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Estimation of genetic components for grain yield and quality traits of rice
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ABSTRACT

The nature of gene interaction in the inheritance of sixteen yield and seven grain quality traits was studied
deploying generation mean analysis following 6 parameter model for parents, F,, F,, BC, and BC, generations
of three crosses of rice, during wet season. The additive gene effect was significant for all the characters except
florets panicle?, grain length, cooked kernel breadth and cooked kernel L/B ratio in IET 6441 x Dudheswar,
grainyield plant® in IET 8002 x Basmati 385 and cooked kernel length in IET 8002 x Sambamahsuri, while
dominance effect was significant for all the characters except days to 50% flowering, panicle length, florets
panicle! and kernel length in IET 6441 x Dudheswar, except for total tillers plant?, productive tillers plant?,
panicle length, florets panicle?, filled grains panicle?, floret fertility, 1000 seed weight, grain yield plant?,
harvest index and cooked kernel L/B ratio in the cross |IET 8002 x Basmati 385 and except for panicle length,
panicle weight, florets panicle?, filled grains panicle?, floret fertility, grain weight panicle, grain yield
plant®. Duplicate epistasis played an important role in the inheritance of all the yield and quality related
traitsexcept daysto 50% flowering, paniclelength, florets panicle! and kernel length in IET 6441 x Dudheswar.
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Rice isthe principa food crop of India and breeding
for higher yield is of prime importance. In the Indian
scenario, it is estimated that rice demand in 2010 will
be 100 million tonnes and in 2025, the demand will be
140 million tonnes (Mishra, 2004). This projected
demand can only be met by maintaining steady increase
in production over the years. At the same time
improvement in rice grain quality has become an
important breeding objective as many countries have
achieved rice salf sufficiency (Juliano and Duff, 1991).
The knowledge on the nature of gene action in the
inheritance of yield and quality related traitswould be
useful to formulate asuitabl e breeding programme and
develop better cultivarswith higher yield and superior
grain quality. Keeping thisin view, the present study
wasinitiated to investigate the gene effects controlling
different quantitative traits relative to yield and grain
quality, deploying appropriate model of generation means
analysis. A number of studies have been carried out in
the past to study theinheritance of quantitativetraitsin
rice using the generation means analysis (Somrith et
al., 1979 and Roy and Panwar, 1993).
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MATERIALS AND METHODS

Theexperimental materia consisted of fivediverserice
genotypes namely |IET 6441, IET 8002, Dudheswar,
Basmati 385 and Sambamahsuri among which three
crosses namely |ET 6441 x Dudheswar, |[ET 8002 x
Basmati 385 and IET 8002 x Sambamahsuri were
carried out. ThefemaleparentsIET 6441 and IET 8002
were semidwarf high yielderswhereas, the male parents
Dudheswar and Basmati 385 were tall and superior
grain quality genotypes and Sambamahsuri was a
semidwarf highyielding genotypewithfinegrain quality.
Six generations namely P, P,, F,, F,, BC and BC, of
the three crosses were raised in a randomized block
design with four replications during wet season 2004-
05 at Bidhan Chandra Krishi Viswavidyalaya, Sub-
centre Chakdah, West Bengdl . In each replication every
entry wastransplanted with asingle seedling per hill in
five rows of 1.8 m length with a spacing of 20 cm
between and within the rows. The recommended
agronomic practices were followed to obtain a good
harvest. For P, P, and F, observations were recorded
on five randomly selected plantsin each entry in each
replication. For BC, and BC, observations were



recorded from 20 randomly selected plants whereas,
for F, observations were recorded from 40 randomly
selected plantsin each entry in each replication for the
characters plant height (cm), total tillers plant?,
productive tillers plant?, grain yield (g) plant® and
harvest index (%), but for days to 50% flowering
observationswererecorded per plot. For panicletraits
like panicle length (cm), panicle weight (g), florets
panicle?, filled grains panicle® and floret fertility,
observationswererecorded from 10 randomly sel ected
panicles. Observations on grain characters like grain
length (mm), grain breadth (mm) and grain L/B ratio
were recorded from 10 randomly selected grains. The
polished rice samples were analyzed after six months
of ageing for the seven quality triatsviz. kernel length
(mm), kernel breadth (mm), kernel L/B ratio, cooked
kernel length (mm), cooked kernel breadth (mm),
cooked kernel L/B ratio and linear elongation ratio by
recording observations from 10 randomly selected
kernelsin the laboratory following standard methods
(Murthy and Govindaswamy, 1967, Juliano et al., 1965
and Little et al., 1958). The mean values were used
for four scaling tests suggested by Mather (1949) and
for calculation of the gene effectsfrom the 6-parameter
model suggested by Jinks and Jones (1958). Thejoint
scaling test as proposed by Cavalli (1952) was also
applied to test the adequacy of additive-dominance
model because the joint scaling test combines, very
effectively, several scaling testsinto one and offers a
more general and more informative approach.

RESULTS AND DISCUSSION

The analysis of variance of the six generations P, P,,
F,, F,, BC, and BC, revealed that the six generations
differed significantly for al the 16 yield and sevengrain
quality traits in the three crosses except for florets/
panicle by the cross C,. As compared to IET 6441,
Dudheswar was the better performer for most of the
yield related traits except florets panicle® and grain
breadth whereas, |IET 6441 outperformed Dudheswar
for most of the grain quality traitsexcept kernel length,
kernel L/B ratio and cooked kernel breadth (Table 1).
IET 8002 performed better than Basmati 385in 10 out
of 16 yield related traits viz. days to 50% flowering,
panicleweight, florets panicle?, filled grains panicle?,
floret fertility, grain breadth, grain weight panicle?, 1000
seed weight, grain yield plant? and harvest index
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whereas, Basmati 385 outperformed IET 8002 for most
of the grain quality traits namely kernel length, kernel
L/B ratio, cooked kernel length, cooked kernel L/B ratio
and linear el ongation ratio. The parent IET 8002 showed
superior performance than Sambamahsuri in 12 out of
16 yield related traits except days to 50% flowering,
total tillersg/plant, productivetillers/plant and grain L/B
ratio and in three out of seven quality traits namely
kernel length, kernd breadth and cooked kernel breadth.

In case of productivetillers per plant and kernel
L/B ratioin the cross combination C, and daysto 50%
flowering, total tillersplant?, productivetillersplant?,
floret fertility, grain breadth, 1000 seed weight and
kernel breadth in the cross C, and floret fertility, grain
length, grain breadth, 1000 seed weight and kernel
length in the cross C,, the F, mean performance was
midway between the parental values with inclination
towardsbetter parent. Thisindicated that additive gene
effects may be moreimportant for thesetraits(Table 1).
The estimates of gene effects also revealed a similar
picture. The low mean performance of F,’s as
comparedto F,’s was observed for plant height, panicle
weight, grain breadth, grain weight panicle?, 1000 seed
weight, grainyield plant* and kernel breadth indicating
inbreeding depression of rice asreported by Sharma et
al. (1986) and Krishna VVeni et al. (2005). The value
of BC, was higher than BC, in respect of all the
characters studied, except for days to 50% flowering,
total tillersplant?, productivetillersplant?, grain breadth,
grain weight panicle?, 1000 seed weight, kernel breadth
and cooked kernel breadthin the cross C, and for days
to 50% flowering, total tillers plant?, panicle weight,
florets panicle?, filled grains panicle?, floret fertility,
grain breadth, grain weight panicle?, grainyield plant?,
harvest index, kernel breadth and cooked kernel breadth
in the cross C, and for plant height, panicle length,
panicleweight, florets panicle?, filled grains panicle?,
grainlength, grain breadth, grain weight panicle?, kernel
length, kernel breadth, cooked kernel length, cooked
kernel breadth, cooked kernel L/B ratio and linear
elongationratiointhecross|ET 8002 x Sambamahsuri.

Theresults of the scaling tests as proposed by
Mather (1949) revealed that the additive-dominance
model was inadequate in respect of all the characters
evaluated except days to 50% flowering and panicle
length in the cross C,, productive tillers plant™, 1000
seed weight and harvest index inthe cross C, and kernel
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Tablel. Mean performanceof different generationsof threecrosses for grain yield and quality traitsin rice

Treatment Plant Daysto Total Productive Panicle Panicle Florets Filled Floret  Grain Grain Grain
height 50% tillers tillers length weight panicle! grains fertility length breadth L/B
(cm)  flowering plant? plant? (cm) (9 panicle® (%) (mm)  (mm) ratio
C, (IET 6441 x Dudheswar)
P, (IET 6441) 8946 11875 16.63 10.83 2204 244 159.75 10235 66.17 802 244 3.29
P, (Dudheswar) 14220 11525 2720 2210 2378 298 15785 12020 8260 817 233 3.50
F,(P,x P) 145.72 11350 2744 21.66 2546  3.40 190.75 169.30 8880 831 231 3.60
F, 141.35 11425 2285 18.38 2343 230 15390 13513 7981 806 198 4,08
BC, (F,xP) 114.00 11525 2335 16.56 2342 340 155.70 14236 8826 804 268 2.99
BC, (F,xP) 148.13 11525 17.06 12.35 2380 341 164.07 160.67 9278 837 237 354
Mean 130.14 11538 2242 16.98 2365 299 16367 13834 8307 816 235 3.50
SEm () 183 062 131 118 0.37 0.17 9.05 474 155 0.05 0.02 0.04
CD (P=0.05) 551 1.87 395 356 111 0.51 27.27 1428  4.67 0.15 0.06 0.12
C, (IET 8002 x Basmati 385)
P, (IET 8002) 11150 127.75 1413 10.63 21.75 297 13307 12125 8806 804 273 2.95
P, (Basmati 385) 118.13 130.00 22.69 19.53 2532 153 89.75 6470 7683 932 202 4.63
F,(P,x P) 125.00 130.75 2150 17.50 26.04 3.78 198.73 16880 8476 805 268 3.01
F, 120.06 124.75 2256 17.72 2534 256 15525 10530 8938 875 232 3.78
BC, (F,xP) 116.10 12525 19.67 13.97 2361 341 14320 131.07 9219 799 268 2.98
BC, (F,xP) 130.75 12425 17.25 16.19 2463 232 12054 9510 8095 868 242 3.58
Mean 120.26 127.13 19.63 15.92 2445 276 140.09 11437 8536 847 247 3.49
SEm () 126 039 157 119 0.63 0.17 6.64 5.74 1.76 0.05 0.03 0.05
CD (P=0.05) 380 118 473 359 1.90 0.51 20.01 1729 530 0.15 0.09 0.15
C, (IET 8002 x Sambamahsuri)
P, (IET 8002) 11153 12825 1435 11.08 2205 297 12965 121.86 8778 803 273 2.95
P, (Sambamahsuri) 63.85 118.00 19.00 15.28 1829 1.33 11530 8213 7244 747 199 3.80
F,(P,x P) 116.25 117.75 2350 19.53 2369 3.10 161.25 14692 8756 7.98 265 3.01
F, 101.41 116.00 23.00 17.56 2431 281 17425 15487 8877 810 222 3.65
BC, (F,xP) 11444 114.00 1647 13.16 2275 329 159.05 156.83 89.14 819 267 3.07
BC, (F,xP) 110.63 115.00 1819 15.35 2266 261 138.15 11740 8990 813 242 3.36
Mean 103.02 116.67 19.09 15.33 2229 268 146.28 130.00 8593 7.98 245 331
SEm () 155 046 111 092 0.65 0.15 9.01 5.29 221 0.05 0.03 0.06
CD (P=0.05) 467 139 334 277 1.96 0.45 27.15 1594 6.66 0.15 0.09 0.18

breadth and kernel L/B ratio in the cross C, therefore,
it suggested the existence of epistasisin theinheritance
of these characters (Table 2). These findings were
further substantiated by the more robust “Joint Scaling
Test” proposed by Cavalli (1952), in which the
significant Chi-square valuesindicated the presence of
epistasisand non significant Chi-square valuesindicated
the absence of epistasisin theinheritance of the morpho-
physiological characters studied (Table 3). A perusal
of six parameter model suggested by Jinks and Jones
(1958) indicated that additive effect (d) wassignificant
for al the characters except florets panicle?, grain
length, cooked kernel breadth and cooked kernel L/B
ratioin C,, grain yield/plant in C, and cooked kernel
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lengthin C,, while dominance effect (h) was significant
for al the characters except days to 50% flowering,
paniclelength, florets panicle® and kernel lengthinthe
cross C,, total tillers plant™, productive tillers plant™,
paniclelength, florets panicle?, filled grains panicle?,
floret fertility, 1000 seed weight, grain yield plant?,
harvest index and cooked kernel L/B ratio in the cross
C, and paniclelength, panicleweight, florets panicle?,
filled grains panicle?, floret fertility, grain weight
panicle?, grain yield plant?, harvest index, kernel
breadth, kernel L/B ratio and cooked kernel breadthin
thecross C,. However, all the genetic componentswere
significant for thetraits plant height, total tillers/plant,
productivetillers/plant, grain breadth, grain L/B ratio,
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Table2. M ean performanceof different generationsof threecrosses for quality traitsinrice

Treatment Grain  1000seed Grain Harvest Kerned Kend Kend Cooked Cooked Cooked Linear
weight weight (g) yield Index length breadth L/B kerndl kernel kernel elongation
panicle? plant(g)?* (%) (mm)  (mm) ratio length breadth L/Bratio ratio
() (mm) (mm)

C, (IET 6441 x Dudheswar)

P, (IET 6441) 2.01 19.09 25.54 31.35 5.84 2.38 2.46 10.35 3.00 3.34 1.72

P, (Dudheswar)  2.56 21.18 55.57 36.37 5.97 2.15 2.79 9.42 3.04 311 1.58

F,(P,x P) 3.74 22.89 64.19 37.87 5.82 2.17 2.69 9.42 3.00 3.14 1.62

F, 2.10 17.09 32.44 30.45 5.64 1.72 3.28 9.17 2.48 371 1.63

BC, (F,xP) 3.54 24.61 47.56 32.10 5.75 2.44 2.36 8.46 331 2.56 1.47

BC, (F,xP) 3.33 20.95 54.34 41.38 5.83 2.10 2.78 9.42 2.80 3.39 1.62

Mean 2.88 20.97 46.60 34.92 5.81 2.16 2.72 9.37 2.94 321 1.61

SEm (1) 0.10 0.45 4,30 0.77 0.02 0.03 0.04 0.21 0.09 0.11 0.03

CD (P=0.05) 0.30 1.36 12.96 2.32 0.06

C, (IET 8002 x Basmati 385)

P, (IET 8002) 2.79 25.40 28.03 3264 581
P, (Basmati 385) 1.37 20.32 2251 2835 664
F,(P,x P) 3.99 23.71 60.92 4386 597
F, 251 23.40 39.68 3870 6.22
BC, (F,xP) 3.03 23.93 39.34 36.16 577
BC, (F,xP) 2.36 24.20 32.20 3555 624
Mean 2.68 23.49 37.11 3588 6.08
SEm (1) 0.10 0.75 2.62 1.04 0.02
CD (P=0.05) 0.30 2.26 7.89 3.13 0.06
C, (IET 8002 x Sambamahsuri)

P, (IET 8002) 2.73 25.35 26.78 3214 586
P,(Sambamahsuri) 0.97  12.45 1753 2761 510
F,(P,x P) 3.29 2351 51.06 3440 564
F, 3.20 21.53 45.39 39.66 5.61
BC, (F,xP) 3.46 23.40 36.07 3386 5.73
BC, (F,x P,) 295 2543 4241 4623 5.60
Mean 2.76 21.95 36.54 3558 559
SEm (1) 0.17 0.76 2.40 181 0.04
CD (P=0.05) 051 2.29 7.23 5.45 0.12

0.09 0.12 0.63 0.27 0.33 0.09

2.40 2.37 9.59 3.00 3.16 152
1.89 3.52 11.59 2.70 4.29 174
2.25 2.66 9.11 3.20 2.86 153
2.10 297 10.25 2.89 3.56 1.65
2.48 2.33 9.84 3.17 311 171
2.10 297 12.33 3.03 4.10 1.98
2.20 2.80 10.28 3.05 3.42 1.69
0.03 0.04 0.24 0.08 0.14 0.04
0.09 0.12 0.72 0.24 0.42 0.12

241 244 9.65 297 3.22 1.64
177 2.88 10.25 2.69 3.82 201

242 2.33 10.25 3.06 3.35 1.82
2.27 2.47 11.00 3.06 3.60 1.96
2.45 2.34 10.04 321 3.13 175

2.10 2.67 8.13 2.88 2.82 1.45
2.24 2.52 9.89 2.98 3.32 177
0.03 0.04 0.22 0.06 0.10 0.04
0.09 0.12 0.66 0.18 0.30 0.12

grain weight/panicle and kernel L/B ratio in the cross
C,, for plant height, grain breadth, grain L/B ratio, kernel
breadth, kernel L/B ratio, cooked kernel length and linear
elongation ratio in the cross C, and for plant height,
days to 50% flowering, cooked kernel L/B ratio and
linear elongationratiointhecrossC, andfor plant height,
days to 50% flowering, cooked kernel L/B ratio and
linear elongation ratio in the cross C,. When the
complexity of theinheritance of quantitative characters
become more, the contribution of dominance gene
effects to their inheritance becomes greater (Gamble,
1962). Conversely, the contribution of additive gene
effectswas greater for the characters which apparently
had |ess complex inheritance.

Among the components of epistasis, additive
x additive interaction was significant and important in

al thethree crossesfor plant height, total tillers/plant,
grain breadth, grain L/B ratio, additive x dominance
interaction was found to be operative in all the three
crossesfor plant height, kernel L/B ratio, cooked kernel
length and linear €l ongation ratio whereas, dominance
x dominanceinteraction wassignificantinall thethree
crossesfor plant height, grain breadth, grain L/B ratio,
cooked kernel length and linear elongationratio. These
results are in close agreement with earlier findings of
Khaleque et al. (1978) and Manna et al. (2002). The
higher magnitude of estimates of dominance x
dominance interaction as compared to additive x
additive and additive x dominance interactions suggest
the predominant role of dominance x dominance
interaction for grainyield, quality and their components
which corroborated with the observations of Dikshit
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Table 3. Scalingtest and geneeffectsof grain yield and quality charactersin threecrossesof rice

Cross Scale Genetic component Epistasis
A B c D m (d) (h) (i) ()] (]

Plant height (cm)

C, -7.18** 8.33**  42.28** 20.57**  156.96* -26.37** -51.22* -41.13**  -7.76**  39.98** D
(2.45) (3.91) (10.11) (4.69) *(9.55) (1.77) (19.86) (9.39) (1.96) (10.63)

C, -4.31*  18.38** 0.63 -6.72% 101.37*  -3.31** 51.13**  13.44* -11.34** -27.51* D
(2.17) (5.08) (4.28) (3.20) *(6.43) (0.72) (17.43) (6.39) (2.70) (11.27)

C, 1.10 41.15** -2.25 -22.25%*%  43.19**  23.84**  159.80** 44.50**  -20.03** -86.75** D
(392) (2.40) (9.63) (5.05) (10.12)  (0.58) (22.25) (10.120) (2.13) (12.64)

Days to 50% flowering

C, -1.75 175 -4.00 -2.00 113.00*  1.75** 4.50 4.00 -1.75 -4.00 -
(2.60) (1.11) (2.41) (1.17) * (2.44)  (0.67) (5.93) (2.35) (0.95) (3.62)

C, -8.00** -12.25** -20.25** 0.00 128.88** -1.13** -18.38** 0.00 2.13** 20.25** D
(2.127) (0.90) (1.68) (0.74) (1.49) (0.24) (3.88) (1.47) (0.59) (2.74)

C, -9.00** -575** -8.75** 3.00** 124.63** 0.63* -27.63**  -6.00** -1.63* 20.75** D
(2.06) (1.03) (2.00) (1.00) (2.03) (0.32 (4.85) (2.00) (0.66) (3.05)

Totd tillers per plant

C, 2.63 -20.51** -7.32 5.28** 32.48**  -529**  -3349** -10.57** 11.57** 2845** D
(331 (3.95) (5.01) (1.99) (4.10) (1.01) (11.76) (3.97) (2.08) (8.83)

C, 371 -9.69* 10.44 8.21* 34.82**  -428** -3571 -16.42* 6.70* 22.39 -
(3.86) (3.96) (7.19) (4.00) (8.07) (1.06) (19.52) (8.00) (2.62) (11.98)

C, -4.91*  -6.13** 1165 11.34**  39.36**  -2.33**  -49.58** -22.69** (.61 33.72** D
(2.35) (2.24) (8.31) (3.89) (7.80) (0.47) (16.25) (7.79) (1.10) (9.21)

Productive tillers per plant

C, 0.64 -19.06** -2.74 7.84%* 32.15**  -5.64**  -4459** -15.69** 9.85** 34.11** D
(345) (347 (4.42) (2.29) (4.62) (0.55) (12.93) (4.58) (2.08) (9.16)

C, -0.19 -4.66 5.72 5.28 25.64**  -4.45**  -2355 -10.57 224 1541 -
(3.06) (2.60) (6.56) (3.41) (6.89) (1.03) (15.73) (6.81) (1.92) (9.21)

C, -4.29 -4.12** 484 6.62* 26.42**  -2.10**  -28.54* -13.25* -0.09 21.66** D
(2.95) (1.28) (5.72) (3.07) (6.16) (0.47) (13.93) (6.14) (1.51) (8.11)

Paniclelength (cm)

C, -0.66 -1.64 -3.01 -0.36 22.20**  -0.87** 167 0.71 0.49 159 -
(2.09) (1.13) (2.73) (1.11) (2.23) (0.20) (5.59) (2.22) (0.77) (3.46)

C, -0.57 -2.10** 221 244 28.42**  -1.79**  -9.93 -4.88 0.77 7.55 -
(2.75)  (0.79) (3.07) (1.58) (3.18) (0.40) (7.29) (3.15) (0.87) (4.36)

C, -0.25 3.34* 9.53* 3.22 26.61**  1.88** -6.27 -6.44 -1.79* 3.35 -
(2.00) (1.61) (3.77) (1.97) (3.96) (0.36 (8.77) (3.95) (0.90) (5.00)

Panicleweight (g)

C, 0.97* 0.43 -3.02**  -2.21** -1.71* -0.27* 10.92%*  4.42** 0.27 -5.81** D
(0.39) (0.57) (0.57) (0.35) (0.71) (0.13) (2.97) (0.70) (0.32) (1.32)

C, 0.06 -0.67* -1.80 -0.60 1.05 0.72%* 3.32* 1.20 0.37* -0.59 D
(0.37) (0.29) (0.94) (0.39) (0.79) (0.12) (1.65) (0.78) (0.15) (1.01)

C, 0.51* 0.79* 0.74 -0.28 158 0.82** 3.38 0.57 -0.14 -1.87 -
(0.24) (0.39) (0.99) (0.49) (0.98) (0.09) (2.12) (0.97) (0.20) (1.18)

Florets per panicle

C, -39.10* -2047  -8350  -11.97 134.87*  0.95 20.26 23.94 -9.32 35.63 -
(17.92) (27.91) (50.94) (27.08) (54.57) (6.66) (126.77)  (54.16) (15.53) (75.79)

C, -45.40** -47.41* 0.72 46.76* 204.93** 21.66** -192.53  -93.53* 1.00 186.33** -
(10.01) (19.29) (42.60) (22.85) (45.76) (2.34) (101.96)  (45.70) (10.26)  (58.39)

C, 2720 -0.25 129.55** 51.30 225.08**  7.18** -139.48  -102.60  13.73 75.65 -
(29.15) (12.37) (47.92) (26.90) (53.86) (2.61) (126.23)  (53.80) (14.89)  (75.71)

Filled grains per panicle

C, 13.06 3183 -20.62  -32.76** 4575 -8.93**  233.98** 65.53** -9.38 -110.43** D
(895 (16.51) (22.81) (11.69) (23.45) (1.85) (58.43) (23.38) (7.95) (38.44)

C, -27.92* -43.30* -102.35** -15.57 61.84**  28.28**  66.88 31.14 7.69 40.08 -
(11.91) (18.47) (17.26) (9.47) (19.15) (2.81) (56.27) (18.95) (9.53) (40.32)

C, 44.89** 576 121.65** 35.50**  172.99** 19.87** -46.44 -71.01**  19.57* 20.36 -
(13.53) (15.31) (20.78) (12.06) (24.19) (2.00) (63.05) (24.11) (9.20) (41.51)
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Contd. Table 3

Cross Scae Genetic component Epistasis
A B C D m (d) (h) (i) @) ()

Floret fertility (%)

C, 21.55** 14.16** -7.13 -21.42**  31.54**  -8.21**  135.81** 42.84** 370 -78.55** D
(387) (2.18) (9.78)  (4.93) (9.90) (0.79) (21.44)  (9.87) (2.97) (12.14)

C, 11.57** 0.31 23.12**  5.62* 93.69**  5.62** -8.30 -11.25* 5.63 -0.63 -
(394) (5.18) (5.67) (2.80) (5.84) (.71) (16.47) (5.59) (2.99) (11.32)

C, 294 19.80** 19.74 -1.50 77.11%*  7.67** 36.19 3.00 -8.43**  -2574 -
(4.36) (3.09) (14.26) (7.08) (14.26) (1.60) (29.99) (14.17)  (2.50) (16.19)

Grain length (mm)

C, -0.25¢  0.26* -0.56* -0.29* 7.52%* -0.08 1.37* 0.57* -0.26**  -0.58 D
(0.10) (0.12) (0.29) (0.12) (0.24) (0.04) (0.57) (0.24) (0.07) (0.35)

C, -0.09 -0.02 156**  0.83** 10.34**  -0.64**  -4.07** -1.67%* -0.04 1.77%* D
(0.07) (0.15) (0.29) (0.12) (0.25) (0.04) (0.58) (0.25) (0.08) (0.35)

C, 0.36** 0.81**  0.95* -0.11 7.52%* 0.28** 1.85* 0.23 -0.23**  -141** D
(0.13) (0.10) (0.38)  (10.20) (0.39) (0.02) (0.85) (0.39) (0.07) (0.48)

Grain breadth (mm)

C, 0.62**  0.09* -1.49**  -1.10** 0.19* 0.05** 5.01** 2.19** 0.26** -2.89** D
(0.04) (0.03) (0.120) (0.04) (0.09) (0.02) (0.19) (0.08) (0.02) (0.12)

C, -0.04 0.15**  -0.83** -0.47** 1.43** 0.36** 2.30** 0.94** -0.10**  -1.06** D
(0.05) (0.05) (0.19) (0.10) (0.19) (0.01) (0.41) (0.19) (0.03) (0.23)

C, -0.04 0.21 -1.12**  -0.65** 1.06** 0.37** 3.06** 1.30** -0.12 -1.47** D
(0.06) (0.13) (0.12) (0.09) (0.18) (0.01) (0.47) (0.18) (0.07) (0.30)

GrainL/B ratio

C, -0.89** -0.02 2.35**  1.63** 6.66** -0.11**  -7.23**  -3.26**  -0.44**  4.18** D
(0.07) (0.07) (0.28) (0.13) (0.27) (0.03) (0.56) (0.27) (0.04) (0.31)

C, 0.01 -0.47**  1.53**  1.00** 5.78** -0.84**  -524**  -1.99**  (0.24** 2.46%* D
(0.07) (012 (0.31) (0.15) (0.31) (0.04) (0.66) (0.30) (0.06) (0.36)

C, 0.17 -0.08 1.82**  0.86** 5.10** -0.43**  -3.72**  -1.73** 013 1.64** D
(0.10) (0.22) (0.27) (0.17) (0.34) (0.02) (0.85) (0.34) (0.12) (0.53)

Grain weight per panicle (g)

C, 1.33** 035 -3.66**  -2.67** -3.05** -0.27**  13.79**  5.33** 0.49* -7.01** D
(0.26) (0.3) (0.27) (0.20) (0.41) (0.05) (1.16) (0.40) (0.19) (0.78)

C, -0.72*  -0.65** -2.09** -0.36* 1.36** 0.71** 1.99* 0.73* -0.04 0.64 -
(0.30) (0.16) (0.41) (0.18) (0.37) (0.09) (0.93) (0.36) (0.15) (0.62)

C, 0.94 1.64**  256** -0.01 1.81* 0.86** 4.08 0.02 -0.35 -2.60 -
(0.64) (0.32) (0.68) (0.44) (0.88) (0.07) (2.29) (0.88) (0.34) (1.48)

1000 seed weight ()

C, 7.24**  -2.17* -17.67** -11.37** -2.61 -1.04**  53.32**  22.75%*  4.70** -27.82** D
(141) (0.84) (259) (1.30) (2.61) (0.27) (6.01) (2.60) (0.71) (3.68)

C, -1.27 4.38 0.44 -1.34 20.18**  2.54** 9.32 2.68 -2.82 -5.79 -
(1.36) (2.75) (2.29) (1.71) (3.47) (0.51) (9.47) (3.43) (1.51) (6.13)

C, -2.06 14.89** 131 -5.76** 7.38 6.45** 40.49**  11.53** -8.47**  -24.36** D
(1.76)  (1.86) (4.37) (2.09) (4.17) (0.15) (9.42) (4.17) (0.98) (5.85)

Grain yield per plant (g)

C, 5.39 -11.07  -79.73** -37.03** -33.50 -15.02** 166.06** 74.05** 8.23 -68.38 D
(9.68) (15.15) (7.32) (8.90) (17.88) (1.62) (52.82) (17.81) (8.81) (35.39)

C, -10.27  -19.03** -13.66  7.82 40.90** 276 -24.90 -15.63 4.38 44.92* D
(9.73) (4.79) (10.80) (6.97) (14.02) (1.55) (36.09) (13.93) (5.26) (22.82)

C, -5.71 16.23** 35.13* 12.30 46.76**  4.63** -9.79 -24.61 -10.97** 14.08 -
(6.35) (5.56) (15.61) (8.25) (16.50) (0.44) (37.06) (16.50) (3.79) (21.69)

Harvest index (%)

C, -5.03** 8.53**  -21.65** -12.57** 871 -2.51**  57.80** 25.15** -6.78** -28.64** D
(2.90) (292 (5.11) (2.88) (5.78) (0.48) (13.62) (5.76) (1.66) (8.16)

C, -4.18 -1.11 6.09 5.69 41.86**  2.14** -14.65 -11.37 -1.53 16.65 -
(365 (399 (4.81) (3.13) (6.30) (0.65) (16.76)  (6.27) (2.53) (10.92)

C, 159 30.45** 30.48** -0.78 28.12* 2.06** 39.87 156 -14.43** -33.59* D
(4.58) (4.45) (10.02) (5.76) (11.55) (0.67) (26.88) (11.53) (3.13) (15.81)

C, = IET 6441xDudheswar; C,= IET 8002xBasmati 385, C,=IET 8002xSambamahsuri; D=Duplicate Epistasis; Values in parenthesis indicate
respective standard error (SE )
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Contd. Table 3
Cross Scale Genetic component Epistasis
A B c D m (d) (h) () @) )
Kernel length (mm)
C, -0.15** -0.13* -0.90** -0.31** 5.29*%* -0.07** 087 0.62** -0.01 -0.34 -
(0.04) (0.05 (0.22) (0.11) (0.23) (0.02) (0.47) (0.22) (0.03) (0.25)
C, -0.10 -0.13* 0.62**  0.43** 7.01** -0.49**  -2.13**  -0.86** 0.02 1.09** D
(0.08) (0.06) (0.10) (0.05) (0.10) (0.01) (0.27) (0.10) (0.04) (0.19)
C -0.03 0.46** 020 -0.12 5.25%* 0.38** 1.05* 0.23 -0.25**  -0.66* D

3

(0.08) (0.07) (0.23) 0.12) (0.24) (0.02) (0.52) (0.24) (0.05) (0.30)
Kernel breadth (mm)

C, 034* 012  -199** -111** 005 0.11%* 455  221*  023**  -243** D
(0.06) (007 (0.11)  (0.04) (0.08) (003)  (021)  (008)  (0.04)  (0.15)

C, 03l 007 039 -038** 138 026  201**  077** 012  -115** D
(0.06) (0.05) (021)  (0.09) (0.19) (002)  (039) (019  (0.02)  (0.22)

C 007 001 0.08 0.00 200%% 032 041 0.00 0.03 -0.08 -

(0.08) (0.03) (0.17) (0.09) (0.17) (0.02) (0.39) (0.17) (0.04) (0.22)
Kernd L/B ratio

C,  -0.42** 009 251%%  1.42**  547%%  -0.16** -506** -2.85%* -0.25** 318* D
(0.08) (0.09) (0.13)  (0.05) (0.12) 0.03)  (0.29) (0.11) (0.05)  (0.21)

C,  -0.37** -024** 067  064*  422¢*  -058* -3.44%% -128* -007*  188* D
(0.07) (0.06) (0.31) (0.15) (0.29) 002  (0.59) (029) (0.03)  (0.32)

C 009 012 009  -0.06 253 -0.22%*  -0.04 0.13 010+ -0.16 -

3

(0.07)  (0.07) (0.15)  (0.08) (0.15) (0.03) (0.35) (0.15) (0.05) (0.20)

Cooked kernel length (mm)

C, -2.85** 0.00 -1.94* 0.46 10.79**  0.46** -5.13* -0.91 -1.42%*  3.76** D
(037) (056) (0.83) (0.42) (0.86) (0.15) (2.11) (0.84) (0.32) (1.34)

C, 1.98* 397  2.62* -1.67** 6.75** -1.50%*  11.64**  3.34** -0.99**  -9.29** D
(0.78)  (0.48) (1.26) (0.63) (1.27) (0.09) (3.05) (1.27) (0.38) (1.95)

C, 0.19 -4.25**  3.61** 3.84** 17.62** -0.30 -19.11**  -7.68**  2.22** 11.74** D
(0.45) (0.51) (1.16) (0.52) (1.05) (0.18) (2.33) (1.03) (0.27) (1.43)

Cooked kernd breadth (mm)

C,  061* -044  -214* -116* 071 -0.02 478* 231  053**  -248* D
(014) (028) (0.30)  (0.16) (0.33) (007)  (0.88)  (032)  (0.14)  (0.59)

cC, 016 015 -0.85%*  -0.42%* 215  030**  1.89* 0.85**  -0.15 -0.84 D
(0.18) (025 (0.28)  (0.16) (0.33) (0.04)  (0.89) (033  (0.14)  (0.60)

C 0.39**  0.02 046*  0.03 2.89%*  0.14** 053 -0.06 0.19* -0.35 -

(0.14) (0.12) (0.21) (0.12) (0.22) (0.05) (0.55) (0.22) (0.09) (0.35)
Cooked kernel L/B ratio

C, -137** 053 200%* 147 616 011 -6.80**  -2.94**  -0.95** 378* D
(0.12) (047) (052)  (0.31) (0.63) (0.08)  (1.60) (0.62) (023 (101

C, 076+ 106+ 162** -010 3264  -0.84** 161 0.20 -0.15 -2.01 -
(0.35) (0.41) (059)  (0.34)  (0.69) 005  (L75) (0.69) (0.25) (1.13)

C 031 -1.52** 065 124**  600%*  -0.30** -B.97**  -2.49%* 061**  432* D

3

(023) (023) (035  (0.15) (0.31) (0.07) (0.81) (0.30) (0.13) (0.57)
Linear elongation ratio

C,  -040** 004 004 017 1.98* 007 -1.06*  -0.33 0.22**  0.70* D
(007 (011) (0.18)  (0.09) (0.18) (0.03)  (043) (018  (0.06)  (0.26)
C 0.37%* 0.69** 029 -0.39**  0.86**  -0.11** 250%*  0.77**  -0.16** -1.83** D

(012) (007 (020)  (0.10) (0.20) (001)  (047) (0200  (0.06)  (0.30)
C 005  -0.93** 056 0.72%*  327**  -0.18** -3.78* -145%*% 049  233** D
(0.09) (009 (0.16)  (0.07) (0.13) (003)  (0.33)  (013)  (0.05)  (0.23)

* Significant at 5% level, ** Significant at 1% level; C, = IET 6441 x Dudheswar; C,= IET 8002xBasmati 385, C,=IET 8002xSambamahsuri;
D=Duplicate Epistasis; Values in parenthesis indicate respective standard error (SE )
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Table4. Chi-squaretest for meansof different generationsfor grainyield and quality traitsinrice

Character C, (IET 6441 x Dudheswar) C, (IET 8002 x Basmati 385) C, (IET 8002 x Sambamahsuri)
Chi-squarevalue  Epistasis Chi-squarevalue  Epistasis Chi-squarevalue Epistasis
Plant height (cm) 53.22* Present 18.07** Present 306.96** Present
Days to 50% flowering 6.29 Absent 205.14** Present 87.67** Present
Total tillers plant® 36.86** Present 11.43** Present 14.79** Present
Productivetillersplant®  37.49** Present 512 Absent 14.01** Present
Paniclelength (cm) 4,98 Absent 9.63* Present 11.04* Present
Panicleweight (g) 54.42%* Present 11.76** Present 9.11* Present
Florets panicle? 8.54* Present 24.73** Present 8.31* Present
Filled grains panicle? 9.29* Present 40.49** Present 38.25** Present
Floret fertility (%) 67.37** Present 18.02** Present 41.66** Present
Grain length (mm) 20.89** Present 51.24** Present 64.09** Present
Grain breadth (mm) 722.13** Present 32.40** Present 88.89** Present
GrainL/B ratio 272.53** Present 55.08** Present 47.26** Present
Grainweight panicle*(g)  305.78** Present 28.41** Present 32.86** Present
1000 seed weight () 91.93** Present 3.63 Absent 89.78** Present
Grain yield plant™ (g) 127.90** Present 16.43** Present 14.76** Present
Harvest index (%) 33.70** Present 4.00 Absent 54.52** Present
Kernel length (mm) 31.10** Present 89.77** Present 41.78** Present
Kernel breadth (mm) 938.56** Present 48.28** Present 0.85 Absent
Kernel L/B ratio 825.13** Present 48.11** Present 534 Absent
Cooked kernel length 64.18** Present 72.76** Present 124.06** Present
Cooked kernel breadth (mm) 158.06** Present 11.54** Present 11.24* Present
Cooked kernel L/B ratio 212.94** Present 12.96** Present 83.58** Present
Linear elongation ratio 40.14** Present 115.05** Present 237.33** Present

*, ** Significant at 5% and 1% levels of probability, respectively

and Mani (1988) and Chauhan et al. (1993), who
reported the importance of all the three types of
interactions in the inheritance of different traits.
Considering the sign of dominance (h) and dominance
x dominance (1), the nature of epistasiswasidentified
as duplicate in majority of the crosses for most of the
yield and quality related traits except days to 50%
flowering, panicle length, florets/panicle and kernel
lengthinthecrossC,, totdl tillers/plant, productivetillers/
plant, paniclelength, florets/panicle, filled graingpanicle,
floret fertility, grain weight/panicle, 1000 seed weight,
harvest index and cooked kernel L/B ratio in the cross
C, and paniclelength, panicle weight, florets/panicle,
filled graing/panicle, floret fertility, grain weight/panicle,
grainyield/plant, kernel breadth, kernel L/B ratio and
cooked kernel breadth in the cross C,. Duplicate
epistasis as observed in most of the crossesfor majority
of the characters may result in decreased variation in
F, and subsequent generations and may decrease

heterosis and al so hinder the pace of progress through
selection (Singh et al., 2006).

The present study demonstratestheimportance
of additive, dominance and epistatic gene effectsinthe
inheritance of grainyield, quality and their attributing
traits. Under thissituation breeders may opt for one of
the two alternatives. On one hand the crop can be
conventionally handled as self fertilizing species
practising sel ection in segregating generations, following
diallel selective mating system as suggested by Jensen
(1970). Another, perhaps more promising alternative
isthe exploitation of heterosis.
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