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Studies on heterosis and combining ability for yield and its contributing traits using WA
cytoplasmic male sterile lines in rice (Oryza sativa L.)

Abstract

The present study evaluated 20 Fi’s derrived from five CMS lines and four testers along
with their parents including a standard check, for their combining ability and heterosis
concerning grain yield and ten yield-contributing traits. The research identified superior
general and specific combiners. Among lines, IR 79156A and CRMS 31A were excellent
general combiners and among testers, IR 10N134 and IR 14V1020 showed strong general
combining ability for grain yield per plant. Significant specific combining ability was observed
in the crosses, IR 79156A/IRRI-186 followed by IR 58025A/IR 14V1020, IR 68888A/IR
14A150 and CRMS 32A/IR 10N134 for grain yield. Understanding heterosis, defined by the
superior performance of F; progeny over parents, is crucial for crop improvement. This
research evaluated rice hybrids for their yield and its contributing traits. It is observed that,
CRMS 32A/IR 14V1020, CRMS 31A/IR 14V1020 and CRMS 31A/IRRI-186 consistently
matured earlier than their respective parents and the check. Concurrently, IR 79156A/IRRI-
186, IR 58025A/IR 14V1020 and CRMS 31A/IR 10N134 demonstrated notable high heterosis
for yield and related characteristics, compared to mid-parent, better-parent and standard check.
These promising Fi hybrids serve as critical resources for advancing new rice cultivar
development programs.

Keywords: Combination, Combining ability, Rice, GCA effect, SCA effect, Heterosis, Rice, Wild-
Abortive (WA)

Introduction

Rice (Oryza sativa L.), a semi-aquatic annual grass of the Poaceae family, is a staple
crop globally, ranking after wheat and slightly above maize in total cereal grain production. Its
adaptability allows for diverse food and industrial applications. India, a top global exporter,
significantly contributes to the world's rice market, with a domestic output of 137.8 million
tonnes in FY 2023-24, representing over 40 % of its total food grain production (Anonymous,
2024). Chhattisgarh, known as the "rice bowl of India," plays a crucial role, contributing 9.4 %
of the national rice area and 6.5 % of total production in 2024-25, forming the backbone of its
rural economy (Anonymous, 2025).

Developing high-yielding rice varieties is paramount. This study explores heterosis
(hybrid vigor), the phenomenon where hybrid offspring exhibit superior phenotypic
performance compared to their parents. We utilized the cytoplasmic male sterility (CMS)
system, a maternally inherited trait leading to pollen infertility, to facilitate hybrid
development. Among various CMS systems, the Wild Abortive (WA) cytoplasm is
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predominantly used due to its stable and near-complete pollen sterility (Shinjyo and Omura,
1966). To identify promising parental lines and cross recombinants, line X tester analysis was
employed, allowing for the assessment of general combining ability (GCA) and specific
combining ability (SCA) effects (Kamara et al., 2021a). This analysis further elucidates the
additive and non-additive gene effects influencing targeted traits (Kempthorne, 1957; Kamara
et al.,2021b). The findings of this research aim to identify superior rice hybrids with significant
heterosis for improved yield and related traits.

Materials and Methods

The study was carried out at the Research cum Instructional Farm, Department of
Genetics and Plant Breeding, College of Agriculture, Indira Gandhi Krishi Vishwavidyalaya,
Raipur (C.G.), to assess combining ability and heterosis in rice yield and its components.
Twenty Fi hybrids were developed in Kharif, 2023 through a Line x Tester mating design,
involving five lines (IR 58025A, IR 79156A, CRMS 31A, CRMS 32A, IR 68888A) and four
testers (IR 10N134, IR 14A150, IR 14V1020, IRRI-186). In Kharif, 2024 these 20 Fy’s along
with their parents and check (Chhattisgarh Dhan 1919), were evaluated in a Randomized Block
Design with two replications. Seeds were initially planted under protected structure in late
June, followed by transplanting of 25-30 days old seedlings to the main field. Data were
collected on key quantitative traits, including: days to 50 % flowering, days to maturity, plant
height (cm), panicle length (cm), number of effective tillers per plant, spikelet fertility (%),
biological yield (g), 100-seed weight (g), harvest index (%) and grain yield per plant (g).

Table 1: List of lines and testers used as experimental material.

S. No. | LINES SOURCE S. No. TESTERS SOURCE

IRRI, IRRI,

1. IR 58025A Philippines 1. IR 10N134 Philippines
IRRI, IRRI,

2. IR 79156A Philippines 2. IR 14A150 Philippines
CRRI, IRRI,

3. CRMS 31A | Cuttack, 3. IR 14V1020 Philiopines
Odisha bp
CRR],

4. CRMS 32A | Cuttack, 4. IRRI-186 {31?111}11’ ines
Odisha PP
IRRI, Chhattishgarh .

> IR 68888A Philippines > Dhan 1919 (Check) IGKV, Raipur

Results and Discussion

Combining Ability

Analysis of variance for line x tester.

among treatments for all traits studied. Specifically, the variance due to parents was significant

Analysis of variance (ANOVA), presented in Table 2, revealed significant differences
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for all traits except spikelet fertility and harvest index. The lines vs. testers interaction showed
significant differences for all traits except plant height and spikelet fertility. Furthermore,
variance attributed to crosses was significant for all traits except days to 50 % flowering and
effective tillers per plant.

The parents vs. crosses variance exhibited significance for all characters except days to
maturity, biological yield per plant and grain yield per plant. Variance due to lines was
significant for all traits except days to maturity, panicle length, biological yield per plant, 100-
grain weight and harvest index. Conversely, variance due to testers was non-significant for
most characters, with exceptions noted for days to maturity, plant height and 100-grain weight.
These findings align with previous research, where Abo Yousef et al. (2020), Shehab et al.
(2023), Saran et al. (2025) and Bharti et al. (2025) reported similar results for variance due to
parents vs. crosses and line X tester interaction for plant height and grain yield.

General Combining ability

Analysis of variance for combining ability revealed significant General Combining
Ability (GCA) effects, identifying several parental lines (females) and testers with strong
potential for hybrid breeding programs.

Among the parental lines, CRMS 32A exhibited significant GCA effects for plant
height (p<0.05), indicating its consistent genetic influence on plant stature. The specific
direction of this GCA (positive for biomass, negative for lodging resistance) would determine
its suitability based on breeding objectives. For spikelet fertility (p<0.01), IR 58025A/IR
10N134 and IR 58025A/IR 14V1020 demonstrated significant GCA effects, highlighting their
superior genetic potential to increase the proportion of fertile spikelets, directly contributing to
higher filled grains and overall grain yield. Most notably, IR 79156A displayed highly
significant GCA effects (p<0.001) for biological yield per plant, harvest index (HI) and grain
yield per plant. This signifies its exceptional genetic capacity to accumulate total dry matter,
efficiently partition photosynthates towards grain and ultimately enhance overall grain
productivity, making it an exceptionally valuable parent for yield improvement (Table 3).

Analysis of general combining ability (gca) effects also identified IRRI-186, IR
14V1020, IR 14A150 and IR 10N134 as superior testers for various key agronomic traits. Irri-
186 showed a highly desirable significant negative gca for days to maturity and a significant
positive gca for harvest index, suggesting its potential for developing early-maturing varieties
with improved grain partitioning efficiency. IR 14V1020 demonstrated significant gca effects
for plant height and both IR 14V1020 and IR 10N134 exhibited significant positive gca for
biological yield per plant and, critically, grain yield per plant. Additionally, IR 14A150
displayed a significant positive gca for spikelet fertility, a crucial trait for maximizing grain
production. These findings underscore the value of these testers as excellent general combiners,
capable of transmitting favorable genes for their respective traits, aligning with previous
research by Dharwal et al. (2017) which also reported promising genotypes with high gca
effects in rice. This supports their strategic use in developing improved rice varieties.
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Specific Combining Ability

The specific combining ability (SCA) effects are crucial for identifying superior hybrid
combinations with enhanced performance. The investigation into specific combining ability
(SCA) revealed that non-additive gene action plays a pivotal role in determining hybrid
performance across numerous agronomic traits, as evidenced by significant SCA effects (Table
4). Several hybrids consistently demonstrated superior SCA across multiple desirable traits.
For instance, IR 79156A/IRRI-186 emerged as a strong specific combiner for panicle length,
plant height, biological yield and grain yield. Other notable combiners for yield-related traits
included IR 58025A/IR 14V1020 (spikelet fertility, biological yield, grain yield) and various
combinations involving CRMS 31A, CRMS 32A and IR 68888A for spikelet fertility,
biological yield per plant, harvest index and grain yield. For early flowering and maturity, IR
68888A/IRRI-186, CRMS 32A /IR 14V1020 and IR 79156A/IR 14A150 were identified as
possessing significant SCA.

Notably, the magnitude of SCA variance was higher than that of general combining
ability (GCA) variance for all traits, with the sole exception of days to 50 % flowering. This
predominance of SCA variance suggests that specific gene combinations, rather than the
average performance of parental lines, largely dictate the expression of these traits in the F
generation.

These findings are consistent with previous studies on hybrid rice, where similar
positive SCA effects have been reported by Menaka and Ibrahim (2016), Rahman et al. (2022)
Lakra et al. (2020) Furthermore, our results reinforce the broader agricultural principle
highlighted by Sandhu ef al. (2023), who emphasized the critical role of thoughtful parental
selection, considering SCA effects, to enhance yield potential in breeding initiatives. The
identification of these specific hybrid combinations as good specific combiners provides
valuable insights for targeted breeding strategies aimed at developing high-yielding and
agronomically superior rice varieties.

Heterosis

Heterosis, also known as hybrid vigor (Shull, 1948), describes the phenomenon where
the F1 progeny resulting from a cross between two genetically distinct parents exhibit traits that
are superior to either parent. This can manifest as increased biomass, short stature, enhanced
yield, improved stress tolerance, or earlier maturity (Table 5). Negative heterosis is highly
desirable for both days to 50 % flowering and days to maturity, as it directly translates to earlier
hybrid maturation. For days to 50 % flowering, four hybrids exhibited significant negative mid-
parent heterosis, with CRMS 32A/IR 14V 1020 showing the most pronounced effect (-5.71 %).
Similarly, five hybrids demonstrated significant negative mid-parent heterosis for days to
maturity, with CRMS 32A/IR 14V1020 again leading (-6.70 %). A substantial thirteen hybrids
consistently displayed significant negative heterobeltiosis for both traits, with CRMS 32A/IR
14V1020 registering the most extreme values for both days to 50 % flowering (-10.81 %) and
days to maturity (-11.86 %). The universal and significant negative standard heterosis observed
across all twenty hybrids when compared to the check (CHHATTISHGARH DHAN 1919)
further confirms their consistent superiority in earliness, indicating strong potential for
commercial cultivation.
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For plant height, desirable negative heterosis, crucial for lodging resistance, was
observed in ten hybrids with significant negative mid-parent heterosis, led by CRMS 31A/IR
14V1020 (-26.47 %). Eleven hybrids also showed significant negative heterobeltiosis, with
CRMS 31A/IR 14V1020 (-27.75 %) and CRMS 32A/IR 14V1020 (-27.19 %) being the most
effective. However, only IR 79156A/IR 14A150 (-6.77 %) exhibited significant negative
standard heterosis over Chhattishgarh Dhan 1919 indicating that most hybrids did not surpass
the check in terms of reduced height.

Hybrids often exhibit longer panicles with a greater number of spikelets, a key factor
in efficient assimilate partitioning and higher yields. Our study identified six hybrids showing
significant positive mid-parent heterosis, led by IR 79156A/IRRI-186 (19.87 %). An equal
number of hybrids (six) also displayed significant positive heterobeltiosis, indicating
superiority over their better parents. Importantly, thirteen hybrids demonstrated significant
positive standard heterosis compared to Chhattishgarh Dhan 1919 with IR 68888A/IR
14V1020 (20.51 %), IR 79156A/IRRI-186 (18.33 %) and IR 68888A/IR 10N134 (16.65 %)
exhibiting the highest vigor, confirming their potential to enhance yield through improved
panicle size.

The number of effective tillers per plant is a critical determinant of a rice genotype's
yield potential, making positive heterosis highly desirable for this trait. Eleven hybrids
exhibited significant positive mid-parent heterosis, with CRMS 31A/IRRI-186 (68.07 %) and
CRMS 31A/IR 14A150 (67.26 %) showing the most substantial increases. Six hybrids also
displayed significant positive heterobeltiosis (better-parent heterosis), notably CRMS
31A/IRRI-186 (51.29 %) and CRMS 31A/IR 14A150 (37.52 %), indicating their superiority
over better parents. Furthermore, seven hybrids demonstrated significant positive standard
heterosis over Chhattishgarh Dhan 1919 (check), with IR 79156A/IRRI-186 (45.11 %) and IR
79156A/IR 14V1020 (30.40 %) being particularly promising for enhancing tiller count in
commercial varieties.

For spikelet fertility (%), five hybrids exhibited significant positive mid-parent
heterosis, notably CRMS 31A/IR 14A150 (12.30 %), CRMS 31A/IR 10N134 (9.86 %) and IR
79156A/IR 14A150 (9.01 %). However, only IR 79156A/IR 14A150 (8.23 %) demonstrated
significant positive heterobeltiosis (better-parent heterosis), with the remaining hybrids
showing negative heterobeltiosis. Similarly, only IR 79156A/IR 14A150 (5.68 %) displayed
significant positive standard heterosis over the Chhattishgarh Dhan 1919 (check), while the
majority of hybrids exhibited negative standard heterosis for this trait.

For biological yield per plant, seven hybrids displayed significant positive mid-parent
heterosis, led by IR 68888A/IR 10N134 (82.01 %) and IR 79156A/IRRI-186 (62.86 %). Three
hybrids also showed significant positive heterobeltiosis, notably IR 68888A/IR 10N134 (56.97
%) and IR 79156A/IRRI-186 (44.76 %). Conversely, all eighteen hybrids consistently
exhibited significant negative standard heterosis compared to Chhattishgarh Dhan 1919
(check), with no hybrid demonstrating significant positive standard heterosis, suggesting that
hybrid biomass production generally did not exceed the commercial check.
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For 100-grain weight (a critical seed index), six hybrids exhibiting significant positive
mid-parent heterosis, with IR 58025A/IR 10N134 (19.92 %) and IR 58025A/IRRI-186 (12.76
%) showing the most substantial increases. Three hybrids also demonstrated significant
positive heterobeltiosis (better-parent heterosis), notably IR 58025A/IR 10N134 (17.30 %) and
IR 58025A/IRRI-186 (9.14 %). Importantly, all twenty hybrids consistently exhibited
significant positive standard heterosis over Chhattishgarh Dhan 1919, confirming their
widespread potential for enhancing grain weight compared to the commercial standard.

For harvest index, eight hybrids showed significant positive mid-parent heterosis, with
CRMS 32A/IR 14A150 (47.58 %) and CRMS 32A/IRRI-186 (41.98 %) being the most
prominent. Significant positive heterobeltiosis was observed in two hybrids: CRMS 32A/IR
14A150 (43.69 %) and CRMS 32A/IRRI-186 (41.16 %). Notably, all twenty hybrids exhibited
significant positive standard heterosis when compared to Chhattishgarh Dhan 1919. These
results are consistent with findings from other studies (Bedi et al., 2016; Ray et al., 2021; Daher
et al., 2024), collectively supporting the utility of hybrid vigor for improving harvest index.

For grain yield per plant, highest significant relative heterosis was recorded in IR
79156A/ IRRI-186 (63.61 %), CRMS 31A/IR 10N134 (51.92 %) and IR 58025A/IR 14V1020
(45.90 %). Four hybrids, including IR 79156A/IRRI-186 (57.37 %) and IR 58025A/IR
14V1020 (31.45 %), exhibited significant positive heterobeltiosis. Furthermore, IR
79156A/IRRI-186 (63.57 %), IR 58025A/IR 14V1020 (55.93 %) and IR 79156A/IR 14V1020
(37.62 %) displayed significant positive standard heterosis over Chhattishgarh Dhan 1919
(Table 6). These hybrids, demonstrating robust Fi heterotic expression, are promising
candidates for identifying superior hybrids, consistent with findings by Gokulakrishnan et al.
(2018), Naik et al. (2021), Gupta et al. (2024) and Sao et al. (2025) on exploiting heterosis for
yield enhancement.

Conclusion

In conclusion, this study provides critical insights for rice hybrid breeding by
identifying parental lines and Fi1 combinations with high combining ability and heterotic
potential for grain yield. Lines IR 79156A and CRMS 31A, along with testers IR 10N134 and
IR 14V1020, were recognized as excellent general combiners. Concurrently, specific crosses
including IR 79156A/IRRI-186, IR 58025A/IR 14V1020, IR 68888A/IR 14A150 and CRMS
32A /IR 10N134 were confirmed as superior specific combiners for grain yield per plant. The
outstanding heterotic expression observed in hybrids such as IR 79156A/IRRI-186, CRMS
31A/IR 10N134 and IR 58025A/IR 14V1020 across all heterosis parameters (mid-parent,
better-parent and standard check) underscores their immediate utility.

The knowledge and genetic material generated from this investigation offer significant
advantages for future hybrid rice breeding programs. By strategically incorporating these
findings, researchers can accelerate the development of hybrids with enhanced grain yield and
other crucial agronomic traits. This research, therefore, leads to the development of hybrid rice
and their further exploitation as commercial hybrids.
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Table 2: Analysis of Variance (ANOVA) for Line X Tester analysis

SV DF DFF DM PH PL ET/P SF BY/P 100 GW HI GY/P
Replications 1 3.879 7.603 83.559 0.025 1.432 9.717 6.777 0.025 187.33 6.825
Treatments 28 | 27.36*%* | 46.61** | 253.33** 5.93** 7.96%* 170.85%* | 275.38** 0.074** | 132.86** | 119.70**
Parents 8 60.62** | 81.306** | 335.42%* | 4461** | 6.661** 60.071 118.453** 0.13** 76.436 | 51.895%**
Testers 3 23.125 | 48.458** | 381.08** 3.567 4.491 21.397 19.837 0.18%* 12.601 5.377
Lines 4 40.15%* 4.35 336.023** | 3.837 7.53** 100.858%** 71.547 0.014 46.722 | 43.026**
Lines vs 1 | 255.02** | 487.66** 196.038 9.64** | 9.696%** 12.945 601.92%* 0.42** 386.79** | 226.92**
Testers
Crosses 19 12.551 33.10% 216.339* | 6.494** 7.674 222.948** | 353 85%* 0.05** 154.31** | 153.76**
Parents vs. 1 42 .87** 25.9 299.547** | 6.969** | 23.961** | 67.258* 39.95 0.034** | 176.83** 15.00
Crosses
Error 28 15.451 8.568 68.128 1.037 1.227 21.299 21.507 0.02 30.98 8.135

* Significant at p=0.05 % level, ** Significant at p=0.01 % levelWhere, SV=Source of Variation, DF=Degree of Freedom, DFF=Days to
50 % flowering, DM=Days to Maturity, PH=Plant Height, ET/P=Effective tillers per plant, SF=Spikelet Fertility, BY/P=Biological yield per
plant, 100SW=100 Seed Weight, HI=Harvest Index, GY/P=Grain yield per plant.
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Table 3: General combining ability effects of parents for yield and its contributing traits

. No. of . .
Day(s) to 50 Days to Plfmt Panicle effective Spllfe.let Biological |100 Grain| Harvest . Grain
Parents %o . Height Length |.. fertility | . . o yield/plant
flowering maturity (cm) (cm) tillers per (%) yield/Plant (g)| weight (g) | Index (%) (@
plant
LINES
IR 58025A 2.10 1.88 -0.67 0.95 0.00 5.11%* 2.11% 0.20 -6.36** 1.60
IR 79156A 1.10 1.25 2.14 -0.68 1.80 1.28 4.05%* -0.08 6.47%* 4.26%*
CRMS 31A -1.28 -0.25 -1.99 -1.45 1.01 4.06%* 1.48 -0.07 1.05 2.36*
CRMS 32A -0.15 -0.63 -2.34%* -0.27 -2.11 0.69 -7.76%* -0.03 3.71* -5.27%*
IR 68888A -1.78 -2.25 2.85% 1.45 -0.70 -11.13%* 0.12 -0.02 -4.86%* -2.95%
TESTERS
IR 10N134 -0.03 -0.30 1.22 0.22 0.62 3.85% 7.66%* 0.01 -2.05%* 5.12%*
IR 14A150 0.48 2.80%* 2.15 -0.17 -0.39 4.209%* -10.93%** -0.05 1.08 -6.53%*
IR 14V1020 0.88 0.60 -4.93%* -0.39 -0.31 -9.30%* 6.31%* 0.02 -1.55 4.49%*
IRRI-186 -1.33 -3.10* 1.56 0.35 0.08 1.17 -3.04 0.01 2.52% -3.08%*
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Table 4: Specific Combining Ability Effects of crosses for yield and its contributing traits

No. of

Days to Plant | Panicle . Spikelet | Biological . Grain
CROSSES soy% Daysto | poioht | Length | Cfective fgrtility yield/lg’lant 100 Grain| Harvest | o0 1ane
. | maturity tillers per weight (g) | Index (%)
flowering (cm) (cm) plant (%) (2 (8

IR 58025A/IR 10N134 -1.10 -0.58 -0.28 -0.81 -0.89 -2.95 -5.63%* 0.13 4.777** -0.22
IR 58025A/IR 14A150 0.40 2.33 10.29%* 1.22 -0.69 -2.62 -4.22% -0.12 0.45 -2.61
IR 58025A/IR 14V1020 0.00 -0.48 4.96** -0.10 1.81 8.71%* 8.33%* 0.01 -4.21% 7.41%*
IR 58025A/IRRI-186 0.70 -1.28 | -14.97**| -0.31 -0.23 -3.14 1.52 -0.02 -1.01 -4 57%*
IR 79156A/IR 10N134 -0.60 2.05 -2.03 -0.58 -0.69 -0.03 -15.65%* -0.03 2.49 -9.09%**
IR 79156A/IR 14A150 -2.60 | -9.05%* [-21.61**[ -0.67 -2.37 6.89%* | -7.88** -0.17 -5.88%* -5.56%**
IR 79156A/IR 14V1020 2.50 4.15%* -2.99 -1.98 1.08 -2.94 2.77* 0.11 4.83** 0.59
IR 79156A/IRRI-186 0.70 2.85% | 26.63** [ 3.23* 1.98 -3.92*% | 20.76** 0.09 -1.44 14.06**
CRMS 31A/IR 10N134 0.28 -0.45 -2.46 -0.18 -0.56 -3.06 -4.67** -0.11 3.03* -2.37
CRMS 31A/IR 14A150 0.78 3.45* 1.51 1.08 1.90 -1.70 6.36%* 0.25 0.42 5.56%*
CRMS 31A/IR 14V1020 -0.13 -0.85 -1.16 -1.45 -1.48 5.09%* | -532%%* -0.22 9.65%* -6.57**
CRMS 31A/IRRI-186 -0.93 -2.15 2.11 0.55 0.14 -0.32 3.64* 0.08 -13.11%* 3.38%*
CRMS 32A/IR 10N134 0.15 -0.08 0.17 0.76 2.33 2.59 7.97%* 0.11 -10.33** 6.07**
CRMS 32A/IR 14A150 0.15 2.83 1.52 -0.76 0.72 -12.81%* -2.21 0.06 11.84%** -3.53*
CRMS 32A/IR 14V1020 -3.75% | -4.98** | -0.06 1.13 -1.14 5.82%* 4.03* -0.07 -10.61** 3.00*
CRMS 32A/IRRI-186 3.45% 2.23 -1.63 -1.12 -1.91 4.40* -9.78%* -0.09 9.10%* -5.53%*
IR 68888A/IR 10N134 1.28 -0.95 4.60** 0.81 -0.19 3.46* 17.97** -0.10 0.03 5.62%*
IR 68888A/IR 14A150 1.28 0.45 8.29%* -0.86 0.44 10.24%** | 7.95%* -0.01 -6.83%* 6.14%*
IR 68888A/IR 14V1020 1.38 2.15 -0.75 2.40 -0.27 |-16.67**| -9.80** 0.18 0.34 -4.42%
IR 68888A/IRRI-186 -3.93* -1.65 | -12.14**| -2.35 0.02 2.97 -16.13** -0.07 6.46** -7.33%*
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Table 5: Best general and specific combiners for grain yield and its attributing traits in rice.

Traits Best general combiner Best specific combiner
Lines Testers

Days to 50 % flowering IR 68888A, IRRI-186, IR IR 68888A/IRRI-186, CRMS 32A/IR 14V1020, IR 79156A/IR
CRMS 31A 10N134 14A150, IR 58025A/IR 10N134

Days to maturity IR 68888A, IRRI-186, IR IR 79156A/IR 14A150, CRMS 32A/IR 14V1020, CRMS
CRMS 32A 10N134 31A/IRRI-186, IR 68888A/IRRI-186

Plant Height (cm) CRMS 32A, IR 14V1020, IR | IR 79156A/IR 14A150, IR 58025A/IRRI-186, IR 68888 A/IRRI-
CRMS 31A 10N134 186, IR 79156A/IR 14V1020

Panicle Length (cm) IR 68888A, IR | IRRI-186, IR IR 79156A/IRRI-186, IR 68888A/IR 14V1020, IR 58025A/IR
58025A 10N134 14A150, CRMS 32A/IR 14V1020

No. of effective tillers per plant IR 79156A, IR 10N134, CRMS 32A/IR 10N134, IR 79156A/IRRI-186, CRMS 31A/IR
CRMS 31A IRRI-186 14A150, IR 58025A/IR 14V1020

Spikelet fertility (%) IR 58025A, IR 14A150, IR | IR 68888A/IR 14A150, IR 58025A/IR 14V1020, IR 79156A/IR
CRMS 31A 10N134 14A150, CRMS 32A/IR 14V1020

Biological yield per Plant (g) IR 79156A, IR | IR I0N134,IR | IR 79156A/IRRI-186, IR 68888A/IR 10N134, IR 58025A/IR
58025A 14V1020 14V1020, CRMS 32A/IR 10N134

100 Grain weight (g) IR 58025A, IR | IR 14V1020, IR | CRMS 31A/IR 14A150, IR 68888A/IR 14V1020, IR 58025A/IR
68888A 10N134 10N134, IR 79156A/IR 14V1020

Harvest Index (%) IR 79156A, IRRI-186, IR CRMS 32A/IR 14A150, CRMS 31A/IR 14V1020, CRMS
CRMS 32A 14A150 32A/IRRI-186, IR 68888A/IRRI-186

Grain yield per plant (g) IR 79156A, IR 10N134,IR | IR 79156A/IRRI-186, IR 58025A/IR 14V1020, IR 68888A/IR
CRMS 31A 14V1020 14A150, CRMS 32A/IR 10N134
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Table 6: Estimates of Relative heterosis, heterobeltiosis, standard heterosis for yield and its contributing traits

CROSSES Days to 50 % flowering Days to maturity Plant Height (cm) Panicle Length (cm)
Mid | Better [Standard] Mid | Better [Standard| Mid Better |Standard] Mid Better |Standard

IR 58025A/IR 10N134 6.46** (0.00 -16.83*%* [1.29  |-2.89** |-6.75** [1.06 -1.12 11.97** 10.55 -0.51 8.26%*
IR 58025A/IR 14A150 7.93** 10.57 -14.90%* [6.24** |1.65 -1.98%  [13.20%* [11.80** [24.22%* [10.10** [7.72** |14.74**
IR 58025A/IR 14V1020 5.05%* [4.32%* [-14,90** |.0.21  [-6.32** [5.95%* |-11.56** |-22.19** |11.00** |-1.35 -4.48%  [8.65%*
IR 58025A/IRRI-186 8.41** 2.96** [16.35%* |1.11 -0.44 -0.52%*  |-13.96%* |-16.92** |-3.32 5.21%*  13.99* 10.77**
IR 79156A/IR 10N134 2.38*% |0.58 [17.31** |3.91** |-1.24 -5.16%*%  [0.81 -0.13 13.09** [1.61 -5.59%* 2,73
IR 79156A/IR 14A150 -0.30  [-3.98%* [-18.75%* |-13.25%* [[8.23** [11.51** [-116.10** |-116.10** |-6.77* |3.29 -1.03 0.85
IR 79156A/IR 14V1020 3.45%* [2.70%* |-13.46** |4.03** [-3.16%* [2.78** |116.84** |-26.03** [5.52 -8.44%* 1-16.64** |-5,18**
IR 79156A/IRRI-186 3.61%* [1.78* |-17.31%** |5.15%* [2.62** [-6.75** [26.59** [23.74** (43 99 19.87** |13.73** |18.33*%*
CRMS 31A/IR 10N134 -2.03*%  [2.31% [18.75%* 10.22  [4.55%* [-8.33** |-13.74** |.21.40** |[8.23** |.2.53 -6.95%* 11.24
CRMS 31A/IR 14A150 -1.72  [2.84%* |-17.79** |5.60** (0.82 -2.78%*  |-8.80*%  |-17.60%* [13.46** 427 2.75 4.70%*
CRMS 31A/IR 14V1020  |-4.76** |-8.11** [-18.27** |-2. 11* [-8.30%* [7.94%* |.26.47**|.27.75%*|3.07 -11.76%* |-17.51%* |-6.16%*
CRMS 31A/IRRI-186 -3.81%* [4.65%* [-21.15%* -1.33  [-3.06%* [11.90** [-10.68** |-117.60** |13.46** |3.16 0.63 4.70*
CRMS 32A/IR 10N134 1.18 -1.16  [F17.79%* |-1.07  |-4.55*%* |[-8.33** |-.0.66 -2.27 10.66** [1.98 0.76 0.64**
CRMS 32A/IR 14A150 0.88 -2.27%  [F17.31%* [3.85%* 10.00 -3.57%* 2.51 1.80 13.10*%* |-1.91 -3.91*%  2.07
CRMS 32A/IR 14V1020  [-5.71*%* |110.81* [-20.67** |-6.70** |-11.86** |-11.51** |-17.64** |-27.19** |3.87 -1.19 -4.46*  |8.67**
CRMS 32A/IRRI-186 4.79%* 13.55%* |-15.87** [1.32  0.44 -8.73*** [3.40 -6.23 0.12** 1-2.29 -3.29 2.73
IR 68888A/IR 10N134 4.94%* |-1.73* |-18.27** |-1.74* |-6.61** |-10.32%* [12.31** [6.78 20.92%* [10.94** [7.21** [16.65%*
IR 68888A/IR 14A150 4.59%* -2 .84** |-17.79%* |1.95% |-3.29** |-6.75%* [18.05** [13.27** [25.85** [6.69** [6.48** [8.49**
IR 68888A/IR 14V1020 2.38% |-7.03** |-17.31** [-0.64 |-7.51%* [7.14** |-11.21%* |-23.83** |8.67** |11.98** |5.94** [20.51**
IR 68888A/IRRI-186 -1.88  [7.10%* [-24.52** .2 .01* [4.37** [13.10** |-5.30 -11.10%* 13.45 1.88 0.63 4.70*
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Table 6: Estimates of Relative heterosis, heterobeltiosis, standard heterosis for yield and its contributing traits

CROSSES No. of effective tillers per plant Spikelet fertility (%) Biological yield per Plant (g)
Mid Better Standard Mid Better | Standard Mid Better Standard

IR 58025A/IR 10N134 -5.95 -16.75%* -2.30 0.06 -1.90 -1.41 4.10 2.92 -31.57**
IR 58025A/IR 14A150 -4.20 -6.21 -11.49* 1.08 -1.07 -0.57 -38.82%*  |140.37**  |-58.24%*
IR 58025A/IR 14V1020 31.27** 30.64** 18.10%* 1.50 -3.53 -3.05 23.67* 16.03* -11.98*
IR 58025A/IRRI-186 19.17** 9.66 -0.86 -4.33 -5.04 -4.56 -5.17 -5.39 -37.09%**
IR 79156A/IR 10N134 5.95 2.84 20.69** 0.50 -0.05 -2.41 -4.01 -13.98 -44 11**
IR 79156A/IR 14A150 -12.29* -18.68%* -10.17 0.01°%** 8.23%* 5.68* -35.65%*  |44.17**  |-60.90**
IR 79156A/IR 14V1020 30.40%* 18.05%* 30.40%* -15.04%**  |L18.13**  [-20.06%* 29 43%* 8.64 -17.59%*
IR 79156A/IRRI-186 55.67** 31.37** 45.11%* -8.09* -8.73%*  1.9.63**  [62.86** 44.76** -4.18
CRMS 31A/IR 10N134 26.97** -3.62 13.10* 0.86%* 0.76 -2.69 29.29%* 6.11 -31.05%*
CRMS 31A/IR 14A150 67.26%* 37.52%* 20.77** 12.30**  3.17 -0.71 2.43 -18.30* -42.79%*
CRMS 31A/IR 14V1020 22.32%* 2.70 -8.05 7.31% 1.42 -8.18%* 12.05 -13.19 -34.15%*
CRMS 31A/IRRI-186 68.07** 51.20%* 14.94* 8.43%* -1.66 -2.62 20.95* -1.44 -34.76%*
CRMS 32A/IR 10N134 24.31%* -5.83 10.52 3.26 3.15 -0.17 30.03** 14.22 -25.78%*
CRMS 32A/IR 14A150 3.94 -14.74%* -19.54%* -13.60**  |-13.84%*  [16.61** |-50.42**  [-57.80**  |-70.45%*
CRMS 32A/IR 14V1020 -19.92%* -32.93%* -39.94%* -5.06 -8.12%*%  |-11.08** [5.59 -12.97 -33.99°%*
CRMS 32A/IRRI-186 -18.62%* -26.93%* -44.48%* 0.99 -0.15 -1.13 -47.94%%  |-54.63**  |-69.97**
IR 68888A/IR 10N134 7.43 -16.75%* -2.30 -7.42% -0.10%*  |F12.21%*  [82.01** 56.97** 2.00
IR 68888A/IR 14A150 17.54%* -1.04 -6.61 1.12 -0.54 -4.28 -1.68 -17.78%* -42.42%*
IR 68888A/IR 14V1020 11.90 -3.72 -13.79* -44.21%% 1144 .97*%*  [-48.78** |-7.63 -25.14%*%  [43.21**
IR 68888A/IRRI-186 33.58%* 23.53%* -6.15 -12.22%%  |114.86%*  [15.69** |-42.79**  [-51.04**  |-67.59**

*Significant at p=0.05 % level, ** Significant at p=0.01 % level
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