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Studies on Growth and Flowering Characteristics of Polyploid Hybrid
Rice Parents with Strong Heterosis

LIU Jian-xin, CHEN Jian-guo, CHEN Dong-ling, SONG Zhao-jian, DAI Bing-cheng, CAIl De-tian

(College of Life Sciences, Hubei University, Wuhan 430062)

Abstract: [ Objective] Using double predominance of distant crossing and polyploidization to select super rice is a new
strategy of rice breeding. Based on a series of polyploid indica-japonica hybrid plant lines obtained after solving the problem of low
seed setting rate of polyploid rice by breeding Polyploid Meiosis Stability (PMeS) lines, it is the most urgent affair in polyploid rice
breeding that to study the characteristics of polyploid rice sterile lines and restoring lines to realize the application of hetesosis of
polyploid rice hybrids in production. [Method] Leaf age and tillering of restoring lines Sg99012, HN2026 and sterile line PA64S of
polyploid hybrids parents with strong heterosis were comparatively studied by stages and at different ploidity levels. Control
materials 9311, HD9802S were studied at the same time. [Result] Results showed that seeding by stages had certain effects on leaf
number, but had few effect on change trend of leaf growth. Main stem leaf number tended to reduce from diploid to tetraploid.
Environmental factors had more influence on leaf growth speed than that at ploidity level. Furthermore, seeding by stages had
influence on total tiller numbers in some degree. Tiller numbers of tetraploid was less than that of its corresponding diploids. Results
of flower characteristics showed that chromosome doubling obviously prolonged the duration of spikelets opening. For restoring line
9311 and HN2026 with doubled chromosome, the flowering time of spikelets in a day became more concentrated. But the flowering
duration and flowering peak of a panicle differed in each variety. The flowering stage and flowering time of PMeS line of
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HN2026-4X with polyploid meiosis stability and high seed setting rate, were more concentrated. The seeding date and temperature
had few effect on the flowering characteristics of it. So it can be utilized as a fine polyploid restoring line.[ Conclusion]Chromosome

doubling has influence on many characteristics of experiment materials, but has no effect on characteristics of sterile lines and
restoring lines used in hybrid rice breeding. On the contrary, characteristics of more stable sterility of polyploid sterile lines, more
concentrated flowering stage and flowering time of polyploid restoring lines are more beneficial to hybrids breeding. This has

provided a practical evidence for utilization of strong heterosis of polyploid hybrid rice.
Key words: Polyploid rice; Strong heterosis; Growth and flowering characteristics; Restoring line; Sterile line
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Fig. 2 Leaf increment at different ages and ploidity levels
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Table 1 Flowering duration of single spikelet

[R5 BEROW] b 22 T JOE B DY A5 44 1) 43 BE £ . 2004 413K
WHRLEIR, ANH R PABLS HA5 KT 5K E R
HN2026 % 9311 &AGPEAK 14> SR LU A, B2 %
TIEWi#, A PA64S-2X 27.20, 4X 16.90;
HN2026-2X 17.90, 4X 7.70; 9311-2X 15.90, 4X 9.10.
2.3 FHIMHEHIER

2.3.1 BRFAFBFEEHIAL MK 1 dmf
I, Rk RE P EmINGT G, e ATTRE]
K T A RS2 E) ] S S E K R %R PAG4S Fil HD9802S
AR I AERR SN G, 2 AR AR A, T
FEAEFRREEIN A K AN E &R, A U fis A im, L0
IR 2 L S R R K AT 2 o KN TR] PR R E T T
REA RN THZ 2T, &= B8 1) D 2
AL T BCRA A R R K, LA SZ BB Ha 5 oK

Al (R) itk TR Ml SCINIE] M brifEZE
Varieties or lines Ploidity Spikelet numbers per panicle Minimum (h) Maximum (h) Mean (h) SD
9311 2X 292 0.38 4.65 1.30 0.56
4X 199 0.45 8.62 214 1.25
HN2026 2X 261 0.22 2.52 0.93 0.29
4X 65 0.75 217 1.25 0.24
PAG4S 2X 217 0.20 19.22 2.35 1.62
4X 56 0.33 23.83 7.68 8.18
HD9802S 2X 70(83) 2.33 47.83 6.25 9.45
4X 10(24) 1.42 46.00 21.00 12.81

HD9802S-2X H R R AR FIA I, Frocit i 83 MBHEHAT 13 MAKTAET 48 h (MRS, St AX P UALERAESY, Fracit v 24 DBHEH A

14 Jy K T%T- 48 h {5

Most of HD 9802S-2X spikelets did not shut for a very long time, e.g., opening time of 13 in 83 spikelets tested more than 48 hours. Besides, most of spikelets
tested in corresponding tetraploid also did so, e.g., opening time of 14 spikelets in 24 spikelets tested more than 48 hours
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Table 2 Flowering time distribution of spikelets opened in one

day

PR AR TR] RO S A T A e AN I Sl Bl S,
HD9802S [f/=UgdE 8: 00~9: 00, k%] 35.29%;
H S, PMeS & HN2026-4X TR LA,
X R I AE 2 P 5 v 45 SR PR S R B I R I 2

TEAE T[] BAEI TTAE T 4> % Percent of spikelets flowering in one hour (%)
Time of flowering 9311 HN2026 PAG4S HD9802S

2X 4x 2X ax 2x ax 2X 4x
<8: 00 0 0 0 0 0 0 0 0
8: 00~9: 00 4.43 0.00 0.21 0.00 6.04 7.48 7.41 35.29
9: 00~10: 00 30.73 13.92 12.21 3.75 7.25 12.24 3037 20.00
10: 00~11: 00 25.26 26.01 37.69 58.75 16.01 9.52 17.04 8.24
11: 00~12: 00 26.82 32.23 37.69 22.50 15.41 16.33 8.89 8.24
12: 00~13: 00 10.68 13.92 5.35 15.00 22.96 9.52 3.70 353
13: 00~14: 00 2.08 8.06 150 0 11.18 4.08 1.48 0.00
14: 00~15: 00 0 1.10 1.07 0 7.25 10.88 2.96 0.00
15: 00~16: 00 0 0.00 2.78 0 5.44 15.65 7.41 0.00
16: 00~17: 00 0 0.00 0.00 0 5.14 4.08 0.74 471
17: 00~18: 00 0 4.76 150 0 3.32 10.20 8.89 8.24
>18: 00 0 0 0 0 0 0 11.11 11.76
GiE 5 Spikelet numbers 384 273 467 80 331 147 135 85
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K3 TEMEMREZ 9311 0 HN2026 BB FEAH S

Table 3 Flowering  distribution of  spikelets on a single panicle of 9311 and HN2026
FFAE I 1) FURLH JTAE E 4% Percent of flowering spikelets of a panicle in one day (%)
Time of flowering 9311-2X 9311-4X HN2026-2X HN2026-4X

1 2 3 1 2 3 1 2 3 1 2 3
45— First day 0 4.29 9.01 2.22 2.02 2.38 4,62 1.02 1071 2.75 714 263
%K Second day 513 1143 1712 1889 2323 1190 2647 1990 3061  17.58 3393 19.74
5 =K Third day 1436 3952 4234 2333 1414 2857 2017  29.08 2959  16.48 37.50 21.05
5 IUK Fourth day 39.49 2286 2027 2222 3030 1825 2269 2041 1939 2582 16.07 43.42
S5 K Fifth day 2256 1143 721 2222 1818  23.02 798  13.78 051 2143 357 11.18
EB/NK Sixth day 17.44 9.52 2.25 3.33 3.03 8.73 5.46 3.06 4.59 13.19 089 197
45K Seventh day 0 0.95 0.90 111 1.01 1.59 630 1122 4.59 2.20 089 0
5 J\K Eighth day 0 0 0 111 2.02 1.59 3.78 153 0 0.55 0 0
B ILR Ninth day 0 0 0 5.56 6.06 0.79 2.52 0 0 0 0 0
-1k Tenth day 0 0 0 0 0 3.17 0 0 0 0 0 0
T RifE 4L Total 195 210 222 90 99 126 238 196 196 136 112 162

R4 TREMEMTBE %K PA64S F1 HD9802S BFEESI L A 2% (2003)
Table 4 Distribution of spikelets opening time of a single panicle of sterile line PA64S and HD9802S at different ploidity level

(2003)

FFACHT [H) PR JFAE H 40 % Percent of flowering spikelets of a panicle in one day (%)
Time of flowering PABAS-4X PABAS-2X HD9802S-2X HD9802S-4X

1 2 3 1 2 3 1 2 3 1 2 3
First day 417 278 1143 588  17.33 0.94 4.94 9.45 3.82 2.50 5.13 4.44
4% =K Second day 8.33 8.33 0.00 294 1333 0.94 6.17 157 573 1750 1795  13.33
5% =K Third day 833 2222 2.86 000 2533 9.43 4.32 0.79 191  15.00 769 1333
%P4 Fourth day 27.08 4722 8.57 294 1867 5.66 4.94 157 7.01 5.00 5.13 8.89
S TR Fifth day 18.75 833 4857 000  17.33 5.66 0.62 0.00 127 1000 2051 8.89
7N Sixth day 20.83 833 228 6176 267 3208 4.32 0.79 1.27 2.50 769 1333
LK Seventh day 417 2.78 571 8.82 400 2736 3.70 0.00 0.64 0 5.13 4.44
% )UK Eighth day 2.08 0 0 2.94 0.00 1415 1.23 0.79 0 0 0 0
S JLK Ninth day 2.08 0 0 5.88 0.00 2.83 0 0.00 0 0 0 0
#-1K Tenth day 2.08 0 0 0.00 0.00 0.00 0 0.79 0 0 0 0
#i-F—X Eleventh day 2.08 0 0 2.94 0.00 0.94 0 0 0 0 0 0
- K Twelfth day 0 0 0 2.94 0.00 0 0 0 0 0 0 2.22
#-F =K Thirteenth day 0 0 0 0.00 1.33 0 0 0 0 0 0 0
#-1-PUX Fourteenth day 0 0 0 2.94 0 0 0 0 0 0 0 0
ATFFI Unopened 0 0 0 0 0 0 69.75 8425 7834 4750 3077 3111
FEX Total 48 36 35 34 75 106 162 127 157 40 39 45

AETT IO . 45 R, 9311 A, DUfsiAgile X, {E 34~39°CREMEE T m A FraE K, M 0.85~
TFAE FF G2 I 1A £E 26 ~ 33°C #I5 Bifi 15 5 F 186 Jon i 4 J6 0.91 h, ffiFAPHE ) HN2026 —f544T = 34~39°C

N

(1.33~1.27h, 2.68~1.83h) ; HN2026 {4 jAH MR, S T AUEH A PLRE, ELE T il
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HN2026 PUf5447E 33~37°CI, AL TR it ) 5k
AAAE], TS ARG T K PAG4S-2X [HFI{E
TR 1) it 2 4 8 1 FH AN 21°C 3] 35°C )i i 4 Jid
391 238, 2.30. 1.95. 1.83, FHLAE A —H 1M
JCPUREARIIAR B, e BEAG il 52 (1) T e R0 T TP e
PR U B S B, AN 2.10 31 2,52 ho BEAR, K5 RTE
TG KSR RIS O R , DUAS A (R 300 T T RR 42
S [ B Sk OO0 B A, XA RS A AR A 2
Gt A0S VYA AR IS I — AN WA RE R, TR R
ARG RIET LR ERN.

2.4.2 REMYEFLEHERGPE  9311-2X 1E
26~29°CH}, HIF{EmIgH7E 10: 00~10: 30, IM7E
29~33°C i H I 4k 0 I 7E 12: 00~12: 30, A 26~
29°C 3| 29~33°C X [A], JF 4t iy I S B0t 4k /5 1 B
%, MifE 29~31°C & 31~33°C ) i IR AR, &
A HUH 20T 5 ) B 5 28 T A 52 81 B 5 i i KB
TSR, [T DUE 3 AN
DX ] i Vg U TSCRAUAEL 1) P 7 256 B a5 (1) 185 m g 38 K,
T Z S RAEU T =, H A s TR
JEPURSAR S A AR AN o BT b, T4k
WIS BRAT 5 4 5, R S 1) 26~29°C X ] 2L
LG U S BT T R A R IR
HN2026-2X 7E 32~34.5°CiuHm, HIF b s e
b, T H TSR S L 66.67%:; 11 34~
36.5°CIX By, [ IFA an vt BLIN [a] S i — A+, R
SEIFAE E 2 2 N IR SRR, T 29.69%; 7L
36~37.5°CYuliy, HIHFfEmEiienr 0.5 h ik, &
IYFRMGARAK, by 42.11%. PABAS-2X [IFIAE T
iy WA SO i A PRD S8 o T R KE B R T, M 21~
23°Cff) 11: 30~13: 00 %] 29~34.5°Cff] 11: 00~11:
30, MFLPURE A S L A fe e d, AR,
AR A%, HBUETF IO R) S 23 i, R vy 0
N TR B > H TR R e S A LA
HD9802S-2X 7 26~28°Cyu [l iy, H FF{k =l th ILAE
9: 30~10: 00, 1ff HILHr & 1 L@l R mr, 153
65.22%, 4 JE T4 28~31°CH, gl L AT = 8:
30~9: 00, ik BAE I BB R BRECR, KA
26.47%; JLDURHAARI SRR LAER >, IR K —
I MAREIEH TFAE (BN , BeIEH IFALm)
HAEPER R DEERA AL, AR AR AN R
T ECF IR O, M DO ILHEAT L5 3 AH OC 7 THI (1)
LB M
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ANE BRI FR A= 52 (1 I T4
FHIE RUF 55 BEASEEE 2 /> JOm AL 4 5 26 1
RO, R, e AR SRR 2 e . FEA L
JE KIS SR A e . A B 2
b R ARG B TV R 7 b B A i P,
T AL AN (] ot R 28 G A D 3 i P8 R 23 B T A8 A R
TRHOEANE 2, 1% LR 5 BT PRGN U A BEA A »
FrUWE SRR 220 A7k T L 68 R 43 BE R DG 20 T
AL E I A B R S W AR, Al
35053 SHRR PN = 258 BB — B I RE ), (R H
WA KA GRS mA KR, RN “SEE
187, XL AT M2 A A RIRE R 7]
Tofrb 00 2 28] (105 s ARCLIOY . iy L 39 2 0 22 R K 11
TEOLT,  Fods O Ee 2 PR BT s LR . DU A%
Pl RGN A A LA, LS R R AN AR Bk
b, AR e R 22 s AERTH IR &,
VURE AT Ak, A E RN . 1Ah, £
LIS J5 & R 1 7 BE RO BRI, X AR
VS5 1) 2 A3 AR Tl D O A — 80, (R Hg ok
HEFA R 2 A3 AR RE 25 Fh IR S 1) 43 B8 ) D) S AR RO, o
SIE PG T 1) PAGAS 23 BERCHRAH 24w, IXAERE
REFFANE RECF 7 T EA BN HANME -

TFAE 2P b e AL 4 5% DA DG 1) — A 2
P, 0 B ARG HIRN R = AR A B Al
DAL} 45 s R HEAT TP A6 S M T o L A e S,
SIS IR 2 AR AN UL T RO 42 I 1) B 5
WK, HXTEE H PR A M. ANE R
K1 9311 PURSAAIE FF AL I TR KK S K i HLIF A8 i
AN 5 S E, (HE PMeS il & HN2026-4X (1) 7 4¢
WL o XM R T A 2] 1 5 e 4 SR P R
RAPTHT B . P45 1996 4 7 H 16 HE 9 H 3
H7ZEIT PH 7 B % PAG4S-2X [ JT 48 > P i WF 57 %
W2, PAG4S-2X Hrp JFAEIN 1] A AR ) 2~5 d,
ZiIFER Ky 87.67%; 7F 9: 30~10: 30 A NAMRIA
I H IR S, I A T AEE Y R BT T R
H1¥) 46.31%, FALFFIRFFL AL 1.59 h 247 . 1MAE
AIRK T, PAGAS-2X IR TFAR I [ A U A8 S5 1 2~
5d, ZiIHER N 81.27%, £ 12: 00~13: 00 54
AR R, MR AR EY) 23.0%, FeTT
FKHFIA) 2 2.35 h 2247 WLEEH ] 4 2003 4 9 H 4 H#
9 H 12 H, Hugfrst s, Uik T 21.5~34.5C,
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KB )R AE 23~27°C o FIX BB il 4, Az
56 BT INAS R A DG I TR R bR AR 4 5 BE K, FTA91)
AHORE 3 264/, b ) n] e i DR 5 (1<
WL S, RO PR BRSO 2, 1 AT e
IS [) T 4 Ak T — A il S, AR SEES 0T PAGAS [
BT U EAS b T il 2 J5 . Beah, WFFURIL, Fr
HWAE R RME IR, HUSAL LT
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FRIEF N AT AR a2 PR Ak —Af
AP IR AR T IS BT AL, S nsE
ERIEE . X R MR AN E RS, I
JE R DU AR A E RIFE A BT SRR TR E
S M R AT . K BUEABE T,
W25 235 PR O MR, BEAN R T 2R AN ST,
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