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Cold Tolerance of Seed Germination for Weedy Rice Populations in China

YANG Jin-ling, QIANG Sheng,ZHANG Bang-hua,
SONG Xiao-ling,SHI Zhi-hua, JIANG Qian,DAI Wei-min
( Weed Research Laboratory ,Nanjing Agricultural University , Nanjing 210095 )

Abstract:75 weedy rice populations and their coexisting cultivars of rice were collected. Seed germination was
processed under 8 different treatments including with or without breaking dormancy,normal temperature (25 °C) or
low temperature (15 °C) ,7 days or 14 days,respectively. The results showed at germination ratio of weedy rice had
extremely significant correlation with that of their coexisting cultivars without or with breaking dormancy. Germina-
tion ratio of weedy rice with breaking dormancy was significantly or extremely significantly higher than that of weedy
rice without breaking dormancy. Without or with breaking dormancy,cold tolerance of weedy rice was stronger than
that of coexisting cultivars, which indicated weedy rice might had evolved a novel mechanism of cold tolerance at 15
°C . Furthermore , germination ratio of weedy rice and their coexisting cultivars at 25 “C had negative correlation with
latitude , which showed weaker dormancy with decreasing latitude.
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FRERRAEAE M rh 22 RSN AR B A AR,
AEAR 38 RS AR L, HL B Xia U 5E i
ST 35 A2 HRRFPRE (BT HLIX 5 A, Al HiL X 30
A)TE 25 CF IR % 275, 45 LR W1 IR A ML IX 4%
TR B IRIRYE . i — 20T T H 18 A2
FREAIRE AT 1, & 0 2% FORE O 2k Akt o ek
A5 BT R 06 T R B DAHRAEAS I ) AR K B
B AILE , HLW A 07 T EE 5 20 b AR 55 3R AR 4
FERREE AP AEA WA e . N Yao 55 001 %
AR A K RS IR 86 5 5 vk R M B 2% R
WD1292 ) F,Jaft, & B 3 /> P& b M AH 5 1) B0 1k
ARAE B (QTL) wd-gshl , wd-qsh3  wd-gshS 43 )L F
1.3.5 S4efhk b XFH AT R 3 AT Rtk
S5 2Z RS B B ISR (SH4  gSHI sh-h
SHATI ) VA T &, 3 3¢ W1 2% R el o o 37 34k ™
AR T N PSR B IL R, DT B R 3 N 22 A AR i Ak H
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K1 ZFEBMMREABESER

Hp R KRS B i 2 — | KRS 43 A s R
Py BRI PR GERAETY L AR R E
(80° ~131°E, 18° ~53°N) ) 75 A2 HEAG FRf S H:
Xof o7 SRAE FE (%) 7K R i o, 2R AT 8 A A B (0 R AR IR
ERBEBRARIR #7325 ¢ 5K 15 °C .7 d M
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1 #MR5FE

1.1 #F§l

R T 261 e DX 20 AT, 2 R o Rl R 2 4% RS
5% 2009 - 2012 RS 2 E I 75 I H R
TR RN N SR ASE K FEAE A (R 1) o AR A A ]
B 22/ 10 km , BEFPHERAE 8 ~ 33 M HAKE, BN HE
ZIAIAHBRZ 10 m, R T HEBRIREE Fh— i 2 B Fn B
PEPR R 2% 55 R b 1 R IR 1 52 0, 2013 46 75
A2 B R RN I SRR FH KRB A o — P TR
SEARMY KA VLI AR Yy K R 52 30 T 4 BR BB IX 4 15
T, BERRRE R AR AR R RE S S0 R R T E B H
JaBeAk , BAREIEE 30 cm, 17[EEE 40 cm,2 171X, &
76 ¥k, HHEES 40 d 12 BRIE-& Wik, fh 7 2 6
25 CH-AF 30 d Ja A7 ik,

Table 1 Sample information of weedy rice and corresponding rice cultivars

f”ﬁ) FEfEE FREG S K ig A#E ZIECE)  HIECN)
Sample information Population number Cultivar Longitude Latitude
(City) Type number

FRIEIT. FEFIRRTH R 1 WRHLO008 R %9031 bid 19 123. 507 47.922
PR 2 M X AR R WRHIL009 HHig 5 b 19 127. 422 49.934

fEARSH S WRHIO10 BLF 9934 i 20 130. 566 46. 880

W IR T AL TSR WRHILO11 NG IR bid 20 127. 080 45.057

FEFFMRTTH B R 2 WRHLO13 B %9031 b 18 124. 307 48. 427

bk AR T AUBH X 22 WRJLO06 Bk /] b 20 125. 680 43.750
388 P T AREAT 11 717 20 A 4 WRILOO7 ARG 6 5 b 16 125. 632 42.430

PSR TV X B S R F A WRJLOOS T HE 88 i 15 124. 788 45.110

STt i WRJLO13 FEHE 26 v 18 128. 151 43,247

uTr BT PR AL B X R S A WRLN003 1LHKE 294 v 16 123. 362 42.044
FHRTRS X 2 RV & RAT WRLNOO4 FHEE 9 5 g 20 124. 301 39. 985

ML BERT S WRLN007 AR 70 i 23 122.128 41.358

BRIGTIT BRI B /NEEAE R WRLN009 95 b 25 123.776 42,227

B A kR £ WRXJ004 Bt b 20 80. 239 41.277
BRI ELSEIRS WRXJ005 90-13 bid 20 81. 151 43.871

Ik 66 K% WRXJ007 bk 315 i 20 81. 094 43. 965

KR XA TAEMIRE AT WRXJ009 REES5 5 bid 20 87.652 43.977
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r1(4)
i FESE A FBEA KR FIEE B GR(E)  4HECN)
Province HKA Accessions
Sample information Population number ~ Cultivar Longitude Latitude
(City) Type number
TE AYE LTS Bk & WRNX001 D10 b 20 106. 538 38.735
RN PR IX 5 R WRNX002 W45 vl 20 106. 361 38.405
S ST RN AN = A WRNX005 D10 v 20 105. 980 37.961
rh TR S D K B WRNX010 D10 vl 20 105. 134 37.507
M KA H N X VLT SR WRGS001 TH1 5 v 20 100. 426 39. 071
Ly Pr A E B £ M3 WRSA001 ICRE 371 i 20 112.976 39.030
TR T 5 V5 X A T S WRSA003 BT 5 bid 20 112. 441 37.678
INZR TE T R G LB WRSD003 iAg 11 = v 20 116. 496 35.371
PTG IJLEX = B A WRSD004 %% 10 = bid 20 117. 604 34.757
I 07 T 2693 L S B R R WRSD002 ik 16 = v 20 118.293 34.616
FrimERLEEs WRSD001 BfE 88 bid 20 116. 759 34.926
L SR LT R T A T LR A WRHE001 447 i 20 118. 653 39.392
% BT T BRI R N WRHE002 h 47 bid 20 119. 374 39. 781
b {7 BH T B SR AR e WRHNO0O1 Witk 1128 Al 21 114. 898 31.616
{E BT BRI 2 A, WRHN002 nEf 1% Al 17 115. 142 32.295
TR I T iR B WRAHO17 e 92 i 21 118. 505 31.570
EIR T E IR TSR LRI S R WRAH026 Y Pt 6 = Al 21 118.734 30. 139
DN M BR B TT L2 WRJS044 Rz 23 i 19 119. 256 31.526
NN TR NG 3] WRJS050 WK 6 5 ol 17 121. 095 31. 815
B Tl TRV X BT 4 WRJS054 K6 v 20 119. 386 32.339
RSB TT S BH L 0 B A WRJS099 RS & v 20 120. 089 33.865
U T B U AT AR WRIS064 RIER 6 5 b 20 118. 986 34.717
AN T AR 7T 5 LA WRJS065 hRE 1S b 20 117. 891 34.205
HEZE T XA WRJS070 R 5 5 b 19 119. 511 33. 441
IR PN T IR X 5 A WRJS077 Rz 23 i 21 120.718 31.442
A A TR B R WRJS079 RIBHE 23 i 20 119.012 31. 631
s SRR Y WRSHO002 03123 b 20 121.707 31.675
Wi FTH WRZJ00S w35 b 20 120. 764 30. 763
I} AP ATl A WRGX001 HeA) 23 Al 20 109. 241 24.258
FopRT R TR R OGRS WRGX002 B 5 Hll 20 110. 261 22.287
B TR P DX 2 BT B A WRGX006 i 211 Al 20 108. 746 21. 642
W T AL XV BB V A WRGX009 2199 Hll 20 109. 378 24. 449
MR LXK 3 & FE R WRGX014 Hok 938 Al 20 110. 262 25.210
bl T WRGZ003 Ik 31 i 20 105. 943 26. 229
P BRI B DU R A WRGZ009 Hefi 37 5 i 20 104. 974 26. 540
FSEEK K IR B R WRGZ010 Kot 37 5 b 20 104. 984 26. 530
A e RIEEN LA WRJX005 T It 898 pill 20 118. 047 28.494
METHELEE £ FHHIAEX WRJX006 948 v 20 116. 062 29. 017
B TR BE A WRJX007 FAe i 20 116.074 28.991
=} 24 PHYLIH WRSC002 ill 33 104. 771 31.781
k] i BT A bR WRHUO11 ARG Hll 25 112.341 28.538
A RIS R WRHA008 i il 20 108. 652 19. 095
Bk B WRHAO14 63 5 Hll 20 110. 032 18.537
MM ER R WRHAO016 Tk 1108 Gill 12 109. 487 19. 814

T L X AT AR WRHA020 Z:4) 628 Al 21 110.513 19. 818
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f(ﬁi) PR B KA i’g fui GE(E) (N
(City) Sample information Population number Cultivar Type umber Longitude Latitude
IR BT TR 2 WRGDO035 Ak 9516 Hil 8 110. 156 20. 344
B PR TI  E  A EIG S A WRGD036 Zfl 98 Hil 21 112. 538 23.029
BRI VLI X P S AT WRGD039 LR Al 20 112.323 21.838
T84 T2 VR LR B WRGD040 gLl Bill 20 110. 842 21. 680
M T AL R PR R WRGDO054 Btk 06 Hil 20 116.013 24.283
TR T 2R VR B R LA g WRGDO058 FWL1 5 Al 20 114.746 23.788
=H TR LT oy 3 X ORI S A WRYN009 M 11 5 b 20 100. 252 26. 811
¥ 38 T 300 PR 9D X T [ 0 30U WRYNO13 Hiks5 5 v 20 103. 673 27.367
RBETT RALELA T WRYNO17 R 21 i 20 100. 312 25.584
B HAEX I £ et WRYNO21 =29 b 20 102. 663 25. 161
ERCAITPTRAR=S S i:P ) WRYNO023 AT 56 Hl 20 101. 980 23.623
i TR T B L P A A WRFEJ0O1 HAK 673 Al 11 116. 432 25. 666

1.2 FFEHEEZEN

1B 8 NAb PR, HAR AL PRE BE (25 C/15 C) b
P72 (TR PR B AL B 5% B3 R HIR ) LA R Ak B R
(7 d/14 d) WL 2, BEBRIRIR R 50 °C fEiR4H
P TEALEE 48 h ¥ B A& FIHEAR 9 em B
FRIIL, N 2 JZ B4R, B35 95 L AP0 30 R i
P, mA 6 mL KB TK,3 IKEE, AREAR %
. Y5 IEFE (Percival E-26 HO) 15535, B K
12 h OGHEAT 12 h BEE . Z007E 7 d Al 14 d J5 e
REHE, PP IR SR ZE SR KT 0.3 em (HF]
TFIN R K ZERF BRI & 2R

K2 SMAEBBTHFHERE

Table 2 Germination experiments under 8 different treat-

ments
g IR (C) ST R IR IR E MR (d)
Treatment Temperature Breaking dormancy or not Time
Tl 25 g 7
T2 25 g 14
T3 25 = 7
T4 25 P 14
TS5 15 w 7
T6 15 i 14
T7 15 2 7
T8 15 it 14
L3 HHRAH

o8 0 13 5L AR Aregis 10. 0 4 SR BE
RS BT R 3K (%) = (R ZFRBUBRR SR

) x100% , i JH] Excel 2010 HIVEEHE A% IR,
XU 1 1) pearson A ICHEST T IS AEAS T 4G 56 AL
STRES T HEITE SPSS 20. 0 H 52 i ( AU A3 | boot-
strap 1000) , %% Origin 8. 0 152 BAER

2 HERESH

ZE RN R R E KRN FHEE R
25 CABEBRIRIRAN LT 7 d B 2% B AG S %t i
SR A 1 7K e ot o e iy R SR e AR 430 R 73.89%
72.22% , % e Y935 B 100% |, - B8 K R4 BN
94.57% 94.33% , "% 5% 2053 M 5. 51% .6.28%
(BT TL) 514 d BF 4 ERE KX ISR A F A 7R i A
B & RS W) 88. 89% 1 83.33% , fic i Y ik £
100% , Y185 % 50 510 97. 13% F196. 48% , A8 5+
BN 2.59% F13.96% (F 1 T2)

15 CABEBRKIRAC LT |7 d B 2% B SO g R
E HH A /KR R 2 R e (R34 R O, B =i 49. 44%
35.56% , V-1 % 535 0 3. 78% (1. 14% 7 5+ &
B HR 7.80% 4.29% (& 1 T5) ;14 d 24 EFE K
Xof I RAE: A 7K R it 0 2 R AR IR 430 15..93%
12.22% , ¥ e M 98. 89% 100% , - ¥4 1 % 543 5 Ky
76.29% . 67.27% , %% 5+ FR ¥ 4 5l K 20.59% Fi
22.06% (11 T6) . H 2 7 I 1T 1% 2% H R Fl B

(WRYNO23 ) Fz HooH 1w >R A HH A 7K e i oy e T 4
15 CREBER 7 d ~F 38 &k 3455 5 ik 49.44% Fi
35.56% ,14 d “FXH & %5350 96. 67% F191. 11%

2.1
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Fig. 1 Seed germination ratio of weedy rice and coexisting cultivars without breaking dormancy

AN R R AR AL B 5% 4 A 55 % O SR AR T ) 7K
R SRR & SR IEAT Pearson HH CHEZM BT, 45 Hh 3
BRI 25 CCIBJE 15 °C , 24 FEAg 5 % SR FE H ) 7K
FEdR AN 2 R R BUE A G, A BE A2 HAS T1
EKRE T1(r=0.343,P =0.001) ; 22 %iR5 T2 5K F
T2(r=0.221,P =0.001) ; 2% % F5F TS S5/KHE TS (r =
0. 140,P =0.035) ; 245 AF T6 5 7KFH T6 (r =0. 258,
P =0.000) .

25 CHERRIRALBER |7 d I 2 58 K X v R
BE T 7K R B & SR B AR 4 oA 91.67% |

91. 11% , F & Y135 3] 100% , F 2 8 % 243 5 A
97.03% 97.08% ,7"% 5 Z 4053 K 2.35% 2. 54%
(F12 T3) ;14 d Ji5 2 RS FOGH I RAE F ) 7K A b
B R R BRI N 92.22% |, Fe i 435 8] 100% |, F-1
BRI BN 97.74% 97.32% , 7% T Z KU ) K
1.94% 2.60% (K12 T4) ,

15 CREBRRHRALBE TR ,7 d B 2% R K %o 1 SR
T FH B 7K AR R R AR 0, B ik 31 95%
71 11% V3407 KR53 500 7. 47% \3.53% , 7% 5+

TN 14.62% 9.26% (K2 h T7) ;14 d 5
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Fig. 2 Seed germination ratio of weedy rice and coexisting cultivars with breaking dormancy

F R S X Iy SR B A 7K R i o i R R A M1 40 i)
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R HNIK 95% N T1.11% ,14 d - Kk 4y
51k 95% F190% |,

XoF T 53 PARCHIR Ak FHL T X6 2% AR 5 0 Ry SRARE: FHL ) 7K
FE SRR A B & R 1T Pearson AHCMEA T, 45 R &
B T8 (15 CHREBRRIRAL RIS 14 d B k%) A HH
K, HAth A FR A A B IR A G A3 i) e A A

T3 5/KF T3 (r=0.599,P =0.000) ; 225 5 T4 5
JKAE T4 (r=0.191,P =0.004) ; ZRE A8 T7 5K
T7(r=0.702,P =0.000) ; %5 fF TS 5 /KH T8 (r =
0.087,P =0.196) ,
2.2 GEURERXSZEEFZANRT N R A H KR @A S
EEM
TEREBRAR IR 5 AW BRARBR AR BE T, 43 %o 2% B
TR T i 22 KR 1) W K R AT IO A i T G 3
S3HT (T 3) 2 B 2% 0 Rl 3 AR IR 1) 1 4 bl f
B TN BRAR IR (B & %, [FIAE K AR & %, bR
T8(15 C14 d AbH) ot 35 22 T4, AR Rtk i
TR BRRIRALEE
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9r ZREF Weedy rice

B RS Cultivars

Xof 2 5

[
Paired difference

O Il Il
T3.T1 T4.T2 T7.T5 T8.T6 T3.T1 T4.T2 T7.T5 T8&.T6

T3.T1:25 CALHR 7 d JFRERHR ASBERHR 2 [0 A BEXTAE i T K256 5
T4.T2:25 CALHE 14 d JFRERHR A BERAR Z [ A BEXTRE i T K255 5
T7.15:15 CALIRT d JRERRR AR Z A AT BEXTAE it 7 K5 5
T8.T6:15 “CALI 14 d JEBEIRHR AN ARBIZ [ RO RE il 7 K
7R 0.01 K 35+ . fE 0.05 K- E R, TR
T3 . T1 represents paired sample T test of weedy rice/cultivar at 25 C
with breaking dormancy and without breaking dormancy after 7 days,
T4 T2 represents paired sample T test of weedy rice/cultivar at 25 °C
with breaking dormancy and without breaking dormancy after 14 days,
T7 . T5 represents paired sample T test of weedy rice/cultivar at 15 °C
with breaking dormancy and without breaking dormancy after 7 days,
T8 \T6 represents paired sample T test of weedy rice/cultivar at 15 C
with breaking dormancy and without breaking dormancy after 14 days.
=% indicates significance at the 0. 01 level,

# indicates significance at the 0. 05 level ,the same as below
B3 MRS ABRIRRERSKEHEXFR T R%
Fig. 3 The paired sample T test of weedy rice and

coexisting cultivars with and without breaking dormancy
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Fig. 4 Independent-Samples T test of weedy rice

and coexisting cultivars

(F3), Ul BBl 26 B2 A9 30, 7R il Bl il 4 R
. 7615 CALHR A T7 (15 C W FR ARHR i &
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7 -0.214 -0.237"
T8 0.171 0. 047
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