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FERA: L FAG; T R A E Pk e A ROR T

J& i FE(Oryza sativa L. f. spontanea) &t 5155
FH APA T R R T 4 1 1R B = K, PR S
IKREH P B 5 A RS — O R s 7 BE
Z . BRESE. RARKE, gl SRR
Jo GRS RN BUKRE ™ B KGR SR A
2004; Burgos%:2006; Fi%52007; # K45:2008;
ChauhanflJohnson 2011; 5KI§4£2012; Dai%2014),
ERRE, FRERBAKAEE, SR T AR, T
Jb R AN R A G FH AL, 7= RN K
PR Ao R, B A R E KR A R | 2 A
(Zhang:2012). HE4cit, 4= E#E333 /7hm’fE H
2 ARG, &R KR Bk 2)344Ckg
(B3 SO AR E2011),

IR ARG HA MR 0 2R BRI, R IANVE
KLPE L ARERME . U R FE S RE T 0. ZR AR
T 1R TR A AR B A A2 HL 2% AR 1P 1 B AR,
Xf AR AR A R S EAT B E R L, B
AR B ) € AL B T 2 A BE TR IR 2 B R
(quantitative trait locus, QTL) (GuflIFoley 2004; Nunes
EE2014). S 2% FORE B BRGTI RN 3 4 8 ) T e
7 5% (Chauhanf1Johnson 2011; OhZ£2004; 1
S52011). EHBTFURM, AR R R0 &1
F 2 58 4 e g 9 ) 2 2 R (Dai%52016) .
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R A AR AT A 49 L BEAE SR AT A € i T A2 BH
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faFE . Bk, F# A BERE R AR I D% B R

o HERIRAE, VLI A X AR R g B
T I L HURE RS 015 d (FMIUZR 520055 45
THARZE2006); 15 5T H X 4% BRS04 B 1ok
RiFERE15~30 d, H A4 FRE AL 25 H. (k16 262012); 7R
b Hin X % B Ml e ) R B B TR A,
2GR ST E52006; 448 5 552008); AR E M
Z ORI R P TR B R T R B R (M 4 Mg
2011). R OA FIR e BRE F2VRE % 1 52 A4
T8, (HAE A RRE I DG A e e 2 —, LR A
P AENLI 3 AN B i o

IKFEB0% LA b [FFF = 5k H Tl f s iy
FCELER, RIS S T KRR &
B R A B (R 552000) . HEAF L, I
[F A=A R I, ] g 2 2 48 =5 B il gl 11 47 o ik
BB ) R RIS B, TS BUME AR T (2 R
2003; FERIESE2002). MR ER S REAR RN AL
IR USCRIR FH 6 0 1) B 22 5 AR (Lin%62009) . 4
FOOCHAR T DAY RGO R IR 1 2 A o6
4P & (Guarini fTMoritz 2009; Krause 1 Weis 1991).
2 2 AR A Y R, WY TS TR
KEAN AR, RS RAERE
A8k . HAr, Mg R s OaHE R & Th B T
VI PO . B T SR, RS
T FIHIF 78 PR (B UK UK RN 882014, £ B ZE252016; Gk
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K AR L Z2016; PandaflSarkar 2013; Ierna
2007). Hil AW AR AR K SR 3R RO PRI 7T 2 4R
HE BT I, D A B AR K B B A DG AT (R B A
2015; Dai%$2016). [Kt, X LA 50 2% B AR 5T
IKREAE HE SR S [B) D Re i P 81 i 1) & 3R R
X TR R AR B L AE

AW FE AL A AN ] 443 2 1 X 2% B A 5 ke
T b B Hb A Hh AR 3 57 24 0T 5 I 8] B IR
S 2R R B BTGB 1128, 18 81

Mhag R o e S AR R R A e R, DU 4
TG R BHL ] FR A TSR AL B AR .
MRS A%
1 i IE
EFERE AR R R A [E 2 HL X )
ANFFEFE (Oryza sativa L. f. spontanea)FE & |7
o X 1 24 B FE(Oryza sativa L. f. spontanea) 81

PR A B R D)

R PR RE 5 2 R AR B DL B AR

Table 1 The collecting information and biological characteristics of the cultivated and weedy rice

T il X35 SREEHD ZF AL i 4 eyt

Kk LT R 124°17'E 39°58'N FHEL175° D Sy
“WRLN004’ FETY R G

1 IR £ 110°50'E 21°40'N B2 Rl S B e
‘WRGD008’ A 2 AR

R YL M 119°20'E 32°20'N K950 R Fe
‘WRJS023 A 2 AR

TLIR N 119°57'E 32°26'N FIHE5055° FE R AR

‘WRJS013” A 2 AR

FH (13056 F-20154F.6~11 3 75 75 5 A R S40T
TR0 H (118°37'E, 32°02'N) 5. I H 3N
R, WrEEAE . HIHEORIN, SR R0 Ak T i
FENLEAT IR A . ALK R 20 18 M S SR E A
TARIIITIEIAT IR . 3BT VB, BE NS
cmx30 cm, FAE8AT, FEATS5IX, BH/NX 407K, B3
Fio PNXEKxFE NS mx1.5 m, /NX 2 84150
em. HHE LB AT N A AR R R LAk
25 HEAT IE B B K B PR R0 th A B . O RAIE
I R TTSENE, BT A Sl Rk 0 B 7 VR 8
—5
2 MIHFEEITERA AR AT IE A 22

WG A HRG S5 R RS M A AR 2 58 BT
FRIRFIA] . (1) A 50% A RZE A, (2) 7L 3
Wi FFRLN Y 5 BB FLIOR, Q)i B FERLIT
G IR AR, FFRL N BV RS, TR I (4)
TR FPRARRE, A5 BRE; ()58 20 FiAs 5 4
B3 TR (Counce$2000) .

3 SIMMHERESERNE

S5 HE(2010) 9 75 10 52 2 TR 5 R 0

S EAS R A B AR, L2, R, 3

HIHARE IR SRR S & BB A A
LT emHEATH 42 R FEHL. 5 mLAI80% A i 8
A P RORAE S S E, 8T B UV-180045
HNAT LR, E2EL663 . 6451470 nmff) )55
FE(OD). #% LA N AXIHE S & (D)4t %a (Chla)=
(12.72x0D,;-2.59x0D,,5)/1 000%5/S; (2)H 4 &b
(Chlb)=(22.88x0D,s~4.67x0D,;)/1 000x5/S; (3)3
B N2 (car)=(4.08x0D,,,-0.01xChla-0.47x
Chlb)/1 000x5/S. SJyH T HEHUHS 2 i by T AR
(dm®), KK FEF 4K,
4 SRR AN NZFNE

2% Dai% (2016) 177, K MY R ZAL
(Handy PEA)JIE 24 Fifg 5 # s e dh A . FL A
WL RSB B EUIR S8 B S S 2R O
HMNAZH ISR R K — 2 @10
PRSI 4700 %, W52 45 1 -8:00~10:0013:47 . I
ERNH A 430 minkg &N, G K 8650
nm, Y6793 500 umol-m™s ' L GE S s, i
FiHandy PEAFIBiolyZer 4HP#X {411 B AE ) P id
2R R KNS H: Pligss ¢pon RC/ABS. ¢pon W,
(#2).
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Table 2 Formulae and terms used in the analysis of the chlorophyll fluorescence transient O-J-I-P
ZHE R P
HHESRG S5
FZUua &20 MSEH'E/‘]&%
FJUOus &300 MSH_JL%%?‘%
Fy=Fm FEOIIPH I F 25 T A b (2 ms) 1546
F, FEOIIP I i R AR (P ) It
MBI ZHUS K A S5
Fy=F P SR 0 58 A TFIBOR B3, BIRIAR 946
Fu-Fe 5 AT R L6 4K 5, B3

Vi=(FFAF )
My=4(Fs, ps*Fu)/(FM*Fu)
TR AL
Pro=1~Fy/Fy)
P=(1-V,)
Pr=[1=(F/Fu)] ¥
Rz L
RC/ABS=[1—(F/F\)1/(My/V;)
PERETE L
PLs=(RC/ABS) [ppo/(1=0p,) ' [ P/ (1- )]

FET R IRREG R AR 545k
OJIPZ 155 3 H 2L I WA RER

CYSHIED e
PSIZ AR AA! e T (i
T A T 0 77
IR K

PSTTLAM WA ' BE Atk ) 174 E 5 £

5 BIBEAHR

BE > MK I SPSS 19.0% 4347, @i gk ST
FEAR TR, 73 H7 2% SRG 5 AR5 R 1) 25 P A A2 [ —
o WS A f 22 S 1k, 56 Excel 20105847 7E &

SMUTESES

1 Z#ERESHIEBEFHNESR

AFh ARG AR B R T [F) — R BN, AP AR A
R AP ) e A T B () T R R RG24 d, A3l
i T A7 ol 1) e A 1 B 1) 5 R 5 RS I 22 R AR
723 do fHAZ, 2 SR M A 2 B AT 7 (1B (] 32
BT SRR, FHR. KA SRR N X
(1) 24 R ol A 81 S S P BT ] 3 ) B 224 3 SRR 5% A
13, 10, 178133 d (&3). Al W, 48 FE 5 4k 55 7

IO 2 5 TR RN
2 ABBSHEEOMEESBNES

TR RO (005 A LR35
TR Horh, PHRRUZM 10 4 WA T i
REDT S AR, LI 0 R G TR
SR 2 A 25 T84 AR R4 B
S RSATILAINA ) 53 TR AR ATAT1.09
mg-dm, {ERHTRER) T REREER e T W78, (3¢
AR 25 52 TN 5 R R R B A
STV RN 000 .5 T AR 171,66
mg-dm, (BRI REREEDR, (5L A MR
RN SRR REER(H). BRE, 2
HRSI IR A R T R IED TR,
A A R T AR

0

K3 AR SRR I 2 R

Table 3 Difference on the growth period between weedy rice and cultivated rice

HEADF 4l 75 1 18]/d

IR BT 75 I )/

P& S LY
e ELRE Py F:ELRE R
FHR 59 83 37 50
g2 87 90 35 45
EZI0 90 90 35 52
M 90 90 38 71
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Fig.1 Changes in flag-leaf chlorophyll content of weedy rice and cultivated rice after heading
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T A L2 T AR 698 e M Ak H R iy A
258 A S RO G OG B3 E (E2).

SR, R BRES R PL o (E R A i 151,
T %35 78 B Py fE 7L A B 1, BRI UEE AR 1 L )
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oY
3.2 ¢,

PR I 2% B R A0 K 55 7 1Y) @, 7 T AR AEALL,
H A 2 58 SRR H R I T PR SA . BRPH
TRAH M R REE AL B 29 E T34 oh, K

I4FhAR I PR ARt 2L R IS . (AAEREL
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B 7L B A1 g At s 1 2 v T A b AR AR
HAY . Horh, PR M & BERE A AL H B E
IS T 2 U5 750.06 410, 10; {H i fo Bl A% T Bk
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ERmTREFNESHLEEER . XARER
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0.09. Z M i HURF LE T PRI 52 300 7 i) J 25 0
T F50.18510.24 (F3).
3.3 RC/ABS

At )4 Fh 2% BERE (1K) R C/A BS1H AE A3 1 ¢ v,
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Fig.2 Changes in flag-leaf P/, of weedy rice and cultivated rice after heading
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Fig.3 Changes in ¢,, of weedy rice and cultivated rice during grain filling
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Fig.4 Changes in flag-leaf RC/ABS of weedy rice and cultivated rice after heading
IR FIRAE0.0SFI0.0 1K F 22 57 B

HHFEHIRC/ABS Bt ey, L J5 1T FAR, (HL LT B Jde
T JR R
3.4 o,

P4 28 B ) e (E FE AR i v, HLFY
R TR F BAEH R 2 = T G Rk B A70.04~
0.06, A ARG HEFE S U HARIEREAH Y . 4P
B A B o e AR (] (1 AR I R B SA . R
(AR s R e LA 0 TS, 2 R BA R
IR B Ea A, (H 28 BERE L 2 Hb i AR B 1 Bk
FERT NG, 345 2% BUAG 75 b A B U B
T YRR RS A M. S, R A
FER F AT SR 750,19, BN E R EFH 5
TR RE0.16, FoAh2Fh 44 HFE 5 2 AR B AE A
(K5).

SR ERE, IREREN oo fE IR s, TR
Brpa A AL I B, B R B RS o W (E HE 3L ) N 1]
LT REEE, A A BEAR I T P FE 9% T R A,
FLAE B AU EL 2260, 455 0 200 5 52 2N 1) o, 2 35 1R
THREEFE
35 Y,

PR 4R e AR I P E AR S A B,
BT Y R 5 0.04~0.10, ELHR 8 2 i AT 8] 1

JEA I g . AR B 40 R i A A L 2 )
B TS, 2 FRAR LI FaY, HALY
BT BEE LR T AL AR AR . PR
R FL A B E ST R A50.05, AR E & T
REEAE0.06., 7544 A FORE LA 25 AR T RS A
0.06, i ZA I AT AP S I4 \2 2 vd T R 50,13
7 M 2% F L YR s 24 30 8 251K T AR B 5 0.09
F10.08, ¥ B IR 3 TR EER0.09. R AL
FEFL A BB T AREE 70,10, I 30 22 56 U S
Iy AR T B RE0.03. 0.14410.29 (1K16).

SERE, RGO () P rE AR B s, 10
R 3 A 1) WO LA S vy, B UEE At B PR B ) 2
AT, [ IR 24 B R S0 - 1) T B 4G T AR A

15 B

1 ZREFENE TS

AR FT b AR e SR ) A SR T A N R
13~37 d, R F AR X 5T ANRIWETT4E
R (K IGEE2012; MBI EE2005; R AR
2006; FEESF2006; A87E 5552008, A7 40 Mg 55
2011). HCBCEATRE AN B AR AT T N TR, A
7K 44 HbL X F 2% R P 75 BT (8] 23 ) 5 T R R g 24 0
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Fig.5 Changes in flag-leaf ¢, of weedy rice and cultivated rice during grain filling
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Fig.6 Changes in flag-leaf ¥, of weedy rice and cultivated rice during grain filling
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FLAE H Wl 3 R Tl R 3 BB (R HEAT T 5
guit, sl OB LS RIE, HAS BE B R
SRR TR B R PRI 30 o 0 A% SR 3 o 3 e
HEERFIE. AR FLAAEIE A, A3
B IR TR 58 BRI 1) B AT g, R RAN
B0 T R ARG AR, B AR AL
HERIERTE L.
2 RAEFIMHNERSRAEREANXR

2R3 B B i R 2 1 B B4R Ar (Terna
2007). AHFFLE RGN, FRRAE KRS, PR,
I 2 RO M Z ARG I S 23 3R B AR T [ X
FEEFE, P 2 TERG I 4R R PR A LT R Xk S
T, A BRGSO R R B RE AL BTN FTIA
N, MR R SR RGN L B EAK, [
5 YRR RAH A (BEAR Z51997) 0 FE R LE iy A F)
T4 F Ja Wt A orb i S 2R B 1 A I 4R
AL R MR RIEE, FEUKREI AT =2 G
BEAIAR RL2002) . ZKFGFFRL BB KA A4 3 22
Sk B IARDCAER, St Br o B ok
(EER52003; Z5520006). A FE 00 H HLE,
RSR[50, SRR =YX AR, 500 R
KR, REARFEREEE. XA ERE
AR 2 —
3 ZEREH RS IENE

wE M AR RGN B, 22 A AR
BHACE T %, B [ . mRNAFIrRNAZ K> 7
VIRAEAT AR . (E BIRCAE T, HEY B BRI SN
WEE 2R 5 2 B SR, R AEEmHI A A
FEEAFEHDHIE R, YRS (PSID) e B H O
WAL PRI e AN BB B A %R P AR EURE L, 51 R TS
PR AR R, iE AR R B —E B, Ot
A BRI, MR 18 5 2 (WA 77 55 1999) .
J1a0%5(2003) K ILA [ J2 R B K e 1 Gl i LA A [+
(s AT M AT 3 RE T, SRR
TEPEAEBRAE TR A, R R RUR

4R R RIS HUR T O RAPSIVEHRES
(1 R arabs, o LLASRIEASPSIDGEAL 53805, 7
AR 38 28R AR [ A 245 (Baker 2008) . pp, 278 X K
HAF R, 5F/F, W& X —5, BT PSR M
U R FH AR SRR RERITE L, 11 PLsg — 25 A 1
128, WOl N ELE,/F, 58 GE A S AR A P ST

N H LR RC/ABSTR 7N 1 11 [ B H O G o,
SR ) A2 PSTIR 25 £ 2 WS 1) ' & 1 4 v A% 34
B AR 6 B QT Ui I A H S AR R AE 2R
P 2R PSS AR AR L5 il 2, [ A v
B B2 B H s B T TBORE FE (AppenrothZ£2000; van
Heerdend$2004). CVEWFFLRM, DL LRI SRR
TS E A S - (1) 5 32 B8 PRI, 7T DR - )
Wir 7K A 1) - 32 2% 1) 3 72 (Panda Al Sarkar 2013; Wang
£52016). R EAFGI Pl RC/ABS. @pon 9,
AP B e, 3 v T RN AR A, Bl
R B R AT, ARG AR AL R, B2 R
i T EIAR 28 BT . AR BERE S - 1) 06 4k 5 Ak
B EMERBIROE, BPARER A T T
e E AR Z AL AIAE I TR, B
S BT [ I HA R ARG AR, T R A A L B
PSIyE M BT EifRirfa e . R, 445 /g8 fis
P 5 S H1 0 (RC/ABS) BT AR5 78 52 B IR, PSITZ
AN L TR IE BE 1 (0pon Pron Po) BTN LTS
1, JeEVEFITERE(PLys) O T PR TR A . AR
TSI P E A 1) R0 G S AT R B U, O
B S5 T R G 2 BIRER, IX AT R 44 ARG 6
MR ERZ —. FEEEQ010) F KA, &
R P REe T A E T W A A A
(catalase, CAT) At 1k ¥l (peroxidase, POD)JF 14
o, WS 2RI, RS . Huang5(2002)
AfF 70 3R R R 3 FE S CAT Ll Ak 84k
li(superoxide dismutase, SOD). POD 135 1 /& T-Hill
RURRIEAE, A NIX AR BURES a2 5218 (1)
HEATNLH 2 —. ARFFF, REREER A2
FEASHII R R VOCSE T B A TGRS, W]
REAZ T4 52 23 VU, CAT. SOD. POD
AL MR I 5 AL P (ascorbate peroxidas, APX)
SEPUAA AT P 1 R e R R G N, i 1 AR BR AR
B 5R, HIX LA FF T3 — P A It .

% R 1] - PR P 2 2R 2 DGR 14 9 1T X % B
ARG R . TEHT R = YRR T i AR 2R
TUBRTE AR (N R 15452005, B 384520115 F3ik M0
£2016; ZFE4EE2009). A HERE O M-l AR PSIT
WVE(PL s RC/ABS)RDGAL 2% (0pon 0o W)
i, RIOGA B3R B sk b e et vt 2= se i)
MR, WOk FE IR R R I RE R, AR
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The chlorophyll fluorescence characteristics of flag leaf of weedy rice during

grain filling

XU Wen-Rong, ZHAO Can, QIANG Sheng, DAI Wei-Min, SONG Xiao-Ling*
Weed Research Laboratory, Nanjing Agricultural University, Nanjing 210095, China

Abstract: Weedy rice (Oryza sativa L. f. spontanea), the same biological taxon as cultivated rice, is a noxious
paddy weed, which seriously affected the yield and quality of rice. The early-maturity endows its dominant
competition with cultivated rice causing serious crop yield losses. This characteristic of weedy rice has been re-
ported, however, the mechanism has not been researched. Weedy rice and cultivated rice from Yangzhou,
Taizhou, Maoming and Dandong were planted in the same field. The duration from sowing to heading, and
from heading to maturity, the chlorophyll content and chlorophyll fluorescence parameters of flag leaf during
grain filling between weedy rice and cultivated rice were compared. The duration from heading to maturity of
weedy rice was shorter 10—33 days than that of respective cultivated rice. The flag leaf of weedy rice had lower
chlorophyll content or aged earlier than cultivated rice. The photosynthetic performance index (P/,), the max-
imum quantum yield for primary photochemistry (¢,,), the density of reaction centers per PSII antenna chloro-
phyll (RC/ABS), the quantum yield for electron transport (¢,) and the probability that a trapped exciton moves
an electron into the electron transport chain beyond Q, (%) of flag leaf of weedy rice reached peak at heading
stage, then decreased gradually. And those of flag leaf of most cultivated rice increased from heading to milk
stage and then decreased gradually. However, the Pl ¢p,, RC/ABS, ¢y, and ¥, of flag leaf of weedy rice all
decreased slower than that of cultivated rice. The flag leaf of weedy rice senesced earlier than that of cultivated
rice. The highest photosynthetic efficiency of weedy rice occurred earlier than that of cultivated rice. This may
be one of the mechanisms of early maturity of weedy rice.
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