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Localized Accumulation of Aluminum in Soybean ( Glycine max Merrill ) Root
Tips under Exogenous Citric Acid
JIN Ting- ting, LIU Peng,SUN Ting, LIU Chun-sheng, JIN Hai- hua

(Key Laboratory of Botany,Zhejiang Normal University, Jinhua 321004 , Zhejiang, China)

Abstract ; It is well known that the important role of citrate in the mechanism for Al resistance in soybean. The effect of alu-
minum plus exogenous citrate acid on fluorescence detection, aluminum comparative concentration of soybean root tips and
aluminum speciation in treated solution,were all investigated using hydroponic culture,to discover the effect of citrate with
aluminum which exists in the rhizosphere of soybean and the mechanism of alleviating aluminum toxicity by soybean root ex-
udation. Results showed it was significant that aluminum accumulated in the cell wall of soybean root tip cells,and it became
more and more remarkable with dose and time increased ;in the present of exogenous citric acid, the content of aluminum ac-
cumulated in the cell wall decreased,especially in Zhechun No. 3. The change of comparative Al content in root tips of Zhe-
chun No. 3 and Zhechun No.2 did not play the same pattern in dose-and time- dependent manner. From the analysis of alu-
minum speciation, it could be seen that the change pattern of the content of Al and Al, were parallel;the content of the two
form decreased but Al increased with exogenous organic acids. Thus it could be concluded that it needs time and displayed
as fluctuating periodically in the mechanism of detoxification aluminum, when plants meet aluminum for the initial stages.
Exogenous citric acid was more effective to Zhechun No. 3 than to Zhechun No. 2 under aluminum stress. At the same time,
only proper proportion of exogenous citric acid could avail to detoxification of aluminum for soybean; Yet it may result in the
fact of serious toxicity on plants overstep some extent of exogenous citric acid.
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A, B indicate Morin fluorescent staining results of soybean root tips treated by 100 pmol * L.=! AI** for 6 h without and with exogenous cit-

ric acid (200 pmol * L=") ,respectively, the above is Zhechun No.2 and the below is Zhechun No.3. C,D,E,F,G,H indicate soybean
root tips by Morin Fluorescent Staining with treatment of 100 pmol « L=" AI** for different times, C, D indicate respectively for 1 h of
AP* ,E,F indicate respectively for 6 h of AI’* ;G H indicate respectively for 24 h of AI**. C,E,G is Zhechun No.2 and D, F,H is Zhe-
chun No. 3.
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Fig. 1  Effect of Al on soybean root tips by Morin Fluorescent Staining
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Fig. 6 The content of Al_in treated solution

HMEATRRIR A, SR LA TR ELAR AR 4R
BEMVZEME , LN BLH R 2 5 RS 20 i 200 i B 114 41
MR LWE 3 S RF, HE 2 5 aRRE & ]
W TR 3 5 ANTE TR AR DR ;s B ] A
JEARAL, — A FARAR A SR A RN R B I L
[RIIF, Wi 2 SRR B 0 I [B] 45 A BRI, LE R4
ARBER B A SR AR R AR P R A AL e B
—E RIS . AT LAHED , W7 2 S AR AR
AR, TEAR PRE T AR R A B BE N R 23 I K A

BEWR , AL 200 wmol - L™" AR JEAF IR 09 fin A, 76—
SE AP IR B RN V) 3 R L, 28 U T R4 B DR
A, T P2 A AT R TR Fo S5 1 AR RIMR IR 1L , A
M B EHERN . (H Yang 2 W5 R0, iy
FRR T SRR RATAE TR 1 43 WA 2 75 2 — 2 i AR 175
BT, KAE 4 h 2247, J& T250 284 Bi=, mit
Bk, ARAL PR 1,2 h B, KSR R IR A B E R
K 53 AT | IR AT A TR 1) I ACAS o7 3223k 381 %%
AR LIRS o SR, KO A T R 40 14 2 fl LA
s R PG, R R YE rT g b/ A2 UK AR
G2t PR I A e PR 28 ] 7 A AR IR £ T L
PR TIRERY . ] a0 A 25 U RIF g 4 B e i, Tt
BR TG ERARE 15 d 40 W S5 G URR A Rl 23  T £2
BIFFEERR , 5 10 F11 20 d A 401 20 I A A7 A R 200 /0
FHRUBS T, 5 d KRG YA 15 wmol - L™ 4 4L
PR b AP AR IR0 7 2 B A TR A (B
50 pmol - L™ FRALBER 20 d 1 # B R TR ol )
SEHOARAR At He A AR A B 2 4R T
O, KEATAER 1 53 W AN ASUASUAE A i R % i 68 AL o)
25 R b5 S (e i SR ]
RV LS ) VIR & 1 H A 5 AR R IR
SH Al DR 2087 7 5 %A LR P 0 o 2 A 0 A L
TRETEAE . TR KRG 45 R R, FR AT
OGRS BEAFEE B E LK A 2=
o ALHREE <50 wmol - L7 B, A7 488 R 43 Wbt B
AL e B (38 R T4 i ALY e BEAE 50 ~ 80 mol -
LB AR A i BBl AL e JBE (1 KTl o 3
EARMFFE R 5 50 E 45 R R A

FH M RT DL, R AR S 2 L BE R A AR RAS 2 194,
TERE AR W3e (R 1), 1 B 9% A R 1 A AL 2 7 22
i 1) T L2 R S R D B 5 . TR 2 S S i
B 3 SR, (HANEA B R X R U S MR 3
GRS T W 2 50 AMEATFIERR YA KR
MAR T KRG A SR ARG T, R A YRR E — &7
J¥ FERE T R R VR H R TR B AR
A B Be i o 45 JPE S M A LR , B LA 3 — L)
HISMNIEA AR 5 25 FE FEFh AR B b X AT 7 A
PR L EEF o

S 3k

[1] Goh C H,Lee Y. Aluminum uptake and aluminum- induced rapid
root growth inhibition of rice seedlings[ J]. Journal of Plant Biolo-

ay,1999 42(2) .151-158.



4 1] SR SMEFTRIRAE ] R AR A TS 587

[2] Ma]J F,Ryan P R. ,Delhaize E. Aluminium tolerance in plants and hydrogen peroxide production of germinating barley seeds[ J]. En-
the complexing role of organic acids [ J]. Plant Science, 2001, 6 vironmental and Experimental Botany,2004,51.281-288.
(6):273-278. [12] XVikies, ks 2, £ia %, 5. J1 Al-Ferron W46 & L (4 B AT

[3] Blamey F P C,Edmeades D C, Wheeler D M. Role of root cation RGN AR [T ]. o E & 44,2001, 16
exchange capacity in differential aluminum tolerance of Lotus spe- 57-64. (Liu W X,Long Y Q,Wang Q C,et al. Study on the alu-
cies[ J]. Journal Plant Nutrition,1990,13.:729-744. minium species of PASS by using Al-Ferron complex timed colori-

[4] Rengel Z. Uptake of aluminum by plant cells[ J]. New Phytologist, metric method[ J]. Transaction of China Pulp and Paper,2001,16;
1996,134(3) .389-406. 57-64.)

[5] Comin J J,Barloy J,Bourrie G. ,et al. Differential effects of mono- [13] Uj(%)f ARJRHP V7T L B ) A W RT 4 e R A 2SO F SR
meric and polymeric aluminium on the root growth and on the bio- JELT]. W A% ,1999,10(2) :251-254. (Liu W X, Lu-
mass production of root and shoot of corn in solution culture[ J]. an Z K, Tang H X. Bio- availability of aluminum and its ecological
European Journal of Agronomy,1999,11:115-122. effect-a review on related studies[ J]. Chinese Journal of Applied

[6] Parker D R,Kinraide T B,Zelazny L. W. Aluminum speciation and Ecology,1999,10(2) :251-254. )
phytotoxicity in dilute hydroxy- aluminum solutions [ J]. Soil Sci- [14] Yang Z M, Nian H, Sivaguru M, et al. Characterization of alumi-
ence American Journal ,1988 ,52.438-444. num- induced citrate secretion in aluminum tolerant soybean ( Gly-

[7] Parker D R. Identification and quantification of " Al " tridecameric cine max L. ) plants[ J]. Physiology Plant ,2001,113.64-71.
polycation using ferron [ J ]. Environment Science Technology, [15] Kochian L V,Hoekenga O A, Pineros M A. How do crop plants tol-
1992,26.908-914. erate acid soils? Mechanisms of aluminum tolerance and phosphor-

[8] Yang Z M, Sivaguru M,Horst W J, et al. Aluminium tolerance is a- ous efficiency [ J ]. Annual Review Plant Biology, 2004, 55
chieved by exudation of citric acid from roots of soybean ( Glycine 459-493.
max) [ J]. Physiology Plant,2000,110:72-77. [16] THEY, 4FW. LR EIEMES R AR /i B A0 TR B

[9] Ma J F,Hiradate S, Matsumoto H. High Aluminum Resistance in [J]. Al K224 41,2001 ,22 (4 ) :19-21. ( Huang H, Nian
Buckwheat' II Oxalic Acid Detoxifies Aluminum Internally [ J]. H. Characteristics of Al-induced citrate exudation and Al accumu-
Plant Physiology, 1998 ,117:753-759. lation in vegetable soybean[ J]. Journal of South China Agricultural

[10] RS, KIS FN G A0 M40 35 A 4 2 4 ok M LML B 5T University ,2001 ,22(4) :19-21.)
[D]. WiV #ii k22,2002 :27-29. (Pan J W. Biological charac- [17] (L NI DRSS AR A S S S B R 1 4 I
ters and mechanisms of aluminum toxicity in the root tips and bor- FRLTT. N A= 529 ,2002,13(3) :307-310. ( Shen H, Yan
der cells of barley [ D ]. Zhejiang: Zhejiang University, 2002 . X L,Zheng S L, et al. Exudation and accumulation of citric acid in
27-29.) common bean in response to Al toxicity stress[ J]. Chinese Journal
[11] Tamas L, Simonoviova M, Huttova J, et al. Aluminium stimulated of Applied Ecology,2002,13(3) :307-310. )

MALIT 58 2009 F o B £ LM F 3R )

CiE AL 224 i b R Bes e 5 K B AR AR i b B A S & T 2 B0, hERA B
B LRA A AR RO T 5 A S L PR A W SCH 36 [ SR A [ BRI RS
AR 2 | SO P | v T 00 1) 4 SOBOHR PR 25 22 A R R GBI PRl i o 2R 5 = L DU i 4 ARl
DT AT — 25 R TR JL 7 L5 I T)%, JESE = Jm SRAHm AL A e 5 B T

CE A SO 253 R IE RO AR 25 2 A2 AR B IR 5 IR R AP LA SR AR R 2 T 4 ﬁ:jl’jiﬁﬂ
FERFFE LR, , AR A 252 R BRI B, AFR ARl 2B 28 ZR e S AR UE R R BRI 5 EOR 22 AR P, 38 T
AR AR AR A DAV USSR S SR R B iAol S 45 31
AR AL E G AR SO BB 1) R AR DL B3 5 # R

(b AR 2241 SN ATT K47, AT CNI3-1315/S, [E bRl ISSN1671-3990 , XUH T, [Hbx
PRAER 16 TEA e 35 JT, 424F 210 Jo, W& AN :82-973 , A [ & HuME )R 4 T T8 o I 3T 7] B4l
ARG AMT (75 53 IR ST 24.00 JT) .

Mk : (050021) F[A6AE f1 G2 TR it 286 5 i [ AR 28 Al 4k ) 2 i 35

H TG : (0311)85818007 f£HE.:(0311)85815093 E-mail ; editor@ sjziam. ac. cn



