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Abstract: The genetic manifestation of hybrid vigor among newly developed
silkworm hybrid combinations over the parents was analyzed for the identification
of superior cross breeds. Ten homozygous inbred polyvoltine breeds as Lines viz.,
APMGI1, APMG2, APMG3., APMG4, APMWI, APMW2, APMW3, APMW4,
APMWS35 and APMW6 and three bivoltine breeds as Tester viz., APSE, AP512 and
APS45 were used for the study. Adopting the LinexTester method, thirty hybrid
combinations were prepared and reared at standard conditions. The data was
measured on the nine important genetic traits viz., fecundity, yield per 10,000 larvae,
pupation%, cocoon weight, shell weight, shell ratio%, filament length, reliability and
neatness%. The data was analyzed for their Mid Parent Heterosis (MPH) and
Better Parent Heterosis (BPH), six hybrid combinations viz., APMGIxAPSSE,
APMGIxAPS45, APMG3xAPS12, APMWIxAPSE, APMW2xAPSE and
APMW4=xAPS45 were shown as significant heterotic combinations over mid
parents for all the economical traits studied. The hybrid combination,
APMW2xAPS45 with seven traits and APMGIxAPSS, APMGIxAPSI12,
APMG3xAPS12, APMW IxAPSE and APMW 1 xAPSS exhibited positive heterosis
for six out of nine traits over better parent heterosis. Further, based on the
evaluation index the study sturdily demonstrate that two new hybrid combinations
viz., APMW1xAPS8(59.58) and APMG 1 xAPSS (58.68) were adjudicated as superior
heterotic hybrid combinations and recommended for large scale laboratory trial.

Key words: Silkworm, performance, mid parent heterosis, better parent heterosis,
evaluation index

INTRODUCTION

The silkworm, Bombyx mori L. 15 an important economic insect and also a tool to
convert mulberry leaf protein into silk. Industrial and commercial use of silk, the historical and
economic importance of production and its application in all over the world finely contributed
to the silkworm promotion as a powerful laboratory model for the basic research in biology
(Ramesh-Babu er al., 2009). The success of silkworm breeding depends on the ability of the
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breeder to assemble and recombine the genetic variability to isolate the potential combiner
from the genetic resource material based on the expression of the various qualitative and
quantitative traits over generations. In silkworm, majority of the characters that contribute
to the yield of silk are under the control of polygenic nature. Developing of potential hybrid
required for the field has become a very difficult task to silkworm breeders. In spite of
continuous efforts for the development of sericulture through various conventional silkworm
breeding programs; still there is a demand for productive superior hybrids to fulfill the needs
of sericulture industry. In consideration of the crop stability and adaptability to fluctuating
environmental conditions, development of productively and qualitatively superior cross
breed varieties is necessary,

The purpose of hybrid preparation is to produce a heterotic effect rather than to provide
genetic variation and also to provide the productive hybrid for commercial exploitation. In
the tropical countries like Indian sericulture, the hybrid comprises female of polyvoltine with
male of bivoltine are successfully exploited commercially as a cross breed. As a result, nearly
90% of the total silk produced is derived from the polyvoltine cross breeds
(polyvoltinexbivoltine) in India (Umadevi et al., 2005). In this context, some of the silkworm
breeders have made successful attempts in the identification of new productively superior
cross breed varieties (Datta, 1984:; Nagaraju er al., 1996; Rao er al., 2004; Lakshmi er al., 2008).
S0, there is an immediate need to identify productively superior silkworm hybrids for reliable
crops and for sustainability of sericulture industry in the country,

The various attempts were made earlier by the silkworm breeders in manifestation of
hybrid vigor by adopting the combining ability studies or LinexTester analysis methods
(Bhargava et al., 1993; Datta er al., 2001 Rao et al., 2004). The silkworm breeder has to give
due consideration on the performance of all quantitative and qualitative parameters of hybrid
combinations while evaluating the silkworm hybrids for its commercial exploitation. Keeping
the objectives in view, the present study was aimed to identify the potential cross breeds
(polyxbivolting) based on their performance, heterosis and evaluation index methods.

MATERIALS AND METHODS

Parental Silkworm Breeds

For the present study ten polyvoltine breeds as Line viz., APMGI1, APMG2, APMG3,
APMG4, APMWI, APMW2, APMW3, APMW4, APMWS, APMW®6 and three bivoltine
breeds as Tester viz., APSE, AP512 and APS45 were drawn and the experiment was carried
out during January, 2007 to February, 2008 in the Silkworm Breeding and Molecular Genetics
Laboratory, Andhra Pradesh State Sericulture Research and Development Institute
(APSSRDI), Hindupur, India. By crossing the polyvoltine female and bivoltine male parents,
thirty silkworm hybrid combinations were prepared. The mother moth examination for hybrid
as well as parental layings was carried out to confirm the pebrine free infection.

Silkworm Rearing

The disease free layings of parents and hybrid combinations were incubated in a well
disinfected rearing house after surface disinfection with the 2% formalin solution. After
hatching, the larvae were brushed on the freshly chopped mulberry leal and reared under
standard rearing conditions. The chawkie silkworm larvae (voung silkworm larvae up to 3rd
instar) were reared at the temperature of 26-28°C with a Relative Humidity (RH) of 85-90%.
After resuming from the 3rd moult, 300 larvae were retained in each bed with three
replications for all hybrid combinations and parental breeds. The late age rearing was
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maintained at 24-26°C with a relative humidity of 65-75% as suggested by Datta (1992). The
data pertaining to the nine important genetic traits viz.. fecundity, yield per 10,000 larvae,
pupation%, cocoon weight, shell weight, shell ratio%, filament length, reliability and
neatness% were pooled and analyzed to asses the hybrid performance. The analysis of
hybrid combinations was carried out on the mean values of parental breeds with their hybrid
combinations. The genetic manifestation of hybrid vigor was carried out as percentage of
increase among hybrid combinations (F,) over the mid parent and better parent performance
on the genetic traits with assistance of statistical analysis.

Statistical Methods Adopted for Hybrid Vigor Manifestation
Mid Parent Heterosis (MPH) and Better Parent Heterosis (BPH) are calibrated as per the
procedure adopted by Bhargava et al. (1993). The percent of MPH and BPH with respect to

a particular trait was calculated as below:
Mid parent heterosis (MPH) = 100 (A-B)/B
Better parent heterosis (BPH) = 100 (A-C)/C

Where:

A = Actual performance of the hybrid

B = Mean performance of the female and male parents
C = Performance of better parent

Multiple Evaluation Index

The promising hybrid combinations were identified based on the average values of
multiple Evaluation Index (EI) method (Mano er al., 1993). The hybrid combinations were
adjudicated as promising based on the average values obtained for the genetic traits on
multiple evaluation index values were calculated with the assistance of the following formula.

A-B 0450

Evaluationindex (Ely =

Where:

A = Value obtained for a trait for the hybrid
B = Overall mean of particular trait

C = Standard deviation

I )= Standard unit

30 = Fixed value

RESULTS AND DISCUSSION

Performance of the Polyvoltine (Line)

The rearing performance on the nine genetical traits for parental breeds pertaining to the
ten polyvoltine (Line) and three bivoltine (Tester), utilized for the development of superior
cross breed. Among the polyvoltine parents, highest fecundity (number of eggs per brood)
recorded for the APMWS (501) and lowest was in APMW2 (478) with the average of
489 eges per brood. The cocoon vield per 10,000 larvae by weight varied between 12.699 kg
(APMWG6) to 14.000 kg (APMW 3) with an average vield of 13.539 kg. The average pupation
rate recorded was 93.53% with the maximum of 95.33% (APMW 1) and minimum of 88.90%
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(APMW6). Average of 1.418 g was recorded for single cocoon weight with the highest of
1.445 ¢ (APMW3) and lowest of 1.395 ¢ (APMW4). With regard 1o shell weight, the average
was recorded 0.239 g with the maximum of 0.255 g (APMW3) and minimum of 0.228 ¢
(APMW ). Maximum filament length was recorded in APMW3 (825 mts.) and minimum in
APMW1 (711). The average reliability was observed 74.1% with the highest of 77% (APMG3)
and lowest of 71% (APMW ). Highest neatness was recorded in APMG4 (82%) and lowest
in APMW35 (70%) with an average of 77% (Table 1),

Performance of the Bivoltine (Tester)

Among the bivoltine testers, the highest fecundity was recorded in APS8 (511) and
lowest in APS45 (499). For the trait cocoon yield per 10,000 larvae by weight, ranged between
16.954 kg (APS45) to 17.854 kg (APS8) was revealed. The average pupation rate was recorded
87.17%. The highest single cocoon weight was recorded in APSH (1.885 g) followed by
APS12 (1.879 g) and AP545 (1.8653). With regard to shell weight, the average was recorded
(1,363 g with the maximum of 0.368 2 (APS12) and minimum of 0.358 g (APS45). Maximum
filament length in APS12 (904 mts.) and minimum in APS45 (886 mits.) was recorded. The
highest neatness in APSS (899%) and lowest in APS45 (87%) was disclosed (Table 1),

Performance of the Hybrid Combinations

The silkworm rearing performance on economical traits among new silkworm hybrid
combinations, number of eggs per brood ranged between 451 (APMG4xAPS12) to
S2HAPMG3xAPS45) with an average of 489 (Table 2). With regard to cocoon weight per
10,000 larvae by weight varied between 15.130 kg (APMG2xAPS12) to 19483 ke
(APMW2xAPS45). The pupation rate differs from 90.00 (APMW3ixAPSI12) to 95.84%
(APMWO6xAPS12) with an average of 93.89%. The highest single cocoon weight was
observed in APMW IxAPSSE (2.004 g) and lowest in APMG4xAPSS (1.645 g). Average shell
ratio was observed 18.95% with the highest of 20.37% in APMG4xAPS12 and lowest of
17.42% in APMG4xAPS45. The maximum filament length was observed in APMG3xAPS12
(978 mts.) and minimum in APMG2xAPSE (745 mts.).

Manifestation of Hybrid Vigor

Six hybrids viz., APMGIxAPSSE, APMG [ xAPS45, APMG3 xAPS12, APMW I xAPSH,
APMW2xAPSE and APMWd4xAPS45 were established as good heterotic combinations
with significant hybrid vigor over mid parents for all the economic characters studied.
High heterotic effect for fecundity (3.57%) was shown by APMG3xAPS45 followed by

Table 1: Mean rearing performance on the genetic traits for the lines and testers

Fecundity Yield/10.000 Pupation Cocoon  Shell Shell Filament Reliability Meatness

Breed (Mol larvae (kg) rate (%) weight (g) weight (g) ratio (%) length (mts) (%) [ )
Polyvoltine parents (Lines)

APMGI 4584 13,451 G400 |.421 0.244 17.17 721 74 78
APMG2 479 13.624 9 b |.434 0.240 16.74 745 75 80
APMG3 488 13412 44,00 408 0.241 17.12 212 77 17
APMGY 49 13,820 94,11 1412 0.239 |6.95 T6R 73 82
APMWI 495 13.025 Y5.33 1,399 0.228 1 6.30 711 71 80
APMW2 478 13,827 9400 |.439 0.237 16.47 7134 74 78
APMWS3 491 14.000 9200 |.445 0.255 17.65 825 T4 76
APMW4 483 13.854 95.00 1.395 0.235 1685 775 76 72
APMWS 501 13.680 93,50 |.405 0.229 16.30 7RI 75 T0
APMWG 490 12.699 HE.O0 1.423 0.241 16.94 820 72 13
Bivoltine parents ( Testers)

APSH 511 17.854 .00 |.885 0.362 19.20 HUS 84 89
APSI2 Sl 17025 a0 |.874 0.368 19.58 S04 Bl BH
APS4S 494 16,4954 w750 |.B65 0.358 19.20 HiO 83 BY
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Table 2: Mean rearing performance on the esenetic traits of new silkworm hvbrid combinations

Cocoon  Shell Shell Filament

Hybnd Fecundity  Yield/ 10,000 Pupation  weight weight ratio  length Relability  Neatness
combinations {No.) larvae (kg)  rate (%) (g} iz) o) (mits) i) 50)
APMG 1 =APSE 512 16.546 04,00 1.958 0377 1925 94 O1.00 a0
APMOGIxAPS12 474 17.4600 0413 1.843 (1L36% 200 933 Bd 30 Hh
APMG1 =APS45 497 18,630 03.50) 1.058 0360 1839  H70 87.10 L
APMG2=APSE 470 15,4440 L 110 1.710 i.325 1901 745 U500 H3
APMOZxAPS12 ARG 15, 130 LA 00 1.GRG (1,338 .01 G011 B0 RE
APMG2=APS45 441 I 5.680 04 31 1.5 0.362 18,15 T3% w700 Wi
APMOGIxAPSE 458 16.261 R ER ] 1.742 (1,342 [9.63 RER A0 ol
APMG3xAPS12 510 18.432 93.12 1.980 03700 1869 978 84,12 &7
APMOG3IxAPS4S 521 16407 0 33 1.765 (1.345 19.55 K25 BT.52 Hi
APMGd=APSE 463 15470 93.87 1.645 0,333 2024 936 89,17 &1
APMOG4=APS]2 451 15,841 L 41) 1.GED 344 2037 TES B.14 HE
APMGa=APS45 499 18,897 92,40 1,930 0,345 1742 796 B5.19 26
APMW 1 APSE 304 15 1%1] 035.33 2004 0389 1941 944 Bl O Hh
APMW [ APS12 487 170002 0413 1.840 (1.339 [8.42 930 BRT.52 77
APMW [ x APS45 495 17.691 0,40 1.368 0,358  19.16 955 800,00 Th
APMW 2 APSE 521 15201 0 03 1.910 (366 19.16 HE] B4.00 3
APMW 2xAPS12 501 17419 Q.40 1.850 0,338 1827 847 B7.65 76
APAMW I APS4S 48T 1483 EN 1.007 (1.371 1458 44 HH.51 75
APMW Ix APSSE 518 15,383 00,53 1.721 0,345 20,05  H65 89,00 T8
APMWIixAPS12 459 16, 1R L0000 1.710 0328 1918  H®12 B 30 ®l
APAMW I APS4S 476 17730 02 40 1. 860 (1,330 [5.23 H25 BA.20 =2
APMW4xAPSE 485 15374 9213 1.Gisld 03200 1905 935 ple. 20 fk
APMWaxAPS]2 Ay | 5.850 0300 1,780 (1,325 [5.17 G912 O1.12 L
APMW 4= APS435 492 19,400 93.58 1.857 0351 1890 H59 84.00 82
APMWIxAPSSE 405 16322 04 19 1.741 (1330 1595 EE] BT.15 BT
APMW 5= APS12 479 15,485 04,90 1.647 0300 1876 90l 85,41 Th
APAMW3IxAPS4S ARG 17.735 L KD 1.t (1350 1541 92] Bid2 T3
APMW6AxAPSSE 487 16,715 L, 00 1,792 0,340 1897 H59 B7.56 Lh
APMWoexAPS12 475 17 MM L5 E4 .75 0330 18546 914 LR bt
APAMWoxAPS4S Al 17470 05 40 1,830 (1,329 [7T.75 R34 W14 BT

APMW2xAPSSE (5.36). The significant hybrid vigor was found to exhibit in APMW2xAPS45
(26.59%) for the cocoon yield per 10,000 larvae followed by APMW4xAPS45 (25.94%),
APMG4xAPS545 (22.81%). Five hybrid combinations were found to exhibit negative heterosis
for yield. For the trait pupation, all the hybrid combinations showed positive heterosis with
maximum of 8.36% in APMW6xAPS12, followed by APMW6xAPS45 (8.16% ). Maximum
heterosis of 22.05% was observed for the single cocoon weight in APMW 1 xAPSE followed
by APMW2xAPS45 (22.08%). The highest of 31.86% for shell weight was observed in
APMW 1 xAPSSE followed by APMW2xAPS45 (24.71%) and in all the hybrids positive
heterosis was observed. Maximum of 19.60% heterosis was observed in APMW I xAP545 for
the filament length. With regard to rehiability maximum of 19.50% was observed in
APMG2xAPSE and for the neat ness maximum of 9.64% (APMG3xAPSE) heterosis was
observed over mid parent (Table 3).

The hybrid combination, APMW2xAPS45 was exhibited significant hybrid vigor over
better parent for seven out of nine characters studied (Table 4). Some of the hybrids viz.,
APMGIxAPSE, APMGIxAPS12, APMG3xAPS12, APMWIxAPSE and APMW I xAPSS
exhibited positive heterosis for 9 out of 9 traits over better parent heterosis. Maximum
significant hybrid vigor over better parent was found to be exhibit in APMG3xAPS45 (4.41%)
for the fecundity, yield per 10,000 larvae by weight in APMW2xAPS45 (14.92), pupation rate
in APMWoxAPSI2 (7.81), single cocoon weight in APMW2xAPS45 (7.08%), shell weight
in APMWI1xAPSS (7.46%), shell ratio in APMG4xAPSE (5.41%), filament length in
APMG3xAPS12 (8.19%), reliability in APMGZ2xAPSE (13.10%) and neatness in
APMG3xAPSS (2.25%).
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Table 3: Manifestation of hybrid vigor in the new hybrid combinations over the mid parent

Hybnd Yield/ 10,000 Pupation Cocoon Shell  Shell  Filament

combinations Fecundity  larvae rale weight  weight  ratio length Reliability  Mearness
APMGI=APSE 2.91 371 4.44 18.45 2442 587 1646 15.19 7.78
APMGI=APSI1Z 4.3 1458 RIS 11,82 2059 883 17.54 8.33 6l
APMGI=APS45 1.12 22.55 303 1917 19.60 1.12 B.28 9.56 6.67
APMGZ=APSE -5.05 -1.50 4.30 3.04 19 576 <915 19.50 (.59
APMG2xAPS1Z -(.81 -1.27 4.14 1.96  1L18 119 9.28 13.38 476
APMG2xAPS45 -1.64 22.18 .67 2095 21407 L.O0  -7.05 8. 75 2.99
APMG3=APSR -3.31 4.02 544 580 1343 811 4.4 6.83 9,64
APMG3xAP512 251 21.12 2.33 2047 21.51 .83 1399 3.81 5.43
APMG3=<AP545 3.537 8.65 194 185 1519 766  -283 .05 -2.44
APMG4xAPSE -804 -2.32 4.24 -0.21 1082 1206 1257 13.59 -3.26
APMG4=APS12 <1007 2.7 3.67 264 1334 1157 <600 341 3.53
APMUG4xAPS45 0.30 22.81 |.76 20,84 1558 -353 <375 7.84 1.78
APMW 1 =APSH .20 17,76 5.15 2205 3186 935 1756 10.97 2,08
APMWI=APSI2Z 2,79 13.16 2.69 1226 1376 269 17.65 14.41 -804
APMW | x APS45 -0.40 18.02 3.27 1446 2218 7.99  19.60 2,56 -8.71
APMW 2x APSE 5.36 14.90 548 1492 2220 743 B.16 7.54 2,10
APMW2xAPS512 1.73 1292 T4 11.51 11.74 1.35 342 12.37 -K.16
APMW2ZxAPS45 -0.31 20,549 4.32 20,88 24.71 418 174 11.33 -8.81
APMW 3= APSE 3.39 -3.42 1.72 336 1183 5.80 (.58 12.66 -5.45
APMWI3=APSI2  -8.02 4.17 OO 28% 530 34 600 13.54 -1.22
APMW3xAPS45 -3.84 14.56 2.95 1239 10060 -106 -3.57 4.65 0.61
APMWA4xAPSE -2.41 -3.03 |80 2.4 7.20 567 1198 .00 -1.86
APMW4axAPS12 .81 917 |64 0,24 79 -0.27 Bod 15.34 B.75
APMW4xAPS45 0.20 25.94 2.33 13.93 1838 4.89 343 4.33 il4
APMW3xAPSE -2.17 3.52 4.95 5.8 1168 6.78 5.13 9.62 9.43
APMWS=APSI2Z 496 .86 4.57 030 352 457 694 8.0 -3.80
APMWS=APS4S  -2.80 15.92 4.75 16,27 1925 374 10.50 4.28 -4 46
APMWExAPSE -2.70 0.42 749 8.34 1277 3.00 017 12.26 5.64
APMWExAPS12 -4.71 14.43 8.36 830 8.37 .07 .03 6.49 9.32
APMW O APS45 1.31 17.83 B.16 12.53 717 -1.56 .12 14.83 B.75

Tahle 4: Manifestation of hvbrid vizor in the new hyvbrid combinations over the better parent

Hybnid Yield/ 10,000 Pupation Cocoon  Shell  Shell  Filament

combinations Fecundity  larvae rate weight  weight  ratio  length  Relability Neatness
APMGIxAPSE 0.20 -7.33 (00 3.87 414 026 514 5.33 1.12
APMGI=APS12 -0.51 2.56 .14 -1.E1 0.27 2.12 .64 3.05 =227
APMG1=APS45 -0.40 050 -0.53 4.99 056 -422 -1.81 247 .15
APMG2ZxAPSE -8.02 -13.52 -1.36 928 1022 -1.03 -1676 13.10 -4.49
APMG2=APS12 -3.535 -11.13 059 1001 -85 218 -0.33 8.54 .04
APMG2=APS45 -3.61 10.18 -0.14 6.97 112 -547 -1445 2.35 -1.15
APMG3I=APSE -10.37 -8.92 (.96 -1.59 0 552 223 078 2.38 2.25
APMG3xAPS12 0.59 B.26 -(1.94 542 054 459 EI9 2.59 -L.14
APMG3=APS45 441 -2.70 (.35 5360 -3.63 l.LE3  -6.88 2,56 -B.05
APMG4=APSE -9.39 -13.35 026 <1273 -8.01 5.41 4.58 6.15 -8.949
APMG4xAPSIZ 1105 -6.95 .31 -10.11 -652 0 399 -1316 -2.27 0.0H)
APMGa=APS45 0.00 11.46 -1.82 6.17  -363 923 -10l6 0.22 -1.15
APMW [ APSE -1.37 1.83 .00 6,21 7.46 .08 547 2,38 -3.37
APMW [ xAPS12 -3.94 -0.14 -1.26 208 0 78R -5.93 5.00 673  -12.50
APMW | x AP545 .80 4.35 -(1L9% .16 .00 -0L16 179 -5.88 -12.64
APMW2xAPSE 1.96 1.4 .99 1.33 L1 022 -L56 1.14 -4.449
APMW2xAPS12 -1.18 2.31 043 -1.34 -85 671 <631 G.8% <1364
APMW 2x APS45 -2.40 14.92 071 108 363 -322 7.0 413 -13.79
APMW Ix APSE 1.37 -13.84 -1.60 270 470 439 335 595 -12.36
APMW 3<AFS12 -9.47 -5.08 217 .99 -10.87 206 -10.18 8.00 -7.95
APMW Ix AP545 -4.61 4.58 043 027 -531 -505 -6.88% 212 -5.75
APMW4xAPSR -5.09 -13.89 -3.02 -10.88  -11.60  -(.B2 4.47 2 86 -11.24
APMW4=APS12 -1.58 099 -2.11 479 -1168 724 (.88 11.12 -L.14
APMWA4xAPS45 -1.40 14.43 -1.49 043 -1% -1.5F 305 -1.18 -5.75
APMW3SxAPSE -3.13 -B.58 0.74 -T.64 -BB4 -1L30  -1.56 3.75 -2.25
APMWS=xAPS12 -5.52 -9.05 .50 -12.35 -1603 -420 -0.33 416 -13.64
APMW 5 APS45 -2.61 472 1.39 193 223 409 395 -1.B6 1379
APMWoOxAPSR -4.70 -6.38 5.74 493 608 -1.20 -4.02 424 -1.12
APMWoOxAPS12 -6.31 .11 7.81 484 -1033 576 .11 (.00 (LMD
APMWOxAPS45 0.40 3.4 1.31 080 -0 736 <361 6.03 (.(W
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Table 3: Evaluation index values on the genetic traits for the new hvbrid combinations

Hybnd Yield/ 10,000 Pupation Cocoon Shell  Shell  Filament Ave, EI
combinations Fecundity larvae rate weight  weight ratio  length  Reliability Neatness value
APMGI=APSE 6244 45.68 5083 6169 6686 5408 5960 63.53 6338 3K.08
APMGI=APSIZ 41,82 52.84 51.81 5173 6257 6421 6185 43.49 5531 539
APMG I =APS545 54310 62.01 4706  6le9 5774 4228 4817 51.51 59.34 53.79
APMG2=xAPSE 63 3701 3159 3984 S8BT 5070 2RAS 75,80 5329  46.11
APMGZ=APSIZ 4996 34.59 5838 3799 4594 o437 5306 57.36 59.34  51.23
APMOG2=APS45 45.62 62.4() 5317 6495 5882 3001 3014 51.20 5531 51.18
APMG3IxAPSE 3314 43.45 57.62 4265 4809 5922 5107 48.12 6539 4986
APMGIxAPSIZ  61.36 60,46 44.19 6362 6311 4637 6555 42,32 5733 56.03
APMG3=xAPS45 67.33 45.30 5332 4ok 4970 5805 40483 52.80 4321 50.59
APMGdxAPSE 35.86 37.25 49.85 3411 4326 6751 5879 57.89 4523 4795
APMG4=AP512 29.34 40.16 S3RS 3719 4906 6920 3449 30005 3934 4484
APMG4xAPS45 33,39 64,10 BTG 6362 4970 2921 3626 45.62 55.31 45.066
APMW [ = APSE 58.10 58.49 6087 6574 7330 5621 6008 48.12 55.31  59.58
APMWI1xAP512  4HE8 4925 5181 51.2% 4648 4280 6105 52.80 ITle 4906
APMW 1 xAPS45 5322 34.65 5385 5376 5667 5286 GLHS 29.62 35.14 018
APMW 2= APSE 67.33 58.63 5785 5746 o096 5283 4994 4491 53.29 5591
APMW2IxAPS12 50,48 52.52 5385 5217 45384 40071 4447 53.20 3514 4528
APMW2xAPS45 48,88 68,69 5589 6512 6364 4489 6072 55.85 3313 5520
APMW 3 APSE 63,71 3657 66 4080 4970 6484 4737 57.36 3918 47,35
APMW3xAPS12 3369 42,66 20066 3984 4058 5309 3H84 2601 4523 4117
APMWIxAPS4S 4291 54.96 38T6 5305 4648 40.10 4093 39.48 47.24 44,88
APMWAxAPSE 47,79 3650 673 09 3628 5127 5863 49 35 4119 43,88
APMW4xAPS]2 33.39 448.11 4329 4680 3R97 3930 5493 63,90 5733 4978
APMWaxAPS45 51,59 68.04 47.66 5279 5291 4928 4640 41.95 47.24  50.88
APMW3xAPSR 53.22 43.93 5227 4257 4165 5001 49494 51.66 5733 4917
APMWS=APS512 4454 37.37 5762 3428 3038 4738 536 46.30 3514 4291
APMWS=APS45 48,34 55,15 56,87 5666 5238 4262 5638 40.16 3313 4908
APMWOxAPSE 48 .88 47.01 5083 4706 4701 5026 4640 5242 59 34 4997
APMWExAPS12 4237 49,29 6471 4671 4165 4324 5525 3509 3934 4870
APMWExAPS45 3048 52492 6139 5217 4111 3410 4560 i), B8 37.33 51.33

Multiple Evaluation Index Values

With an objective for identification of the superior hybrid combinations based on
Evaluation index values were calculated for the each genetic trait and presented in the
Table 5. Among the hybrids evaluated, 13 combinations were scored more than 50 evaluation
index value (Table 6, Fig. 1). The top ranked hybrid combinations based on the average
evaluation index values viz., APMWIxAPSS (59.58) and APMGIxAPSE (58.68) were
identified for further study (Fig. 2, 3).

Heterosis, the function of various gene frequencies, over dominance observed to be
highly variable and basically it depends on the characters as well as parental strains utilized
in the hybridization programs (Falconer, 1988). Hybrid vigor is very important in silkworms
breeding (Toyvama, 1906; Harada, 1961) and it has been successtully uvtilized at commercial
level all over the world. Majority of the genetic traits under the control of polygenic nature
and influenced by environment in goats as revealed by Singh er al. (2009) and silkworm 15
not exceptional (Gokulamma and Reddy, 2005). In the present study, the hybrid vigor was
observed over Mid Parent Heterosis (MPH) and Better Parent Hetrerosis (BPH) in many
crosses involving polyvoltine x bivoltine breeds might be due to the complementary gene
action of the parents. Highest heterosis was observed for cocoon yield by weight (26.59%)
and shell weight (31.86%) revealed the magnitude of genetic diversity of the parental material
and the predominance of the complimentary type of gene action in the parents is in
conformity with the observations of Sengupta er al. (1971). Genetically, hybrid vigor is
manifested high in single cross hybrids as compared to three way and double cross
hybrids and results obtained was corroborate with the earlier studies of Watanabe (1961) and
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Table 6: Average El values of the hybrid combinations

Hybrid combinations Average evaluation index value Rank
APMW | xAPSE 59.58 |
APMGIxAPSE 58.68 2
APMG3=APS12 56.03 3
APMW I APSE a3.91 4
APMW 2 APS45 55.20 3
APMGI=APS12 53.96 £
APMGI=APS45 5379 7
APMWoxAPS45 51.33 8
APMG2=APS12 51.23 Y
APMG2xAPS45 5118 10
APMWdxAPS45 50.88 11
APMGI<AP5S45 50,59 12
APMW 1 xAPS45 50.18 13
APMWH=APSE 49.97 14
APMG3xAPSE 49 86 15
APMWdxAPS12 49.78 16
APMW S APSE 49.17 |7
APMW3SxAPS45 49.08 %
APMW 1=xAPS12 49,00 19
APMWoxAPS12 48.70 20
APMG4=APS45 48.66 21
APMWIxAPS12 48.28 22
APMG4=APSE 47.75 23
APMW 3xAPSH 47.35 24
APMG2=APSE 46.11 25
APMW ik APS545 44 B8 26
APMGd=APS12 44,84 27
APMWA=APSE 43,88 28
APMW3ixAPS512 4291 29
APMW3xAPS12 41.17 30

i1

Average evaluation index values
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Fig. 1: Evaluation of hybrid combinations

Yokoyama (1963). The present study clearly showed heterosis for many vield contributing
genetic characters but no single hybrid combination found to be positive heterosis for all the
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Fig. 3: Silkworm larvae and cocoons of APMGI1xAPSHE hybrid combination

economical traits are in agreement with the observations of Datta ef al. (2001). The high
degree of heterosis in specific crosses for some characters in this study may be due to
additive gene effects (Udupa and Gowda, 1988; Rao et al., 2004, 2006). Expression of
hybrid vigor was very high in some economic characters like cocoon yield, cocoon
weight and shell weight. In the present observation, thirteen hybrid combinations
manifested heterosis over mid parent for fecundity. Majority of the hybrid combinations
were manifested positive heterosis over the mid and better parent for cocoon yield,
cocoon weight and shell weight (Table 3 and 4). Further, it is corroborate with the earlier
studies for the evalvation and identification of prospective polyvoltinexbivoltine
hybrids/cross breeds (Singh et al., 1998, 2000 Rao et al., 2004; Umadevi et al., 2005;
Ramesha et al., 2008).

In the present study of silkworm hybrid evaluation, we targeted certain quantitative as
well as qualitative traits that contribute to the better performance of the breed/hybrids. Based
on the expression of heterosis over miud parent and better parent for different important
economical characters, they could be utilized for improvement of specific characters in
specific hybridization programs.

CONCLUSION

Among the newly developed thirty silkworm hybrid combinations evaluated in the
present study, two hybrids viz., APMWIxAPSS and APMGI=xAPSE were adjudicated as
superior heterotic hybrid combinations based on genetic manifestation of hybrid vigor
studies and average multiple evaluation index values. These hybrid combinations are
recommended for large scale laboratory trials and further for commercial exploitation at the
farmer’s level.
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ANNEX

Sysematic classification of domesticated silkworm, Bomibnx mori L.
Domain/Kingdom Animalia
Sub domain : Eukarvota
Infra domain : Metazoan
Phylum : Arthropoda
Sub-phylum : Hexapoda
Class : Insacia
Sub-class : Plerygota
Order : Lepidoptera
Sub-order : Glossata
Infra order . Dhitry=ia
Super family : Bombveoidea
Family : Bombyeidae
Genus : Bombyx
Species : o
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