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ABSTRACT

This study was conducted to assess the magnitude of heterosis for grain yield and associated agronomic and quality
traits in rice (Oryza sativa L.) using a Line x Tester mating design. Three lines and eight testers were crossed to
generate twenty-four Fi1 hybrids, which were evaluated along with their parents and a standard check during Kharif
2023 in a randomized complete block design. Analysis of variance revealed significant differences among
genotypes for most traits, indicating substantial genetic variability. Significant positive heterosis was observed for
grain yield and its component traits in several crosses. Notably, the hybrids NVSR-3537 x NWGR-19208, NVSR-
3461 x NVSR-687, and NVSR-3537 x NVSR-796 exhibited high per se performance along with significant
standard heterosis for grain yield. Desirable heterotic effects were also recorded for traits such as grains per
panicle, harvest index, protein content, and amylose content, while negative heterosis for days to 50% flowering
indicated potential for early maturity. The findings demonstrate the effectiveness of heterosis breeding in rice, the
identified superior hybrids and parental lines can be utilized in future breeding programs aimed at developing
high-yielding and quality rice cultivars, although multi-environment evaluation is recommended to confirm
stability and adaptability.
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INTRODUCTION

Rice (Oryza sativa L.) is a foundational staple crop sustaining vast populations, especially across Asia, and
remains central to agricultural productivity and food security in India, including regions like Gujarat. As
researchers strive to meet ever-rising yield demands under diverse environmental challenges, genetic improvement
leveraging heterosis and combining ability has emerged as a proven method in rice breeding programs. Heterosis,
first recorded in rice by Jones (1926), describes the superior performance of F: hybrids over their parents,
particularly for key yield attributes. Multiple studies have confirmed notable levels of positive heterosis for grain
yield and its components, often expressed as mid-parent, better-parent (heterobeltiosis), and standard heterosis,
the later being of greatest agricultural relevance. For instance, significant and positive standard heterosis in
numerous hybrids, with many crosses surpassing both their parents and check varieties, underscoring the potential
to exploit hybrid vigour for yield enhancement in practical breeding, was documented (1,2).

The mechanism for effectively harnessing heterosis in rice lies in the systematic use of combining ability analysis,
specifically through the Line x Tester method established by Kempthorne (1957). This approach enables breeders
to distinguish between general combining ability (GCA), reflecting additive genetic effects and specific combining
ability (SCA), indicative of dominance and epistatic (non-additive) effects. Consistent evidence from Line X
Tester studies reveals that SCA variance often surpasses GCA variance for grain yield and related traits,
highlighting the predominance of non-additive gene action and validating the focus on hybrid development. (3)
Given these proven methodologies and research advances, the present investigation is undertaken with the
objectives to comprehensively assess the magnitude of heterosis for grain yield and related agronomic traits in
rice. By utilizing a diverse set of parental lines and their Fi hybrids in a Line x Tester mating design, this research
aims to identify hybrid crosses that can be targeted for future yield improvement and breeding efficiency in rice.

MATERIALS AND METHODS

Experimental Site and Materials
The present study was conducted during the Kharif 2023 season at the Main Rice Research Centre, NAU, Navsari.
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The experimental materials comprised a set of diverse rice genotypes including three lines (NVSR-3461, NVSR-
3537, GNR-3) and eight testers (NVSR-2965, NVSR-917, Mahisagar, Gurjari, NVSR-687, NVSR-796, NWGR-
19208, NWGR-19222), all sourced from the Main Rice Research Centre, NAU, Navsari. Additionally, the hybrid
GR-17 (Sardar) was included as a standard check to facilitate comparison of heterotic performance.
Experimental Design and Layout

A line x tester mating design was employed to generate hybrids for heterotic studies. The experimental material
included all possible crosses between the selected lines and testers, as outlined in the study objectives. The
experiment was laid out in a randomized complete block design (RCBD) with an appropriate number of
replications to ensure statistical rigor and minimize environmental variability.

Crop Management

Standard agronomic practices for rice cultivation were followed throughout the experimental period, including
land preparation, sowing, transplanting, irrigation, fertilization, and plant protection measures, ensuring optimal
crop growth and uniformity across treatments.

Data Collection

Observations were systematically recorded on key agronomic traits related to grain yield and its components, both
at the parental and hybrid levels. Data collection was performed in accordance with established protocols and
covered parameters such as days to 50% flowering, plant height, panicle number, panicle length, and grain yield
per plant, among others.

Statistical Analysis

The data were subjected to analysis of variance (ANOVA) using the formulae appropriate for line x tester designs
to evaluate the significance of genetic variability among parents and hybrids. The estimation of heterosis was
performed for mid-parent, better-parent (heterobeltiosis), and standard heterosis levels. The significance of
observed heterosis values was tested using standard error and critical difference at 5% and 1% probability levels.
All statistical analyses and procedures were performed in close reference to the methodologies outlined in previous
research on rice genetics and breeding, ensuring comparability and methodological rigor.

RESULT AND DISCUSSION

A. Mean performance

For days to 50% flowering, line GNR -3 (88.67), tester Mahisagar (79.00) and cross GNR-3 x Mahisagar (79.00)
were the earliest in flowering. Crosses NVSR-3461 x NVSR-917 (96.00 cm), followed by NVSR-3537 x NVSR-
687 (96.40 cm), and NVSR-3537 x NVSR-917 (96.80 cm) had the least height among all crosses. Tester NVSR-
2965 (14.00), line NVSR-3537 (14.00) had the maximum number of Productive tillers per plant. While cross
NVSR-3461 x NVSR-796 (13.00) followed by cross NVSR-3537 x NVSR-796 (12.00), GNR-3 x NVSR-796
(12.00) and GNR-3 x NWGR-19222 (12.00) had the maximum number of productive tillers per plant. For panicle
length (cm), tester NVSR-2965 and NWGR-19222 (22.80), and line NVSR-3537 (23.70) had the highest panicle
length (cm). Among crosses, GNR-3 x NWGR-19208 (28.00) recorded maximum Panicle length (cm). Tester
Mabhisagar (261.40), line GNR-3 (163.60) and cross GNR-3 x NWGR-19222 (249.60) had maximum grains per
panicle. For grain yield /plant, tester NVSR-917 (26.20 g) and line NVSR-3537 (27.80 g) exhibited maximum
grain yield. While cross NVSR-3537 x NWGR-19208 exhibited the highest grain yield of 35.34 g, followed by
crosses NVSR-3461 x NVSR-687 (32.79 g), NVSR-3537 x NVSR-796 (32.66 g). Tester NWGR-19222 (39.84
g), line NVSR-3537 (42.47 g) and cross NVSR-3537 x NVSR-796 (44.18 g) recorded the highest Straw yield per
plant. In the case of Harvest index, tester NVSR-2965 (43.18 g), line NVSR-3461 (41.32 g), and cross NVSR-
3537 x NWGR-19208 (48.21 g) exhibited the highest Harvest index. Tester Gurjari (6.46), line GNR-3 (6.97) and
cross NVSR-3461 x Gurjari (6.81) observed the highest Kernel length (mm). In case of female parents, Kernel
breadth (mm) was maximum of 2.87 mm (Gurjari) followed by 2.34 mm (NVSR-796), and tester GNR-3 (2.47
mm) recorded highest mean Kernel breadth (mm). Cross GNR-3 x NWGR-19222 (2.47 mm) recorded the highest
mean upper half length among all crosses. Tester NVSR-2965 (3.36), line NVSR-3537 (3.12) and cross NVSR-
3537 x NWGR-19208 (3.01) recorded the highest L/B ratio. Tester Gurjari (2.77), line NVSR-3461 (2.82) and
cross GNR-3 x Gurjari (2.86) observed maximum 100-grain weight (g). The tester NVSR-917 (6.02), line GNR-
3 (6.50) and cross NVSR-3461 x Gurjari (8.19) recorded the highest Protein content (%). Tester Gurjari (28.17),
line NVSR-3537 (26.34). and cross GNR-3 x NVSR-796 (28.07) had maximum Amylose content (%) (Table 1).
B. Analysis of variance

The analysis of variance for Line x Tester for different characters of rice genotypes as depicted in the Table 1
indicated that significant variations were present among the genotypes for the characters i.e. Days to 50 per cent
flowering, Panicle length (cm), Productive tillers per plant, Grains per panicle, 100 grain weight (g), Grain yield
per plant (g), Straw yield per plant (g), Kernel length (mm), Kernel breadth (mm), L/B ratio, Harvest index (%),
Protein content (%), Amylose content (%) except for Plant height (cm) revealing sufficient amount of wide genetic
diversity as indicated by the significance of the mean squares. The differences between parents were highly
significant for all the characters except plant height and panicle length.

The twenty-four cross combinations obtained by crossing three lines and eight testers were subjected to line x
tester (L x T) analysis. The analysis revealed significant differences among lines for all parameters under
investigation except Days to 50 per cent flowering, Plant height (cm), Panicle length (cm) and Kernel length (mm)
(Table 1). The significant differences were also observed among the testers for all traits except for Plant height
(cm). Line x tester interactions were significant for Productive tillers per plant, Grains per panicle, Grain yield per

Genetics and Molecular Research 25 (17s): 2026 2



plant (g), Straw yield per plant (g), Kernel length (mm), Kernel breadth (mm), L/B ratio, Harvest index (%),
Protein content (%), Amylose content (%) and 100-grain weight (g).

C. Heterosis

Early maturing hybrids are desirable in rice to fit well in multiple cropping. So, negative heterosis is desirable for
days to 50 percent flowering. The hybrid NVSR-3537 x NWGR-1922, GNR-3 x NVSR-917 showed significant
negative heterosis over mid parent, better parent and standard check. Heterosis for earliness was also reported
(1,4,5,6,7,8).

In the case of plant height, negative heterosis is desirable for developing semi dwarf and dwarf varieties of rice.
None of the crosses showed significant negative heterosis for standard and relative heterosis as well as
heterobeltiosis. Similar results were mentioned (1,4,5,9,10,11).

Grain yield per plant depends on the number of tillers. So, significant positive heterosis for tillers per plant gives
higher grain yield. For number of tillers per plant, hybrid NVSR-3461 x NVSR-796 showed significant positive
heterosis over mid-parent. Similar results were also reported (4,12).

For panicle length, significant positive heterosis is desirable. In the case of panicle length, hybrid GNR-3 x
NWGR-19208 (26.92%) showed significant positive heterosis over check Sardar. This is in agreement with the
results (4,6,13).

For grains per panicle, positive heterosis is desirable. In the present study, hybrid NVSR-3537 x NVSR-796 (58.14
per cent) showed significantly positive relative heterosis. 12 out of 24 crosses showed significantly positive
relative heterosis. Hybrid GNR-3 x NVSR-2965 (53.79 and 54.49 per cent respectively) showed significantly
positive heterobeltiosis and standard heterosis. A total of seven crosses exhibited positive and significant
heterobeltiosis, and a total of 13 crosses exhibited significant and positive standard heterosis for this trait. These
findings are in close conformity with the results mentioned (4,5,11).

For 100-grain weight, positive heterosis is desirable. In the present study, hybrid NVSR-3537 x NWGR-19222
showed significant positive relative heterosis and heterobeltiosis. However, none of the crosses showed significant
positive standard heterosis. Present results are in close agreement with earlier reports of several workers
(1,8,13,14).

Grain yield per plant is a complex trait; its expression depends on multiple effects of several syndicated traits.
Hybrids NVSR-3461 x NVSR-687 (42.13%), NVSR-3537 x NWGR-19208 (40.74%) and NVSR-3537 x NVSR-
796 (40.23%) are top ranked for relative heterosis, and for heterobeltiosis total of four crosses exhibited significant
positive heterobeltiosis, of which the hybrids NVSR-3537 x NWGR-19208 (27.12%) and NVSR-3461 x NVSR-
687 (24.77%) are most heterotic for this trait. A total of eight hybrids exhibited positive standard heterosis, of
which three top-ranking cross combinations are NVSR-3537 x NWGR-19208 (50.23%), NVSR-3461 x NVSR-
687 (39.41%) and NVSR-3537 x NVSR-796 (38.84%). Present results are in close agreement with earlier reports
of several workers (4,5,6,11).

The hybrid NVSR-3461 x NVSR-796 showed significant positive relative heterosis (19.85%) and heterobeltiosis
(17.62%) for straw yield per plant (g), and the hybrid NVSR-3537 x NVSR-796 (24.44%) showed significant
positive standard heterosis for the same trait. Similar results were also documented (2,10,15).

Positive heterosis is desirable as high harvest index will result in high economic yield. In the present study, hybrid
NVSR-3537 x NWGR-19208 showed significant positive relative heterosis (26.88%), heterobeltiosis (21.87%)
and standard heterosis (20.97%). These results are in conformity with the findings (7,16).

In the case of kernel length, none of the crosses was significant for any kind of heterosis in the positive direction.
These results are in accordance with the results reported (8,12,17).

For Kernel breadth (mm), positive heterosis is desirable. In the present study, hybrid NVSR-3537 x NWGR-19222
showed significant positive relative heterosis (20.72%) and heterobeltiosis (9.26%) and standard heterosis showed
significant and positive heterosis for hybrid GNR-3 x NWGR-19222 (7.25%). Similar results were also reported
(4,8,17).

The L/B ratio is an important trait as it has a greater contribution towards seed quality. Relative heterosis was
significantly positive for hybrid NVSR-3461 x Gurjari (5.74%), None of the hybrids was positively significant for
either heterobeltiosis or standard heterosis. Similar findings have also been reported (4,12,17).

In Rice, protein content is an important quality trait, which determines the nutritional value of the produce. For
protein content, hybrid NVSR-3461 x Gurjari showed significant positive relative heterosis (44.44%),
heterobeltiosis (39.29%) and standard heterosis (32.95%). Comparable result for this character was also reported
(18).

For Amylose content (%) positive heterosis is desirable. In the present study, hybrid NVSR-3461 x NVSR-796
showed significant positive relative heterosis (31.66%) and heterobeltiosis (28.66%) and standard heterosis
showed significant and positive for hybrid GNR-3 x NVSR-796 (12.26%). Similar results were reported (12)
(Table 2 and Figure 1, 2 and 3).

CONCLUSION

Analysis of variance for parents and hybrids revealed that mean squares due to parents for all the characters except
plant height and panicle length were found highly significant, indicating a considerable amount of variability
among the parents for various traits. The mean squares due to hybrids were found highly significant for all the
characters except plant height. Parents vs. Hybrids comparison was found significant for all the characters except
kernel length and amylose content, indicating a substantial amount of heterosis among hybrids. An examination
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of per se performance of parents and hybrids revealed that genotypes NVSR-3537, NVSR-3461 and NVSR-917
among parents and hybrids, NVSR-3537 x NWGR-19208, NVSR-3461 x NVSR-687 and NVSR-3537 x NVSR-
796 exhibited higher mean performance for grain yield per plant and some of the yield attributing characters.
Significantly high magnitude of heterobeltiosis, relative and standard heterosis in desired direction was observed
for all the characters except for productive tillers per plant, plant height and kernel length. The higher estimates
of heterobeltiosis for grain yield per plant were registered by the crosses NVSR-3537 x NWGR-19208, NVSR-
3461 x NVSR-687 and NVSR-3537 x NVSR-796. Total nine crosses manifested significant positive mid-parental
heterosis, highest among them was shown by NVSR-3461 x NVSR-687, NVSR-3537 x NWGR-19208 and
NVSR-3537 x NVSR-796. Eight crosses showed significant positive standard heterosis over the standard check
for grain yield per plant. The highest standard heterosis for grain yield per plant was registered by the cross
NVSR-3537 x NWGR-19208, NVSR-3461 x NVSR-687 and NVSR-3537 x NVSR-796. Overall, the results
identify several promising parental lines and hybrids with early maturity, high yield potential, and favourable
quality attributes, suitable for advancing rice breeding programs targeting multi-trait improvement and heterotic
gain. Further multi-environment validation is recommended to confirm stability and to select elite combinations
for release.

Table 1: Analysis of variance of Line x Tester for experimental design for various characters

Source of | df | Days to | Plant Productive | Panicle Grains/panicl Grain Straw
variation 50 % | height tillers/plan length e yield/plan yield/plan
flowerin (cm) t (cm) t(g) t(g)
g
?ephcat“’“ 2 | 7.69 66.15 0.14 16.35 152.97 0.98 20.93
Genotypes i 47.28%* 119.16 10.83%* 13.41%* 4171.04%** 72.67** 82.61**
Parents (1) 51.94%%* 67.96 7.09%* 1.18 4752.47** 30.01%* 38.75%*
Males 7 73.21%* 51.42 5.779** 0.74 5122.96** 18.57* 38.45*
Females 2 0.11 141.64 1.00 1.69 390.24 3.60 22.23
Males —vs | 4 | 474 36.42 28.42%* 3.25 10883.51%* 162.92%* | 73.87*
Females
Hybrids ; 31.03* 80.87 9.05%* 12.51* 3959.85%* 90.61%** 102.48%*
* *
Parent = vs |y | 394570 | ISTI86T 1 gg 5us 156.42% 1 3214.00%+ 86.58%* | 64.19%
Hybrid * *
Error g 15.09 118.59 0.56 6.76 182.89 7.21 13.39
Source of | df | Harvest Kernel Kernel L/B 100 grain | Protein Amylose
variation index length breadth ratio weight (g) content content
(%) (mm) (mm) (%) (%)
Replication | 2 6.39 0.02 0.01 0.02 0.02 0.06 0.17
s
Genotypes 3 46.88** 0.67** 0.13** 0.15%* 0.54%* 1.40%** 25.42%*
4
Parents 1 31.13%* 0.96** 0.27** 0.16** 0.82%* 1.04%* 22.05%*
0
Males 7 36.34%* 0.57** 0.27** 0.20%* 0.71** 0.42%* 25.21%*
Females 2 2.44 0.19 0.07%** 0.10%* 0.10** 3.70%* 19.34%%*
Males vs | 1 52.08%%* 5.25%* 0.59** 0.01 3.05%* 0.06 5.36%*
Females
Hybrids 2 48.83%* 0.57%* 0.05%* 0.10%* 0.40** 1.58%%* 27.83%*
3
Parent vs | 1 159.40** | 0.01 0.52%* 0.94%* 1.02%* 0.86** 3.71
Hybrid
Error 6 2.85 0.06 0.01 0.01 0.01 0.04 1.32
8

* and ** indicates significance at 5% and 1% levels of probability, respectively.
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Relative Heterosis
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Figure 1. Heat map showing relative heterosis values for grain yield and its component traits in hybrids.
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Figure 2. Heat map showing Heterobeltiosis values for grain yield and its component traits in hybrids.
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Standard Heterosis
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Figure 3. Heat map showing standard heterosis values for grain yield and its component traits in hybrids.

Table 2: Per cent relative heterosis, heterobeltiosis and standard heterosis for different characters

Sr. Crosses Days to 50 % flowering Plant height (cm) Productive tillers per plant Panicle length (cm)
No. RH HE SH RH RH RH RH HEB SH RH HB SH
1 |NVSR-3461 x NVSE-2965 -B14% | 482 [ -814* [ 1072 | 1121 836 | -25.02%% | -28.56%* [ -28.55%+ 842 747 987
NVSR-3461 x NVSR-917 449 | 449 | 116 323 4.58 279 | 52.01%% | 5386 | _37.04%* 208 713 7.61
3 |NVSR-3461 x Mahisagar -5.96 000 | 8.14* | 796 13.73 1178 | -33.34%% | -3B.48%* | 4286 13.34 11.61 12.11
4 |NVSR-3461 x Gurjari -1.72 0.00 0.00 268 8.50 664 | -21.78%F | -30.81%* | -35.74%=* 3.68 321 3.68
5 |NVSR-3461 x NVSR-687 -1.11 0.00 349 8.69 13.07 11.14 | -13.07%= | -23.10%* | -2B.57** 11.99 10.73 11.23
6 |NVSR-3461 x NVSR-796 -7.69% | 562 | -232 | 1080 | 17.07 15.06 13.06%* 0.00 -1.12 22.44* | 10.54% 21.08*
7 |NVSR-3461 x NWGR-19208 | -2.20 0.00 349 1230 | 1438 1243 | -19.08%= | 2307+ [ _2B.35%* 13.39 13.39 13.50
8 |[NVSR-3461 x NWGR-19222 | -562 | -5.62 | -232 | 1235 16.63 1464 | -16.68%% | -23.10%* | -2B.57** 708 7.03 043
9 |NVSR-3537 x NVSR-2965 0.00 3.61 000 | 201536% | 21.00% | 1864 | -214d%% | 21.45%F | 21.43%* 153.72 1352 20.64%
10 |NVSR-3537 x NVSR-917 562 | -5.62 | -232 420 568 365 -A6.13%% | 40.98%* | 40 QF** -10.38 -14.35 297
11 |NVSR-3537 x Mahisagar 238 8.86% | 0.0 1346 | 19.65% | 1735 | -12.00%% | -21.43%F | 2143 11.46 6.61 13.30
12 |NVSR-3537 x Gurjari 400 | -232 | -232 6.00 1222 1006 | -25.00%% | -35.71%* | -3571%* 8.06 4.64 11.21
13 |NVSR-3537 x NVSR-687 -6.67% | -5.62 | -232 1.05 5.24 322 | -4167%= | -50.00%* | -50.00%* -11.84 -15.19 -9.87
14 |NVSR-3537 x NVSR-796 2214 0.00 350 1466 | 21.18*% | 1884 0.00 S14.20% | 14.20%% | 2] 46 17.30 24 66*
15 |NVSR-3537x NWGR-19208 | -349 | -3.37 0.00 10.06 | 12.23 1007 | -13.36%% | -21.40%* | -21.40%* 14.93 11.80 18.82
16 |NVSR-3537 x NWGR-19222 |-11.24%*|-11.24%*| -8.14* | 1261 17.03 1478 | -12.00%% | -21.43%* | -2143%* 13.89 11.83 18.83
17 |GNR-3 x NVSR-2965 0.19 361 0.00 11.00 | 18.68 1564 | -18.33%% | -21.45%* | 2143+ 12.40 1142 13.90
18 |GNE-3 x NVSR917 S11.07%*|-10.90%*) -3.14* | 433 935 10.50 | -27.97%* -35.60%+ 862 6.68 716
19 |GNE-3 x Mahisagar =577 000 | -8.14* [ 722 827 17.78 | -25.00%* S350 11.82 0.01 10.40
20 |GNR-3 x Gurjari -382 | 233 | 232 3.79 4.30 1435 | -21.74%* S350 3.14 2.68 3.14
21 |GNR-3 x NVSR-687 -6.49% | 526 | -232 631 867 1542 | -21.75%* -35.71%* 11.96 10.70 1120
22 |GNE-3 x NVSR-T96 -532 | 30 0.00 1439 | 1549 |26.13%* 438 ST.67FF -14.26 26.07* | 24.11% 24.66%
23 |GNR-3 x NWGR-19208 -532 | 30 0.00 1046 | 1534 17.56 | -20.00%= | -23.08%* [ _28.37** | 16.35** | 16.35%* | 26.02%*
14 |GNR-3 x NWGR-1922 -8.82%* | -8.65* | -381 6.72 9.31 15.64 0.00 -7.69%+* -14.29 883 7.89 10.31
S.Em. + 275 317 3.17 7.70 889 8.8¢ 0.53 0.61 0.61 1.34 212 212

* and ** indicates significance at 5% and 1% levels of probability, respectively.
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Table 2: Conti...

Sr. Crosses Grains per panicle Grain yield per plant () Straw vield per plant (g) Harvest index (%)

No. HB SH RH RH RH RH HB SH HB SH
1 |NVSR-3461 x NVSR-2965 [22.69%+| 483 |2783% | .1439 [-2215%* | -13.02 146 -10.78 -6.20 Bo3+ | 1187+ | 451
1 [NV3R-3461 x NVSR-917 000 |-17.77%%| 1028 |-27.84%% -27.04%% | [1050% | -1440% | 1345 407 D84 | 1052 | T2F
3 |NVSR-3461 x Mahisagar 134 [-22.04%%( 25.14%*% | 1038% | 23.06% | 1404 | 210 -1.24 383 13.36%% | (1427 | 11.12%%
4 |NVSR-3461 x Gurjari 508 | -BAd [-1477F |3778% 45 T4 | 3938% | (1012 | -1217 -7.66 -11.02%% | J26.64%% | 13 04%%
5 [NVSR-3461 x NVSR-687 1192 | 699 | 144 [4213%%] 2477+ |3041%%| 834 6.86 1235 077 -8.00% 462
6 (NVSR-3461 x NVSR-T96  [25.43%* | 1642% | 17.53* |38.14*%| 1843* |3231*%| 1085% | 1762* | 23.66* | 9.60% 0.40 4.09
7 |NVSR-3461 x NWGR-19208 | 19.90%*| 1180 | 1176 | 824 | 029 | 124 1.62 .72 941 3.99 -116 144
8 |NVSR-3461 x NWGR-19222 | 21.62%*% | 237 [30.88%+ | 2517+ 1130 [2457*=[ &34 311 17.97% B28* | 037 330
9 [NVSR-3537x NVSR-2065  [40.24%* | 2407%*|5130** | 1308* | 288 | 2138* | 1538 534 1325 048 L] 431
10 [NVSR-353Tx NVERO17 [ -1230% |-25.55% 015 [-19.86%% -22.06%* | -B.01 [ -38.50%% | 4160+ | 3024* | 16.23% | 14.60%* | 17.03*
11 |NVSR-3337 x Mahisagar 974 |-28.40%*| 1479*% | 186 | -331 | 1189 3.18 -6.04 12.40 -0.88 220 027
12 |NVSR-3537 x Gurjari 1209 | 1165 | 476 | -1238 [-23.54%% | 1200 | -1661% |-2333%+| 528 364 175 248
13 [NVSR-3537 x NVSR-687 456 | 505 | 898 | -13.20 [-25.60%F | 1207 | -36.57%% | 4L17** | 2962+ | 2101%* | 14.49%* | 1365%
14 [NVSR-353Tx NVER-T96 | 58.14%% | 52.36%* | 34.01%* [40.23%F| 1748* | 3884 | 1260 402 A4 150TE | T45* 6.66
15 [NVSR-3537 x NWGR-19208 | 44.36% | 30.03%% | 30 RE** |40.74%%| 27.12%* | 5023%* | -6.06 -10.63 6.2 2683 | 2197 | 2097*
16 [NVSR-3337x NWGR-19222 | -957 |-2524**| 734 |[1848*| 30F | 20175 -176 -1061 694 1689+ | 870% 7.90*
17 |GNR-J x NVSR-1065 303 | 53.70%* | 34404 20120+ 1592 | 2650% | 036 1237 5.5 13.06% | 002+ | 1812%
18 |GNR-3 x NVSR-917 827 |-19.78%% 738 |-18.58%| -1940% | -1022 | -18.39% | 1878 | 1223 0.00 0.74 136
19 |GNR-3 x Mahisagar 12.38%% | B.65% [46.64% | 854 | 1174 | 367 | -25.07%% | 2847 | 2270%+ | 12.05%F | 11.29%* | 13.40%
10 |GNR-J x Gurjari 152 | 503 | 470 |-18.64% | 28330 | 2178% | J30.63% | 3300 2002 | 1057 | 416 478
21 |GNR-3 x NVSR-687 S1258% | 15.04% | L14.65% | <1593 | -25.45% | [18.63% | -2040%% | 2243*% | -1639 40 22 -162
11 |GNR-3 1 NVSR-796 19.88%* | 19.50% | 20.72%* | 24.52%*| 780 | 1766 6.35 318 1149 10.60%* | 164 313
23 |GNR-3 x NWGR-19208 1397% | 1369* | 1421% | 1551 | 819 | 18108 454 547 417 1211%* | 6.99% 7.64*
14 |GNR-3x NWGR-19122 25.62% | 676 |5317*| 083 | 915 | 085 224 033 12.61 038 | Rl | 75

S.Em. £ 956 | 1104 | 1104 | 188 | 217 217 234 299 299 1.19 1.38 138
* and ** indicates significance at 5% and 1% levels of probability, respectively.
Table 2: Conti...

Sr. Crosses Kernel length (mm) Kernel breadth (mm) L/B ratio
No. RH HB SH RH RH RH RH HB SH
1 |NVSR-3461 x NVSR-1965 1433 | 1RO0F | 2283 172 073 | 05T | 1772 | 2483 | -1466%
2 |NVSR-3461 x NVSR-917 924 | 1802%F | 22000 | 1420 0.00 130 2005%= | 2369 | -23.00%*
3 |NVSR-346l x Mahisagar in A4 S184% 127 053G+ R 206 14 045
4 |NVSR-346l x Gurjari 533 5.3 015 042 34 391 5.74% 276 349
5 |NVSR-3461 x NVSR-687 0.00 -2.06 -6.81% 1.76% 419 3.65* -117F ) G IR Y
6 [NVSR-3461 x NVSR-T96 334 051 534 185 156 449 0.56 136 924
7 |NVSR-3461 x NWGR-19208 217 77 -5.59 297 -6.58% -3.36% 5.24% 437 .34
§ |NVSR-3461 x NWGR-19222 0.48 -1.62* -12.10%* 3.56% -71.58** -6.38* 5440 -10.47+* -5.98*

0 |NVSR-3537 x NVSR-2065 033 138 -8.33# 11.86%* 046 365 127 | 14404 182
10 [NVSR-3537x NVSR-917 -6.64* 17.13% | .17.08%s 5.54% 448 10208 | (10.40% | 1207+ 120
11 |[NVSR-3537 x Mahisagar 211 -16T* -3.62%% 382% 3.4 9.15% 341 459 0.68
11 |NVSR-3337 x Gurjari 139 .64 -1.67 -138 B30 -1.74 304 513 (.11
13 [NVSR-3537 x NVSR-687 JB3FE | 2173 | 22540 -1.34 129 T30 | 1450%= | 1803 | 1353
14 [NVSR-3337 x NVSR-T96 -0.60 -6.09* -1.06* 8.36%* 413 6.00* -8.80% | -16.99% [ _1240**
15 |NVSR-3537 x NWGR-19208 161 317 416 034 046 -3 65* 118 163 169
16 [NVSR-3337x NWGR-19222 33 -6.63* -1.54# 2077 926%* 261 Jl441E | 1464 | 097
17 |GNR-3x NVSR-1965 AL | 1RT9R | (1681 740 -Bo1* -217 A1000% | 2550 | 1545
1§ |GNR-3xNVSR-917 429 1631 | 14264 184 1215+ 365 -1.46% 004+ 813
19 |GNR-3 x Mahisagar 322 1382 | 171 047 407 | TRY 34 -6.90* 417
20 |GNR-3 x Gurjari 20| 103TEE | B5E 403 405 304 337 -6.85% 1105+
21 |GNR-3x NVSR-687 STETEE | 1272 | 1058% 063 -5.26* 1.74 -8.29% BATEE | 1206%
11 |GNR-3xNVSR-T96 237 0234 -1.01% 033 10 406 -1.67 -6.26% 1048+
23 |GNR-3x NWGR-19208 237 | 1784 | (1583 447 -10.53** -391 -8.26%* B26F | -1240%
24 |GNR-3xNWGR-19122 398 151 S 16.90%* {013 T2 | 3T | 176D | 1353
S.Em. £ 018 020 020 0.05 0.06 0.06 007 0.08 0.08

* and ** indicates significance at 5% and 1% levels of probability, respectively.
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Table 2: Conti...

Sr. Crosses 100 grain weight {g) Protein content (%) Amvlose content (%)
No. RH HB RH RH RH RH HE SH

1 [NVSR-3461 x NVSR-2965 5.26 -18.32%* 2048 -3.94% -7.09% -11.31%* 8.33% -4.40 742

1l |[NVSR-3461 x NVSR-917 14.11** -10.64%* -13.00%* -12.97** -14.00%* -15.01%* 542 -6.32 3.59

3 |NVSR-3461 x Mahisagar 742% -16.19%* -18.41%* 10.64%* 14.20%+ 0.0+ 11.28%= 427 255

4 |NVSR-3461 x Gurjari -6.26% -7.09% -§.35%= 44 44 30.20%* 32.05%= i | -9.90%* 149

5 |NVSR-3461 x NVSR-687 0.78 -B.51%F -10.93% -3.64 -4.82 9.15%% 1298 1.46 9.36*

6 [NVSR-3461 x NVSR-796 153 S5 ET* -8.17%= 12.79%= 476 0.00 31.66%* 28656+ 10.58**

7 |NVSR-3461 x NWGR-19208 3.72 -7.68%* -10.13%* -4 83 -7.14* -11.36%* §.58%* 480 -131

§ [NVSR-3461 x NWGR-19122 b.66* -17.61%* -10.79== -3.50 -11.90%* -15.01%# 428 1.96 -§.28*

9 |NVSR-3537 x NVSR-2065 009+ -11.17%* -24.05%* -2.78 -14.58%* -20.45%* -24.90%* -27.25%* -18.25%*
10 |NVSR-3537 x NVSR-917 -20.30%* -41 8§+ -50.29== 277 -16.33%* -18.18%= -23.043% 25745 -17.89%*
11 |NVSR-3537 x Mahisagar 1337+ 532 -15.21%= 32.00%= 20.36%* 4.60 [ 561 11.24%*
12 |NVSR-3537 x Gurjari 0.00 -5.29 9447 3.63 -3.13 -13.91%% 178 -1.33 10.93**
13 |NVSR-3537 x NVSR-687 -39.71%* -41 8g** 50205 0.00 -12.14%* -18.13** -22.04%* -23.00%* -16.85%*
14 |NVSR-3537 x NVSR-T96 10.42** Q.15+ -6.67* 1932 11.04** -9 09 832 -3.66 148
15 |NVSR-3537 x NWGR-19208 449 -135 -15.65%* 15.45%= 2350 -6.82% -16.64%* -21.06%* -16.85%*
16 |NVSR-3537 x NWGR-19222 4(.53%* 13.86%* -2.65 6.02 0.00 -20.45%* 13.52%= 5.24 10.85%*
17 |GNR-3 x NVSR-2965 Q.01+ -14.49%* -15.21%= -6.13* -11.64%* -6.76% 462 -0.72 11.56%*
18 |GNR-3 x NVSR-917 -0.31 -21.07%* 23.43%* 283 -0.92 435 -8.62%% -12.62%* 2339
19 |GNR-3 x Mahisagar -9.19%* -28.38%* -32.34%= -0.79 -9 34 -4.53 -1.63 -2.87 -2.00
20 |GNR-3 x Gurjari 3.87 325 -127 -4.01 -11.69%* -6.82* -24 87%* -2B.79%* -19.78%*
21 |GNR-3 x NVSR-687 496 341 -8.75%= -6.24% -11.74%% -6.87* -22.78%* -25.32%* -1935%*
22 |GNR-3 x NVSR-T96 6.27* 0.12 -3.41% -0.55 -11.69%* -6.82% 22.774%= 1127+ 12.26%*
23 |GNR-3 x NWGR-19208 -7.40% -16.57** 2117 -16.60%* -22.46%* -18.18%* 13.74%= 095+ 10.93**
24 |GNR-3 x NWGR-19222 15.29%% -0 9g%* -14.9§%= 0.70 -11.60%* -6.82% -14.86%* -19.47%=* S18.75%*

S.Em. + 0.07 0.08 0.08 0.15 0.17 0.17 0.81 0.94 0.94

* and ** indicates significance at 5% and 1% levels of probability, respectively.

Table 3: Mean performance of parents and crosses for different characters

Genotypes Days to 50 Plant height | Productive |Paniclelength (em)| Grains/panicle Grain yield Straw
% flowering (cm) tillers/plant [plant vield/plant
[NVSR-3461 x NVSR-2065 7000 101.20 10.00 2430 20820 2046 3330
[NVSR-3461 x NV3R-917 2300 56.00 6.00 24.00 178.60 1854 3228
[NVSR-3461 x Mahisagar 7900 104.40 8.00 25.00 203.80 022 36.36
INVSR-3461 x Gurjari 26.00 0,60 2.00 pERY 138.80 1428 32708
[NVSR-3461 x NV3R-687 2000 103.80 10.00 24.80 163.20 3279 30.88
[NVSR-3461 x NV3R-T96 2400 10747 13.00 27.00 15140 3112 4390
NVSR-3461 x NWGR-19208 2900 103.00 10.00 2540 18200 2636 3884
NVSR-3461 x NWGR-10222 8400 107.07 10.00 24.40 22780 2030 41.88
[NVSR-3537 x NVSR-2065 26.00 110.80 11.00 26.90 24640 2260 4020
[NVSR-3537 x NV3R-917 2400 55.80 7.00 2030 16260 2164 2476
INVSR-3537 x Mahisagar 26.00 109.60 11.00 2577 13693 2632 39.90
INVSR-3537 x Gurjari 8400 102.80 2.00 24.80 170.60 2070 3136
[NV3R-3537 x NV3R-687 2400 56.40 7.00 2010 146.60 2068 498
[NVSR-3537 x NV3R-T96 2200 111.00 12.00 2780 230.80 3266 4418
INVSR-3537 x NWGR-19208 26.00 102.80 11.00 26.30 22780 3534 3796
Table 3 Conti...
Genotypes Dayrte@ | Plantheight ’ Prodective | Pasklebength | Gralspanicle | Grainyield | Straw yiebdiphant
— ... SN A =) pliat

NVSR-MYT ¢ NWGR-19222 9,00 1000 | 1o H0 17450 AN 315

GNR-3 1 NVSR. 2963 A0 1800 1100 P 23180 AL N4

GNR-J x NVSRI1T 9.0 0590 | o0 pk 17520 MM 16

GNR-Ix Mabisagar 0 1000 | 90 1 2350 0 BT

GNR-3 x Gurjart (0 8% | 90 305 15520 1840 2544

GNR-3x NVSR487 H W 08 | 900 prY ) 13900 1914 L

[T GNRIT VSR 30 m§ | 1w I B R 54

GNR-I x NWGR. 19208 B4.00 195 1000 Py 18500 078 3

GNR-Y g NWOR-19222 $0 10800 | 1100 w980 pEEN w9

T WSk | Bw | e | Bl I 5

NVSR.J&ST §9.00 9160 1400 3N 15280 710 &4

G.\Kt‘ §5.07 060 | 1300 P 1658 el .36

VSR 2966 5300 e | 1A ue | 158K K] R EN

SNSRI 8700 (TR L) A6 2840 1 8518
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Table 3 Conti...

Genotypes Daysto 50 | Plant height (tm)| Prodoctive Panicle length Grains/panicle Grain vield Straw yield/plant
U flowering tillers/plant (em) /plant
Mahisagar 79.00 101.60 11.00 21.64 261.40 2388 34.88
Gaurjari 86.00 10220 10.00 2220 151.60 19.56 35.62
NVSR-687 91.00 9920 10.00 21.80 154.40 10.86 36.30
NVSR-T96 93.00 102.00 10.00 21.70 164.40 18.78 33.94
NWGR-19208 93.00 95.20 12.00 2240 162.80 2242 39.12
NWGRE-19222 89.00 98.80 11.00 22.80 233.80 20.54 39.84
GRE-17 (Sardar) 86.00 93.40 14.00 2230 162.85 2352 33.50
mean of parents 88.13 97.38 11.82 2232 182.05 2296 36.94
mean of hybrids 84.08 10536 983 24.93 193.97 2491 33.26
Range of parents 79 to 93 91.00 to 10.00 to 2160 to 140.80 to 261.40 18.78 to 2832t0 4247
103.60 14.00 2370 80
Range of hybrids 79 to 89 96.00 to 6.00 to 201010 138.80 to 251.60 24760 44.18
117.80 13.00 28.30
5.Em. = 229 6.32 043 13 175 213
C.D (0.05) 643 1784 12 423 2185 [
C.V. (%) 464 10.66 7.01 10.83 7.08 103
Table 3 Conti...
Genotypes Harvest index (%) Kernel length Kernel breadth L/B ratio 100 grain weight Protein content Amylose content
(mm) (mm) [I:i] (%) (%)
NVSR-3537 x 43.00 6.29 236 2466 282 490 2772
NWGR-19212
GNR-3 x NVSR- 4707 3.66 2323 250 234 374 2790
2965
GNR-3 x NVSR- 4040 3.83 217 2469 216 6.44 2416
917
GNR-3 x 4523 6.01 212 283 196 388 2451
Mahi
GNR-3 x Gurjari 41.76 23 237 63 286 374 20.06
GNR-3 x NVSR- 3o 6.08 234 2 264 374 20,17
687
GNR-3 x NVSR- 41.13 6.33 239 263 274 374 28.07
796
GNR-3 x NWGR- 4290 373 221 259 228 304 27.74
19208
GNR-3 x NWGR- 36.84 6.43 247 256 246 374 2032
19222
NVSR-3461 41.32 6.47 233 278 282 3.88 21.49
NVSR-3537 39.56 .73 216 312 248 434 26.34
GNR-3 40.09 6.97 247 282 274 6.50 2523
Table 3 Conti...

Genotypes Harvest index (%) | Kernel length (mm) | Kernel breadth (mm) | L/B ratio | 100 grain weight (g)| Protein content (%0) | Amylose content (%0)
[NVSR-3461 x NVSR-2965 38.06 3.25 208 252 230 546 26.86
INVSR-3461 x NVSR-917 36.97 3.31 233 228 2352 518 23.90
INVSR-3461 x Mahisagar 3542 627 211 297 236 6.72 23.64
INVSR-3461 x Gurjari 30.31 6.81 238 283 262 819 2338
INVSR-3461 x NVSR-687 38.01 6.34 243 261 238 3.60 2740
INVSR-3461 x NVSR-796 41.48 6.44 240 268 2.66 6.16 27.65
INVSR-3461 x NWGR-19208 40.43 6.42 218 293 2.60 546 24.68
INVSR-3461 x NWGR-19122 41.17 398 215 278 232 518 2294
INVSR-3537 x NVSR-2965 41.57 6.24 .17 287 480 2044
INVSR-3537 x NVSR-017 46.64 3.58 2.06 274 3.04 20.33
INVSR-3537 x Mahisagar 39.75 22 208 298 644 2782
INVSR-3537 x Gurjari 38.87 6.60 226 296 518 27.74
INVSR-3537 x NVSR-687 4529 327 213 256 5.04 20.79
INVSR-3537 x NVSR-796 4231 EY 24 239 5.60 2338
INVSR-3537 x NWGR-19208 4821 6.52 217 3.01 374 20.79

Table 3 Conti...

Genotypes Harvestindex (%) | Kernel length (mm) | Kernel breadth (mm)| L/B ratio | 100 grain weight (g)| Protein content (%) | Amylose content (%)
NVSR-1965 43.18 378 172 3.36 156 374 2810
NVSR-917 40.70 522 175 298 1.60 6.02 2765
Mahisagar 4064 344 1.79 3d 1.58 335 2459
Gurjari 648 147 262 27 346 2817
NVSR-687 621 118 285 230 374 27.00
NVSR-T96 309 134 2356 242 304 .51
NWGE-19208 6.10 116 282 220 3.60 23355
NWGE-19122 343 175 310 154 490 2250
GE-17 (Sardar) 6.80 230 296 290 6.16 2501
mean of parents 6.07 210 M 218 351 230
mean of hybrids 6.09 1325 ) | 238 370 24.61
Range of parents| 34.02 to 43.18 32210 6.97 17210247 256t 3.36 154t0282 43410 6.50 2051 to
2817
Range of hybrids 031t 4821 325to 681 106t0247 228 t03. 0 1440 286 4%0t0 819 20.06 to
2807
5 Em. + 0.98 0.14 004 0.06 [ 0.12 063
C.D (0.05) 273 04 012 017 016 033 1.85
C.V. (%) 412 405 341 in 412 RS 438
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Table 4: Best heterotic crosses and their performance for grain yield per plant and related parameters

BF;icrnPs‘,:;ﬁ Mean vield per plant(g) | RH (%) | HB (%) | SH(%) | Significant standard heterpsis of other traits in desired direction
x Pl
NVSR-3537 x NWGR-192038 3534 40.74%% | 27.12%F | 30.23%* GFP, HI
NVSR-3461 x NVSR-687 32.79 42.13%F [ 2477 | 3041%* KB, AC
NVSER-3537 x NVSR-796 32.66 40.23== 17.48% | 38.84%= PL, GPP, 5YP, KB,
NVSE-3461 x NVSR-796 3Lz 38.14% 18.43% | 3231%* PL, GPP, 5YF, AC
GNR-3 x NVSR-1965 20.76 26.12%* 15.92 26.51*= GFF,HL PC,AC

* and ** indicates significance at 5% and 1% levels of probability, respectively.

HB (%) = Heterobeltiosis (%), SH (%) = Standard Heterosis (%), RH (%) = Relative Heterosis (%)

GPP = Grains/panicle, PL = Panicle length, SYP = Straw yield/plant, HI = Harvest index, KB = Kernel breadth,
PC = Protein content, AC = Amylose content
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