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Abstract

The nature and magnitude of heterosis and combining ability was studied in 18 F| rice hybrids involving three CMS lines and six
testers using line x tester analysis. The analysis of variance for combining ability of all the traits showed that variances due to treatments,
parents, hybrids were highly significant. The line ‘CRMS 32A’ and testers viz. ‘Super rice-8, ‘R 1099-2569-1-1" and Titpiti’ were identified
as good general combiners. The significant differences between lines x testers interaction indicates that SCA attributed heavily in the
expression of these traits and demonstrates the importance of dominance or non additive variances for all the traits. The hybrid ‘CRMS
32A/R1099-2569-1-1" and APMS 6A’/‘Super rice-8’ were promising for grain yield. The magnitude of relative heterosis, heterobeltiosis
and standard heterosis were also estimated for different characters. A high degree of relative heterosis was observed for grain yield (20.45-
82.37%) in the hybrids viz., CRMS 32A’/‘Super rice-8, APMS 6A’/*Super rice-8, APMS 6A’/ Titpiti’ and ‘CRMS 32A°/'R 1099-2569-1-
1> While, a higher degree of: heterobeltiosis (13.60 -68.37%) was observed for grain yield in the hybrids viz., ‘CRMS 32A’/‘Super rice-8,
‘CRMS 32A°/R 1099-2569-1-1, APMS 6A’/’Super rice-8 and APMS 6A’/Jicpiti. A high degree of standard heterosis was observed for
grain yield in the hybrid ‘CRMS 32A’/'R 1099-2569-1-1" The hybrid ‘CRMS 32A’/ ‘R 1099-2569-1-1" recorded a high degree of relative
heterosis (62.01%), heterobeltiosis (57.35%) and standard heterosis (15.05 and 25.51% over check hybrids, Mahamaya' and ‘Indirasona,

respectively) that can be tested on yield trials for its further testing over locations.
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Introduction

Rice has been one of the world’s most important food
crops, feeding more than half of the world’s population
(Khush, 1997). In the Asia and Pacific region, rice is the
main staple food and the most important source of em-
ployment and income for rural people (Hossain, 1998).
The rice productivity has reached a plateau so it is thus im-
perative to find alternative means for increasing the yield
potential of rice cultivars in a sustainable manner. Of the
various approaches contemplated to break the existing
yield barriers in rice, hybrid rice technology offers an op-
portunity to boost the yield of rice under fragile conditions
as hybrid rice varieties have a yield advantage of 15-20%
over the conventional high yielding varicties (Virmani ez
al., 1996). The success story of hybrid rice technology in
China (Lin and Yuan, 1980) as leading producer of hybrid
rice in the world (Swaminathan, 2006) and some other
countries along with India has been witnessed as an im-
portant and readily adoptable genetic option to increase
the rice production and offers a viable solution to meet the
ever increasing food challenge in different countries (Rai,
2009; Sanghera and Wani, 2008; Virmani ez 4/, 2003).

Breeding strategies for developing hybrids with high
yield potential and better grain quality require the expect-
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ed level of heterosis and combining ability. Knowledge of
Combining ability and heterosis helps in the selection of
appropriate parents for a hybridization programme for
evolving elite segregants with high grain yield in the seg-
regating generations.

In order to exploit maximum heterosis using the CMS
system in a hybrid programme, one must know the com-
bining ability of different male sterile and restorer lines.
The knowledge of combining ability allows the assessment
of nicking ability among genotypes and understanding
of the nature and magnitude of gene actions involved. Its
role is important to decide parents, crosses and appropri-
ate breeding procedures to be followed to select desirable
segregants (Salgotra ez al., 2009). The general combining
ability (GCA) identifies superior parental genotypes while
specific combining ability (SCA) helps in identification
of good hybrid combinations which may ultimately lead
to the development of hybrids (Saleem ez 4/, 2008). Line
x Tester (Kempthorne, 1957) analysis is one of the most
powerful tools for estimating the GCA of parents and se-
lection of desirable parents and crosses with high SCA for
the exploitation of heterosis (Rashid ez 4/., 2007; Sarkar ez
al., 2002; Sanghera and Hussain, 2012a, b; Tiwari ez al.,
2011, ). The present investigation was conducted to assess
the combining ability of male sterile and identified restor-
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er lines for the exploitation of maximum heterosis in F,
hybrids for yield and yield contributing traits.

Materials and methods

The present study entitled was conducted at the Uni-
versity Research cum Instructional Farm, Department of
Genetics and Plant breeding, College of Agriculture, In-
dira Gandhi Kirshi Vishwavidyalaya, Raipur (Chhattis-
garh) during wet season 2011. It is situated at 21°16 N
Latitude and 81°36 E longitude at an altitude of 289.60
meters above mean sea level. It comes under sub-humid
region receiving an average rainfall of 1400 mm annually,
of which about 92 percent is received during rainy season
between June to September and remaining 8 percent dur-
ing winter season between October to March. The experi-
mental material comprised of three CMS lines (‘APMS
6A, ‘CRMS 32A’ and ‘PUSA 6A’) used as females and six
testers (‘SR-6-SW-8-1, ‘R 1099-2569-1-1; ‘R-1557-1306-
1-568-1’, ‘Super rice-7,, Jitpiti’ and ‘Super rice-8’) used as
males and resulting 18 F  hybrids obtained from line x
tester mating design. The twenty one days old seedlings of
18 F, hybrids along with their parents were transplanted
in the main field during 2011 at Research farm, IGKYV,
Raipur, Chhattisgarh. The experiment was conducted as
randomized complete block design with two replications
with inter-row and intra-row spacing of 20 cm having a
plot size of 5 m x 1 m. All recommended agronomical
practices were followed to raise the ideal crop stand. Ob-
servations were recorded on ten agro-morphological char-
acters such as days to 50 per cent flowering, plant height
(cm), number of tillers per plant, number of productive
tillers per plant, panicle length (cm), pollen fertility (%),
spikelet fertility (%), biological yield per plant (g) and
grain yield per plant (g) and 1000- grain weight (g). The
mean data were recorded on five randomly selected plants
from parents and F s from each replication. Heterosis was
estimated from mean values according to the Fehr (1987).
The significance of different types of heterosis was carried
out by adopting ‘t test” as suggested by Nadarajan and Gu-
nasckaran (2005) as given below:

t (relative heterosis) =

t (heterobeltosis) = Y00
SE

E.-CV..
1) 1)

I Y00

SE

Where: Fij-F1 cross of i and j parent, MP- mean mid
parental performance same cross, BP-Mean performance
of better parent and CV- mean performance of commer-
cial variety

However, combining ability analysis was done using
line x tester method (Kempthorne, 1957). The variances

t(Standard heterosis) =

91
for general combining ability (GCA) and specific com-
bining ability (SCA) were tested against their respective
error variances derived from ANOVA reduced to mean
level. Significance test for GCA and SCA effects were per-
formed using t-test.

Significance of GCA effects of lines is tested as:

5
t=
SE(g;)
Significance of GCA effects of testers is tested as:
g.
(=—J
SE(g j)
Significance of SCA effects of hybrids is tested as:
Si'
t= E J
S (Sij)

Results and discussion

General and specific combining ability

The analysis of variance for combining ability of all the
traits under study is presented in the Tab. 1, which showed
that variances due to treatments (parents+ crosses), par-
ents, hybrids were highly significant for all the characters.
The variance due to parent vs. hybrids was also found
highly significant for almost all the characters except for
test weight. The variance due to lines was found non-sig-
nificant for panicle length. The variance due to testers was
found significant all the characters except tillers per plant,
productive tillers per plant and panicle length . The sig-
nificant difference between parents and crosses for most
of traits indicates that they are suitable for genetic studies.
Further, the significant mean squares of parent vs. crosses
in most of studied traits revealed scope of heterosis for
these traits. These results coincide with the findings of
(Jayasudha and Sharma, 2009; Rahimi ez 4/, 2010), where
significant difference among parents vs. crosses were also
found. The significant differences between lines x testers
interaction indicates that SCA attributed heavily in the ex-
pression of these traits and demonstrates the importance of
dominance or non additive variances for all the traits. The
significant mean squares of lines and testers also revealed
the prevalence of additive variances for the traits studied.
Occurrence of both additive and non additive gene effects
for yield and important yield component traits in rice has
been reported in earlier studies (Faiz e 4/, 2006; Rahimi
et al., 2010; Sanghera and Hussain, 2012a).

The results revealed that none of the parents showed
significant GCA effects simultaneously in the desired di-
rection for all the traits studied (Tab. 2a). However, to
determine the appropriate parent for subsequent hybrid
rice development, variation in GCA effects was estimated
among lines and testers for all traits. Negative GCA effects
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Tab. 1. Analysis of variance for line X tester and combining ability for grain yield and component traits in rice

Days Tillers Productive

Pollen  Spikelet 1000

Source df  t050% Pi.a ne per tillers per Panicle fetility  fetility  grain Bioiogical G,r A
flowerin height lant lant length (%) (%) weight yield yield
g p p g
Replications 1 277 7.38 241 0.14 0.18 13.08 0.17 235 1.35 1.04
Parents 8 4527 12555 7.80™ 675" 6.36™ 3729.8™ 51.33" 11.47* 267.07* 53.89™
Hybrids 17 39.00™ 52.93* 0.06 1.99 1.69 1563.83"  1407.11""  8.94™ 899.09" 228.02*
Parents vs Hybrids 1 201.06™ 28.87" 1.92 0.20 45.60™  566.86™ 148265 1.29 743.03" 79.67"
Lines 2 68.08™ 1542 623" 6.24™ 244 239.39™ 242227 2424 2690497 218.44™
Testers 5 79.73" 9251™ 1.06 0.86 0.42 4019.30%  3625.39"  13.36™ 593.31™ 422,63
Line x Tester 10 12.81* 40.65 1.49 1.71 2.18 600.98" 530.95* 3.66™ 693.70™ 132.63"
Error 17 0.71 12.23 0.43 0.48 1.06 1.97 237 0.85 497 1.95
Variance of GCA 6.78 1.48 0.22 0.27 -0.02 203.09 18.57 1.83 143.61 20.87
Variance of SCA 6.05 14.20 0.53 0.61 -0.56 299.50 264.29 1.40 344.36 65.34
Variance of
GCA/ Variance 1.12 0.10 0.41 0.44 0.03 0.67 0.07 1.30 0.41 0.31
of SCA
*= significant of p=0.05 level, **= significant of p=0.01 level
Tab. 2a. Estimtes of general combining ability (GCA) effects for different characters in rice
Days PI?.nt Tillers Pioductivc Panicle Po.li.cn Spii(nict 1000 grain Biological  Grain
Parents t0o50%  height | tillers per  length fetility fetility icht (g) yield (¢) yield (g)
flowering  (cm) perpiant plant (em) (%) (%) Weghtiy)  yiedis) yiedis
Lines
‘APMS 6A -2.66™ 1.11 0.21 0.15 -029  -348™ 337" -1.44™ 271 0.30
‘CRMS 32A° 1.91* 0.02 0.58" 0.62™ 0.52 5.03* 5.09" 0.04 13.42" 4.10™
PUSA 6A 0.75" -1.14 -0.80™ -0.78" -022 -155" 1727 1.39 -16.14™ 4417
SE(Lines) 0.24 0.86 0.16 0.19 0.26 0.37 0.39 0.24 0.58 0.35
Testers
‘Super rice-8 1.50™ 4317 0.32 0.31 037  1933" 17.76™ 2.12* 537" 433"
‘R 1099-2569-1-1" 4.66" 1.75 -0.26 -0.18 0.11 14.88™  14.79* 0.22 672" 7.96"
‘R1557-1306-1-568-1" 3.16™ 1.01 -0.46 -0.55 -0.12 45517 -43.36™ -2.06™ 5.12* -13.13*
‘SR-6-SW-8-1’ -4.16™ -2.68" 0.68" 0.52 -0.35  -16.84™ -15.81" -1.32" -4.62" -7.33"
Jicpici -3.50™ 2.11 -0.12 -0.05 017 1528 14.19™ 0.40 579 6.34"
‘Super rice-7 1667 653" 014 0.03 017 12857 1243% 063 18417 183"
SE (Testers) 0.34 121 0.24 0.27 0.37 0.53 0.55 0.34 0.82 0.49

= signiﬁcant ofp:OAOS level, *= signiﬁcant ofp:0.0l level

were desirable for days to 50 percent flowering and plant
height while in other traits positive GCA effects were de-
sirable. Character wise estimation of GCA effects of lines
(Tab. 2a) revealed the line ‘CRMS 32A’ to be a good com-
biner of grain yield and several contributing characters
viz., tillers per plant, productive tillers per plant, panicle
length, pollen fertility percentage and spikelet fertility
percentage. APMS 6A’ to be a good combiner for days to
50 percent flowering and ‘PUSA 6A’ is a good combiner
for thousand grain weight. GCA effects of testers also re-
vealed that “Super rice-8 is good combiner for characters
viz., pollen fertility percentage, spikelet fertility percent-
age, biological yield, grain yield and 1000 grain weight. ‘R
1099-2569-1-1" and Titpiti’ is a good combiner for pollen
fertility percentage, spikelet fertility percentage, biological

yield, grain yield. These results are in complete agreement
with earlier findings of Anand ez a/. (1999), Vanaja et al.
(2003). Investigation of GCA effects revealed that among
lines and testers were good general combiners for grain
yield and other traits. Hence, these good general combin-
ers of males and females may be extensively used in future
for hybrid rice breeding programme.

Based on the estimates of SCA effects none of the cross
combinations exhibited significant and desirable SCA ef-
fect for all the parameters simultaneously (Tab. 2b) indi-
cating that no specific combination was desirable for all
traits. These results are in complete agreement with ear-
lier findings (Sanghera and Hussain, 2012b; Tiwari ez 4/,
2011). Yield is ultimate goal of a rice breeding and hybrid
development programme. Character wise estimation of
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Tab. 2b. Estmates of specific combining ability (SCA) effects for different characters in rice
. Days Pl:ant Tillers Pfoductive Panicle Pol.lc.:n Spik.e.let 1090 Biological  Grain
Hybrids t050%  height tillers per  length ferdility fertility — grain . .
flowering  (cm) er plant lant (cm) (%) (%) wt (g) yield (g)  yield (g)
g p g
‘APMS 6A°
‘Super rice-8’ 2.0 6.12* 0.03 0.20 0.49 19.44* 1551 0.83* 18.83* 11.10™
‘R1099-2569-1-1° 2.33* 4.38 0.12 0.10 0.77 5.19™ 5.41 0.93 14.48 -143
‘R1557-1306-1-558-1° -0.67 -4.38 1.02* 0.87 0.10 1.74 2.14" -1.49" -11.72° -0.56
‘SR-6-SW-8-1’ 0.66 -5.08 -0.93 -1.10 -0.11 22936 -27.33% -0.86" 217 0.64
Jicpici’ 2.0 -0.28 -0.12 -0.03 0.51 10.66** 12.01* -1.717 922 5.15*
‘Super rice -7’ 1.6 -0.73 -0.15 -0.10 -1.73* -7.67% -7 47 0.56 -15.64* -8.48™*
‘CRMS 32A°
‘Super rice-8 -2.58* -0.89 0.46 0.53 -0.46 -0.98 2.38" 1.44* 7.96** -27.30*
‘R1099-2569-1-1’ 0.25 1.07 0.65 0.63 0.36 21.95" 19.13* 1.09* 19.36* 11.17*
‘R1557-1306-1-558-1’ 0.25 0.41 -0.95" -0.80 0.04 -55.67%  -8.63™ 0.97 -4.24* -6.16™
‘SR-6-SW-8-1° 3.66" 0.47 -0.70 -0.77 0.29 7.46™ 6.85" -1.96™ -18.69* -3.36™
Jiepici’ 7.0 -1.13 0.21 0.10 -1.51 -4.61* -5.16 1.25* 7.70% -2.75*
‘Super rice -7’ 5.16" 0.21 0.33 0.28 1.25 -3.00* -4.51™ -0.23" -3.49* -2.38"
‘PUSA 6A
‘Super rice -8’ 4.59™ -5.22° -0.30 -0.75 -0.03 -18.44™  -14.85™ -0.36* -15.16" -8.25™
‘R1099-2569-1-1° -2.58* -5.46" -0.76 -0.75 -1.13 -15.78  -14.28* -1.36" -23.86™ -9.72%*
‘R1557-1306-1-558-1’ -1.07 4.04 -0.06 -0.08 -0.14 -38.74% 651" 0.52* 15.94™ 6.75"
‘SR-6-SW-8-1° 0.25 474 1.59* 1.85* -0.19 6.59" 8.58* 0.83* 15.36 2.75*
Jicpiti 0.35 1.54 -0.10 -0.08 0.98 -6.02* -6.79** 0.45* -16.92** -2.43"
‘Super rice -7’ -2.24" 0.54 -0.18 -0.20 0.49 10.7* 12.06™ -0.33* 9.14™ 4.74™
SE | 0.59 2.47 0.45 0.48 0.72 0.98 1.08 0.64 1.57 0.98
*=significant of:p:0.0S level; ™= significant of p=0.01 level
Tab. 3. Percent relative heterosis, heterobeltiosis and standard heterosis for different characters in rice
Hybrids Days to 50% flowering Plant height (cm)
MP BP ‘Mahamaya’ ‘Indirasona®  MP BP ‘Mahamaya’ ‘Indirasona’
‘APMS 6A
‘Super rice-8’ -497* S9.47 % 1.20 714 5.96* 4.45 9.02* 631"
‘R1099-2569-1-1° 2.03* -4.00™ 10.18* 1.10 0.86 0.70 5.10 2.49
‘R1557-1306-1-568-1° 411 -10.71* 479 -3.85* -2.61 -7.59 -3.55 -5.95°
‘SR-6-SW-8-1’ -6.05™ -8.43™ 240" -10.44 ™ -10.43 ™ -11.43* -7.56* -9.86™
Jicpiti -10.51 -14.67 -4.79 ™ -12.64* -1.56 -3.05 1.18 -1.33
‘Super rice-7’ -4.76** -9.57 1.80 -6.59 ** -622* -10.99* -7.10" 941
‘CRMS 32A°
‘Super rice-8’ -5.26* -5.35™ 5.99 275 9.64™ 0.24 1.64 -0.89
R1099-2569-1-1 0.18 139 1317 385* 752 283 1.09 142
‘R1557-1306-1-568-1° -2.87™ -5.10 11.38* 220" 1235 655" -0.18 -2.66
‘SR-6-SW-8-1" 740 9,63 120 714" 3.68 548 355 595*
Jicpiti -5.18™ -5.35* 599 275 729* -1.83 -0.64 -3.11
‘Super rice-7’ -5.60 * -5.85 ™ 5.99 275 4.37 -1.05 -7.24* -9.55™
‘PUSA 6A’
‘Super rice-8 628" 125 13.17 385" 137 470 337 577
‘R1099-2569-1-1° 0.37 557 8.38** -0.55 -2.65 -957* 592 -8.26*
RISS7-1306-1-568-1" 082 612 10.18 ** 110 1152%  888* 2,00 -0.53
‘SR-6-SW-8-1° -2.59 -5.06 ™ 1.20 -7.14* 3.79 -2.71 -0.73 -3.20
Jiepiet’ 488 931" 120 714" 577 0.48 073 178
‘Super rice-7’ -5.32 -1011* 1.20 -7.14* 0.53 -1.88 -8.01™ -10.30 ™
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Hybrids Tillers per plant Productive tillers per plant
MP BP ‘Mahamaya’ ‘Indirasona’ MP BP ‘Mahamaya’ ‘Indirasona’
‘APMS 6A°
‘Super rice-8’ -8.33 -26.85™ 6.76 -32.48 -5.02 -23.30 ™ 12.86 -28.83 ™
‘R1099-2569-1-1’ -17.48* -31.48™ 0.00 -36.75™ -1595° 22913 429 -3423™
‘R1557-1306-1-568-1" 14.61 -25.00 ™ 9.46 -30.77 12.94 -2524™ 10.00 -30.63
‘SR-6-SW-8-1’ 22076 23213 -0.95 -37.35™ 223817 -33.69™ -2.43 -38.47
Jiepiti’ -14.12" -32.41™ -1.35 -37.61 -11.52 -29.13* 429 -34.23*
‘Super rice-7’ 2162 -32.87 -2.03 -38.03 ™ -19.15 22961 357 -34.68
‘CRMS 32A°
‘Super rice-8’ 20.54™ 875 17.57* -25.64™ 23.10° 11.54 2429 -21.62*
‘R1099-2569-1-1° 9.68 375 12.16 -29.06 ™ 11.63 6.41 18.57 -2523™
‘R1557-1306-1-568-1" 14.69 18757 -12.16 -44.44™ 1675 -16.67 -7.14 -41.44™
‘SR-6-SW-8-1’ 0.64 -1.25 6.76 -32.48 -1.49 -2.56 8.57 -31.53™
Jicpiti 12.68 0.00 8.11 -31.62 12.86 1.28 12.86 -28.83™
‘Super rice-7’ 3.18 125 9.46 -30.77** 496 3.85 15.71 -27.03*
‘PUSA 6A°
‘Super rice-8’ -12.02 -20.63* -14.19 -45.73** -13.26 -20.00* -1429 -45.95*
‘R1099-2569-1-1" 2732 23125 -25.68 -52.99 2450 2667 2143~ -50.45
‘R1557-1306-1-568-1" 5.87 -25.00 ** -1892 48727 7.06 2267 -17.14 -47.75™
‘SR-6-SW-8-1’ 12.10 10.00 1892~ 2479 1633 15.33 2571 2072
Jiepici’ -11.27 2125 -14.86 -46.15™ -8.03 -16.00 -10.00 -4324™
‘Super rice-7’ -21.02* 22250 -16.22 -47.01™ -18.07* -18.80 -11.43 -44.14™
Panicle length (cm) Pollen fertility (%)
MP BP ‘Mahamaya’  ‘Indirasona’ MP BP ‘Mahamaya’  ‘Indirasona’
‘APMS 6A°
‘Super rice-8’ 11.90* 9.86" 2147 6.74 97.75™ -1.11 -3.26* -6.47*
‘R1099-2569-1-1" 3.99 -1.35 21.55™ 6.82 50.20 ™ -24.89™ -2425™ 2677
‘R1557-1306-1-568-1" 10.67* 6.39 17.63* 337 -91.88™ 9594 -96.17 -96.30 ™
‘SR-6-SW-8-1’ -0.56 -5.31 1575 1.72 9770 -98.85™ -98.93™ -98.96*
Jiepici’ 9.35™ 920" 20.73 ™ 6.10 68.61™ -15.68 1772 2045
‘Super rice-7’ -0.96 -0.96 950" -3.77 19.33* -40.32 -41.06 ™ -43.02™
‘CRMS 32A°
‘Super rice-8’ 1631 13.49 ™ 2091 625 70.36* -14.80 -16.66 ™ -19.42
‘R1099-2569-1-1" 9.82™ 0.09 2332 837" 80.99 ** -9.49™ -8.72™ -11.75™
‘R1557-1306-1-568-1" 18.88 ™ 1850 2091 625 9795  -9897* -99.03** -99.06
‘SR-6-SW-8-1’ 825" -0.99 21.03™ 6.36 11.45™ 4426 -47.89™ -49.62*
Jicpiti 921~ 481 1556 1.55 53.02 2347 -25.32 -27.80
‘Super rice-7’ 18.81™" 13.88 ™ 2591 10.64* 49.33™ 22532 2624 -28.69™
PUSA 6A°
‘Super rice-8’ 10.96* 976" 19.50 ™ 5.02 15.04 ™ 4247 4373 -4559 ™
‘R1099-2569-1-1" -2.05 775" 13.66* -0.11 771 -46.14™ -45.68 -47.49™
‘R1557-1306-1-568-1" 10.85™ 7.36 16.90 ™ 273 73277 -86.63 -87.40™ -87.82
‘SR-6-SW-8-1" 0.15 -5.32 1573 1.70 30.47 -3475™ -39.00 -41.02
Jiepiti’ 1233 11.63™ 23.08 ™ 816" 34.65™ -32.66™ -3429 -36.47
‘Super rice-7’ 8.82* 7.99* 19.40 492 6556 -1721 -1823 -20.95
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Tab. 3. Percent relative heterosis, heterobeltiosis and standard heterosis for different characters in rice (Continuous)
Spikelet fertility (%) 1000 grain weight (g)
MP BP ‘Mahamaya’ ‘Indirasona’ MP BP ‘Mahamaya’ ‘Indirasona’
‘APMS 6A°
‘Super rice-8’ 627 -10.04 ™ -10.93 ™ -12.53 593 -2.96 -23.40™ -6.48
‘R1099-2569-1-1" 22242 -25.80 ™ 2599 27337 3.68 -0.37 -29.02* -13.33™
‘R1557-1306-1-568-1" -96.01™ -96.03 ™" -96.35 -96.42™" -21.40™ 2745 -43.68™ -31.24™
‘SR-6-SW-8-1° -98.39 ™ -98.40 ™ 9853 -98.56™ -6.99" -1343™ -34.01™ -19.43™
Jiepici’ -13.78* -16.22* -19.14™ -20.60 ** -11.67 ™ -18.52* -36.66™" -22.67
‘Super rice-7’ -39.39 " -40.84™ 4342 -44.44™ -4.20 -14.12* -28.86™ -13.14™
‘CRMS 32A’
‘Super rice-8’ -1791 -20.25 ™ -16.28* -17.78 ™ 10.00 ™ -2.17 -22.78* -5.71
‘R1099-2569-1-1° -14.06 ™ -1621™ -12.03™ -13.62* 11.67 ™ 4.01 -25.90 * -9.52*
‘R1557-1306-1-568-1" -98.92* -98.99 ™ -98.94 ™ -98.96 -1.30 -11.58* -31.36™ -16.19™
‘SR-6-SW-8-1’ -48.75™ -52.03 ™ -49.64™ -50.55 -10.27 -18.95™ -38.22* -24.57
Jicpiti 22947 -32.32 -2895™ -30.23™ 1095 -0.66 22278 571
‘Super rice-7’ -30.46 " -3355™ -30.24™ -31.50 1.62 -11.49™ -26.68 -10.48 "
‘PUSA 6A
‘Super rice-8’ -42.83™ -46.77 " -47.30 -48.24™ 1391 ™ 3.56 -1825™ -0.19
‘R1099-2569-1-1" -42.40 -46.55™ -46.69 ™ -47.65™ 7.04 2.04 22730 -11.24™
‘R1557-1306-1-568-1° -88.04 -88.47 -89.39 -89.58 0.48 796" -28.55* -12.76™
‘SR-6-SW-8-1’ -3419™ -3641™ -41.78* -42.82* 7.25* -0.94 22449 -7.81*
Jiepici’ -32.58 -36.47 -38.68 -39.79 10.93 ™ 1.55 -21.06 -3.62
‘Super rice-7’ -10.67 -15.46™ -19.14™ -20.60 ** 476 -6.78" -22.78* -5.71
Biological yield (g) Grain yield (g)
MP BP ‘Mahamaya’ ‘Indirasona MP BP ‘Mahamaya’ ‘Indirasona’
‘APMS 6A’
‘Super rice-8’ 4576 23.06* 14.81* 0.13 82.37™ 68.37™ -2.69 6.16
‘R1099-2569-1-1° 45.33™ 13.38 ™ 29.99 ™ 13.38 ™ 20.45™ 298 -29.03 ™ 22258
‘R1557-1306-1-568-1" 34.89 ™ 33.18™ -1222* -23.44™ -31.62™ -46.15™ -73.66™ 7126
‘SR-6-SW-8-1’ 15.30 ™ -0.03 -12.53* 2371 -18.58 -27.16™ -54.84™" -50.73
Jiepid’ 5811 3658 20.58 5.17 7917 67.70™ -591 2.64
‘Super rice-7’ -35.90 -42.05 -53.94™ -59.83 -18.40 ™ -27.06 ™ -54.70 -50.59 ™
‘CRMS 324’
‘Super rice-8’ 53.20 ™ 46.17 3637 18.94™ 59.34 42.65™ 4.30 13.78 ™
‘R1099-2569-1-1" 3892 20.79 3850 2079 62.01™ 57.35* 15.05* 2551
‘R1557-1306-1-568-1" 5323 3620 1541 0.66 -57.52* -70.59 " -78.49 7654
‘SR-6-SW-8-1’ -8.65" -10.09 " -21.34™ -31.39" -33.95™ -3897 -55.38 -51.32™
Jicpiti 5553 52.40 ™ 3455 17.35™ 2856 13.60 ™ -16.94™ -9.38"
‘Super rice-7’ -1.60 -4.66 -19.21™ -29.54™ 6.36 -1.65 -28.09 ™ 2155
‘PUSA 6A’
‘Super rice-8’ -27.88"" -41.81™ 4571 -52.65™ -0.27 -1395° -50.27 -45.75™
‘R1099-2569-1-1" -49.82* -62.38 ™" -56.87 -62.38 -35.01 -47.73™ -63.98 -60.70 ™
‘R1557-1306-1-568-1° 64.24™ 53.46™ 1.14 -11.79 -4.85 22051 -66.67 ™" -63.64™
‘SR-6-SW-8-1° 29.57 ™ 7.18 -6.23 -1821* -26.55*" -38.43™ -61.83™ -58.36 ™
Jiepici’ -2821™ -40.83™ -47.76™ -54.44™ 2476™ 9.01 -38.84™ -33.28™
‘Super rice-7’ 274 -11.63™ -29.76 -38.74™ 6279 3636 -15.32* -7.627

*=significant of p=0.05 level .**= significant of p=0.01 level
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SCA effects of hybrids (Tab. 4) revealed that highest SCA
effect shown by ‘CRMS 32A°/°'R1099-2569-1-1" for grain
yield and other contributing characters like pollen fertility,
spikelet fertility and biological yield. ‘APMS 6A’/‘Super
rice-8” and ‘APMS 6A’/Titpiti’ is specific combiner for
characters like plant height, pollen fertility, spikelet fer-
tility, biological yield and grain yield. Similar results have
been reported by Kumar ez al. (2006), Jelodar and Bagheri
(2010). Specific combining ability is the index to deter-
mine the usefulness of particular cross combination in the
exploitation of heterosis.

Heterosis

For exploitation of hybrid rice breeding it is important
to identify the potential restorers and maintainers from
the existing rice germplasm. Percent heterosis for grain
yield and yield related traits was calculated over mid par-
ent, better parent and check varieties. The magnitude of
heterosis varied from trait to trait, and cross to cross and
none of the cross combination recorded significant hetero-
sis for all the traits simultaneously (Tab. 3). These results
are in agreement with the findings of Bagheri and Jelodar
(2010), Rashid ez 4/. (2007), Singh ez al. (2005), Hussain
and Sanghera (2012). Heterosis for grain yield along with
its components is very important consideration in hetero-
sis breeding. Yield is a complex character and ultimate aim
of plant breeding. Highly significant and maximum posi-
tive heterosis was observed for grain yield in the hybrids
viz.,” CRMS 32A’/Super rice-8, ‘APMS 6A’/*Super rice-
8, APMS 6A’/Titpiti’ and ‘CRMS 32A’/R 1099-2569-
1-1. A high degree of heterobeltiosis was observed for
grain yield in the hybrids viz., ‘CRMS 32A’/*Super rice-8,
‘CRMS 32A’/°R 1099-2569-1-1,, ‘APMS 6A’/*Super rice-
8 and ‘APMS 6A’/Jitpiti’ A high degree of standard het-
erosis was observed for grain yield in the hybrid ‘CRMS
32A°/R 1099-2569-1-1". A high degree of relative hetero-
sis, heterobeltiosis and standard heterosis was observed
for the hybrid of ‘CRMS 32A’/‘R 1099-2569-1-1" (Tab.
3). Similar findings have been reported by Patnaik e a/.
(1990), Ali and Khan (1995), Parihar and Pathak (2008).
The hybrids showing positive and significant SCA effects
and values of relative heterosis, heterobeltiosis and stan-
dard heterosis will be further tested in observational yield/
multi-location yield trials to exploit its heterotic potential
and fertility.
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