instar and with
whole branches two times per day at last instars. The rear-
ing performance of the new and control hybrids were
studied in respect to the main 16 quantitative traits: eggs
hatchability, survival, larval duration, cocoon weight, sheli
weight, shell ratio, filament length, filament weight,
denier, reelability, silk ratio, number and weight of normal
eggs per lying, physiological waste in lying, cocoon and
raw silk yield per 1 box of silkworms (20,000 + 200 via-
ble eggs).

ANOVA analysis was employed and the performance

Table 1. Characteristics of parent lines

was observed in respect of main quantitative traits using
LSMLWM&MIXMDL software (Harvey, 1990).

Results and Discussion

Average data for parent lines are presented inTable 1. It is
evident that they were characterized with approximately
high values of main biological characters and productivity,
98% hatchability, 91 — 94% survival, 2.06 — 2.22 g cocoon
weight, 47 — 52% shell weight, 21.8 —23.5% shell ratio
and 34.2 — 38.0 kg cocoon yield per box of silkworm.

The data obtained from testing of new hybrids were
pooled in Table 2, 3, 4, 5 and 6. New hybrids exceeded the
parent lines for all tested traits. The analysis of variance
(ANOVA) results showed significant differences among
the hybrids and control for almost all tested traits. The lab-
oratory performance of new hybrids is presented in Table
2. All tested hybrids were characterized with high eggs
hatchability, 99% toward 98% in control (Table 2). T 54 X
TBVy4, XTa1s538 X TVap, XTa158 X Bosg hybrids and their
reciprocal crosses had comparatively higher values of this
character, which exceeded the control with 0.94 — 1.32%.
With respect to silkworm survival, main biological char-
acter, that determine silkworm productivity to a great
extent, the values obtained in new hybrids were compar-
atively high 93.4 — 95.5%, respective, compared to 93.6%
in Super, X Hessa, control hybrid. Ts X TBV,s4, XTa15/38
X TV3,; hybrids and their reciprocal crosses had compar-
ative high survival, which excelled the control with 0. 55—
1.97 points. Larval duration character was varied in nar-
row limits, 697 — 706 hrs, compared with 693 hrs for con-
trol. The differences obtained between new hybrids and
Super; X Hessa, control hybrid (4 — 14 hrs) were not
proved and because of this we could nod established clear
differentiation. The longer larval duration in newly
evolved hybrids and control hybrid may be due to slow
growth with reduced rate of metabolism (Morohoshi,
1969).

Eggs . Larval Cocoon  Shell Shell Filament Filament Filament Reelability Silk (.:OCOOH

Parent hatch- Survival . . . . . . . yield per
lines  abilit %) duration weight weight ratio length weight thickness of cocoons ratio box

(9 .
Y (hrs) (8 (cey (%)  (m) (cg)  (denier) (%) (%)

(%) (kg)
Tism 98.12 91.7 691 2.06 47.4 23.0 1256 39.9 2.86 94 4343 342
XTosns 98.1 92.0 693 2.12 48.1 22.7 1283 40.0 2.81 94 43.58 353
TBVay 984 94.0 686 2.21 52.0 235 1294 43.1 3.00 94 44.17 38.0
TVip 98.5 93.1 685 2.22 51.0 23.0 1297 42.5 2.95 94 44.32 37.9
Bass 98.0 92.0 685 2.15 47.0 21.8 1231 37.9 2.77 93 42.49 36.1
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Table 2. Silkworm biological characters of hybrids

Eggs hatchability (%) Survival (%) Larval duration (hrs)
Hybrids
X *Sx +D X+ Sx +D X +Sx +D
Super; x Hessa, (Control) 97.8 £2.17 93.6 +2.59 693 £ 11
Tisu X TBVy, 98.8 + 1.77 0.94* 94.1 £2.13 0.55 697 £9 4
TBVop4 X Tisy 99.1 +1.93 1.32%* 95.5+1.99 1.97%* 700 x11 7
XT31538 X TVap 99.0 +2.01 1.16* 94.5 +2.07 0.93 706+ 8 145
TV X XTy558 98.9 + 1.98 1.08* 953+224 1.74%* 699 + 6 ‘ 6
XT315138 X B 98.5+£2.13 0.72 93.4+243 -0.17 701 £ 10 8
Bos X XTy15/38 98.9+2.04 1.10* 94.0 £ 2.51 0.47 697 +7 4
GDatP=0.5 0.83 0.97 9
P=0.1 1.22 143 14
P=0.01 1.89 2.22 22

*Significant at 5% and **Significant at 1%.

Table 3. Technological characters of fresh cocoons

Cocoon weight (g) Shell weight (cg) Shell ratio (%)
Hybrids
X™ % Sx =D X % Sx D X~ % Sx =D

Super; X Hessa, (Control) 220+0.05 488 +1.1 22.1+0.53
Tisu X TBVyp4 2.32+£0.06 0.12%** 535+%15 4. 7%* 23.1+0.63 0.95*%
TBV24 X Tisp 2.38 +0.06 0.18%** 55.1%1.0 6.3%x* 231+057 . 0.93*
XT15n8 X TV3p 2.37+£0.05 0.17%** 542+12 5.4%%% 22.9+0.49 0.71%*
TV, X XTyiss 242 +0.06 0.22%** 55714 6.9%%* 23.0 +0.61 0.82*
XT21538 X Boss 2.26 £0.04 0.06** 524+13 3.6%%* 232 +0.55 1.02%*
B X XT38 2.29 +0.06 0.09*** 518+14 3.0* 22.6 +0.57 0.41
GDatP =05 35 24 0.70

P=01 52 35 0.99

P=0.01 81 54 1.54

*Significant at 5%, **Significant at 1% and ***Significant at 0.1%.

Table 4. Filament technological characters

Filament length Filament weight  Filament thickness Reelability of Silk ratio
Hybrids (m) (cg) (denier) cocoons (%) (%)
X"+ Sx +D X *Sx =D X~ + Sx =D X = Sx =D X+ Sx =D
Super; X Hessaz o0 4 39 3111 3.04 +0.08 95+ 1.97

(Control)
Tisu X TBV 4 1307 £32  27* 447 1.1 1.6 3.08+0.05 0.04 95+1.78 033 4481103 1.28**
TBVy24 X Tysa 1323 £37 43**%* 465+1.0 34 316 £0.04 0.12* 96+2.03 1.35%* 451 +0.99 1.57%%*
XTousps X TV3p 1319128 39**  459+1.2 2.8 3.13£0.07 0.09% 95x222 1.07* 445+1.17 1.02%*
TVip X XTasps 1326 £39  46*** 467+ 1.3  3.6% 3.17+0.08 0.13* 96+x1.99 146%* 444+1.22 0.88%*
XT21538 X Bosg 1288 + 24 8 442+1.1 1.1 3.09£0.09 0.06 95+2.14 018 447+1.19 1.23**
Bos X XTs5n8 1287 + 29 7 440+12 09 3.08+0.05 0.05 94+253 002 43.5+1.20 0.05

GDatP=05 19 35 0.09 0.71 0.59
P=0.1 28 52 0.14 1.05 0.75
P=0.01 43 81 0.22 1.62 1.35

*Significant at 5%, **Significant at 1% and ***Significant at 0.1%.
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The primary goal of silkworm breeding includes simul-
taneous genetic improvement in the economic value of the
population and to exploit it commercially. From the data
in Table 3 it is evident that all newly evolved hybrids man-
ifest comparative high values of cocoon weight characters,
varied between 2.26 g and 2.42 g, compared with 2.20 g
for control. Tysy X TBVy4, XTy1558 X TV;5 hybrids and
their reciprocal crosses were characterized with markedly
high cocoon weight and statistically proved exceed the
control (p <0.01) with 0.12-0.22 g (5.32 -9.87%). In
respect to shell weight character, analogically to cocoon
weight character, all new hybrids were manifested higher
values, but the differences obtained toward control were
bigger. The highest value of this character was determined
in Tysi4 X TBVy4 and XT,1538 X TV3, hybrids and their
reciprocal crosses (53.5 —55.7 cg) which exceeded sig-
nificantly the control values with 0.5-0.7 cg (9.63 -
14.14%). Comparative high shell weight in newly evolved
silkworm hybrids determines high values of shell ratio,
that characterized the relatively silk content in cocoons,
22.69 — 23.2%, respectively, compared with 22.2% for the
control. The highest value of this character was deter-
mined in Tys4 X TBV,4 and XT; 538 X TV3p, hybrids and
their reciprocal crosses (22.9 —23.1%) and their superi-
ority over the control (3.2 —4.3 points) was proved.

The newly evolved bivoltine hybrids exhibit high degree
of phenotypic variability in connection to main techno-
logical characters of the filament (Table 4). It is evident,
that comparative high values of main cocoon technolog-
ical characters (shell weight and shell ratio) in new
hybrids, created with participation of sex-limited parent
lines lead to higher values of filament length, 1,281 —
1,326 m, respectively, compared to 1,280 m for the con-

Table 5. Reproductive characters of moths

trol. T'54 X TBV;4 and XT;;535 X TV3), hybrids and their
reciprocal crosses was manifested pointedly high filament
length, 1,307 — 1,326 m, which exceeded the Super; X
Hessa, control hybrid significantly with 27 - 46 m (2.11 -
3.59%). In respect to filament weight and gilk ratio char-
acters, analogically to filament length character, all new
hybrids were demonstrated with 1.6 -3.6 cg (3.71 —
8.35%) and 0.35 — 1.55% (0.33 — 1.46 points) higher val-
ues. They were characterized with comparatively thinly
filament, 3.08 — 3.17 denier, compared with 3.04 denier
for the control.

Data for the main silkworm moth reproductive charac-
ters, that take part in productivity of silkworm eggs from
unit of seed cocoons put into grenage production form up
show that almost all new hybrids are characterized with
genetically determined values, smaller with 12 — 38 num-
ber and with 5 — 18 mg weight of normal eggs per lying,
compared to the Super; X Hessa, control hybrid (Table 5).
It was established, that when sex-limited were used as
female parent, these hybrids had with 15—~17 and 711
mg, respectively lower number and weight of normal eggs
per lying. Irrespective of this fact, newly evolved hybrids
of silkworm were characterized with comparative high
values of number and weight of normal eggs per lying,
567 —593 and 345 -—-364 mg, respectively. It was not
observed significant differences between tested hybrids
and control in connection to physiological waste (parched,
sterile, dried, etc. eggs) in lying.

According to Petkov (1995) silkworm productivity of
cocoons and raw silk are complex quantitative traits, that
integrate silkworm biological and cocoon and filament
technological characters. From the data in Table 6 it is evi-
dent that all new hybrids of silkworm were demonstrated

Number of normal Weight of normal eggs Physiological waste
Hybrids eggs per lying per lying (mg) in lying (%)
X" Sx =D X~ = Sx +D X~ = Sx =D
Super,; X Hessa, (Control) 605 + 10.5 363 +4.4 2.86 = 0.05
Tisia X TBVyq 569 £7.8 -3GHE* 347+4.2 -1oHEE 3.56+0.05 0.70%**
TBV204 X Tisp 586 +11.2 -19%* 358 £3.7 - 5% 3.49+0.04 0.63*%*
XTo1538 X TV3p 578 +99 Sk 355+33 - g 2.84 £ 0.06 -0.02
TV, X XTa1538 593 +£6.3 -12% 364 +4.1 1 2.63 £0.07 -0.23
XT38 X By 567 +£7.7 -3@Hk* 345+ 3.5 S 3.04 £0.05 0.18
Boss X XTy158 582+ 84 -23%* 354+29 -9 299 +0.04 0.13
GDatP=05 12 5 0.24
P=0.1 17 7 0.35
P =0.01 27 11 0.54

*Significant at 5%, **Significant at 1% and ***Significant at 0.1%.
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Table 6. Yield of cocoons and raw silk per 1 box of silkworms

Cocoon yield per 1 box (kg) Raw silk yield (kg)
Hybrids
X+ Sx +D X+ Sx +D

Super; X Hessa, (Control) 38.0 +0.60 6.62 +0.15
Tysa X TBV 04 41.0+1.01 2.90%#* 7.33£0.22 0.72%*
TBVy24 X Tis 432 +0.90 5.10%#* 7.78 £0.23 1.17%**
XTs1538 X TVap 423 +0.99 4.15%%* 7.61 +0.20 1.00%*
TV X XTyys/38 43.6 +0.78 5.49% %% 7.74+£0.18 1.12%%*
XT215i38 X B 39.3+091 1.20%* 6.92 £ 0.21 0.30
Bojg X XTz 518 40.5 £0.63 2.43%%% 7.04 £0.17 043
GD atP=0.5 0.59 0.47

P=0.1 0.75 0.70

P=0.01 135 1.08

*Significant at 5%, **Significant at 1% and ***Significant at 0.1%.

comparatively high yield of cocoons and raw silk per one
box of silkworms, 39.3 — 43.6 kg and 6.9 — 7.8 kg, respec-
tively, compared to 38.1 kg and 6.6 kg for the control.
Once again Tys X TBVas4, XTa1538 X TV3p hybrids and
their reciprocal crosses were manifested the highest val-
ues, which surpass the control Super; X Hessa, hybrid
with 29-5.5 kg (7.62-14.42%) and 0.7-1.17 kg
(10.84 — 17.61%), respectively.

Based on the performance of the hybrids at the labo-
ratory, these hybrids can be recommended for spring rear-
ing.
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