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This study aimed to assess the extent of heterotic effects over mid, better and standard parent for grain
yield, head rice recovery and various other quantitative and qualitative traits. Analysis of variance indicated
significant difference among the genotypes for various traits. Estimates of relative heterosis, heterobeltiosis
and standard heterosis were calculated. CMS 64A × SN 2397, CMS 64A × BV 166, RMS 2A × BV 166, CMS
52A × SN 223 and CMS 64A × SN 232 recorded high standard heterosis over two checks for grain yield. For
the trait, head rice recovery JMS 18A × SN 2397, CMS 52A × SN 223, JMS 18A × SN 232 and RMS 2A × SN
2397 these hybrids recorded high standard heterosis. The hybrid CMS 52A × SN 223 is heterotic hybrid for
both grain yield and head rice recovery. This hybrid could be exploited commercially after critical evaluation
for its superiority and stability across the locations over years.
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ABSTRACT

Introduction
For more than half of the world’s population, rice is

the main diet source. It contributes significantly to dietary
energy, supplying about 43% of the caloric intake and
accounts for 20-25% of agricultural income. Globally rice
is cultivated in around 165 million hectares with a
production of 508.9 million tonnes. In India, rice is
cultivated in 478.32 lakh hectares with production of
1357.55 lakh tonnes and productivity of 2838 kg/ha.
(INDIASTAT, 2022-23). The utilization of heterosis has
been a remarkable advancement in plant breeding, with
hybrid rice technology representing a practical approach
to enhance future rice yields. Hybrids can produce 15-
20% more than the top improved or high-yielding varieties
(Yuan, 1994). The phenomenon of heterosis in rice was
first documented by Jones in 1926, who noted that certain
F1 hybrids exhibited more culms and higher yields than
their parental lines. In India with limited resources like
land, water, labour and other inputs, rice productivity
needs to be increased without disturbing the environment.
Hybrid rice technology is the pragmatic approach to

increase rice production of 15 to 20 per cent than the
pure line varieties by exploiting hybrid vigour.

Evaluating the nature and extent of heterosis for
various characteristics is essential for identifying
promising hybrid combinations, which can be utilized to
create breeding materials for isolating transgressive
segregants aimed at producing high-yielding pure line
varieties/hybrids.

Materials and Methods
Heterosis studies were conducted on twenty-four

rice hybrids developed by crossing four diverse Wild
Abortive (WA) CMS lines i.e., CMS 64A, CMS 52A,
JMS 18A and RMS 2A with six elite testers with proven
high head rice recovery i.e., SN 233, SN 232, SN 223,
SN 2397, SN 1326 and BV 166 in a L × T mating design
during kharif 2023. Ten parental lines, 24 hybrids and
two control checks Shabnam and KPH 473 were
evaluated using a randomized block design replicated
twice with a spacing of 20 × 15 cm at the Regional
Agricultural Research Station (RARS), Polasa, Jagtial,
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during the rabi 2023-24. Data was collected for various
traits, including days to 50 % flowering, plant height (cm),
panicle length (cm), number of productive tillers per plant,
grains per panicle, 1000 grain weight (g), grain yield per
plant (g), hulling percentage, milling percentage, head rice
recovery percentage, kernel length (mm), kernel breadth
(mm) and kernel L/B ratio. The collected data was
analyzed for heterosis, heterobeltiosis and standard
heterosis.

Results and Discussion
Significant variances among the genotypes for each

trait under investigation were found using analysis of
variance. This suggests that the material being studied
had wider range of variability for the genotypes.

Higher grain yield is the main objective for almost all
the breeding programm. Heterosis for seed yield in
positive direction is desirable. In the current study, out of
24 hybrids, significant and positive heterosis had shown
by 17 hybrids over mid parent, 15 hybrids over better
parent, nine hybrids over Shabnam and five hybrids over
KPH 473. Relative heterosis ranged from 12.02% (JMS
18A × BV 166) to 69.68 % (CMS 64A × SN 2397 and
CMS 64A × BV 166) over mid parent, heterobeltiosis
ranged from -10.22% (JMS 18A × SN 223) to 68.92%
(CMS 64A × BV 166). Whereas the cross CMS 64A ×
SN 2397 had the highest standard heterosis exploited was
41.97% over Shabnam and 25.69% over KPH 473.
Among the 24 hybrids examined five hybrids namely,
CMS 64A × SN 2397, CMS 64A × BV 166, RMS 2A ×
BV 166, CMS 52A × SN 223 and CMS 64A × SN 232
recorded high and significant heterosis for all three types
of heterosis. These outcomes are similar with the findings
of Salah et al. (2020), Meena et al. (2021), Devi et al.
(2022), Mohan et al. (2022) and Deepika et al. (2023).

Top five hybrids with significant positive standard
heterosis over Shabnam and KPH 473 with good per se
performance were CMS 64A × SN 2397 (41.97%,
25.69%, 38.90g), CMS 64A × BV 166 (36.86%, 21.16%,
37.50g), RMS 2A × BV 166 (33.21%, 17.93%, 36.50g),
CMS 52A × SN 223 (31.02%, 15.99%, 35.90g) and CMS
64A × SN 232 (28.47%, 13.73%, 35.20g) as shown in
Table 2.

Head rice recovery is most important trait which
needs a specific attention in the case of hybrids for this
study. The relative heterosis for head rice recovery varied
from -66.12% (CMS 52A × SN 1326) to 29.61% (CMS
52A × SN 223). Out of 24 hybrids, two hybrids CMS
52A × SN 223 (29.61%) and JMS 18A × SN 2397 (9.25%)
showed significant positive heterosis over mid parent.
Heterobeltiosis for this trait varied from -71.30% (CMS

52A × SN 1326) to 11.54% (CMS 52A × SN 223). Among
the 24 hybrids, one cross CMS 52A × SN 223 (11.54)
exhibited significant positive heterosis over better parent.
These outcomes are aligned with the conclusions of Singh
et al. (2019), Begum et al. (2020), Devi et al. (2022)
and Ramakrishna et al. (2023).

Present study revealed, eight hybrids with significant
positive heterosis over the check Shabnam for the trait
head rice recovery and most of them recorded good mean
values. The hybrids with significant positive heterosis over
Shabnam and good head rice recovery identified were
JMS 18A × SN 2397 (67.57%, 62.00%), CMS 52A × SN
223 (56.76%, 58.00 %), JMS 18A × SN 232 (48.65%,
55.00 %), RMS 2A × SN 2397 (48.65%, 55.00 %), CMS
64A × SN 2397 (47.30%, 54.50 %), CMS 64A × SN 223
(40.54%, 52.00 %), CMS 64A × BV 166 (39.19%,
51.50%), CMS 52A × SN 232 (24.32%, 46.00 %).

Thirteen hybrids exhibited significant positive
heterosis for head rice recovery over KPH 473. Most of
these recorded good mean values for this trait. The
hybrids namely, JMS 18A × SN 2397 (117.54%, 62.00%),
CMS 52A × SN 223 (103.51%, 58.00 %), JMS 18A ×
SN 232 ( 92.98%, 55.00 %), RMS 2A × SN 2397 (92.98%,
55.00 %), CMS 64A × SN 2397 (91.23%, 54.50% ), CMS
64A × SN 223 (82.46%, 52.00%), CMS 64A × BV 166
(80.70%, 51.50 % ), CMS 52A × SN 232 (61.40%,
46.00%) and RMS 2A × SN 223 (42.11%, 40.50 %)
showed significant positive heterosis along with good head
rice recovery over KPH 473. Therefore, these hybrids
could be evaluated further during rabi situation to identify
most stable heterotic hybrids to give high head rice in
rabi season.

The hybrid CMS 52A × SN 223 is heterotic hybrid
for both grain yield and head rice recovery.

Negative heterosis is preferable for days to 50%
flowering to develop hybrids with early duration. For this
trait 19 hybrids each over mid parent and Shabnam, 20
hybrids each over better parent and KPH 473 showed
significant negative heterosis in desirable direction. Similar
results have also been observed (Kushal et al., 2023;
and Ramakrishna et al., 2023) suggesting the potential
for exploiting heterosis for earliness.

For plant height, negative value of heterosis is
desirable. Among 24 hybrids, seven hybrids over mid
parent, 10 hybrids over the better parent, 19 crosses over
Shabnam and 15 crosses over KPH an et al. (2022) and
Deepika et al. (2023) emphasized the importance of
significant 473 were significantly better and the range
was -14.09% (JMS 18A × SN 1326) to 18.56% (CMS
52A × SN 223) for mid parental heterosis, -15.68% (CMS
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52A × SN 2397) to 5.11% (CMS 64A × SN 232) for
heterobeltiosis. The highest standard heterosis exploited
was -6.26% (over Shabnam) in the cross CMS 52A ×
SN 233 and -3.90% (over KPH 473) in the cross CMS
64A × SN 2397. Manivel negative heterosis for plant
height to develop dwarf plant types.

Panicle length is the important component of grain
yield as it bears the sink in rice. More is the length of the
panicle it likely to give more no. of grains per panicle,
resulting in higher productivity. For the character panicle
length, relative heterosis ranged from -8.09% (JMS 18A
× SN 233) to 15.35% (CMS 52A × SN 1326). Among
the 24 hybrids, nine showed significant positive heterosis
over mid parent. Better parent heterosis varied from -
9.34% (JMS 18A × SN 233 and JMS 18A × SN 223) to
12.10% (CMS 52A × SN 1326). Out of 24 hybrids, three
had significantly positive heterosis over the better parent.
None of the crosses exhibited significant positive standard
heterosis over Shabnam and over KPH 473.

Panicle length is a key attribute associated with higher
yields, as supported by the findings of Devi et al. (2022)
and Mohamed et al. (2022).

Number of productive tillers per plant is known to
directly contribute towards grain yield. In case of
productive tillers per plant relative heterosis ranged from
-22.34% (CMS 64A × BV 166) to 10.86% (CMS 64A ×
SN 2397), heterobeltiosis ranged from -22.94% (RMS
2A × SN 232) to -10.39% (JMS 18A × SN 232). The
hybrid, CMS 64A × SN 2397 showed significant heterosis
for relative heterosis and over the check KPH 473 and
the hybrids, CMS 52A × BV 166, CMS 64A × SN 223
and CMS 52A × SN 233 showed highly significant
standard heterosis indicating that these hybrids will have
potential to give high production and productivity due to
recording higher effective tillers. The results align with
the findings of Devi et al. (2022), Deepika et al. (2023)
and Kushal et al. (2023).

Number of filled grains per panicle is very important
trait, which has direct effect on yield, out of 24 hybrids
the estimates of relative heterosis, heterobeltiosis and
standard heterosis were significant and positive, eight
hybrids showed over mid parent, five hybrids over better
parent, four hybrids over Shabnam and one hybrid over
KPH 473. The relative heterosis for this trait ranged from
-30.49% (CMS 52A × BV 166) to 111.97% (CMS 52A ×
SN 223), heterobeltiosis from -41.14% (CMS 52A × BV
166) to 86.83% (CMS 52A × SN 223). The cross RMS
2A × BV 166 had the highest standard heterosis exploited
was 42.22% (over Shabnam) and 25.98% (over KPH
473). Similar kind of heterotic pattern was noted by

Thakor et al. (2018), Sari et al. (2019), Kushal et al.
(2023) and Ramakrishna et al. (2023).

For 1000 grain weight heterosis in positive direction
is desirable. Magnitude of heterosis showed significant
positive heterosis, 12 hybrids showed over mid parent
and three hybrids over better parent. None of the crosses
over KPH 473 and over Shabnam revealed significant
positive standard heterosis. These results align with Singh
et al. (2020), Azad et al. (2022) and Kushal et al. (2023).

Kernel length is one of the determining factors in
fixing market price and rice with more grain/kernel length
fetches more price. Among 24 hybrids, significant and
positive heterosis exhibited by ten hybrids over mid parent,
five hybrids over better parent and four hybrids over
Shabnam, while none of the crosses over KPH 473
exhibited significant positive standard. Relative heterosis
ranged from -14.55% (CMS 52A × SN 223) to 22.55%
(CMS 64A × SN 2397), heterobeltiosis ranged from -
20.53% (CMS 52A × SN 2397) to 17.31% (CMS 64A ×
SN 2397). Similar findings were reported by Babu et al.
(2020), Meena et al. (2021), Devi et al. (2022) and
Kushal et al. (2023).

For kernel breadth, relative heterosis ranged from -
13.75% (RMS 2A × SN 223) to 12.71% (CMS 64A ×
SN 2397) and better parental values ranged from -21.81%
(RMS 2A × SN 223) to 11.95% (CMS 64A × SN 2397).
Out of 24 hybrids, 17 hybrids over mid parent and 2 hybrids
over better parent exhibited significant and positive
heterosis. None of the crosses showed significant positive
standard heterosis over Shabnam and over KPH 473.
Meena et al. (2021), Devi et al. (2022) and Kushal et al.
(2023) reported similar results for this trait.

Kernal length/breadth ratio before cooking is one of
the important physical traits determining the quality of
the grain. A higher value of kernel length/breadth ratio
before cooking is desirable as the slender grain having
length/breadth ratio of 3.0 and above will fetch high
premium price in the market and present study revealed
both positive and negative values depending upon the cross
combinations. Out of 24 hybrids, significant and positive
heterosis displayed by four hybrids each over mid parent
and better parent, twelve hybrids over Shabnam and nine
hybrids over KPH 473. The highest standard heterosis
recorded was 21.11% (over Shabnam) and 16.40% (over
KPH 473) in the cross CMS 64A × SN 223. The hybrids,
RMS 2A × SN 223, RMS 2A × SN 2397 and CMS 64A
× SN 223 recorded significant positive heterosis for three
types of heterosis i.e., average heterosis, heterobeltiosis
and standard heterosis in which RMS 2A × SN 223
exhibited highly significant heterosis. Similar findings have
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Table 1 : Estimates of heterosis over mid parent, better parent and standard checks for grain yield, yield contributing and quality
traits in rice.

Days to 50 % flowering Plant height
S. no. Crosses

H HB SH H HB SH

Check 1 Check 2 Check 1 Check 2

Shabnam KPH 473 Shabnam KPH 473
1 CMS 52A × SN 233 -4.46** -8.53** -12.27** -11.87** 15.21** 2.20 -6.26** -2.11
2 CMS 52A × SN 232 -6.67** -10.85** -14.09** -13.70**  8.58** -4.63* -10.51** -6.54**
3 CMS 52A × SN 223 -4.93** -9.39** -12.27** -11.87** 18.56** 3.85* -1.92 2.43
4 CMS 52A × SN 2397 -11.57** -20.08** -13.18** -12.79** -6.53** -15.68** -25.56 ** -22.26**
5 CMS 52A × SN 1326 -9.63** -13.68** -16.82** -16.44** 8.77** -1.72 -13.54** -9.70**
6 CMS 52A × BV 166 -9.05** -11.71** -17.73** -17.35** 0.86 -11.62** -16.62 ** -12.92**
7 CMS 64A × SN 233 -2.84** -2.84** -6.82** -6.39** 9.16** 1.76 -6.67** -2.53
8 CMS 64A × SN 232 -4.49** -4.72** -8.18** -7.76** 13.94** 5.11** -1.36 3.01
9 CMS 64A × SN 223 -8.02** -12.13** -11.36** -10.96** -4.77** -12.41** -17.27** -13.61**
10 CMS 64A × SN 2397 -6.67 -12.68** -4.55** -4.11** 9.83** 4.23* -7.98** -3.90*
11 CMS 64A × SN 1326 -4.96** -5.19** -8.64** -8.22** 5.68** 0.46 -11.62** -7.70**
12 CMS 64A × BV 166 3.85** 5.37** -1.82      -1.37 5.06** -3.32 -8.79** -4.75*
13 JMS 18A × SN 233 -9.18** -10.90 -14.55** -14.16** -4.88** -7.71** -15.35** -11.60**
14 JMS 18A × SN 232 -9.88** -11.79 -15.00** -14.61** -7.68** -11.41** -16.87** -13.19**
15 JMS 18A × SN 223 -10.58** -12.68** -15.45** -15.07** 0.17 -4.17* -9.49** -5.49**
16 JMS 18A × SN 2397 -6.33** -13.39** -5.91 -5.48** -8.22** -9.27** -19.90** -16.35**
17 JMS 18A × SN 1326 -13.73** -15.57** -18.64** -18.26** -14.09** -14.93** -25.15** -21.84**
18 JMS 18A × BV 166 -12.25** -12.68** -18.64** -18.26** -8.05** -11.99** -16.97** -13.29**
19 RMS 2A × SN 233 -1.13 -5.22** -0.91 -0.46 -1.84 -3.31 -8.59** -4.54*
20 RMS 2A × SN 232 -3.17** -6.96** -2.73* -2.28* 2.84 2.46 -3.13 1.16
21 RMS 2A × SN 223 -1.13 -4.78** -0.45 0.00 4.01* 3.95* -1.72 2.64
22 RMS 2A × SN 2397 0.64 -1.26  7.27**     7.76** 1.55 -1.82 -7.17** -3.06
23 RMS 2A × SN 1326 -6.33** -10.00** -5.91**   -5.48** 1.27 -2.24 -7.58** -3.48
24 RMS 2A × BV 166 -5.29** -10.43** -6.36**    -5.94 ** 2.67 2.56 -3.03 1.27

Panicle length Number of productive tillers per plant
S. no. Crosses

H HB SH H HB SH

Check 1 Check 2 Check 1 Check 2

Shabnam KPH 473 Shabnam KPH 473
1 CMS 52A × SN 233 7.44* 4.00 -4.06 -1.52 1.35 -4.26 -1.32 11.94*
2 CMS 52A × SN 232 10.50** 8.68* -2.95 -0.38 5.19 3.72 -2.19 10.95
3 CMS 52A × SN 223 10.21** 9.75* -4.43 -1.89 3.92 1.44 -7.02 5.47
4 CMS 52A × SN 2397 -6.28 -8.20* -17.34** -15.15** 2.33 -0.45 -3.51 9.45
5 CMS 52A × SN 1326 15.35** 12.10** 2.58 5.30 -3.64 -8.23 -7.02 5.47
6 CMS 52A × BV 166 -2.36 -2.15 -15.87** -13.64** 6.36 1.30 2.63 16.42**
7 CMS 64A × SN 233 5.35 4.31 -1.85** 0.76 -17.42** -18.30** -15.79** -4.48
8 CMS 64A × SN 232 7.04* 4.31 -1.85 0.76 -5.62 -8.70 -7.89 4.48
9 CMS 64A × SN 223 7.13* 3.14 -2.95 -0.38 8.62 1.30 2.19 15.92**
10 CMS 64A × SN 2397 9.42** 7.06 0.74 3.41 10.86* 8.70 9.65 24.38**
11 CMS 64A × SN 1326 4.17 2.75 -3.32 -0.76 -18.00** -18.18** -17.11** -5.97
12 CMS 64A × BV 166 7.38* 2.75 -3.32 -0.76 -22.34** -22.51** -21.49** -10.95

Table 1 continued...
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Table 1 continued...

Table 1 continued...

13 JMS 18A × SN 233 -8.09* -9.34 * -14.02** -11.74** -7.19 -13.42 * -12.28* -0.50
14 JMS 18A × SN 232 -6.21 -8.95* -13.65** -11.36** 0.73 -10.39* -9.21 2.99
15 JMS 18A × SN 223 -5.48 -9.34* -14.02** -11.74** 9.87 -6.06 -4.82 7.96
16 JMS 18A × SN 2397 -2.99 -5.45 -10.33** -7.95* 5.04 -5.19 -3.95 8.96
17 JMS 18A × SN 1326 -7.72* -9.34* -14.02** -11.74** 3.98 -3.90 -2.63 10.45
18 JMS 18A × BV 166 2.86 -1.95 -7.01* -4.55 -8.20 -15.15** -14.04** -2.49
19 RMS 2A × SN 233 -4.62 -8.15* -8.49* -6.06 -9.60* -16.45** -15.35** -3.98
20 RMS 2A × SN 232 4.3 -1.11 -1.48 1.14 -12.53* -22.94** -21.93** -11.44
21 RMS 2A × SN 223 3.16 -3.33 -3.69 -1.14 5.37 -10.82* -9.65 2.49
22 RMS 2A × SN 2397 2.72 -2.22 -2.58 0.00 -3.63 -13.85** -12.72* -1.00
23 RMS 2A × SN 1326 0.39 -3.70 -4.06 -1.52 -8.27 -16.02** -14.91** -3.48
24 RMS 2A × BV 166 9.34** 1.85 1.48 4.17 -3.55 -11.69* -10.53* 1.49

Number of filled grains per panicle 1000 grain weight
S. no. Crosses

H HB SH H HB SH

Check 1 Check 2 Check 1 Check 2

Shabnam KPH 473 Shabnam KPH 473
1 CMS 52A × SN 233 70.94** 54.52** -3.51** -14.53 -6.79* -11.03** -24.11** -29.60**
2 CMS 52A × SN 232 104.30** 72.12** 26.76* 12.28 -23.04** -24.21** -35.35** -40.02**
3 CMS 52A × SN 223 111.97** 86.83** 23.56** 9.45 -14.06** -20.42** -32.12** -37.02**
4 CMS 52A × SN 2397 -18.53 -37.56** -40.89** -47.64** 1.48 -23.12** -34.43** -39.16**
5 CMS 52A × SN 1326 27.12 23.26 -37.82** -44.92** 1.31 -2.40 -16.75** -22.77**
6 CMS 52A × BV 166 -30.49* -41.14** -57.20** -62.09** -0.31 -14.34** -26.94** -32.21**
7 CMS 64A × SN 233 39.40* 31.32 -18.00 -27.36** 13.58** 12.45** -12.82** -19.12**
8 CMS 64A × SN 232 17.28 2.60 -24.44* -33.07** 9.82** 5.35 -12.86** -19.15**
9 CMS 64A × SN 223 57.07** 44.09** -4.71 -15.59 7.48* 5.15 -20.11** -25.88**
10 CMS 64A × SN 2397 18.74 -6.01 -11.02 -21.18* 26.45** -0.22 -24.19** -29.66**
11 CMS 64A × SN 1326 9.79 2.01 -43.69** -50.12** 12.74** 10.55** -12.62** -18.93**
12 CMS 64A × BV 166 86.24** 6.81** 19.11 5.51 -20.70 -28.36** -45.57** -49.50**
13 JMS 18A × SN 233 -11.11 -28.76** -26.22* -34.65** 6.09 -17.35** -35.92** -40.55**
14 JMS 18A × SN 232 -3.19 -17.17 -14.22 -24.02* 8.93* -17.04** -31.38** -36.34**
15 JMS 18A × SN 223 -5.08 -22.23* -19.47 -28.66** 2.64 -18.13** -40.50** -44.80**
16 JMS 18A × SN 2397 -28.34** -31.42** -28.98** -37.09** 20.52** 19.61** -47.45** -51.25**
17 JMS 18A × SN 1326 -12.54 -36.27** -34.00** -41.54** 16.01** -10.25** -29.06** -34.18**
18 JMS 18A × BV 166 2.27 -12.96 -9.87 -20.16* 26.63** 8.01 -33.80* -38.58**
19 RMS 2A × SN 233 4.10 -23.86** 2.71 -9.02 1.34 -17.16** -35.77** -40.41**
20 RMS 2A × SN 232 4.09 -19.54* 8.53 -3.86 4.40 -16.73** -31.13** -36.10**
21 RMS 2A × SN 223 18.73* -11.53 19.33 5.71 0.83 -15.44* -38.54** -42.98**
22 RMS 2A × SN 2397 6.83 9.09 22.62* 8.62 12.30* 6.26 -47.69** -51.47**
23 RMS 2A × SN 1326 5.63 -28.63** -3.73 -14.72 11.94** -9.17* -28.21** -33.40**
24 RMS 2A × BV 166 37.02** 5.44 42.22** 25.98** 10.45* -0.42 -38.97** -43.38**

Grain yield per plant Kernel length
S. no. Crosses

H HB SH H HB SH

Check 1 Check 2 Check 1 Check 2

Shabnam KPH 473 Shabnam KPH 473
1 CMS 52A × SN 233 15.74** 4.62 -0.73 -12.12** 0.23 -3.68** 2.27* -3.61**
2 CMS 52A × SN 232 25.37** 13.51** 7.30 -5.01 -0.11 -4.05** 1.88* -3.98**
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Table 1 continued...

3 CMS 52A × SN 223 48.35** 41.18** 31.02** 15.99** -14.55** -18.32** -13.28** -18.26**
4 CMS 52A × SN 2397 -2.24 -7.63 -20.44** -29.56** -9.40** -20.53** -15.63** -20.47**
5 CMS 52A × SN 1326 44.78** 31.02** 13.87** 0.81 -5.30** -10.01** -4.45** -9.94**
6 CMS 52A × BV 166 4.42 2.05 -18.07** -27.46** -5.70** -17.14** -12.03** -17.08**
7 CMS 64A × SN 233 32.78** 23.08** 16.79** 3.39 8.85** 3.11** 0.94 -4.86**
8 CMS 64A × SN 232 46.36** 35.91** 28.47** 13.73** 6.87** 1.28 -0.94 -6.63**
9 CMS 64A × SN 223 18.55** 7.30 7.30 -5.01** 12.80** 7.43** 3.98** -1.99*
10 CMS 64A × SN 2397 69.68** 64.83** 41.97** 25.69** 22.55** 17.31** 2.73** -3.17**
11 CMS 64A × SN 1326 26.86** 26.58** 2.55 -9.21** 6.01** 1.55 -2.89** -8.47**
12 CMS 64A × BV 166 69.68** 68.92** 36.86** 21.16** -9.49** -13.20** -23.98** -28.35**
13 JMS 18A × SN 233 17.26** 8.46** 2.92 -8.89* -1.56 -11.89** -13.75** -18.70
14 JMS 18A × SN 232 19.17** 10.42* 4.38 -7.59* -0.54 -10.94* -12.89** -17.89**
15 JMS 18A × SN 223 -0.61 -10.22* -10.22* -20.52** 1.84* -8.39** -11.33** -16.42**
16 JMS 18A × SN 2397 -7.22 -10.17* -22.63** -31.50** 2.53* 0.78 -19.30** -23.93**
17 JMS 18A × SN 1326 32.58** 32.58** 6.93 -5.33 4.16** -5.80** -9.92* -15.10**
18 JMS 18A × BV 166 12.02* 11.76* -9.85* -20.19** 5.10** 3.11** -17.11** -21.87**
19 RMS 2A × SN 233 -0.20 -4.62 -9.49* -19.87** -4.25** -15.48** -17.27** -22.02**
20 RMS 2A × SN 232 33.87** 28.19** 21.17** 7.27 -2.67** -14.06** -15.94** -20.77**
21 RMS 2A × SN 223 -0.98 -7.66 -7.66 -18.26** -1.91 -12.99** -15.78** -20.62**
22 RMS 2A × SN 2397 0.63 0.42 -13.14** -23.10** 17.94** 14.15** -8.59** -13.84**
23 RMS 2A × SN 1326 32.75** 28.27** 10.95* -1.78 -2.52** -13.07** -16.88** -21.65**
24 RMS 2A × BV 166 59.74** 54.01** 33.21** 17.93** 0.60 -2.82* -21.88** -26.36**

Kernel breadth Kernel L/B ratio
S. no. Crosses

H HB SH H HB SH

Check 1 Check 2 Check 1 Check 2

Shabnam KPH 473 Shabnam KPH 473
1 CMS 52A × SN 233 5.79** 0.28 -7.05** -8.95** -5.83** -14.04** 10.03** 5.76**
2 CMS 52A × SN 232 3.29* -1.43 -9.92** -11.76** -3.69* -11.58** 13.17** 8.78**
3 CMS 52A × SN 223 4.62** -0.57 -8.36** -10.23** -18.82** -26.08** -5.39** -9.06**
4 CMS 52A × SN 2397 7.04** 2.83 -14.62** -16.37** -15.06** -22.81** -1.20** -5.04*
5 CMS 52A × SN 1326 -1.98 -10.82** -9.66** -11.51** -4.85** -17.31** 5.84** 1.73
6 CMS 52A × BV 166 3.78* 0.00 -10.44** -12.28** -9.83** -23.27** -1.80 -5.61**
7 CMS 64A × SN 233 8.70** -1.41 -8.62** -10.49** -0.40 -4.90* 10.48** 6.19**
8 CMS 64A × SN 232 9.55** 0.00 -8.62** -10.49** -2.75 -6.57** 8.53** 4.32*
9 CMS 64A × SN 223 2.49 -6.80** -14.10** -15.86** 9.47** 4.25* 21.11** 16.40**
10 CMS 64A × SN 2397 12.71** 11.95** -14.36** -16.11** 8.75** 3.35 20.06** 15.40**
11 CMS 64A × SN 1326 4.58** -8.76** -7.57** -9.46** -0.07 -9.41** 5.24** 1.15
12 CMS 64A × BV 166 2.22 -5.83** -15.67** -17.39** -12.35** -22.29** -9.73 -13.24**
13 JMS 18A × SN 233 8.74** -3.66** -10.70** -12.53** -9.59** -10.65** -3.29 -7.05**
14 JMS 18A × SN 232 0.96 -10.00** -17.75** -19.44** -1.53 -2.07 5.99** 1.87
15 JMS 18A × SN 223 7.81** -4.25** -11.75** -13.55** -5.68** -7.05** 0.60 -3.31
16 JMS 18A × SN 2397 0.88 -2.39 -25.33** -26.85** 1.83 0.14** 8.38** 4.17*
17 JMS 18A × SN 1326 0.91 -13.92** -12.79** -14.58** 1.92 -4.56** 3.29 -0.72
18 JMS 18A × BV 166 4.70** -5.83** -15.67** -17.39** -0.68 -9.13** -1.65 -5.47*
19 RMS 2A × SN 233 11.21** 0.56 -6.79** -8.70** -13.75** -16.01** -11.23** -14.68**
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Table 1 continued...

Table 1 continued...

20 RMS 2A × SN 232 10.52** 0.57 -8.09** -9.97** -11.56** -14.41** -8.38** -11.94**
21 RMS 2A × SN 223 -13.75** -21.81** -27.94** -29.41** 14.08** 11.40** 17.07** 12.52**
22 RMS 2A × SN 2397 3.45* 2.39 -21.67** -23.27** 14.04** 11.59** 16.77** 12.23**
23 RMS 2A × SN 1326 9.33** -4.90** -3.66* -5.63** -11.23** -13.75** -13.62** -16.98**
24 RMS 2A × BV 166 12.70** 3.50* -7.31** -9.21** -11.11** -15.70** -15.57** -18.85**

Hulling Milling
S. no. Crosses

H HB SH H HB SH

Check 1 Check 2 Check 1 Check 2

Shabnam KPH 473 Shabnam KPH 473
1 CMS 52A × SN 233 -0.32 -0.63 -1.26 -1.26 -1.50 -2.96 -4.38 0.00
2 CMS 52A × SN 232 1.90 1.26 1.26 1.26 6.72** 4.38 4.38 9.16**
3 CMS 52A × SN 223 0.66 -2.55 -3.77 -3.77 6.20** 4.58 0.00 4.58
4 CMS 52A × SN 2397 4.89* 2.55 1.26 1.26 2.96 0.00 1.46 6.11*
5 CMS 52A × SN 1326 -0.63 -1.86 -0.63 -0.63 -1.44 -6.80** 0.00 4.58
6 CMS 52A × BV 166 0.63 0.00 0.00 0.00 5.22* 2.92 2.92 7.63**
7 CMS 64A × SN 233 -0.95 -1.26 -1.26 -1.26 -4.96* -8.84** -2.19 2.29
8 CMS 64A × SN 232 1.26 1.26 1.26 1.26 4.23* 0.68 8.03** 12.98**
9 CMS 64A × SN 223 3.27 -0.63 -0.63 -0.63 5.84** -1.36 5.84* 10.69**
10 CMS 64A × SN 2397 1.62 -1.26 -1.26 -1.26 0.00 -2.72 4.38 9.16**
11 CMS 64A × SN 1326 -3.13 -3.73 -2.52 -2.52 -21.09** -21.09** -15.33** -11.45**
12 CMS 64A × BV 166 -1.26 -1.26 -1.26 -1.26 -6.34** -9.52** -2.92 1.53
13 JMS 18A × SN 233 -2.47 -4.82* -0.63 -0.63 1.49 0.74 -0.73 3.82
14 JMS 18A × SN 232 0.31 -1.81 2.52 2.52 7.41** 5.84* 5.84* 10.69**
15 JMS 18A × SN 223 0.32 -5.42* -1.26 -1.26 8.46 ** 6.02* 2.92 7.63**
16 JMS 18A × SN 2397 5.70** 0.60 5.03* 5.03* 4.41* 2.16 3.65 8.40**
17 JMS 18A × SN 1326 -0.31 -1.81 2.52 2.52 1.43 -3.40 3.65 8.40**
18 JMS 18A × BV 166 -3.38 -5.42* -1.26 -1.26 0.00 -1.46 -1.46 3.05
19 RMS 2A × SN 233 2.22 1.90 1.26 1.26 2.24 1.48 0.00 4.58
20 RMS 2A × SN 232 -1.90 -2.52 -2.52 -2.52 1.48 0.00 0.00 4.58
21 RMS 2A × SN 223 5.92** 2.55 1.26 1.26 5.38* 3.01 0.00 4.58
22 RMS 2A × SN 2397 7.49** 5.10* 3.77 3.77 8.09** 5.76* 7.30** 12.21**
23 RMS 2A × SN 1326 -3.77 -4.97* -3.77 -3.77 -3.57 -8.16 ** -1.46 3.05**
24 RMS 2A × BV 166 -0.63 -1.26* -1.26 -1.26 1.48 0.00 0.00 4.58

Head rice recovery
S. no. Crosses

H HB SH

Check 1 Check 2

Shabnam KPH 473
1 CMS 52A × SN 233 -46.39** -56.30** -29.73** -8.77**
2 CMS 52A × SN 232 -0.54 -16.36** 24.32** 61.40**
3 CMS 52A × SN 223 29.61** 11.54** 56.76** 103.51**
4 CMS5 2A × SN 2397 -41.29** -53.17** -20.27** 3.51
5 CMS 52A × SN 1326 -66.12** -71.30** -58.11** -45.61**
6 CMS 52A × BV 166 -36.96** -46.79** -21.62** 1.75
7 CMS 64A × SN 233 -33.95** -40.34** -4.05 24.56**
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Table 1 continued...
8 CMS 64A × SN 232 -40.78** -44.55** -17.57** 7.02
9 CMS 64A × SN 223 4.00 0.00 40.54** 82.46**
10 CMS 64A × SN 2397 -1.80 -13.49** 47.30** 91.23**
11 CMS 64A × SN 1326 -50.00** -52.78** -31.08** -10.53**
12 CMS 64A × BV 166 0.49 -5.50** 39.19** 80.70**
13 JMS 18A × SN 233 -30.00** -35.29** 4.05 35.09**
14 JMS 18A × SN 232 4.27 0.00 48.65** 92.98**
15 JMS 18A × SN 223 -28.78** -29.81** -1.35 28.07**
16 JMS 18A × SN 2397 9.25** -1.59 67.57** 117.54**
17 JMS 18A × SN 1326 -62.68** -63.89** -47.30** -31.58**
18 JMS 18A × BV 166 -28.57** -31.19** 1.35 31.58**
19 RMS 2A × SN 233 -64.44** -66.39** -45.95** -29.82**
20 RMS 2A × SN 232 -40.74** -41.82** -13.51* 12.28
21 RMS 2A × SN 223 -22.86 -23.58** 9.46 42.11**
22 RMS 2A × SN 2397 -5.17 -12.70** 48.65** 92.98**
23 RMS 2A × SN 1326 -65.42** -65.74 ** -50.00** -35.09 **
24 RMS 2A × BV 166 -41.40** -42.20** -14.86** 10.53

Table 2 : Five best heterotic crosses for grain yield/plant and head rice
recovery over Shabnam and over KPH 473 with their per se
performance.

Standard heterosis

Over Over KPH
Shabnam 473

1 Grain yield per plant (g)
1 CMS 64A × SN 2397 38.90 41.97** 25.69**
2 CMS 64A × BV 166 37.50 36.86** 21.16**
3 RMS 2A × BV 166 36.50 33.21** 17.93**
4 CMS 52A × SN 223 35.90 31.02** 15.99**
5 CMS 64A × SN 232 35.20 28.47** 13.73**
2 Head rice recovery (%)
1 JMS 18A × SN 2397 62.00 67.57** 117.54**
2 CMS 52A × SN 223 58.00 56.76** 103.51**
3 JMS 18A × SN 232 55.00 48.65** 92.98**
4 RMS 2A × SN 2397 55.00       48.65** 92.98**
5 CMS 64A × SN 2397 54.50 47.30** 91.23**

S. Crosses Per se
no. performance

(g)

been reported by Bano and Singh (2018), Begum et al.
(2020), Yadav et al. (2020) and Deepika et al. (2023).

For hulling percentage, relative heterosis for this trait
varied from 4.89% (CMS 52A × SN 2397) to 7.49%
(RMS 2A × SN 2397). Out of 24 hybrids, 4 showed
significant positive relative heterosis, only one hybrid RMS
2A × SN 2397 exhibited a significant positive heterosis
over better parent and only one hybrid JMS 18A × SN
2397 (5.03%) over Shabnam and over KPH 473, showed
significant positive standard heterosis. The results are in
accordance with the earlier findings of Devi et al. (2017),
Gokulakrishnan et al. (2018), Meena et al. (2021) and
Ramakrishna et al. (2023).

Milling percentage is also very important
quality trait in rice and out of 24 hybrids studied,
significant positive heterosis in desired direction
exhibited by ten hybrids over mid parent, three
hybrids over better parent and four hybrids over
Shabnam and 12 hybrids over KPH 473. The
hybrids, RMS 2A × SN 2397 and JMS 18A ×
SN 232 showed significant heterosis over mid
parent, better parent and standard heterosis.

The results align with the findings of Begum
et al. (2020), Meena et al. (2021) and Devi et
al. (2022).

Conclusion
Based on the results, five hybrids namely,

CMS 64A × SN 2397, CMS 64A × BV 166,
RMS 2A × BV 166, CMS 52A × SN 223 and
CMS 64A × SN 232 showed high and significant
relative heterosis, heterobeltiosis and standard
heterosis for grain yield. Apart from grain yield,
these hybrids also found promising for other traits

like days to 50 % flowering, plant height, number of filled
grains per panicle and kernel length. For the trait, head
rice recovery the hybrids JMS 18A × SN 2397, CMS
52A × SN 223, JMS 18A × SN 232, RMS 2A × SN 2397
and CMS 64A × SN 2397 exhibited significant positive
standard heterosis, CMS 52A × SN 223 and JMS 18A ×
SN 2397 exhibited high relative heterosis and CMS 52A
× SN 223 was the only hybrid identified with positive and
significant heterobeltiosis. The hybrid CMS 52A × SN
223 is heterotic hybrid for both grain yield and head rice
recovery. Hence, these were identified as potential
hybrids for the traits studied based on their per se
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performance and heterosis estimates. These promising
cross combinations can be further used in rice breeding
programs by tested in observational/multilocational trial
before the commercial exploitation of its heterotic
potential.
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