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RBE BRI - kI 2 A A REER RN IS A1 BERERIE T IRKFG &L T 7% #3758 (breaking strength)
R IRVEZMBEEEEN  MADAREALTESAROLE  EREFERmRD GREE 1992
1994 ; BE&E K 1983) - GEPEEKBRENES > SHEPEBEREBEME - 7 1957 FEhth
7 TR B R (Dee-geo-woo-gen) B2 ZE R ## (Tsai-yuan chung) 2 MR B AEEHAL B KGR EESH
TE2K 198 » B TENE sd-1 B - MBFETE A Z2AT (International Rice Research Institute » IRRDELE
18 2 KIS L BLEN JE SLTE Peta ST EE H IR-8 s PR AREZ B METRE L HEERE - HEENS
BUEESZENER  BFS -~ EREKES - BEKES RPIELRE - WTERR 115 - BFHE 1
TR REIRE > WA sd-1 EN s HMAIERZ colrose76 ~ HAZ Remi B Shiranui (25 1994 5
Kikuchi & Tkehashi 1984 ; Mackill & Rutger 1979 5 Oka 1974 ; Tanisaka 2 1994) » 25— s 7 A%
R BEEE - SEZEY CBREMEMISEE - Wi #TBEEFEE MR EERAEEES
HEZM -
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£ 1. /K78 Shiokari K HEZEM R FES

Table 1. Dwarf near-isogenic lines of Shiokari rice used in the experiment

Dwarf Origin of dwarf Number (?f' Plant Height (cm)
gene backcrossing

sd-1 Dee-geo-woo-gen dwarf BC, 514
d-1 Daikoku dwarf BC, 322
d-2 Ebisu dwarf BC, 56.4
d-6 Lop-leaved dwarf BCs 50.8
da-7 Cleistogamous dwarf BC;s 51.0
d-10 Kikebanshinriki(tillering dwarf) BGCy 44.6
d-12 Yukara dwarf BC;s 55.8
d-14 Kamikawa-bunwai dwarf BCs 45.2
d-17 Slender dwarf BCs 44.0
d-18" Kotake-tamanishiki dwarf BCs 48.0
d-19 Kamikawa dwarf BCs 60.4
d-27 Tillering dwarf BCs 68.0
d-30 Waisei-shirasasa dwarf BCs 58.4
d-35' Tanginbozu dwarf BCyo 55.6
d42' Ligueless dwarf BCs 64.2
d-51 Dwarf Kyushu-8 BC, 50.4
d-52 Dwarf Kyushu-2 BC, 51.8

Shiokari Recurrent parent 78.8
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AEEBERGE

LIRS R H 1T 1 5 FE 2 845 4 75 HY 125 (emergence percentage) ~ {25 (emergence speed) ~
454 + H 8 (mean of emergence days) H 1 1R 8i(emergence index) » MR IBRFEREE 20 HEITHHE 2
f R (mesocotyl) ~ BT ~ R5ERHE ~ 8 1~3 EE F (193" leaf sheath) ~ 5 1~2 FEEHE(1st~2nd leaf
blade) * B EEHiRf (coleoptile internode) ~ A 5¢ 2 ZE i (incomplete leaf internode) ~ 55 1~2 A (19~2™
leaf internode) ~ Hif(seedling length)F AR 2 K& R EBFMARAE - 15 R A2 2 il R b ooy 21 2 B
BUHARFERZER Wit B RAMER - B ER AR ROEEE > A 1T 557 57 17 (Principal
Components Analysis * PCA) °

AR HFEIRH LB REBEE 2 -

M2 BER 6 HAH T B REEE F B ca ot -

A fRE: 2/ HE -

fa =R

Shiokari & EL}E 1450 BiFRIERE Sem K8 R

A Shiokari K HBEVELRIFRH TR ZERAE 2 - HRATLIEHETRAZEEERE AT
SRR FEREEENER o M EH Shiokari FLERTLUSH] : d-6 1EH L ZFEEE N -
d-1~d-2~d-18~d-19 ~ R d-42' BII&1K ; B+ 28 d-6 BABANIIN » T d-1~ d-2 ~ d-18" B d-42" FHIZ N
s EFHHE L HBLE BT d-1~d-2 & d-18"BAEEIE NS - HeR W MEARR . 72 2 (£ HREUTH >
d-6 BAFEE 1 Shiokari » T d-1 ~d-2 ~d-17~ d-18" B d-42" ERI TR o

& 2. /K¥8 Shiokari K EBEEE RIVFRTE Sem GE4E 20 Hig 2 i+ K&

Table 2. Emergence of Shiokari rice and its dwarf near-isogenic lines seeding at S5cm depth after 20 days

. Emergence” Emergence * Mean emergence Emergence

Line .

speed (%)’ percentage (%) days index ¥
sd-1 83 83 4.51 0.19
d-1 28%* % 38%* 5.33%* 0.07**
d-2 52% 50* 5.00% 0.10%*
d-6 90%* 90* 3.50 0.36*
d-7 73 73 3.50 0.21
d-10 80 80 4.04 0.20
d-12 55 55 3.50 0.19
d-14 83 83 3.63 0.23
d-17' 55 55 4.09 0.14*
d-18* 48% 48% 4.92% 0.10%*
d-19 68* 68 4.46 0.15
d-27 73 73 4.17 0.18
d-30 83 83 4.19 0.20
d-35' 80 80 4.75 0.17
d-42' 45* 45%* 4.61 0.10%*
d-51 73 73 4.14 0.18
d-52 83 83 4.27 0.19
Shiokari 75 75 3.93 0.19 -

“Data were arcsine transformed.

YEmergence speed * Seedling emergence during six days/All seedling

Emergence index : Emergence speed/ Mean emergence days.

X ok kX oz
>

significant at 5% and 1% levels according least significant difference(LSD)test, respectively. (Comparison
between Shiokari and its near-isogenic line.)
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Table 5. Principal component analysis for 17 seedling characters in Shiokari rice and its dwarf near-isogenic lines at 5cm

seeding depth
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Seeding characters

Principal component

1 2 3
Emergence speed 0.2331 -0.2720 0.3704
Emergence percentage 0.2140 -0.2590 0.4057
Emergence days -0.2839 -0.1039 -0.2257
Mesocotyle length -0.0523 -0.5158 -0.2575
Coleoptile internode length 0.2189 0.0106 0.1683
Incomplete leaf internode length 0.1540 0.4129 0.3002
1st leaf internode length -0.2423 0.3276 0.0979
2nd leaf internode length -0.2504 0.2407 0.0558
Coleoptile length 0.1712 0.3826 -0.0948
Incomplete leaf length 0.2758 0.2473 -0.0316
1st leaf sheath length 0.2363 0.0853 -0.4190
1st leaf blade length 0.2942 0.0014 -0.1905
2nd leaf sheath length 0.2888 -0.0678 -0.3879
2nd leaf blade length 0.3176 -0.0753 0.1415
3rd leaf sheath length 0.2656 0.0047 -0.0456
Seedling length 0.3184 -0.1448 -0.0126
Leaf number -0.1399 -0.0606 0.2350
Eigen value 7.8142 2.9627 1.9058
Difference 4.8515 1.0568 0.6088
Proportion 0.4597 0.1743 0.1121
Cumulative contribution 0.4597 0.6339 0.7460
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Fig. 1. Shiokari rice and its dwarf near-isogenic lines scattered in the plane by the first two components at 5cm seeding

depth.
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Fig. 2. Shiokari rice and its dwarf near-isogenic lines scattered in the plane by the first and third components at 5cm

seeding depth.

7R 6. 7K Shiokari K EEMERIIFRTE Tom % 20 B2 M E

Table 6. Emergence of Shiokari rice and its dwarf near-isogenic lines seeding at 7cm depth after 20 days

. 2 Emergence” Mean Emergence
Line Emergence” speed (%)’ Percentage (%) emergence days index’
sd-1 68+* 68 4.74 0.15
d-1 03* 10 7.00%* 0.01%*
d-2 45 48 4.79 0.10
d-6 70* 78* 4.69 0.17*
d-7 65 68 4.57 0.15*
d-10 60 60 4.09 0.15
d-12 65* 70* 4.72 0.16*
d-14 70* 73* 4.33 0.17*
d-17 40 43 5.34 0.08
d-18 25 28 5.48 0.05
d-19 43 45 5.05 0.09
d-27 48 50 5.15 0.10
d-30 45 50 4.64 0.11
d-35' 40 45 5.80 0.11
d-42' 45 50 5.15 0.10
d-51 63% 63 4.27 0.15*
d-52 53 53 4.68 0.12
Shiokari 35 43 4.93 0.09

“Data were arcsine transformed
YEmergence speed * Seedling emergence during six days/All seedling
Emergence index : Emergence speed/ Mean emergence days

Xk ko
>

between Shiokari and its near-isogenic line.)

significant at 5% and 1% levels according least significant difference (LSD) test, respectively. (Comparison
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i Shiokari NG ARG =8 ;5 B {REUE d-6~ d-7 ~ d-12 ~ d-14 & d-51 BARAS® Shiokari » T d-1
BIIFRE o SRAEZESE Tom T 2 sd-1~d-6~d-12~ d-14 ~ d-51 {BENE T ~ a-1 ARSI B E L
HBRIBIE T [FJE A B2 Shiokari 2 H+ K FEBESAREL - FHELATAD > d-6 TEGEHE TR 0 d-1~d-2~d-18"
K d-42' ERIBIREE TR < £ -

Frg 17 B 5 R 5 82 Shiokari AR 2 2R - HERNE 7-7 LB sd-1~d-19 & d-27
S e RS B RE 2 RUR - SREERIRITE d-1 > d-2 > d-10 ~ d-12 ~ d-14 ~ d-35" . d-52 2BRANFHIEA -
i d-19 B d-35' QB {EHEMER s RN 2 BEHMAE sd-1 ~d-1 ~d-2 ~d-6~d-18~ d-19~ d-27~ d-35t ]k d-42'
SHUMEIER » Hrh g-7 £FHE 5 1 EHR - 427 BIHIHER > d-12 K d-35' AHEEFRE 562
TR d-1~d-2 BIREMRRS) » HERR KA 2 o WEETE d-1 $IHIHE » d-19 & d-27 AHEEMR K
RERIETE d-1 IENHE » 7€ d-14 B d-42' (BEMHRE 5 55 1 BEBTE d-1 - d-18' R d-35'WIFI#HE > d-2
SR IARE R 5 1 BT 418 HIHE 1 d-6~d-14 Rk d-52 [REMR s B2 EBEHHE d-1~
d-18"~ d-35" BNEMEE » 1] d-2 IRHEMHER 5 5 2 ZEREWTE d-1 ~ d-18" B d-35' IR » T d-6 & d-52
(RHEME ;s 5B 3 EWHEEIE d-1 K& d-35' HIHE > i d-6 &k d-52 AIEIEEER s iRAE d-1~d-2~d-7 >
d-10~d-14~ d-17'~ d-18"~ d-19 ~ d-35' Jz d-42" INHMB R R EBAE d-18* ] d-35'BARENE N » HE /MR
R E R 2 A FRME TR RR -

TEFRFAZNT 17 (RS FE 2 R Hg 8 Shiokari 1 » ¥E4& 7em T - H LB SR 24
FA  EERFERY BOBEANE 8 BT - FTaAER 18 [EER I 2 R AR TR BT 12 0.989~-0.877
NETFHBEEERASH TS WET TRB) BHBEEER KBTI L HEBOEE ERBD) ;
B H 4 HE(C) ~ PINERE) ~ 55 1 FEARE) ~ 55 2 BEETIR@) B EERR)E Z it AR 2 L R BB &
AR HE8A) ~ HEAB) ~ HHRED) ~ SREEEHE R T 2 IR (G EE A EIRE 2
S EFUFHREAE ~ BHREE > B 13 EESLC M P~ F 12 EEHBM O RHEEQ)ZMERKIE
FHRE o B EFEBIREN T 0.992~-0.875 3 PEIR Z B EAR G/ VEIREE0.326) » HmABHIR(0.903) -

% 7. /KIE Shiokari Fr HEBMEE FIIFRE 7om 1 20 B Z 4Rtk

Table 7. The seedling characters of Shiokari rice and its dwarf near-isogenic lines seeding at 7cm depth after 20 days

Line A B C D E F G H I J K L M N
sd-1 5.9 54  36.5% 124 1.1 265 323 18.0 303 485 398 725 2539 4.85
d-1 1.0 1.0% 1.5%% 12,5 8.5%% 10.0%* 15.0%% 7.0** 275  26.0% 23.0%% 40.0¥* 76.5%% 5.00
d-2 3.8 3.0 30.0%* 139  2.2* 308 33.6 214* 316  633*% 353 79.6  214.4%% 493
d-6 1.8 52 359% 127 L7 309 365 16.6  383*%* 60.0 52.0%% 96.7** 270.4  4.75
d-7 1.8 3.1 438 13.7 20 229 379 185 317 499 351 672  2104%* 4.78
d-10 1.2 1.6%  46.7 15.2 1.1 223 375 18.6 326 511 338 649  2144%% 484
d-12 1.2 L1* 379  275% 1.0 184 356 186 289 468 367 73.0 23838 5.00
d-14 1.8 1.8% 424 151 1.0 269  403* 195  353% 591 393 759  203.9%% 4.56

a-17' 1.8 35 434 143 1.1 278 353 182 31.0 51.1 327 667  2203* 5.08
d-18° 43 5.0  31.3*F 182 1.0 314 316 14.8%  24.4%  34.8* 24.9%% 56.0  217.3%¥ 5.50%*
d-19 4.7%  12.9** 30.8%% 11.0 1.0 35.5%* 30.3 18.1 273 556 375 769 2240+ 476
d-27 6.3%%  13.4%F 332% 67 1.0 34.2% 320 18.1 263 523 374 0 729 2303 4.42
d-30 1.6 32 400 144 1.0 255 384 163 321 51.0 389 71.7 2475 4.61
d-35' 2.8 2.6%  26.4%% 299%¢ 14 25.7 307 12.9%% 277 34.2% 25.1%% 46.2%* 167.4** 5.35*
d-42' 2.4 3.0 3L1* 121 1.5 249  392% 196 341 59.9 342 76.1 207.4**  4.60
d-51 2.7 32 402 145 1.0 253 353 17.8 321 55.6 403 865  256.0 4.66
d-52 22 22% 413 13.0 1.0 260 356 187 35.0*% 58.0 45.6% 92.1* 2754 5.02
Shiokari 2.5 50 426 153 1.1 24.1 34.5 186  29.6 521 379 727 2629 4.77

“The same as in table 3

v# %% 1 Significant at 5% and 1% levels by least significant difference (LSD) test, respectively. (Comparison between
Shiokari and its near-isogenic line.)
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E—L LR RBGEI T ERM O » R MER - B—EBF IR N2 RAHEEES 82.64% » X
BEZFRODETRAZBZBEN B 1 ERMOREES 9.1165 HHEB T 53.63% » 5 1 £
7L SUREOE S FRBUFEIH T HE - B 12 B R ERS A E » HepMIREBTE®E - 82 £1
RVRFEUERS 2.9472 0 HEEB R 17.34% » 7£56 2 ERH L KURORSREBEUTHH L HE -~
FrRE ~ BREEATR C B - B 12 BEESGREREBIEME - BLUIPiTE - BN - WESMIROEME
A RBE K » LIE 1 BEERNEER S RERK - 5 3 ERONERES 1.9847 0 B 5H
11.67% » 1555 3 £ EEMEREIRR %8 » LIRS+ H 8 - SHEEETRT ~ 45 2 BEMA - 48 12 385
BEF 23 EEFGEAME KR EBIEME -

RES 1 8258 2 F RN 2 EET R AT ISR S B MR R IR A R H g Shiokari Z /3 #il[E 2 3 iz e
FH A B AT B3 0 sd-1~d-2 ~ d-19~ d-27 J Shiokari D HTES — KRR » d-17' AR E KRR > d-1~d-18
e d-35 (IR =R 2 d-6~d-7~d-10~ d-12 ~ d-14 ~ d-30 ~ d-42"' ~ d-51 R d-52 RiftE VYRR » a8
WA EMER T B MR EIURR - 5 1 85 3 £l 2 nMmEaE 4 Fix o B9 ARG 5
B sd-1~d-7~d-10 ~ d-12 & Shiokari i3 H—RIR + d-17 ~ d-18* K d-35 IR HE_RIR » d-1 (IR
ZRIR > d-2~d-6~d-14~d-19 ~ d-27 ~ d-30 ~ d-42' ~ d-5]1  d-52 (IR EIUERIRE - S K5 BEHEER
MEESMPBHETLRR -

Shiokari R EZIIERRARBE T RN CBE

Shiokari & HZM R FNRATEEE THFVEZRR > 251408 3~ B 4 Fix o £ Sem T »
KEHBEMERRRFELSE | FRAH L E VMO EEKLUTNTRER L > H sd-1 FIEKRLUT
SEETEH LG ELBIR S » ERES d-18°~ d-12 ~ d-30~ d-35"> T d-1 ~ d-19 ¥LLEE 1 ZERIK H 4 (B
5)c BFBEEE Tem B> BR d- 135 LIE 2B L9 - d-19~ d-35"~ d-42'~ d-27 ~ d-12 ~ d-14 & d-6

& 9. /KHE Shiokari & HIEMERIERTE 7 om SR EFHEZ LA 7
Table 9. Principal component analysis for 17 seedling characters in Shiokari rice and its dwarf near-isogenic lines at 7cm
seeding depth

) Principal component
Seeding characters P P

1 2 2
Emergence speed 0.2807 -0.1417 0.0590
Emergence percentage 0.2762 -0.1680 0.0408
Emergence days -0.3040 0.1005 -0.0944
Mesocotyle length 0.0346 0.5178 0.1106
Coleoptile internode length 0.0543 0.5311 -0.0440
Incomplete leaf internode length 0.2776 -0.0936 0.2378
1st leaf internode length -0.0839 -0.2846 0.5130
2nd leaf internode length -0.2577 -0.1012 -0.4037
Coleoptile length 0.1763 0.4062 0.1630
Incomplete leaf length 0.2844 -0.0951 0.1304
1st leaf sheath length 0.2890 0.0498 0.0988
1st leaf blade length 0.2100 -0.3137 -0.2981
2nd leaf sheath length 0.2947 0.0590 -0.1907
2nd leaf blade length 0.2727 -0.0248 -0.2374
3rd leaf sheath length 0.2902 -0.0233 -0.1921
Seedling length 0.2853 0.0758 0.1361
Leaf number -0.1779 -0.0775 0.4455
Eigen value 9.1165 2.9472 1.9847
Difference 6.1693 0.9625 1.1205
Proportion 0.5363 0.1734 0.1167

Cumulative contribution 0.5363 0.7096 0.8264




202

FREEE e HS2 B H3H
60 p
. 427
40 }
L]
19
20 F
[ ]
18 St
Shiokari u. a2
(s I A ry e 2 l\'l‘L I 11
d-17t o d-42t
-12.0 -10.0 8.0 6.0 40 2.0 oo o 20 4.0
d-30 . L]
* 4-35t e 452  d6
d-1 d-7. .
20 b d10 d-14
®
@12
40 f
d-51
L ]
60 L

3. 7K¥5 Shiokari R HAEMIE R AT 7 om ERF—HE 20 fmlE -

Fig. 3. Shiokari rice and its dwarf near-isogenic lines scattered in the plane by the first two components at 7cm seeding

depth.
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Variation of Seedling Characters of Shiokari Rice
and Its Dwarf Near-Isogenic Lines under Deep
Seeding Condition

Shu-Ru Yang”’, Charng-Pei Li’, Shu-Tu Wu" and Fu-Sheng Thseng’

Summary

Yang, S.R., C. P, Li, S. T, Wu and F. S, Thseng. 2003.Variation of seedling characters of shiokari rice and its
dwarf near-isogenic lines under deep seeding condition. J. Agric. Res. China 52:191-206.

In order to understand the seedling characters of different dwarf genes expressed under 5 and 7cm
seeding depth, Var. Shiokari and its seventeen dwarf near-isogenic lines were used for investigation. The
results were that the emergence ability of d-1, d-2, d-1 8" and d-42" was significantly inhibited at 5cm seeding
depth, but d-6 was enhanced, and no significant difference was found among the rest dwarf near-isogenic
lines with Shiokari. All dwarf near-isogenic lines were emerged with the elongated of mesocotyle, however,
coleoptile internode and incomplete leaf internode however d-1 was found emerged by its 1st leaf internode.
At 7cm seeding depth, the emergence ability of sd-1, d-6, d-12, d-14 and d-52 were enhanced however d-1
was inhibited and no difference found among the rest dwarf near-isogenic lines with Shiokari. All dwarf
near-isogenic lines were emerged by the elongation of incomplete internode and the 1st leaf internode
however d-1 was found emerged by the 2nd leaf internode. Each dwarf genes had different effects along with
various degrees on seedling characters at both seeding depth. Most seedlings of Shiokari and its dwarf
near-isogenic lines emerged by the 1st leaf. It was found the emerged ratio of the Ist leaf was increase and
which the seeding depth however the emergence of 2nd leaf was also observed on some seedings. Through
principal components analysis, it was found that Shiokari and its most near-isogenic lines were distributed in
1" quadrant at Scm seeding depth however the distribution in 4™ quadrant was found while seeding depth at
7em. It was observed that the distribution of dwarf near-isogenic lines were not scattered near Shiokari.
Conclusion from principal components analysis and genotypic correlation, it was found that dwarf genes had
pleiotropic effects on seedling growth under deep seeding culture.

Key Word : Deep Seeding, Dwarf Near-isogenic Lines, Emergence Ability, Genotypic Correlation,
Principal Components Analysis
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