ESTIMATION OF HETEROSIS FOR QUANTITATIVE AND QUALITY TRAITS IN
QUALITY HYBRIDS RICE (ORYZA SATIVA L))

F.C. Sao*, A.K. Sarawgi, Temin Sahu, Sourabh Paikara and Mohamad Aarif

Department of Genetics and Plant Breeding, Indira Gandhi Krishi Vishwavidyalaya,
Raipur- 492012 (CG), India
Email: fchandsao@gmail.com

Received-18.10.2013, Revised-25.11.2014

Abstract: The heterosis study on quantitative and quality traits in quality hybrids rice from line x tester analysis from 24 F,
hybrids derived from 3 female and 8 male lines. The observations were recorded on 28 quantitative and quality traits.
Analysis of variance revealed that all the treatments exhibited highly significant variation for almost all the traits under
study. The highest heterotic effects observed for mid parents, better parent and standard heterosis were 233.33%, 97.50%
and 60.14% for grain yield per plant noted for the crosses IR 58025A/R1679-1674-1-234-1. Maximum heterosis over mid
parents of 313.25%, 33.67%, 26.98% and 100.15% for productive tillers per plant, panicle length, spikelet fertility
percentage and harvest index and maximum heterobeltiosis of 163.64%, 29.18%, 24.54% and 43.35% for productive tillers
per plant, panicle length, spikelet fertility percentage and harvest index and maximum standard heterosis of 218.68%,
21.10%, 5.89% and 49.09% for productive tillers per plant, panicle length, spikelet fertility percentage and harvest index was

found in IR 58025A/R1679-1674-1-234-1.
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INTRODUCTION

ice is life and princes among cereals. More than

half of the world’s population depends on rice
for calories and proteins, especially in developing
countries. Exploitation of hybrids vigour is one of the
possible ways for increasing production and
productivity to meet the demand of population for
food and raw materials. Hybrids rice breeding holds
promise to make a backthrough in rice production.
Hybrid rice technology exploits the phenomenon of
heterosis and involves raising a commercial crop
from F; seeds. This technology enabled chine to
increase rice production from 140 million tones in
1978 to 188 million tones in 1990 (Virmani, 1990).
The exploitation of heterosis is considered an
outstanding application of the principles of the
science of genetics in agriculture. Heterosis breeding
had led to a breakthrough in yield in several crop
plants. For the exploitation of heterosis, it is
imperative to study the magnitude of heterosis. The
expression of heterosis is greatly influenced by the
magnitude of genetic differences among parents
involved in the crosses. The parents with optimal to
intermediate genetic diversity will show maximum
heterosis (Moll and Stuber, 1974). Varying levels of
heterosis in grain yield and yield components have
been reported by several workers in rice.

MATERIAL AND METHOD

The material for the present study comprised 24 F; of
rice generated involving 3 lines (viz., PUSA 6A,
CRMS 32A, IR 58025A) and 8 diverse rice varieties
(viz., R1607-673-2-322-1, R1679-1674-1-234-1,
R1519-815-1-646-1, R1551-1066-1-449-1, R1630-
342-1-47-1, R1665-1620-1-985-1, RNR2354 and
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Improved pusa basmati ) as testers through Line x
Tester design during Kharif 2011-2012. The resultant
24 F; were grown in completely randomized block
design at the Research Farm, Department of Genetics
and Plant Breeding, Indira Gandhi Krishi
Vishwavidyalaya, Raipur (CG). Each genotype was
grown in two replication with spacing 20 x 15 cm,
respectively. Recommended agronomic package and
practices were followed to raise a good crop. In each
entry, five plants were selected randomly from each
replication and biometrical observations were
recorded for days to 50% flowering, plant height,
productive tillers per plant, panicle length, number of
filled grains per panicle, number of unfilled grains
per panicle, spikelet fertility (%), spikelet sterility
(%), grain yield per plant (g), seed index/hundred
seed weight (g), biological yield per plant (g),
harvest index (%), hulling (%), milling (%), head rice
recovery (%), paddy length (mm), paddy breadth
(mm), paddy L/B ratio, brown rice length (mm),
brown rice breadth (mm), brown rice L/B ratio,
kernel length (mm), kernel breadth (mm), kernel L/B
ratio, kernel length after cooking (mm), kernel
breadth after cooking (mm), cooked rice L/B ratio
and elongation ratio.

RESULT AND DISCUSSION

Analysis of variance presented in Table 1 revealed
that the differences among genotypes for almost all
the traits under study were highly significant. It was
suggested that the material has adequate variability
and validated further statistical and genetically
analysis.
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Evaluation of heterosis

Percent heterosis for quantitative and quality traits
was computed over mid parents, better parent and
standard heterosis. The magnitude of heterosis varied
from trait to trait and crosses to cross. For days to 50
% flowering, plant height, number of unfilled grains
per panicle, spikelet sterility percentage, paddy
breadth, brown rice breadth, kernel breadth and
kernel breadth after cooking negative heterosis was
desirable but for rest of the traits positive heterosis
was desirable.

Days to 50% flowering

The mid parent heterosis ranged from -9.14 (IR
58025A/R1679-1674-1-234-1) to 20.25% (PUSA
6A/R1630-342-1-47-1). Among 24 hybrids, 5
hybrids showed significant negative heterosis and 17
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -8.65 (IR
58025A/R1679-1674-1-234-1) to 23.60% (CRMS
32A/R1665-1620-1-985-1 and IR 58025A/R1665-
1620-1-985-1). Among 24 hybrids, 1 hybrid showed
significant negative heterosis and 22 hybrids showed
significant positive heterosis for this trait. The
standard heterosis ranged from 1.21 (PUSA
6A/R1679-1674-1-234-1) to 20.61% (CRMS
32A/R1665-1620-1-985-1, IR 58025A/R1630-342-1-
47-1, IR 58025A/R1665-1620-1-985-1 and IR
58025A/Improved pusa basmati). Among 24 hybrids,
none hybrids showed significant negative heterosis
and 23 hybrids showed significant positive heterosis
for this trait. Similar finding have also been reported
by Chaudhry et al. (2007), Gawas et al. (2007),
Wang et al. (2010) and Kumar et al. (2012).

Plant height (cm)

The mid parent heterosis ranged from -29.96 (PUSA
6A/R1607-673-2-322-1) to  23.38%  (PUSA
6A/R1679-1674-1-234-1). Among 24 hybrids, 13
hybrids showed significant negative heterosis and 6
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -23.83 (PUSA
6A/R1607-673-2-322-1) to 24.17%  (PUSA
6A/R1679-1674-1-234-1). Among 24 hybrids, 7
hybrids showed significant negative heterosis and 12
hybrids showed significant positive heterosis for this
trait. The standard heterosis ranged from -36.32
(PUSA 6A/R1607-673-2-322-1) to 3.81% (PUSA
6A/R1679-1674-1-234-1). Among 24 hybrids, 23
hybrids showed significant negative heterosis and 1
hybrids showed significant positive heterosis for this
trait. Similar results have also been reported by
Gawas et al. (2007), Saidaiah et al. (2010) and
Kumar et al. (2012).

Productive tillers per plant

The mid parent heterosis ranged from -66.35 (PUSA
6A/R1607-673-2-322-1) to 313.25% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
12 hybrids showed significant negative heterosis and

5 hybrids showed significant positive heterosis for
this trait.The heterobeltiosis ranged from -72.66
(PUSA 6A/R1607-673-2-322-1) to 163.64% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
12 hybrids showed significant negative heterosis and
4 hybrids showed significant positive heterosis for
this trait.The standard heterosis ranged from -61.54
(PUSA 6A/R1607-673-2-322-1) to 218.68% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids, 9
hybrids showed significant negative heterosis and 4
hybrids showed significant positive heterosis for this
trait. Similar results have been reported by Soni et al.
(2005) and Kumar et al. (2012).

Panicle length (cm)

The mid parent heterosis ranged from -24.93 (PUSA
6A/R1607-673-2-322-1) to 33.67% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids, 7
hybrids showed significant negative heterosis and 9
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -25.05 (PUSA
6A/R1607-673-2-322-1) to 29.18% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
12 hybrids showed significant negative heterosis and
4 hybrids showed significant positive heterosis for
this trait.The standard heterosis ranged from -26.16
(PUSA 6A/R1607-673-2-322-1) to 21.10% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
10 hybrids showed significant negative heterosis and
3 hybrids showed significant positive heterosis for
this trait. Similar findings reported by Soni et al.
(2005), Pandya and Tripathi (2006), and Singh et al.
(2007).

Number of filled grains per panicle

The mid parent heterosis ranged from -97.85 (PUSA
6A/R1607-673-2-322-1) to 64.38% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
17 hybrids showed significant negative heterosis and
5 hybrids showed significant positive heterosis for
this trait.The heterobeltiosis ranged from -97.94
(PUSA 6A/R1607-673-2-322-1) to 52.56% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
18 hybrids showed significant negative heterosis and
4 hybrids showed significant positive heterosis for
this trait.The standard heterosis ranged from -95.67
(PUSA 6A/R1607-673-2-322-1) to 201.58% (PUSA
6A/R1679-1674-1-234-1). Among 24 hybrids, 10
hybrids showed significant negative heterosis and 12
hybrids showed significant positive heterosis for this
trait. Similar findings reported by Singh et al. (2007).

Number of unfilled grains per panicle

The mid parent heterosis ranged from -63.81 (IR
58025A/R1679-1674-1-234-1) to 296.97% (IR
58025A/R1519-815-1-646-1). Among 24 hybrids, 3
hybrids showed significant negative heterosis and 16
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -57.55 (IR
58025A/R1679-1674-1-234-1) to 446.44% (CRMS
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32A/RNR2354). Among 24 hybrids, 1 hybrid
showed significant negative heterosis and 17 hybrids
showed significant positive heterosis for this
trait. The standard heterosis ranged from 52.01
(R1551-1066-1-449-1) to 1645.42% (CRMS
32A/RNR2354). Among 24 hybrids, none hybrids
showed significant negative heterosis and 21 hybrids
showed significant positive heterosis for this trait.
Similar results have been reported by Soni et al.
(2005).

Spikelet fertility (%0)

The mid parent heterosis ranged from -96.18 (PUSA
6A/R1607-673-2-322-1) to 26.98% (IR 58025A/
R1679-1674-1-234-1). Among 24 hybrids, 16
hybrids showed significant negative heterosis and 4
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -96.34 (PUSA
6A/R1607-673-2-322-1) to 24.54% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
17 hybrids showed significant negative heterosis and
4 hybrids showed significant positive heterosis for
this trait. The standard heterosis ranged from -96.83
(PUSA 6A/R1607-673-2-322-1) to 5.89% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
19 hybrids showed significant negative heterosis and
none hybrids showed significant positive heterosis
for this trait. Similar results have been reported by
Singh (2005), Soni et al. (2005), Shanthi et al. (2006)
and Kumar et al. (2012).

Spikelet sterility (%)

The mid parent heterosis ranged from -71.72 (IR
58025A/R1679-1674-1-234-1) to 394.13% (CRMS
32A/RNR2354). Among 24 hybrids, 4 hybrids
showed significant negative heterosis and 16 hybrids
showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -70.17 (IR
58025A/R1679-1674-1-234-1) to 561.07% (CRMS
32A/RNR2354). Among 24 hybrids, 4 hybrids
showed significant negative heterosis and 17 hybrids
showed significant positive heterosis for this trait.
The standard heterosis ranged from -39.89 (IR
58025A/R1679-1674-1-234-1) to 656.14% (PUSA
6A/R1607-673-2-322-1). Among 24 hybrids, none
hybrids showed significant negative heterosis and 19
hybrids showed significant positive heterosis for this
trait.Similar results have been reported by Veni et al.
(2005) and Pandya and Tripathi (2006).

Grain yield per plant (g)

The mid parent heterosis ranged from -98.59 (PUSA
6A/R1607-673-2-322-1) to 233.33% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
12 hybrids showed significant negative heterosis and
7 hybrids showed significant positive heterosis for
this trait. The heterobeltiosis ranged from -98.74
(PUSA 6A/R1607-673-2-322-1) to 97.50% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
16 hybrids showed significant negative heterosis and

4 hybrids showed significant positive heterosis for
this trait. The standard heterosis ranged from -99.01
(PUSA 6A/R1607-673-2-322-1) to 60.14% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
19 hybrids showed significant negative heterosis and
3 hybrids showed significant positive heterosis for
this trait. Similar results have been reported by Issac
(2007), Li et al. (2008), Vaithiyaligan and
Nandarajan (2010), Mirarab et al. (2011), Tiwari et
al. (2011) and Kumar et al. (2012).

Seed index/hundred seed weight (g)

The mid parent heterosis ranged from -6.76 (PUSA
6A/R1607-673-2-322-1) to 36.07% (IR
58025A/R1665-1620-1-985-1). Among 24 hybrids, 1
hybrid showed significant negative heterosis and 19
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -16.14 (PUSA
6A/R1607-673-2-322-1) to  28.61%  (PUSA
6A/R1665-1620-1-985-1). Among 24 hybrids, 5
hybrids showed significant negative heterosis and 13
hybrids showed significant positive heterosis for this
trait. The standard heterosis ranged from -27.73 (IR
58025A/R1679-1674-1-234-1) to 23.64% (PUSA
6A/R1665-1620-1-985-1). Among 24 hybrids, 8
hybrids showed significant negative heterosis and 6
hybrids showed significant positive heterosis for this
trait. Similar results have been reported by Wang et
al. (2010).

Biological yield per plant (g)

The mid parent heterosis ranged from -84.02 (PUSA
6A/R1607-673-2-322-1) to 126.62% (PUSA
6A/R1679-1674-1-234-1). Among 24 hybrids, 8
hybrids showed significant negative heterosis and 7
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -85.88 (PUSA
6A/R1607-673-2-322-1) to  64.21%  (PUSA
6A/R1679-1674-1-234-1). Among 24 hybrids, 12
hybrids showed significant negative heterosis and 6
hybrids showed significant positive heterosis for this
trait. The standard heterosis ranged from -86.32
(PUSA 6A/R1607-673-2-322-1) to 31.34% (IR
58025A/R1519-815-1-646-1). Among 24 hybrids, 14
hybrids showed significant negative heterosis and 3
hybrids showed significant positive heterosis for this
trait. Similar results have been reported by Hossain et
al. (2004), Verma et al. (2004), Singh et al. (2006)
and Kumar et al. (2012).

Harvest index (%)

The mid parent heterosis ranged from -91.22 (PUSA
6A/R1607-673-2-322-1) to 100.15% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
17 hybrids showed significant negative heterosis and
4 hybrids showed significant positive heterosis for
this trait. The heterobeltiosis ranged from -91.40
(PUSA 6A/R1607-673-2-322-1) to 43.35% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
17 hybrids showed significant negative heterosis and
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2 hybrids showed significant positive heterosis for
this trait. The standard heterosis ranged from -92.56
(PUSA 6A/R1607-673-2-322-1) to 49.09% (IR
58025A/R1679-1674-1-234-1). Among 24 hybrids,
18 hybrids showed significant negative heterosis and
1 hybrids showed significant positive heterosis for
this trait. Similar results have been reported by
Tiwari et al. (2011) and Kumar et al. (2012).

Hulling (%)

The mid parent heterosis ranged from -12.60 (CRMS
32A/R1665-1620-1-985-1) to 4.67% (PUSA
6A/R1679-1674-1-234-1). Among 24 hybrids, 11
hybrids showed significant negative heterosis and 4
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -13.84 (CRMS
32A/R1665-1620-1-985-1) to 1.80% (PUSA
6A/R1551-1066-1-449-1). Among 24 hybrids, 15
hybrids showed significant negative heterosis and
none hybrids showed significant positive heterosis
for this trait. The standard heterosis ranged from -
11.78 (CRMS 32A/R1665-1620-1-985-1) to 3.86%
(PUSA 6A/R1551-1066-1-449-1). Among 24
hybrids, 7 hybrids showed significant negative
heterosis and 3 hybrids showed significant positive
heterosis for this trait. Similar results have been
reported by Pandya and Tripathi (2006).

Milling (%)

The mid parent heterosis ranged from -14.97 (IR
58025A/R1551-1066-1-449-1) to 9.23% (PUSA
6A/R1679-1674-1-234-1). Among 24 hybrids, 7
hybrids showed significant negative heterosis and 4
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -15.65 (PUSA
6A/Improved pusa basmati) to 1.37% (CRMS
32A/Improved pusa basmati). Among 24 hybrids, 9
hybrids showed significant negative heterosis and
none hybrids showed significant positive heterosis
for this trait. The standard heterosis ranged from -
14.77 (PUSA 6A/Improved pusa basmati) to 5.41%
(CRMS 32A/Improved pusa basmati). Among 24
hybrids, 4 hybrids showed significant negative
heterosis and 7 hybrids showed significant positive
heterosis for this trait. Similar results have been
reported by Pandya and Tripathi (2006).

Head rice recovery (%)

The mid parent heterosis ranged from -50.01 (PUSA
6A/Improved pusa basmati) to 16.53% (PUSA
6A/R1679-1674-1-234-1). Among 24 hybrids, 10
hybrids showed significant negative heterosis and 5
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -51.55 (PUSA
6A/Improved pusa basmati) to 10.45% (PUSA
6A/R1679-1674-1-234-1). Among 24 hybrids, 12
hybrids showed significant negative heterosis and 1
hybrids showed significant positive heterosis for this
trait. The standard heterosis ranged from -52.21
(PUSA 6A/Improved pusa basmati) to 7.56% (PUSA
6A/R1607-673-2-322-1 and IR 58025A/R1607-673-

2-322-1). Among 24 hybrids, 12 hybrids showed
significant negative heterosis and 4 hybrids showed
significant positive heterosis for this trait. Similar
results have been reported by Singh and Lal, (2005),
and Singh (2005).

Paddy length (mm)

The mid parent heterosis ranged from -6.48 (IR
58025A/RNR2354) to 25.63% (IR 58025A/R1551-
1066-1-449-1). Among 24 hybrids, 3 hybrids showed
significant negative heterosis and 12 hybrids showed
significant positive heterosis for this trait. The
heterobeltiosis ranged from -23.35 (PUSA
6A/R1679-1674-1-234-1) to 11.05% (CRMS
32A/RNR2354). Among 24 hybrids, 11 hybrids
showed significant negative heterosis and 5 hybrids
showed significant positive heterosis for this
trait. The standard heterosis ranged from -20.63
(CRMS 32A/R1679-1674-1-234-1) to 15.87%
(PUSA 6A/R1519-815-1-646-1). Among 24 hybrids,
6 hybrids showed significant negative heterosis and
13 hybrids showed significant positive heterosis for
this trait. Similar results have been reported by Bisne
and Motiramani (2005).

Paddy breadth (mm)

The mid parent heterosis ranged from -19.61 (PUSA
6A/R1607-673-2-322-1) to  14.94%  (PUSA
6A/RNR2354). Among 24 hybrids, 4 hybrids showed
significant negative heterosis and 10 hybrids showed
significant positive heterosis for this trait. The
heterobeltiosis ranged from -6.82 (PUSA 6A/R1607-
673-2-322-1) to 22.73% (CRMS 32A/R1607-673-2-
322-1). Among 24 hybrids, 1 hybrids showed
significant negative heterosis and 12 hybrids showed
significant positive heterosis for this trait.The
standard heterosis ranged from -10.87 (PUSA
6A/R1607-673-2-322-1) to 17.39% (CRMS
32A/R1607-673-2-322-1). Among 24 hybrids, 3
hybrids showed significant negative heterosis and 5
hybrids showed significant positive heterosis for this
trait.

Paddy L/B ratio

The mid parent heterosis ranged from -17.57 (IR
58025A/RNR2354) to 36.01% (IR 58025A/R1551-
1066-1-449-1). Among 24 hybrids, 8 hybrids showed
significant negative heterosis and 8 hybrids showed
significant positive heterosis for this trait. The
heterobeltiosis ranged from -29.61 (PUSA
6A/R1679-1674-1-234-1)  to 8.29% (IR
58025A/R1551-1066-1-449-1). Among 24 hybrids,
15 hybrids showed significant negative heterosis and
1 hybrids showed significant positive heterosis for
this trait.The standard heterosis ranged from -23.36
(PUSA 6A/R1679-1674-1-234-1) to 15.82% (PUSA
6A/R1519-815-1-646-1). Among 24 hybrids, 8
hybrids showed significant negative heterosis and 6
hybrids showed significant positive heterosis for this
trait.
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Brown rice length (mm)

The mid parent heterosis ranged from -8.30 (PUSA
6A/R1679-1674-1-234-1) to 19.49% (IR
58025A/R1551-1066-1-449-1). Among 24 hybrids, 9
hybrids showed significant negative heterosis and 10
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -26.57 (PUSA
6A/R1679-1674-1-234-1) to 5.22% (IR
58025A/R1551-1066-1-449-1). Among 24 hybrids,
13 hybrids showed significant negative heterosis and
4 hybrids showed significant positive heterosis for
this trait. The standard heterosis ranged from -30.92
(PUSA 6A/R1679-1674-1-234-1) to -1.97% (PUSA
6A/R1519-815-1-646-1 and CRMS 32A/R1665-
1620-1-985-1). Among 24 hybrids, none hybrids
showed significant negative heterosis and 24 hybrids
showed significant positive heterosis for this trait.

Brown rice breadth (mm)

The mid parent heterosis ranged from -9.52 (PUSA
6A/R1551-1066-1-449-1) to 16.22% (PUSA
6A/RNR2354). Among 24 hybrids, 6 hybrids showed
significant negative heterosis and 12 hybrids showed
significant positive heterosis for this trait. The
heterobeltiosis ranged from 0.00 (CRMS
32A/R1665-1620-1-985-1 and IR 58025A/R1630-
342-1-47-1) to 23.68% (CRMS 32A/R1607-673-2-
322-1). Among 24 hybrids, none hybrids showed
significant negative heterosis and 20 hybrids showed
significant positive heterosis for this trait.The
standard  heterosis ranged from -5.13 (IR
58025A/R1519-815-1-646-1) to 20.51% (CRMS
32A/R1607-673-2-322-1). Among 24 hybrids, 1
hybrid showed significant negative heterosis and 10
hybrids showed significant positive heterosis for this
trait.

Brown rice L/B ratio

The mid parent heterosis ranged from -19.73 (IR
58025A/RNR2354) to 28.03% (IR 58025A/R1551-
1066-1-449-1). Among 24 hybrids, 13 hybrids
showed significant negative heterosis and 7 hybrids
showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -33.88 (PUSA
6A/R1679-1674-1-234-1) to  2.55% (IR
58025A/R1551-1066-1-449-1). Among 24 hybrids,
20 hybrids showed significant negative heterosis and
none hybrids showed significant positive heterosis
for this trait. The standard heterosis ranged from -
35.38 (CRMS 32A/R1679-1674-1-234-1) to 0.51%
(PUSA  6A/R1519-815-1-646-1 and CRMS
32A/R1665-1620-1-985-1). Among 24 hybrids, 18
hybrids showed significant negative heterosis and
none hybrids showed significant positive heterosis
for this trait.

Kernel length (mm)

The mid parent heterosis ranged from -11.97 (CRMS
32A/RNR2354) to 22.33% (IR 58025A/R1551-1066-
1-449-1). Among 24 hybrids, 9 hybrids showed

significant negative heterosis and 13 hybrids showed
significant positive heterosis for this trait. The
heterobeltiosis ranged from -23.26 (PUSA
6A/R1679-1674-1-234-1) to 10.94% (IR
58025A/R1665-1620-1-985-1). Among 24 hybrids,
14 hybrids showed significant negative heterosis and
7 hybrids showed significant positive heterosis for
this trait. The standard heterosis ranged from -28.68
(CRMS 32A/R1679-1674-1-234-1) to 4.41% (IR
58025A/R1665-1620-1-985-1). Among 24 hybrids,
19 hybrids showed significant negative heterosis and
1 hybrids showed significant positive heterosis for
this trait.Similar results have been reported by Veni
et al. (2005) and Singh (2005).

Kernel breadth (mm)

The mid parent heterosis ranged from -13.25 (IR
58025A/R1551-1066-1-449-1) to 17.95% (CRMS
32A/R1607-673-2-322-1). Among 24 hybrids, 4
hybrids showed significant negative heterosis and 9
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -5.26 (IR
58025A/R1551-1066-1-449-1) to 17.95% (CRMS
32A/R1607-673-2-322-1). Among 24 hybrids, 1
hybrid showed significant negative heterosis and 14
hybrids showed significant positive heterosis for this
trait. The standard heterosis ranged from -7.69 (IR
58025A/R1551-1066-1-449-1) to 17.95% (CRMS
32A/R1607-673-2-322-1). Among 24 hybrids, 3
hybrids showed significant negative heterosis and 7
hybrids showed significant positive heterosis for this
trait.

Kernel L/B ratio

The mid parent heterosis ranged from -20.29 (CRMS
32A/RNR2354) to 38.34% (IR 58025A/R1551-1066-
1-449-1). Among 24 hybrids, 11 hybrids showed
significant negative heterosis and 7 hybrids showed
significant positive heterosis for this trait. The
heterobeltiosis ranged from -29.08 (PUSA
6A/R1679-1674-1-234-1) to 14.57% (IR
58025A/R1551-1066-1-449-1). Among 24 hybrids,
16 hybrids showed significant negative heterosis and
3 hybrids showed significant positive heterosis for
this trait. The standard heterosis ranged from -29.80
(CRMS 32A/RNR2354 and IR 58025A/RNR2354)
to 10.03% (IR 58025A/R1665-1620-1-985-1).
Among 24 hybrids, 15 hybrids showed significant
negative heterosis and 1 hybrids showed significant
positive heterosis for this trait.

Kernel length after cooking (mm)

The mid parent heterosis ranged from -22.44 (IR
58025A/R1519-815-1-646-1) to 28.43% (PUSA
6A/R1551-1066-1-449-1). Among 24 hybrids, 11
hybrids showed significant negative heterosis and 4
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -32.08 (PUSA
6A/Improved pusa basmati) to 20.00% (IR
58025A/R1665-1620-1-985-1). Among 24 hybrids,
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16 hybrids showed significant negative heterosis and
2 hybrids showed significant positive heterosis for
this trait. The standard heterosis ranged from -40.85
(CRMS 32A/R1679-1674-1-234-1) to 2.13% (IR
58025A/R1665-1620-1-985-1). Among 24 hybrids,
23 hybrids showed significant negative heterosis and
none hybrids showed significant positive heterosis
for this trait.Similar results have been reported by
Veni et al. (2005).

Kernel breadth after cooking (mm)

The mid parent heterosis ranged from -6.87 (CRMS
32A/R1519-815-1-646-1) to 11.11% (CRMS
32A/R1665-1620-1-985-1). Among 24 hybrids, none
hybrids showed significant negative heterosis and 1
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -6.15 (CRMS
32A/R1519-815-1-646-1) to 17.24% (PUSA
6A/RNR2354). Among 24 hybrids, none hybrids
showed significant negative heterosis and 3 hybrids
showed significant positive heterosis for this
trait. The standard heterosis ranged from -10.45 (IR
58025A/R1519-815-1-646-1) to 4.48% (PUSA
6A/R1630-342-1-47-1, PUSA 6A/R1665-1620-1-
985-1, CRMS 32A/R1607-673-2-322-1 and CRMS
32A/R1665-1620-1-985-1). Among 24 hybrids, none
hybrids showed significant negative heterosis and
none hybrids showed significant positive heterosis
for this trait.

Cooked rice L/B ratio
The mid parent heterosis ranged from -19.74 (PUSA
6A/Improved pusa basmati) to 29.48% (PUSA

6A/R1551-1066-1-449-1). Among 24 hybrids, 12
hybrids showed significant negative heterosis and 3
hybrids showed significant positive heterosis for this
trait.The heterobeltiosis ranged from -35.29 (IR
58025A/R1679-1674-1-234-1) to 19.51% (PUSA
6A/R1551-1066-1-449-1). Among 24 hybrids, 16
hybrids showed significant negative heterosis and 2
hybrids showed significant positive heterosis for this
trait. The standard heterosis ranged from -38.75 (IR
58025A/R1679-1674-1-234-1) to 8.83% (IR
58025A/R1665-1620-1-985-1). Among 24 hybrids,
23 hybrids showed significant negative heterosis and
none hybrids showed significant positive heterosis
for this trait.

Elongation ratio

The mid parent heterosis ranged from -27.45 (IR
58025A/R1630-342-1-47-1) to 16.82% (PUSA
6A/R1679-1674-1-234-1). Among 24 hybrids, 13
hybrids showed significant negative heterosis and 4
hybrids showed significant positive heterosis for this
trait. The heterobeltiosis ranged from -31.40 (IR
58025A/R1519-815-1-646-1) to 8.75% (PUSA
6A/R1679-1674-1-234-1). Among 24 hybrids, 16
hybrids showed significant negative heterosis and 1
hybrids showed significant positive heterosis for this
trait. The standard heterosis ranged from -35.26
(CRMS 32A/R1519-815-1-646-1) to 4.05% (CRMS
32A/RNR2354 and IR 58025A/RNR2354). Among
24 hybrids, 19 hybrids showed significant negative
heterosis and none hybrids showed significant
positive heterosis for this trait.

Table 1. Mid parent heterosis, Heterobeltiosis and Standard heterosis for different characters

Parents Kernel breadth after Cooked rice L/B ratio Elongation ratio
cooking (mm)
MP BP SH MP BP SH MP BP SH

PUSA 6A/
R1607-673-2-322-1 -0.74 0.00 0.00 8.89 0.00 17 69** 14.38** 0.00 -1.16
R1679-1674-1-234-1 -0.76 3.17 -2.99 15.09* 1.03 29 Sil** 16.82** | 8.75** -6.36*

- -1- - - N - - * 3 N
R1519-815-1-646-1 0.00 1.52 0.00 10.99 21 68%* | 28.49%* 6.45 13.58%* | 24 28%

_ 1. _ ~ _ Kk * - _ -
R1551-1066-1-449-1 0.75 | 154 1.49 | 29.48 1951% | 1o ogux | 433 302 | 1o 7pe

- - - - - * - b - - B
R1630-342-1-47-1 526 | 7.69 | 448 | -1329% | 1ocei | gpa7e | 10855 | 253555 | 29 54%x

_ 1. _ * _ * - ) _ Kk ) -
R1665-1620-1-985-1 8.53 | 14.75% | 448 | -1375% | ) (o | oo 77ex | 964 16.78%% | 27177

17.24* - - *k -

RNR2354 7.94 " 149 | 1119 | 1o | ggg7ws | 256 -9.06 13.20%+
Improved pusa ) ) - - - - - -
basmati 0.76 3.17 2.99 19.74** | 34.29** | 28.49** | 14.81** | 25.15** | 27.17**

CRMS 32A/

- - - - - * - - - - -
R1607-673-2-322-1 6.06 | 7.69 | 4.48 3.83 722 | 5o pge 461 | 15 ogun | 13.09%

- -] - - - - * - b - - -
R1679-1674-1-234-1 | 0.00 1.59 448 | -4.29 1950+ | 38.18% 1.71 337 | 17 g4ex
R1519-815-1-646-1 -6.87 -6.15 -8.96 - - - - - -
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16.07** | 22.62** | 20.34** | 24.28** | 26.16** | 35.26**
R1551-1066-1-449-1 0.00 0.00 | -2.99 -1.36 1812 | gogeen | 1004%% | 13.76%% | 2543+
R1630-342-1-47-1 -3.08 | -3.08 | -5.97 3.68 0.70 17667 | 13317 | 2201 | 10.08%
11.11 - - -
R1665-1620-1-985-1 - 14.75* | 4.48 1092 | o gu | ppgpe | 423 B.91% | g cun
RNR2354 569 | 12.07 | -2.99 -2.71 1017 | 1o 2'3** 16.18** | 8.46** 4.05
Improved pusa ) ) ) ) - - - - -
basmati 4.69 3.7 8.96 8.97 22.25%* | 15.38** | 11.04** | 17.75** | 19.65**
IR 58025A/
R1607-673-2-322-1 551 | 11.67 | 0.00 -6.73 1261 | - 69** -0.29 -0.58 -1.16
- -] - - - - * - - - ) -
R1679-1674-1-234-1 7.32 | 10.00 149 | -16.63* | oo oous | 3g75ex | 11.30%% | 17.44%* | 17.9o%*
R1519-815-1-646-1 -4.76 0.00 | -10.45 18.90** | 20.42** | 24.50** | 26.93** | 31.40** | 31.79**
- - - - - - * b - - B -
R1551-1066-1-449-1 5.60 | 10.00 149 | -1373% | o0 oun | 3360%% | 24.30%% | 20.36%* | 29.48%*
R1630-342-1-47-1 720 | 1167 | 000 | 59 77wk | 97.1g%% | 31.05%% | 27.45%% | 28.97** | 26.59%*
R1665-1620-1-985-1 413 500 | -5.97 | 17.00** | 14.71* 8.83 4.32 -1.74 -2.31
RNR2354 1017 | 1207 | -2.99 | -12.03* | -13.81* | ;o 2'3** 6.37** 4.36 4.05
Improved pusa ) - - - 7 04%*% | _79E*x | _g g**
basmati 2.44 5.00 5.97 | 1699+ | 2p.95%% | 153+ | 704 7.85 8.09

*= Significant P > 0.05, **= Significant P > 0.01, MP= Mid Parent Heterosis, BP= Better Parent Heterosis, SH=
Standard Heterosis

Table 2. ANOVA for different quantitative and guality characters

Mean sum of square
Source
of | af| 16 17 18 | 19 | 20 | 21 | 22| 23 2 | 25 | 26 | 27 | 28
Variati
on
Replica | 1 | 0027 | 0012 | 0000 | %% | 0,005 | 0022 | O.00L | 0.0005 | 00008 | ;g | 00T | oo, | 00157
tion : : : 1 | & : 2 4 0 : 2 | O *
* * * * * * * * * * *
Trees:m 34 | 2977 | 0064% | 0.04% | 1375 | 0044% | 0.63% | 116% | 0028% | o1 | 343 | o000 039% | 0073
Ermor | 34 | 0.030 | 0.0053 | 0.029 0'(;04 0.0013 0'304 O'%OG 0.0023 | 0.0068 | 0.060 | 0.031 | 0.034 | 0.0018
ror | 34| 8 | 367 | 173 | 093 | 7052 | 1920 | 777 | 777 | 350 | @90 | 394 | 346 | 08 | 195 | 350
8 8 51 | 1 0
*= Significant P > 0.05, **= Significant P > 0.01 15. Head rice recovery (%)

© 00 N O Ol & W N P

. Days to 50% flowering
. Plant height (cm)
. Productive tillers per plant
. Panicle length (cm)
. Number of filled grains per panicle

. Number of unfilled grains per panicle
. Spikelet fertility (%)
. Spikelet sterility (%)
. Grain yield per plant (g)

10. Seed index/hundred seed weight (g)
11. Biological yield per plant (g)
12. Harvest index (%)
13. Hulling (%)
14. Milling (%)

16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
217.
28.

Paddy length (mm)
Paddy breadth (mm)
Paddy L/B ratio

Brown rice length (mm)
Brown rice breadth (mm)
Brown rice L/B ratio

Kernel length (mm)

Kernel breadth (mm)

Kernel L/B ratio

Kernel length after cooking (mm)
Kernel breadth after cooking (mm)
Cooked rice L/B ratio

Elongation ratio
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Table 3. Mid parent heterosis, Heterobeltiosis and Standard heterosis for different characters

Parents Days to 50% flowering Plant height (cm) Productive tillers per plant Panicle length (cm) Number of fiII_e(Ij grains per
panicle
MP BP SH MP BP SH MP BP SH MP BP SH MP BP SH
PUSA 6A/
RI607-673-2:3221 | 4o | oo0me | 2400 - - - : : - - : - - - -
: : : 20.96%* | 23.83** | 36.32%* | 66.35%* | 72.66%* | 6154** | 24.93%* | 2505%* | 26.16** | 97.85** | 97.94** | 95.67**
- -1- - *
R1679-1674-1-234-1 | 370« | 50z%% | 121 | 23.38%% | 2417+ | 381* | 86.68%* | 2875 | 1319 | 26.26%* | 19.16%* | 17.40%* | 50.65%* | 43.46%x | 20158
R1519-815-1-646-1 | g 1 | 1570%% | 1050%% | 535 | 14.71%* | -4.10% soaes | agoqes | 1099 | 775% | 099 | 1378 | Lo [ oo, | <1243
- 12 - *
RIS51-1066-1-449-1 | 4 opux | gagwe | 424%% | 723%% | 1391%% | -477% | 4323 | 3875% | 2198 | 12.02** | 605 | 448 | 38 | 299 | 1199
R1630-342-1-47-1 - - | - - - ] ] - PN : - - -
20.25%% | 2138 | 1697 | 14 gpun | 1335%% | pgpper | 202 | 1429 | T8989 | 934" | 6 ggun | 17,040 | 48147+ | 4967+ | OB
R1665-1620-1-985-1 - - o | vomer | o10me |- : : - . : - - - -
13,757 | 1447 | 10.30"% | -71.98% | -T19% | o3 20wk | 5025+ | 58.10%% | 46.05% | 073" | 1069% | 13.99%* | 95.00%* | 96.45%* | 9253
RNR2354 - - o | e o | - ] ] ] ] - ~ [ 102.75%
554+ | 1384** | 9.70 476 | 102 | oo | 2608% | ool | 2098 | 476 | 748 | 333 | oo | oo | a
Lr:s%g‘t’ied pusa 208% | 620 | 242% | -488** | 310 | oo | 4851 | 2295% | 6484%* | 017 | 745% | 675 322 | 1o giux | 7699%
CRMS 32A/
R1607-673-2-322-1 - | - - : R R POV PP R - -
000 | 219% | 1333 380% | 7885 |t | oo | mgogee | 2967 | 587 | 834% | 1000% | | oo, | 4835
- -1- - - * *
RIGTOAOTALZIL |y 08 | 220 | 1333« | 287 | 6adge | o~ | 25007 | 5500 | 5300 | 1073 | 740 | 004 |1288+ | 588 | 05
RISIOBISABICL | g1 | 437 | 1576%% | 113 | 1350 | o | gy iger | agapen | 1539 | 020 | 8895 | 263 | oo | g conn | 14 cpun
R1551-1066-1-449-1 - - i : - - - -
11.867% | 15.79% | 20.00™ | 45 7gx | 563" | 55 agux | 41690 | a5.00%% | 4g79%x | L0 | 435 | 4q gowx | 3516%% | 43,184 | 21367
R1630-342-1-47-1 725 | 1420 | 1212 | 287 | 496* | oo | 710 | 1327 | 659 | 1696** | 1034* | 267 | -1066* | ., | 6281
R1665-1620-1-985-1 - - - - - - ] ] - - - - :
1570 | 2360%* | 2061% | 748 | 927 | .o | -693 | -1966 | 330 | 1227 | 1167 391 | guager | 9pa0er | g7330
RNR2354 - - P - _ _ - : - - ; -
Lot | 2197 | 13.33* | -8.03 047 | poppes | 228 | 1406 | STL | 4g sgux | 16.14%% | 12.38%* | 94.64** | 95.71%* | 88.09%*
Improved pusa 1 on% ) s | g amww - - - - i - 1 e - - N
basmati 1.90 108 ] 970 935 127 | 19.88** | 5a59% | 6148 | 4835+ | % | 1466%+ | 190" | 1438%« | 23,08+ | 2814
IR 58025A/
R1607-673-2-322-1 - - o | e |- : : - - - - - - -
A9 | BAITE | 1939 | g gun | BT | o7 g | 57.08%% | 60.94%* | 45.06%* | 18.77%* | 20,61 | 22.05%* | 68.09%* | 70.56%* | 43.28%*
R1679-1674-1-234-1 | -9.14** | 8.65** | 2.42% | 952 | 1449%* | - | 313.25* | 163.64* | 218.68* | 33.67"* | 29.18"* | 21.10** | 64.38** | 52.56** | 190.11%
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11-14** * * * *
R1519-815-1-646-1 - - - o | aoper ) - PP - - -
266%* | 4.32%% | 1697 300 | 16.93** | -9.24 9.65 470 | 56.04 072 | 905 | 247 | e | gagere | 6706
- T - - *
R1551-1066-1-449-1 | ) 6o« | 5g5mx | 970%* | -148 | 8.93** l5ases | 1351 | 455 | 1530 | 953* | 619 | -0.45 | 2626** | 11.25* 13761
- 1- - *
R1630-342-1-47-1 | 14 70wx | 22.84%% | 2061%* | 16.02%* | 19.54%* | -7.00%% | 1442 | -19.09 | -220 | 824% | 176 | -461 | 2680% | 1565+ | 12884
R1665-1620-1-985-1 - - wl - - - - T e | ] ] - - -
15,037 | 23.60%* | 20.61 | o) ogwx | 19.77%% | 37.70%% | 48.00%* | 50.43%x | 36267 | 077 | 167 1 182 | gg ggux | 97,074 | 95044
RNR2354 6.78** 7.07** 19.39** - - - - - - - - - - - -
: : : 2577+ | 18.06%* | 36.40%* | 56.08** | 56.47** | 46.37** | 10.32%* | 23.46** | 20.03** | 9533** | 96.30** | 89.72%*
Improved pusa K ET 3 K% - _ Kk - - - _ * - - _ * - - -
basmati 7287 | 75T | 20817 | g g | B35 | g gan | g7.5awx | 5p.agxx | B3O8 | g 57an | pp7en | 9037 | gga7en | go.75%x | 50754

*= Significant P > 0.05, **= Significant P > 0.01, MP= Mid Parent Heterosis, BP=

Better Parent Heterosis, SH= Standard Heterosis

Table 4. Mid parent heterosis, Heterobeltiosis and Standard heterosis for different characters

Parents Number of unfilled grains per Spikelet fertility (%) Spikelet sterility (%) Grain yield per plant (g) Seed index/hundred seed
panicle weight (g)
MP BP SH MP BP SH MP BP SH MP BP SH MP BP SH
PUSA 6A/
R1607-673-2-322-1 111.78* - - - 251.09% | 297.93* | 656.14* - - - -
8654 | TTu | BT | g6 gux | 95 34% | 9p.83%* | * « | 9g5g*x | 9g.74%* | gg.01xx | 767 | 15 1g4mn | 909
- - - - - - * - -
R1679-1674-1-234-1 | 5381 | .1863 | 274.36** | 15.20%* | 11.99%* | -2.89 4219w | 37 ggee | 1960 213.75% | g3 ggwx | 23.87%% | 11.30%* 13.39%% | 25, 00%
R1519-815-1-646-1 | 137.06* | 160.31* - - - 173.98% | 193.70* | 387.87* - - -
* * L2 | 5y g7xx | 52.61%% | 57.04% * * * 57.50%% | 67.42%% | g0.ggwx | 19457 | 13657 | -1.82
R1551-1066-1-449-1 | 1539 | 406 | 22857% | 403 012 | -589 | -1500 | 056 | 3989 | 066 | -625 | o, | 2419% | 1522%% | 000
R1630-342-1-47-1 | 113.86* | 189.40% - - - 153.08* | 210.98* | 305.44* - - -
680.22%* 32.42%% | 26.51%% | 955%*
* * 39.72%* | 42.49%* | 45.08** * * * 31.68** | 38.89** | 50.45**
R1665-1620-1-985-1 | 167.03% | 210.78% | o oo - - - 236.88* | 291.41* | 643.70% - - - a5 30%% | 28,615+ | 23,60
* * : 93.91%* | 94.23** | 95.00%* * * * 82.55%* | 83.33** | 8g.29%* | > : :
RNR2354 129.14% [ 179.59% | 5 oyux - - - 102.55% | 172.41* | 206.30* - - 2072+ | 1895 | 12.86%% | 207
* * : 24.76%* | 29.14** | 30.45%* * * * 20.54%* | 4153** : : : :
Lzsﬁlzg‘t’fd pusa 1563 | 6.02 | 22234* | 492 554 | -9.54%* | -14.88 | -13.36 | 64.62%* | 71.62%* | 61.49%* | 17.12% | 15.73** | 6.64* | 9.55%*
CRMS 32A/
. - - - * -
RICOTOTS2:322:1 | 9153 | 274 | 27006 | 082 | -366 | 1 ooee | 215 | 1143 10995% | 764 | -1854 suoger | 9497 | 084 | 773
R1679-1674-1-234-1 - ] . - | - - 151.03* - N - -
4o4zes | 3813 | 12344 | 17.18* | 1368 116 | 4o oen | gp7ges | 778 " 56.25 428 | 1553 | 10 Zoun | o1 ggun
R1519-815-1-646-1 | 232.61* | 243.41* | 1140.29* - - - 285.00* | 310.86* | 582.43* - - - 1491%* | 853 | -455
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* * * 8415 | 8444~ | 85.05% | * * * [ 84.08% | 8797 | 8550
R1551-1066-1-449-1 | 108.87* | 123.90% - - - - [ 119.66* | 15862~ | 25072 | - - - - wl
x x 606.96™ | 31 gpxx | 3a55%* | 3833%% | * * x| 45.95%* | 50.00%* | 63.96x+ | 19787 | 10.34 3.18

R1630-342-1-47-1 134.99*

53.66% | 79.76% | 38462 | 1o | 1o toen | 1o.gpen | 4743 | 80267 | 3% 2025 | g0 | ygagen | 027 | AL | 1o
R1665-1620-1-985-1 | 270.19* | 278.01* | 1209.89* - - -~ [ 23177 | 28733 | 629.78% | - - - s | oo | o
- - * 91.42%* | 91.88** | 92.04%* |  * * x| 86.30%* | 87.18** | 90.99** | : :
RNR2354 412.02* | 446.44* | 164542* n » - | 39413 | 561.07* | 64331% | - n »
x x * 9453%* | 9484%* | 04.04%* | * * x| 8856** | 91.60%* | gg.7axs | 212677 | 142171 045
Improved pusa 149.17* | 172.59* o - - - ~x | 101.59* | 279.86* - - - o -
basmati x x| T2BIZ a0 g%k | 32.40%% | a1.30%+ | 9721 * x| 7a75%% | 76.71% | g3.a1xx | 1204 3.98 | 6.82
IR 58025A/
R1607-673-2-322-1 | 100.34* | 162.26* - - - T | 15543* | 18030~ | 464.70% | - - - -
x x 91B.32%* | g1 75xx | 6305+ | 6a5e** | * * x| gg.83** | 83.89% | 90.99%x | 876 508 | 273
R1679-1674-1-234-1 - J— - ” - - ] 233.33% - m R PV B
sag1ee | 5755% | 6484 | 2698+ | 2454 589 | 11 7o | 70 17wn | 3989 357 | 9750+ | 60.14% | 11.62%% | -10.96% | 7
R1510-815-1-646-1 | 296.97* | 298.86* | 1434.07* - - T | 27133 | 310.88* | 58243* | - - | togem | 12800 | 6607
x x * 83.98%* | 84.44%* | g5.97** |  * * x| 7937%* | g2.71%* | 79.28% | 16 : :
R1551-1066-1-449-1 | 5o aox | 5186 | 5201 | 16.98%* | 11.26** | 4.85 3281 | 294 | -2.78 | -21.17* | 24.93%* | 19.66** | -3.18

60.57** | 51.72**

R1630-342-1-47-1 4031 | 71.20% | 36154% | -206 | -7.44* 760 | 36.95% | 7854** | 1111 | 1111 | -991 | -071 | -1.97

11.59** 20.45**

R1665-1620-1-985-1 | 192.32* | 209.94* - - - 233.29% | 274.68% | 654.90* - -
N i 973.99%% | o coun | o606+ | 96 65+ " " " 88.10%* | oo oo | go.ggus | IG07F | 25.30% | 20.45%*

* _ _ _ * * * _ _
RNR2354 02,03+ | 1273 | 510 10 R I 349.02% | 527.35% | 60537 | g1 caua ss3ee | snggee | 16917 | 14617 | 7277

* * *
Improved pusa 68.25%* | 91.57%* | 480.40%* 148.36 151.33 394.56

- - - Hk - - _ * _
basmati 51.07** | 51.27** | 58.23** * * * 88.27 88.89** | 90.99** 4.46 6.64 4.09

*= Significant P > 0.05, **= Significant P > 0.01, MP= Mid Parent Heterosis, BP= Better Parent Heterosis, SH= Standard Heterosis

Table 5. Mid parent heterosis, Heterobeltiosis and Standard heterosis for different characters

Parents Biological yield per plant (g) Harvest index (%6) Hulling percentage (%) Milling percentage (%) Head rice recovery (%)

MP BP SH MP BP SH MP BP SH MP BP SH MP BP SH

PUSA 6A/

R1607-673-2-322-1 - - - - - - } . ok ok Hoke
84.02%% | 85.88%% | 86.32%% | 91.20%* | 91.40%* | 92 5E** 0.02 0.04 1.98 1.97 0.00 511 7.50 0.00 7.56

- 12 = *
R1679-1674-1-234-1 | 126.62% | g4 o1ux | 2 14%% | 5451%* | 17.44% | 156 | 467% | 375%% | 181 | 923 | -028 | 075 | 1653 | 1045** | 2.24

R1519-815-1-646-1

-4.63 -10.32 -0.88 -1.04 0.96 -0.69 -0.85 0.50 -3.14 -6.52** | -6.98**

21.12** 54.27** | 58.43** | 56.06**

R1551-1066-1-449-1

-16.57* 17.81* 12.48 -2.72 2.68* 1.80 3.86™* 1.50 1.12 2.95 -4.53* | -8.86** | -7.21**

24.66** | 30.47**
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R1630-342-1-47-1

1248 | 1509 | 5p gges | 9150 | 27.70%% | g5 | 2867 | 385|160 | 4TS | S67 | 282 | O8I | 45 g | 4 g7er
RICOSA620-1985L 1 087 | 602 | ygaser | grosmee | gaaoer | grgges | 479 | 597 | 407 | 107 | 205 | -104 | 394 | 410 | oo,
RNR2354 1445 | 237 | 348 | oo | saiges | 1gopee | 032 | L70 | 020 | 120 | 079 | 184 | 480% | -031 | 224
Improved pusa o . ok . 312% | _456%* | _263* N . ; . i} §
pmpro 6427 | 57.01%* | 2811%* | 484 | 369 | B35 | 3127 | A5G | 263% | 1 cie | 1o psen | 14770 | 50.01%% | 51o6e | 52010k

CRMS 324/
RICOT-O78-2:3221 | 861 | 2069% | 5, Jew | 008 | -322 | -1393¢ | 151 | 130 | 373 | 037 | -016 | 492 | 265 | -456* | 266
- 21- - *

R1679-1674-1-234-1 | 102757 | gy 3xx | 308 | 37.00%* | 314 | -827 | 334%* | 513 | -285% | 5.65% | -479%* | 099 | 871% | -204 | 122

R1519-815-1-646-1 331%% | -36a% | 133 | -330% | -461% | -081

42.86** | 54.05** | 47.76** | 71.84** | 74.07** | 72.61** 13.93** | 15.52** | 12.71**

R1551-1066-1-449-1 | 4 47 | _16.44* 4.96%* | 5.95%% | .3.60%% | -8.84%* | -0.80%* | -6.21%

22.89** | 43.91** | 47.15** | 53.01** 21.65** | 22.23** | 19.65**

R1630-342-1-47-1 2349% | 1572 | -8.46 1.02 011 | 252 | 005 | -042 | 356% | -9.01%* | -0.95% | -a.07

35.77** | 39.99** | 38.53**

R1665-1620-1-985-1

- * - - - - - - - - - - - - - -
22.10 22.66 46.52** | 82.41** | 83.61** | 83.09** | 12.60** | 13.84** | 11.78** | 11.67** | 13.78** | 10.34** | 14.41** | 18.74** | 16.03**
RNR2354 - - - - - *
-11.72 23.48%* | 27.86%* | 85.94%* | 88.63%* | 83.64%* -0.23 -1.79 0.57 0.90 -0.93 3.02 2.50 2.12 5.52
Improved pusa ) " - - - - - ) _ ke *% | _gac*x | @ AQ%% | _C g%
basmati 24.09 29.88%* | 42.79%% | 66.63%* | 66.73%* | 70.43%* 0.52 2.17 0.18 3.80 1.37 5.41 6.35 8.48 5.43
IR 58025A/
R1607-673-2-322-1 - - - - - - } _ Sk *ox
32.06%* | 38.38%* | 40.30%* | 83.79%* | 8544%* | ga.g3** 0.88 1.74 1.98 0.85 0.00 5.11 3.14 0.00 7.56
- 12 = *
R1679-1674-1-234-1 91.66** | 36.44** 7.59 100,;15 43.35%* | 49.09** | 2.68* | -6.31** | -2.76% 9.00** -1.50 1.79 12.32** 2.26 3.28
R1519-815-1-646-1 *k * *x - - - _ * _ ** * - - -
36.43 15.54 31.34 84.93%% | 85.05%% | 84.18%* 2.39 3.37 0.29 1.16 0.20 3.54 2.12 2.84 1.87

R1551-1066-1-449-1 — . - N - aaer | e oner | a2 are - 5 5 : 5 :
30.81 21.29 1194 ) 95 750 | 32165 | 29 age | 238 6.98 346 | 14 g7xx | 15.60%* | 12.78%* | 43.49%* | 43.71%* | 42.69%*

R1630-342-1-47-1 11.50 11.32 -11.94 -0.69 -1.45 2.50 -2.86** | -4.36** -0.74 -0.13 -0.29 3.04** -1.71 -3.82 1.50

R1665-1620-1-985-1 | _ Y - - - - PO P ] oae | ] ]
1861 | -24.13% | 0 iy | oo giex | geager | gagpes | 2607 | 462 1.01 204 | -4.08 0.88 1.75 2.34 1.38

RNR2354 - - - - - -
og8ae* | 3470%% | 38.43%% | gg1ge* | gogows | goaqwes | 091 | 310% | 057 1.22 -0.31 3.02 3.68 289 | 552*

Improved pusa ) . | * - - - - 2 90%k | G go*x - _355*% | _552%* -
basmati 20.93 22.26 36.57%% | 85.10%% | 86.04%* | 85.70%* 3.39 5.62 2.05 3.55 5.52 2.36

19.00** | 19.95** | 19.15**

*= Significant P > 0.05, **= Significant P > 0.01, MP= Mid Parent Heterosis, BP= Better Parent Heterosis, SH= Standard Heterosis
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Table 6. Mid parent heterosis, Heterobeltiosis and Standard heterosis for different characters

Parents Paddy length (mm) Paddy breadth (mm) Paddy L/B ratio Brown rice length (mm) Brown rice breadth (mm)
MP | BP SH MP BP SH MP BP SH MP BP SH MP BP SH
PUSA 6A/
RI1607-673-2-3221 | 526 | ron - Py : - A P : - -
07 | a5t | 083 | gl | 682 | o5 | 2690 358 | 1200 | 483« | o | o | 120 | 1667 | 7.69
R1679-1674-1.234-1 | - : - ] - - ] ]
* * * ** = *x **k **
533% | 2835% | 511 | 667% | 009 435 | 1 e | poaree | 23agee | B3 | pgegen | gpgpes | B | 111 256
- -1 - *
R1519-815-1-646-1 | 453" | ;o5 | 15g7%% | 455 | 455 | 000 | -0.16 | -593 | 1582%% | 068 | -261% | -197% | 556%* | 556% | -256
R1551-1066-1-449-1 | 24.77 | 355w | 794% | .833% | 000 | -435 |3290% | 358 | 12.90%* | 17.55% | 070 | -5.26%% | -9.52%% | 556% | -256
R1630-342-1-47-1 19941 150 | 5820 | 526 | 227 | -217 | 2060%* | -056 | 827 | 1206% | 070 | -526%* | -380% | 556%* | -256

R1665-1620-1-985-1

025 | -0.50 | 5.29** | 9.30** | 11.90** | 2.17 818% | jgpes | 316 0.35 -0.68 | -4.61** | 10.81** | 13.89** | 5.13**
RNR2354 -

_ * _ Hok £ 3 ok Hk - - - _ *% - - ok Hk ek

2.76 10.56 6.88 14.94 16.28 8.70 15085 | 21.34%* | 1436+ | 491 11.89%* | 1717+ | 16:22 19.44 10.26
Lrgsﬁgg‘t’ied pusa 000 | -419% | 8.99** | 8O5* | 930%* | 217 | -7E5* | 1, o | 657 | -395%* | -932%% | 395%% | 270 | 556 | -2.56

CRMS 32A/

R1607-673-2-322-1 435% | -055 | -4.76% | 5.88% | 22.73% | 17.39%* | -4.10 19.(;8** 18_é8** 2.29% -1.47 11_8' gx | 10.59%* | 23.68** | 20.51*
R1679-1674-1-234-1 -

- * - - - - N _ *k - - ek *k *k

0.99 17;}3 2063 | 222 0.00 4.35 162 | 15400 | 16.30%* | 450 92.06%* | 30.26%+ | 1053 10.53 7.69
R1519-815-1-646-1 -0.74 | -9.91%* | 5.82%* | -2.27 227 | -6.52* 1.47 -8.00* | 13.38** [ -2.42** | -7.84** | -7.24* | 270 5.56** -2.56
R1551-1066-1-449-1 | 22.83

9% | 552 | 1.06

-4.17 4.55 0.00

25.62** 0.97 0.97

Kk _ -
13.45 0.74 11.18%*

-6.98** | 5.26** 2.56

- 12 - *

R1630-342-1-47-1 2158 | 1050% | geoux | 526 | 227 | 217 |2678% | 814 | 827 | 1360%* | 441% | -658% | -123 | 526 | 256
- -] = - * -

RI005-1620-1-985-1 | 4957 | 050 | 520 | 1395+ | 1667~ | 652¢ | -839% | |, o | 097 | 5677 | 205¢ | -197% | 000 | 000 -2.56

*

RNR2354 1618 | 1105% | gacux | 575 | 698% | 000 | 9.94% | 620 | 633 | 7.75% | 221% | -855% | 7.80%% | 7.89%% | 513+

Improved pusa _ *k Kk Hk Hk _ * - _ *%k - _ Kk Kk Kk

hmprov 152 | -651% | 6.35%* | 1034%* | 11.63 435 | -806% | oo | 195 | 303 | O, | 526% | 526% | 526 256

IR 58025A/
RIOTOTS2:322:L 1 yspx | 263 | -212 | 291 | 1L11%% | 870 | 496 | 1oy, | -998% | -L54 | 448 | oo | 353 | 7800 | 513
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R1679-1674-1-234-1 : - - - ] ]
128 | 1684% | oo | 330 | 4ad | 217 | 211 |, oo et | 000 | g i | ppagee | 7897 | 789 | 513
€ . . . . .
RI519-815-1-646-1 | 243 | 4905 | 1164 | 112 | 2.27 | -217 | 1.08 | -731* | 1411 | 035 | 588 | 526 | 000 | 2.78 | -5.13*
R1551-1066-1-449-1 | 2563 | g gux | gagwe | goger | 222 | -435 | 36.01%% | 820% | 1119% | 19.49%* | 522%% | -7.24% | 930 | 2,63 0.00
R1630-342-1-47-1 302 053 | 106 | iowe | 444 | 652% 20770 | 533 | 803 | 968 | 149 | .. | -617% | 000 -2.56
R1665-1620-1-985-1 | 143 | .150 | 4.23* | 805 | 11.90% | 217 | -6.57 Liaes | 195 | 4200 | 000 | 395 | 526%% | 526 | 256
RNR2354 : : - ] - - ] ]
6.48% | 1263 | 1, oo | 13647 | 16287 | 870%% | o |t | g s | OB | ) foun | gy 7pes | 1879 | 1679 | 12.82%%
Improved pusa - - . . ; - -
basmati 6.17% | 1163* | 053 | 909 | 1163 | 435 | icoi | poa0ee | 341 | qagpee | 2050w | 15gws | 1053 | 10535 | 769+
* * * * . * .

Table 7. Mid parent heterosis, Heterobeltiosis and Standard heterosis for different characters

*= Significant P > 0.05, **= Significant P > 0.01, MP= Mid Parent Heterosis, BP= Better Parent Heterosis, SH= Standard Heterosis

Parents Brown rice L/B ratio Kernel length (mm) Kernel breadth (mm) Kernel L/B ratio Kernel length after cooking
(mm)
MP BP SH MP BP SH MP BP SH MP BP SH MP BP SH
PUSA 6A/

- 0. _ _ K%k - - _ Kk - - * _ *k - - Sk -
R1607-673-2-322-1 8.34 23.17%% | 21 7g% 6.17 11.63%* | 16.18% 2.63 5.41 0.00 8.81 16.19%* | 16.33%* 8.33 0.00 17.02%*

- -1-234- 3 - - - *k - - *k _ *k - - ok R -
R1679-1674-1-234-1 15.73%% | 33.88%% | 30 goxx 4.35 23.06%% | 27 91%x 3.90 8.11 2.56 9.01 29.08%% | 29 93%x 13.88 3.03 31 91**

_ 1 _ - *% _ *% _ *% _ *% _ *% *% *% _ *% _ *% _ * - - -
R1519-815-1-646-1 4.62 7.76 0.51 3.73 7.19 5.15 6.85 8.33 0.00 9.93 5.16 5.16 10.40%* | 20.00%* | 28.51%
R1551-1066-1-449-1 | 24.36** | -4.53** -2.82 21.46** 3.10* -2.21 -4.88** 5.41* 0.00 24.29** -2.15 -2.29 28.43** | 16.36** 18 3:0**

_ 1.A7- Ho%k _ *k _ *% _ *% - _ * - - _ Hk - -
R1630-342-1-47-1 14.42 4.53 2.82 3.45 6.98 11 76%* 1.27 5.41 0.00 3.62 11.75%% | 11 75% 8.00 12.97%% | 31 ag**

_ 1. _ _ s - _ Kk *k Kk - - - * N -
R1665-1620-1-985-1 9.35 10.83%* 9.23 4.28 3.88 147 1.33 2.70 2.56 2.92 1.15 1.15 5.56 12.82%% | 27 6%
RNR2354 18.?;8** 26.2-0** 24.8-7** -6.22% 12.40** 16.§1** 13517 1 13517 | 7.69™* 17.48** 22.9_2** 22.s;2** 286 | 811 27.(;6**
Improved pusa B . sk _ B x| % | ok _ R Hok N - R N R
basmati 6.46 9.43 1.54 4.80 9.15 5.15 2.70 2.70 2.56 7.37 11 59%* 2.87 19.51%% | 32 08%* | 30.64%*

CRMS 32A/

_ 9. _ _ *x - B *k * _ *k Kk Kk Kk _ *k - - _ -

R1607-673-2-322-1 9.02 20.39%% | 26.92% 6.78 3.28 7.35 17.95 17.95 17.95 9.50 12.46%* | 21.49%* 2.16 3.08 19.57%*
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R1679-1674-1-234-1 | 15 70ux | pg g1+ | 35.38%* | 300" | p0ag%x | pgpgex | 633" | 7.69%% | 7.69™% | -0.06™ | 55 onun | g3g1%% | 44T | 2057%% | 4085
R1519-815-1-646-1 5.24% |, 7'1** -4.87%% | 3.45%* | -2.88% -0.74 -1.33 2.78 -5.13* | 4.43* -5.44* 458 | 5, 5'6** 28 1'0** 35 7 o
_ 1. N Ex3 _ Ex3 - Hk _ - _ * Kk _ - _ - -
R1551-1066-1-449-1 | 18.32 5.73 1333+ | 1226 246 | 5egus | 476 2.56 2.56 15.87 495 | 14 gge 0.97 | 15 57ux | 34gg%*
R1630-342-1-47-1 13.87** | -0.84 | -8.97** | 1556** | 6.56** | -4.41** | -1.23 2.56 2.56 16.38** 3.83 -6.88** 1.11 ‘162 | o 5'5**
_ 1 . *k Hxk _ K%k *k *k *k _ ET3 - - _ _ * -
R1665-1620-1-985-1 | 5.66 2.08 0.51 4.00 1.56 4.41 11.69 13.16 10.26 6.92 10.24%* | 13.18%* 0.54 5.64 21 70%*
_ *% - - - - ek *% *% - - - -
RNR2354 0.00 | 5.IT* | 3 0gxw | 11.97%% | 1557+ | 2a.6%x | 1098™ | 1851 769 1 o oguu | o1 57%x | 29g0% | 278 | 000 | o1 ogux
Improved pusa v - 7agek | L QAEE* | g a1k - - N - ) - .
basmati 7.93 15.09%+ | 769 1.52 8.45 4.41 0.00 2.70 2.56 187 | 10g4%+ 200 | 1o 77mx | 2g58%* | 22,080
IR 58025A/
R1607-673-2-322-1 0.56 1147+ | 2000%% | 087 172 | o qgee 1.30 2.63 0.00 -2.17 426 | e agex | 127 250 | 17 gpws
_ 1 _ _ K% - - * - - * N - - - - -
R1679-1674-1-234-1 | -8.12 24.65%* | 31.79%+ | 309 13.79** | 26.47** 2.56 5.26 2.56 010 | 1g17% | 28.37% | 1013** | 29.00%* | 39.57**

R1519-815-1-646-1 0.13 -8.35** -0.26 5.88** -2.88* -0.74 5.41* 8.33** 0.00 0.22 -0.57

10.23** 22.44%* | 24.29%* | 32.34**

R1551-1066-1-449-1 | 28.03** 2.55 -7.18** | 22.33** | 8.62** | -7.35** -5.26* | -7.69** | 38.34** | 14.57** 0.29 -8.38**

13.25** 23.50** | 34.89**

_ 1-47- Kk - *k Kk Kk - *k _ * - *k Kk - - B B
R1630-342-1-47-1 | 15.76 142 | -821% | 1598** | 9.48 6.62 5.00 0.00 256 | 21.42%* | 9.49 430 | o pee | 10,007 | 3106

R1665-1620-1-985-1 -0.95 -4.95%* | -6.41** | 16.39** | 10.94** | 4.41** -2.63 -2.63 -5.13* | 19.53** | 13.95** | 10.03** | 21.52** | 20.00** 2.13

RNR2354 -9.65** 12.00** | 13.51** | 7.69** -3.90 -7.50**

19.73** | 23.37** | 30.77** 11.21*%* | 24.26** 19.31*%* | 19.64** | 29.80** 21.28**

Improved pusa

- - - P - - - - - - - -
basmati 21.49** | 28.07** | 21.79** 8.53 16.90** | 13.24** 16.46** | 25.00** | 17.48** | 15.00** | 22.08** | 20.43**

9.33** | 10.81** | 5.13*

*= Significant P > 0.05, **= Significant P > 0.01, MP= Mid Parent Heterosis, BP= Better Parent Heterosis, SH= Standard Heterosis
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