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ABSTRACT: The combining ability studies of the ten newly developed bivoltine silkworm breeds five each of oval
and peanut tolerant to BmNPV which are genetically divergent and their F; and RF; hybrids were utilized in complete
diallel cross technique. The parental lines and their hybrids over twelve economic traits were subjected to ANOVA and
general combining ability of parents and specific combining ability, heterosis and over-dominance of hybrids were
studied. Superior hybrid combinations were identified based on their merit of multiple trait evaluation index values of
the twelve economic traits.
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INTRODUCTION

Combing ability has been extensively studied in plants/animals to identify the promising parents and hybrids for
designing and formulating efficient breeding plans [1]. The advent of biometrical genetics made it possible for
identification of several silkworm hybrids by employing the methods of “Diallel cross technique” and “Line x Tester”
analysis for meticulous understanding of the mechanism of heterosis, over dominance, general and specific combining
abilities. The diallel cross system is one of the best approaches for the study of combining ability in bivoltine silkworm
[2]. In this study the combining ability and heterosis was studied involving the newly evolved 10 lines tolerant to
BmNPV (5 each of oval and peanut) for identifying the promising hybrid combinations by employing full diallel cross
system (10 x 10).

MATERIALS AND METHODS

Five each of bivoltine oval and peanut lines viz., BNR1, BNR3, BNR5, BNR7 and BNR9 and BNR2, BNR4, BNRG6,
BNR8 and BNR10 twenty five hybrids were utilized to study general combining ability effects, specific combining
ability effects, heterosis and over dominance. All the hybrids and their parents were reared in three replications with 300
freshly moult out I11 instar larvae and reared up to spinning. The data pertaining to twelve economic traits were recorded
and analyzed by the standard statistical procedure of Diallel analysis [2] and multiple trait evaluation index method.
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RESULTS AND DISCUSSION

Mean data on the performance pertaining to twelve quantitative traits of ten parental breeds and their hybrids are
presented in Tables 1 and 2 respectively. The evaluation index value is given in Tables 3. The details of gca effects and
results of analysis of variance are presented in Table 4 and 5. Similarly, the results of analysis of variance of gca and sca
of hybrids are presented in Table 6. The data regarding specific combining ability, heterosis and over dominance are
presented in Tables 7, 8 and 9.

Table 1. Mean performance of parental lines

Yield /10,000 Fila-

Fecun- L Furvival | Cocoon Shell Shell Raw . Meat-
Breed | dity Rate  |Weight | Weight | Ratio | ™™ | "o | g | % | yess
Lengih a
) | | o0 @ | © [0 5 " e | P e
(kg)

ENE1 S0z 279 1466 53.13 1.545 0333 21 .85 751 a4 1551 237 a9

BWR3 530 2619 1463 5290 1.533 0332 21 63 44 i 1497 228 ]

ENES 426 2714 1324 5214 1.519 0313 7 fizd 624 1405 .39 |
BWRT 490 2578 1376 2113 1.511 0329 2174 TE5 700 1523 238 oa

ENED 07 avad 1451 5336 1.583 0343 219 213 42 15259 237 20

ENEZ 217 ard3 15.05 2366 1.564 0.333 2129 T2 B 1542 227 28

ENE4 487 2423 1439 5193 1.528 0320 2096 a7l 812 15364 229 28

ENEA e 2403 14.15 2130 1.517 0.332 2191 636 585 16.12 238 o0

BWRE 428 aaa0 14.28 8314 1.453 0328 2195 723 659 1564 235 ]

BNE10 477 2780 16.30 3430 1677 0342 2038 749 B52 1530 234 o0
Avg 501 BAG0 14.60 E2.70 1.545 0331 21 .41 T30 B0 1544 234 o0
CV (%) 348 185 505 1.25 332 2.0 280 679 692 375 1.90 10
HEFL: Hon-breakable filament length, &Avg Average, CV: Coefficient of variation

Fecundity: The trait varied from a low of 477 eggs/laying in BNR10 to the highest of 530 eggs/laying in BNR3 shows
the diverse genetic constitution of the evolved lines. Among the hybrid combinations viz., BNR1 x BNR6 (532
eggs/laying) followed by BNR9 x BNR4 (521 eggs / laying) established their superiority over others. The higher
fecundity observed in the new hybrids suggest the superiority of the hybrids over the pure lines and are in agreement
with that of [3]. The results of gca showed non —significant values for three breeds and highly significant (p<0.01)
values for two lines namely BNR3 (11.248) and BNR6 (21.081). Likewise, except for four hybrids, non-significant
values for sca were recorded for most of the hybrids. Further, highly significant (p<0.01) heterosis observed for five
hybrids. Lower magnitude of over dominance was observed that ranged from 8.75 % (BNR9 x BNR10) to 11.31 %
(BNR1 x BNRS).

Cocoon yield per 10,000 larvae by number: Five lines viz., BNR9, BNR1, BNR10, BNR2 and BNR5 were found to
exhibit higher mean values than the overall average (8669) value reflecting their genetic endowment which is in
conformity with the findings of [4 and 5]. Among the hybrids combinations it varied to a greater extent with a minimum
of 7378 (BNR5 x BNR2) to a maximum of 9851 (BNR9 x BNR4). The results indicated highly significant (P<0.01)
positive gca effects in BNR6 and BNR3. The highly significant (P<0.01) sca was revealed in seven hybrid
combinations. Seven hybrid combinations exhibited significant (P<0.05) and three highly significant (P<0.01) positive
heterosis. With regard to over dominance, ten hybrids exhibited non-significant positive values. Wide range of heterosis
and over dominance that was observed has established the superiority of the new combinations and is in agreement with
the findings of [3, 5, 6, 7, 8, 9, and10].

Cocoon yield per 10,000 larvae by weight: The results indicated positive gca effects for ten parental lines while only
one line (BNR®6) revealed highly significant (p<0.01) positive value for gca. The highly significant (p<0.01) sca effect
observed in three hybrids revealed superiority for sca. Significant (p<0.05) and highly significant (p<0.01) variations
were observed for heterosis and over dominance for majority of the hybrids that reflect their genetic diversity. Wide
range of heterosis and over dominance observed establish the superiority of the new combinations and is in support of
the findings of [3, 4, 6, 7, 8, 9, 11 and 12]. The high estimates of sca variance compared to gca variance for the trait is
suggestive of the role of non-additive gene action as observed by [13].
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Table 2. Mean performance of new hybrid combinations (oval x peanut)

Yield /10,000 _ il

s | | [ [t |2 [, [t ]
o) | MNo. ;::; ) | @ | @ | RN ™ e | @ g

BEWE] X BNE2 517 Sy 1a30 o 15204 05535 21890 o 553 1207 2508 o
BEWE] X ENE4 445 Qo5 1514 LT 1770 0317 1200 231 710 17.10 253 i)
EWE] X ENEA 592 G 1744 o343 15900 0588 243 1081 Qla 1831 237 91
EWE] X ENER 431 fasay 1398 Bl.38 1740 0371 2137 a3 AR 1728 231 i)
BEWE] X BENE1Ol 432 = 1T 1318 HLES 1 544 0310 213 faiun} RS 1728 225 i)
BWE3 X BNE2 54 erein| 1737 Q5 553 1852 0585 1971 a2l ol 15,19 208 o0
BWE3 X BENE4 45 ey 14 08 o 1772 0308 1842 15 ARl 1704 230 o0
BWE3 X ENEA 437 Qs 1734 9150 1587 05535 281 10 e 1271 237 o
BWE3 X BENER 59 ST 1715 o347 18270 053 2103 1018 = 1844 2535 o
BWE3 X BNE1Ol 480 b N 14 43 Ba.47 1752 0.=30 1903 20 gl 1883 2.7 ]
BWES X BNE2 4445 FEry 1115 T1.83 1753 0312 1213 e o3 i 1720 224 o0
BWES X BENE4 47 o3 1409 o050 1583 0.z88 1208 et AR 1520 2.7 ]
ENES X BHNES 430 o3 1778 .20 1504 0.400 2104 el 57 13.22 235 o
ENES X BHNER 441 o2 1538 ot 1263 0313 15674 Bl5 fisla) 1500 2.28 b
ENMES X BHNE1O| 444 012 12 A0 21,50 1424 0301 13 57 BAl T35 18.64 2.24 b
ENMEY ¥ BHNE2 483 Q5A2 1715 91,50 1500 0403 2124 931 it 18.26 2.3 o3
ENMEY ¥ BHNE4 458 a3 1411 91,50 170 0.358 MBI oyl 4 17.10 2.9 ]
ENMEY X BHNEA 434 i 1630 91,50 1245 0375 A34 1031 B0 177 235 o2
ENMEY X BHNER 445 8175 1412 91,50 1860 0.320 M52 5El 753 17.27 2.4 ]
EWMEY X BNELO| 481 TeAq 15351 91,50 1790 0.353 A05 548 T24 15.11 2.5 b
ENES X BNE2 4685 okt 14 38 91,50 1598 0347 A58 953 14 1747 2.28 1]
ENES X BNE4 521 SEs1 1827 o927 1931 0.400 M72 1047 s 13.99 257 a1
ENES X BNEA 447 mRO7 1428 91,50 177 0309 1740 55 T3l 1478 230 1]
ENES X BHES 455 M3 1755 91.50 1975 0.338 204 1073 o2l 13.20 239 91
ENES X BHE1O| 514 43 1771 91.50 1334 0.378 19 35 1109 7 13.57 238 o2
bz 4683 = 1 1541 = e 1785 0.355 1959 913 Ta1 1731 231 1
CV ) A3 T30 1283 572 AAS 1077 /.52 11 79 11.81 f33 2.14 2

NEFL: Honb makable fllanent kngth, Ave: Avermge, D5 tandanr deviaton, CV: Coefficient of variaton

Pupation rate: The estimation of gca revealed highly significant (p<0.01) positive values for three parental lines viz.,
BNR3, BNR6 and BNR8. Four hybrids viz., BNR7 x BNR2 (4.231), BNR7 x BNR6 (3.435), BNR9 x BNR4 (3.232)
and BNR9 x BNR10 (4.221) were found to exhibit highly significant (p<0.01) sca effect indicate their superiority.
Positive heterosis and over dominance values observed for the trait indicate the genetic diversity among which the
combinations viz., BNR7 x BNR8 (18.35 %), BNR9 x BNR6 (9.27 %) for heterosis and BNR5 x BNR6 (4.32 %),
BNR9 x BNR4 (4.09%) and BNR9 x BNR10 (4.30 %) for over dominance reflect their superiority and support the
findings of [9 and14].

Cocoon weight: Most of the hybrids recorded higher values for the trait compared to their parents which are in
conformity with [5, 8, 11, 12, 15, 16, 17, 18, and 19]. Four hybrids recorded highly significant (p<0.01) differences
suggesting their superiority and operation of both additive and non-additive gene action which are in agreement with the
findings of [20-23]. Highly significant (p<0.01) values for heterosis in fifteen hybrids and over dominance in ten
hybrids indicate the superiority of the hybrids over the others. The magnitude of heterosis exhibited by the different
hybrids could be either due to the additive gene action or dominant hypothesis as observed by [24-27].
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Table 3. Evaluation Index of new hybrid combinations (oval x peanut)

Yield 110,000
Combinath Fecun: Larvae Burviral | Cocoom | Shell | Shell NEFL Eav Deni Meat | Avg
dity Rate |WAkight |Weight | Ratio 5ilk ness E
Mo | Wi Length

BHE2 gad | MBS | 5570 | AlAS &040 S0 | 5552 |54 | SAR0 | AL | 764 | SRER
ENE4 4280 | 5757 (488 | Ml | 404 4000 45315 | 4254 4238 | 48059 | 15 | 3205 | 48007
EWES RS | AT (8040 | SR | S9AD i) M5 | 8387 | ®s2 | 5812 | A3l | 52ES | ADIE
EWE=R oA RS (4248 | 32| 4815 Mle alds | 3Bye IS8R0 | 4972 | 4985 | 305 | 442%
BEWEIO [ 3831 | 50053 |35 | 4524 | 22955 | 5188 | SR4A0 (3953 | 4575 | STR1 [ 3T | 4149
BHE2 a0 | Al14 | 80e | ADZY [ 5551 5248 4580 | 4157 (4131 | 3/ | SRET | 4759 | S0eR
ENE4 4791 | 4B02 | 4308 | 4285 | 4037 3eT AR | SR0E | 309 | 4751 | 4755 [ 4752 | 45
EWES G = T R T (=0 N i O - B0 5787 | B0ET [ E057 | B0 | A249 | BT84 | 5B3A
EWE=R G257 | ABE2 [ sM | sls | 5T0E 5254 S58B4 | SRED | SRAD | EDZY | S | E7ed | SRR
EWEIO [ 4705 | 4633 | 4497 | 4088 | 4544 45359 43535 | 4151 (4125 | 4575 | 4289 [ 4484 | 4575
BHE2 4278 | MM [ 2R | 158 | 309 RE 44ls | 420G (4155 [ 485959 | 3546 [ 4727 | 3110
BHE4 |5l | MEl [ 432 | 5119 | 3335 2 3G | BED [ 38EF | 3[ES | 4289 [ 4299 | 4106
EWES 540 | e [ ale? | 575R | 590 £l SREY | 552 [R50 | S8 | 5V | R0 | SRHM
EWE=R 4118 | 4510 [ 4987 | /15 | %8585 e 2575 | 4006 (4082 | ZBEE | 4424 [ 3271 | 4054
BWEIO [ 4215 | 3889 | 3557 | 5312 | 383 ] FRE2 | 4514 [ 4504 | 4581 | 5000 | 3RER | 4052
BHE2 S50 | 5TEF [ 5855 | 5512 | S Bl 52 B047 | 5750 [ 5706 | S5AS | Sed0 [ 8435 | B
ENE4 4579 | 4818 [ 4332 | 5512 | 4289 005 502 4lA2 (4159 | 4505 | 4580 | 4385 | 4885
EWES 5ren | 5157 | 5 | 5512 | MM 508 5548 | eBlO2 | &08R | M8 | 50 | 5814 | SEeD
EWE=R 4257 | S6El | 43F | 5512 | s ) MEd | 4859 [ 4emd | 4982 | 4l [ 4135 | 4750
EWEIO | 4748 | 3187 | 404 | 5312 | 5030 4955 5122 | 4391 [ 4385 | 3|EE | 5343 [ 4188 | 4380
BHE2 4871 | 4584 | M | 5512 | 4240 4752 5552 | 534 [ 5352 | 5142 | 44 | 482 | 48R
ENE4 gl | A2l | &0 | BlSR | RIS Bl 88 541 | 25 | 235 | e85 | 249 | 505 | Al
EWES 4509 | 4357 | 18 | 5512 | 4938 CFLe) 30 | A [ 4455 | 84| 4830 | 4528 | 4271
EWE=R 4548 | w09 | 8057 | 5512 | eel E0ES 5114 | 855 [ 8519 | 5810 | e | 5515 | 58
EME? X BNEIO [ 8559 l 511 | AlES | 5312 ) =T 5542 5055 | &B55 | 6785 | Bl51 | ST | SAld | aRdl
Aoz EL Average Fvahiation Index I

&
PO W | [ b b b | b | b b [ R ke [ b f ke [ ke B[] A

Table 4. General combining ability of parental lines

Yiel 10,000 . ) Fila-
Breed Fjl:vm = Wit P]ll{'; ::m \Eu:;]oln \::;:u ;:ﬂ qu:;:h N;F}L 1‘:{;‘Til?i D::ll:ﬂ P:::: _
{No.) No. {kg; () (@ e (%) fm) (%) @
ENER1 5215 | 90368 00T | 0R&2 | -0031*% [ 0004 | 0600 | 503 | 8140 | -016 0004 | 0229

EWNRS 11248+ pr3gags 0228 | 2307 | 0034* | 0001 | Od8e* |-30279* | 2365 003 0002 | 04414
ENES L4061 43T -0852%* [ 0424 0061 | 0015 | -0153 |30 26T | 0270 0008+ -0.101
ENET 264 | 12109 0034 g2e2 | -0011 | 0005 | -0175 | -1128  |-19.073% -0087 | -0008 *| 0379
BNERY S7R54% 1-143533 09 (224 0015 ) 0002 | -0268 | -804 | 10273 | 0135 0.003 0202
ElVR2 54| 55953 D240 0819 0013 [ 000r+ | 0217 | 18076 | 7.404 0041 000 | -0281*
B R4 3351 SR04 028G -1.08S 0062 | 0005 | -0440% | 24758 | -1220 | 0117 | -0009* 0315*
B RS 2L081 R123SG 0011+ | 3158 (D045 | 0007 | -015 | 47055 [ 1323 | 0251 0.007* | -0215
EIRS 553 |-315448 0083 | 343400 | 0035 | 0007 | -0031 3288 | 15880+ | 0.191* | 0011*F| -0085
EWEID | -16085*++| -1192  -018 0330 | -0032* [-0007 | -0077 | 2286 [ 10427 025+ 0002 | -0001

* Sigrificart (< 0.05), ** Sigrifeant (p< 0.01)
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Table 5. Analysis of variance for parental lines and hybrids

Yield 10,000 _ h
Sowve | F:‘;‘ Larvae P‘;’:" ‘E:e:;": Shel ::: memt | WEFL ];‘;c“' Denier | T
_— “rﬂ-glt Es:
Vartion @) | o :ii vy | @ | @ | o6 L‘w"’}"‘ ™ ey | P g
£

Bepkates 2 2354984 % | 1792735 | T162* | 13264 [ 0.004 0,000 n942  [2213.65% [ 136015 * | 0.193 nooz* | 0.172

Treaterents M| ANV TIILATIHE QRIS |106314%* (0.064* [ 0004** | 908+  RIIRATHE1RG006 *| 2871+ | 0003 = [ 5343+

Paterds 9 L1348+ 3123 A4+ GO41we | S8 130 0072+ | DN04*F | 3522%F  BO2L05*F| 230463+ 3006+ 0006 *=+ [ 3030 **
Hytids 44 2TE65A5HMBADZ 1004 andeE 118471 |0064HE | D004 [ 5044 ROA2SEHE|IT05ES | 2443 %) D004 * | 8 aaT
Paret . 1 1410385+ 3345520 | 7362+ 4 984 0000 0000 N228 1827107 (107 57 | 3788+ Q025 = [ 27130 *H4
VeHtrids

Fl's 44 2664 933 MBALLRO0 ) G370+ | 112191 * [ 0037 * [ 0004 **| §.164 ** 173092 #| 137816 #1| 2465 % 0005 *#| 5353+

Beegrocals | 44 2631551 TIT05.04 | TO42 R G059 D067 *={ D.004* ) J4R0 *=*+ | 2842 92 = 207067 *| 2740 *| 0003 * | 6329 *+*

fl I_,r‘; 1 162129049 38545 24.105%9 FT082% | 0080 %[ 0.003* | 45362+ 942 fi3.693 6418 *+| 0002 123393 #
Becyprocals

Esvor 198 4821714 | 1372 1345 11.066 nn 0.000 142 49316 | 3376108 | 0477 0001 1.061
Total 299 1281890 [ 252351 3308 21888 [ 0029 0002 2699 1164 87 | G408 668 | 1.268 0002 3466

*Sidiant. (< 005 ** Sigudiart (p< 001)

Table 6. “ANOVA’ of gca, sca and reciprocal effect for economic characters

Vel (10,000 Fih-
Soumce Feoun Lamvae Pupation | Cocoon | Shell | Shell wen | NBEL Raw Dexiex Neat
of DF ity - Rak | Weiglt |Weiglt | Rato Legth | (m) Silk i) 1ess
Vartaton {No.) Ne. {]\g".r (%) (=) () %) () ) (%) ) ]
A g 14560+ BEIRT 108 | 2300k  AT7Ew \Q019%* (0001% | 1312% [RIS.ITA OO0+ [ DET8* | (001*( 1496
k] 45 | TER0000 P0eod e | 2502 TR0 (002 (0000 | 2100% (00 533 RG34 % | 0524 Q002* 1510*

Recprocal | 45 (1562324%4IRA3E0* (2002¢* 2325 (Q019** |0001* [ 1200% (405 204%* 1151.520% | 1046 0001 *) 3509 %4

Ermr 19 | 165622 |B3133% | 0528 500% 0003 0000 | 0462 | 1584227 11253% | 0,150 0 0.354
Jra VAretee 107256 | 188115 | 015 s (00014 | 0000 ) 0071 | 51925 | 14727 | 0028 0 0.057
SCA Varmre 593470 1837421 | 1TM | 27956 | Q0188 | 0001 1636 [ 5725706 (448924 | 035 | 0002 1.557
Predrte-

018073 | 011452 [O08TT (012601 (007299 (002 (0043 | 009080 | 0082 | 00 oo2 0.037

ity Bato
* 8 grificant (p< 0.05) ** Signifcart (p< 001)

Shell weight: The estimation of gca revealed significantly (p<0.01) higher values for three breeds viz., BNR2, BNR6
and BNRS8 (0.007). Nine hybrids were found to exhibit highly significant (p<0.01) sca. The higher values for sca and
reciprocal effects observed in the new hybrids can be ascribed to additive gene action and support the findings of [11,
27, 28, 29]. Highly significant (p<0.01) values were observed for thirteen and eight hybrids for heterosis and over
dominance respectively. These findings are in conformity with [11, 15 and 17].

Cocoon shell ratio: The significant (p<0.05) gca effects recorded for the trait for two lines with values that ranged from
0.609 (BNR1) to 0.466 (BNR3) indicate that they are good general combiners. The sca estimated revealed a wide range
of values ranging from the lowest significant (p<0.05) value of 0.398 (BNR9 x BNR2) to highest significant (p<0.01)
value of 0.958 (BNR3 x BNRS8). Operation of non-additive gene action is ascribed to the trait as higher sca was
observed than gca which is in conformity with the observations made by [13, 30, 31 and 32] and in contrary to the
findings of [33, 34, 35 and 36].
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Table 7. Specific combining ability effects of oval x peanut combinations

Yield /10,000 Fila

e il e e e A A e

‘ G | v | Mo @ | @ o) M e | P e

EMNE]1 H EBHNE! |2l.662% 11583 0747 1.04a 0.005 onos 0096 39027 4148 A0.538 0nle -0rs
ENEl X ENE4 |[-12.116 143.303% | 0200 1396 0.055 -0.004 | -0.959 D L e U P 0053 [1.458 %+
EME] X EHNEs [51496G%+ | 2007365 24040 (] 332 02600k 10 Q40w |0 535 [IOTATTH | 3252 |0478# | 0003 | -1312
ENEl X ENEE |-22.032 454 143 -1.341 -4 448 0.006 ooz onaz S100T1 |21 5489 | 006 0022 [0 B2
ENEl1 = EBEWEIO | -45204 -5.54T -0.416 0.091 -00z0 -0.017 -0.714 AT 461 A0171 | 04le* -0011 =105
EMES X BHEZ | -4238 264 28T el 0197 2.738% [ -0051 -0.033 -1.278 -36.17T -B5E3 .453 0012 | -0md2
EMES X EHNE4 | -6682 -334 530 -0.447 23311 -0oog -0.029 -1.608 -18.302 5816 0.819 oo1a | -0m
EMES X EBEHNEF |-16.016 -16.03 1217% | 03541 0.153% (0027w | 03589 24 5240 15 fEQ 10,400 -0)a01 0,258
ENES X ENEE | -7754 2747 0.102 -0.022 0.046 0.025% |00554 [ 22742 S3oADS -025 -01=E1 0261
ENES X ENEIO |-13.749 -213.018 -0.081 -2011 0102+ onaz 0,873 -A0.759 -13.27 0.0 S0001 0545
ENE5 ¥ EWEZ g -7T78.522 -0.575 -7.15% 0.040 0002 | 0666 26 058 7508 |0E0s | 0008 | -0182
ENES HE EBEHNE4 |-20.099 av.802 -1.224 0n.ra7 0137+ 0041 | -1.019 54 449 0.257 0852 001 | -0Fe
EMES X EHNES 11179 24T S4gvek ] 355 [ 3 4]11% 0.055 0.015% | 0225 32305 21143 .58 -0141 0315
EMES X EHNER 14 273 -157.129 1.104 -144 01724 | 0004 22,218 -44 151 21.451 0359 0021 -0
EMES X BHEID |-25.666 -255.007 -0.528 -3ATE -00ze -0.014 -0.393 -12.864 | 11437+ | 0015 000G -0562
EMET X EHNE2 | -5332 | 334015%%) 1203w |4 23] sk |0 ]70us (00438 104130+ (100215% | 11771 #* [ 0112 002l | -0Es
BEME? E EHNE4 |-28.554 -336 428 0.ar -3.868 0.062 0.025% |0Ag9n | 10103 PRt 0.101 -0017 | -14%
EMET ¥ BHEES [|43233#% ) 237427%% 0172 | 3435 | 0074 -0.028 -0.705 56248 -aEd] | 103 0012 |1.771 **
BEME? E EHNEE |-18.2393 430914 -0.426 -5.807 0.033 0ol -0.303 -15.474 52900 0.5 -0s | -1
ENE? X ENEID [ 2.546 -538.079 ona7 -7.8096 onas® | 0024% [ 0428% T.313 32406 .855 0 -0
ENE? X ENEZ |[-21.499 =334 215 -0z1 -5.135 0.005 onog 0.zoaw 10045 546 1.555 0040 | 0448+
EME2 X EHNEd4 ([33.279% | 2008734 2030vek [ 3 230k |0 2000 (0 047k | 0018|127 A0¢ | 21375 0338 Qoo -07745
ENE® X ENEs |-+46.777 -390 559 -021 -5.384 -0041 -0.01e | -0.ETT 04 228 2307 .181 00E -0
EMES X EHNER 104 97301 -1.028 1.420 -0.103% | -0.044 -1.458 -46. 923 S5A.5ES .447 002 | -0
EMES X BMNELD |53870#%] 2507311%% 10404k | 4 23] | [ ]115% 0.021% | 0213  [Q16.039% | 19 R57+ | 035348 * 0o -0

MEFL= Honbmeakabk filavent kngth; * Spmificant (p= 0051, ** Sgnfeart (p= 0010

Filament length: The significant (p<0.05 to p<0.01) variations for this trait was observed for eleven hybrids for
heterosis with values ranging from 12.08 % (BNR9 x BNRS8) and 26.47 % (BNR7 x BNR6) and over dominance for six
hybrids ranging from 11.69 % (BNR3 x BNR6 ) to 20.78 % (BNR7 x BNRG6) showing their superiority. These results
are in conformity with the findings of [11 and 24]. As gca is greater than sca for the trait, additive gene action was
predominant for the trait as observed by [33, 34 and 35] and in contrary to [37 and 38] who reported the operation of
non-additive gene action. The difference in the observations could be attributed to the genetic makeup of the new
genotypes involved.

Non-breakable filament length: Highly significant variations (p<0.01) observed for gca, sca and reciprocal effects
among the hybrids can be attributed to their genetic variability. The estimation of gca revealed significant (p<0.05)
value for the breed BNR8 (15.889). The higher values for sca observed in the new hybrids can be ascribed to additive
gene action. With regard to the heterosis and over dominance, highly significant (p<0.01) values were observed for two
and five hybrids respectively.
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Table 8. Heterosis in oval x peanut combinations
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Raw silk recovery percentage: The raw silk recovery percentage varied among the newly evolved lines with highly
significant (p<0.01) variations observed in BNR10 (0.254) suggesting its superiority compared to other lines. Non-
additive gene action was found to be in operation for the trait as evidenced from greater sca compared to gca and
corroborate with the findings of [13 and 39]. High heterosis was recorded for raw silk percentage in bivoltine hybrids
as observed by [40]. The highly significant (p<0.01) variation observed for five hybrids for heterosis with values
ranging from 11.96 % (BNR5 x BNRG) to 18.01 % (BNR5 x BNR8) establish their superiority over other combinations.
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Table 9. Over-dominance in oval x peanut combinations
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Denier: The mean values for the trait denier in the parental lines exhibited variability to a greater extent ranging from a
maximum of 2.39 (BNR5) to minimum of 2.27 (BNR2). Out of ten parental lines, seven lines viz., BNR5, BNR?7,
BNR6, BNR9, BNR1land BNR8 were found to exhibit higher mean values than the (2.34) overall mean. Highly
significant (p<0.01) variations were observed between the treatments, parents, hybrids, parents vs hybrids and F;’s,
while the variations were found to be significant among the replications. Similarly gca, sca and reciprocal effects for
this trait were found to reveal highly significant (p<0.01) variations whereas nine hybrids were found to exhibit non-
significant sca effect. Six hybrids were found to exhibit highly significant (p<0.01) heterosis values while the hybrids
revealed significant values (p<0.05) for over dominance.

Neatness: The trait neatness showed lesser variations in the pure lines and the hybrids recorded wider variations for the
trait which ranged from 88 p to 91 p is suggestive of their genetic constitution variation. The estimation of gca revealed
significantly (p<0.01) higher values for three breeds. Four hybrids were found to exhibit highly significant (p<0.01) sca.
With regard to the heterosis and over-dominance highly significant (p<0.01) values each for two hybrids were observed.
Multiple Trait Evaluation Index: Eleven combinations recorded average cumulative evaluation index value above 50.
Among them, BNR9 x BNR4 that recorded highest value (61.54) was assigned first rank followed by BNR1 x BNR6
(60.08), BNR3 x BNR8 (59.78), BNR9 x BNR10 (59.41), BNR5 x BNR6 (59.04), BNR1 x BNR2 (58.89), BNR9 x
BNRS (58.72), BNR7 x BNR2 (58.54), BNR3 x BNR6 (58.36), BNR7 x BNR6 (56.60) and BNR3 x BNR2 (50.68) for
which the ranks were assigned in descending order respectively (Table 3).
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CONCLUSIONS

As per analysis of the data based on SCA, heterosis, over dominance and evaluation index value, ten hybrid
combinations of oval x peanut (BNR9 x BNR4, BNR1 x BNR6, BNR3 x BNR8, BNR9 x BNR10, BNR5 x BNRS,
BNR1 x BNR2, BNR9 x BNR8, BNR7 x BNR2, BNR3 x BNR6 and BNR7 x BNR6 were selected as promising hybrid
combinations for further study.

REFERENCES

[1] Falconer, D.S. Introduction to Quantitative Genetics. 3" Edn, Longman, London. 1988.

[2] Griffing, B. Concepts on general and specific combining ability in relation to diallel crossing systems. Aust. J.
Biol. Sci. 1956. 9: 463-493.

[3] Sudhakara Rao, P. Studies on the evolution of adaptive bivoltine hybrids of silkworm, Bombyx mori L. for
tropical climates. Ph.D. Thesis. University of Mysore, Mysore. 2003.

[4] Narasimhanna, M.N. Contribution to the genetics of silkworm. Ph.D. Thesis, University of Mysore, Mysore.
1976.

[5] Raju, P.J. Studies on the hybridization and synthesis of new breeds of silkworm, Bombyx mori L. Ph.D. Thesis,
University of Mysore, Mysore. 1990.

[6] Yokoyama, T. On the application of heterosis in Japanese Sericulture. Proc. Int. Genet Symp, 1957. 527 — 531.

[7] lyengar, M.N. S.; Jolly, M.S.; Datta, R.K. and Subramaniam, R.K. Relative silk productivity of different
silkworm breeds and its use as breeding index. Natl. Semi. Silk Res. & Dev. 10" — 13" March. Bangalore. 1983.

[8] Tayade, D.S. Heterosis effect of economic traits of new hybrids of silkworm, Bombyx mori L. Marathwada
conditions. Sericologia. 1987. 27(2): 301-307.

[9] Kalpana, G.V. Breeding of superior races of silkworm, Bombyx mori L. for tropical climates. Ph.D. Thesis,
University of Mysore, Mysore. 1992

[10] Goel, A.K. Breeding for the development of inbred lines and their heterotic effects on economic traits of
silkworm, (Bombyx mori L.), Ph.D. thesis, University of Mysore, Mysore. 2008.

[11] Nanjundaswamy, L. Studies on the combining ability in silkworm, Bombyx mori L. Ph.D Thesis, University of
Mysore, Mysore, India. 1997.

[12] Guruswamy, D. Breeding of promising races of silkworm Bombyx mori L. and identification of suitable hybrids
for rainfed area in Karnataka. Ph.D Thesis, Bangalore University, Bangalore, India. 2006. pp. 100-104.

[13] Bhargava, S.K.; Majumdar, M.K. and Datta, R.K.Combining ability of seven silk technological characters in the
mulberry silkworm, Bombyx mori L. Bull. Zool. 1995. 62: 359-362.

[14] Nirmal Kumar, S. Studies on the synthesis of appropriate silkworm breeds (Bombyx mori L.) for tropics. Ph.D.
Thesis, University of Mysore, Mysore. 1995.

[15] Krishnaswami, S.; Jolly, M.S. and Subba Rao, G. Diallel analysis of quantitative characters in multivoltine
races of silkworm. Indian J Genet Pl Breed 1964. 34 A: 229 — 236.

[16] Sengupta, K.; Yusuf, M.R. and Grover, S.P. Hybrid vigour and Genetic analysis of quantitative traits in
silkworm. Indian J. Genet. & Plan. Breed. 1974. 34 A: 249-256.

[17] Raje Urs, S. Studies on the genetics of heterosis and voltinism in silkworm, Bombyx mori L. Ph.D. Thesis,
University of Mysore, Mysore. 1988.

[18] Satenahalli, S.B.; Govindan, R.; Goud, J.V. and Magadum, S.B. Genetic parameters and correlation co-efficient
analysis in silkworm (Bombyx mori L.). Mysore J. Agric. Sci. 1990b. 24: 491-495.

[19] Govindan, R.; Magadum, S.B.; Satenahalli, S.B.; Yelshetty, S.; Magadum, V.B. and Narayanaswamy, T.K.
Comparative variability in cocoon and pupal weights, ovariole length, ovariole egg number and fecundity in
some pure breeds and F; hybrids of silkworm, Bombyx mori L. Mysore J. Agric. Sci. 1990. 24(1): 86-88.

[20] Pershad, G.D.; Datta, R.K.; Bhargava, S.K.; Vijayakumar, H.V. and Jolly, M. S. Combining ability analysis in
multivoltine races of Bombyx mori L. Sericologia. 1986a. 26: 307-315.

[21] Chauhan, T.P.S., Lakshamanan, V. and Rajalakshmi, E. Combining ability studies in bivoltine silkworm,
Bombyx mori L. Indian J. Seric. 2000. 39:127-130.

[22] Raghavendra Rao, D.; Premalatha, V.; Ravindra Singh; Kariappa, B.K.; Jayaswal, K.P.; Ramamohana Rao, P.
and Datta, R.K. Studies on manifestation of hybrid vigour in polyvoltine x bivoltine crosses of silkworm,
Bombyx mori L. J. Expt. Zool. 2001. 4: 219-232.

Research Journal of Agricultural and Environmental Sciences Page: 52
Available online at www.rjaes.com




Vijaya Lakshmi et al Res.J.Agr.Env.Sci Copyrights@2014

[23] Raghavendra Rao, D. Ravindra Singh, Premalatha; Kariappa, B.K.; Rekha, M and Jayaswal, K. P
Manifestation of hybrid vigour and combining ability in polyvoltine x bivoltine hybrids of the silkworm,
Bombyx mori L. Int.J.Indust.Entomol. 2002. 4:23-30.

[24] Nacheva, I. Heterosis effect on some technological qualities of cocoons and silk fibre of Bombyx mori L. newly
evolved hybrids. Zhivatnov’D Nauki. 1980. 17: 88-94.

[25] Petkov, N. Improving the initial breeds of the regionally distributed hybrid Hessa; x Hessa, intended for spring
industrial silkworm feedings. (I). Correlations between quantitative breeding characters. Genetikai Selektsiya.
1989. 22(3): 248-252.

[26] Petkov, N. and Nguyen, V.L. Breeding-genetic studies of some lines of the silkworm (Bombyx mori L.) reared
at high temperature and humidity. (I11). Heterosis performances of quantitative characters. Genetikai Selektsiya.
1988. 21(4): 336-342.

[27] Narasimhanna, M.N. and Rajashekarashetty. Line x Tester analysis of Bombyx mori L. Isolation of multivoltine
hybrids for Karnataka state. E.S.A.P. Bangalore. 1979

[28] Gamo, T. and Hirabayashi, T. Genetic analysis of growth rate, pupation rate and some quantitative characters
by diallel cross in silkworm, Bombyx mori L. Japan J. Breed. 1983. 33: 178-190.

[29] Chandrashekharaiah (1994). Studies on genetics of quantitative traits in a few multivoltine and bivoltine races
of silkworm Bombyx mori L. Ph.D Thesis., Univ. of Mysore, Mysore.

[30] Malik, G.N.; Masoodi, M.A.; Zargar, G.H.; Kamili, A.S. and Aijaz, M. Genotypes-Environment interactions in
some bivoltine silkworm (Bombyx mori L.) genotypes. Appl. Bio. Res. 1999a. 1: 109-111.

[31] Ravindra Singh; Raghavendra Rao, D.; Premalatha, V.; Kariappa, B. K.; Jayaswal, K. P. and Datta, R. K.
Evaluation of combining ability in hybrids between low, medium and high cocoon weight polyvoltine and
bivoltine breeds of silkworm, Bombyx mori L. Sericologia. 2001a. 41: 57-64.

[32] Ravindra Singh, Premalatha, V.; Raghavendra Rao, D.; Kariappa, B. K.; Jayaswal, K. P. and Datta, R. K. Line x
tester analysis in sex-limited strains of mulberry silkworm, Bombyx mori L. with coloured cocoons. Indian J.
Seric. 2001b. 40, 39-43.

[33] Datta, R.K. and Pershad, C.D. Combining ability among multivoltine x bivoltine silkworm (Bombyx mori L.)
hybrids. Sericologia. 1988. 28(1): 21-29.

[34] Subba Rao, G. and Sahai, V. Combining ability and heterosis studies in bivoltine strains of the silkworm,
Bombyx mori L. Uttar Pradesh J. Zool. 1989. 9: 152-164.

[35] Razdan, J. L.; Siddiqui, A. A.; Bali, R.K. and Mukherjee, P. Study on the identification of region-specific
heterotic crosses in Bombyx mori L. Sericologia. 1994a. 34(2): 249-260.

[36] Ramesh Babu, M.; Chandrashekharaiah; Lakshmi, H.; Prasad, J. and Goel, A.K. Combining ability of diallel
crosses of bivoltine silkworm, Bombyx mori L. Int. J. Indust. Entomol. 2005b. 10(1): 61-64.

[37] Rajyalakshmi, E.; Chauhan, T.P.S.; Thiagarajan, V.; Lakshmanan, V. and Kamble, C.K. Line x tester analysis
of combining ability in new genotypes of bivoltine silkworm (Bombyx mori L.). Indian J. Agric. Sci. 1997. 67:
287-290.

[38] Sudhakara Rao, P.; Basavaraja, H.K.; Nishitha Naik, V.; Jayaswal, K.P.; Rekha, M. and Datta, R.K. Evaluation
of combining ability in hybrids between polyvoltine and bivoltine sex-limited cocoon colour breeds of
silkworm, Bombyx mori L. Indian J. Seric. 2001a. 40(2): 163-168.

[39] Lakshmi, H.; Ramesh Babu, M.; Chandrashekharaiah; Goel, A.K.; Saha. A.K. and Bindroo, B.B. Genetic
analysis of silk technological characters of bivoltine silkworm (Bombyx mori L.). Advances in Bioresearch,
Society of Education, India. 2012. 3(4): 29-33.

[40] Mal Reddy, N.; Basavaraja, H.K.; Suresh Kumar. N.; Joge, P.G.; Kalpana, G.V.; Dandin, S.B. and Datta, R.K.
Breeding of productive bivoltine hybrid, CSR16 x CSR17 of silkworm Bombyx mori L. Int. J. Indust. Entomol.
2003. 8: 129-133.

Research Journal of Agricultural and Environmental Sciences Page: 53
Available online at www.rjaes.com




