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Genotypic Variation of Early Growth Vigor and Indicator Traits for its Indirect
Selection in Rice
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Department of Plant Science, Seoul National University, Seoul 151-921, Korea

ABSTRACT Early growth vigor (EGV) is one of the phy-
siological characteristics that may contribute to the increase
of genetic yield potential and radiation use efficiency by
closing the canopy earlier. To estimate the genotypic varia-
tion of EGV, determine the relationships among the related
traits, and identify the rapidly growing genotypes and indirect
indicator for selection in breeding program, the evaluation
of EGV and EGV-related traits was conducted for a total
of 140 rice varieties consisting of 101 Korean, 25 Northern
China and 14 IRRI-bred rice varieties in a serial sowing
experiment in plastic rain shelter and plastic-covered nursery
bed in 2003. EGV defined as the amount of leaf area and/or
dry weight produced ecarly in the season and the EGV-
related traits such as length and breadth of the 2™ and 3™
leaves showed highly significant positive correlation with
the embryo and seed weight. Especially, the genotypic vari-
ation in the length of the third leaf was explained over 90%
of genotypic variation in the seed weight. Owing to a large
effect of seed size on EGV and its related traits, vigor mea-
surements were adjusted based on their linear or expon-
ential relationships with seed weight for exciuding the seed
weight effect. EGV and its related-traits adjusted for seed
weight also showed big variation among genotypes. Increased
EGV was genetically correlated with increases in breadth
and length of early leaves. The broad-sense heritability for
EGV was significantly high (81%), but lower than those of
leaf breadth (90% for the 2™ leaf and 93% for the 3 leaf)
and length (87% for the 2™ leaf and 89% for the 3™ leaf).
Significantly positive genetic correlations were found between
EGV and the breadth and length of early leaves. The high
heritability of early leaf breadth and length coupled with
their strong genetic correlation with EGV indicated that the
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breadth and length of the 2™ and 3™ leaf would be used as
good indirect indicators for EGV selection in rice breeding
program.

Keywords : rice, early growth vigor, leaf length and

breadth, broad-sense heritability, genotypic
and phenotypic correlation.
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Table 1. Rice varieties used for early growth vigor test

27| AL 8H EGVE H7ishs Wilo] 2 AREAL 9l
THWhan et al., 1991; Pandey et al., 1994; Lopez-Castafieda
et al., 1996; Dingkuhn er al, 1998; Turner & Nicolas,
1998; Botwright et al., 2002; Richards & Lukacs, 2002).
g} B9 g Y Wi AL27|o EGVE AT
Brhslel 2 AN ES SYF 4 Urhd A d g
aA &9 # 4& Atk

B 97E =S vRte, 37 FAn A A(RRI)
2RE 4% 140 F5E W=, O EGVE %738t
o FHY A, @ BEGVEF 1 B4
FASZ ATEA d ol 349 & st EGV
9]

B AFO W 27| $E&H(early growth vigor, EGV)
of gt 227t wo] 9 7 AU RE FH IR}, T=
A &2 2FE 967 BFH 5= SERAWY 257 &
% International Rice Research Institute(IRRI)2] 19&E &
% 1407 E%L TAsto|(Table 1) ZEALAT] BHUAES
247 Aedstn S AETss Rasge] mehay
WobRshe s RafelolA] 2003 R0l Srasielct

ZaLRAAE: 2003 49 25U(A7)T 6 14Y
(2e7hel mahad Bl sherdd Ae HAIs
o 1407) B4R vFAE AY T 59 T4 309S
e} wiet vlg A S5k UmA S A
£S5 3], AFL 3 T, 2447 59 30T d2ZNA 2

Japonicas from Korea: Ansan, Baegyang, Brittle culm, Bungkwang, Cheongcheong, Cheonghyangna, Cheongmyeong,
Chucheong, CP SLD, Daean, Daecheong, Daepyeong, Daesan, Daeya, Daeyibl, Daeyibgaengl5, Dongan, Donghae, Dunnae,
Geuman, Geumnam, Geumo, Geumo#2, Goami, Gru, Gwangan, Gyehwa, Hwabong, Hwacheong, Hwacheong ge,
Hwacheong L-ge, Hwajin, Hwanam, Hwaseongbye, Hwayeong, lksan467, Ilmi, Tlpum, Inweol, Jangan, Jibuol,
Jinbu,Jinheung, Jinmi, Jongnam, Joryeong, Juan, Junghwa, Manan, Mangeum, Manho, Manmi, Munjang, Naepung,
Namgang, Namil, Nampyeong, Nongan, Obong, Odae, Saesangju, Samcheon, Samdeog, Sangju, Sangmi, Sangsan, Seoan,
Seogan, Seojin, Seolag, Seolgaeng, Sindongjin, Sinunbong, SNU-SG1, Sobaeg, Sobi, SR22060-B-B-B-2, Sura, Suweon468,
Suweon481, Suweon490, Taeseong, Tamjin, Unbong, Wonhwang, Yangjo, Gancheog, Yeongnam

Tongil types from Korea: Anda, Dasan, Hanaruem, Hangangchal, Namcheon, Nampung, Samgang, SR21331-54-1-1-2-2,
SR23047-70-1-1, SR24353-51-2-2, SR24861-9-1, Suweond76, Tacbaeg

Japonicas from China: 2428, Balila, Changbai9, Chenzheng8, CP231, Gaoshanl, Gaoshan2, Hel6, Hejiang21, Hejiels,
Hejie41, Jiyujing, Kunjing4, Lunhui422, Menghuangjin, OS-4, Shennong27, SMR, Tong35, Yan304, Yan308, Yan504,

Yujing9, Zheng5-2, Zhengjing7
Indicas from IRRI: IR8, IR36, IR64, IR72

NPTs from IRRI and Korea: IR31917-45-3-2, TR69860-10-1-2-K1-3-7, IR71204-91-2-2, IR71451-40-3-1, IR71682-39-2-1-2,
IR72225-29-1-1-3-1, IR72975-Y61-1-1-1, IR73111-B-R-15-3-1, SR22060-17-2-1-2-2, SR24848-C92-21
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Table 2. Evaluation conditions for early growth vigor and means of early growth vigor-related traits for 140 rice genotypes.

. Date of  Date of Daily mean Breadth (cm) Length (cm) Area (cm’) TLA* DW#**
Location ] nd rd nd rd nd rd

sowing  sampling tem (C) 2™ Leaf 3" Leaf 2™ Leaf 3% Leaf 2™ Leaf 3° Leaf (cm’)  (mg)

Plastic house 14 June 2003 15 July 229 0.29 0.29 2.26 5.31 0.46 1.08 8.83 0.05

Plastic house 25 April 2003 19 May 19.8 0.27 0.29 2.17 5.31 0.41 1.07 5.98 0.05

Nursery 25 April 2003 14 May 17.6 0.26 0.29 2.13 5.15 0.39 1.04 4.90 0.03

LSD at 5% level N.S. N.S. 0.13 0.11 0.02 0.03 1.25 0.01

TLA is total leaf area per plant at sampling for the early growth vigor tests.
DW is dry weight of shoot per plant at sampling for the early growth vigor tests.
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Table 3. Genotypic variation in early growth vigor and related traits of 140 rice genotypes originated from Korea, China, and IRRL

_ . Cultivar Weight (mg) Breadth (cm) Length (cm) Area (cmz) TLA DW
Origin 2

No. Embryo Seed 2™ Leaf 3™ Leaf 2™ Leaf 3™ Leaf 2™ Leaf 3™ Leaf (cm) (mg)

Korea 101 Max. 0.77 23.00 0.40 0.40 3.58 9.06 0.91 2.28 1223  8.17

Min. 0.33 13.95 0.14 0.18 1.08 2.77 0.14 0.44 122 093

Mean 0.60 18.99 0.26 0.27 1.99 4.96 0.36 0.93 6.48 434

Stdev. 0.08 1.60 0.05 0.05 0.55 1.15 0.16 0.36 235 134

C.V.(%) 14 8 20 17 27 23 45 38 36 31

China 25 Max., 0.79  21.98 0.39 0.40 425 7.52 0.99 1.99 11.78 6.70

Min. 0.49 17.15 0.21 0.23 1.66 3.67 0.27 0.63 468 371

Mean 0.62 19.44 0.31 0.31 2.37 5.25 0.49 1.09 853 521

Stdev. 0.08 1.30 0.04 0.05 0.61 0.97 0.16 0.35 207 0.85

C.V.(%) 13 7 14 17 26 18 33 32 24 16

IRRI 14 Max. 0.88 2291 0.39 051 3.99 8.59 0.97 247 1339 7.27

Min. 0.53 16.68 0.24 0.27 1.71 4.19 0.31 0.75 140 1.18

Mean 0.67 21.18 0.33 0.37 291 6.79 0.65 1.69 8.58 4.88

Stdev. 0.08 1.50 0.04 0.05 0.71 1.08 0.20 0.40 333 1.80

C.V.(%) 12 7 13 15 24 16 31 24 39 37

Pooled 140 Max. 0.88 23.00 0.40 0.51 425 9.06 0.99 247 13.39 8.17

Min. 0.33 13.95 0.14 0.18 1.08 2.77 0.14 0.44 122 0.93

Mean 0.61 19.37 0.28 0.29 2.19 5.26 0.42 1.06 713 457

Stdev. 0.09 1.70 0.06 0.06 0.66 1.27 0.20 0.44 262 137

C.V.(%) 14 9 20 20 30 24 47 42 37 30

HE% CVol| & Zoj7h gigity. 28 EGVE sk
FTHHA(TLAT FAESDW)Y CVe 242} 37%2 30%
2 a3 Holrt Fow, 1 WHol= IRRI #~3Fo] 7
23, ko] Selue £F, B3 21 Lol vhet
Zxpo] BAHFE 217t 0.61(0.33~0.88) mg, 19.37(13.95~
23.00) mgo] T, BHZ(TLA)L 7.13(1.22~13.39) cm?, =]
AR ABZDW)L 4.57(0.93~8.17) mgo|3ith

HET G Hol= d=ETNA 7 =l 4&%
FAe Hdae] A7]= IRRIES > 535% > I4EF
o9tk 291} 399 Hot HEL S E FHFolMe
Z 2bo]7F §1%le U IRRI EFoA= 3G9 HEo] 29K
o 3tk JERGE g9 57 "ot =, A2
F 39 BF 29 CVE 20%%3L, G439 A= A<
o] 30%0°]aL A|3go] 24% Hct. HAL HFHY FFU W
o] HA| FALL] VYR Z zpol7b gl A2dwt 3¢
HHA CVE 2T} 3F 2F 40% oo mje Ho
o, Selvet 21FE e Wolt b Atk

FA E47 BEGV @ 1 BE®A EAS 7he] A7)

E EGV 37k yehd Zo] & 40it}. ) 74 ¥
F4 BA= EGV ti#2] TLA 9 DWeF 2= 57t 23
oA froigt B AuIAE vehdie] EGV7E F4ke 2
710l oJste] A 9= Aoz FHEHGI T A2
399 94, 9% ¢ gud 25 ) 9 A A 1
EE o Ao Ao lgle, u FARGE $A F
Al Aol o &t 22A ARARGE AB3DAA
o WA FARL =T w0k, O Sl 39 EF
< ol FARE Aol 0.51, FAFAL ()0l 0.968
2 UEy 39 G FA S0 e 2% #AE
Bk

Sroll A Awl i vie} Zo] EGV 9 EGV B34S 1
E59 T4 FAC g3t} AA HALHER, S FA
FEFE AR EGVE 1 HAFAEY] £33 ol o
5749 #AE AES] 9fste], FAFAL EGV
(Fig. 1) o @A (Fig. 2) 9 AA Ee Aada 34
AL 0|83t thad gol Aitstit
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Table 4. Correlation between characteristics of seed and EGV-related traits in 140 rice genotypes.

Breadth Length Area
nd rd nd rd od rd TLA DW
2" Leaf 3" Leaf 2" Leaf 3" Leaf 2" Leaf 3" Leaf
Plastic house (high temp.)
Embryo weight 0.34" 035" 040" 0.51" 038" 0.46 031" 023
Seed weight 0.59" 0617 0.74" 0.96" 0.71" 0.86" 050" 046"
Plastic house (low temp.)
Embryo weight 0.35" 035" 0.39" 0.51" 037" 046" 0297 024
Seed weight 0.617 0.61" 0.75" 0.96" 0.71" 0.86" 049" 049"
Nursery
Embryo weight 035" 039" 043" 0.51" 039" 0.47" 024" 023
Seed weight 0.60" 0.65" 0.71" 0.96" 0.69" 0.87" 042" 049"
Pooled
Embryo weight 035" 035" 0417 0.51" 0.38" 0.46" 028" 024
Seed weight 0.60" 0.62" 0.74" 0.96" 071" 0.87" 048" 046"
T Significantly at 5% and 1% levels, respectively.
14 . 4
12 L v¥E 5.1t vy '; * y&‘;a_mén.rzssm
Egm RP=02208 e de "yl ’g AT =0.2397 .
§ 5o
s :
3 g
14 16 £ 20 2z 24 14 18 18 20 22 24
Seed weignt {mg) Seed weight (rg)

Fig. 1. Relationship between the total leaf area (TLA) and dry weight (DW) and the seed weight of 140 rice genotypes.

Y,, = f/(})+{Y - fV(x)} Eq.[5]

AZNA Yog= TAFA B EGV e 11 THIE,
Y(z)e 1407] E%F9 HFEATA(z= 194 mg)oA
EGV(Fig. 19] 4]) &= 1 #HYFA(Fig. 29 4]) 44,
Y, Y(z)& 217 BGV 2 11 BEIFA A4 3t 9@ £29
AA FRAFA)ANA FHZ o]t

ole} o] st FAp KA JaFS ufA|ste] ThA] AL
T EGV B3 #4529 £37 WolE Liehd Ao| & 59|
t} A FAR BAsiriete TLAS DW= 747F 33% 9
27%%} CVE YUeho] B4 EGV 9A] F57 Hol7) %

o AR 3d AU GBE BF AR thh Wl
o] 2ot A2de) AET PHel CVE 77} 18%
9 23%2 A39e] CV 16% 9 15%Ect Zich.
AR EA EGVE} 1 R Pue] ARTAS e

o] & 60|tk EGV &9l TLA ¥ DWe} 7 o

£ grlae] BAgo] BT 403 o) A
BT, 7 A RS A 204 o worch
EGVeFe] Ahe ojAle d2nct ggo] tha %91, 4
9 Zrol= 2 Ho|7h Gloic

EGV ¥ EGVERHEZI| |4H0|, R ¥ R
k1

2A5A R EGVS EGV
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Length of 2™ leaf (cm) Breadth of 2™ leaf (cm)

Area of 2™ leaf (cm®)
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Fig. 2. Relationship between the breadth, length, and area of 2" and 3% leaves, and the seed weight of 140 rice genotypes.

Table 5. Genotypic variation in EGV and its related traits adjusted for seed weight according to Eg. [5].

Area (cmz)

- Seed weight Breadth (cm) Length (cm) TLA DW
Statistics nd rd nd d nd d 2
(mg) 2" Leaf 3™ Leaf 2™ Leaf 3™ Leaf 2™ Leaf 3™ Leaf (cm’) (mg)
Max. 23.00 0.40 0.44 3.75 7.63 0.87 2.15 12.08 7.43
Min. 13.95 0.15 0.20 1.09 3.00 0.14 0.51 1.18 1.18
Mean 19.37 0.28 0.29 2.16 5.20 0.41 1.04 7.05 455
Stdev 1.70 0.05 0.05 0.50 0.80 0.16 0.35 227 1.23
CV. (%) 9 18 16 23 15 39 33 32 27
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Table 6. Correlation between the seed weight-adjusted early growth vigor (total leaf area and dry weight) and the seed
weight-adjusted leaf length and breadth of 2™

d
and 3" leaves.

Early growth vigor traits v Breadih T v Length T ] Arca T
2" Leaf 3" Leaf 2" Leaf 3" Leaf 2" Leaf 3" Leaf
Plastic house (High temperature)
Total leaf area 0.53** 0.55%* 0.67** 0.68%* 0.69** 0.73%*
Dry weight 0.42%* 0.41%* 0.49%* 0.47%* 0.52%* 0.56%*
Plastic house (Low temperature)
Total leaf area 0.55%* 0.54** 0.63** 0.64%* 0.70%* 0.71%*
Dry weight 0.45%* 0.43** 0.49** 0.51%* 0.50%* 0.57**
Nursery
Total leaf area 0.35%* 0.38** 0.40** 0.40%* 0.42%** 0.44**
Dry weight 0.32%* 0.34** 0.34** 0.35%* 0.36%* 0.41**

Table 7. Variance components and broad-sense heritability estimates (H) for seed weight-adjusted early growth vigor charac-

teristics measured on 140 rice genotypes.

L Breadth Length Area
Statistic i o v 1 = ] TLA DW
2" Leaf 3" Leaf 2" Leaf 3™ Leaf 2" Leaf 3" Leaf
OZG 0.31 0.45 0.25 0.27 0.26 0.28 0.21 0.19
0’6 0.01 0.03 0.02 0.03 0.01 0.03 0.02 0.01
H cotry-mean 0.90 0.93 0.87 0.89 0.92 0.93 0.81 0.66
H single plant 0.84 0.93 0.86 0.88 0.88 0.91 0.81 0.58

All variance components and heritability estimates (H) were significantly different from zero at P=0.05.

Table 8. Genotypic correlations (below the diagonal, bold), phenotypic correlations (above the diagonal), and genotype rank
correlation (on the diagonal) among the seed-weight adjusted early growth vigor characteristics measured on 140 rice

genotypes.
) Breadth Length Area
Traits — -~ — - = = TLA DW
2" Leaf 3" Leaf 2" Leaf 3" Leaf 2" Leaf 3" Leaf
Breadth 2" Leaf 0.79 0.85% 0.61* 0.59* 0.80%* 0.83* 0.54* 0.40%
3 Leaf 0.83* 0.85 0.63* 0.62* 0.77% 0.85* 0.61*%  0.44*
Length 2": Leaf 0.59* 0.61% 0.90 0.70* 0.94* 0.95% 0.66* 0.54%
3™ Leaf 0.57* 0.60% 0.67* 0.90 0.92% 0.97* 0.66*  0.55%
Area 2™ Leaf 0.77* 0.74* 0.91% 0.89* 0.83 0.86* 0.63* 0.43%
3 Leaf 0.80* 0.82% 0.92* 0.93* 0.83* 0.83 0.65%  0.44%
TLA 0.51% 0.58* 0.62* 0.62* 0.59% 0.61% 0.75 0.68*
DW 0.38* 0.42% 0.51% 0.52* 0.41* 0.42% 0.66*  0.63
*stands for being significant at probability level of P=0.05 at least.
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