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Genetic Analysis of Genotype x Environment Interaction for Yield Com-
ponents of Rice Oryza sativa L.. in Unequal Experiment Design

ZUO Qing-Fan' *  ZHU Jun® LIU Yi-Bo> PAN Xiao-Yun® ZHANG Jiang-Zhong'

! College of Agronomy  Zhanjiang Ocean University ~Guangdong 524088 2 College of Agriculture & Biotechnology ~ Zhejiang University
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Abstract The results of genetic analysis for yield components of rice showed as follows. 1 All of
yield components were affected by not only additive gene action and dominant gene action but also geno-
type X environment interactions. But their importances differed for different yield components. In summa-
ry for most of yield components such as plumped number of grain per panicle total number of grains
per panicle 1000-grain weight grain length grain width length/width ratio of grains panicle length
and plant height their additive effects were predominant but dominant gene actions prevailed for effec-
tive number of panicles per plant and yield per plant. All of yield components existed interaction effect of
dominance X environment and also existed interaction effect of additive X environment except for two

components of grain length and length/width ratios of grains. 2 The estimates of heritability components
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were obtained for all of yield traits. The heritability components varied with traits. In addition the heri-
tability was in some extent affected by environment for all of yield components and larger affected for the
traits that there are larger interaction heritability estimates. In general the general narrow sense heritabil-
ities were high for all of yield component except for effective number of panicle per plant and yield per
plant while the interactive narrow sense heritabilities were low. The interactive narrow sense heritabili-
ties were slightly more than zero for grain length and length/width ratios of grains. 3 Significant genetic
correlations were observed among all of yield component studied except for 1000-grain weight to effective
number of panicles per plant and total number of grains per panicle. The magnitude and direction of cor-
rilation differed for different trait combinations. Dominant genetic effects contributed mainly to the genetic
correlations for most of trait combinations but their additive genetic correlations were also significant.
The effects of environments on genetic correlation exhibited mainly as additive X environment interaction-

correlations .

Key words Yield components Genetic analysis Unequal experiment design Genotype X environ-

ment interaction Rice Oryza sativa L.
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Table 1 Varieties as parents and experiment design 5

0821S F131S 1255

Name of variety ~ AnXiang S Xiangl25 S
S + + + +
ZheFu 511
611 . N 1.3
ZheFu 611 1994 x
H509 + + +
6
2
Table 2 Number and composition of sample
Vp for each environment
Item Design
Vi = 264 + o)) + 200 + o + O + 0 b=l ”
E=2 3P +9F,
3
VA — 2(7%4 V[) - 62[) VAE = 20%4E VDE = G%?E Number of blocks
57
Sample size
2 2
Vg = o V.= o¢ 7
Vi, Vp Vyg Vo Number of parents
X X E P F,
1994 E environment P parents F; generation 1 of
crosses. The digits in front of P or F; are their
1997 )
number respectively.
Jackknife Miller 1974 Zhu
1992 1993
C PC
2
7 9 F 3
2.1
X
5% 1%
3 F,
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Table 3 Means of plant and yield traits in 7 parents and 9 F; hybrids of rice

Fy

E PC ENP TNG PNG PL 5L GW L/'wW W PH Y
P, 5.2 103.8 66.9 21.1 7.2 2.5 2.88 18.1 62.3 5.3

P, 5.7 98.7 68.8 20.7 7.7 2.6 2.96 19.7 70.2 5.9

Ps 5.8 94.3 70.2 20.3 7.6 2.7 2.81 19.1 60.5 6.1

E=1 Py 5.5 100.5 63.3 21.0 7.3 2.6 2.81 18.5 61.7 5.1
Ps 7.8 121.7 81.4 25.3 9.1 2.9 3.14 23.4 83.4 13.3

Ps 7.4 136.9 86.6 24.9 9.4 2.7 3.48 23.2 85.1 12.9

P; 8.2 138.9 85.2 26.4 9.0 2.8 3.21 24.9 84.3 15.1

Ps 8.4 130.2 85.9 25.7 9.2 2.9 3.17 23.7 84.1 14.9

Ps 8.6 146.6 88.1 25.2 9.1 2.8 3.25 24.6 86.3 16.2

P; 8.8 145.5 86.9 26.6 9.3 2.8 3.32 25.1 85.9 16.7

Py x Ps 8.8 127.8 88.5 24.6 10.0 3.0 3.33 23.1 87.8 15.6

Py x Pg 9.3 139.6 90.4 25.8 10.2 2.9 3.52 24.8 89.7 17.4

E=2 Py x P, 8.7 133.7 87.3 27.1 9.0 2.9 3.10 25.5 85.8 17.2
P, x Ps 8.5 124.7 93.1 26.7 10.8 3.1 3.48 24.0 91.1 16.9

P5 x Ps 9.1 124.1 84.5 26.3 9.4 2.8 3.36 24.9 87.5 16.3

P; x Pg 7.9 142.3 94.0 25.7 10.1 2.8 3.61 23.5 83.6 15.9

Py x P, 8.3 149.5 93.6 27.7 9.5 3.0 3.17 24.3 85.2 17.6

Py x Ps 8.4 123.1 88.3 25.8 9.1 2.7 3.37 23.6 84.8 16.7

Py X Py 7.9 146.2 98.5 26.3 9.3 2.7 3.44 24.8 86.7 17.3

E Environment PC Parents and F| hybrids ENP Effective number of panicles per plant TNG Total number of grains per pani-
cles PNG Plumped number of grains per panicles PL Panicle length GL Grain length GW Grain width L/W Length/
Width W 1000-grain weight PH Plant height Y Grain yield per plant. The same below .

P, S AnXiang S P, 0821S P; FI31S P, 1258 Xiangl25 S Ps 511 ZheFu 511 Pg 611 ZheFu
611 P; H509
4
Table 4 Estimates of genetic variance components of yield traits of rice
Traits Va Vo Vae Voe Ve
ENP 1.04147 1.6629" 2.7630" * 3.4363" 7 0.7138”
TNG 89.3794" * 52.0350" 23.0304" 109.5631" 2.8687
PNG 31.0402° * 14.8320" * 17.9137" " 25.3042° " 9.1013"
W 7.8366" 1.0465" 0.8329" 1.2108" 0.0288
GL 3.1067" "~ 0.5568" 0.0214 2.5106" * 0.6026"
GW 1.0910" * 0.3225" 0.2716" 0.4326" 0.3184"
LW 2.0793" " 0.3159" 0.0291 1.9427" 0.3509"
PL 13.5603 " * 4.21177 4.6982" 13.7518" ~ 0.8095
PH 25.3200" " 17.8727" " 7.2185" 9.2701" 0.9025
Y 6.3821" 17.7233" " 16.3024" 12.8068 " 5.0229"
4 X
X X
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2.2
X 1994 1997
2
hg
2
hGE
2 2 2
h :hC+hCE
1997
5
Table 5 Estimates of heritabilies of yield components of rice
Traits ENP TNG PNG W GL GW /W PL PH Y
hZ. % 10.54* 32.28" " 31.61°° 71.53" " 45.70" " 44.78" " 44.07"" 36.62° " 41.79"" 10.95"
hf;E% 28.82° "  8.32° 18.24" " 7.6" 0.31 11.15" 0.62 12.69" 11.91"  27.99" "
b3 % 39.36° " 40.60" " 49.85°° 79.13" " 46.01° " 55.93" " 44.69" " 49.31" " 53.70" " 38.94" "

2.3

hé% General narrow sense heritability h%;% Interactive narrow sense heritability hi% Narrow sense heritability

5
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6
X
6
Table 6 Estimates of genetic correlations among a few of main yield traits
Ttem Correlation types TNG PNG W Y
Additive -0.320"" -0.304" " -0.103 0.367" "
ENP Dominant -0.601"" 0.411" " -0.132 0.420" "
X Additive x environment -0.418" " -0.226" -0.116 -0.339""
X Dominant X environment 0.327" " -0.069 0.095 0.287"
Additive 0.553" " -0.179 0.253"
TNG Dominant 0.616" " -0.132 0.327" "7
X Additive x environment -0.358"" 0.124 0.168
3 Dominant x environment -0.207" 0.156 -0.092
Additive -0.131 0.537" "
PNG Dominant -0.253" 0.239"
X Additive x environment -0.109 -0.204"
X Dominant x environment 0.122 0.146
Additive 0.263" "
w Dominant 0.268" "~
X Additive x environment 0.307" "
X Dominant x environment -0.183"
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O 0 N N B WN =

1980 1981 1981

. 1992 18 2 116~ 125
Parida R C G N Mitra Rice Abstracts 1990 13 5 244 ~ 245
Gravois KA et al. Crop Sec 1991 31 4 907 ~911
1994 20 6 56 ~ 68
1997
. 2000 2 30~33
Miller R G. Biometrika 1974 61 1~15
Zhu J. Biomath 1992 71 1~11
1993 183 69~73
1963 2 3 223~241
1980 6 2 142~ 147
1979 6 3 26~31
1980 3 7~12

1981 2 21~25
79 ~ 83

1982 8 3 145~152
1991 32 49~54

1982

1963

1980

>

1991

1979



