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Response to aluminum toxicity of four common weeds roots and border cells
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Abstract: Four herbaceous plants, gramineae weeds ( Digitaria ciliaris, Echinochloa crusgali) and composite weeds
(Eclipta prostrata, Crassocephalum crepidioides) distributed in the red soils of the South China, were used to examine
activity of root border cells, root relative elongation, levels of aluminum, proline, malondialdehyde ( MDA ), and
membrane permeability ( MP) in the Al-treated roots. It was found that activity of root border cells was significantly
decreased with increasing Al’* concentrations or treatment time in these four weeds. The decreasing magnitude was higher
in composite weeds than in gramineae weeds, while the contents of aluminum, proline and MDA, and membrane
permeability were increased in the roots. Further analysis showed that root growth was more markedly inhibited by Al in
Eclipta prostrata and Crassocephalum crepidioides than in Digitaria ciliaris and Echinochloa crusgali under the same
conditions. The contents of aluminum, proline and MDA, and membrane permeability in these four weeds roots reached a
maximum at 1000 mg-L ™" AI’* concentrations, while the increase in Digitaria ciliaris and Echinochloa crusgali were less
than in Eclipta prostrata and Crassocephalum crepidioides. No significant increase was observed on contents of proline and
MDA in gramineae weeds roots among the different exterior AlI’* levels (P >0.05). These findings suggested that the
damage levels of aluminum to these four weeds were enhanced with increasing Al concentrations and exposure time;
However, the relatively higher activity of the root border cells, longer root relative elongation, lower levels of aluminum,
proline, MDA and MP improved the tolerance to Al stress in Digitaria ciliaris and Echinochloa crusgali. Gramineae weeds

( Digitaria ciliaris, Echinochloa crusgali) were more resistant to Al toxicity than composite weeds ( Eclipta prostrata,
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Crassocephalum crepidioides) .
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P4 T, e HE P R T BRURSS , B S K . PRI, R A Hh f MDA 2 B R 5 s M AR W B MR R 5
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1 #R5HEE
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VPR 7 PRI LD X A K B AT 10 Fh AR B AT SR 1T 1 . DA HP e BT P 0 L R 2 B vp o I AR
AP 4 T 5 BB ( Digitaria ciliaris) , BREL ( Echinochloa crusgali) ; 38 F} 22 5L 22 YE ¥ ( Eclipta prostrata) , B 15 &
( Crassocephalum crepidioides) 5256 #4186
1.2 SEmiEit
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wmol -L™",pH4. 5, 7ER 3 T 12 h 1 24 h J5 , GeiHA A

(2) AEFRFEAR  RAIDEE L3, PRIl S PR R B A/ 1, 1R 24 h J5 T 25 CHEHREEFM M. Ko
RENFMFRETRANDERED, S ERK 1 NAREFERE BN, B THA 0.5 kg 018
B, B4 6 ~8 MR, IRFFE S AR EBE . MLANRD S7K B E I DEREZR K , AR IS A0 S /K EMK T840
FeK &2 80% , HAFJH M 1% 1 1K 1/2Hoagland BEFFW . 1 FE#HATEHEALIE, 48 LA Hr4t AICL BB A, ¥
BE4314 0,250,500,1000 mg-L ™", pH4. 5, 4b3H 10 d.20 d J5 BB R 47 K T IEAR I . HLHREE
3o
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Table 1 Effect of AI>* on the activity of root border cells of four weeds (Means + SD)

L AP PV
PyFh AP " SE 2R 8] (h) Treatment concentration of Al** ( ,,(,mol-L'l )
Species Time of Al treatment
0 25 50 100 200

T8 12 0.77 +0.01a 0.69 +0.001b 0.68 +0.02b 0.67 +0.05b 0.56 +0.04c
Digitaria ciliaris 24 0.68 +0.08a 0.63 +0.002b 0.64 +0.09b 0.51 +£0.02¢ 0.48 +0.03d
M 12 0.72 +0.03a 0.63 +0.06b 0.62 +0.04b 0.52 +0.01¢ 0.45 +0.03d
Echinochloa crusgali 24 0.65 +0.01a 0.59 £0.01b 0.61 £0.03b 0.54 £0.03c 0.39 £0.01d
MR 12 0.61 +0.05a 0.51 +0.02b 0.46 +0.01c 0.29 +0.02d 0.15 +0.04e
Eclipta prostrata 24 0.46 +0.01a 0.42 +0.03b 0.29 +0.02¢ 0.17 £0.02d 0.08 +0.01e
WY Crassocephalum 12 0.63 +0.04a 0.55 +0.01b 0.52 +0.03¢ 0.40 +0.01d 0.21 +0.02¢
crepidioides 24 0.51 £0.02a 0.47 £0.03b 0.39 +0.09¢ 0.25 £0.08d 0.06 +0.01e

JH LSD ¥k 5622 5tk , /P R — 1T S B HE F RN RN ER B E2Z R (P >0.05) , F[E The same letter within a row indicates no significant
at 95% probability using LSD test, the same below

2.2 FEXAREARA K HI RN

MF 2 W LA H , Bl AL PR (A AR R BE (38 0,4 Fob 28 EARAE G K R B AR UGB B a5, R0 R T
MEFREARAE KO MHREREH S TADERBE, £4038 10 dJ5, A D ERBELE 250 mg-L ™' 1 500
mg- L~ SRR BEALEE T, HAR B AR ORI B A , ST L B B K, (EIS AR BE A BT R e s 4R b
PEYRBE 9 1000 mg - L~ B, F+ T REAR i A2 K 2 B T 3], ELIA B B 3K, (BB B A AR A7) Ee s A BT
7T 5952 A 1 6 A B BRI BE A3, HAR I AR K2 B T R I, B2 . e 20 d )5 4
ZREL (AR R (K Se R BE AL BRI BE 1 s SR B R R HO1 I8 3 B8k, BL7E S 4R AL 3 ¥ E 1000 mg- L™
AR R IAF R/ IMEL

F2 4EXT 4 FEEREIMRKENIECEHE £ ntERZ)
Table 2 Effect of AP+ on the root relative elongation of four weeds ( Means + SD)

pe AR+ ghBREE] (d) AP * b PR BF Treatment concentration of AI** (mg-L~!)

Species Time of Al treatment 250 500 1000

J| T/ Digitaria ciliaris 10 1.12 £0.08a 1.06 +0.06a 0.80 +0.01b
20 0.77 £0.04a 0.73 £0.13a 0.46 £0.11b

FEE Echinochloa crusgali 10 1.86 £0.01a 1.85 +£0.01a 1.60 +£0.12b
20 0.89 +0.02a 0.62 +0.03b 0.42 +£0.06¢

ELFE L Eclipta prostrata 10 0.50 £0.13a 0.24 £0.07b 0.12 £0.09¢
20 0.43 +0.08a 0.23 £0.04b 0.11 £0.07¢

WP Crassocephalum crepidioides 10 0.61 £0.06a 0.49 +0.03b 0.028 £0. 03¢
20 0.40 +0.09a 0.33 £0.08b 0.025 +0. 04c
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2.3 ZREREBERHE

MR 3 AU 4 PR AV 7E R R ARV AL B T, AR R P AR & B 50 IRAH LU 3R &5 . 4
Fh 2R AR 2R AR R B RSB0 b 2 v FE 1) T T R 3 B, ELAE 1000 mg - LT EEVREE T AR RIR S B X B &
fHo BEAh,4 FhARFELERALEE 20 d JE IR RS B TR 10 d, JF HAEAMFSRWR BT, 3575 2 Fhde
RAKE SRR TARABIE, WK 3 EATLIE L, A LT AT R S F — L5, Xl fE 578
WhIE I AR P BRI ROR K o

®3 SEMNET 4 MEERRBORRCPYME = PRfERE)
Table 3 Al accumulation in roots of four weeds under AP* stress(mg-g~' DW) (Means +SD)

Yifh AR+ b 3R] (d) AP * 4bPEY BF Treatment concentration of A** (mg-L1)

Species Time of Al treatment 0 250 500 1000

Tt )% 10 1.18 £0.22d 4.63 £0.33c 8.60 +0.28b 10.08 +0.22a
Digitaria ciliaris 20 1.68 £0.40d 7.72 £0.36¢ 9.11 +0.50b 15.80 +0.56a
G 10 1.39 £0.01d 4.72 £0.05¢ 9.07 +0.59b 11.23 +0.28a
Echinochloa crusgali 20 1.37 £0.03¢ 10.25 +0.87b 13.33 £0.43a 14.04 +£0.50a
PR 10 1.89 £0.02c 14.12 +0.23b 17.12+0.19a 19.47 +0.51a
Eclipta prostrata 20 1.18 £0.49d 17.63 +£0.24¢ 19.87 +0.51b 25.03 +0.08a
g1 10 1.81 +0.08¢c 15.46 +0.17b 17.09 +£0.42a 18.98 £0.17a
Crassocephalum crepidioides 20 1.55 £0.19¢ 18.44 +0.24b 19.53 +0.19b 22.83 +1.02a

2.4 R IRE RPN EI R
2.4.1 BEXMRERRIEBARSBIEMR

TEFRACERI ], B B IR ARTE 4 PAC R AR PR RUNE 1 . TEBPRE T, R R E (RS B
) IRAR W I R AR S B AL ERA BN (FH B ARE) (B3 . 2210 d 4R4LHE, JH I R FRR BAR 2 iy
B R S X A LA D RN (B B IR B B KO, T R R AN AR R AR & R
W Ab B B L 2 T, HLAE 1000 mg- L™ SEALEE T AR RAMERR I & IS B H, 451 23 ]
1.7 A5 2.5 % 50403 20 d J5 4 FRAREAR R Pl B I & IR 5 B 5 % JEAE L ARt A K H 5 403 10 d
FEL, TH S E MBI ERR R AR S EWA TR, TP EEMTFRENRRMERSENEHEZE TN
EE I8
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Fig.1 The effect of AI>* on the proline content of four weeds in roots
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YL IS T S AR R ) MDA 2 B i A 5 0 IR AR FFTE Rl — K7, T A% 5 AN BF 1 8 A9 MDA & B H0A
BE LI, BITE 1000 mg- L §E403E T MDA & 8RB B RAE, 435 % BRI 15.9 51 7.6 54 20
d FRALHE 4 FRAVEAR AR ) MDA & BIMEE LB BE TR M T A& 2 B 7R, 4L 3E 20 d J5 MDA & &
ERRPRERR 4 FRERRMN MDA & EIE T 10 d, [ERAFZRER R MDA & & 1722 LB %
BRI E B .
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Fig.2 The effect of AI>* on the MDA content of four weeds in roots

2.4.3 BXMRERRFELENE RN

AN RV BE R BR AL B 2 AR AR 0 M SR B M T R INIEL 3 RT AR, R SR AL BE TR BE 13 i, 4 Fh
FRER AR ) BB B K, (B RIR BEAL BT (250 mg-L™") 9 J5R SE28 P AH XS T 3 R A 28 AL B LU e 85
FAVREE (500,1000 mg-L~") AbFE /1N, 15 AR A B Fr 50 b 3 0o 2% B AR 7% 40 R My 50/, TG o g e B 460 Ak 8
MRAR AN e , 3 RS — R BEE L, S BURSS 4 B AR YRR, (6 a2 M3 o, i
B R . WA AEER I [F] R , B AL BE A A RE R, 28 AR R R EE 2 RE Y XAl fER i iAEF
MBRITGHER . 4 FARFERAL T FRRENE L E A R, HARL AR T A 2R IR B LR A B R B R
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Fig. 3 The effect of AI>* on the membrane permeability( MP) of four weeds in roots
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SMERHER RPN —  RIEEEYR B KRERTIEZ TIRKR SN RREAEE . MYXHEER
SMERHERHLA P AR S A RAE Y TUE R MRE B — D EZUH . S T E A TARR MR E 0 R A
JE B AL AR R AR AR b 5 R S AR A, T EL AT DA 48 AR AR AR S 4 B A LR AP A AR
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ROSZEFHED o AR RGN T 4 Fb 29 SR 1 S 40 IS P850 U I, 16 B 45 e B I e
[ 38 K35 40t i G AR M = A A, B A AR AR

AR 2R 06} J) B B8 0 S BT R e DR I LY, R B R 45 SRR, BB B A 2 R A B EAR R,
HEH B AWERER R ARG . BREXEYRILEIELTICE , BIELRMER PRI, —EWRE
FEE T AR HERE A I A 4, T R — R R B R 4 2 o A0 L FE PR A, D20 40 ML PR 9 S 0 i o AL P 2
AR ARSLEFB 7 250 mg- L7 A1 500 mg- L~ 4R BE 4T B AL BE A , A8 I RARE 2 R4 EAR Y
A, R AR AR KR AR VR T, (H 0% 35 24 AR A MR AR B T I I/E A 5 K B A AR AL 3% 4 P2 BEAR 1)
AR IR E T 0 VR R XBE UG BR ERRAEY)  RE E A — R B G A W [, ZE G FEZ T, 4R ] DA
SR BRI A VRS T I FUE, SR S X A G AN R AR, 48 Ml FHE R A AR . A
LIGLERT LA S, A D E BRI FEER TR =,

HIGEIE I, B8 TES B EEEPERK . BIREREH, RAR (FH D EMBE) g (RE
BB ) M ERRE SR ETENRNAEHERNZER . 7R [F 453 B AL FR T R] R, 52 38 500 B 18 1Y)
AR AR AR LS T D E M, 3] A2 T 5 R 508 1 45 AOAR 30 2 40 s Pk SE B 48 A HE R
YEF, NI AR A R K 32 3 — @ AR . XTERT AR FIEYR R BT B RS RE LRI, R K LE
AFRERASTERRER TERS SRIEY, TR, BEREMENAERE HENEFEA THEX
9p=9"a

— BN, A8 T PO PSR A ) B0 B R 2 RO I R, A 2R RIS A Bt PSR 55 i — N8 AR
T e 58 B P o A 40 7 A B A B R R 1 22 /0 1T LAV TR 1R 2 3 B W3t i R/ N2 33405 O R B
e, IR R AR B —E IR YE R, SR — AR o ASLIRZS SRR I, 4403 10d J5 , BEE 4R
AbFE R BE 3G, 2 FRAGRL A2 FAR R AOIR AR A Bt R B A R, 2% A 40 Kb U %o R R P B T AR R AR K A
TR0 AR R G 3 B SRR L] B KR AU S I R DA R AR 2R 40 A 4 FE ) 3, LAARUE 40 M A 1E
IR, FEEACHE R TR ,20d B0 T REEMNHRER A RNMER S ES 10d (B0 B F
TR, BT LA X AT B2 T EAR R E S, AR EFE T, A BRI C T4 3F, AR HLHI A B IEH JE 30,
AR A B B . T T 5 FE AR AR 2R A T 85 I AR 1 R 15 %ot HRUAE ELE A 1 o, (BB AR E— 1 Fe
SEZKOF, HABALHE 20d J5 AR RIEER & &5 10d A HAg Brsln , (B8 A A 8] B2 K7, A e - % h
XX B ARA B AR R AR K%

MDA J2fEfg i S FE =Y 2 — BB MY R, B985 | R4 M AR RE R L. MW 7E¥ B e
TekEEAREP, FEREBSZ R R FRE B0, FER B TR RS SRS RR & £ S e, =4
MDA, #45 B , (o Hok 5 5 5 T RIS , R AR 5 1k 3 Kk, AT 6k 400 B PN R AR B A8 . TRI UG, AL 1 P /) MDA
Fr B e AR TR S AT R A R I AN P AR S , 4T BRSNS WA H R 3R U T SRR R A SR A R
BiE B R PR S BB A RN . SRS R R M T IR (TR ) ,10d TR 2 Fh e FAR
R BN A BRSO HEYR B TR TR, TARASRL 2 ML FAR RO B B 53 IR R ] —
Ko TIBER Ml 28 B[R] O RE K 4 Fh 28 BEAR 2R A0 IS & RIS B AR YR B T 3 4K 5 RIS S 36 o, 48 e Yk 1)
BN e B R AR AR T 4 PR AR EAR R AR BLEYE  ERAR A D E B EAR RN RSB R TR
BV 75 AL BE 28/ T 35 ) SR SE SR B T 5, U0 A AR () ik B Ak B8 0o O R R AR R TR R R AN, R
it EALTE P3RS, IR R AR S 4 Fr IR e Bl o (52 3 0 1 7 T 5 0 B 5 4R A T VR B 388 K, AR
RIFREZ B INK , BERG & At EAPE R, PR KB R, O R E R 0, S AR RS
R SURTE SIS

A ARG FW RAP R T FE AR BE 1 R T S A T M AR AR R AR R, R AR
KA FE AR AR A T3 FEAE P, [ Bk Aok Py 3 A 2 L M6f 0 5 A 2R & B A MDA 55 B 1T IR B MR R ZE IR K
-, 3XREE i P AR B AN AN HE R B R TR AR LB R S B4R BT . RASRI T D B B L 3R i R B
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