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Assessment of gene action and heritability of important plant characteristics in
rice (Oryza sativa L.) using generation mean analysis
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Table 1. Analysis of variance for plant characteristics in rice using generation mean analysis

MS) Sle xSl
5T a3 ‘G‘,{Cu;)l ah g Job RSER e ab g )3 dmad g Sl ab g 5 4l sl ab g 53OS g arad o sl
S.0.V o plie d.f Plant height ~ Panicle length Panicle.plant Spikelet.panicle™! Grain.panicle’ Unfilled spikelets.panicle™
Block o5l 2 612.32" 0.81™ 115.53" 385" 515.28™ 364.58"
Generation s 5 1905.18" 562" 43.95" 2896 163.18™ 553.13"
Error s 10 57.13 0.71 13.19 50.49 3121.68 80.85
C.V (%) ) - 4.8 2.72 18.68 4.15 13.15 22.58
Y J g el
Table 1-Continued
MS) Sy o Sk
@3l amys b sk Aoy @l 158050 A 4300 b 5, JoS Sy 6555 s 5 Slas
S.0.V i olie d.f Panicle fertility 1000-grain weight Days to 50% flowering  Days to maturity Grain yield
Block oS b 2 0.03™ 3.45™ 8.39™ 16.22™ 214468.5™
Generation s 5 0.06" 5.64™ 159.66™ 872" 2273028.8"
Error [ 10 0.013 222 6.39 7.55 201887.2
C.V (%) Sl e - 8.26 6.36 24 1.94 7.16
ns: Non-significant Sl sxe 8118
* and **: Significant at 5% and 1% probability levels, respectively 10388 5 gy el b 55 Jls s o 5 4 e 5 %

Y
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Table 2. Estimation of genetic parameters and scaling test for plant characteristics in rice using generation mean analysis

m [d] [h] [i] [] (1] 5
Plant characteristics S Sl tm ty ty t t; f ¥
. ] 172.227 1.147 4257 9.16" -65.66  -70.58 -
Plant height (cm) (P@l) ss gl 355 454 272 2.45 1942 1219
Panicle length (cm) (o 5lo) 48 5 Jsb 21;9 4(1)'14 égé N N B 0.24
. ¥ ) v 19.13" 1.7 575" - - - 1.45™
Panicle.plant G )5 dd g 3l 107 406 414
Spikelet.panicle™ Wby g laS 175.22" 557 14.24” B N h 145"
: O e 11.36 4.07 10.63
Unfilled spikelespanicle’ s ey Bpebadf Jo4 AT 1737 gss6T el aaT
Panicle fertility (%) G sb dys 133699 8(2)3 1(1)-26 - - - 0.05™
Days to 50% flowering A8 o300 b, 1%687367 3421‘7‘3 411;3“5)2 B N h 0.94
) _ 142.46" 114" 9.85" - - - 0.57"
Days to maturity FE S0 15499 28.57 93.5
. ) _ 5028.55" | -647828" 572585  6788.72" -18161.99" _8821.49" -
Grain yield (kg.ha") CsSa e S A dlss See 70970 72.61 51.12 3733 109.2 55.98
ns: Non-significant s gme & 1118

il o S a gl T O35l me 03037 (gl ot e ool sldel 5 S jigla el b Hluae YU slasl .Mﬁdf;_;@dk.»l C}kﬂ)})‘b&.«u 5 A g

* a* and **: Significant at 5% and 1% probability levels, respectively. The values in the first and second rows for each trait are genetic parameters and t values

for their significance test, respectively

Ero3 AL Dlio otiS J 25 Gla0s ol a5 elsls sl Y g

Table 3. Variance components and degree of dominance of genes controlling plant characteristics in rice

sl Bl bl ol byl e bl Sl 4
Plant characteristics 28l Additive variance (D)  Dominance variance (D) < Environmental variance (E)  Degree of dominance
Plant height (cm) (o 5l) 6555 5 40.34 513.36 111.58 3.57
Panicle length (cm) (o W) b J b 2.66 2.44 4.66 0.96
Panicle.plant PV RV-JEuNRT 38.18 99.12 92.19 1.61
Spikelet.panicle™ W > Ao g 3l 179.42 2254 609.79 1.12
Unfilled spikelets.panicle’  as s ;5 oS 5 arad sl 166.12 1249.4 398.88 2.74
Panicle fertility (%) Wb b Aoy 0.1 0.212 0.05 1.46
Days to 50% flowering 238 Loy 00 b g, 17.34 4 3.33 0.48
Days to maturity b8 S, b 5, 20 5.36 4.99 0.52
Grain yield (kg.ha™") O 53 p 5 olS) wils 5 Shes 305150.8 139044.76 135744.8 0.68
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Table 4. Broad- and narrow-sense heritability for plant characteristics in rice

P TICITRRG By X "o s xSl X
Broad-sense heritability 53k Narrow-sense heritability HSla
Plant characteristicss A Sliv 1 2 3 Mean 1 2 Mean
Plant height (cm) (o Sl) 65 55 0.62 0.57 0.83  0.68 0.08 0.06 0.07
Panicle length (cm) (e Sl) adi g Jsb 0.25 0.3 0.52 0.36 0.2 0.27 0.24
Panicle.plant” PPV JERN e 0.36 0.32 0.6 0.43 0.14 0.17 0.15
Spikelet.panicle™ - JE AT - JEaNRE 0.42 0.34 0.4 0.39 0.01 0.18 0.14
Unfilled spikelets.panicle’ 4 5388 g drad aliad 0.53 049  0.78 0.6 0.11 0.09 0.1
Panicle fertility (%) W hslids s 0.79 069 086 0.78 0.33 0.28 0.3
Days to 50% flowering A o 500 By, 0.84 0.74  0.87 0.82 0.67 0.7 0.69
Days to maturity B LS s b 55, 0.8 0.7 0.84  0.78 0.61 0.66 0.64
Grain yield (kg.ha™) GESSs ys p £ oS wils 5 Shee 0.63 0.58 0.77  0.56 0.47 0.53 0.5

(Mahmud and Krammer, 1951) I 5 5 5 5o 5 (Kearsey and Pooni, 1998) s, 5 5 «(Allard, 1960) s ,NT sla 25, b o j 4 o g0 (5 sl 5™
Lleds 3,57, (Warnner, 1952) ;3,15 5 (Kearsey and Pooni, 1998)) s 5 =S Gl iss b b4 oo s £S5 s
* Broad-sense heritabilities were estimated by Allard (1960), Kearsey and Pooni (1998) and Mahmud and Krammer (1951) methods,
respectively, and narrow- sense heritabilities were evaluated by Kearsey and Pooni (1998) and Warnner (1952) methods, respectively

@'J-:)-’@L;QUL& oS J 1S a0 slai (slasyyT -0 Jsd

Table 5. Estimates of number of genes controlling plant characteristics in rice

Method” 17 oSika
Plant characteristics 28 Slis 1 2 3 4 5 6 7 Mean
Plant height (cm) (o 3lo) &5 pLis 7.4 5.38 3.86 1.15 2.25 0.1 7.8 4.13
Panicle length (cm) (o Sla) 4 g Jgb 10.95 3.62 2.76 0.78 33 0.06 15.45 5.27
Panicle.plant™ G g y3 b sl 0.22 0.076 0.05 0.011 0.04 0.04 0.24 0.1
Spikelet.panicle™ Wi ) drdd g slda 0.16 0.09 0.05 0.01 0.036 0.09 0.13 0.08
Unfilled spikelets.panicle™ - JERSTI. QPP JEINRPS 0.0014  0.0009 0.0006 0.0002 0.0004 0.68 0.0002 0.1
Panicle fertility (%) A 559,k Loy 0.0003 0.0002 0.0001 0.00005 0.0008  0.23 0.0004 0.33
Days to 50% flowering 238 Loy 00 b s, 0.52 0.25 0.18 0.01 0.2 9.44 13.68 3.45
Days to maturity oS Sy b 5, 0.67 0.25 0.18 0.09 0.2 2.36 9.5 1.9
Grain yield (kg.ha™) O 53 p S olS) wils > Sk 43.57 20.48 16.43 6.86 16.04 3.8 60.37 23.9

L4s 5,57, (Mather, 1949) ;b 5l estizal LY JI¥ 5 (Lande, 1981) Y jleslizal LY 5V sla iy, *
* Estimates of methods of 1 and 2 were carried out according to Lande (1981) and methods 3 to 7 based on Mather (1949)
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Assessment of gene action and heritability of important agronomic traits in rice
(Oryza sativa L.) using generation mean analysis

Rabiei, B." and A. Ghorbanipour?

ABSTRACT

Rabiei, B. and A. Ghorbanipour. 2011. Assessment of gene action and heritability of important agronomic traits in rice

(Oryza sativa L.) using generation mean analysis. Iranian Journal of Crop Sciences. 13(2): 408-423. (In Persian).

To determine the gene action, heritability and number of genes controlling important traits in rice, two
Iranian rice cultivars, Deylamani and Sepidroud were crossed in 2006. After selfing of F; plants and back
crossing with two parents in 2007, F,, BC, and BC, were developed. Seeds of two parents (P; and P,) together
with seed of F,, F,, BC, and BC, generations were grown in randomized complete block design with three
replications at Research Field of the University of Guilan, Rasht, Iran, in 2008 cropping season. Eleven
important agronomic traits including plant height, panicle length, panicle number per plant, spikelet number per
panicle, grain number per panicle, empty spikelet number per panicle, panicle fertility percent, 1000 grain
weight, days to 50 % flowering and days to maturity and grain. yield were measured. Analysis of variance
showed significant differences between generations for all traits, except 1000-grain weight and grain number per
panicle. Therefore, generation mean analysis was performed to determine gene action and heritability of the
traits of interest. Results showed that additive gene action for days to 50% flowering and days to maturity was
more important than the dominance gene action, but for other traits, the dominance gene action was more
important, expect for grain yield that was controlled by both additive and dominance gene actions. Furthermore,
additive, dominance and epistatic effects had important roles in the inheritance of plant height, number of empty
spikelets per panicle and grain yield. Estimation of degree of dominance also showed that days to 50%
flowering, days to maturity and grain yield were controlled by partial dominance, panicle length by complete
dominance and other traits by over-dominance effects. Average broad-sense heritability ranged from 0.36 to 0.82
for panicle length and days to 50% flowering, respectively, on the other hand, the average narrow-sense
heritability varied from 0.07 to 0.69 for plant height and days to 50% flowering, respectively. Average number
of genes controlling the traits ranged from at least one gene for panicle number per plant, spikelet number per
panicle, panicle fertility percent and number of empty spikelets per panicle to 24 genes for grain yield. In
conclusion, hybrid development will be an appropriate approach to improve plant height, panicle number per
plant, spikelet number per panicle and number of empty spikelets per panicle.. However, for other traits,
recurrent selection in segregating populations can be used to increase the frequency of favorable alleles, and then

by hybridization between the selected lines with high performance the dominance gene effects are utilized.

Key words: Heritability, Gene action, Generation mean analysis and Rice.
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