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Abstract: An insight knowledge nature and relative magnitude of gene actions involved and combining ability is
useful for a breeder to assess nicking ability in self-pollinated crops. In this connection, an attempt was made to esti-
mate the gene action and combining ability of 70 newly developed CMS based heterotic rice hybrids developed from
ten newly developed CMS lines and seven testers were evaluated for grain yield and its components at Hybrid rice
scheme, ZARS, V. C. Farm, Mandya. Among the lines, CMS 2 had significant gca effects at 1% level of significance
in desired direction for four traits viz., panicle weight, pollen fertility, spikelet fertility and number of spikelets per pan-
icle. Out of seven testers, KMR 3 found to be good general combiner for five traits viz., days to 50 per cent flower-
ing, plant height, number of tillers per plant, number of panicles per plant and grain L/B ratio. Among the 70 hybrids,
CMS1 x KMR3 was good specific combiner for grain yield per plant and grain L/B ratio. It further revealed that SCA
variances were higher than the GCA variances for all the characters which indicated preponderance of non-additive
gene action. Hence, CMS 2 and KMR 3 are identified as promising lines which can be used in further breeding pro-
gramme.
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INTRODUCTION

Rice is an important cereal crop and staple food
crop of India which occupies an area of 43.97
million ha which is the largest in the world, with
an annual production of around 106.3 million
tonnes which is the second largest in the world
after China. To meet the demands of increasing
population and to maintain self-sufficiency, the
present production levels need to be increased up
to 120 million tons by 2020. The production of
rice needs to be increased by almost 2 million
tons every year. In order to keep pace with the
growing population, the production and productivity
of rice needs to be enhanced. It has been proved
that use of Cytoplasmic Male Sterility (CMS) in
developing rice hybrids increases grain yield by
more than 20% relative to improved inbred rice
varieties (Yuan and Virmani, 1994) and also an
insight knowledge of nature and relative magnitude of
gene actions involved and combining ability of
the parents used in hybridization in the genetic
improvement of the crop is needed for a breeder
to assess nicking ability in self pollinated crops.

According to Arunachalam (1976), the combining

ability is a better biometrical tool to circumvent
the plant breeding program. Among large array of
biometrical procedures for relative estimation of
genetic components, line x tester by Kempthorne
(1957) is an efficient procedures as it allows for
inclusion of a large number of lines and provides
reliable estimates of genetic components,
estimates of combining ability and gene action
governing a complextrait. Therefore, the present
investigation was carried out with a view to
understand the nature of gene action and
combining ability for yield and its attributesin
newly developed CMS based heterotic rice
hybrids through line x tester analysis.

MATERIALS AND METHODS

The experiment comprised of ten newly developed
CMS lines (Table 1) and seven testers (Table 2)
are crossed in line x tester mating design as
suggested by Kempthorne (1957). Clipping and
dusting method of crossing was followed to
produce 70 F;’s at Hybrid rice scheme, ZARS, V.
C. Farm, Mandya during summer 2014. The
resulting 70 F,’s along with their parental lines
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and three standard checks viz., KRH-2, KRH-4
and GK5003 were evaluated at Hybrid rice
scheme, ZARS, V. C. Farm, Mandya during Kha-
rif 2014. The experimental site is located at lati-
tude of 12° 30'N, longitude of 76° 50'E and alti-
tude of 694.65 meters above mean sea level
(MSL) with red sandy loam soil type. The
experiment was raised by transplanting seedling
with a spacing of 20 cm x 15 cm in single rows
with single seedling per hill in a Randomized
Complete Block Design (RCBD) with two
replications. All the recommended package of
practices was followed timely to ensure good
crop establishment. The observation on grain
yield and its 12 important component traits were
recorded from five competitive plants which were
selected randomly. The mean values of these ten
plants were wused for combining ability
analysis (line X tester) as computed according
to the model given by Kempthorne (1957).

RESULTS AND DISCUSSION
The analysis of variance carried out for 12 quan-
titative traits studied indicated that highly

significant differences at 1% level of significance
existed among the genotypes, thereby justifying
the use of experimental material for the study
(Table 3). The mean sum of squares due to hy-

brids was highly significant at 1% level of
significance, indicating the diverse performance
of different cross combinations. The mean sum of
squares due to parents versus crosses was highly
significant for all traits except for grain L/B
ratio, revealing the presence of heterosis due to
the significant difference in the mean perfor-
mance of hybrids and parents. These results were
in agreement with earlier reports of Ananda Ku-
mar et al. (2004), Kumar ef al. (2008), Abhinav
and Motiramani (2006) and Fiaz et al. (2006) in
rice.  Significant differences were also
observed in all traits for both testers (male) and
lines (females) justifying there is a scope for se-
lection of parents in the present study.

Combining ability analysis of present study
revealed that both GCA and SCA variances
among various traits studied were important for
the inheritance of traits (Table 4). It further
revealed that SCA variances were higher than the
GCA variances which indicated preponderance of
non-additive gene action for all the characters.
These results are in conformity with the findings
of Ganesan et al. (1998), Vanaja et al. (2003),
Anand Kumar et al. (2004), Sharma and Mani
(2008), Utharasu and Anand Kumar, (2013) and
Dadilakshmi and Upendra (2014) in rice.

Table 1. List of CMS lines along with parentage and source of cytoplasm.

SL. No CMS lines Parentage Cytoplasmic source in CMS line (A line)
1 CMS 1 KCMS 40A CMS - WA
2 CMS 2 KCMS 48A CMS - WA
3 CMS 3 IR 68888A/Pragathi CMS - WA
4 CMS 4 IR 68902A/MSN- 20-12-1-2 CMS - WA
5 CMS 5 IR 68896A/MSN 43 CMS — WA
6 CMS 6 IR 68888A/IR 20 CMS - WA
7 CMS 7 IR 68888 A/MSN-20-13-1-1 CMS - WA
8 CMS 8 IR 70369A/MSN 96 CMS — WA
9 CMS 9 IR 70365A/IR 20 CMS - WA
10 CMS 10 IR62829A/IR 30864 CMS — WA

Table 2. List of testers used along with their parentage.

SL. No Testers Parentage

1 MSN - 36 Selection from MRP 5180a
2 KMR -3 Jaya/IR29723-143-3-2-1

3 MSN -71 IR 9761/KMR 3R

4 MSN -15-16 Jyothi/ KMR 3R

5 PBK 093-1-4-2-1 IR60919/ MSN-36

6 PBK 095-5-4-5-1 CRMS 32 B/Thanu

7 PBK 091-3-7-1-1 MSN- 98/Athira

1558



R. Madhuri et al. / J. Appl. & Nat. Sci. 9 (3): 1557 -1565 (2017)

19A9] [0°0=d 72 JUBOYIUSIS 4 [9A9] G0"0=d 1¥ JULOPIUSIS,

100 LT'T 'l v8'1 veee 80°¢ 98 Toug
#x1€°0 #x08°91 *%xC6'96 #x00°L6S #xSS 1¥9C #x0F'v0S S (®) Ix1
#%62°0 #%19°6T wx PV VEY #%80°0SSH #+SELLTY #+98'L6SE 9 (0) s1189],
#+SP°0 +%97°9¢ #%LS°S91 ++76°L98 #x65 687 #x15°658 6 (0)soury

L00 +%09°01 +%97 SP9€ #+91" E6Y6 ++EC°LTE ++P1V8L8 I sjualed 5/ SISSOID
#+€€°0 #+L1°0C #xCCSEL #+ST'9L6 #xL6'EILT #+CL'618 69 958010
#xCE°0 ##S€6C #+76°0€ #+€0€T1 #% (S €88T «+9€' T 91 juared
#%xCE 0 #xLL 1T #x£9°9G1 #xLYV'916 *x88'LSLT #x0L"L9L 98 ad&yousn

£0°0 21 €90 LT 206 (Al 1 uonedrdoy

3 3 (%) RIBIULE |

one. g/ Jy3M urels o001 yue[d/pRIX PIS Appyaay opeyIdg /$191¥1ds Jo JdquinN (%) 511 19) udjog Jp UONELIEA JO 3DIN0S
UPIu0)) *€dIqeL
[0A9] [0"0=d & JUEOYIUSIS 4 ‘[OAD] G0 0=d J& JUBOYIUSIS,
110 80°0 L00 ST°0 70T 98°0 98 Tonyg
#x€1°6 #x6€'1 #x6V 7 #x€0°9 #x99'€€ #0071 S (0) Ix1
#x90°ST wxbP'S #x6T' #x9€°9 xx€9'ST #xSE€'9C 9 (0) s1s9,
#x0€°01 xx97'C TS #%SS°L #x96'61 #xSL'9€ 6 (o)soury
#xSTIST #x05'€ #8766 #+LESL ## TV L80E x+70'ST I sjuale 5/ SISSOID
«x08'6 «x98'1 #xLS'Y #x9C7°9 #%60'SE #1081 69 958010
wxCPL w91 wxl¥ L1 «x€T'ST ++08'6SS #%69'8T 91 Juared
xx00'T1 V8’1 #x19°L #x65°01 #x9%'L9T xx01°0C 98 adfjousn
ze0 10°0 LTO 620 v0'l L¥'0 I uonedr[doy

(und) (3) ySom jueg/soprued juerd/sadqm Surramory
YI3ud dpdrueg JdpIueg Jo R_quINnN Jo R_quINN (und) Sy Jued 9,0S 0} sAe(q p UOI)BLIBA JO 32.1Nn0S

"$1919BIRYO SUNNQLIIUOD P[AIA PUB P[AIA J0J SOUBLIBA JO SISATRUY *€ J[qe ]

1559



R. Madhuri et al. / J. Appl. & Nat. Sci. 9 (3): 1557 —1565 (2017)

Table 4. Estimates of variance components for yield and yield contributing characters.

S1. No Characters 6’GCA 6’SCA 6’GCA/ 6’SCA
1 Days to 50% flowering 0.08 6.59 0.01
2 Plant height (cm) 0.03 16.34 0.002
3 Number of tillers/plant 0.00 2.94 0.001
4 Number of panicles/plant 0.00 2.20 0.0007
5 Panicle weight(g) 0.01 0.66 0.01
6 Panicle length(cm) 0.01 4.51 0.002
7 Pollen fertility(%) 5.90 250.86 0.02
8 Number of spikelets/ panicle 2.29 1304.54 0.0001
9 Spikelet fertility (%) 7.09 297.66 0.02
10 Seed yield per plant (g) 0.72 48.18 0.01
11 1000 grain weight (g) 0.06 7.81 0.007
12 L/B ratio 0.00 0.15 0.001

The gca effects calculated for each parent are
presented in Table 5. The parents with higher
magnitude of gca effects were considered as superior
to those with lower magnitude. The overall
estimate of gca effects revealed that among 10
lines, CMS 2 had significant gca effects in
desired direction for four traits viz., panicle
weight, pollen fertility, spikelet fertility and
number of spikelets per panicle. Out of seven
testers, KMR 3 found to be good general
combiner for five traits viz., days to 50 per cent
flowering, plant height, number of tillers per
plant, number of panicles per plant and grain L/B
ratio. While, PBK 091-3-7-1-1 had high gca
effects in desired direction for number of spike-
lets per panicle, seed yield and 1000 grain
weight. Superiority of female and male parents
based on gca effects was also reported by Swamy
et al. (2003), Abhinav and Motiramani (2006)
and Patil ez al. (2011) in rice.

Among 70 hybrids, CMS 9 x MSN 71 was found
to be a good specific combiner for two traits viz.,
number of tillers per plant and number of
panicles per plant (Table 6). The hybrid, CMSI1 x
KMR3 was a good specific combiner for grain
yield per plant and grain L/B ratio in desirable
direction. For pollen fertility and spikelet
fertility, the hybrid CMS2 x MSN 71 was found
superior. Most of the hybrids showed highly
significant sca effects for plant height, among
these hybrids, CMS4 x PBK 093-1-4-4-2-1 and
CMS5 x PBK 091-3-7-1-1were identified as best
specific combiners for plant height. The hybrids
CMS3 x PBK 095-5-4-5-1 and CMS10 x MSN 71
showed highly significant sca effects and are

identified as best specific combiner for panicle
weight and panicle length, respectively. In the
same line, Swamy et al. (2003), Jagadeesan and
Ganesan (2006), Nadali and Babaein (2010), Sai-
daiah ef al. (2010), Tiwary et al. (2011), Patil et
al. (2011) and Damodar et al. (2014) identified
good specific combiners for different yield
attributing traits in rice based on high sca effects
in desirable direction.

Conclusion

Among lines, CMS 2 had significant gca effects
in desired direction for four important yield
contributing traits viz., panicle weight, pollen
fertility, spikelet fertility and number of spikelets
per panicle. Among testers, KMR 3 was found to
be a good general combiner for the five important
yield contributing traits viz., days to 50 per cent
flowering, plant height, number of tillers per
plant, number of panicles per plant and grain L/B
ratio while, PBK 091-3-7-1-1 showed high gca
effects in desired direction for number of spike-
lets per panicle, seed yield and 1000 grain
weight. Among crosses,CMS1xKMR3  was
identified as good specific combiner for seed
yield per plant which need to be tested and
released for commercial cultivation. Selection of
parents with good combining ability for selective
traits that could complement each other favourably
in the hybrids would be a desirable approach to
breed better hybrid combinations. Thus, these
testers and cross combinations could be used for
exploitation of heterosis in further hybrid
breeding program.
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