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Heterosis and genetic studies on yield and associated physiological traits
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ABSTRACT
Studies indicated that the amount of heterosis for leaf area index (LAI) at tillering stage, crop growth rate
(CGR) from tillering to heading, harvest index, 100-grain weight and grain yield plant-1 was high and the
inheritance of LAI, CGR net assimilation rate (NAR), harvest index (HI), days to 50% flowering, productive
tillers plant-1, filled grains panicle-1 and grain yield plant-1 were predominantly under the control of non-
additive gene action.  Whereas, 100-grain weight was largely governed by additive gene action. The parents
IR 20 for LAI, RDR 763 for LAI, NAR and productive tillers  plant-1 and Lunisree for CGR, HI, Biological yield
and 100-grain weight were identified as good general combiners. The per se performance of the parents was
found to be good indicator of their general combining ability. The best specific crosses with high SCA effects
mostly involved parents with high x low or low x low GCA effects, hence heterosis breeding would be more
rewarding to achieve another quantum jump in rice yields through exploitation of physiological traits.
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To increase the yield levels of rice it would be necessary
to investigate critically the factors imposing yield ceiling
and alleviate them. It is obvious that further improvement
in yield is most likely to come from increasing the
physiological efficiency or functional aspects of the
plants. Such approach involves a thorough
understanding of heterosis as well as the inheritance of
physiological parameters and identification of
physiologically efficient donors/combiners. Combining
ability studies help in the identification of parents with
high general combining ability (GCA) and crosses with
high specific combining ability (SCA) effects. The gene
action (additive and non-additive) estimated through this
analysis would be useful for suggesting an appropriate
breeding strategy (exploitation of heterosis or isolation
of purelines). The present paper reports the results of
studies conducted on heterosis and genetics of yield
and associated physiological traits in rice.

MATERIALS AND METHODS
Seven rice varieties viz., IR 20, Shiva, Tellahamsa,
Lunisree, WGL-NDL-2, Erramallelu and RDR 763
were selected and crossed in 7x7 diallel fashion without

reciprocals. The resultant 21F
1
 derivative hybrids were

raised along with their parents in a randomized block
design during Dry seasons 1999-2000 in three
replications at Agricultural Research Station, Warangal.
Each entry was grown in 2 rows of 3m long, at a spacing
of 20 x 15 cm. Thirty days old seedlings were
transplanted following a fertilizer dose of 100 N, 60
P

2
O

5
 and 40 K

2
O kg ha-1. Data were recorded on 10

plants in each replication. For the purpose of estimation
of dry matter, samples containing 5 plants each were
collected every time and oven-dried. The observations
were recorded on seven yield components viz., days
to 50% flowering (DFF), productive tillers plant-1, plant
height (cm), panicle length (cm), filled grains panicle-1,
100-grain weight (g) and grain yield plant-1 (g) and seven
physiological parameters such as leaf area index (LAI)
at tillering and heading, crop growth rate (CGR) from
tillering to heading (T-H) and heading to ripening (H-
R) in g m-2 day-1, net assimilation rate (NAR) from
tillering to heading in  mg dm-2day-1, harvest index (HI)
in percentage and biological yield (BY) were computed
by applying formulae as described by Yoshida et al.
(1976). Heterosis and heterobeltiosis were estimated
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using standard formula and test of significance was
done as suggested by Arunachalam (1976).  Combining
ability analysis was carried out according to Griffing
(1956) Method II and Model I.

RESULTS AND DISCUSSION
Analysis of variance revealed that there were significant
differences among the parents and hybrids for all the
characters studied (Table 1).

High heterosis for LAI was observed at tillering
stage with four crosses viz., Tellahamsa / WGL-NDL-
2, Tellahamsa/RDR-763, Shiva/Erramallelu and Shiva/
Tellahamsa manifesting superiority over their respective
better parents to the extent as high as 90 per cent,
whereas, at heading stage, only three crosses, viz.,
Shiva/ Erramallalu, Shiva/Tellahamsa and Lunisree/
WGL-NDL-2 exhibited significant positive
heterobeltiosis for LAI (Table 2). Similar findings were
also earlier reported by Niranjana Murthy and Kulkarni
(1996), Khan et al, (1998) and Seetharamaiah et.al.,
(1998).

Although eight hybrids were superior to their
respective better parent at tillering, only three hybrids,
by the time they attained flowering stage and two
hybrids viz., Lunisree / RDR 763 and Tellahamsa /
Lunisree were consistent in their performance.  Nguyen

et al., (1993) observed significant positive heterosis and
heterobeltiosis for CGR from tillering to heading and
heading to flowering, but the number of heterotic
crosses decreased from tillering to heading as observed
in present study.  The heterotic crosses for CGR (pre
and post flowering) involved medium x low parental
mean combinations.  Interestingly, the crosses with high
heterotic values had high per se performance.  These
findings suggest that low x low parental mean
combinations do not workout to exploit heterosis for
CGR in rice. Higher magnitude of heterosis was
observed for harvest index in most of the crosses and
the best crosses viz., IR-20 / RDR-763, Tellahamsa /
RDR-763, WGL-NDL-2/RDR-763 and IR-20/WGL-
NDL-2 which exhibited significant heterobeltosis
involved the parents with low x medium parental means.

Out of 21 crosses evaluated, 8 were superior
to their respective better parents for productive tillers
per plant as reported earlier by several workers.
Grafius (1959) stated that heterosis for grain yield is
the result of interaction of simultaneous increase in the
expression of heterosis for individual yield components
in barley. The crosses viz., Lunisree/RDR-763,
Tellahamsa / Lunisree, Shiva / Tellahamsa and Shiva /
Lunisree which exhibited heterobeltoisis in yield were
also heterotic for other yield components and
physiological traits (LAI, CGR and NAR).

Table 1.  Mean squares for physiological and yield characters of 7 parents and 21 F
1
s

Source df LAI LAI CGR CGR NAR HI BY
at at (T-H) (H-R) (T-H) plant-1

tillering heading

Replications 2 0.131 0.028 4.962 14.301 31.285 5.258 1.862

Genotypes 27 0.900** 2.744** 33.506** 103.368** 616.470** 46.756** 174.675**

Parents 6 0.379** 4.428** 10.006** 66.588** 422.079** 74.138** 148.308**

Hybrids 20 0.696** 2.213** 38.538** 118.524** 704.109** 18.492** 186.521**

Parents Vs Hybrids 1 8.100** 3.259** 73.850** 20.915** 30.035NS 447.73** 95.953**

Error 54 0.031 0.042 1.869 4.33 52.75 3.23 8.756

Source df Days to 50% Productive Plant Panicle Filled grains 100-grain Grain yield
flowering tillers plant-1 height  length panicle-1  weight plant-1

Replications 2 1.940 0.136 3.359 0.964 45.398 0.003 1.120

Genotypes 27 154.533** 20.471** 355.394** 8.705** 1064.088** 0.510** 70.276**

Parents 6 152.428** 11.274** 248.75** 15.052** 1674.76** 0.834** 42.738**

Hybrids 20 136.049** 21.768** 400.909** 7.178** 911.23** 0.422** 72.343**

Parents Vs Hybrids 537.396** 49.68** 84.935** 1.146** 457.112** 0.317** 194.164**

Error 54 1.187 0.626 4.807 0.190 28.52 0.002 3.396
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Cross Days to 50% Productive Plant height Panicle length
flowering tillers plant-1

H1 H2 H1 H2 H1 H2 H1 H2

IR 20/Shiva 0.48 -1.25 20.85** 11.85* -1.66 -3.16 -2.32 -2.79
IR 20/Tellahamsa 3.00* -3.44* 14.12* 6.60 0.77 -0.85 6.21* 3.67*
IR 20/Lunisree -17.06* -24.06* -10.88** -12.57* -6.47* -10.00* -6.80* -11.99**

IR 20/WGL-NDL 2 -6.12* -13.75* -5.08 -14.89** -16.99* -23.71* -6.80* -12.98**
IR 20/Erramallelu 2.65* -3.12* 16.83* 9.26 2.93 -1.00 2.68** 2.54
IR 20 RDR 763 -11.96* -13.75* -13.91* -23.71** -15.35* -23.44* -0.89 -13.26**
Shiva/Tellahamsa -3.57* -8.09* 39.91** 21.64** 0.95 0.85 2.52 -0.42
Shiva/Lunisree -8.87* -15.21** 44.69** 31.58** 4.16** 1.74 -4.90* -10.61*
Shiva/WGL-NDL 2 -8.84* -14.89* 14.23** 10.36 -2.83 -11.94* -3.08** -9.92*

Shiva/Erramallelu -4.55* -8.41* 38.91** 20.90** -5.40* -10.34* -1.34 -1.96
Shiva/RDR 763 -11.36* -11.65* 51.84** 25.82** -7.21* -17.22* 2.24 -10.89**
Tellahamsa/Lunisree -6.96* -9.29* 24.27* 18.21** 9.03* 6.60* -1.00 -4.30*
Tellahamsa/WGL-NDL 2 -4.01* -6.07* -5.94 -20.58** -4.53** -13.55* -7.60* -11.70**
Tellahamsa/Erramallelu 5.32* 4.58* -7.79 -7.92 -4.90* -9.95* 1.88 -0.42
Tellahamsa/RDR 763 -9.71* -13.68* 8.82** 2.82 -3.89** -14.33* 5.39* -5.78*

Lunisree/WGL-NDL 2 -5.62* -5.97* 14.43** 0.88 13.17* 0.43 1.20 0.00
Lunisree/Erramallelu -8.00* -10.92* 5.28 0.26 -0.88 -8.12* -6.66* -11.74*
Lunisree/RDR 763 -7.50* -13.68* 41.67** 27.70** 16.94* 2.20 4.82* -3.33
WGL-NDL-2/Erramallelu -5.07* -7.75* -13.62** -26.98** -19.53* -23.26* -8.17* -14.14**
WGL/NDL-2/RDR 763 -8.17* -14.01** 31.30** 5.87 -13.27* -14.78* 2.70 -4.23**
Erramallelu/RDR 763 -10.66* -14.01* 17.16* 10.56* -10.6* -16.15* -4.92* -16.69*

SE± 0.77 0.88 0.55 0.64 1.55 1.79 0.30 0.35

Cross Filled grains panicle-1 100-grain weight Grain yield plant-1

H1 H2 H1 H2 H1 H2

IR 20/Shiva 10.52* 4.98 5.82* -6.79* 26.32** 25.47*
IR 20/Tellahamsa -0.55 -10.38* 8.70* -7.15* 30.32** 24.38*
IR 20/Lunisree 0.03 -12.28* 1.82 -19.54* -8.16 -13.95*
IR 20/WGL-NDL 2 -14.28* -20.78** 14.85* 3.37 4.33 -18.17*

IR 20/Erramallelu 15.84** 11.20** 9.78* 0.33 22.10** 18.31*
IR 20 RDR 763 4.69 -4.94 8.80* 6.53* 7.80 3.23
Shiva/Tellahamsa -5.33 -10.45* 16.57* 12.48** 35.39** 28.40**
Shiva/Lunisree -6.11** -13.72* 8.81* -4.14* 37.69** 28.19**
Shiva/WGL-NDL 2 -15.04* -25.10** 8.15* -12.97* 17.9** -7.06
Shiva/Erramallelu -7.99* -9.00* 16.73* 12.07* 30.69** 25.80**

Shiva/RDR 763 -10.70* -14.85* 10.37* -4.52* 10.54 6.54
Tellahamsa/Lunisree 12.19** 8.80* 10.42* 0.46 36.76** 34.12**
Tellahamsa/WGL-NDL 2 -7.27* -22.08* 3.31* -19.07* 24.52* -5.56
Tellahamsa/Erramallelu 8.03* 1.13 4.91* -2.66 12.07 10.34
Tellahamsa/RDR 763 -0.69 -1.52 3.59 -13.04* 11.71 2.31
Lunisree/WGL-NDL 2 -2.66 -20.21** 8.48* -20.57* 27.65** -4.45

Lunisree/Erramallelu -9.24* -17.43** 5.27 -10.46* -0.15 -3.56
Lunisree/RDR 763 20.18** 15.60** -0.59 -22.64* 59.44** 43.47**
WGL-NDL 2/Erramallelu -41.83** -48.22** -4.14 -20.33* -7.79 -29.30**
WGL/NDL 2/RDR 763 -10.03* -23.88** 7.21* -1.65 14.42 -7.24
Erramallelu/RDR 763 -1.47 -7.03** -2.93 -12.95* -15.68 -21.66**
SE± 3.77 4.36 0.036 0.04 1.30 1.50
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Combining ability analysis indicated that both additive
and non-additive gene actions were important, as the
mean squares due to general combining ability (GCA)
and specific combining ability (SCA) were significant
for all the characters (Table 3).

The estimates of SCA variances, were
relatively higher than those of GCA variance for all the
physiological parameters (LAI, CGR, NAR, HI and
BY) indicating the predominant role of non-additive gene
action in expression of these traits. Similar observations
were also reported earlier by Reddy (1981) and Murthy
(1994) for LAI; Prasanthi (1993) and Nguyen et al.
(1993) for CGR; Nguyen et al. (1993) for NAR; Singh
et al. (1998) for HI and Verma et al. (1995) for
biological yield. According to Ali et al. (1993) the mean
performance was good indicator of GCA. In the present
study, the analysis of mean performance and their GCA
effects revealed that per se performance of the parents
was a direct reflection of their respective GCA effects
in most of the cases. Accordingly, the parents, IR 20
for LAI (tillering and heading); RDR 763 for LAI
(heading), CGR (T-H) and NAR and Lunisree for CGR
(H-R), HI and BY were identified as potential donors
to increase physiological efficiency of hybrid derivatives
and hybrids (Table 4).

Study of GCA/SCA variances (Table 3) for
yield components revealed that expression of days to

50% flowering (Ram et al., 1993), productive tillers
plant-1 (Singh et al., 1998), filled grains panicle-1

(Padmavathi et al., 1997) and grain yield plant-1 (Ram
et al., 1998) were predominantly governed by non-
additive gene action, whereas plant height, panicle length
and 100-grain weight (Geetha et al., 1998) chiefly by
additive genetic proportions. The parents WGL-NDL-
2 (days to 50% flowering and filled grains panicle-1),
RDR-763 (productive tillers plant-1), Lunisree and
Tellahamsa (100-grain weight) with high GCA effects
and per se performance were identified as good general
combiners for yield attributes (Table 4).

The best specific cross combinations
(Table 5) with high sca effects and per se performance
viz., IR-20/RDR 763 and Tellahamsa/WGL-NDL 2
(LAI at tillering); Shiva/Erramallelu and Shiva/
Tellahamsa (LAI at heading); Shiva/Erramallelu and
Tellahamsa/Lunisree (CGR from tillering to heading);
Lunisree/RDR 763, and Shiva/Lunisree (CGR from
heading to maturity); Tellahamsa/Lunisree (NAR);
WGL-NDL-2/RDR-763, IR-20/RDR-763 (HI) and
Lunisree/RDR-763 and Shiva/Erramallelu (BY)
registered for different physiological parameters
possessed the parental combinations of either high x
low or low X low GCA, which indicated involvement
of non-additive gene action in their inheritance. The
superior crosses for HI involved low x low general

Table 3. Combining ability analysis for physiological characters and yield components

Source df LAI LAI CGR CGR NAR HI BY
at at (T-H) (H-R) (T-H) plant-1

tillering heading

GCA 6 0.617** 2.349** 18.693** 101.004** 456.707** 9.082** 146.854**

SCA 21 0.209** 0.504** 9.018** 15.442** 133.713** 17.443** 32.902**

Error 54 0.010 0.014 0.623 1.446 17.584 1.076 2.918

2 GCA 0.067 0.259 2.007 11.062 48.791 0.889 15.992

2 SCA 0.199 0.490 8.395 13.996 116.128 16.366 29.983

2 GCA/2 SCA 0.338 0.528 0.239 0.790 0.420 0.054 0.054

Source df Days to 50% Productive Plant Panicle Filled grains 100-grain Grain yield
flowering tillers plant-1 height length panicle-1  weight plant-1

GCA 6 134.299** 15.759** 397.111** 10.401** 535.456** 0.714** 59.437**

SCA 21 27.865** 4.270** 38.851** 0.759** 303.050** 0.014** 13.136**

Error 54 0.395 0.208 1.60 0.063 9.508 0.001 1.132

2 GCA 14.878 1.727 43.945 1.148 58.438 0.079 6.478

2 SCA 27.470 4.061 37.248 0.695 293.541 0.013 12.004

2 GCA/ 2 SCA 0.541 0.42 1.179 1.651 0.199 5.692 0.539

** Significant at 1% Level
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combiners suggesting that epistatic gene action, might
be due to genetic diversity in the form of heterozygous
loci. Hence, these crosses could be utilized through
heterosis breeding and the best crosses identified on
over all basis for this purpose were Lunisree/RDR-
763, Shiva/Erramallelu and Shiva/Lunisree.

Grain yield is the ultimate result, which is
dependent on its components. Grafius (1959) suggested
that there would be no separate gene system for yield
per se and yield is an end product of multiplicative
interaction between yield and its components.
Interestingly, the parents with high GCA effects for
yield also possessed high GCA effects for other yield
components. Similarly, crosses with high per se
performance and SCA effects (Lunisree/RDR 763,
Tellahamsa/ Lunisree, Shiva/Lunisree and Shiva/
Erramallelu) for grain yield also had exhibited high SCA
effects for other yield components and physiological
parameters in the material studied.

The superior crosses, with high SCA effects
(Table 5) for productive tillers plant-1 (Lunisree/RDR
763, Shiva/RDR 763 and Shiva/Erramallelu) and filled
grains panicle-1 (IR 20/Erramallelu, Lunisree/RDR 763
and IR-20/Shiva) mostly involved parents with medium
x high, high x low, and low x low GCA effects, for such
crosses simple pedigree breeding would not be sufficient
to improve these characters, instead, population
improvement i.e., mass selection with recurrent random
mating in early segregating generations (Redden and
Jensen, 1974) could be a perspective breeding for yield
improvement in rice.

The yield components viz., panicle length and
100-grain weight were largely governed by additive
genetic proportions, as such the best cross combinations
viz., IR 20/Tellahamsa, IR 20/Erramallelu (Panicle
length) and Shiva/Tellahamsa, Tellahamsa/Lunisree
(100-grain weight) which involved parents with high x
high gca effects could straight away be utilized for
improvement through single plant selections in early
segregating generations by adopting pedigree method
of breeding, as they are most likely to give pure lines
with high test weight. The cross Tellahamsa/Lunisree
(high x high) was also superior in terms of grain yield
plant-1.

From this study, it can be concluded that, limited
yield improvement is possible through conventional

breeding and a quantum jump in yield may be expected
by following heterosis breeding by combining the
physiological efficiency of plants. Fortunately, high
amount of heterosis was exhibited for important
physiological traits like CGR, LAI and HI coupled with
non-additive gene action.  The best specific crosses
were Lunisree / RDR 763, Shiva / Erramallelu, Shiva /
Lunisree and IR 20 / Erramallelu.
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