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Abstract The aim of this study was to determine the effects of Al stress on the physiological responses of four
herbaceous plants and to analyze the differences in their physiological responses. Four southern herbaceous
plants, Pharbitis nils Cassia occidentlis» Echinochloa colonum and Aeschynomene indica > which are distribut-
ed in the red soils of South China, were used to study the seed germination, chlorophyll content levels of pro-
line; malondialdehyde (MDA D> membrane permeability (MP) and soluble sugar (SS), and activities of perox-
ides (POD) and catalase (CAT) in their leaves under five Al treatments (0, 80, 400, 2 000, 10 000 mg*
L' with the sand culture method.

The results showed significant effects of Al on the physiological characteristics of these four herbaceous
plant species. The seeds of all four species could not germinate at the 10 000 mg*L =" AP* treatment and were
disadvantageous to growth under the 2 000 mg*L =" AP* treatment. When compared to the control, the 2 000
mg* L' AP* treatment significantly (p < 0.05) reduced the contents of chlorophyll a and chlorophyll a + b
(p <0.05), promoted levels of MDA and MP (p <0.05), very significantly increased the content of proline
(p <0.01) and depressed activities of POD and CAT (p <0.01). In the 80 mg*L~" and 400 mg*L~' AP*
treatments, levels of MDA and MP in P. nil and A. indica leaves decreaseds and the activities of POD and
CAT increased compared to the control, but variations in C. occidentlis leaves showed an opposite response.
Changes in E. colonum leaves were similar to P. nil and A. indica under 80 mg*L~" but opposite to those
under the 400 mg* L.='. These species maintained higher activities of POD and CAT, higher contents of
chlorophyll and proline; and lower contents of MDA and MP; thus improving their tolerance to Al stress under
low and medium Al treatments.
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LTS 8%, T3 P Y AR R 4 LI 2 A )
TBSAFAE , W XA A S5 A B FAE L (HAE IR
PEZAFCpH < 5) T, [ & A 145 2 0% AL 1T TE B nT
WA X F ) 7 A2 96 F (Rout et al > 2001). 1E
TR, MR AE 4= 9 24 ot 4 [F B M i AR A0 219, BT 3L
SHEDN RS fE B AR K. ATk, E R 71K
M DX T TR ™ B, TR R N d T B A R A R AR
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KO HR ™ A BE T DN M0 A0 3 5 O R VE - 3 B AR
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1996; Yamamoto et al.> 2001; Ahn et al ., 2004). )
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ARRESEY) TR 3 A R B AR, R X B a
(R 1 5 e AT I B AR A BE D) B D AH G (Bowler e
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mays)~ N 5. C Glycine max )~ W 4% C Gossypium  hirsu-
wum) ~ 45 3K C Hydrangea macrophylla ) 157 2 ( Fagopy-
rum esculentum ) (L % 1 55, 20005 Zhang et al .,
1996; Deborah & Tesfaye, 2003; Naumann & Horst,
2003; Peng et al ., 200355 AE ) IR B0 A2 B A 25
JiTEITRE T A AR, iy AR A= AR AR g 52
B4 LRI AN R R A0 00 50 Mot A 71 38 ey 12 T 2
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AR AT 1) A B R R PR AL B e DA A ) T
B A 45 7 MRS 2 1 Bl v P i B R, BT
RGN L.

1 FMERTTL
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TEPEAE R T R VE 203 X o0 A )iz AR K R
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ca )55 4 AP T TR K o
1.2 Bt

K RE KT, Al HY 480 B 28 /KR AN
BT 4l v, Wb 55 3L ¥ 5 A AR BE, A5 DL 23 BT 4l
AL (S0, )5 18H, ON A, b B 15 43 53] Sy = 0 CHf D
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EIRMITEREAN . SeAEW KK (P B b 8 5 AR
AR b BEAT WA A, B RR AR 4R 1 000 LAl
T BERIGER T IR G DL, W R . Ak
FEAWT R, WP H— BRI, B A0 AL A 7]
R (500 ml, FEAT /NLD, BEFLAT 5 S RIFR,
HH 4K
1.3 ke

FEFE AN G 5578 REBURE AR Ry 0 G AR BRAR A
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(Soluble sugar, SS)HI i 2 1R 7% &, i % LY i ( Cata-
lase, CAT)HIT 4046 S 7% 7 ( Peroxides, POD) ; HUAR
A E P EYE(Membrane permeability, MP) o
1.4 METTE

Iy I 2% 2 O 5 - SR VR 5 B BDLVR Rl g
FW R 5 2000, 3 A 0 3 1R A B A vk
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BN 4 PhELAKE PR TR A R
MERXT 4 Pk W) 7 R 2 F )52 (R 1)k
F > AR IEC10 000 mge L™ D IIERXT 4 FloAs 4 () F-1
W R A SR ZL I EIE 4 PR3 AR K 4, 3R
W% S O I T I S8 R B 1 W7 R 8T 1 A
o EILERIEE AT T, 4 PR H A — 2
R AR S ALY I 2 RN AR A A A7 AR R 2
Fto 0~400 mge L~ AP+ Ab 3 DLEE VT R IR A 2 6 gt
1 BT R S % 2 000 mge L™ AP+ b3,
W22 A= 1R R A im0 DA 4 TR T - 1 R 36 R A
WA KE , YL R FOG KR 1) R 2F S bl &

2.1

WEEM T2 N RIS, 0 mge L~ AP+ BT
REFH AR, 2 000 mge L1 AP+ AL PR & 25 # AR
A4 P W7 2 3 SIS T B 3, IR
WAL (80 F 400 mge L= AR+ )X & ATTFI T (1)
REFA—E FEEAER, 76 400 mge L' AP+ b3
KRR, 2 000 mge L1 AP+ AL ER (K B 1~ R 2F %
WAL 400 mge L' AP+ AL BT 1 B .
2.2 AEXE 4 BhREAKE A Sk 2 R
WHSEE R 2R W, B 4 Bk 4 it Jy it 4
Fo RIS IE A 7, BB A AL BE R N 0
BEINA 400 mge L1, A (SRR a SR
b A S 2 5 F A W T v, Hrh DL B
5K, 75 400 mge L™ AP Ab BRI I 4% 3% a 4%
25 b MM &5 31 S5 5 20 il O RS N 9. 46%
27.71%M 17.56% . 2 000 mg*L~" AP+ AL B, %
PPy b o X S R R R B, 45 a MNP AR5
S R ARAL T 5 A B R A K (g ) R 22 e
EH B E K p <0.05), Hrp Aok B AH LG, U
VLT 2 3 2 B 1 B TR M 82 K, 1 i R
a~ W2 3 b A 4 38 i 23 ) RO RIS PR AR

R BN 4R AR T R 2 A 5

Table 1 The effect of AP* on the germination percentage of 4 herbaceous plants
. AB* Ab PR E Treatment concentration of AP* (mgeL=")
il Species )

0 80 400 2 000 10 000

A2F Pharbitis nil 13.30% 21.30% 24.00% 17.30% 0

HYLM Cassia occidentlis 58.05% 45.20% 46.40% 6.00% 0

KM Echinochloa colonum 36.70% 19.80% 20.10% 7.30% 0

B Aeschynomene indica 7.00% 6.60% 10.20% 3.10% 0

2 AN 4 PR S S M CEE « brrEZD
Table 2 The effect of AI’* on the chlorophyll of 4 herbaceous plants in leaves (mg®g™! FW) (Means + SD)

b2 2R A2 I e Hif
AP treatment Chlorophyll Ipomeanil Cassia Echinochloa Aeschynomene
(mg'[f D] content pharbitisnil occidentlis colonum elaphroxylon
0 a 1.840+0.02* 2.597 +0.03* 2.549+0.04* 2.315+0.03"
b 0.862+0.02* 1.314+0.01* 1.428 +0.02* 1.404+0.01*
a+b 2.802+0.04* 3.911+0.03* 3.967 +0.05* 3.719+0.04*
80 a 1.938+0.02* 2.661 £0.02* 2.675+0.03* 2.437+0.02*
b 0.894+0.01* 1.347£0.02° 1.772£0.02" 1.426 +0.02°
a+b 2.832+0.03* 4.008 +0.05* 4.247 +0.06" 3.863+0.02*
400 a 1.951+0.03* 2.724+0.02* 2.660 +0.04 2.534+0.03
b 1.086 +0.04* 1.218+0.01* 1.787 £0.03" 1.793+0.02"
ath 3.037+0.05 3.942+0.04" 4.470+0.03" 4.372£0.05"
2 000 a 1.639+0.03" 2.141+0.03" 2.240+0.04" 1.971+0.03"
b 0.860 +0.02* 0.924 +0.02" 1.360 +0.03* 1.415+0.04*
a+b 2.499 +0.06" 3.065+0.05" 3.600+0.06" 3.386+0.07"

[ — T SR —FEFR 5 b AN 7] 7% B2 WY Y 2 22 51 31 {2 % KT (p < 0.05) Different letters on the same index Cof same species) indicate signifi-

cantly difference at p <0.05 level
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17.56%29.68% F1 21.63% , 1M A5 Wit ]y (4% 55 a
MU 228 5 i N BRIE B dse D, 30 R BE T 6.22%
HI3.58% , A LIt 45 b fr MR, URET
0.232% . ik 5 L W, KA B2 (80 AT 400 mg*
L™ 1D BREE A B X B A A -y 1 - 4 3 o (1) Y
TR 17 v A5 (2 000 mge L1 (1) 5 Ak 24l - 2
2 S A, 25 R S TR (R e g B 0
RINVFEFEBALAE — & M2 5, A Wit 4R 25
HEOETPRIR (80 AT 400 mge L~ 1) AU 4R Ak B 384 fin
B2, A6 E (2 000 mge L~ 1) (145 Ak B R gk /b 5
D TR R R Z
2.3 BN 4 PhERCASRTIY N SRR S

LT R EUF S 4 FIORYILE 2 000 mge L~ AP+
b PR A AN I I R P R 0 0 (5 e Ak
(1) 22 Sk BB R KPS p < 0.0, B VA2 2f VBT
FA DG SL A B il 220 R 1 40 il SRR IR 14 T
435.83%409.05% 347 . 1% F1 139.62% , 7 B =y ¢
FEIER AT 5 X Se R 4 A K = Il R, DARR e
AN B SE . 4 FAEY) AR I 3 Fikb BT il 2R

O A S e /N T IR AR Ak, R Ak ER R R 1)

IO 0 8 4% 400 mg* L=1), A #A A R YL 3
PRI F 1D 2 1 2t A SR R B 0 I, LA AR A Y
TR EE R, 80 A 400 mge L1 AP+ AL BRI, 1 v
28 2 5 23 L 0 mge L™ AP AL 3G n T
37.029% 1 49.94% , 111y D6 L P Fy 1 2 1R 5 B 5
218 T %, 80 FH 400 mge L™ 'AP* AL FRET, i 7 i 2L
PR B O BN B T 11.519% 81 23.97% -
2.4 BN 4 BhOREASRE P N M I A AR 0 (MDA 1)
Al

M 2 FTEUE H 2 000 mge L1 AP AL FRASE 4 Fi
TP MDA & B3 EIHC SIS 5 A B %
BB B KT p <0.05), A i A4 VT g A Sk
PRI B () MDA 5 5 23 0 B0 BB N T 64 44%
41.85%228.38% 1 212.21% , 3 W] 1% W FE ¥ 85 Ak
PRAL AP R A AL T R A T e Ak B A A
4 BRI EE A B SN R 4k 3 2K B
FEAL PRV FE 0 39 42 400 mge L~ 1, B2V MDA 7% &=
BTN, 400 mge L' AP+ AL EEI ) MDA % 243 )il
ORI T 54.73% 5 & W22 1) MDA 5 541
HID 5400 mge L~ AP+ AL ELIF ) MDA 75 575 5l ¢
XD T 9.629% A1 21.41% 5 Y6 MDA % 5t
AT BT ASTF], 80 mge L1 AR I AR R B T
7.63% M 400 mge L.~ " AP+ AR BRI TR 4 b T, B06)
BT 55.73% . ik 25 AR U TP AR FE 1) R A 3

AR LR i AN A 2R SRR A I AR
AR T 55— LR P i VLR (R B AR A
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Fig.1 The effect of AI** on the proline content of
4 herbaceous plants in leaves
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Fig.2 The effect of A’* on the contents of MDA of
4 herbaceous plants in leaves

2.5 BN 4 FhEACKE Y S I (MP) (1 5% 1
AR 18] 3, BEVT R IR MIP (B A B 1R 92 i 1
AT, N0 & 400 mge L=, MP {H 32 % 38 0, 1fiy
2 000 mge =" AP* AL BEIF, MP %35 19 0 (5 I e 4k
W RBIR B E K, p <0.05): A& B FIA2 1K) MP
WM 0 % 400 mge L™, MP 45 T T B%, £ 400 mg*
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Fig.3 The effect of AI** on the membrane permeability (MP) of

4 herbaceous plants in root
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T EUECCAT 3 PE ) 5 i

M 4 0T CAFE i, BT R IR P B A 0 Ak B R
JER) EFHTTE M B, 2 000 mge L~ AP+ A B, B
VLR POD A1 CAT 43 7 56 B B T 84. 81% #i
76.249% (5 I A BV 22 s B B KCF p <
0.0D. & HgMAZ4 poD Ml CAT 35 ¥, M 0 2 400
mg* L= T EJF, Hoh 222 1) POD 35 1t Al CAT ¥5 1k
O AT ] B R INCAZ A AE 400 mge L1 AP AL EL
X AR LG, 22 Sk 2 W 2E 7K1, p < 0.05: Bl A IR
FILEKN p>0.05), 1 2 000 mge L~" AP+ 4b 2
IS, W2 1) POD Al CAT 3 A W 5 i BRI (5 e
Qb B R) 2 e IR B A 6 TR p < 0.0, B Al A
) POD M1 CAT 73 0 B3 BN B T 47.73%
52.24%,13.4% %1 42.22% . 80 mgeL~' AP+ AbBR A
J6RARE) POD AT CAT g A7 171, 400 A1 2 000 mg*
L™V AR+ 2L B, POD FI CAT W & F B O Sk #L7E
400 mg* L= AP+ Ab B 5 0) FOAH LE, 22 708 31 B 2 K
Py p <0.05: 75 2 000 mge L= AP * Ab B 55505 FEAH L,
ZEIB BB K, p <0.01), 7E 2 000 mg* L~
AR AL PRI, POD A1 CAT 23 50l B8O TR B 174,04 %
H155.87% - WA HEH POD FIl CAT 1 B Sk

4 PRI T BRI VLR > 6 Sk > G >

G o
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Fig.4 The effect of AP* on the POD and CAT activities

of 4 herbaceous plants in leaves

2.7 AR 4 B EEAKE A AT R T

M 5 AT LA Y, BT R IR AT 1 B (SO 75 f
W 5 45 Ak SR B8 T1F) i o 17 % T 384 o (% Ak L ) 1Y) 7
SIS R RE K, p <0.05), X AT LLELAE A, £ b
18 BB K AL B W 0 5 B2 B 5, 5 30T
PR 1t T B, (R[] I S5 B K AL S KIS
W B B B KA ) AN e B I 3z Hin i 2, DR i
Jr IR SS otk S5 T BN I o A 1 R A A (1
SS EERARWRIA B E T, 0 2 400 mgeL~! AP*
QbS8 W B KA G ) ) R AT TR B R
A2 AE 400 mgeL=" AP AL 5 X0 BORT 80 mge L~
AP+ RRBR 22 S RIS B B IKF, p > 0.05), AT RELE
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B 445 A 58 Ak 3L 13 A X PR R AR A R B K AL S 08
o AW HIE R, T 400 A2 2 000 mge L~ AP+ AL FE,
A PTIIN CAR 2R P TR 1) 28 Sk B B 2 KF p
< 0.05: 4 0] 1 22 e 0 Rk 31 B 2 7KF, p >
0.05), 5453 X B 7K A B 3 B 1 40 A A O
HeL M SS FHAE 80 mge L~1 AP+ Ak B L5 5%t i
FHZEAN K 400 F1 2 000 mge L~ 1 AP+ Ab A 6L B 1)
SS i B TR AL B IR 1) 22 S AR TA B 2 KF p
>0.05).
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Fig.5 The effect of AP* on the soluble sugar of

4 herbaceous plants in leaves
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Yy 838 43 1) B S R 4 K (Kochian & Jones, 1997).
POD- CAT “5 2 M) PR R 45 v BB, M4 b
TBE AR, 1K S {4 i E B 1 A T R AL
(3 B L3 B eh 3, B ARG Ik AL, 4 dE Lk B el
BEIA 7 A 5 10 gk 2 TR 0 T4 A 42 40 L e 2 A
XS A0 ¥ & %2 20005 Kochian & Jones, 1997). [F]
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Fa® KT, 2 54k 34 B YERE 41 I 1
Ihe Al AR K52, 20000 BEAL, AHY)(E 8655 414

A P S A T IR I A T LR KA
W& Bt B, 1t B B 7K A A P AE R P9 3 i D .
MIRATTIR) S50 45 SRR, A A R AR AL BE AT 4
FhZHLI) MDA 7 &\ H1 5 % F1 POD. CAT 3% P 1A%
WFEHAAT BT AR, IX P 22 S5 5 A0 0 4 TR T 2 i
YK, CRE AR K TR R, 4 T B A KL ) 0)
BRTIATR 4 DL 7 AR 5K, 80 A1 400 mge L™ AP+ Ab BE
N S B R BOE AT ORI R B, A
Vit A0 o S A SR AT K BT T AE 2 000 mge
LoV AR b BRI, A O O R T S ad
ST RN o A8 A SO TS R T B R R R d D s DL
TR R 1 4511 80 AT 400 mge L~ " AR+ AbH A L4
TS RN O G I, T AR A A Tl R i AR A A
RS e B, HLAE 2 000 mge L~ AP A BRI, FiR4R
PRI INFD R BRI e %2 o 4 PR O i HE
N > G > A > BYLH, EATD AR 0 A H
i) )& 5 JATTHE S 50 v B ML 1 AR T A A AR KA —
M RFFRED e T— T HEIRPTIEPEN) 4 P
AL RRYE L0t X n) DL R G AR ORT) 2 4 A
B B R R S CIn AR5 16 2 000 mg» L™
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PER B, B AR 1A 1R AR R RT IE B I A B
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2T PR B

VF 2 FUCE B 8 R AR %, 1999; FI A4 4%,
2003; X555, 2003, 2004; K/ J5 FXIHE, 2005;
Kidd and Proctors 2000)#83 H, BAREIA EHEY) E K
(R A0 TG 2, AR R AR 6T V8 22 AL 10 26 K AT e 3t
YER, WASZEG 4, 80 mge L= AR+ ALEEXT A7 'tk
PRI EEYT R 2 80 mge L1 AP+ AR H XS A i A Sk
F IR BRAR AR (s, WA R T e AR K. KT
IR FE AR L A ) A A LB G ANV 2, A7 AR
R FEE 5 ] Rl 2 2 1 40 0 BB 1 A e, sl 2D A i
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2004) . A AR — IR R, B A S )
PR, RS RO AR A 1 5 A — AN I FHE
[ 50, A [R] B8 R G A6 1 i S AN [ 1D,
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10 mge L™V CR 200N 55, 1994), Bi 2 C Pisum
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FRIBRARDS, 1999). A N K, F—HEPAF 1
KRR A 5, 2002) B[R] —VEY)AS [R5 A
CRAERLAE, 199 AR MG S th & H I fb.
KA AW O SK BRI R VT R (1 40 5 5 A T 5T 40
IR, WK IR FUE R IE . AFRATT B 5Tk
B ARG SN, A2 2 FLE A B FHE R 2
T400 mge L1, J6L A s SHE AL T 80 ~ 400 mg*
L~ 1T VR I SRS, /DT 80 mge L~ 1o
ARG 1) 4 PR 45 1) A B0 WY A7 A — 52 1
ZE 5 T AR AT FTAS [, AED6 I 9 5 (80 FH 400 mg
LoD RS AL B ERAT o I AR B N, b AR A R
A A A TR PRER BRI AR L, SRR T AR K, R
BRSO 0 R i S R e, B4R 385 1K) POD A CAT 3
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e A IE N A 3 1 E A B A . B DA A
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PEBEAR, H A AR B2 ok, VTR 7 80400 Al
2 000 mgeL~1 AP+ AL FRIN, MDA 5 5 75 il 50t Je 3
T 21.62% 54 .73 % F1 228.38% » MP 43 ) 58 %) L 34
B0 19.75% 50.62% 1 215.4% , POD 73 7 B0 BT~
B 20.25%32.91% F11 84.81% , CAT 73 5l B0 U
B¥ 20.06% +39.08% Fl 76.24% , 1F "R ES < 5 b 2
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JE o H AT SR A0 R L2 3 AT 9 A (LA
4§, 2000; Barcels & Poschenrieder, 2002; Ermolayev ef
al .» 2003;: Deborah & Tesfaye; 2003): — & 1 4 71
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al.» 2003). TR ESMTIL & AT BTEENLEE,
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Devi et al.» 2003) AT 45 38 B o) & A 76 AL
Gy FIKF b, AP N 4y 1 /KPIE N IR SR Al 4
Tl B AR A %o HP AT 94 B8 68 110 A B I C L 4 R 2% v
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