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Table 1. Analysis of variance of viscosity parameters in rice through NCIII
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Table 2. Means for viscosity parameters in NCII1 mating design progenies
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s 320 Sz S S S ole Steexr St 6oy
Crosses Peak viscosity Breakdown viscosity Final viscosity Setback viscosity
F2 No. 1 x Deylamani 293.39 87.81 333.17 39.78
F2 No. 2 x Deylamani 294.08 77.03 341.5 47.42
F2 No. 3 x Deylamani 297.36 87.83 335.83 38.47
F2 No. 4 x Deylamani 300.06 85.64 339.06 39
F2 No. 5 x Deylamani 288.44 79.83 333.44 45
F2 No. 6 x Deylamani 291.94 88.5 328.53 36.58
F2 No. 7 x Deylamani 301.25 90.19 337.03 35.78
F2 No. 8 x Deylamani 300.25 81.42 342.42 42.17
F2 No. 9 x Deylamani 286.64 80.37 334 47.36
F2 No. 10 x Deylamani 291.19 85.49 332.94 38.48
F2 No. 11x Deylamani 298.69 72.02 342.8 45,51
F2 No. 12 x Deylamani 301.34 86.48 333.62 38.22
F2 No. 13 x Deylamani 301.9 85.25 339.55 38.07
F2 No. 14 x Deylamani 284.6 79.53 333.28 45
F2 No. 15 x Deylamani 291.85 88.89 328.45 36.91
F2 No. 1 x Gilaneh 295.83 61.39 352.11 56.28
F2 No. 2 x Gilaneh 294.47 74.56 336.44 41.97
F2 No. 3 x Gilaneh 289.89 76.58 333.33 43.44
F2 No. 4 x Gilaneh 293.39 69.94 341.06 47.67
F2 No. 5 x Gilaneh 290.28 74.47 334.33 44.06
F2 No. 6 x Gilaneh 294.89 79.31 339.31 44.42
F2 No. 7 x Gilaneh 288.94 69.44 336.67 47.72
F2 No. 8 x Gilaneh 291.17 76.14 331.92 40.75
F2 No. 9 x Gilaneh 297.83 78.84 343.1 45.27
F2 No. 10 x Gilaneh 290.1 78.51 332.35 41.9
F2 No. 11 x Gilaneh 297.24 62.56 352.22 56.29
F2 No. 12 x Gilaneh 293.2 74.36 337.07 41.84
F2 No. 13 x Gilaneh 296 74.66 339.49 42.74
F2 No. 14 x Gilaneh 295.03 71.55 341.74 47.7
F2 No. 15 x Gilaneh 290.52 74.82 335.29 44.15
LSD (5%) 7.02 6.60 6.33 5.77
Fekiz s b la B0 L 293.82 80.28 336.43 42.7
Means of Deylamany crosses
S A L e O e 294.13 77.48 337.71 43.22

Means of Gilaneh crosses
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Table 3. Estimation of genetic parameters for viscosity characters in studied rice genotypes through NCIlII
mating design
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P ol 233" 56.11" 57.18" 36,67
Additive variance

el Ll 3434 33.49" 43.69" 26,37

Dominance variance
s 4 s (Sl

> 1.72" 1.09" 1.24" 1.2
Average degree of dominance
e Sl 0.76 0.85 0.87 0.83
Broad sense heritability
o $ phiels 0.31 0.53 0.49 0.49

Narrow sense heritability
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Table 4. Relative heterosis through mid-parents, relative heterosis through parent Deylamani and relative
heterosis through parent Gilaneh for peak viscosity and breakdown viscosity.

Nt S K S S SBsp
Peak viscosity Breakdown viscosity
Crosses MPH HD HG MPH HD HG
F2 No. 1 x Deylamani -0.76" 1.1m 0.6" 16.49™ 12.85™ 51.977
F2 No. 2 x Deylamani -0.53" 1.34" 0.84" 2.19™ -1ms 33.32"
F2 No. 3 x Deylamani 0.58" 2.47" 1.96" 16.53" 12.89" 52.02™
F2 No. 4 x Deylamani 1.49m 3.4 2.89m 13.62" 10.07™ 48.22™
F2 No. 5 x Deylamani -2.43™ -0.6™ -1.1m 5.92m 2.61m™ 38.17™
F2 No. 6 x Deylamani -1.25™ 0.6" 0.11m™ 17.41™ 13.75" 53.17™
F2 No. 7 x Deylamani 1.9" 3.81™ 3.3" 19.66™ 15.92™ 56.11™
F2 No. 8 x Deylamani -3.04™ 3.46" 2.95" 6.63" 4.64" 40.91*
F2 No. 9 x Deylamani 1.56™ -1.23m -1.71" 8.02" 3.3m 39.11™
F2 No. 10 x Deylamani -1.5m 0.35™ -0.15" 13.41" 9.87" 47.96™
F2 No. 11x Deylamani 1.03" 2.93™ 2.42™ -4.45" -7.43™ 24.66"
F2 No. 12 x Deylamani 1.93" 3.84™ 3.32™ 14.74™ 11.15™ 49.68™
F2 No. 13 x Deylamani 2.12m 4.04" 3.52" 13.1° 9.57* 47.55™
F2 No. 14 x Deylamani -3.73" -1.93" -2.41" 5.51" 2.21m 37.65™
F2 No. 15 x Deylamani -1.28™ 0.57m 0.07m 17.93" 14.25™ 53.85™
F2 No. 1 x Gilaneh -0.18" 1.94m 1.44" -6.08" -21.17 6.25M
F2 No. 2 x Gilaneh -0.64" 1.47m 0.97™ 14.07™ -4.18" 29.04™
F2 No. 3 x Gilaneh -2.18™ -0.1m™ -0.6™ 17.17" -1.57" 32.55"
F2 No. 4 x Gilaneh -1ms 1.1m 0.6 7.01m -10.1m 21.06"
F2 No. 5 x Gilaneh -2.05" 0.03m -0.47ms 13.94™ -4.28"™ 28.89™
F2 No. 6 x Gilaneh -0.5™ 1.62" 1.12m 21.33" 1.93" 37.26"
F2 No. 7 x Gilaneh -2.5™ -0.43m -0.92ns 6.25M -10.75M 20.19"
F2 No. 8 x Gilaneh -1.75" 0.33™ -0.16™ 16.49™ -2.14" 31.78™
F2 No. 9 x Gilaneh 0.49"s 2.63" 2.12" 20.62™ 1.33™ 36.45™
F2 No. 10 x Gilaneh -2.117 -0.03ms -0.53m 20.11™ 0.9™ 35.88"™
F2 No. 11 x Gilaneh 0.3 2.43" 1.92* -4.28" -19.59™ 8.28™
F2 No. 12 x Gilaneh -1.07m 1.04" 0.53"™ 13.76™ -4.43" 28.7"
F2 No. 13 x Gilaneh -0.12ms 2" 1.5™ 14.22™ -4.05" 29.21™
F2 No. 14 x Gilaneh -0.45m 1.67" 1.16™ 9.47m -8.04" 23.83"
F2 No. 15 x Gilaneh -1.97" 0.11™ -0.38™ 14.47 -3.84" 29.5™

Ay bl o s s 5 Slekis Wiy wlad 5 ed s coplly Sl olad ol s, o 5« :HG s HD (MPH

MPH, HD and HG: Relative heterosis through mid-parent, relative heterosis through parent Deylamani and
relative heterosis through parent Gilaneh, respectively

*k Kk g

M)h\jodl.ab1cla“)>)b&mubwﬁi%)5q I
s *and ™: Non-significant, significant at 5% and 1% probability levels, respectively
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Table 5. Relative heterosis through mid-parents, relative heterosis through parent Deylamani and relative
heterosis through parent Gilaneh for final viscosity and setback viscosity

Lguj‘j\_“, Lﬁl‘@" é"‘""“".. . éw > SIr
Crosses Final viscosity Setback viscosity
MPH HD HG MPH HD HG
F2 No. 1 x Deylamani -3.16™ -1.41m -3.59™ -17.77m -16.7™ -26.26"
F2 No. 2 x Deylamani -0.73" 1.05" -1.18m™ -1.98™ -0.7m -12.1m
F2 No. 3 x Deylamani -2.38™ -0.63" -2.82" -20.47" -19.43™ -28.68™
F2 No. 4 x Deylamani -1.44m 0.33™ -1.89" -19.38"™ -18.32™ -21.7"
F2 No. 5 x Deylamani -3.07™ -1.33m -3.52m -6.98™ -5.76™ -16.58™
F2 No. 6 x Deylamani -4.5™ -2.79" -4.94™ -24.38™ -23.39™ -32.18™
F2 No. 7 x Deylamani -2.03" -0.27™ -2.48™ -26.04™ -25.07™ -33.68™
F2 No. 8 x Deylamani -2.91™ 1.32" -0.92m -2.09™ -11.69" -21.83™
F2 No. 9 x Deylamani -0.46m -7 -3.35™ -12.83" -0.81m™ -12.2™
F2 No. 10 x Deylamani -3.22" -1.48" -3.66™ -20.46" -19.42* -28.67"
F2 No. 11x Deylamani -0.35" 1.44™ -0.8™ -5.92n -4.69" -15.64"
F2 No. 12 x Deylamani -3.02" -1.28™ -3.46™ -20.99™ -19.95™ -29.14™
F2 No. 13 x Deylamani -1.3" 0.47" -1.75" -21.31m™ -20.28™ -29.43"
F2 No. 14 x Deylamani -3.12m -1.38™ -3.56™ -6.98™ -5.76™ -16.58"
F2 No. 15 x Deylamani -4.52™ -2.81" -4.96™ -23.69™ -22.69™ -31.57™
F2 No. 1 x Gilaneh 1.23m 4.19™ 1.89" 9.34ns 17.86" 4.32m
F2 No. 2 x Gilaneh -3.27" -0.44m -2.65m™ -18.46™ -12.17 -22.19™
F2 No. 3 x Gilaneh -4.17" -1.36" -3.54" -15.59m -9.02" -19.47*
F2 No. 4 x Gilaneh -1.95™ 0.92™ -1.31™ -7.39™ -0.17m -11.64
F2 No. 5 x Gilaneh -3.88™ -1.07™ -3.26™ -14.417 -7.74" -18.33"
F2 No. 6 x Gilaneh -2.45m™ 0.4 -1.82m -13.71m™ -6.98™ -17.66™
F2 No. 7 x Gilaneh -3.21m™ -0.38™ -2.58m -7.28™ -0.06"™ -11.53"
F2 No. 8 x Gilaneh -4.57" -1.79™ -3.95™ -20.83" -14.66" -24.46™
F2 No. 9 x Gilaneh -1.36™ 153" -0.72™ -12.05" -5.19m -16.08"
F2 No. 10 x Gilaneh -4.45™ -1.66™ -3.83" -18.59™ -12.247 -22.32™
F2 No. 11 x Gilaneh 1.26™ 422" 1.92™ 9.36m 17.88" 4.35™
F2 No. 12 x Gilaneh -3.09" -0.26" -2.46" -18.72" -12.38" -22.44™
F2 No. 13 x Gilaneh -2.4™ 0.46" -7 -16.96™ -10.48" -20.76™
F2 No. 14 x Gilaneh -1.75™ 112" -1.11 -7.33™ -0.11"™ -11.58"
F2 No. 15 x Gilaneh -3.61" -0.79™ -2.98" -14.23" -7.54" -18.16™

O3

MPH, HD and HG: Relative heterosis through mid-parent, relative heterosis through parent Deylamani and
relative heterosis through parent Gilaneh, respectively

*k Kk g
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s *and ™*: Non-significant, significant at 5% and 1% probability levels, respectively
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Abstract

This study was conducted to evaluate the gene effects, heritability, heterosis and identification of
appropriate breeding methods for improving rice viscosity parameters, during 2014-2016 at Rice
Research Institute of Iran. The progeny obtained from the North Carolina 111 mating design with their
parents were planted in a randomized complete block design with three replications. Analysis of
variance for viscosity parameters revealed that the effect of females, male effect and interaction
between males and females effect were significant for all parameters with the exception for peak
viscosity. Evaluating of genetic parameters indicated that viscosity characters are affected by additive
and non-additive effects of gene action. The share of non-additive effects in genetic control of peak
viscosity had beyond additive gene action, while, the contribution of additive effects was greater for
the breakdown viscosity, final viscosity and setback viscosity. High estimates of broad sense
heritability revealed that the expression of viscosity parameters is more influenced by genetic effects.
With regard to non-additive gene actions and low narrow sense heritability estimation in peak
viscosity, using hybrid based programs would be promising to improve this trait. For other viscosity
parameters, narrow sense heritability estimates were high. Therefore, the use of selection based
programs to improve these traits is encouraging. Assessing of relative heterosis through mid-parents
showed that heterosis ranged from -3.73 to 1.93%, 5.51 to 21.33%, -4.57 to 1.26% and -26.04 to
9.36%, for the peak viscosity, breakdown viscosity, final viscosity and setback viscosity, respectively.
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