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ABSTRACT: Twoline hybrid rice breeding exploiting innovative tool viz., thermosensitive genic male sterile (TGMS) system
has great potential in tropical countries like India. Hence an investigation was carried out by using four TGMS viz., TNAU 27
S, TS 09 12, TS 09 15 and TS 09 25 and fifteen pollen parents by utilizing Line x Tester design. Totally sixty hybrids and
nineteen parents were raised along with two checks CORH 3 and Improved white ponni in Randomized Block Design with two
replications. The F1 twoline hybrids were evaluated for mean performance, gca and sca effects and heterosis for yield and yield
components. Pre-ponderence of non-additive gene action for yield and yield attributing traits was observed by analyzing combining
ability. TGMS lines TNAU 27 S and TS09 25 and the testers KDML 105, CB 05 911/884, BPT 5204 and CB 05/501 were good
general combiners. The twoline hybrids combinations viz., TNAU 27 S x KDML 105, TS 09 25 x KDML 105, TNAU 27 S x
CB 05 911/884, TNAU 27 S x BPT 5204 and TNAU 27 S x CB 05/ 501 exhibited good per se performance, high sca and high
standard heterosis for yield over checks and the these hybrids could be utilized for commercial exploitation of twoline hybrids in
rice. The present study revealed that the TGMS system may be utilized for developing high yielding twoline rice hybrids in
India.
Key words: GCA & SCA variance, per se performance, gca and sca effects, heterosis

INTRODUCTION

The discovery of the environment sensitive genic male
sterility (EGMS) system laid the foundation for
re-placing three line system with the simpler and more
efficient two-line system for hybrid rice seed
produc-tion. EGMS includes photo period – sensitive
genic male sterility (PGMS) and thermosensitive genic
male sterility (TGMS) system. The discovery of
Nongken 58 S in 1973, a PGMS/TGMS japonica rice
line [1], provided the first genetic source for the
development of two-line system hybrid rice. Later,
Yang & Wang [2] induced a mutant (5460 S) in the
indica variety IR 54 that exhibited either pollen sterility
or pollen fertility depending on change of
temperature. This is called temperature sensitive genic
male sterility. These two pioneer findings laid a new
strategy of hybrid rice breeding, which involves in

exploitation of environmental genic male sterility.
TGMS lines will be sterile when the temperature could
be high (32 °C/24 °C), the same line become revert to
fertile when the tempera-ture will be low (24 °C/18
°C) [3]. Hence seed multiplica-tion of TGMS lines
could be possible the place where low temperature
prevails. In the tropical countries like India where
temperature fluctuations are common, the
thermosensitive genic male sterility (TGMS) system
can be effectively utilized. Temperature sensitive genic
male sterility (TGMS) and wide compatible varieties
provide a new tool for direct utilization of rice inter-
subspecific heterosis by two line system [4].
Considering the poten-tial of these novel approaches
in hybrid development pro-gramme, the present
investigation was attempted to de-velop two line rice
hybrids involving TGMS lines in rice.
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MATERIALS AND METHODS

Present investigation was carried out in Paddy
Breeding Station, Centre for Plant Breeding and
Genetics, TamilNadu Agricultural University,
Coimbatore, India. Experimental material which
consists of four TGMS lines viz., TNAU 27S, TS09 12,
TS09 15, TS09 25 and 15 non TGMS pollen parents
(Table 1) and sixty hybrids. TGMS lines and testers
were raised for crossing programme during summer
2010 (April-May) when maximum/minimum
temperature was prevailed 34.52-36.55 °C/25.05-
25.19°C. Crossing was done by adopting clipping
method. Field evaluation of 79 genotypes (19 parents
and 60 hybrids) along with two checks CORH 3 and
Improved white ponni in Randomized Block Design
with two replications during kharif 2010. The
performance of F1 hybrid combinations were
evaluated by recording observations on the following
attributes as per the IRRI, Standard Evaluation System
(1996)[5]. At flowering stage in each replication, five
competitive plants in the middle rows were selected
for taking following biometrical observation. There
are totally nine quantitative characters were recorded
viz., days to fifty per cent flowering, plant height,
number of productive tiller, panicle length, number
of spikelets/panicle, number of filled spikelets/
panicle, spikelet fertility percentage, 1000 grain weight
and single plant yield.

Table 1
Lines and testers used for hybridization programme

Sl.No. Lines Sl.No. Testers

1 TNAU 27 S 1 CO 47
2 TS 09 12 2 CO 50
3 TS 09 15 3 CB 05/501
4 TS 09 25 4 ADT 39

5 ADT 43
Checks 6 BPT 5204

1 CORH 3 7 KDML 105
2 Improved white ponni 8 WGL 14

9 G 14
10 RJ 101
11 RJ 102
12 RJ 103
13 RJ 104
14 CB 05 911/884
15 CB 87 R

The mean data for each character individually was
subjected to statistical analysis. The total variance was
partitioned into various sources by following the
model suggested by Panse & Sukhatme [6], combining
ability analysis was carried out according to
Kempthorne [7]. The percent increase or decrease of

F1 hybrids over parents was assessed as heterotic
effects by following Fonesca & Patterson [8].

RESULTS AND DISCUSSION

Analysis of variance for different quantitative traits

Analysis of variance (ANOVA) for combining ability
studies revealed that significant difference in among
lines, testers and hybrids. Variance due to lines x tester
was significant for all quantitative traits. The SCA
variance was higher than the GCA variance in all yield
contributing characters except total productive tillers
(Table 2). This indicated that the presence of non
additive gene action governing the traits.
Preponderance of non additive gene action in yield
and yield attributing traits indicated that need to
exploitation of heterosis for further improvement.
Many reports are available in rice for combining ability
and gene action on various characters including yield
[9, 10, and 11].

General combining ability effects and per se
performance of parents

Various biometrical techniques have been successfully
used by to assess the genetic makeup of different lines.
The General combining ability effects (gca) for each
quantitative trait was given in Tables 3.

The estimates of gca effects showed that parents
with high gca effects differ for various traits. Among
four TGMS lines, TNAU 27 S was judged as good
general combiner for traits viz., days to fifty per cent
flowering (-0.958), number of productive tiller (3.021),
panicle length (0.632), thousand grain weight (2.009)
and single plant yield (3.455) (Tables 3). TS 09 25 was
good combiner for increasing number of spikelets per
panicle (21.736) and number of filled spikelets per
panicle (17.114). Hence, these two TGMS lines were
identified for generating of good hybrid combinations.

Among testers CO 47, CO05/501, KDML 105, BPT
5204, WGL 14 and RJ 102 registered positive gca effects
for various yield and yield contributing traits. Among
them KDML 105 had registered high gca for single
plant yield (4.3) and positive gca effect for thousand
grain weight. WGL 14 showed positive gca for number
of spikelets per panicle and higher gca effect for
number of filled spikelets (22.478) per panicle RJ 102
had positive alleles for spikelet fertility per cent (5.502)
and thousand grain weight (3.813) by registering high
per se and positive significant gca effect. Best general
combiners with respect to grain yield per plant were
reported by scientists [12, 13]. CB 05/501, KDML 105
and CO 47 genotypes expressed high per se and
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positive significant gca for single plant yield. Hence,
TNAU 27 S, TS09 25, KDML 105, CB 05/501 and CO
47 are good general combiners for yield and yield
related traits and these lines may possess with
favorable alleles for traits which mentioned above and
these lines can be effectively utilized for hybridization
programme as potential donors for exploitation of
good commercial rice hybrids.

Specific combining ability (sca) effects of hybrids

Top ranking five hybrids with standard heterotic
values for two checks, mean performance, sca effect
and gca effect of parents were represented as high,
medium and low (Table 4).

In the present investigation, top ranking hybrids
on each character showed any one of the parent
pertaining with high gca effect except the hybrid TS
09 15 x CO 50 for panicle length (Table 4) this indicated
that involvement of both poor combiners also
produced superior specific combining hybrids.
Involvement of both combiners with low gca has been
attributed to over dominance or epistatis interaction
which has been suggested by Dalvi & Patel [14]. For
thousand grain weight, the hybrids TNAU 27 S x RJ
103 and TNAU 27 S x CB 05 911/884 registered highly
significant specific combining ability effect and good
mean performance with high x medium and high x
low general combining ability effect respectively.
Cross combinations involving parents with the
combining ability of High x High is due to positive
alleles of both parents. And also reports are showed
that cross combinations involving high x high
combiners which can be fixed in subsequent
generations if there is absent repulsion phase of
linkages [15].

For grain yield crosses TNAU 27S x CB05 911/
884 and TNAU 27S x BPT 5204 recorded high x low
gca effects parents with high sca effects were result of
interaction between positive allele from good
combiner and negative allele from poor combiner.
This result has inferred that high sca effects of crosses
comprising additive and dominance components of
gene action where as, high sca effects of crosses
involving low x low (TS 09 15 x CO 50) combiners
might be attributed to dominance x dominance type
of gene action [11, 13]. TS09 25 x BPT 5204 showed
positive and high sca effect for panicle length (2.346),
number of spikelets per panicle (39.722) and number
of spikelets per panicle (36.217) with low x high, high
x low and high x high gca interactions of parents
respectively. This hybrid provide a the clear-cut
picture of gene interaction of same cross combination

in different yield contributing characters can be useful
to breeder for exploiting of superior heterotic hybrids.

TNAU 27 S x KDML 105 had noticed for high
specific combining ability effects for seven traits viz.,
days to fifty per cent flowering (-3.542), plant height
(25.026), total productive tillers (3.229), panicle length
(2.173), number of spikelets per panicle (24.198), 1000
grain weight (1.245) and single plant yield (6.636).

Heterosis and per se performance of hybrids

Heterosis and per se performance for five top ranking
hybrids for each was presented in each trait (Table 4).
Negative standard heterosis over the check improved
white ponni was observed for days to fifty percent
flowering in hybrids viz., TS09 12 x RJ 104, TS09 12 x
KDML 105, TS09 12 x BPT 5204, TS09 12 x RJ 103 and
TNAU 27S x RJ 102. Result indicated that
improvement of early cultivars through heterosis
breeding. Three hybrids such as TS 09 25 x BPT 5204,
TS 09 25 x ADT 43 and TS 09 25 x ADT 39 were
observed for high mean performance and high
heterosis over two checks for two traits viz., number
of spikelets per panicle and number of filled spikelets
per panicle.

Standard heterosis (>20%) over CORH3 and more
than 55 per cent over improved white ponni was
observed in hybrids TS09 25 x RJ 101 and TNAU 27 S
x G 14 for thousand grain weigth. The prime objective
of hybrid development is obtaining superior hybrids
coupled with high yield and the present study
highlighted the best performing hybrids for yield
improvement viz., TNAU 27 S x KDML 105, TS 09 25
x KDML 105, TNAU 27 S x CB 05 911/884, TNAU 27
S x BPT 5204 and TNAU 27 S x CB05/ 501 with good
per se performance, high specific combing ability, good
general combining ability of parental lines (High x
High and High x Low) and highest per cent of
standard heterosis over two checks (CORH 3 and
Improved white ponni). According to Peng & Virmani
[16] the possibility of interaction between positive
alleles from good combiner and negative alleles from
poor combiner in high x low cross combination and
suggested for the exploitation of F1 generation, as their
high yielding potential would be unfixable in
succeeding generation.

Among five hybrids selected for single plant yield,
TNAU 27 S x KDML 105 registered the all positive
aspects a typical hybrid with which early mid
duration, spikelet fertility of 76.55 per cent and high
per cent of standard heterosis for single plant yield as
51.94 per cent over CORH 3 and 87.71 per cent over
improved white ponni. Based on suggestions many
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Table 4
Selected hybrids with high Per se, standard heterosis, sca and gca effect of parents

Characters/ Hybrids Per se diii (1) over diii (2) sca gca effect of parents
CORH 3 over IWP

Days to 50% flowering
TS 09 12 x RJ 104 82.50 1.23 -28.88** -3.35** High x High
TS 09 12 x KDML 105 82.50 1.23 -28.88** -5.975** High x Low
TS 09 12 x BPT 5204 83.00 1.84 -28.45** -6.475** High x Medium
TS 09 12 x RJ 103 83.50 2.45* -28.02** -3.60** High x High
TNAU 27 S x RJ 102 83.58 2.45* -28.02** -0.667 High x High
Plant height
TS 09 15 x CB 05 911/884 79.25 -3.65 -25.73** -7.899** High x High
TNAU 27 S x ADT 43 81.92 -0.41 -23.23** -11.382** High x High
TNAU 27 S x RJ 103 82.92 0.81 -22.29** -6.598** High x High
TNAU 27 S x BPT 5204 83.30 64.34** 26.68** -11.553** High x High
TS 09 12 x RJ 103 83.84 1.93 -21.43** -6.448** Low x High
Total productive tillers
TNAU 27 S x BPT 5204 23.45 65.53** 174.27** 4.963** High x Low
TNAU 27 S x CB 05 911/884 23.33 64.68** 172.87** 3.144** High x High
TS 09 12 x CB 05 911/884 21.67 52.93** 153.39** 2.602* High x High
TS 09 12 x CO 47 20.50 44.70** 139.77** 3.935** High x Low
TNAU 27 S x WGL 14 20.17 42.37** 135.91** 0.732 High x High
Panicle length
TS 09 25 x BPT 5204 27.99 41.70** 26.09** 2.346** Low x High
TS 09 15 x CO 50 27.07 37.04** 21.94** 2.982** Low x Low
TS 09 15 x ADT 43 26.65 34.91** 20.05** 2.179** Low x High
TNAU 27 S x WGL 14 26.38 33.57** 18.86** 2.618** High x Low
TNAU 27 S x KDML 105 26.35 33.42** 18.72** 2.172** High x Low
Number of spikelets / panicle
TS 09 12 x CB 05 911/884 238.17 54.99** 17.66* 34.061** Low x High
TS 09 25 x BPT 5204 236.50 53.90** 16.84 39.722** High x Low
TS 09 25 x ADT 43 223.80 52.93** 16.10 32.888** High x Low
TS 09 15 x G 14 226.00 47.07** 11.65 46.685** Medium x High
TS 09 25 x ADT 39 223.83 45.66** 10.58 12.345 High x High
Number of filled spikelets/ panicle
TS 09 25 x BPT 5204 219.00 68.68** 20.99** 36.217** High x High
TS 09 25 x ADT 39 206.66 59.18** 14.18* 28.426** High x High
TS 09 25 x CO 47 199.67 53.79** 10.31 22.055** High x High
TS 09 25 x ADT 43 196.50 51.35** 8.56 27.303** High x Low
TS 09 25 x KDML 105 189.34 45.83** 4.60 13.886 High x Low
Spikelet fertility per cent
TS 09 25 x RJ 104 99.87 18.19* 11.67 6.633 Low x High
1000 grain weight
TS 09 25 x RJ 101 27.01 23.68** 59.60** 3.836** Low x High
TNAU 27 S x G 14 26.39 20.84** 55.94** 2.021** High x High
TS 09 25 x RJ 102 26.20 19.99** 54.85** 1.796** Low x High
TNAU 27 S x RJ 103 25.84 18.37** 52.75** 4.134** High x Medium
TNAU 27 S x CB 05 911/884 25.80 18.16** 52.48** 3.534** High x Low
Single plant yield
TNAU 27 S x KDML 105 44.00 51.94** 87.71** 6.636** High x High
TS 09 25 x KDML 105 40.92 41.29** 74.55** 5.589** High x High
TNAU 27 S x CB 05 911/884 38.80 33.99** 65.53** 5.746** High x Low
TNAU 27 S x BPT 5204 37.00 27.77** 57.85** 4.165** High x Low
TNAU 27 S x CB05/ 501 35.81 23.66** 52.77** 0.249 High x High
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scientists, hybrids with 20-30% positive standard
heterosis over commercial varieties is sufficient to
offset the additional cost of hybrid seeds for self
pollinated crops [17, 18].

Effects of gca combined with per se performance
of each line revealed that the actual potentiality of
lines. The study revealed that the TNAU 27S, TS 09
25, KDML 105 and CB 05/501 were not only good
general combiners for single plant yield but also
produced high heterotic combination of hybrids viz.,
TNAU 27S x KDML 105 (44g), TS 09 25 x KDML 105
(40.92) and TNAU 27S x CB 05/501 (38.80) with high
mean performance for single plant yield. A potential
hybrid is one that has superior performance, which is
the actual realized value. The realized mean value
should be above the standard parent’s performance
for commercial exploitation. Hence, it would be
fruitful if the hybrids are evaluated based on the mean
values, standard heterosis and sca effect [13, 15, 19].
Among hybrids, TNAU 27S x KDML 105, TS 09 25 x
KDML 105, TNAU 27 S x CB 05 911/884, TNAU 27 S
x BPT 5204 and TNAU 27 S x CB 05/ 501 was
recommended for its high per cent of standard
heterosis for single plant yield and high specific
combining ability effects and good per se performance.
Hence, exploitation of these hybrids for
commercialization will lead to change the current
hybrid era.
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