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Abstract : Two rice varieties Fe’* tolerant Zhongyou 9288 and Fe®* sensitive Shanyou No. 10 screened from 19 rice varieties
were used to study the biological characteristics of rice root border cells and their toxicity responses to ferrous iron stress.
The experimental results showed that, the first border cell occurred almost synchronously with the emergence of primary root
tip and the numbers of border cells reached maximum (1165 for Zhongyou 9288 and 1311 for Shanyou No. 10) when the
root was 25 mm long. The greatest activity of border cells of two rice varieties was observed at 20 mm root of length. The
highest relative activity of Pectin methylesterase (PME) was achieved when the root was 2 mm long. With the increasing
concentration of Fe’* , the number of root border cells in Zhongyou 9288 increased and reached the maximum at 100 mg/L
of Fe** | then decreased. The number of root border cells in Shanyou No. 10 decreased all through. The activity of two rice
varieties root border cells was reduced when concentration of Fe’* was between 0 to 200 mg/L, but increased a little at 400

mg/L compared with that at 200 mg/L and decreased again when the concentration of Fe’* reached 800 mg/L. With the

increase of Fe** concentration, the PME activity of Zhongyou 9288 and Shanyou No. 10 increased and reached the maximum
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at 200 mg/L and 100 mg/L, respectively, then decreased. The mechanism of ferrous iron toxicity on PME activity was

discussed.

Key Words: root border cell ; ferrous iron toxicity; activity; Pectin methylesterase

R 37145 20 ( root border cell) , SRR % 14945 7 41 Bl ( sloughed root cap cells) , RIETFAR M EHR" ,
& P MBI BOE e P v, AU 2R o Bl JLAE R B & O B FEE B , 4R 58 F0k 7% 4
ML B B s ™ T A A S e R A= M Sh BREOBST , RN B BTk i 2 —o &
HARARHT R AEK SRS 100 A0 B, 57 A R IR T4 M AR W sl i B B B B4k s g ™
XEE FERR I B R T B B S A I M TR BRI R A 2w RS . BRE R
Pl Lo o BR % S AR AR BT R ISR Wiy A 4%, b AR BR R BB 25 4 0, T IR AR R BRI, 2 8 3 o
AEE LM Tae” ", BECALE, B2XF 14 ARE 49 S 4Fh T G 4 M E B B IS AT T
e,

BB R TR RS X AR E ™ AR X R RS R B R A,
RESGERER FEM TEAFEBX, AEHE 400 7 o 2L EP ) BEER K> TEEKE, 258K
BT F MR, Bt AKBEIFRER — EWRERE, e HE TR, NTi~EEWE T HEY™
7, B THREFWABEA AR AT RERGERAPPE™ Y, BB FWEREA
FETRUHET, TR TR A HERREFELN 3] Fe' AW E EEAET F** 25 Fenton
R et AR R S B ( -OH) , -OH Wik 55 R Rl A AR A M4 T RUBE, P2 AR A PR A | ph 3,
SRR AL, W T A S5 A ShRE LA Ry B & Fp AR BE AR R R ™Y , B SRR B IR UL E BB
BERTS AYAR A R, B A i e B4 X 2 A /K RS A A S Al 7 2 LA B BV P, X
KRB B AR RS ARE N, BAPRE T AR DS A% H v 1600 4~ mERI%" Brox
THBINKREHSG AN, KBTI DR T KBRS ARNEE R, B D% REKRBIESR
Joip3E 2ot R B A B KT Yol 7K i i % 4 R B S8l o oK L TR ARG, R TR 93 /K B it S 0 B A 8 ke DA
STERER H MR B , A8 A T — 20 R G 40 B e A b R i e R M AL, D TR E S 5 RS X B B R 4R
BEHLBARE
1 #R5FAE
1.1 ftlbrst

LL19 ASKFE (Oryza sativa L. ) GfpVE g @ I B0 8, 2 mf i o B KRS AT A VL8 R A Rl 4R 4it, K
X 19 AR IR TR AEETRE SR, FRARKE 5 mm 525 H 2 mg/L #1200 mg/L 1 W EE W
(FeSO, - 7H,0,pH 4.5) 0¥ 48 h j5 2Rl 3, 55 R LI b {1 9288 ( zhongyou 9288 ) FHRAS Pl # 41%
A%, WK 10 5 (shanyou No. 10) BRI D2 80% & , 20 A Hh UG 9288 A /e A ind S 4% ity Fp AL £
10 -S4 XU R P YE S AR SIS B
1.2 #RESE

PRAEFURLI S E K SR T, BoRK PS5 R AT NaClO AR F 20 s, FZRIE/K T B Uk, 7EZRIBK
iR 24 h, HBIEF P E A NG B RKER FREYSE RN LET S ER,25 CTREBFHEER,
1.3 ARBK T ASHAMEEE 7R AR PME Fi
1.3.1 AREBKTA%AMEEE D EFER

FEHLBYBUREH 1,2,3,4,5,7,10,15,20,25 mm F1 30 mm BI/KFERRL, B HB A 20 wl ZEM8K o, B3
30 s, Brh gk A M ARAE /K, 0 20 pl FDA-PI ( Fluorescein diacetate-propidium iodide ) 34 (FDA 25 pg/ml PI
10 pg/ml) (AZAMEEBR SRR 11 BE) , ABRRERWR LR, BSIEWR , BREHCE 15 min 316 JE 5 40
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wl Yefa T YR . B 10 pl, PRI BRSO S S A RSE A ™ . BB T B Ea%
S8 R TE AR M , BAT T IEH R MM (RS BT v TE AL A X 100% ), BE 5 Ko
1.3.2  REHRE T IR TR R S mE (PME ) 1% 4

(1)#35% PME 4280  FEPLEkER K N 1,2,3,4,5,7,10,15,20 mm F1 25 mm R 40 4, L5578 1 mm
R, BT H 200 pl #9 PME $#EURBHRS , 1KE T RO R BB AA 1.5 ml .08, TR, 1K
¥ 1 h, &% 20 min 5% 1 X, BT 4°C,15000 r/min F, E.0> 10 min , IRE FER, -20 CHEF,

(2) #3258 PME iEH:HME  PME ¥ % 1 ES% Richard %™ 778k, B3R PME £BURE R 10
wl, I3 4 ml JEMEEH F ,37CIEAKE 2 h, LM EEE T (Helios Gamma 9423 UVG 1702E) , 7£ 525 nm I
K TFWsE OD{H, 7E PME WIVER T , & (Pectin) 25 FIEALJS B H* {87k pH (E T I, B 2241 (Methyl
red) f B HA A, B AEE BRI R o AR5 FI AR v i 22 515 7 A ER R PME 4% 3 i B
P (mg H*/(rootcap "*h™") ) , LA 525nm AL A6 c(E 5 484, H* mg BN AR AR, bm v 28, 15 B R M7
&y = 2.3754x - 0.0251 (R2 =0.9803), X 3 K.
1.4 WEEGHETSREDSGAMEE FERARE PME {548 20
1.4.1 WEERAHETFEREDEAMEE SR

HFFE#MREKEHFHHRAERRER, HILEAFRHREEN M FHRE—E, YEPERKIE
18mm B EHETF 46 F WK TS TR AL T 5 A Ab 3 . T WA S VR VR E i B 4 0 mg/L.50 mg/L.100 mg/L.200
mg/L.400 mg/L, &R 1h BEF 1 YRACBEYS R (WRIF ik : I mRae ¥ S Wl , ERIRARHIMNEIRERAE T N
1k) ,7EALEE 2.6.,12 .24 48 h J5 43 BB 4 ¥ B AN T T AR B (2420 mam) SRR MEATIE . AbFGEHE 1.
3 AR RS MM EREER, BE 3R,
1.4.2  FEHRALE T80T PME Eik 65 m

ERAL T 35 IF 1.4.1,PME 8735 % Richard & 99535,
1.5 $iRabm

MR E 5 S0 S SR P28 (AVERAGE ) fi4R/4R 2% (STDEV) , % A EXCEL2003 i SPSS12.0 #k
AT R R AL G 4T
2 ER5HH
2.1 KRGS BT A AR

WA ( BC) B TR T EH SN, FEARIERR 1 ~2 mm 4b (B 1) , KERIIKFE 420 M 2
BIZ sk, N Gfa)E, BREIOENAMRATEAMR(E 2) , Baaiti e st (& 3) .
2.2 AEREK TR MAEE SRR PME F5%

FAR K TS B SRS RINZE 1 FiR. i 9288 AL 10 S FAN KRR RFh S 4%k
B FEE R K B R T i3 i, AR 25 mm B ih x40 fa 3k B R B R ME, 7071 R 1165 A~ (4 9288) |
1311 AN(ALE 10 5) . FEBERK K BE—26300m , % 40 Me i 8 B 3820 ;s BN KRS R B4 1 % 40 BB A7 0 B 38
REE IR B IR, ZEAR K 20 mm B, FIER AR A, BASM K, FERE TRBE WML 10 SHh%
4l L% B BoAr s 2R KT A4 9288,

H3 1 WUE N, BRE A 2 mn 6, 4758 PME FEH AR RS E, BERKEK, 15T PME EH%ZE
W TR, B8 9288 RE A 7 mm, i 10 S4EKEF] 10 mm J5, 1R 5E PME 7& ¥ X FEE R K 38 02 w73
38,7 15 mm AbAEIE 0%, toad PME 751443 B% B B B E K 96. 19% (4 9288) A 91. 25% (i 10
), HEET 20 mm 5T PME MG AR TR, i 9288 ZEHHK % 20 mm 25 mm AR 5E PME %4
(B EEEY 83. 17% .63. 16% o A 10 SR PME 194358 b it 9288 &5,
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£1 FEABKTABISARPYE . FREERRE PME &%
Table1 The number and the livability of border cells and PME activity of root cap in different root length in rice
K HGAHEE ) R PME %% PME activity
Root The total number of BC Livability( % ) (mg H*/(rooteap ~-h~1))
length 141, 9288 Ab4E 10 2 141, 9288 AL 10 2 {1 9288 AL 10 2
(mm) Zhongyou 9288 Shanyou No. 10 Zhongyou 9288 Shanyou No. 10 Zhongyou 9288 Shanyou No. 10
1 167 £25¢ 205 £24h 44.78 £2.39% 43.60 £0.81h 0.38 £0. 02abc 0.46 £0.02a
2 184 +4g 214 £22h 47.48 £3.68e 48.02 +1.92¢ 0.40 £0.01a 0.47 £0.02ab
3 359 +34f 490 +25¢g 53.16 +2.68d 53.61 £4.06f 0.39+0.01ab 0.45+0.01bc
4 453 +38e 576 +21f 54.93 +£0.98d 59.62 £1.58e 0.38 £0.02ab 0.44 £0.01bced
5 569 +19d 681 +27e 55.49 +£0.54d 63.43 £1.31de 0.35+0.03bed 0.43 £0.02cde
7 617 +31d 812 +25d 61.12 +1.50c 65.96 +2.60cd 0.33 £0.03cd 0.42 +£0.01e
10 832 +9¢ 949 +33¢ 63.28 +£0. 83bc 68.87 £1.10bc 0.34 £0.02d 0.41 £0.01e
15 931 +20b 1192 +36b 65.60 + 1. 65ab 71.71 £0. 46ab 0.36 +£0. 03abed 0.42 £0.01de
20 1104 +66a 1283 +20a 68.81 +1.32a 74.05 £2.06a 0.33+0.02d 0.41 £0.01e
25 1165 +44a 1311 £12a 60.74 +1.85¢ 71.24 £0.58ab 0.25 +0.03e 0.36 £0.01f
30 1115 +47a 1297 £12a 60.11 +1.41c 68.54 1. 16bc 0.21 £0.01f 0.33 +£0.02¢g

Fl— R ARFFREERERNBEZEF (P < 0.05) Data followed by different letters within a column indicate significant difference at 5%
level (P < 0.05)

B2 AGHRKES

B KngaR Fig.2 The shape of border cells
Fig.1 Root border cells of rice 2. FRIGERHZ M living border cell; 3. 3B 40 dead border
1. BRI the border cells at the root tip cell

2.3 {EHRAETSREX DGR FERARE PME 15 820
2.3.1 {EWACETERE XD K% E B R

H & 4 T, A — AR R, H O 9288 4 4 I X B REE TE SR VA MOV B 3 R 2 BRSE B THE T FERY
g, H BRI E N 100 mg/L it A S48 M B9 % B A B B KA, 76 400 mg/L Y MEBRIEWALEL T , sh 4
H%E T RBI R, S B B TS KA R MR &R, HARBIKE ) 200 mg/L Al 400
mg/L I, A MR B BEE AL TR TR B30 B T R, S5 8 TR . Tl 68 10 S5 4Mas % E (IR
Bl 5) BEE WA ORI R 2 T RE &%, BT R, WIS IR E O 400 mg/L i, 432 h T, 34
G B B DX R 13.95% , A0 748 h TUNXTRRARY S. 41% . BEE AL RIE3E A0, Al 10 Sh% 20
FEA9% B WD (B3 RRASL) , SRR AL BT b & A MR B B RA R pa s, JAb s k3] 12 h )5 ,5

hitp : //www. ecologica. cn



3288 £ K5 % K 28 %

bR EZ MG AR B A BERZR, P
1t 9288 T 4 MY %L B 7E AL BV E 15 ) 400 mg/L i
ZARBRAME WL 10 S RZEHK FEF 100 mg/L B EE3Z
2| TR, B M B AL L R B9 48 10 S3h %
YIS B 2= 7 B A 9288 K,
2.3.2 ERAHTEESTG A TE RN
ME 6.7 TTLAE H, 48 9288 Fnilih 10 ShEE
SRV Vo Ve P AL S 3 0 , 30 G 40 B P 0 R 2 T3 UL
R, TEALFEVER B 2 400 mg/L B4 A BT 5, {H 4.4k
VEVR VR FE S M 3 800 mg/L B FFVE R X T M. H L
9288 1h % 41 i ¥ 77 7 Z AE 50,100,200 mg/L F1 400
mg/L MR E TR R B ESEZR, ML 10 548K
B Z IR 20 M TS R E SR I0 9288 K, ZabH
W E M 100 mg/L 33 200 mg/L B, WL 10 Sih4%

A R TR B o BERALTRR IR , P -
ﬁﬂ(*ﬁ E‘Jm%é&l H@ﬁﬁ%% 'ﬁi % }E—F F%%% ( XTJ‘ ,B‘ﬁ éﬂ Fig.3 Border cells treated with ferrous iron
BRAL) , B Ab 3 B IR ) 2 S A 1 3 3. JEHY LA dead border cell

2.3.3 {EWHACHET SR XRE PME 15 %0
TEARALEE T S xR PME T 489 %2 45 R &l

O Omg/l. M 50mg/L 100mg/. B 200mg/L.  F1400mg/l. pH4.5

1600
a
1400 - 4 a?

i

1200 |-
1000 |-
800

600 -

HEHEEE ()
The number of BC

400

200 -

s

P

s

12
hb B} E) Treatment time (h)

(8]
[o)}

B4 AR ARTEA R AR A 4 92887 1440 i ( BC) $ B Ry #Zme
Fig.4 The total number of root border cells of rice “Zhongyou 9288” treated with Fe?* for different time(2 ~48 h)

8.9 fir7n. Hr{k 9288 R 5 PME 5t FEHE WAV W W FE W G IS A1 )5 T B, ZEAL 3R YR B > 200 mg/ L B
KRB BKAE , WREHEINE 400 mg/L B} R 5 PME 7544 T FE4 A B ,400 mg/L ALF T 948 55 PME 75 5 HR AL
HREZ Y EREBE, FEE VB BRIKEMEMD, M 10 5858 PME FHEE%E LFHE TR, BELHE
WEEH 100 mg/L AR AME . ZALHEETE Y 2 h B, 40 9288 AL 10 SZEAL B MR B 2 0.50.,100.,200
mg/L FHE PME G2 R4 B %, BACHEERE Z B EF BN, AL E Jy 50,100,200,400 mg/L T,
B 9288 B4R & PME ¥ % 43 Bl 2 %F BB 19 100. 80% . 101. 40% . 102.20% . 92. 01% , il 10 £ 4> B &
101. 35% ,102.45% .99.66% 94.08% , FEEACFRNT RG-S , B 48 9288 FIAlE 10 S4356 PME ¢ Bk 82
PR E, & A0 HVE B R AR 5 PME 15 7422 5 F6 8 AL A [A) B3 T 3% X, A0 BB [A) A 3 48 h B, H 4l
9288 | RANEVEE T AR T PME FE AR YK %t R B9 103. 98% ,108. 63% ,115. 00% .49. 69% , il 10 B4y
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REW  F KDALY 5 B X 2 9 W B 3289

The number of BC

puke <iiliok /4|

O O0mg/L. M 50mg/L 100mg/L. B 200mg/L [A 400mg/L.  pH4.5

1600

1400 |- .

1200 |-

1000 | 1

800 |- % <
\ S

600 - % §

400 - % \
N \

200 % \

= % | | §

2
KPR ] Treatment time (h)

Bl5 Rl BT Bab B R (A 4k 10 57 s Z 4 (BC) 3 H i & A

Fig.5 The total number of root border cells of rice “Shanyou No. 10” treated with Fe?* for different time(2 ~48 h)

80 -

70

60

50

40

30

FHIE% Livability (%)

20

Fig.6

)
80
70
60
50
40
30

TFIE Livability (%)

20

Fig. 7

O omgL M 50mg/L 100mg/L [ 200mg/L  [3 400mg/L [ 800mg/L pH4.5

e
e

2

2 6 12
Qb PEBT ] Teatment time

Bl 6 IR B B BRARIEA [R] B 1E] %o i 4 9288 w1 4R HUAF 15 ZREKI RE WA
Influence of Fe** on the viability of root border cells of rice “Zhongyou 9288” at different time

O Omg/L M 50mg/L 100mg/L. B 200mg/L 400mg/L B 800mg/L pH4.5

s

12 24 48
KbF I} ] Teatment time

B7 AFWEEEHAEA R EX A 10 57 A5 e iE R M

Influence of Fe?* on the viability of root border cells of rice “Shanyou No. 10” at different time
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H2 103. 89% ,106. 93% 74.48% \33.00% o MBI e 25 >AL BR8] ) [F)— A BRI B2 S5 300 SRUREL RS L R AR
P 10 S4B B 2 [R] A 22 57 B BN R U o 0 9288 S, 2R B S Sk A St i T 418 9288

05 — O omg/. W@ 50mg/L 100mg/L. B 200mg/LL. [ 400mg/l. pH4.5

04 |-

' N
\
03 |- %
N\
X
3
02 | %
TN
\
o IN

2

HEPMESF {

PME activity(umol H rootcap-h™)

12 24 48
AL PR ] Treatment time

B8 AR BRALIEA R E 2 4 92887 MRS PME I P F B2 WA
Influence of Fe?* on the viability of PME of root cap in rice “Zhongyou 9288” at different time

=
&

3
oo

06 - 0O 0mgL M 50mg/L 100mg/L. B 200mg/l. @ 400mg/l. pH4.5
05 gaa g,
04 |

03 -

M5 PMEGF I

PME activity(umol H*rootcap™-h™")

02 +

0.1 H

2 6 12
Kb BRI ) Treatment time

B9 AR EIERAEA R R 14 10 S 4758 PME 3020
Fig.9 Influence of Fe?* on the viability of PME of root cap in rice “Shanyou No. 10 at different time

3 itig

FEKRE™ BBRFL T & B, ZEMR 0 20 ~25 mm 25 ~ 30 mm B 3% 40 EEGA BB K (1143 4F1 600 4) .
AR, YR RF) 25 mm B %40 K gL B A BB R, 4 B 1165 A (i 9288) (1311 A4~ (b4 10
) ,3%5 Hawes 2" 308 B/KRE BRI 40 BB S B (1600 4) FIRVEE RIS ™" $RB B K RS Bk th 4 4 3 B
(600 A~) B BREI X B s BABNIZE" HEE K REAR FRK T MBS RN 66.16% ~82.17% , 54
Bh 5 KRR R T S B 77 15 208 2257, U0HA R —Wrb B R 17 3R 2 T 11 4 40 B i 4 R0 26
HEEER, S5 Hawes £ B H AR A RBYHRFE —B AR OFEEZREBHE -, ALHEH
FKFEHR T PME JEHAERK H 2 mm BHEK, B TR MEXHRAHE B BERFEER, MER R Bh %A
ks 2 AR B, T PME 7E 1440 i B3 B h e S EEER Y, RS B T 4R A PME 15 M Axt
B,

Sk R BB TR I B 7K R e B T 5 A X A B R AR TR AR R B 22 B o TR 3 T S A
T2 5 2 U B A FE AR R 22 5, B TSk VS VR BE I T, T O 9288 i MM d B SE EAHE T
W, TLE 10 S mRu % B N2 B0 T M ass, BLBA b 00 9288 OBk T , Hvie B 19 10 40k ALk BBIE 33k
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THGMMEER , T T BURGFRILE 10 S0 520 H i 4 K A — B2 R ; B —Ab B i B R R
ALBEYRFE 2 18], 4B USRI L 10 SIS E B2 M2 B AT 9288, G AL T 4%
Xt 7 PME 35 #: BB M o 2 B, w4 9288 MR PME 3% 75 W 2 7 W vie B b B3 3] 200 mg/L J5 piAR HEG%
SN, TAE 10 S MI7E 100 mg/L S8 MEIVER , X 2 i Tl 10 5 Herp i 9288 S4B BUR T S35,
Tanaka "’ F1 Winslow " YK RSB T Eh BRI R E, W™ FEm™ J7amn™ 58tk
R 7 ZE R B AT T TS, BUS T —E AR . Fe' " BEPIN IR BB R AR L P ABERNEERHE
2 EREET MRS LR X 400 77 hm® BL_EP7 B, BFFE KRS &5 b 2 18 0 T 4R BUR I B R
9 S B L PRI R

V2GR, AR VR P AL T XK RS A 1R 30 6 5 T R HEVE P, U0 - /KRB &I i AR IS Rk
75 .POD 75H: (CAT {5470 SOD HEH:A& ) | FEBegkas xhrh 1t 9288 3 440 M 7745 2R 19 5 v b & B T2
SV Vv AL IR B PR R T AR B AR Tk . 45 R IR RIS S FE TS S X K SRR B E
SRVERIAIEMO, BRI & UK RS 4 2 MU 15 205 T B VR B 9 18 R T s, BZEYR %
400 mg/L B} 1 G40 LA 5 BRRS A B T, S0 T R R o TR MBI G A S W 4k 7=t T — E SRR 7, 24
ALBEYEFE 7 800 mg/L 440 ML T 26 XU B T RE , 2 WK RS 4 40 HE7E 400 mg/ L AbFRVREE T B9 40 AT
¥ R TR — R B RIS N, LB T — 5.

Micheli™’ By BF5E A , S A1 PME 2 Bl 41 I jg s, Hrh PME 2 DI R ETE R 40 3, PME 4333
MG 7 BT ) SR A PME , 3X B 75 VT Bl 20 JH e SR 56 R 364k, Darley 451734 PME {5 e R 4
WEPANBEEM, — T, R RN RS T 2RSSR, EE T SHE T G S48
BKEAIBE 7 , o 0 MO B AR R , 200 M BE — AR P XS BE T IR A S A B R RS B . B BT ESE A, AR PME
EHEEENGARRER AN ETEREY AR A% EPR T E 35X PME 1% 02w &l
BUY, BRI RIREA X4 xR R PME S M A BB, ARSI BTSE & BUKRS R T PME BE7E(RVK %
BEMMA T iEM BT, BRI TS FTERE AR TR, CAPIREYN, MHE T Ca® Mg** 4
fefEiE PME (975 M, (B— 4 BHE T-8A XAMESEMER > ™ . 52t b % BRARYR B B0 478 W BR AT HE AR . PME
Wi EFE, TRER Fe’* B 5 PME /£, PME 254 240082 |, 3 T PME 3 REEWIEHH, A TR
BT PME K54, BEA IR R, 24 T8 b it PME {E45% L AT vk PME 35 5o B 500 eI v
HIHR 7 PME 35 ¥ W R i Tid 8 Fe’* 251 Fenton >, Pk B MAR R M0 5 i 22 ( -OH) , -OH Rk
5 R B &R Y5 TR0, P2 A AR R AE B 3, S SRS MO AR SEAL , A T8 S By 5 I R T BB A R
ERRA RIS EZR ™ BRSNS R U ZE A BRMBIR™ , 15 T PME 4330 3 Hi s i
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