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Genotypic Variation of Rapid Canopy Closure and Its Relationship with Yield of Rice

Jin-Dong Fu and Byun-Woo Lee'

Dept. of Plant Science, College of Agriculture and Life Science, Seoul National University, Seoul 151-742, Korea

ABSTRACT Rapid canopy closure (RCC) is one of the
physiological attributes that may enhance genetic yield po-
tential of rice (Oryza sativa L.) in a growing season. Crop
growth before canopy closure could be described by an
exponential equation of y=a-exp(3-f) where o 1is the
crop leat area index (LAI) or shoot dry weight (DW), ¢ is
the thermal time, 3 is the LAI or DW at the beginning of
the exponential growth and is the relative growth rate of
LAI (m’m~C™") or DW(gg?'C™). Field experiment using 22
cultivars revealed that the exponential growth phase before
canopy closure can be divided into two sections; an earlier
section during which crop dry weight and LAI of varieties
are highly dependent on « and a second section where crop
dry weight and LAI are highly dependent on 3. Grain weight
had significantly positive correlation with o parameter and
dry weight and LAI during early exponential phase. The
parameter 3 of the exponential growth curve had positive
and significant correlation with the LAI and dry weight
during the late exponential growth phase, grain number per
unit area, and grain yield. There was genotypic difference
for RCC parameters, o and 3, indicating the possibility of
genetic improvement for these traits.

Keywords : rice, rapid canopy closure, leaf area index, dry
weight, yield
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of o|sto] Fgkojof gFri(Cassman, 1999)31 Tt

Q2R B EEO AR FoE ey ke
=S e AR FAo iAo Fofxl Al
(Peng et al., 2000), A7) S feHE H23 ool e
FE5Y sZA = ARG 0.60] SHIsL Qloj A
s8hA)4 Tkl O3 434 FohE Y198 ol FTH(Yin
et al., 1999; Murchie et al., 1999). maA] ¢to g W £
o A S AL W AT 5 AR
WAV, Z o) gete] et el ZoolA Holof & Ao
Th(Cassman, 1994; Yin et al., 1999; Peng et al., 2000). <
o] A2 S 5971 fleide dHA7|7HLAD, Leaf
Area Duration)& 57| 3tol 72-e] 232k ZojA7] AL}
T2+9] 34 o] 2§ E&(RUE, Radiation Use Efficiency)s &
A Aok gt Iyt RUEE WHol7p =ZA] 7] ufo]
(Sinclair and Horie, 1989) A=AAE =217] HallA=
TSR EE ST 0F g

% 7|23 M A(rapid canopy closure, RCC)2 4%
23l Aj2 ®mak ol 2l Williams ef al., 1965; Gallo ef al.,
1985; Ottman & Welch, 1989; Westgate et al., 1997) +=F
WE W2 £Fgo| RobA K] SlAEL ABH H
Qto] AAAo] =A Eil(Lemerle et al., 1996; Rebetzke &
Richards, 1999), 24 RHMFE FE5EE AASIL 4
H o] 8 a884E =o|u(Lopez-Castaneda et al., 1995),

AR PASFHS FHNL + e AH 24 F o

Lpolt}, F-H ¥ (early growth vigor, EGV)o| & FF2
27) %ol Wat Zeto) 2¢E Wel HHA|E E(apid

b

canopy closure, RCC)= il Q17| wiol| SHHAY
ko] 3tk S 2T A4 (Whan ef al., 1991; Regan et al.,
1992; Lopez, 1995, 1996; Elhafid et al., 1998; Rebetzke &
Richards, 1999; Soltani et al., 2001b; Soltani & Galeshi,
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2002) A= it SHAIITE ot T A L=
X+ ‘d(Rebetzke & Richards, 1999; Soltani & Galeshi,
2002)0]u}, HE](Jordi Bort ef al., 1998), 22=2>(Westgate
et al., 1997) 52 Aoz EFo|} wujz3te] RCCE v}
FatA A7k oS AA REMLAEE BE] AD
& agahes Atk e} o5 ool et A7
wlorat *alz*oh:r
whekA] B AlE 227 ¥ £
o] 74 a0t #Eh-u e

4o 3 712HRE AR AU -Arﬁga-}air%.

e e
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5 < 20039 AlEdigtan FAAE s e 2
T =AM ST FAEEFS T EuEF ¢
5 T 2271 FFOIUHE 1). EGV7F &2 559
< EFF7HA EGV ¥o|7t A E FFS AW

20039 4 209 &%, AF, FHoks A FAE 7140
O Edtol| uhEsiity. ZAHoA 2~3Y Fo| EobE HE
Ao Z3ir7] & B AFEA A SRR 17
1 59 2090 HAYE 30x15 cm’ 2 13 3208 &o]o}
sttt Azl dR 3RHEC R hqih

Al 8] %S N-P,05-K,0 = 13-7-7 kg/10a0| it A A(L4)
= 78] 50%, REH|e} sHl= 242 25%2 EAIBERL
AHET )Y ZE(H3ie)2 AF 7IH =2 A&kt

olo} & 20U(AAE: 580Cday), 30Q(HALE: 102
8°Cday) 409(HA2 % 1247 Cday)o)| &34 3574 34t

o8 st G 712 B3t & Li-Cor 3000C(Li-

Cor Inc., USA)Z QAL AT I3 4] £
it AEE 72C oA 4817 A% & AESS AU

24" 9URTY AZFL o183e] ARF U GUHY A
SARRRA DY oo} s T4

y=a-exp(f-1)

A71A v B AEF B GHE
A AT el Ko AEF S
A2% 5o guyel 4 2
I AET HHEEL 0TS FEoz QYL
&4kt Zlolth

AmH 227} 30jstz 2| s WAE] AR

L gy 2 At A A-&(relative growth rate, RGR)°o|] &1l
AA A &A= o] AHAo] A7 E+= thermal timeof w2k
A,

A 5gpA o2 F715 o)y & 20Y(F42E 580C -
day), 309(1028°C -day), 402(1247C-day)ol| ZAFSH 2274
ZZ20| LAl ¥ AAE AE(DW) AR (thermal time)
oto] #A= A 4FAl(Fig. 1ol & AdstTt

LAI} DWE| A=A84 sh8 227 ETHEE 7%]*?'6}&1
I AesS YEeRd Aol & 20|tk o oy 440
Zo| £HE A Ul FALE AU tAHZ ﬁLJ—P ﬁW
Zro] =2 ZFo| HEL =2 Agkolqit} o]+ Soltani and
Galeshi(2002)7} 137} &5 7FXaL Eof st A&t
Aol FAReE it

RCC ¥ g4, +%, Gy d T4 AHFY
A x), 4z, FFA|, FE, W l?ﬂll# o< YEd
Ao| X 30]t}. FALLE 580, 1028, 1247(: -dayol| A 2] LAI
e} DWE EF70 Zo|7t = W, oy aps 61 By R
I AL L FF Y3 Zol7t AU
a; T} apl WHOARCV)E 2+t 49, 472 &Y WP,

Table 1. Rice varieties used for testing the rapid canopy closure and growth.

Rice variety

Nonganbyeo Cheongcheongbyeo
Nampungbyeo Iksan-467
Namcheonbyeo Ungaeng-9
Hapkyeo-15 Ansanbyeo
Hanareumbyeo Suwon-481

Hak-16 Suwon-476

Suwon-468 Dasanbyeo

Suwon- 490 SR24848-C92-21
Sobibyeo SR22060-B-B-B-2
Donghaebyeo SR22060-17-2-1-2-2
Daesanbyeo

Daerip-1
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Fig. 1. Growth curve of crop dry weight (g/m’) and LAI (m’/m’) in relation to thermal time from sowing.

Table 2. Values of exponential growth curve (Eq. 1) parameters (o, ay, G, and By), and grain yield (YLD) of 22 rice varieties

tested.

Varieties o, (m’/m°) 3, (1/°C) ay (g/m’) By (1/C) YLD(g/m°)
Nonganbyeo 0.0116 ® 0.0040 2.41 @2 0.0033 @ 682.7
Nampungbyeo 0.0287 0.0036 “° 531 @ 0.0031 752.6 7
Namcheonbyeo 0.0275 © 0.0037 % 542 © 0.0031 ¢ 7477 ®
Hapgyeo-15 0.0253 @ 0.0037 %2 5.19 19 0.0031 ¥ 7422 19
Hanareumbyeo 0.0355 © 0.0035 ¥ 541 © 0.0032 @ 770.0 ¥
Hak-16 0.0239 ¢V 0.0037 ¥ 4.54 OV 0.0032 7 740.0 'V
Cheongcheongbyeo 0.0201 ¥ 0.0038 © 3.84 U9 0.0033 7302 (¥
Iksan-467 0.0192 49 0.0038 © 3.85 ¢ 0.0032 728.6 ¥
Ungaeng-9 0.0211 % 0.0038 435 12 0.0032 739.1 4%
Ansanbyeo 0.0194 0.0038 © 372 7 0.0032 @ 722.0 19
Suwon-481 0.0192 @® 0.0038 © 3.76 19 0.0032 716.2 7
Suwon-476 0.0356 ¥ 0.0035 ¥ 536 ® 0.0032 760.3 ©
Suwon-468 0.0166 " 0.0039 @ 3.35 ¥ 0.0033 7142 ¥
Suwon-490 0.0510 @ 0.0033 @Y 6.36 © 0.0031 ¥ 788.1 ¥
Sobibyeo 0.0164 7 0.0039 @ 2.96 ¢V 0.0033 @ 699.4 %
Donghaebyeo 0.0163 @ 0.0039 @ 2.93 @D 0.0033 697.5 *V
Daesanbyeo 0.0131 @V 0.0040 3.02 ¥ 0.0032 691.1 @V
Daerip-1 0.0249 0.0037 " 563 @ 0.0030 #V 746.5 ©
Dasanbyeo 0.0298 © 0.0036 ¥ 539 O 0.0031 757.2 ©
SR24848-C92-21 0.0457 @ 0.0034 * 6.29 @ 0.0031 ¥ 775.0 ¥
SR22060-B-B-B-2 0.0211 *? 0.0038 3.78 ¥ 0.0033 @ 734.1 ¥
SR22060-17-2-1-2-2 0.0533 ¥ 0.0033 @Y 12.49 ¢ 0.0026 ¥ 816.4
LSDo.os 0.0090 0.0012 1.56 0.0013 76.2

The values in the parenthesis are the order of magnitude.
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Table 3. Phenotypic variation for dry weight (g/plant) and LAI during exponential growth phase, the exponential growth curve
(Eq. 1) parameters («;, oy, 3; and 3y), grain number, 1000 grain dry weight, and grain yield in 22 rice cultivars.

Trait Max Min Mean S.E. C.V. (%) F valuefor genotypes
1580 0.3751 0.1132 0.2059 0.0687 33 0.88
11028 1.5126 0.7312 1.0312 0.2312 22 1.02
L1247 3.5314 1.5666 2.4684 0.458 19 0.95
W580 (g/m’) 57 15.6 26.9 8.9 33 0.94
W1028 (g/m’) 163.5 74.9 116.4 23.6 20 1.41
W1247 (g/m°) 326.1 133.3 218.3 50.2 23 1.03
o, (m*/m’) 0.0533 0.0116 0.024 0.0116 49 1.89%
By (VC) 0.004 0.0033 0.0037 0.0002 5 2.03*
ay (g/m’) 12.5 24 4.4 2.1 47 2 44
By (1/C)) 0.0033 0.0026 0.0032 0.0002 5 2 .88**
GN (no./m°) 38393 20827 28272 4147 15 2.94%%*
1000 grain wt. (g) 33 21 27 3 11 3.24%%
Yield (g/m’) 816.4 682.7 732.9 32.5 4 1.88*

"L and W means leaf area index and shoot dry weight at the suffixed thermal time.
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Table 4. Correlation coefficients between the leaf area (La) and dry weight (Dwt) at a given growth stage in paddy field and

the leaf length, breadth, and area of different position in the early growth vigor tests.

Breadth Length |
Thermal time CToWt _ g - TLA DW
Variable -~ [ eaf 2 Leaf 3 Leaf 2 Leaf 3 Leaf 2 Leaf 3
$20C -d La 0.34%* (.38%* 0.58%* 0.70%** 0.46** 0.65** 0.82%x* 0.48%%*
"Qa
4 Dwt 0.25% 0.30** 0.43** 0.57%%* 0.29%%* 0.4]1%* 0.58** 0.36%*
] La 0.33%* 0.40%* 0.62** 0.78** 0.47%* 0.63%* 0.82%* 0.48%%*
1028 C - day
Dwt 0.18 0.32%* 0.44** 0.60** 0.22% 0.42%% 0.61** 0.38%**
i La 0,37%x* 0.42%* 0.55%* 0.74%%* 0.42%* 0.69** 0.45%%* 0.24*
1247 C -day
Dwt 0.16 0.40** 0.38%* 0.52%% 0.27** 0.45%* 0.38%* 0.24*

"TLA and DW mean total leaf area and dry weight of rice seedling measured one month after seeding for early vigor test.
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Table 5. Correlation coefficients among growth and yield-related characters: dry weights and LAI during exponential growth
phase, exponential growth curve (Eq. 1) parameters («;, ay, §, and (), grain number (GN), grain weight (GW)

and grain yield (YLD) in 22 rice cultivars.

'L580 L1028 L1247 W580 WI1028 WI1247 oy ay Bw By, GN GW
W1028  0.74**
W1247  0.52%*%  (.93%*
L580  0.81%* 0.66%* (.43
L1028  0.74**  0.96%* (0.84%*%  ().72%%
L1247  0.52** 0.86** 090  0.45%* 082%*
Oy 0.25% 0.0l 0.16  026* 002  0.12
a; 026%  0.01 022  030* 003 013  0.62%*
Buw 0.18  0.50%* 0.62%* 0.12  0.45%F (Q.81%F (.72%* (.4]%*
B 0.19  0.57** 0.80** 0.11 0.47+%  .72%%  0.53%%  0.60** (.80%**
GN 0.13  037** 040** 009  0.30*  0.40%* 033* 019  0.50%% (.43**
GW 0.34** 023 009  036% 025¢* 0.6  025% 030* 004 009  027*
YLD 0.32%*  (0.56** 0.51*%* 028*  0.50** 0.53** 0.18 0.0l 0.49%*%  (0.39%*  0.92%* (.03

'L and W means leaf area index and shoot dry weight at the suffixed thermal time.
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of WetA y=arexp(8-0)2t 22 AL YTE A
=4, 2 |41A0E dAE 1028 C -day7HA] LAI2F DW
of W Atk 2 & B E M riar= 0.9999, 1w =
0.9998, Fig. 1).
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