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REMR LSRR FENSBITR, ERME
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ST T B T S A AR A T R A ) A L2
BRI H BN A BE T, W Pan 0 T K
AR 38 I 75 5 40 M P9 3 1 4 (reactive oxygen spe-
cies, ROS) 1 BB S BT K& Mk Y o 50 iR 1) B
e, Panda 50X 4R Rk I AN A BIF 5T UE S AR
T8 ™ FE A5 R R (4 P IR T B iR AR A SRR
T BTG S A A% B A 4 L R A B ) R R R B T
ROS J&H O, 1Y% 22 B i 38 J5 7= 28 (1) — R 5 3 1
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FRALH 2 0 A TR 4 i A DA LR 3 o 22 S
DL A2 T RABER . (58 30 T AR R T
S T % 1 1) 22 S 5 AN TRD R A0 ot o i R 22 5 ) 5%
RIBAZARGERE L TRt A B 58 AAS 6] T 5 /8 22 it
AR B A RE PR ER B 38R A R 4 /0 22 i AR R
A A Y 22 5%

1 #MRE7AE

1.1 RE

INFEC Triticum aestivum L.) T8 S Fp At-
las 66 FR 8RR S Rl Scout 66, F H 2% X 11 K 2+ 32
fit,
1.2 KM RS
Pl 28 5 40 %0 0. 5% B NaClO 1 14 7 20
min, 25 B Tk gk 5 7k 25 ClOBIRF 12 ho SR 5
AR A RIS PSR AL |, 25 °C RmE %
TR 24 he EARFEWNM FHEE 0.5
mmol/L CaClL W 35 5% 4 d, B K & I 34 50
NTAMEERE R AR e/ ROBR 14 h/
10 hod& B 25 °C/ 20 ‘C, Y68 250 pmol/( m* « s),
REFEFTEF 0.5 mmol/L CaCl, ¥ 8 & pH 4. 5, F- 4
12 h,

1.3 RRFHESKHEFENIE

INZE GBS SR DT B R AR LU 1L 27 Ab BRRERE 15
R4 d B/ NESHE B RS 0.5 mmol/L CaCl, (pH
4.5) M) AICLIE W AICL B B2 0,50 pumol/L,
AEEERFE] R 6 h, AbER)E , e A B F K w3 min,
Pk AR B K Y 3 SRR UTHUIR R 0~1 em B, 3t
SAEE ., M WAL BTG A —70°C vk FH H It
17 TS PR RS I %2 . SOD, CAT, POD, APX,
GR TG 1 I 52 iz FEOAS AR A 8 7 i
1.4 REFEKEHNE

W15 REK A dWM/DNEY T EFRES 0.5
mmol/L CaCl, (pH 4. 5) A% AICL, & W " 24 h,
AICL R B} 0.10,20.50 Fl 100 umol/L, £
R SR mn B 3R R o AR K, H 22 O AN TR
AICL Ab PR AR AH X K &

W15 BRAERK AdWM/DNEDTERBAS 0.5
mmol/L CaCl, (pH 4. 5) ) AICL % W H . AICL 1
W REA 0,50 umol /L. 43 53558 6,12 F1 24 h, AL
H 5 4300 D o = AR A B, L 22 O AR O . AR
FHXT f# K 3R (relative root elongation, RRE)
AICL 4 B 5 T8 ALCL, Ak BR 6 AR A0 X5 4 K B 19 H

iz
o AICI b AR AR
AR 4 = e T 0

15 RRES=HNE

PR AL B ) AS ST 1. 47, A [ e B ALCL &b B
24 hJ5 . 0.5 mmol/L CaCl, I Wk 3 ¥k, ¥ HL
WL O0~1 cm Bt ERE 1. mLEOER, &9
JA 1T mL 2 mol/L HCI % # . {61 25 °C .20 r/min
% 24 h SR BOR &8 MBS, A 8 0 5 1 Il
6 (GFAAS) (Varian GTA120,U. S, A.) iR
AL,
1.6 RRMAEAETFHHIENRLE

KB AL B[R AR SC“1, 47, 4b BEOAS 6] 1) 1) )i, 5
EEFKYE 3 min, KRG VIHUR IS 0~1 cm, ik
% F FAA (90 mL 70 %385 +5 mL ## /K DAk +
5 mL VKSR [ E W, i<, 24 h R BB EE S BRI
K HIAE 800 B, AR M RN YT, U R R R
8 pum, T £1-[& £¢ X 4¢ . Olympus BH, 5 & BB AH.
FEAR A X 16 5 oA 20 i % 8 A 57 4 AR S T A
Hh o NFR K At 1) AR SE 3 2 NER 3 R IEE 1A
AR 20 M 46 . A R I i RO Simple
PCT W& 10 A~ 48 M iy < B L 4 > b 3 3% o 4 )
10 4R, feJo SR A5 B4~ 20 M A B2 1 7 8008 . 4t A A
XK (relative cell length, RCL) 2 AICL, 43R 5 TG
ALCL Ab 311 20 I P B B2 i B 43 LG

e ALCL AT I
e N T T
17 GHHH

A Microsoft Excel 2003 34 347 48 A4k B
KB 4 DPS v7. 05 G2t 40 A B4 47 B K R T
25 Cone-way ANOVA), Fi A5 45 %4 i LSD %
K P<<0. 05 K L2 W E L.

X100 %

X100 %

2 HBR5OM
21 AICLALEZXRIBR MK R RLB LB RMHE
HART K FE A B

S [T 45 /8 22 Fl 28 ALCL 4B 38 24 b, AR HH
MR E 1-A Fix. 10 pmol/L AICL 4b 2
W E M Scout 66 A A AR AR AR XK R
56. 7% ; MR A FE T Atlas 66 AR AH X ff K 2 K
75.1% . Atlas 66 Fl Scout 66 2 AH XT i & = 2 b
AICL ¥ BE (9 Tt &5 T A28 /N, {8 FE 41 W) b B8 45 1
Atlas 664R A ¥f f# & F i # & T Scout 66, 3 M
Atlas 667 #3E i # 5 T Scout 66, AICLAbH 24 h
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ASTRIR B8 /N 22 AP AR 2R C0~1 em) 41 & 48 4k n 1&]
1-B i 7n, 20 pmol/L AICIL; &b # T, Atlas 66 Fl
Scout 66 HA R % & 43 A 0. 06 Fl 0. 24 pg, 100
umol/L AICLALFET 0~1 ecm RIAE S E 45N
0.16.0.45 g, & M & BB 32 W ALCL W&
JEE (94 T v 104 i, AH R A B A5 F L Scout 66 AR

A

140 HAtlas 66 OScout 66 0.5r BAtlas
= 120f g
) g /\—\i SSL 0.4f
%_ gp 100 E =
2= sof T 03f
E3 =8
= 2 60 =
= g2 ™
® 5 401 = 3
= K= 0.1}
= 20} S
0 0.0
0 10 20 50 100 0 10
AICL# J& A1CI, concentration/( mol/L) AICLH & AIC]
1
Fig. 1

HFREERT Atlas 66, UL Atlas 66 %475 19 HE R
fe S I E T Scout 66, RERO~1 cn) i EYS
AR X R A S (] 1-C) W N AR AR iR &
iGN O R R R R OE UM O X R
(P<20. 01) » RIVAR 4 2 & B ARG, AR AR X fif 4 4

o o MR A I A A A B A

B C
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100¢
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FEHE AICI; 238 24 h REIT$R/NE AT RAIMIKE (A) RRB\BEE(0~10om) (B) RAHFMEXM(C)

Relative root elongation(A) , Al content in root apex (0-1 cm)(B) and correlation between relative root

elongation and Al content in root apex of wheat (C) after 24 h exposure to different AICI; concentrations

50 umol/L AICL; 43 6,12 F1 24 h, Atlas 66
Hl Scout 66 LA X4 343 51 2 75. 296 .65. 8%,
49. 6% F1 70. 0% .48.3%.30. 5% , R /NE R A K
Wi A 38 s i) £ A2 A 17T B 3 A2 R (B 2-A) . B A 3
A 8] A8 ZE K (6,12 F1 24 h) . Atlas 66 F1 Scout 66 2
M AH XF K BE 4yl A 84. 8%, 77. 2%, 61. 4% Al

81.1%.71.1%.53. 2% , B AR 40 B AH X< B b &
%, Scout 66 40 M 40 X} & B & & /N T Atlas 66
(E 2-B) . % Scout 66 Z | F2F % Atlas 66 &
L ARAE X 3R AR 2 20 M AE X B A DG 43 AT
(F 2-C) B, W6 20 B 3% 1IF A 56 (P<<0. 01) X
R Ut W AR A AZ 400 1) P AR 2 240 e 2 B i 5 R

A B - C
120 [ —e—Atlas 66 100 —e—Atlas 66 100
- ---B---Scout 66 - ...m--Scout 66 E sl
2 S °5 R=0.919 4
¥ 2 80f 5= 80f VR
Ko N =3 .
=3 F =3z 70t = 2
< § 60 % E ;5 v 40F
ZEZ 40t 25 6ot =3
# 3 g2 < 2|
= 20f < 50}
0 . . . . 20 , , , , 0020 40 60 80 100
0 6 12 18 24 0 6 12 18 24 A1 A% S %
IS} [i1] Time/h IS JA) Time/h Relative root cell length
B 2 50 pmol/L AICI; % EBARE A B A E Mt /N ZRmAREIHEKE(A) ABENKE(B)RFEHEXE(C)

Fig.2 Relative root elongation(A) ,relative root cell length(B) and correlation between relative root elongation and

relative root cell length(C) of wheat after 6 h,12 h and 24 h exposure to 50 umol/L AICI;

22 AICL4EIT IR B MEHHN N

Jo AICL A Y Atlas 66 (JE 3-A,B) fll Scout
66 (E3-C.D)YRIAR A3 A X K A X 40 g 45 /0N, HE 5
B T, 0 XA B L TR OIR R0 5 i 22 ALCH,
AL FR 24 h, Atlas 66 (& 3-A",B")Fll Scout 66 (& 3-

C' D) A3 A DX R AR DX 40 L HE 57 i A Ak X
B2 0 8 it - 40 ) A D L 0 B R AN S
AH 4B 4 M AH B384, Scout 66 AR 2 21 il 25 1 37 i
B Atlas 66 3. XEEEEHR R, AICL AL 3k

AR AR AR AR - B IR AR 2 20 i 1 A PG
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B 3 Atlas 66(A,B).Scout 66(C,D)7 AICI; & 24 h F1 50 pmol/L AICI; &2 Atlas 66 (A",B") .

Scout 66(C",D") 24 h iR

BM%EH (Bar=100 pym)

Fig.3 A,B and C,D were the control treatment of Atlas 66 and Scout 66 respectively,which were treated for 24 h.

A’,B" and C’,D" were Atlas 66 and Scout 66 treated with 50 ymol/L AICI; for 24 h respectively (Bar=100 um)

2.3 AICI b 3348 %2 SOD.CAT.APX,.POD #1 GR
By i 1 B9 52 M

50 pmol/L AICL; 4 ¥ 6 h, Atlas 66 F1 Scout
66 #42 SOD,CAT,APX.POD #il GR it ¥ H A
[FFEEE ETF( 1), Atlas 66 Fll Scout 66 1 M 4
PRI 76 M 28 AICL AR B[R TG ALCL, &b B AR E A2 £k
53908 - SOD T P43 5 35 A 8. 2% Fi 23. 3%, CAT
TR 43 F 38 82. 0% A1 33. 6% . APX 1 M43 il 4%
Jin 44, 0% F 26. 9%, POD i #4534 i 25. 0% A
32.5% . GR W& P3S4 5l Dy 23, 5% F1 14, 8%,
AICL A3 )5 . Atlas 66 Fl1 Scout 66 7 14 AT 15 B 15
PERG B AATE W3 25 S BT ALCL &b 315 AN [R] Tif
R /INZZ TR R I T AR O O 2 R

0 N 3 TR AR R S — A T B SO R
A5 TSR TP AT W VR R B R R A, &
) RS A 1 3 420 Ak DTS5 BORTHAE B 19 405 5 . SOD
TP H A A o i 5 G 2R R g P AL Y o
W&, £ 2 F,50 pmol/L AICL AL 6 h J5, At-
las 66 AR SOD T M3 5 [7] A il 175 M 3 5 19
Il (ASOD/ACAT. ASOD/APOD. ASOD/AAPX
1 ASOD/AGR) . ZF KT Scout 66, iR Scout
66 HH Lt . Atlas 66 AR SOD 43 % 7™ 4= 1Y H, O,
ALK CAT.POD, APX Fl GR %5 il 15 1% , Wk
BT HO, [ O, « MESEFRILT « OHXS 41 i
B0 FEAE . £ W Atlas 66 35 P S A & 4 1k
Scout 66 fa5E .,

% 1 50 umol/L AICI, 43 6 h#R5(0~1 cm) SOD,CAT,APX,POD % GR i& M 24t
Table 1  Activity changes of SOD,CAT,APX,POD and GR in wheat root apices (0-1 ¢cm)
of different Al-tolerant cultivars exposed to 50 pmol/L AICl; for 6 h pmol/ (min * mg)
i R AlCl;/ 5 ER R TG M Activity of enzyme
Cultivar (pmol/L) SOD CAT APX POD GR
Atlas 66 0 3.61£0.14 b 3.33£0.071 b 0.10%£0.003 ¢ 7.954+0.072 ¢ 0.05%+0.005 ¢
tlas
50 3.91£0.17 b 6.05+0.579 a 0.1440.008 b 9.93+0.150 b 0.06-£0.001 ¢
S 66 0 3.6240.19 b 2.8040.154 b 0.1640.018 b 10.91£0.732 b 0.1340.012 b
cout
50 4,4740.09 a 3.74+0.402 b 0.207+0.003 a 14.46+1.114 a 0.1440.009 a

DFRPEIE R 3 WEKL W FHME £ iR, [ —3 AR R CFRERR P<0.05 KFE L2583, Date in the column show

means—+ SD of three repetitions. Different letters within the same column indicate significant differences at P<Z0. 05.
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% 2 50 umol/L AICI; 432 6 h X SOD jEIEiE &
MEMEEEIESE L ENZID
Table 2 Effect of 50 pmol/L AICI; treatments for 6 h

on the ratio of increments between SOD and other enzymes

wn A ASOD/ ASOD/ ASOD/ ASOD/
Cultivar ACAT APOD AAPX AGR
Atlas 66 0.11 0.15 6.86 26. 80
Scout 66 0.89 0.24 19. 90 45.50
A \/\
3 i i

HR A K 32 300 T 2 A 0 A2 R T 3 i L g AR
Tabuchi™® % % ., Z 20 pmol/L AICI, 4 ¥ 8 h,
Scout 66 RN HI R A 74 %, 1M Atlas 66 WIFY %
fil . LB Atlas 66 BT84 B 2 & F Scout 66,iX
— 4 R P AR ERESL (B 1-A) . AP fEfg it
MR, 52 i AR IE % 2B K L 16 Zhao 450 4516 —
AT AR P4 B A [ AR AH X A K R ] AF A
BEAMEH LR (B 1-C), B FELE S TR
D A A0 i = A AR AR A A K
B3 MR AR A0 A A o Ak R iR S B 40 T RE %
T 5K 400 i 45 4, DATT 52 ) AR 7 2 <. 0 Konars-
kat ' WP 5T & B, 40 mg/L AR 0 20 B 14 d 5 L 4R
SR DX R J2 At ™ AR TR L 43 AR DR X 20
A, AT 50 pmol/L AICL, 4B 24 h, Atlas
66 1 Scout 66 AR MIEE. WM LS
Konarska 2 fiff 78 45 e — 2 (& 3) L A0 R 3 45 14
F Scout 66 % % IR 2 JF 4 Atlas 66 I 3. Sasaki
SELIHEXT Atlas 66 [ BIFSE P & B, TCAR I 0 AR 2 4
JL PN I K B R K B Y B (E 29 O 20 pmol/L
BRE R HRME Y 3~4 £, AW 50 pmol/L
AICL, 4b#H24 h, Atlas 66 H3 220 M AR X< BE 4k 3 5
T Scout 66 (& 2-B) , HAHXT i & 2 5 43 22 24 g AH
X (DA b 35 Y TE A DG OG &R (TR 2-C) R, AR R
21 Jif 245 ) 37 454 BE % T 0N M A K 22 BH R AR K 2
NN

Yamamoto 550 B 5T A Sk 57 W 36 5 IR £k 4
e, B ROS 1 7= 28, MO 30 i 40 i i A= . 3
A R RT3 A 3 P ARUA I R G T R ROS, 4% LX)
B . SOD.CAT.APX.POD.GR %5 J& A
YA oy IS MR AR . SOD E ZEA7 78 T 4
RS W g AR 2R A N S A A R P IR LA T 0
58 —IE B4R . YA 32 i an , T Pk SRS R, SOD
(35 S 3 s AR O, « # 4kl O, A
HO, . LiE R =And£2m o, - [
CAT.POD.APX.GR TEM YA LU ) 2 A4 . BB 1S

BRIt SOD F=A i it 21 H, O, . KL 4R 4
Ml HO, B IE & 7K P, DT O 4 B 45 4, (W)
Yamamoto %08 5 285 e — B L A 5 A i v AT
TG P 7E ALCL Ab S ¥ 36 B0 O[] A2 B A 34
5, U ALCL Ab 3 38 BT MR 2 20 H P 37 e 40 Y Y
T s DA X AR 2 2 i 325 B A3 35 o 4t i 1A O P AR
Fit A 335 I 19 1 4R 17 ] M ) 3 PR R 2 P R L
SR Tl B o] e T 3 A G B D R e s R A L o
JEI RS i A 2o 480 Ak DA o TRk 26 MY A . A
AICL, fir 30 4 85, 24 SOD 34 hn i # K T CAT,
POD.APX J GR MK IF B J5 . SOD 43 7™ A= 11
H, O, WITEHE KB iE R, 2 H. O, [/ O, - 454
ST A BT O - OH, 54 % 40 i 4 455 % A
FEE AR Bt Adas 66t ASOD/ACAT,
ASOD/APOD, ASOD/AAPX #1 ASOD/AGR % ¥
it Y B K 48 BB Rl Scout 66, T BH 76 AH
R0 2T Atlas 66 1] A %0E Bk SOD 43 fiff 77 A=
M H, O, .5 T « OH 98 %5 1EH L 0 4l i 45 14
Z B A5 AR UG A Scout 66 R4S 41 i I 1A
SOD P21 H, O, Jo ik S i I B 1M 32 2 B R , %
W] Atlas 66 5 P AR RGEBE & T Scout 66, £f
TR AR A S R ) ROS Ml NE MR A K
AN [ T % ot o T 3 A S 25 5 R A% AL/ 22 D
Tirf 7 1Y) 22 5

2 £ X #t
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Effects of Aluminum Stress on Physiological Structure and Enzymes
in ROS Metabolism in the Root of Different Al-Tolerant Wheat

WANG Wei YANG Ye GUO Zai-hua GENG Ming-jian ZHAO Zhu-qing
College of Resources and Environment , Huazhong Agricultural University sWuhan 430070,China

Abstract  Al-tolerant wheat (Triticum aestivum 1. ) Atlas 66 and Al-sensitive wheat Scout 66 were
studied to elucidate the differences on cell structure and ROS metabolism in root tip under Al stress. The
results showed that both Atlas 66 and Scout 66 showed a retardation of root cell elongation after treated
with 50. 0 pmol/L Al for 6,12 and 24 h. RRE (relative root elongation) and RCL (relative cell length)
was well correlated (R*=0. 919). Root tip cells of Atlas 66 and Scout 66 were damaged with different
degree: Longitudinal sections revealed that the epidermal cells in the elongation zone became flat,inter-
cellular space decreased after 24 h of 50. 0 umol/L AICl; treatment. Damages to cell structure on Scout
66 were more serious than that on Atlas 66. The results indicated that the inhibition of cell elongation
was due to the damage of cell structure,thus inhibited the elongation of root. After the treatment of 50. 0
umol/L AICl, for 24 h,the activity of superoxide dismutases (SOD) ,catalase (CAT) ,ascorbate peroxi-
dase (APX) ,peroxidases (POD) and glutathionereductase (GR) in Atlas 66 and Scout 66 increased by
8.2%,82.0%,44.0%,25.0%,23.5% and 23.3%,33.6%,26.9%,32.5%,14. 8% ,respectively. The re-
sults indicated that increased activities of enzymes in ROS metabolism were induced by the application of
Al and that difference in ROS metabolism can cause the Al-tolerant difference among different Al-toler-
ant wheat varieties.
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