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Genetic analysis for yield and physiological traits in developing rice
hybrids for aerobic environment

D. Malarvizhi, K.Thiyagarajan and C.Vijayalakshmi
Tamil Nadu Agricultural University, Coimbatore- 641 003, Tamil Nadu

ABSTRACT
The present investigation was carried out to develop heterotic rice hybrids suitable for aerobic cultivation
utilizing four cytoplasmic male sterile lines and twenty two testers. The CMS line IR 68888A was found to be a
good general combiner for root length and shoot dry weight while the CMS line COMS 14A was found to be a
good general combiner for relative water content, shoot dry weight, grain yield and harvest index. The male
parents IR55838-B2-2-3-2-3, WGL 14 and IR 72875-94-3-3-2 were identified as good general combiners for
most of the yield components and physiological traits. Good general combiners with respect to various
physiological traits include PSBRC 80 for relative water content, root length, root dry weight, shoot dry weight,
total dry matter production and harvest index; MTU 7029 for SPAD value; IR 36 for high harvest index and
relative water content; IR 69715-72-1-3 for root length and root shoot ratio and MTU 9992 for shoot dry
weight, total dry matter production and harvest index. Based on the high per se performance and high sca effects
COMS 14A x IR55838-B2-2-3-2-3, IR 68888A x IR 72875-94-3-3-2, IR 68897A x IR 36 and IR 68897A x IR
59624-34-2-2 were identified as superior hybrids suitable for aerobic condition.

Key words : aerobic rice, combining ability, physiological traits, yield improvement

The present  food security depends largely on the
irrigated rice production system and more than 75% of
the rice supply comes from 79 million hectares of the
irrigated land (IRRI, 1997) which are predominantly
found in Asia. More irrigated land is devoted to rice
than to any other crop. But the global water crisis
threatens the sustainability of irrigated rice production
because water is becoming increasingly scarce. This
increase in water scarcity now made the researchers
to look for various ways of how to decrease the water
use in rice production and increase the water use
efficiency.  Among the various water saving
technologies available, Aerobic rice technology is one
of the best way to increase the food production. By
this the farmers can actually reduce the water
requirement around 50 % and can obtain yields of 4.5
to 6.5 t/ha. This new concept  of aerobic rice combines
the characteristics of both upland and high yielding
lowland varieties with less water requirement and high
response to inputs.

Development of rice hybrids with high yield
potential for aerobic conditions would be one of the

exciting research to be carried out to overcome the
existing water crisis in India. Therefore, the present
investigation was carried out to identify best combining
parents and hybrids suitable for aerobic cultivation.

MATERIALS AND METHODS
Eighty eight hybrids along with four lines, 22 testers
and two check hybrids viz., ADTRH 1 and CORH 2,
were raised in randomized block design with two
replications under aerobic and flooded conditions. For
each genotype, single seedling per hill was planted at
20 x 20 cm spacing in three rows of 1.8m length
consisting of thirty plants. Recommended fertilizer dose
and cultural practices were adopted.

The hybrids along with their parents were sown
in raised beds and 25 day old seedlings were
transplanted in main field under puddled condition.
Initially the aerobic and the control plots were maintained
under irrigated condition upto 55 days. From 56th day
onwards the treatment plot was maintained under
aerobic condition. For every irrigation thereafter, soil
sampling was carried out before and after irrigation to
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assess the soil moisture content. Irrigation was given
only when hair line crack was noticed in the treatment
plot and the control plot was maintained under normal
flooded condition till maturity. Totally five irrigations
were given to the aerobic treatment plot with an interval
of eight days. The rainfall received during the entire
crop period was also recorded.

In the vegetative stage five plants were
selected randomly and tagged. Data were recorded at
flowering and maturity stage for yield and physiological
traits viz., plant height, spikelet fertility, SPAD
chlorophyll meter reading (SCMR), relative water
content, shoot dry weight, root dry weight, root-shoot
ratio, root length, total dry matter production, harvest
index and grain yield per plant for both aerobic and
flooded treatments. Observations for the A lines were
recorded on the corresponding B lines. The mean data
of these traits recorded for aerobic and flooded
conditions were subjected to combining ability analysis
proposed by Kempthorne (1957) and the results
obtained for both conditions were compared and
discussed.

RESULTS AND DISCUSSION
The analysis of variance revealed that the lines, testers
and line x tester interaction was highly significant for
all characters in both situations. The specific combining
ability (sca) variance was higher than general combining
ability (gca) variance for all the characters studied in
both the conditions. In general the percentage
contribution of testers was high for all the physiological
traits when compared to the lines (Table1).

Information on physiological potential of the
genotypes has more significance in the crop
improvement programme to evolve varieties or hybrids
suited for aerobic cultivation. In the present study, the
potentiality of parents to produce better offsprings with
reservoir of superior genes were evaluated based on
per se performance and gca effects while evaluation
of hybrids is based on the mean performance and
significant sca effects since the genetic worth of the
parents is decided on the basis of their specific
combining ability to produce better effect in F1 hybrids
(Table 2).

The parental lines IR 68888A and IR69715-
72-1-3 were considered as good general combiners for
plant height as they showed highly significant negative

gca effects combined with high per se performance
under both conditions. In addition, the CMS line IR
68886A and two male parents viz., IR 71604-4-1-4-7-
10-2-1-3 and PSBRC 80 were identified as good general
combiners for plant height under aerobic condition
indicating the presence of favourable alleles for semi
dwarf plant type. Atlin et al.(2004) also reported that
intermediate plant height would be favourable for
aerobic conditions compared to tall varieties.

Hybrids with semi-dwarf plant type is
preferable and highly productive. A total of 44 hybrids
in flooded condition and 38 hybrids under aerobic
condition recorded significantly lesser plant height. The
hybrids IR 68888A x PR114 and IR 68886A x IR
71700-247-1-1-2 were the shortest under aerobic
condition when compared to flooded condition. Wide
range of sca effects for plant height in the hybrids was
observed in flooded and aerobic conditions. A total of
32 hybrids under flooded and 23 hybrids under aerobic
condition were found to be semi-dwarf in nature
resulting from the parents with significant negative sca
effects. Of the 23 hybrids, 12 hybrids had any one of
the parent as a good general combiner for plant height.
It was also observed that seven hybrids with significant
negative sca effects were derived from low x low
general combiners for plant height. The results are in
conformity with the findings of Viswanathan Satheesh
(2003) and Krishnan (2004). Reduction in plant height
under aerobic condition due to moisture stress was also
observed by Russo (2000) and Adriano et al. (2005).

Spikelet fertility is one of the important yield
contributing characters that is mainly considered for
yield improvement in rice hybrids. In aerobic condition,
the line IR 68886A and 10 testers viz., IR 36, IR55838-
B2-2-3-2-3, IR 59624-34-2-2, IR60979-150-3-3-3-2, IR
62030-54-1-2-2, IR69715-72-1-3, MTU 5293, MTU
7029, MTU 9992 and WGL 14 were selected as good
general combiners as they had desirable genes for
spikelet fertility under aerobic condition which can be
used as potential donors.

Among the 68 hybrids identified as best under
aerobic condition, the hybrids COMS 14A x IR 62161-
184-3-1-3-2, IR 68888A x WGL 32100, IR 68888A x
IR 72875-94-3-3-2, IR 68897A x IR 55838-B2-2-3-2-3
and IR 68888A x MTU 9992 were found to have high
per se performance for spikelet fertility.  Also, 13 hybrid
combinations showed equal performance for spikelet
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Table 2. Best general and specific combiners for grain yield and physiological traits under aerobic condition

Characters Best general combiners Best specific combiners

Lines Testers

Plant height IR 68888A IR69715-72-1-3 IR 68886Ax IR 71700-247-1-1-2
IR 71604-4-1-4- 7-10-2 IR 68897 A x PSBRC 82
PSBRC 80 IR 68888A x PR 114
PR 114, MTU 7029 IR 68888A x PSBRC 80
IR 62030-54-1-2-2 IR 68886 A x IR 62030-54-1-2

Spikelet  fertility IR 68886A IR 36 COMS14A x IR 62161-184-3-1-3-2
IR55838-B2-2-3-2-3 IR 68888 A x WGL 32100
IR 59624–34-2-2 IR 68888 A x IR 72875-94-3-3-2
IR60979-150-3-3-3-2 IR 68897 A x IR55838-B2-2-3-2-3
IR 62030-54-1-2 IR 68888 A x MTU 9992
IR69715-72-1-3
MTU 5293,MTU 7029
MTU 9992,WGL 14

SPAD at flowering IR 68888A MTU 7029 IR 68897 A x IR 62161-184-3-1-3-2
IR 68888AxIR 71700-247-1-1-2
IR 68888 Ax IR 72862-27-3-2-3
IR 68897 A x IR 36
IR 68888 A x IR 72875-94-3-3-2

Relative water content at flowering IR 68897A PSBRC 82 COMS 14 A x IR 60979-150-3-2
IR 36 IR 68897 A x IR 77298-12-7
MTU 7029 IR 68886 Ax IR 71604-4-1-10-2
IR 69715-72-1-3 IR 68886 A x IR 59624 –34-2-2
MTU 9992 IR 68886A x MTU 5293

Shoot dry weight IR 68888A MTU 9992 IR 68886A x IR 72862-27-3-2-3
IR 68886A PSBRC 80 IR 68897 A x IR 59624 –34-2-2
COMS MTU 5293 COMS14 A x IR 77298-5-6
14A COMS14 Ax IR 60979-150-3-2

COMS14 A x PSBRC 80
Root shoot  ratio IR 68897A IR 36,  WGL 32100 IR 68897A x IR 60979-150-3-2

IR55838-B2-2-3-2-3 COMS14AxIR 71700-247-1-1-2
IR60979-150-3-3-3-2 IR 68886 Ax IR 60979-150-3-2
IR69715-72-1-3 IR 68888 A x PSBRC 80
IR 72875-94-3-3-2 COMS 14 A x IR 72862-27-3-2-3
IR 71604-4-1-4-7-10-2-1-3,
PSBRC 82, IR 77298-5-6
IR 62030-54-1-2-2

Root dry weight IR 68897A IR55838-B2-2-3-2-3 IR 68897AxIR 60979-150-3-3-2
IR 71604-4-1-10-2-1-3 COMS 14 A x IR 71700-247-1-2
IR 36 IR 68886A x MTU 7029
PSBRC 82 IR 68888 A x PSBRC 80COMS 14 A x IR 36
IR60979-150-3-3-3-2
WGL 32100

Root length IR 68886A PSBRC 82 IR 68888A x IR69715-72-1-3
COMS MTU 5293 IR 68897AxIR 60979-150-3-3-2
14A PSBRC 80 COMS 14 A x MTU 7029

IR69715-72-1-3 IR 68897 A x IR55838-B2-2-3-3
IR 77298-12-7 IR 68886 A x PSBRC 80
IR 71604-4-1-10-2-1-3
IR 72875-94-3-3-2

Contd...
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Total dry matter production COMS 14A MTU 5293 IR 68886 A x IR 72862-27-3-2-3
IR55838-B2-2-3-2-3 IR 68897 A x IR 59624 –34-2-2
PSBRC 80 COMS 14 A x PSBRC 80
IR 36, PSBRC 82 IR 68886 A x IR 77298-12-7
IR 72875-94-3-3-2 IR 68886 A x WGL 14
WGL 14

Harvest index IR 68886A IR 72875-94-3-3-2 IR 68886 A x IR 72862-27-3-2-3
IR55838-B2-2-3-2-3 IR 68897 A x IR 62161-184-3-1-3-2
IR69715-72-1-3, IR 36 IR 68897 A x IR 62030-54-1-2
IR 71604-4-1-10-2-1-3 IR 68888AxIR 71700-247-1-1-2
MTU 9992,PSBRC 82 IR 68886 A x WCR 6
PSBRC 80, MTU 5293
IR 62030-54-1-2
WGL 32100, WGL 14
IR 59624 –34-2-2

Grain yield per plant IR 68886A IR55838-B2-2-3-2-3 IR 68886 A x IR 72862-27-3-2-3
COMS PSBRC 82 IR 68897 A x IR 59624 –34-2-2
14A IR 72875-94-3-3-2 COMS14A x IR55838-B2-2-3-2-3

PSBRC 80, IR 36 IR 68897 A x IR 62030-54-1-2
IR69715-72-1-3 IR 68886 A x WCR 6
MTU 5293,  MTU 9992 IR 68886 A x IR 77298-5-6
IR 62030-54-1-2 IR 68888AxIR 71700-247-1-1-2
WGL 32100,  WGL 14 COMS 14 A x PR114
IR 71604-4-1-4- 7-10-2 COMS 14 A x MTU 7029
IR 62161-184-3-1-3-2 IR 68897 A x IR 36
IR 59624 –34-2-2

Characters Best general combiners Best specific combiners

Lines Testers

Table 3 Contd...

fertility under both conditions indicating their ability to
withstand water limited situations. The superior
performance of these hybrids can be attributed due to
the involvement of aerobic rice cultivars like IR 71604-
4-1-4-7-10-2-1-3, IR 72862-27-3-2-3, IR 71700-247-
1-1-2, IR 72875-94-3-3-2 and PSBRC 82 as one of the
parents. Wide range of sca effects was observed for
spikelet fertility under both conditions. Five hybrids under
flooded condition and 10 hybrids under aerobic condition
showed significant positive sca effects.  Out of the 10
hybrids, eight hybrids had atleast one parent as a good
general combiner indicating the predominance of non
additive gene action for expression of high spikelet
fertility as reported by Bastian et al.(2004), Krishnan
(2004) and Jeyaprakash and Balasubramanian (2004).

Chlorophyll meter quantifies the relative
greenness of plants and it is one of the non-destructive
method of measuring chlorophyll status (Watanabe et
al., 1980). The genotype MTU 7029 was identified as
good general combiner with high mean performance

under both aerobic and flooded conditions. The genetic
nature of MTU 7029 with dark green leaves may be
one of the reasons for the high gca and per se
performance for this trait. This genotype MTU 7029
can be used as a potential donor for improving the
chlorophyll status in the hybrids.

Based on the per se performance, 48 hybrids
under flooded and 31 hybrids under aerobic condition
were found superior and showed slight reduction in
SPAD value when compared to flooded condition.  The
reduction in SPAD values was also reported by
Maibangsa (1998) due to water stress in rice.  With
respect to sca effects, five hybrids under flooded
condition and 10 hybrids under aerobic condition
recorded significant positive sca effects. Of the ten
hybrids with high sca effects, four hybrids resulted from
the combination of high x high general combiners, while
three hybrids were derived from the combination of
differential gca effects of high x low and low x high
combiners. Other three hybrids viz., IR 68888A x IR
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62161-184-3-1-3-2, IR 68886A x WGL14 and COMS
14A x PSBRC 82 resulted from low x low general
combiners.  The results indicate that additive and non-
additive gene action played a major role in the expression
of leaf chlorophyll content. Annadurai (2002) also
reported similar results under water deficit conditions.

Relative water content is one of the measures
which gives an idea of tissue water status. Considering
both per se performance and gca effects, the line
COMS14A and seven testers viz., IR 36, IR55838-
B2-2-3-2-3, IR 69715-72-1-3, PSBRC 80, PSBRC 82,
WGL 14 and WGL 32100 had desirable genes and were
adjudged as best general combiners under both
conditions. Fifty six hybrids under flooded and 51
hybrids under aerobic condition had high per se
performance for RWC.  Twenty two hybrids had lower
RWC under aerobic condition and the reduction was
more pronounced in the hybrid combination IR 68897A
x IR 60979-150-3-3-3-2 (57.55 per cent).  Such
reduction in RWC under was observed by Sairam and
Dube (1984) under moisture stress conditions. Lawlor
(1995) observed that changes in metabolic process with
the cessation of photosynthesis and increased respiration
in plants is due to reduced RWC.  Significant positive
sca effects were observed in nine hybrids under flooded
and 10 hybrids in aerobic condition. Among the 10
hybrids, the hybrid COMS14A x IR 62161-184-3-1-3-
2, resulted from combination of parents with high gca
effects, while seven hybrids resulted from parents with
differential gca effects and two hybrids IR 68886A x
MTU 9992 and IR 68886A x IR 77298-5-6 from low x
low general combiners, indicating the presence of
additive and non additive gene action.  Farshadfar et
al. (2002) also reported non additive gene action for
relative water content in their study under water stress
conditions.

When considering aerobic and flooded
conditions together, none of the genotypes had
significant gca effect and per se performance for root
dry weight. However, under aerobic condition IR 71700-
247-1-1-2 and PSBRC 80 were identified as good
general combiners coupled with high per se
performance. Chang et al. (1972) observed that the
drought resistant upland cultivars possessed longer and
thicker root system and also concluded that selection
for genotypes with high root weight could lead to
improvement in other root traits.

Superior hybrids for root dry weight include
IR 68897A x IR 60979-150-3-3-3-2, IR 68897A x IR
55838-B2-2-3-2-3, IR 68897A x PSBRC 82, IR 68897A
x IR 71604-4-1-4-7-10-2-1-3 and IR 68888A x IR
72875-94-3-3-2. With respect to sca effects, significant
positive performance was observed in 15 hybrids under
flooded condition and seven hybrids under aerobic
condition. The hybrid IR 68897A x IR 60979-150-3-3-
3-2 was found to be highly suitable for aerobic situation.
More root dry weight under water stress conditions
was also reported by Robin (1997) and Michael Gomez
et al. (2003).

Shoot dry weight is the major component that
decides the total biomass of a plant. The genotypes
COMS 14A, IR 68886A, MTU 9992 and PSBRC 80
had desirable genes  and were identified as good general
combiners for shoot dry weight. Significant positive sca
effect for shoot dry weight was recorded by 15 hybrids
in flooded and 10 hybrids under aerobic condition.
Additive and non-additive gene action played a major
role since four hybrids resulted from both the parents
with high gca effects and remaining six hybrids were
derived either from low x high or high x low combination
of parents. High sca effects for this trait under water
stress conditions were reported by Nilakantapillai
(1998) and  Kalita and Upadhaya (2000).

Genotypes with high root-shoot ratio is highly
desirable under water limited situations. The genotypes
IR 68897A. PSBRC 82, IR 71604-4-1-4-7-10-2-1-3,
IR69715-72-1-3, WGL 32100 and IR 72875-94-3-3-2
had favourable genes for this trait and were identified
as good general combiners. Constant increase in root-
shoot ratio was observed under aerobic condition. It
might be an adaptive mechanism of plants to extract
water from the deeper layers of soil. This helps in the
maintenance of water status in tissues.

Thirteen hybrids under flooded and 21 hybrids
under aerobic condition exhibited higher per se
performance for root-shoot ratio. When compared with
flooded condition the root-shoot ratio was high in
aerobic condition. This was in line with the findings of
O’Toole and Chang (1979).  High root to shoot ratio in
drought resistant upland rice cultivars was also reported
by Namuco et al. (1993) and Lu and Hua, (1994).
Significant positive sca effect for root shoot ratio was
displayed by 15 hybrids in flooded and 10 hybrids under
aerobic condition. Out of ten hybrids under aerobic

Rice hybrids for aerobic environment D. Malarvizhi et al
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Fig. 1. Comparison of total dry matter, grain yield and harvest index under aerobic condition for high yielding hybrids

condition, two hybrids resulted from both the parents
with high gca effects while four hybrids were derived
from parents having low x high gca effects and the
remaining four hybrids resulted from low x low general
combiners. Additive and non-additive gene action played
a major role for the expression of high root–shoot ratio.

Deep rooted cultivars extract more water than
the shallow rooted genotypes (Puckridge and O’Toole,
1981). Generally, the parents and hybrids grown under
aerobic condition had longer roots than the genotypes
under flooded condition. Considering aerobic condition,
the genotypes COMS 14A, IR 69715-72-1-3, IR 71604-
4-1-4-7-10-2-1-3, IR 72875-94-3-3-2, PSBRC 82, and
PSBRC 80 were identified as good general combiners
for root length. The male parents those showed better
performance for root length were specially bred for
aerobic situation may be the reason. Lilley and Fukai
(1994) reported that the cultivar with higher root length
performed better than others under mild stress
conditions.

Significant positive sca effects for root length
was observed in six hybrids under flooded condition
and five hybrids under aerobic condition. Of the five
hybrids, two  hybrids  resulted from the combination of
high x high general combiners while the other hybrids
resulted from high x low, low x high and low x low
combiners. Predominance of additive and  non-additive

gene action had significant role in the expression of
higher root length under aerobic condition.  The
contribution of favourable genes by  the male parents
of these hybrids may be one of the reasons for better
expression of the hybrids for root length under aerobic
condition.

Total dry matter production is an important
parameter which indicates the photosynthetic efficiency
of plants.  In general, there was reduction in total dry
matter production in the genotypes grown under aerobic
condition (Fig 1and 2). It was also observed that most
of the genotypes differed in their ability to produce high
dry matter under aerobic condition (Table 3). Eight
genotypes viz., IR 36, IR55838-B2-2-3-2-3, IR 72875-
94-3-3-2, MTU 5293, MTU 9992, PSBRC 80, PSBRC
82, and WGL 14 were found to have desirable alleles
for dry matter production under aerobic condition.
Similar results were reported by Chauhan et al. (1996)
and  Beser (1997). Simane et al.(1993) also observed
higher reduction in dry matter accumulation in drought
susceptible rice cultivars than that of tolerant
cultivars.The sca effect for this trait was found to be
highly significant in 11 hybrids under flooded condition
and eight hybrids under aerobic condition. Though
significant positive gca effect for dry matter was
contributed by eight parents, only three parents
produced hybrids viz., COMS 14A x PSBRC 80, IR
68886A x WGL 14 and COMS 14A x MTU 5293 with
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Fig. 2. Comparison of total dry matter, grain yield and harvest index under flooded condition for high yielding hybrids.

high sca effect from high x high general combiners
while the other hybrids were produced from the high x
low combination of parents which are controlled by
additive and non-additive gene action. Similar results
were reported by Souframanien et al.(1998a).

Harvest index, the partitioning efficiency of
plants to divert the biomass towards the developing

reproductive parts, was found to be relatively high in
flooded condition than under aerobic condition (Fig  1
and 2). The genotypes COMS 14A, IR 36, IR55838-
B2-2-3-2-3, IR 59624-34-2-2, IR 72875-94-3-3-2, WGL
14, MTU 9992 and WGL 32100 were found to have
desirable genes for expression of high harvest index
and were identified as good general combiners under
aerobic and flooded conditions. The results are in
conformity with reports of Sureka and Beser (1999).

Significant positive sca effect for harvest index
was displayed by 20 hybrids in flooded and 25 hybrids
under aerobic condition.  Out of the 25 hybrids under
aerobic condition, 12 hybrids resulted due to interaction
of positive alleles from good combiner and negative
alleles from poor combiners. Predominance of additive
and non-additive gene action played a major role. High
sca effects for this trait under water stress conditions
were reported by Annadurai (2002) and Yogameenakshi
et al.(2003).

Grain yield, the economic output of the plant
and the total contribution of all yield related traits was
found to be high in the line COMS14A and 15 testers
viz., IR 36,IR55838-B2-2-3-2-3, IR 59624-34-2-2, IR

62030-54-1-2-2, IR 62161-184-3-1-3-2 IR 69715-72-
1-3, IR 71604-4-1-4-7-10-2-1-3, IR 72875-94-3-3-2,
MTU 5293, MTU 7029, MTU 9992, PSBRC 80,
PSBRC 82, WGL 14 and WGL 32100 under aerobic
condition and the lines IR 68886A and COMS 14 A
and 14 testers had high gca effects  for grain yield per
plant under flooded condition. In general, higher yield
was obtained in flooded condition when compared to

aerobic situation (Fig 3). However, the line COMS 14A
and 13 testers performed equally well under both
conditions.

 Among the 15 hybrids which showed high per
se performance, the hybrid COMS 14A x IR55838-
B2-2-3-2-3 out yielded the other hybrid combinations
by recording 58.05 grams of grain yield per plant
followed by the hybrids COMS 14A x IR 36, IR 68897A
x IR 36, IR 68888A x IR 72875-94-3-3-2 and IR 68897
A x PSBRC 82. The parental lines involved in the above
hybrids also had high per se performance for grain yield
under aerobic condition. In addition to yield, the hybrid
COMS 14A x IR55838-B2-2-3-2-3 and COMS 14A x
IR 36 showed superiority for spikelet fertility, total dry
matter production and harvest index; the hybrid IR
68888 A x IR 72875-94-3-3-2 for spikelet fertility,
relative water content, root dry weight, harvest index
and  root-shoot ratio and IR 68897 A x IR 36 for spikelet
fertility, total dry matter production and harvest index.
These four hybrids can be best utilized commercially
for both conditions.

Significant positive sca effects for grain yield
was recorded by 25 hybrids under flooded and 29
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Table 3.  Specific combining ability of hybrids with different gene effects under aerobic condition

Characters Hybrids with Hybrids
significant sca
effects high x high high x low low x low

gca effects or low x high gca effects
Plant height 23 4 12 7
Spikelet  fertility 10 2 8 -
SPAD at flowering 10 4 3 3
Relative water content 10 1 7 2
Shoot dry weight 10 4 6 -
Root shoot  ratio 10 2 4 4
Root dry weight 7 2 3 2
Root length 5 2 3 -
Total dry matter 8 3 5 -
Harvest index 25 4 12 9
Grain yield per plant 29 9 16 6
Type of gene action Additive Non additive Epistatic

hybrids under aerobic condition (Table 3). Out of 29
hybrids under aerobic condition, nine hybrids were
resulted from both the parents with superior gca effects
indicating additive x additive gene action. High sca
effects were also observed for grain yield in 16 hybrids,
involving parents with differential gca effects, indicating
non additive gene action. The remaining six hybrids
resulted from low x low combining parents. Highest
sca effect for grain yield was recorded under aerobic
condition by the hybrid combination IR 68886A x IR
72862-27-3-2-3 followed by IR 68897A x IR 59624-
34-2-2, COMS14A x IR55838-B2-2-3-2-3, IR 68897A
x IR 62030-54-1-2-2 and IR 68886A x WCR 6.
Significant positive sca effects for grain yield as
observed in the present study was also reported by

Kalita and Upadhaya (2000), Bastian et al.(2004) and
Sabesan et al.(2004).

The parents with high x high general combining
ability with more of favourable genes for the
physiological  traits would be of tremendous potential
in the exploitation of heterosis for grain yield under
aerobic condition. Therefore, the genotypes IR 68888A,
COMS 14A, IR55838-B2-2-3-2-3, IR 36, IR 72875-
94-3-3-2, WGL 14, WGL 32100, IR 59624–34-2-2, IR
71604-4-1-10-2-1-3, IR 62030-54-1-2 and MTU 9992
having desirable genes for specific traits can be used
as potential donors in aerobic rice improvement.

Based on the high per se performance and high
sca effects, the hybrids COMS 14A x IR55838-B2-2-
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3-2-3, IR 68888A x IR 72875-94-3-3-2, IR 68897A x
IR 36 and IR 68897A x IR 59624-34-2-2 were identified
as superior hybrids and highly suitable for aerobic
condition. Though reduction in grain yield was observed
in most of the hybrids under aerobic condition few
hybrids viz., IR 68886A x IR 71604-4-1-4-7-10-2-1-3,
IR 68886 A x IR 72875-94-3-3-2, IR 68888A x IR 36,
IR 68888A x IR 72875-94-3-3-2, IR 68888A x IR
62030-54-1-2-2, IR 68888A x IR 71604-4-1-4-7-10-2-
1-3, IR 68888A x PSBRC 82, IR 68897A x PSBRC
80, IR 68897A x IR 60979-150-3-3-2 and COMS 14A
x WGL 32100 had equal performance for grain yield
under aerobic as well as flooded conditions and these
hybrids can be exploited commercially.
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