September 2009

Trade Science Ine.

Volume 3 Issue 2-3

Reseanch & Reviewsd cn

BioSciences

>, REGGWlOr Peper

RRBS, 3(2-3), 2009 [99-105]

Sudies on the manifestations of heterosis in new hybrids

C.K.Ramesh*, G.Subramanya?

1Department of P.G. Sudiesin Biotechnology, Sahyadri Science College(Autonomous), Shimoga-577203

(Karnataka), (INDIA)

E-mail : ckramck@yahoo.co.in

2Department of P.G. Sudiesin Sericulture, M anasagangotri, Univer sity of Mysore, Mysore(K ar nataka), (INDIA)

Received: 13" June, 2009 ; Accepted: 23 June, 2009

ABSTRACT

Concerted efforts have been made to cross different silkworm varieties to
produce the hybrids with an objective to improve the productivity traits.
Systematic and planned hybridization together with improved farming in
rearing practicesin sericulture has helped a great deal to increase the pro-
ductivity by severa foldsin sericultural countriesincluding tropical India.
In fact, the ultimate resultsin silkworm breeding are judged by the superi-
ority of commercia characters of the parental strainsthat appear inthe F1
hybrids in the form heterosis or the extra vigor which form paramount
criteriainthe evaluation of the suitability of hybridsfor commercia exploi-
tation. Hence, in the present investigation, an attempt has been made to
select superior bivoltine hybrids utilizing the four newly evolved bivoltine
racesof theauthors’ viz. MG405, MG406, M G408 and MG414 and crossing
them with four conventional bivoltine races viz. KA, NB4D2, NB7 and
NB18, to evaluate the rearing performance of different hybrid combina-
tions for heterosis, over dominance and aso determine their extent im-
provement over the control hybrids. The manifestation of heterosis was
observed to be varying with the different economic traits and the hybrids.
The extent of heterosis was high for productivity traits than the viability
traits. Higher level of heterosis and over dominance was noticed for the
traits, cocoon yield by weight, single cocoon weight, shell weight and
filament length. Magjority of the new hybrid combinations manifested bet-
ter heterosis and over dominance val ues than the two control hybrid com-
binations, NB,, x NB, and KA x NB,D, for most of the characters studied.
© 2009 Trade ScienceInc. - INDIA
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INTRODUCTION

Systematic and planned hybridization together with
improved farmingin rearing practicesin sericulture has
helped agreat deal to increasethe productivity of silk
attributes by many folds. It isapparent that ultimatere-
sultsin silkworm breeding are judged by the Excel-

lency of thecommercid charactersof theparenta Strains
that pronounced inthe F, hybrids. Sincethe dawn of
Sericulture, efforts have been madeto crossdifferent
silkworm varietiesto producethe hybridswithanim-
provement in productivity. However, therearing of F1
hybridsingtead of purelineswasintroduced for thefirst
timein Japan by Toyamain 1906 in asystematic man-
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ner and thiscommercia exploitation of hybrid vigour
heralded anew erain sericulturewhich contributed sub-
stantialy to theincreased silk production.

InIndia, cross breeding of silkworm raceswhich
differed in voltinism and quantitative characterswere
initiated even though during 1960’s, utilisation of four
bivoltine races such as KA, NB_, NB_, and NB,D,
evolved during 1970’91 asmal e parentsin the cross-
breeding programme with pure Mysore race in the
preparation of F, hybridshave brought aquantum jump
inthe cocoon productivity!¥l. These hybridshave con-
tributed to theincreased unit production of silk, but the
qudlity of thesilk filament remains poor sincetheinher-
ent defects of multivoltine races are passed on to the
hybrids. Several attempts madeto utilizedifferent F,
bivoltine hybrid combinationsfrom four bivoltineraces
for commercid exploitation have not yiel ded expected
results due to less hybrid vigour™. Further, these
bivoltine hybrids exhibited | esser adaptability of 25-
30% than the conventiona multi x bi crossbreedsand
havenot gai ned wider acceptanceamong thefarmerg?.

Keeping in view the importance of rearing F,
bivoltinehybridsfor commercia exploitation, theau-
thor hasfelt theneed for evauating the new bivoltine
linesevolved*® in the production of F, hybridsusing
four bivoltineracesthat arepopular inthefield namely
KA, NB, NB,, and NB,D, as male parents through
linex tester analys's. Thedegreeof heteros's, over domi-
nance, and the extent improvement over the control
hybridswere eval uated for nine economic characters
to adjudicatethe best hybrids.

MATERIALSAND METHODS

Thefour evolved bivoltine breedsM G 405, MG
406, MG 408 and MG 414 and four tropical bivoltine
races, KA, NB7, NBI8 and NB4D2 formed the mate-
rial for the present study. Among the four evolved
bivoltine breedsused aslinesfor the present anaysis,
MG 405, MG 406 and MG 414 are characterized by
spinning white dumbbel | cocoonsand MG 408 spins
white ova cocoons. Among thefour testers, KA and
NB7 spinswhiteova cocoonswhile, NB ,andNB,D,
spinswhitedumbbell cocoons.

The heterosisexperiment wasinitiated by crossing
evolved femalelineswith each of the maletesters. For
each of thelines, testersand their sixteen hybrids, three

replicatesweremaintained. Following standard rearing
methods!?, the data has been recorded for the nine
economictraitssuch as hatching percentage, larval du-
ration, cocoonyield by number/ 10,000 |arvae brushed,
cocoonyield by weight/ 10,000 larvaebrushed, single
cocoon weight, single shell weight, cocoon shell per-
centage, pupation rate and filament length were sub-
jected to estimate heterosisand over dominance. The
percentagesof increment inthesixteen new hybridswere
evaluated over the two control hybrids NB , x NB,
andKA x NB,D,,

STATISTICAL METHODS

1. Estimatesof heterosisand over dominance for
different crosseswerecd culaed by thefollowing
formulae:

F1-MP

Heterosis% = x 100

F1-BP

Over dominance% =-———x100
BP

Where, F, = Mean of hybrid; MP=Mean of mid parental
value; BP = Mean of better parent

2. The percentage of increment/decrement with
regard to the expression of economictraitsof the
new hybrids over the traditional hybrids were
cd culated by employing thefollowing formula

XY x 100
Y

Where, X =the object compared, Y =the compared ones.
RESULTS

Themean values of the nine economic characters
of thenew isolated linesviz. MG 405, MG 406, MG
408 and MG 414 and four testers, KA, NB_, NB,,
and NB,D, aregivenin TABLES 1 and 2 and their
hybridsin TABLE 3.Theheterossand over dominance
level sexpressed by the new bivoltinehybridsaswell
thetwotraditiona control hybridsisgiveninTABLE 4.
The percentage of improvement/ decrement inthe hy-
bridsfor nineeconomictraitsover thetwo control hy-
bridsarepresentedin TABLES5 and 6.

Fromthe TABLES 1and 2, itisclear that among
thelinesand testers, thelinesM G 405, MG 406, MG
408 and MG 414 werefound to be superior over the
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four testersfor thetraitshatching percentage, larva du-
ration, cocoon yield by number and pupationrate. All
the testers, however were found to be superior over
thelinesfor single cocoon weight, shell weight, cocoon
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shell percentage and filament length. Further, for the
trait cocoon yield by weight, thefour linesrecorded
amost similar valueswhen compared to those of three
testersviz. KA, NB, and NB._ ..

TABLE 1: Mean valuesof economic char acter sof thelines

Cocoon } !
. Larval rooon yield by Single  Single : .
Hatching . yield by . cocoon  shell Shell Pupation Filament
LINES duration weight : .
percentage (hrs) No/10,000 /10.000 weight weight percentage rate length
larvae | ' (gms) (gms)
arvae
MG 405 94.41 573.30 9256.0 15.76 1.723 0.313 18.22 91.43 926.66
MG 406 94.57 575.26 9276.0 15.73 1.730 0.324 18.70 92.18 924.66
MG 408 95.29 572.66 9360.6 15.97 1.723 0.321 18.67 93.21 932.66
MG414 94.69 575.00 9336.6 15.96 1.750 0.325 18.62 92.90 941.66
TABLE 2: M ean valuesof economic character sof thetesters
Larval Cocoon Ciglcdo?)n Single Single
Hatching : yield by IEADY cocoon  shell Shell Pupation Filament
TESTERS duration weight ; .
per centage (hrs) No/10,000 10000 e ght weight percentage rate length
larvae | ' (gms)  (gms)
arvae
KA 92.55 592.00 8748.60 15.71 1.82 0.363 19.90 86.60 960.33
NB7 92.21 586.80 8858.00 1511 1.78 0.366 20.59 85.63 981.33
NB18 93.22 593.30 8778.60 15.79 1.85 0.376 20.27 85.83 953.33
NB4D2 93.58 605.10 8991.30 16.74 1.90 0.390 20.58 87.28 1014.60
TABLE 3: Mean valuesof economic character sin thenew bivoltinehybridsand control
Cocoon Cocoon Single Single
. Larval ; yield by . .
. Hatching : yield by . cocoon  shell Shell Pupation Filament
Hybrid duration weight g .
percentage (hrs) No/10,000 /10.000 weight weight percentage rate length
larvae | ' (gms)  (gms)
arvae
MG 405xKA 96.80 565.0 9500.3 18.04 1.94 0.398 20.54 94.21 1074
MG 405XNB7 96.35 562.0 9469.3 16.94 1.80 0.338 18.83 93.10 957
MG405XNB18 95.53 564.3 9380.0 17.44 191 0.382 20.01 93.78 1001
MG405XNB4D2 96.57 565.3 9420.3 17.17 1.85 0.361 09.53 93.81 982
MG406XKA 96.28 555.3 9554.6 17.89 1.92 0.381 09.82 94.62 1009
MG406XNB7 97.58 562.3 9360.6 17.53 1.94 0.388 20.35 94.67 1006
MG406XNB18 95.19 564.3 9402.0 18.67 2.09 0.407 19.50 93.65 1156
MG406XNB4D2 95.53 565.0 9358.6 18.59 2.05 0.405 19.79 92.81 1159
MG408XKA 97.13 556.0 9433.3 17.73 1.90 0.397 20.93 93.16 1050
MG408XNB7 94.71 554.6 9466.0 16.34 1.78 0.348 19.60 93.20 991
MG408XNB18 97.82 558.0 9490.3 17.74 1.90 0.373 21.04 94.01 1147
MG408XNB4D2 97.02 555.0 9772.0 18.46 1.92 0.390 20.28 95.57 1084
MG414XKA 97.91 553.6 9492.6 19.18 2.05 0.417 20.98 95.50 1192
MG414XNB7 96.27 557.0 9406.6 18.62 2.05 0.401 19.59 93.89 1182
MG414XNB18 97.44 564.6 9502.6 18.10 1.96 0.394 19.95 93.91 1107
MG414XNB4D2 96.63 556.6 9621.3 19.11 2.06 0.406 20.11 94.61 1207
CONTROL
NB18XNB7 95.10 574.0 9128.6 17.45 1.90 0.374 20.14 87.76 1038
KAXNB4D2 94.46 573.0 9046.0 17.91 1.94 0.393 20.25 89.90 1122
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TABLE 4: Heterossand over dominancein new bivoltinehybridsand control

. Larval Cocoon . Single . )
Hatching . : Cocoon yidd . Shell Pupation Filament
. duration yidd by . cocoon shell weight
Hybrid percentage Number by weight weight percentage rate length

H oD H oD H oD H oD H oD H oD H oD H oD H oD
MGA05XKA 35 253 -302 -456 553 263 1468 1446 960 659 1242 964 776 321 584 304 1259 11.84
MG405XNB7 325 205 -311 -422 454 230 978 748 28 112 -202 -765 -338 -854 516 182 032 -247
MG405XNB18 183 118 -325 -488 402 133 1058 1044 914 324 1104 15 277 -029 581 257 651 500
MG405XNB4D2 274 228 -405 -657 325 177 566 25 220 -263 284 -743 067 -510 499 260 123 -315
MGA06XKA 290 180 -501 -653 601 3.00 1380 1373 847 549 1107 49 269 -040 58 264 706 507
MG406XNB7 448 318 -322 -417 323 019 1368 1144 1085 898 1246 601 441 -116 649 270 584 278
MG406XNB18 138 065 -341 -488 415 135 1846 1827 1675 1297 1628 824 010 -379 522 159 2315 2129
MG406XNB4D2 155 101 -426 -662 246 089 1454 1105 1325 789 1344 38 076 -383 343 068 1932 14.63
MGA08XKA 341 002 -452 -608 418 0.77 1193 1102 734 439 1608 93 866 517 412 042 1094 934
MG408XNB7  1.02 -060 -433 -548 391 112 514 231 171 000 145 -491 -015 -480 422 -001 35 098
MGA408XNB18 378 265 -427 -594 463 138 1171 1108 674 270 718 -079 806 379 501 08 2170 20.38
MG408XNB4D2 274 181 -574 -827 649 439 1260 1027 607 105 98 000 336 -145 59 253 1137 6.86
MGA414XKA 458 340 -512 -648 718 381 2116 2017 1516 1263 2122 1487 893 542 640 282 2541 2419
MG414XNB7 3.01 166 -411 -507 339 074 1989 1666 1647 1516 1623 95 -005 -485 518 106 2294 2045
MG414XNB18 371 290 -333 -483 491 177 1405 1340 883 594 1257 478 262 -157 509 108 1684 1612
MG414XNB4D2 265 204 -566 -801 499 304 168 1415 1318 842 1372 410 260 -228 501 084 2340 1897
CONTROL
KAXNB4D2 150 094 -426 -530 198 060 1042 699 430 210 452 076 004 -160 340 300 1369 1439
NB18XNB7 257 201 -271 -325 351 305 1294 1051 497 270 080 -053 -141 -218 236 224 730 577

TABLE 5: Percentageof improvement/ decrement in theeconomictraitsof new bivoltinehybridsover thecontrol NB18 x NB7

Cocoon  Cocoon  Sngle
yiddby yiddby cocoon
Number  weight  weight
MGA05XKA 1.787 -1.567 4072 3381 2106 1272 1.986 4.7A 3468

MGA05XNB7 1314 -2.090 3732 292 5263 -9625  -6504 6.084 -7.80
MG405XNB18 0452 -1.684 2753  -0057 0526 2139 -0.645 6.859 -3.564
MG405XNB4D2 1545 -1515 319%5  -1e04 -2631 -347/5  -3028 6.893 -5.331
MGA06XKA 1.240 -3.257 4.666 2521 1368 1871 -1.588 7.816 -2.793
MGA406XNB7 2.607 -2.038 2541 0458 2105 3743 1.042 7.873 -2.832
MG406XNB18 0.0%4 -1.689 299 6991 10000 8.823 -3.177 6711  -11.39%
MGA06XNB4D2 0452 -1.567 2516 6532 78%4 8283 -1.737 574 11.464
MGAOBXKA 2134 -3135 3.344 1604 0000 6149 392 6.153 1.156
MGA08XNB7 -0.4102 -3.379 36% 6361 -6315 -6951 -2681 6.198 -4.527
MGA08XNB18 2.860 -2.787 3.962 1661 0000 -0.267 4.468 7121 10.558
MGA08XNB4D2 2018 -3.310 7.048 5787 1052 4278 0.695 889 4.460
MG414XKA 294 -355%4 6.178 9914 7894 11497 4170 8.819 14.8%4
MGA14XNB7 1230 -2.961 3.045 6.704 78% 7219 -2.730 6.984 13.872
MG414XNB18 2460 -1.637 4.097 3724 3157 5347 -0.943 7.007 6.647
MG414XNB4D2 1.608 -3.031 5397 9512 8421 855 -0.148 7.805 16.281

Hatching Larval
percentage Duration

Shel Shel Pupation Filament

Hybrid weight percentage rate  length
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TABLE 6: Percentageof improvement/ decrement in theeconomictraitsof new bivoltinehybridsover thecontrol KAXNB4D2

Cocoon

Cocoon

Single

. Hatchin Larval : : Shell Shell Pupation Filament
Hybrid percentage Duration l}\/llfrgbbe)r/ )Cvi(:;r?ty 33;3?1? weight percentage Pate length
MG405XKA 2477 -1.396 5.022 0.720 0.000 1.272 1.432 4794 -4.329
MG405XNB7 2.000 -1.919 4.679 5421  -7.216 -13.994 -7.012 3.559 -14.751
MG405XNB18 1.132 -1.513 3.692 -2629 -1546 -2.798 -1.185 4.315 -10.831
MG405XNB4D2 2.233 -1.343 4,137 -4137  -4.639 -8.142 -3.555 4.349 -12.465
MG406XKA 1.926 -3.089 5.619 -0.117 -0.721  -3.053 -2.123 5.250 -10.119
MG406XNB7 3.302 -1.867 3477 -0.021 0.000 -1.272 0.493 5.305 -10.154
MG406XNB18 0.772 -1.518 3.935 4.237 7731  3.562 -3.703 4171 3.001
MG406XNB4D2 1.132 -1.396 3.455 3790 5670 3.053 -2.271 3.236 3.064
MG408XKA 2.826 -2.966 4.281 -1.010 -2.06 1.017 3.358 3.626 -6.467
MG408XNB7 0.264 -3.211 4.642 -8.771  -8247 -0.011 -3.209 3.670 -11.722
MG408XNB18 3.557 -2.617 4911 -2.061 -2.061 -5.089 3.901 4571 2.226
MG408XNB4D2 2.710 -3.141 8.025 3.065 -1.030 -0.763 0.148 6.307 -3.411
MG414XKA 3.652 -3.385 7.147 7085 5670 6.106 3.604 6.229 6.235
MG414XNB7 1.916 -2.792 3.986 3.958 5670 2.035 -3.259 4.438 5.291
MG414XNB18 3.154 -1.465 5.047 1.055 1030 0254 -1.481 4.460 -1.389
MG414XNB4D2 2297 -2.862 6.359 6.694 6.185  3.307 -0.691 5.239 7.518

Comparison of the mean val ues of nineeconomic
traitsin new bivoltine hybridsand control bivoltinehy-
bridsreveal ed that, mgjority of the hybridsrecorded
higher mean valuesfor most of theeconomic traitsex-
cept shell percentagethan NB_, x NB., combination.
While comparisonto KA x NB,D,, the new hybrids
registered higher mean valuesfor hatching percentage,
shorter larval duration, cocoon yield by number, yield
by weight and pupation ratein addition to severa of the
new hybrids recording superior valuesfor single co-
coonweight, shell weight, shell ratioand filament length
thusreveding their superior rearing performance over
thecontrol hybrid combinations.

Based onthemean vauesof thehybridsunder study,
the percentage of increment/decrement cal culated for
variouseconomictraitsover thecontrol bivoltinehybrids
revea ed superiority of the new hybridsfor mgority of
the character analyzed over NB ; x NB_ combination.
Similar comparisontoanather control KA x NB, D, how-
ever, revededimprovement inthenew hybridsfor hatch-
ing percentage, shorter larva duration, cocoonyied by
number, yield by weight, shell weight and pupationrate
inadditiontofew of the hybridsexcelling for cocoon
weight, shell percentage and filament length thus con-
firming the superiority of thenew hybridsover the con-
trol hybridsfor variouseconomictraits.

The manifestation of heterosiswasobservedto be
varying with the different economic traitsand the hy-
brids. Theextent of heterosiswashigh for productivity
traitsthantheviability traits. Higher level of heterosis
and over dominance wasnoticed for thetraits, cocoon
yield by weight, single cocoon weight, shell weight and
filament length. Mg ority of the new hybrid combina-
tionsmanifested better heterosisand over dominance
va uesthan thetwo control hybrid combingtions, NB,
x NB, and KA x NB,D, for most of the characters
under studly.

DISCUSSION

Themanifestation of heterosisanditsevauationin
hybridsderived by lineswith testersisan important cri-
terioninunderstanding the expression of heterosiswith
respect to each of theeconomic character. Utilization of
heterosisisimportant in order to obtain favorableeco-
nomicbenefits. Itiswdl established that heterossisusu-
aly moreinthehybridsderived from geneticdly diverse
or unrdlated linesthan thosefrom genetically rel ated®°4,

Inthe present studies, positive heterosisand over
dominancewasobtained for thetrait hatching percent-
ageinmost of the hybrid combinations studied. The
heterosis expressed by different hybrids can be partly
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ascribed to thegenetic variability for thistrait in addi-
tiontotheinfluence of environmental conditionsespe-
cidly incubation conditionsand physiologica statusof
embryonic development. With regard tolarval dura-
tion, dl thenew hybridshave shown negativeheterosis
contributing tothereduced larva durationandthiscould
be attributed to the negative heterosis aswell asthe
heterozygocity of aleesgoverningthischaracter. With
regard to cocoonyield by number, al the new hybrids
manifested positive heterosisand over dominanceindi-
cating the contribution of increased viability inthenew
hytbrids. Eventhough, al thenew hybridsmanifested het-
erotic valuesfor thistrait, the extent when compared to
other productivity trait wasfound to beless. Similarly,
Mousseau and Roffl* have poi nted out that the charac-
tersrelated toviahility traitsarelessheritablethan the
charactersof productivity which show moderateto high
heritability. Cocoonyield by weight isanimportant trait
contributing to cocoon production and most of the new
hybrid combinations manifested highlevel of heterosis
and over dominance. Further, Petkov and Nacheva®
have reported theinfluence of over dominant orincom-
pletely dominant geneson theexpressionof cocoonyied
by wei ght and single cocoon weight.

Asfar assinglecocoon weight isconcerned, most
of the new hybridswerefound to excel over the con-
trolsfor thistraitintermsof heterotic vauesin addition,
totheover dominanceleves. Shell weightinanimpor-
tant index toforecast the sk protein content inabreed.
Most of the new hybrid combinationsregistered supe-
rior heterotic valuesthan the control. With regard to
cocoon shell percentage, most of thenew hybridshave
shown positive heterosi sexcepting threehybrids, MG
405x NB_, MG 408 x NB_and MG 414 x NB, which
recorded negativeva ues. Mgority of thenew hybrids
expressed higher heterotic val uesthan the control.

The pupation rateisanimportant economictrait
whichreflectstheviability of abreed. Itisinterestingto
notethat al the new hybridsexpressed positive hetero-
sisfor thistrait contributing to viability in the new hy-
brids. All thenew hybridswerefound to excel over the
control intermsof heterotic effects. The magnitude of
heterog sobserved inthenew hybridsfor thistrait when
compared to productivity traitswas|ow and the same
can be ascribed to thelower heritability of thistrait as
pointed by Gamo and Hirabayashi® and theresultsare
inconformity with thefindings of Kobayashi et al.™.

For thetrait filament length, all the new hybridsand
most of the new hybrids combinations expressed supe-
rior valuesthan the control combinations, NB_, X NB,
and KA x NB, D, for heterosis and over dominance
respectively.

The present study also corroboratesthat the het-
erosisfor variouseconomictraitsintheF, hybridsde-
pendsonthe mid parental valueirrespectiveof the par-
entsinvolved and greater themid parental vaue, lesser
isthe heteros smanifested andisin conformity with the
view of Haradd®" and Petkov and Yolovi*. Further,
thedegree of heteros sexpressed hasconsiderably var-
ied with different hybrid combinations and economic
characters studied, It was observed that productivity
traits such as cocoon yield by weight, single cocoon
weight, shell weight and filament length dueto their
moderateto higher heritability, manifested higher level
of heterog sthantheviability traitsviz. cocoonyield by
number and pupation rate which areknown for lower
heritability as pointed out by Gamo and Hirabayashi®
and theresultsarein conformity with the findings of
Kobayashi et al.l*l and Doddaswamy and
Subramanyd?.

Keeping inview, onthebas sof foregoing discus-
sion on the performance of new hybridsover the con-
trol hybrids, degree of manifestation of heterosis, over
dominance, percentage of increment/decrement ob-
served with respect to each one of the economictraits,
inthe sixteen new hybridsunder study, the author felt
necessary to suggest five new hybridsMG 414 x KA,
MG 408x NB,D, MG 414xNB,D,, MG 406 x KA
and MG 405 x KA for commercia exploitation.
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