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Abstract: Nature of gene action and combining ability is valuable in determining whether heterosis is fixable
or predictable. Thus, to know the inheritance pattern of some morphological traits sixty F, hybrids along with
their parents (3 CMS lines and 20 restorer variety) were evaluated to identify best heterotic combinations. The
results indicated that the male lines 1.e., IR35454-18-1-1-2R, IET201108 and IR52256-9-2-2-1R were identified
good general combiner for grain yield and almost all its major components. The higher magnitude of sca than
gea variance, greater values of average degree of dominance and lower predictability ratio was observed in all
characters studied suggested significant role of non-additive gene action. Out of 60 crosses, about 30% crosses
showed significant and desirable sca effects for grain yield along with its important traits, viz., mumber of fertile
spikelets, number of spikelets per panicle and biological yield. High sca effects was observed in the crosses
NMS4A=IR633-76-1R, IRS8025AxIR19058-107-1R, IRS8025AxIR3241 9-28-3-1-3-3R, NMS4A=IR35454-18-1-1-2R
and NMS4A xR 5226-9-2-2-1R. Mamifestation of heterobeltiosis for gramn yield was sigmficantly superiority of
43 hybrids ranging from 11.63 to 113.04% and 46 hybrids over standard check (Sarjoo-52) ranging from 10.48
to 71.56%. Most of the crosses which exhibited superiority over better parent or standard variety for grain vield
also showed significant heterosis for number of fertile spikelets and number of spikelets per panicle. The best
cross combmation IR58025AxIR48749-53-2-2-2R, NMS4AxIR633-76-1R, IR58025A=1R54853-43-1-3R,
TR58025A xIR19058-107-1R and PMS10A xTR54853-43-1-3R, NMS4A xTR52256-9-2-2-1R, NMS4A<[ET9352 and
TR58025A xTET201102 having more than 50% heterosis in order of merit grain yield and other yield components
as well as sigmficant sca effects for major components were most promising combinations and need to be tested
on large scale for commercial exploitation of heterosis.
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INTRODUCTION

Exploitation of heterosis is considered to be one of
the outstanding achievements of plant breeding. At the
current growth of population rice requirement increases
dramatically; hence, it is challenging task to ensuring food
and nutritional security to the country. Therefore,
enhancing productivity of rice through novel genetic
approaches like hybrid rice was felt necessary. It has not
only contributed to food security but has also benefited
the environment (Duvicls, 1999). Hybrid vigour in rice was
first reported by Jones (1926). The various crop species in
which hybrid varieties are used commercially, rice ranks
very lugh. Since rice is a self-pollinated crop therefore,
hybrid seed production must be based on male sterility

systems. Currently, the most popular male sterility system
for commercial exploitation of hybrid rice technology 1s
the CMS, popularly known as the three-line system. This
utilizes three different lines, namely a cytoplasmic male
sterile line (A line), a mamtainer (B line) and a restorer
(R line). Hybrid rice based on Cytoplasmic Male Sterility
(CMB) increases grain yield by more than 20% relative to
improved inbred rice varieties (Yuan and Virmani, 1594).
Rice hybrids were first commercialized in the late 1977 in
China (IRRI, 1977). Significant heterosis, heterobeltiosis
and standard heterosis in rice have been reported by
many earlier workers (Nuruzzaman et al., 2002; Faiz et al.,
2006; Manickavelu et al, 2006; Sofi and Trag, 2006,
Rashid et al., 2007, Baghen ef al., 2008; Saleem et af.,
2008; Bagheri and Telodar, 2010; Rahimi et aof, 2010;
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Tiwari et al., 2011, Selvaraj et al., 2011; Akinwale et al.,
2011). Hybrids offer opportunity to break through the
yield ceilings of semi dwarf rice varieties. The mcreased
yield of rice hybrids alone does not ensure profitability to
farmers if their grain quality is not acceptable and if they
fetch a low price in the market. The understanding of
various characters and identification of superior parents
are inportant prerequisite for launching effective and
efficient breeding programme. Selection of parents on the
basis of phenotypic performance alone is not a sound
procedure since phenotypically superior lines may yield
poor recombination. It 1s therefore, essential that parents
should be chosen on the basis of their genetic value.
Combining ability analysis provide information on
additive and non-additive variances (1.e., dominance and
epistasis) which are mmportant to decide the proper
parents for hybridization to produce superior hybrids. The
choice of parents particularly for heterosis breeding
should be based on combining ability test and per se
performance. There are several techmques for the
evaluation of varieties for their genetic make-up. Of
these, linextester mating design is a good approach for
screening the large number of germplasm on the basis of
their gene effects. Combining ability analysis 1s one of the
powerful tools available to estimate the combining ability
effects and aids in selecting the desirable parents and
crosses for the exploitation of heterosis (Sarker et al,
2002; Rashid et al., 2007, Selvaraj ef al., 2011). Heterosis
can result from partial to complete dominance, over
dominance, epistasis and combinations of these
(Comstock and Robinson, 1952). If partial to complete
dommance predominates, it 13 theoretically possible to
develop homozygotes with fixed heterosis. If over
dommance or over dominant types of epistasis
predominate, then the highest yielding lines must be
heterozygotes (Sprague and Eberhart, 1977). To exploit
maximum heterosis using Cytoplasmic Male Sterile (CMS)
technicue in the hybrid rice programme, we must know the
combining ability of different male sterile and restorer
lines. The performance of parent may not necessarily
reveal it to be a good or poor combiner. Therefore,
gathering information on nature of gene effects and their
expression 1 terms of combimng ability 15 necessary. The
mformation regarding general combimng ability (gea)
effects of the parents is of prime importance because it
helps in successful prediction of genetic potentiality
which would give desirable mndividuals in subsequent
segregating populations. However, specific combimng
ability is associated with interaction effects which may be
due to dominance and epistatic components of variation
that are non-fixable m nature thus 1t would be worthful for
commercial exploitation as hybrids. Thus, gene action
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and combining ability relation to heterosis lies in
determining whether heterosis is fixable or predictable.
The presence of non-additive genetic variance 1s the
primary justification for mitiating the hybrid programme
(Pradhan et al., 2006). There is need to study various
morphological traits to get better understanding of
inheritance and select or identify superior genotypes.
Heritability values have been variable depending upon
the genetic natwre of genotypes for different
morphological characters (Vivek ef al., 2000, Mishra and
Verma, 2002; Mahto et al., 2003; Swati and Ramesh, 2004).
Keeping in view the importance of combining ability and
heterosis m plant breeding a linextester analysis
employed in rice with following two major objectives: (1)
To cram the gene effects for identification of suitable
parents for heterosis breeding and (2) To determination
of the out yielding effects, adaptability and quality of rice
hybrids for various agronomic traits and their possible
exploitation for commercial use.

MATERIALS AND METHODS

The parental material comprised 3 CMS lines viz;
IR58025A, NMS4A and PMS10A used as females (lines)
were crossed with 20 diverse genotypes used as male
(testers) in a line*tester mating design in 2001-02. Thus,
the resultant sixty hybrids along with their 23 parents and
one standard check variety (Sarjoo-52) were evaluated in
a randomized block design with three replications at Crop
Research Station-Masodha, Narendra Deva University of
Agrniculture and Technology, Kumargarny, Faizabad during
2002-03. The experimental site 1s located at 26.47°N
latitude, 82.12°FE longitudes and an altitude of 113 m
above mean sea level. This site 1s mn the eastern Gangetic
plains of India and has sandy loam soil texture. Each
genotype was raised n 2.5 m long single row plot keeping
20x15 cm spacing. The recommended agronomic practices
followed to raise good crop stand. The data were recorded
on 10 randomly selected plants from each replication for
various quantitative traits studied were viz., days to 50%
flowering, plant height (cm), pollen fertility (%), effective
tillers per plant, panicle length (cm), number of spikelets
per panicle, number of fertile spikelets, spikelet fertility%,
100 grain weight (g), grain yield per plant (g), biological
yield (g) and harvest index (%). The general reference for
data collection was standard evaluation system for rice
(Anonymous, 2002; Virmam ef al., 1997). Mean values
were subjected to analysis of variance to test the
significance for each character as per methodology
advocated by Panse and Sukhatme (1967). Estimates of
combimuing ability were computed according to
Kempthorne (1957) and average degree of dominance by
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Kempthorne and Curnow (1961). The % increase or
decrease of F, hybrids over better parent as well as
standard check was calculated to estimate possible
heterotic effects for above mentioned parameters
(Fonseca and Patterson, 1968).

Hbtoo= 22 EF 100
BP

F-8V

Hs%=—1—"" %100
sV

Where:
Hbt = Heterobeltiosis
Hs = Standard heterosis

To estimate significant differences among hybrids
and parents, the mean data of each character were
subjected to Analysis of Variance (ANOVA) as
suggested by Steel and Torrie (1980). The characters
showing significant differences were subjected to
heterosis calculation. Deviation of F, from its either of the
parental values was interpreted by Mather and JTink (1977)
depicting type of gene action operating for controlling the
trait. The t test was applied to determine significant
difference of F, hybrid means from respective mid parent
and better parent values using formulae as reported by
Wynne et al. (1970).

RESULTS AND DISCUSSION

The analysis of variance (Table 1) revealed that
highly significant differences among lines (females) for all
the characters under studied except plant height, pollen
fertility and 100 grain weight while, variance among males
(testers) were highly significant for all traits. The
variances among crosses due to males and females
(lines *testers) interaction component, indicating their sca
effects were highly significant for all the traits except for
100 grain weight and contributed heavily towards
combining ability. The predominance of sca effects
suggested that dominance and epistatic gene interactions
were important for controlling these traits confirming the
earlier findings of Janardhanam et al. (2000),
Satyanarayana et al.  (2000), Panwar  (2003),
Saravanan et al.  (2006), Kumar et al. (2006) and
Salgotra et al. (2009).

The proportional contribution to the total variance by
lines, testers and interaction revealed that the testers and
linextester interaction have contributed more than
lines in respect of all the characters (Table 4). The
portioning of combining ability variance into fixable
and non fixable variances indicated that both
additive and non-additive gene action playing a
significant role in controlling the expression of all the
characters.
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General combining ability effects: Estimates of gca
effects (Table 2) showed that it was not possible to pick
up a good general combiner for all the characters because
the combining ability of the parents was not consistent
for all the yield components. The male parental line,
TET201108 recorded significant and positive gca effects
far gramn yield per plant along with eight other characters
viz, plant height, panicle bearing tillers per plant, panicle
length, number of spikelets per pamicle, number of fertile
spikelets, Spikelet fertility per cent, 100 grain weight and
harvest mdex. IR52256-9-2-2-1R was found to be good
general combiner for days to 50% flowering, pamcle
bearing tillers per plant, number of spikelets per panicle,
number of fertile spikelets, grain yield per plant, biological
yield and harvest index but poor general combiner for
plant height, pollen viability, panicle length, Spikelet
fertility and 100 grain weight. The TR60966-29-4-2-2-2R
was identified as desirable line for days to 50% flowering,
panicle bearing tillers per plant, pamcle length, munber of
spikelets per panicle, mumber of fertile spikelets, grain
yield per plant and harvest index but undesirable for plant
height, pollen viability, Spikelet fertility percent, 100-grain
weight and biological yield. The tester IR35454-18-1-1-2R
showed excellent combining ability for all the characters
except plant height and Pollen fertility percent, where it
combined poorly. Tt was noticed that the best general
combiner for grain yield and most of its component traits
were often related to late maturity with dwarfness or early
maturity with tallness, indicating that these cultivars did
not transmit both these characters simultaneously in
deswrable directions. Among the female parental lines,
IR58025A was found good general combiner for grain
yield and its components except, plant height, pollen
viability, panicle bearing tillers per plant and Spikelet
fertality per cent. Tlus line also appeared average combiner
for earliness and dwarfness. Remaining two female lines
exhibited poor general combining ability for grain yield
and most of its components, thereby, indicating the need
for transferring the male sterility into genetic background
of local elite lines having good general combining ability
for yield and its components.

On the basis of overall performance across 12
characters, the male lines, IR35454-18-1-1-2R followed by
[ET201108 and [R52256-9-2-2-1R were 1dentified as most
promising parents due to having good general combining
ability for grain yield and almost all its major components.
The association between per se performance of the
parents and their gea effects for days to 50% flowering,
plant height, number of fertile spikelets and panicle length
indicated the effectiveness of choice of parents based on
per se performance alone for predicting combimng ability
of parents for these characters, whereas for rest of the
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characters, higher per se performance of pollinator lines
was not necessarily associated with expression of
maximum gea effects. These results are in conformity with
the findings of (Peng and Virmani, 1990, Hasib et af., 2001,
Panwar, 2005, Saravanan et «of., 2006). The parents,
TR3545H-18-1-1-2R, TET201108 and TR52256-9-2-2-1
recorded positively sigmficant gea effect with yield and
yield contributing traits parents excelled to others. A
multiple programme involving all these parents will result
in identification of superior genotypes.

Specific combining ability effects: In the present
investigation, none of the crosses exhibited high specific
combining ability (sca) effects for all the characters
(Table 3). (Subramanian and Rathinam, 1984; Ghosh, 1993)
also observed that no specific combination was desirable
for all the traits in their study. Out of 60 crosses, about
30% crosses showed significant and desirable sca effects
for grain yield along with its three important traits, viz,
number of fertile spikelets, number of spikelets per panicle
and biological yield, suggesting that it would be important
to give weightage to yield related characters while
selecting best combiners for grain yield. On the basis of
magnitude, top five crosses were assessed with means
and sca effects for all the characters studied (Table 6).

The crosses exhibiting significant and desirable sca
effects in order of merit for yield and yield contributing
traits were NMS4A xIR 52256-9-2-2-1R, PMS1 0A <IR633-76-
1R, NMS4A=TR53480-8-39-3-1-2R, PMS10AxNDR3008.
Besides these, the high sca effects for earliness were
observed in PMSI0AxIR 633-76-1R, followed by IR
58025A IR 32419-28-3-1-3R eand PMS10A*NDR358, while
NMS4AxTR426862-118-6-2R, IR58025A xNDR3008 and
PMS10AxIET201102 possessed considerable sca effects
for dwarfness. Therefore, these hybrids are recommended
for heterosis breeding. In general, it 1s also interesting to
note that the crosses showing maximum signhificant sca
effects were invariably associated with high per se
performance for particular trait but this behaviour was not
always true mn case of plant height, pollen viability,
number of spikelets per panicle, Spikelet fertility percent,
100 grain weight, biological yield and grain yield per plant,
thus suggesting that criteria for the selection of crosses
on the basis of either mean performance or sca effects
alone would not prove effective.

It is obvious that best cross combinations are not
always found between high>high general combmers but
may also occur m other types of parental combinations.
Parents with highest gca effects will not necessarily
generate top specific cross combinations as also reported
by Ranganathan ef ol (1973), Khalique et al. (1977),
Singh (1977) and Rao ef al. (1980). The good specific
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combinations for different traits involving good general
combiners expected to throw
transgressive segregants particularly for developmg high
yielding pure lines due to additive type of gene action.
There are instances where lowxlow combiners
produced the best combinations (Khalique et al., 1977,
Rahman et ai., 1981 ; Amirthadeverathinam, 1983). Such
behaviour has been attributed to over dominance and
epistasis (Rahman et al., 1981). Maurya and Singh (1977)
reported that averagexaverage combinations along with
highxlow combinations produced the best crosses. The
superiority of averagexaverage combinations might be
due to the concentration and/or interaction between
favourable genes contributed by the parents. The
superior cross combinations identified n this study
wwvolved  highxhigh,  highxlow,  averagexlugh,
averagexlow, averagexaverage and lowxlow combining
parents indicating all above mentioned types of gene
interaction in the ¥, combinations studied. Peng and
Virmaru (1990) also reported the possibility of mteraction
between positive alleles for good combiner and negative
alleles for poor combiner which suggested for the
exploitation of heterosis m F, generation as their yield
potential would be unfixable in succeeding generations.
However, those crosses showing better per se
performance and desirable sca effects along with either
both or at least one parent as a good combiner would be
worthful for commercial exploitation.

The higher magnitude of sca than geca variance,
greater values of average degree of dominance and lower
predictability ratio was observed in 12 characters viz.,
days to 50% flowering, plant height, pollen fertility %,
panicle bearing tillers per plant, panicle length, number of
spikelets per panicle, number of fertile spikelets, spikelet
fertility (%), 100 grain weight, grain yield per plant,
biological yield and harvest index (Table 4). This
suggested significant role of non-additive gene action
which resulted from dominance, epistatic and various
other mteraction effects. Predommance of non-additive
genetic variance indicated the presence of heterozygosity
in the population. As such this type of genetic variance
is non-fixable and thus development of hybrids is an
appropriate crop umprovement tool. Breeding methods
such as biparental matting followed by recurrent selection
may increase the frequency of genetic combinations and
break undesirable linkages. Similar gene effects have been
reported in rice for different traits by various workers
Dhaliwal and Sharma (1990) for 100 grain weight, days to
50% flowering, plant height, panicle length, grain per
panicle and grain yield Banumathi and Prasad (1991) for
plant height, number of filled grains, Spikelet fertility (%)
and gramn yield per plant; Ghosh (1993) for pamcle

are some useful
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number per plant, grains per panicle, spikelets per panicle,
1000-grain weight, harvest index and yield per plant;
Chakraborty ef af. (1994) for plant height, panicles per
plant and yield per plant; Verma ef af. (1995) for biological
vield and harvest index and Singh et al. (1996) and
Sreeramachandra et al. (2000) for grain yield and its
related characters. However, contrary to these, the
predominant role of additive gene effects have been
observed for grain yield and its component traits
(Hague et al., 1981, Rahman et «l., 1981; Singh and
Shrivastava, 1982; Sardana and Borthakur, 1987,
Kaushik and Sharma, 1986; Wilfred and Prasad, 1992) for
days to flowering, plant height, and panicles per plant;
(Banumathi and Prasad, 1991) for number of productive
tillers and length of panicle. Singh and Singh (1991) for
plant height; (Ghosh, 1993) for plant height, panicle length
and 100-grain weight; Chakraborty et al (1994) for days
to 50% flowering, spikelets per panicle and 100 grain
weight.

Estimation of heterosis: Heterosis was computed as
percent increase or decrease in F, value over better parent
(heterobeltiosis) and over best commercial variety
(standard heterosis) were presented mn Table 5. The
nature and magnitude of hybrid vigour differed for
different traits in various hybrid combinations.

The gramn yield 13 very complex trait and it is
multiplicative end product of several basic components of
vield (Grafius, 1959). From practical point of view,
heterosis over standard variety is more relevant.
Virmam ef af. (1981) reported as high standard heterosis
as 27 and 34% during wet and dry seasons, respectively.
They further suggested that a yield advantage of 20-30%
over best available standard variety should be sufficient
to encourage farmers to take-up hybrid rice cultivation. In
the present investigation about 1/3 combmations
exhibited standard heterosis more than 30% among these
best crosses in order of merit increased grain yield were
IR58025A xIR48749-53-2-2-2R, NMS4AxIR633-76-1R,
IR58025A IR 54853-43-1-3R, IR58025AxIR15058-107-1R
and PMST10AxTR54853-43-1-3R. These findings are in
agreement with the earlier workers (Wilfred and Prasad,
1992, Watanesk, 1993; Patel ef al., 1994; Zhang et al,
1994, Ali and Khan, 1995; Rao et al., 1996, Mishra and
Pandey, 1998, Nuruzzaman et al., 2002; Faiz et al., 2006,
Saleem et al., 2008, Bagheri and Jelodar, 2010,
Rahimi ef al., 2010, Tiwar et af., 2011, Akinwale et al.,
2011). In general, F, hybrids based on a cytoplasmic
genetic male sterile system have shown as much heterosis
as F, hybrids between conventional cultivars/lines.
However, most of the data showed heterosis ranging from
about 20% over the mid-parent to 70% over the better
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parent and heterobeltiosis ranging about 20 to 40%. China
has shown 20-30% higher yield potential for hybrids in
large-scale production plots, with wider adaptability than
conventionally bred varieties (Hunan Provincial Paddy
Rice Heterosis Scientific Research Coordination and
Cooperation Group, 1978; Li, 1977, Lin and Yuan, 1980;
Wu et al., 1980).

Negative heterosis 1s desirable for days to flowering
because this will make the hybrids to mature earlier as
compared to parents. Almost all the crosses had either
equal or early flowermmg than the standard variety
(Sarjoo-52). When compared to better parent, sigrificant
earlier flowering plants were observed in thirty one
crosses while; eight crosses were identified for late
flowering. The magnitude of heterosis observed over
better parent ranged from -16.57% (IR58025A <[R35454-18-
1-1-2R) to 7.27% (NMS4A=TR53480-8-39-3-1-2R) with a
mean of -3.04% over the better parent, the magnitude of
standard heterosis ranged -4.22%
(IR58025AxIR58110-114-2-2-2R) to -16.57%
(TR58025A xTR35454-18-1-1 - 2R ywithmean value of -9.67%.
In general, all the sixty crosses exhibited early flowering
over standard variety (Sarjoo-52), while thirty one crosses
exhibited sigmficantly early flowering and eight crosses
were late flowering as compared over the better
parent. The most promising cross combinations for early
flowering were IR58025A x[R32419-28-3-1-3R,
NMS4AxIR42686-2-118-6-2R, PMS10A*IR633-76-1 R,
PMS10AxTR54853-43-1-3R  and PMS10AxNDR358.
Heterosis in both negative and positive directions for
days to flowering has also been reported by Peng and
Virmarm (1991) and Murthy and Kulkarm (1996).

Semi-dwarf plant height (80-100 cm) is desirable for
recording high yield in rice variety as vigour i plant
height may lead to unfavourable grain/straw ratios and
below optimum yield due to lodging. The minimum
amount of heterosis - 16.99% (TR58025A xNDR6054) and
-19.62% (NMS4A xTR42686-2-118-6-2R ywas recorded over
better parent and standard variety, respectively. However,
the maximum significant heterosis observed over the
better parent was 8.29% (PMS10A=IR46R), while in case
of standard heterosis, it was 0.18% (TR58025AxTR48749-
53-2-2-2R) and mean heterosis over better parent and
standard variety was 598 and -9.26%, respectively.
However, 43 and 33 crosses expressed dwarf stature in
comparison to both better parent and standard variety. Tt
was obvious from the data that the hybrid combinations
have a tendency of dwarfness of trait in most of the cases.
The most promising cross combinations for dwarfness
were IRA8025A xNDR6054, NMS4A<TR42686-2-118-6-2R,
IR58025AxNDR3008, IR 58025A IR 58110-114-2-2-2R and
IR58025A <[ET201108. None of the desirable combinations

from
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were common for both the heterosis, suggesting that
heterosis for plant height is cross specific. Present
observations are in close agreement with earlier report of
several workers (Khalique et al., 1977; Mallick et al , 1978,
Arnirthadeverathinam, 1983, Tseng and Huang, 1987,
Sharma and Mani, 1990; Peng and Virmani, 1991,
Lokaprakash et al, 1992; Singh et al, 1996)
Nuruzzaman ef al., 2002; Alam et al., 2004).

Pollen fertility is one of the constraints in hybrid rice
breeding programme which affects the yield considerably.
Among 60 crosses studied for pollen fertility %, only
three and four hybrids showed significant positive
heterosis over pollen parent and standard variety,
respectively. The overall range of heterobeltiosis and
standard heterosis varied from -15.12 to 9.49%,
respectively. However, Pollen fertility in hybrids should
be required as in pollen parent and or standard variety
this indicates that the pollen parent in hybrid expressed
full restoring capacity over a particular CMS line.
Therefore, hybrids having non-sigmificant differences
over both the parents (BP and 5V) either in positive or
negative direction would be beneficial for this trait. The
seven crosses and twenty eight cross combinations had
positive but non-significant differences for both
heterobeltiosis and standard heterosis; of these,
PMS10AxTR35454-18-1-1-2R, IR58025 A TR 5348 (-8-39-3-1-
2R, PMS10AxIR58110-114-2-2-2R, NMS4A=IR46R and
NMS4A =xIR53480-8-39-3-1-2R were most useful crosses
for this trait.

More panicle bearing tillers per plant is believed to be
closely associated with lugh grain yield per plant resulting
high productivity. Therefore, the cross combinations with
more panicle bearing tillers per plant were to be identified.
The significant positive heterosis for this trait was
exhibited by 9 and 41 hybrids over better parent and
standard variety, respectively. The mean heterosis was
observed -6.88% over better parent and 24.44% over
standard variety. Further the heterobeltiosis varied
from -34.00% (NMS4AxIR48749-53-2-2-2R) to 39.53%
(PMS 10xIR35454-18-1-1-2R.) and standard heterosis from
-8.33 (NMS4A=xIR48749-53-2-2-2R) to  66.67%
(PMS10A=TR35454-18-1-1-2R). Results for significantly
high number of productive tillers per plant are n
conformity with those obtained, by  Srivastava and
Seshu (1982), Govindraj (1983), Sahai et al (1987),
Viraltamath (1987) and Manuei and Palanisamy (198%a).
However, these findings are in disagreement with the
findings of Virmani ef al. (1981), who reported hybrids
posses significantly lower tillers than mid parent, better
parent and check variety.

Generally, larger pamcle is associated with high
number of grains pamicle resulting into higher
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productivity; therefore, hybrids with positive heterosis for
panicle length are desirable. The present study revealed
that heterosis for panicle length was relatively low as
indicated by mean heterosis of 0.37% over better parent
and -3.65% over standard variety. Out of 60 crosses 20
and 16 crosses showed higher panicle length over the
better parent and standard variety, respectively, whereas
19 crosses possessed significant negative heterobeltiosis
and 22 crosses exhibited negative standard heterosis with
shorter panicle. The observed heterobeltiosis values
ranged between -39.26 (NMS4AxNDR3008) to 48.30%
(PMS10AXIET201108) with a mean of 0.37% and standard
heterosis between- 40.63 (PMS10AxIR53480-8-39-3-1-2R)
to 23.200 (PMS10AxIR35454-18-1-1-2R) in case of
standard heterosis with mean of -3.65 percent. Similar
findings were also reported by Kumar and
Sreerangasamy (1986), Rangaswami and Natarajamoorthy
(1988) Vivelkanandan (1991), Lokaprakash et al. (1992)
and Singh et al. (1992).

The hybrids with positive heterosis are desirable for
number of spikelets per panicle. The lowest estimates of
heterosis (-40.44%) over better parent and (-33.58%)
standard variety were recorded in the cross PMS10AxIR
53480- 8-39-3-1-2R, while, maximum heterosis over better
parent and standard variety was observed in case of cross
NMS4AxTR47310-94-4-3-1R (8.65%) and
NMS4A=IET201102 (12.08%). Qut of 60 crosses studied
3 crosses over better parent and 29 crosses over standard
variety exhibited significant higher number of spikelets
per panicle. Significantly poor spikelets per panicle over
the better parent and standard, variety was observed in
48 and 22 crosses, respectively. Results revealed that
three hybrids expressed heterosis in desired direction with
significant value when tested agamnst better parent and
almost 48 hybrids showed heterobeltiosis negative
direction over standard variety. Positive heterosis over
better parent and standard, variety was reported by
Virmani et al. (1981, 1982) they concluded that heterosis
1n yield was primarily due to mncreased number of spikelets
per panicle.

The number of fertile spikelets directly contributes to
the seed yield hence positive heterotic effect would be
highly desirable. The successful utilization of CMS in
development of hybrids 1s not possible unless the
effective restorer lines are identified. In the present study,
more number of fertile spikelets is closely associated with
high yield per plant resulting in high productivity.
Therefore, the main interest 1s to find out the cross
combinations with more number of long and heavy
panicle bearing tillers. Significant and positive heterosis
for this trait was exhibited by 47 and 35 hybrids over

better parent and standard variety, respectively.
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Significant negative heterosis was observed in case of
17 crosses over better parent and in 12 crosses over
standard variety with mean heterosis was observed in
positive direction for both better parent (10.61%) and
standard variety (3.99%). The range of heterosis observed
over better parent and standard variety was -20.66%
(IR58025A*NDR 3008)t046.61 % (NMS4A=[R47310-94-4-
3-1R) and -16.86% (NMS4AxNDR358) to 21.02%
(PMS10AXNDR6O054), respectively. These observations
also corroborate the findings of (Mallick et al, 1978;
Mandal, 1982; Sardana and Berthakur, 1985; Kumar and
Sreerangasamy, 1 986, Viraktamath, 1987; Rangaswami and
Natarajamoorthy, 1988; Sharma and Mani, 1989, 1990,
Lokaprakash et al., 1992; Bobby and Nadarajan, 1993).

Spikelet fertility percent 1s very important in hybrid
breeding programme. Since this trait has a direct bearing
on the vield, hence, manifestation of heterosis in positive
direction is desirable for this trait. Out of 60 crosses, 47
expressed positive and sigmficant heterobeltiosis, whle
35 crosses expressed this in case of standard heterosis.
The range of heterosis over better parent and standard
variety varied from -6.89% (PMS10A<NDR3008) to 46.40%
(NMS4A=IRE33-76-1 R)and -0.81% (NMS4AXIET9352)to
1631% (NMS4AxIR 32419-28-3-1-3R), with mean
heterosis of 11.81 and 4.17%, respectively. Results
revealed that 40 hybrids expressed heterosis in desired
direction with sigmficant value when tested against better
parent, and as many as 17 hybrids showed heterosis in
negative direction over standard variety. Positive
heterosis over better parent and standard variety was
reported by Viman ef al. (1981) they concluded that
heterosis m yield was primarily due to increased fertile
spikelets per panicle. These results were in conformity
with the results obtained by Srivastava and Seshu (1982),
Govindraj (1983), Sahai et al. (1987), Viraktamath (1987)
and Singh (2000) who reported hybrids posses
significantly lower tiller number.

The 100 grain weight is one of the important common
traits which mfluence the yield. The extent of heterosis
was -41.25% (PMS 10 AxIR 633-76-1R) to 71.63%
(PMS10A=TET201102) over better parent with mean of
8.15% and from - 43.47% (NMS4A=TR54853-43-1-3R) to
21.81% over standard variety. Significantly higher 100
grain weight was observed in case of 19 crosses when
tested against their better parents and 6 crosses against
the standard variety. Among 60 crosses, 19 and 16
hybrids showed significant heterobeltiosis over better
parent mn positive and negative direction, respectively,
whereas 6 and 28 hybrids exhibited significant heterosis
over standard variety in positive
direction. Heterosis with respect to 100 gram weight in
positive and negative direction have also been reported

and negative
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by Virmani ez al. (1981), Srivastava and Seshu (1982),
Viraktamath (1987), Manuei and Palanisamy (198%9b),
Wilfred and Prasad (1992), Sharma and Mam (1990) and
Lokaprakash ef al. (1992).

The hybrid, NMS4A xTR48749-53-2-2-2R (-35.31%)
and TR58025AxTR42686-2-118-6-2R  (12.50%) had
expressed heterosis for thus trait over their better parent
while, NMS4A=xIR48749-53-2-2-2R (-19.91%) and
NMS4A=TR633-76-1R, (35.18%) recorded heterosis in case
of standard variety (Sarjoo-52). In general, out of 60
hybrids only 16 crosses recorded significantly higher
heterobeltiosis while 45 crosses exhibited thus in case of
the standard heterosis.  Significant but negative
heterosis was exhibited by 25 and 4 hybrids over better
parent and standard variety, respectively. These results
are 1n close agreement with Virmami et al. (1993) and
Peng and Virmani (1991).

Harvest index which indirectly influences the grain
yield through controlling the mechanism of distribution of
photosynthates to economic and non-economic organs as
such is not a yield component. Therefore, it is an
important consideration for genetic improvement. The
minimum heterosis for harvest mdex was -31.56 and
-15.59% over better parent and standard variety,
respectively in cross TR58025A>TR53480-8-39-3-1-2R
and NMS4A xIR54853-43-1-3R, however, the maximum
heterosis was 56.06% over better parent in cross
IR58025AxIET201108 and 46.93% over standard variety in
cross PMS10A=xTR35454-18-1-1-2R. Among 60 cross
combinations 26 crosses showed significant positive and
12 showed significant negative heterobeltiosis while
30 crosses showed sigmficant positive heterosis over
standard variety. The positive heterosis was also reported
by Virmam et af. (1982) and Peng and Virmar (1991). On
the other hand, 12 and 7 hybrids exhibited significant and
negative estimates for both heterobeltiosis and standard
heterosis for this trait. The significant and negative
heterosis over better parent for harvest index was also
reported by Nyaguna and Mahadevappa (1982) and over
standard variety by Sarwagi and Shrivastava (1988).

Heterotic combinations for commercial utilization: A
hybrid with the potential of being released for commercial
cultivation should sigmficantly surpass the yield level of
the best locally adapted variety and its CMS component
should have to ensure hybrid seed production in bulk
quantities. Swaminathan et @l. (1972) and Virmam ef al.
(1981) have suggested that about 20-30% standard
heterosis may be considered sufficient to offset the extra
cost of hybrid seeds in self-pollinated crops. The most
heterotic combinations for increased grain yield on the
basis of per se performance, their standard heterosis, gea
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and sca effects are presented in Table 6. In the present
mvestigation, about one third of the total hybrids showed
more than 20% standard heterosis for grain yield over
standard variety (Sarjoo-52). Among these, majority of the
combinations expressed significant sca effects except
IR58025A xIR52256-0-2-2-1R involving at least one parent
with high general combining ability barring few exceptions
viz., IRS8025AxNDR 6054 and IR58025A=IET 201102,
Therefore, it would be better to select at least one parent
possessing high general combining ability and the other
a low, average or high general combiner to get heterotic F,
hybrids. Considering the heterosis more than 60% as well
as significant sca effects for major components, the
NMS4AXIR633-76-1R, IRSBO25A X[R19058-107-1R and IR
58025AxTR32419-28-3-1-3R  were most promising
combinations and need to be tested on large scale.
Besides these, the some other crosses viz
NMS4A=IR52256-9-2- 2-1R, NMS4AxIETS352 and
TR58025A=TET201102, which expressed more than 50%
heterosis along with desirable significant sca effects for
more than six important yield components may be
considered for commercial exploitation

)

CONCLUSION

Results on gene action and combiming ability
indicated that both general and specific combining ability
effects are important but predominance of non-additive
genetic variance indicated that indicated the presence of
heterozygosity in the population. As such this type of
genetic variance is non-fixable hence, heterosis breeding
1s effective for crop mmprovement. Number of spikelets per
panicle, grain yield, number of fertile spikelets, biological
vield and harvest index should be taken into
consideration either simultaneously or alone for selecting
high yielding genotypes of rice. Male lines, IR35454-18-1-
1-2R followed by TET201108 and TR52256-9-2-2-1R and
CMS line IR58025A were 1dentified as most promising
parents due to having good general combining ability for
grain yield and almost all its major components. The
crosses exhibiting significant and desirable sca effects in
order of merit for yield and yield contributing traits were
NMS4AxIR52256-9-2-2-1R,  PMSI10AxIR633-76-1R,
NMS4A=IR53480-8-39-3-1-2R, PMS10A=NDR3008.
Besides these, the high sca effects for earliness were
observed m PMS10AxIR633-76-1R, followed by
TR58025A xTR32419-28-3-1-3R and PMS10A=xNDR358,
while NMS4A xIR42686-2-118-6-2R, [R 58025 A xNDR 3008
and PMS10A=TET201102 possessed considerable sca
effects for dwarfness and recommended for heterosis
breeding. Therefore, it may be concluded that use of
suitable CMS and restorer lines in developing hybrids
would be useful for attaining a quantum jump in rice yield.
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