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AT A REEM T EIREARENERE

(1. AR 2 B AR A BE WiV A7 f e PR O R F R BFST B S0 %, WiV AU 3113005 2. AN 17 2%
FLmRAREINGAL, WiV I 3131005 3. WIMNTT RS R X AL B AR IR SS #E)H L, WL 510 313009)

WE: [ B8 ) WA I T H £ EH Oryza sativa f. spontanea 7 F 38 R B 8 SRBL M it Z 0k, AR RAE R R AL LB
FRARE, [FE] Ao L2 EBRR —ak REGEIER B 46" O. sativa ‘Nangeng 46" #-F A 44, 55
EENRELFHAMH . M (015 mol- L' NaCl), T F i JRESHA 15% 693 L B AEdL), KM (5
cm KIEAEDL) FedKiB MG (15 °C ARR) THRATHLFH AL B RR, FMET T F4dhid T4YGRALHEE
FEAe R R ERERKE, (SR EARELFEHT, RER/FTFHERLF B LER THIER (P<0.05).
TR RO IR TAFHL, BT HERR, AT, 2ERBHTFORFERLFTRUEZS TRES, 99
KEAR T HIEAS (P<0.05), TFMET, RE[AFLFH. LF F2RLFRIGH) ZEFH TREAS (P<0.05), TFF
St e, RER/NGHLANEAH, BANYENEFRTEAYHEELEEES TRER, I—BREERRERZIK
THIEA (P<0.05). BARMET, FFEAGHLFH. KFHEHBERT RIS (P<0.05), KBMHia)E, LEB/FRIE
A FHEFRAFLREEZF, 2EBYGRERBIEBIN, (B ] Wi L2 EREETRBETHRA LN LER
THIEAS, bbb ssk, SR/ MAL, BEB/ELATF i, AR TR L LELRGTANETRA
%, k6432

KB RFAG; AT PG, RAMNES

FESHES: S718.43 XHAFRERD: A NEHRS: 2095-0756(2024)04-0688-08

Identification of seed germination ability of weedy rice under stress in
Zhejiang Province

WANG Bei'?, SUN Li®, XIAO Ting', WANG Yang', ZHAO Guangwu'

( 1. Key Laboratory of Quality Improvement of Agricultural Products of Zhejiang Province, College of Advanced
Agricultural Science, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Huaxi Sub District Office of
Changxing County, Huzhou City, Huzhou 313100, Zhejiang, China; 3. Agricultural Technology Service Promotion
Center in Nanxun District, Huzhou City, Huzhou 313009, Zhejiang, China)

Abstract: [Objective] The aim is to investigate the tolerance of weedy rice (Oryza sativa f. spontanea) seeds
to different stress environments in Zhejiang Province, and to provide evidence for genetic improvement of rice
varieties and prevention and control of weedy rice. [Method] The seeds of weedy rice and cultivated rice (O.
sativa ‘ Nangeng 46’ ) collected from the same field in Zhejiang Province were used as material. The
germination of seeds and seedling quality were studied under indoor standard germination condition, salt stress
(0.15 mol-L™" NaCl), drought stress (simulated with 15% PEG 6000), flooding stress (simulated with 5 cm

water depth), and low temperature stress (at 15 °C). The antioxidant enzyme activities and malondialdehyde
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(MDA) content of seedlings under drought and salt stress were measured. [Result] Under standard germination
conditions, the germination indicators of weedy rice seeds were significantly better than those of cultivated rice
(P<<0.05). Different environmental stresses inhibited seed germination and affected seedling quality. Under salt
stress, the germination rate and germination index of weedy rice seeds were significantly higher than those of
cultivated rice, and the seedling length was lower than that of cultivated rice (P<<0.05). Under drought stress,
the germination potential, germination rate, and germination index of weedy rice seeds were significantly higher
than those of cultivated rice (P<<0.05). After drought and salt stress treatment, the activities of catalase,
superoxide dismutase, and peroxidase in weedy rice seedlings were significantly higher than those in cultivated
rice , and the MDA content was significantly lower than that in cultivated rice (P<<0.05). Under flood stress, the
germination potential and germination index of weedy rice were significantly lower than those of cultivated rice
(P<<0.05). Under chilling stress, there was no significant difference in germination indicators between weedy
rice and cultivated rice seeds, and the quality of weedy rice seedlings was better than that of cultivated rice.
[Conclusion] The germination ability of weedy rice in Zhejiang Province is significantly stronger in suitable
environments than that of cultivated rice in the same region, but it is sensitive to flooding stress. Compared with
cultivated rice, weedy rice is more tolerant to drought and salt stress, which may be related to its stronger
antioxidant activity. [Ch, 6 tab. 32 ref.]

Key words: weedy rice; seed germination; environmental stress; antioxidant capacity

ZR W HE Oryza sativa f. spontanea J&—FAEAME R HOEME 245, S53R58F O. sativa [F @& R AR}
Poaceae & Oryza'l, HFI, Z4HAREET 20 T48k 50 ZAEK, JLFaith 5 ffE X a8 22 5 R
&R, BT HAREREERESR . K. GRS, mERR L e, REREARKR
W, HIRESREREAL, BBORIGRITER . SCEEMR . FRRER I, AR ryRivisR . IRIR
WG AER S, BB ERAMATE SR R TAEAS, 0T LIERT H N ISA7, sRoER iR,

FIHR ARG A . BRI A B B 25 SRR A7 51 22 ARG 1 > TR GE R . SR Ag
BHAFAEE Ritfe B 50, KA TR AR, Bfihd . 2. k. JUmss 2 AR
73 1B~ 7S AN [l /SR 1 s ey i o 2t e T PN N /S R s S e L B il DR AL B
AN [F) DX 355, 118) 24 B g X 306 58 I A TS 52 8 T3 AN — 3. — MDA o 24 R RS 0k 15 A LA o ik ) T VR % e
TEAEREREUR 12 om BIRRH T, ARIERENAHED . (R R Y WRETE 4~7
em PN, VLR DX )RR R HE TR B T R

AR, BEE KRR EREHOR BT IZHE) DA RIS b DA MY R TRAR 8 K, Wil LA8 A AR e
ERRE, R EEMECOE BN R SR, 2018 4E 4 H WL AL IS 93.4%, BREAR RS H
Horndst P SOBHE Bk & B8 SR AL, 4 B RoK R RIAR IX G 2 R fg A, ™ i et 2 0k G
W, A R 2R BRI T ™ A SE R o R T VLA JR AR A S A A IRRE MR ROR, A
G ATV AR N T S LA R fh 1 pbkl P9t HAE Z R0 38 045 T i Rh i A kel e ey
7 I AR o U A P B i

W R

11w
2021 AERKR, TR WNTA K% E R B R AR By e FEAE Ah - DL K Jm]l— H SR AR B AR 548w Rl 467
‘Nangeng 46 1 HIF5EM kL, FrA R FIGRE AR TR 2R KK T 13%, BT 4 °C B EPEE
#H.
1.2 Ak
12,1 A FARAE R TR KRB 2% RS AR B ARG A 7 AR TS BON 0.5% MR AR SN S IE 5 S
min J5, HEKPPETE, H5E FHRA 3 Z20EEZFARMNEZEE (12 cmx12 cmx6 cm) H1, F 25 C {6
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IAZE, G 8 W/ B 16 h, JEIEE N 250 pmol-m2+s™', 3REHE, K HE 100 Kifh T, BRICHKEF
FIFH, 55 RIPRRZES, O 14 Rt A ZER, BA R ZFI PG AN RIE K, PREER 240 TR0
RE. SHBEEEED W IrE, IR EFHRE (@ MBI EFERM G), A8 g=Zny),
=S <tg)/tgo o, n, W t REZFFFEL, (o WRFHE RFSRIE, FEHLIRGIHE 10 tk- &7,
A3 R ARG L e IR R R A MR R A S MR R R, B RS M A R ), I RE
BIH.
122 O &R T & K R Rb B R 1.2.1 BFRIER R0 . S 30k [13-14], R 0.15
mol- L™'NaCl I AL ER e 2544, & ZFAUHZISMRIB I R FHB RS . 3 IRER, K ELE 100 Fiff
T RATRAR RGN RS RARE & A
123 T Fmaa 401 4 5 X% PR iER 12,0 AR R ZFR00 . RAIE E ok 15% 1Y
R B (PEG 6000) AT 238 2500, K ZFAUHIZIE RO BB IPRES . 3IRER, £E
52100 Rifh . K ZFFEPR NS S G RIAR A K 2
1.2.4 &R A ST AR FFAREITIER] 12,0 AR R 2RI . A R ZF A B REKIR S
em™, 3WREE, KEE 100 hifh T, KZEFRFRALNH G FRR R 2E R
1.2.5 KB E AT AR AP ALEEI AR 1.2 bRiE R A5G, 7F 15 CHEIRAZE, B4k
RS FE AT AN TR K, RER R ZEARAL FIRIPIRGS . 3RER, A HE 100 Wi T K ZFEFEFRMLIH iR
SRR I 7Y a2 S
1.2.6 RAMDBEEF LR R B2 ERRAEMNE Sr AT R RER A T & 2R 0045 RS 1 4% 5 kg Al
FEARRLE 0.15 g, A 4 mL 0.05 mol- L™ BEH2 22 vk (pH 7.8) #EATHFEE , 7F 10 000 r+ min™' B5.0> 15
min, B E3E R H FHUEAY RS PERIN 8 (MDA) 2 . =8 WANG 5 [ 77 200 E MDA Jit & 5
JRMEEE . AR HU 2807 j907 vk, it W HyO, 75 240 nm | WG 09 BRI 2 3 48 AL AUl (CAT) 1%
PE o 4R GUAN S0 1905 i, 3@ 4d 1 min P SO W AE 470 nm I W 6 B 04 3G ok I 2 i 4801k 4 g
(POD) {if 4 o T I 1l 1R &+ 454k W i§ (APX) FlE 4 1L ¥ L AL il (SOD) i 4 19 I 2 43 51 = iE WANG
E RN (O R STl
1.3 St

FE A B0 R 1 SAS BEAT G0 0, R BN BB 22k (LSD) AT 2 | AR, WEMATFER
0=0.05, H/TRBIEIESHIRT AT SO 5% 64, DARGE A (IS, SRS 7 2555 I ER .

2 ERG50H

21 HREXFEHTKEMFHEZMSHERR

MR T EENRMERZFRMT, REREFS ., RFR, KFRBDES TREM
(P<<0.05), V4% 25 A 2K TR (P<<0.05). S By I, 22 5AE i P 3R K 25Kk o
i (P<<0.05), P340 K ) i 3 5 T AR5 ARG (P<<0.05), 2% FORE IRk 55 A A MR £ Jo s A1y o5 2 G 0 3%
%5

F1 BREZFEHTREBNRBEREMFOLXFBARYERR
Table 1 Seed germination and seedling quality of weedy rice and cultivated rice under standard germination conditions
PR RZFRY%  RIFRI%  CEWRZFNEG RZFEE MRK/em  HiK/em  AREEFUR/(mg-R)  EERTTE/(mg- R
AT 78.943.6a  86.248.1a 3.0£0.1b 322£1.0a  6.3#02b 8.3#0.5a 17.2£1.8a 253+72a
BHRE 56.0434b  63.5£14b 444022 19.2414b  8.6+02a 5.9+0.6b 18.34+09 a 21.4+7.1a
YEW]: AR PR [l — SR ARTEAN [ R E] 22 57 B35 (P <0.05).

2.2 EAMELE KBTI LML E @R

H17¢ 2 AT WL 7E 0.15 mol- L™ 'NaCl ER/FM AN HE T, % F R AR S5 A 1 1) ZF 35 RSP 249 S ZF s 18] G
WEES, BREREN AR IR E R TR (P<0.05). fhia &0 T i & i 22 mfa i,
HOP BRI R 3 10 28 TR (P<<0.05), MREESTE ., WSESE SRR R E LS. 1A, Sis
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WERZEGE R (F DAL, R0 ab 35 Ze B R MR R RS AP 00 & 2E 3 . REEIRB. A0SR R . 1
Koo MR EE ) X B R R (R FR IR LE 30.29%~81.4%), -1 % #F i) ] B @ %E K (I B 43 910
143.3% H1 61.4%), (HAFRE A ZFFIUFIE T 3.5%.

®2 HMETHEEBNREBHFHAFERIRYERR
Table 2 Seed germination and seedling quality of weedy rice and cultivated rice under salt stress
MR R %  REFR%  CPHRZFNEG RZFEE RK/em  Bik/em  AREEFTE/(mge#kT)  EEEEFTR/(mg #KT)
ZH 14.7#57a  83.2433a 73%12a 15.0:0.7a 4.4+09b 2.4+0.6b 7.3£0.1a 9.3£0.2 a

HIGFT 2434332 483+14b 7.1404 a 8.6£0.6b 6.0+1.3a 4.0+0.7a 8.4+0.2 a 10.120.2 a
Vi RRIFERIR W —F8 bR e AN R R A 22 53 2 35 (P<<0.05).

2.3 FTEMBAE T KB TR EME

M3 AT FEPHA T, A RORE R A B 5 AP 32 2 e 0 s 2 5, AR A RS K
ZF AR MR AR RO 55 = TS (P<<0.05)(3 3)o &HTR B T, ZR R8P RS | ARAEE T it M
S S Y AR RO W 22, R R I R ARG AR (P<<0.05). SARMEAZFACR GR D) A, T
50 Ak B SR SRR MRS RS A T AR KRR R ZF IR BOMA B R (R L B AR
i) B R (N REIRELE 31.4%~100.0%), V3% 2 RIS AE A (W EE 235008 226.7% H1 97.7%).

x3 TEWETHEBNBBEMFHRFERLYERR
Table 3 Seed germination and seedling quality of weedy rice and cultivated rice under drought stress
BEE R REERI%  PIEZNEYD RZHEREC MKem  Wik/em  ARESEFURE/(mg- ¥R MBI/ (mg- B
ITRE 3.8+33a 59.1:14.6a 9.8£0.2a 7.7+23a 3.8£0.6a 0.5+0.4b 4.0+0.2a 2.5%0.1a
IR 0.0£00b  32.7+4.1b 8.740.9 a 3.5409b 3.5+04a 1.2+03a 3.540.1 a 3.120.1a
LR ANIF) BRI ) — SRR TEAS ) B k8] 22 5 i 3 (P <<0.05).

24 BKEHTKEBMFHEELMGDERR

T 5 em KRN T, ZeBRFF IR R RZFREI B BRI (P<0.05), KZHF%. T
R SRR R E 225 (R4, SRR, K Wan 5 25 AR T 4% BRI T S AR R A 5
I (P<<0.05); {HZ%FORER A RIAR ff o i 24 SR AR O W 22 5 . SARUER ZEAE I (6 1) MLL, K
IE AP IS 24 RERR R BT R AP T R ZE A . R REFIRBUMS S R K R T ) S8
BRI CFFEIE LT 35.6%~94.2%), V14 % 25 mHa]) B B 4B K (WEEE4> 510 116.7% 1 38.6%).

F4 BB THERMPE/MHMTFNLFBERRSE MR
Table 4 Seed germination and seedling quality of weedy rice and cultivated rice under flooding stress
MR REFER%  KEFRI%  CPRIREEENEVG ORIFEEC BK/em WiK/em  REFE/(mg MR WEEBUEL/(mge MR
FERE 58+1.8b  37.349.4a 6.5+0.3 a 57+12b 09+0.0b 1.8+0.2a 1.0£0.2 a 3.1+0.7 b

HIERE  17.121.6a  40.948.0a 6.1+0.0 a 7.1+13a 1.6£0.0a 1.8+0.1a 1.140.2 a 52402 a
Vi RRIFE RN W — S8 bR e AN R R 22 53 2 25 (P<<0.05).

2.5 RiBAME TKTEMFHI R4S mR
15 CARIRAAT T, ARERAASE M 71 A ZF A 0, HAM R ZFRIR I TC R #E 25 (R 5). 4
mi ST AT, AR R B B ARORI B 3 5 R RS 0 5 2 5, (B AR R [ 1y i ol o 1 0 e TR

F5 RETREBMBIEEMHFHLFEREY SRR
Table 5 Seed germination and seedling quality of weedy rice and cultivated rice under chilling stress
MR RIS KRR/ CFRIRZFMEG RZFRRE RK/em  BiK/em  MREERUR/(mge M) RTEESE (me- BR)
AER 0.0£0.0a  24.8434a 12.740.2 a 1.5£03a 0.8#0.0a 0.4+0.1a 22407 a 2.840.6a

FHIGR 0.0£00a 23.1449a 13.0£0.2 a 12404a 0.8+0.0a 0.4+0.0a 0.8+0.1 b 1.120.2 b
BLAH : SIRI R RR [ —HE AR e A TR BB 25 57t 1 35 (P<<0.05)
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T (P<<0.05). IAh, StnfEAZFEER G- 1) AL, IR MM AP 5 24 SR AR S Rl 1 R 258 . R 3F
FORFFIRBONA B (R WK MRS E) IR TR (T FEIEEE Y 63.6%~100.0%), P4k
ZEAT A W A4 (B2 43301 R 323.3% F 195.5%)
2.6 EHEMET/KBLER AL YEEF M MDA JREERIRE

B, 2R CAT. SOD., POD &M & & T4 SRS (P<0.05), MDA it E /R
W EE ) S IR TR AR (P<<0.05, 3R 6). Z4EREAEIERELN Y APX WGP TC I 22

&6 HhIME TRERMBIEBHERENLYEELER MDA FEE/RKE
Table 6 Antioxidant enzyme activity and MDA content of weedy rice and cultivated rice seedlings under salt stress

FEL CAT/(x16.67 nkat- g ") SOD/(x16.67 nkat-g ') ~ POD/(x16.67 nkat-g™') ~ APX/(x16.67 nkat'g') ~ MDA/(nmol-g ")

ARG 37.3+2.7a 239.5+18.3 a 204.549.1 a 177.8+15a 4.7+02 b
IR 22.241.5b 112.4+7.7b 193.9+7.0 b 168.943.1 a 8.9+0.6 a
PEH s AR ROR IR —FE AR AN R R ARk ) 25 572 1 3% (P<<0.05),

27 FEBETKBYERELYEEENR _BREERIRE
T2 AP S, ZREREARIG AR A APX WEPE 2 AN B E (£ 7)., ZHEYE A MDA 5
IR E B FAR T HRIEA (P<<0.05), CAT. SOD H1 POD Jif 14 i 2 & T4k 5 /8 (P<<0.05)

®7 TRETHEERBNREBYHHENEUDEFER MDA EERIRE
Table 7 Antioxidant enzyme activity and MDA content of weedy rice and cultivated rice seedlings under drought stress
g CAT/(x16.67 nkat* g ") SOD/(x16.67 nkat-g') ~ POD/(x16.67 nkat-g™') ~ APX/(x16.67 nkat-g’') ~ MDA/(nmol-g")

ZR G 34.540.1 a 228.3+31.1a 367.9432.9 a 115247.1a 3.6£03 b
IR 13.840.7 b 155.4+14.1b 303.5+15.4 b 112.4+4.6 a 11.1£0.9 a
VR . N[RI B3R R A — AR e AR [ R AR ) 22 57 1 2 (P << 0.05)

3 4tk

RN AR 2, B KM A RS, st 2R, X DR 38 1y PR
AATEAE KR E R BRI R, 0 H R ZFEY . JREY R 2, Fet,
FIREREAURIERE . BPAERE O. rufipogon ZIMAELERFIR IR G R , DR AR I 22 R I O S AR AE B
LB EME, i, B SESEREMAG T EMETE, AOFHAERENREETE, TUEE
A R IGRe i A s A it 55 A R A KA A 2

PR IRIE ZREE R, AR 24w R AR A —, BT, PR TXARIREX, 5
HREXO2 VLRI bR DX P e R A A R R A 33 PR RIS, (FOG] S AR R 2 R A AR 1
WHLRE XD . ARWESAE ZFPARAE D0 25T, X VA X 2% R e R ] — BRI 5 A (0 b1 &
ARG LI : FEER BT, Zmfifh i A 68 ) & om TR AT, H AR s
ERANF S0, EXHA K il R

PR AR . ZRFRARD 1 I & WU S AR bn 1 3 U0 TR A, BLH R R b 11 i & e )
FUR TR, X SRR SRR, AUIE R ZEREL T AR BT AR RS, R
3 TR . MR AT B R A RIS AR — R R — O EIER B2 R TR R M, 5
—J7 AL PR A G A RSN, SRRSO R A KT A

SRR ZFA L, 0.15 mol- L™ NaCl #h B AL BL/S , 24 R R R TR T 3.5%, (A RIFAE
80% LA L-; 1fi ‘RAME 467 MUK ZEFMEANT 23.9%, IR K, X ULIHHTTA 22 FRAh 7 i dh. 28
P 1 203 2 B 180 mmol- L™ NaCl JHip 38 X e w0 e & 28 3 i) 52 me B 1/ 70 IR 35 At , 7ERG 92 & 108
h B, NaCl X2 sAg A2, 0, mixtabER ‘MO 98” ‘1 you98” Fil ‘sEM 35  ‘Wuyugeng
37 IEIRAA 25% F158% . ZFERMAFEN SR . AR EEERIE T, 5 e AR el DX e R
T ROR I TR . IR AR BRI R Y] AR RER AR, JERE CWRO03-127 BRm. AEYIE .
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HRZRARAE IR /N TR 5 R B%” ‘Koshihikari” Al 19 %57 ‘Changbai 97 , i @i fRERE AR
K REBURLEAR, DIl 209Ky, EN IS, RESERSCR. AU ba R LM . IR
(MR P R XY B AR T AR RS, M RAR R T A EEAE, RWIAR R X I ) 2% AR AR A A AR —

T 50 b P 2% RORE AT R R T S AR A 2L, B R R T R 2R O TR
FEFIT, HSPRERZFEERI, HERNE S R2ER | RKAMRIMTARIER, RUWIAE 4w
FERDF S S, X 52 R R AN R AT RS A R . AR RAEY LR TR R TR AR
PF R VLHRE X 2 R AR B AR AP T (08 o %, R AR ARG A0 B & % 0 3o T AR A, MR 2 R A%
ST R R AR B R RN 2 — o 2RI SEAERT T R IR AU IX A BRI SRR ) R TR A

Hha . TREPNO S S SERYIRNTEHEE ROS) AR, W5 & E it Jt—E5] kIR
o S B AR i A Ak, T S Ak B AR AT O I E MDA SR R AR MR SR R AR, SOD. CAT. APX I
POD 540 A ALY A AR ) ROS 1 B ZLF BRI, A A .+ 238 FEh bhae f5 2 7
LAY MDA i hBE R i B K T A5 A%, SOD. CAT Al POD {if o ) i 2 & TRk i A, X5 T [
BT RIS R . DA BRI R B TR X A R R 0 0 A B R B A Ak A, B
F R R DA B e RN BEAh, TRMNE T AR AL P S TR R R, MDA i
SRR R U B U REAIS K AT R R A R S N T R M AL 2 — . WANG EPU RS T 61 13 1) 2% A
Pl i+ S0 A RE T A B 24 R AN TR S R ) 3 TS 2 AR R A, D R T e AL
TR A

ARIFFE R : MOKSAET, Wil 24 SR iAW & M4 i BTt YRR IG R o 22, H 2% SORs Y 45 10
FEPRAS AL R ARG, DLW VA4S A2 R X K bl Rk . B BB RS R B MUK 2 em KR
BF, Z2RfERAE . RUIE SR WOKZ)E, 2458 YEREE’  ‘Luoligeng” I %F
MR RR B B T RE, W HMUBIRS YL 117 “Chunjiang 117 D ELAG 8050 (4 TR K WS 4k

RGN 36 Ab S 2% B RS MR B R D T R AR AR T T R 2 22 5, (H 2 B R 1 4 v R A 4 e
U, ULBHEIIAR 22 AR RN FERE I SRR E B E 225, X S50 B R a5 AR —8. Biln4p
PO BRI R . ROV S AL RERE AT FERE ) L S b AR BE R L AN A4k 4167 ‘Dongnong 416°
FOR, FRRRA RSN A R B R T HAMA R . RS W R IR . O b X A R A
FH Y AR IS ARG IR, DR XM . 28 BT, ASEM X B 2 AR T IR A P A e e K2 5
L 2R

4 Hip

WL AR 2 R A T7EIE B2 1F T BB A BE ) 350 TR A, ELAR SR S+ 2 AR st , (0 i
KSR . WL AR 2% HEARE B 5 R £ RE ) T RE S T A M iy oG X T B A I, I 7E %
MURHEK, XET AR, W AT FERS R B PR — E TR BE MK AL, LADSAN R R A 1 2

5 %HE U
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