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Correlations between Cd toxicity and production of phytochelatins (PCs) in

wheat (Triticum aestivum L. ) exposed to Cd added with various organic acids
SUN Qin', WANG Xiao—Rongl , YUAN Xin—Fangl » DING Shi—Ming2 (1. State Key Laboratory of Pollution Control

and Resources Reuse, School of the Environment, Nanjing University, Nanjing 210093, China; 2. Institute of Geographical Sciences and Natural
Resources Research, CAS, Beijing 100101,China). Acta Ecologica Sinica,2004,24(12) :2804~2809.

Abstract : Phytochelatins (PCs) have been suggested as a potential biomarker for evaluating metal phytoxicity. However, most
previous studies on metal toxicity and PCs production in higher plants were conducted in metal-defined medium without
differentiating possible changes of metal speciation in this complex system. This study aimed to investigate the correlations
between Cd toxicity and production of phytochelatins (PCs) in wheat (T'riticum aestivum L. ) grown in Cd solutions buifered
by various organic acids. Results showed that single Cd stress significantly inhibited wheat growth, coinciding with the
overproduction of PCs in roots, but not in leaves of wheat. After the application of organic acids, Cd toxicity in wheat reduced
with fhe effectiveness in descending order: EDTA > DTPA>>citric acid > malic acid &~oxalic acid. Simultaneously, the levels
of PCs in roots were also decreased. A linear relationship between Cd toxicity, estimated as the inhibition rate of the root
elongation, and PC contents in roots under the influence of various organic acids, especially EDTA, DTPA and citric acid was
observed. The findings obtained in this study further confirm that the production of PCs is highly associated with the internal
Cd level in higher plants, suggesting that PCs can be regarded as a potential biochemical indicator to reflect Cd toxicity and is
an alternative tool for estimation of metal bioavailability.

fKey words :organic acids; phytochelatins (PCs); Cd toxicity; wheat (Triticum aestivum L. )
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Treatments of various organic acids

K1 CdiraailRENTPMERZINFLZBRAUADT)
H Fig. 1 The IT values of wheat roots exposed to 20umol/L. Cd with

MR, L ER MR ANAEYR AR EERMEM. #H the application of various organic acids.

— B EXH, IMAEVBYYEFEREERCIWEY TS, BB A FERE malic acid; B #5BE® citric acid; C BB oxalic acid; D
DTPAE EDTA

) DTPA M T /hERAK . H R HBREHB R

R MEESEBNTHR.RHDIPAIEBNATHR T MENHEEFTRE  LHERE Fe WEHFTR . BMAMTF/PIEHIEHR
A K
X1 FHUEXY CdEET/MEEYW™RPIEIG(mg/plant FW)
Table 1 Effects of the application of various organic acids on the biomass of wheat exposed to 20umol/L Cd
SE B Malic acid Fr#E B8 Citric acid B & Oxalic acid DTPA EDTA
BB wrw RE WEW WA WEW WA BEH  RA W WA
Shoots Roots Shoots Roots Shoots Roots Shoots Roots Shoots Roots
CK 517aA 265aA 517aA 265bB 517aA 265aA 517cB 265bB 517bB 265bB
To 375bB 163cC 375¢C 163cC 375bB 163cC 375dC 163cC 375dD 163dD
T 373bB 172¢C 364¢cC 182¢cC 356¢cB 175¢BC 373dC 160cC 461cC 203cC
T 372bB 177¢BC 363cC 175¢cC 357¢B 185bcBC 647aA 316aA 697aA 402aA
T 368bB 183cBC 377c¢C 179¢C 370bB 188bcBC 543bB 305aAB 717aA 382aA
T4 389bB 213bB 417bB 296aA 384bB 206bB 388dC 270bADB 701aA 396aA

ANOVA F 64. 79*" 17.37*" 55. 37" 37. 207" 54. 87"

22. 2777

220.47**  57.95™ 406. 29"  105.737"

F—F PR BEARPNEMRKEAHRNBERRGFESKUT INER;

»x fLRAME 1% B E Different lower and capital letters in the

same column indicate significant difference at p=0. 05 and p=0. 01, respectively; F values followed by ** represent significant difference at p

=0. 01

2.2 AYLMX Cd pET/hEERN Cd BERERZH

NERFEL Cd EBETHINE 2 Fim. BEEPNET)E

(p<<0.01), H DTPA fE L T EDTA. ER MM HE R AEEJK/DEXN Cd W EER B
FrecBRA R fEZp Cd &, HAEMRE Cd WERE,IF

Pl ¥4

Jai » INZEAHAR A

E AR R E NN ORI B i b (it
A1), R — R W B (50~ 500umol/L) 5 EDTA #i DTPA Al G A ZHME CA M ERR . HFRARBEKT

L Fk E S F EDTA #HI DTPA., 5l

BREmmEm, s e R Cd SHruEBRIL MNP ESY,

fe# Cd KR WOFE e ERS, EREB CAdNEEFH EREZH . SMAEVREEZWEY N Cd BRI, BE VIR B E
FERXHERFEZAFA IR CdHWE SN ARG HNEBEDAFHTE. DTPA M EDTA 5 Cd £ &1 €
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MEAY. MERERESYERRTHHEY RS BE W HRIE™, SB/MNEEA Cd BBIZIF M, TR Cd K8
BN, TR ERBANERS CAdIERE YRR ENEMRT EDTA-M DTPA-Cd E6 9 . ERWRTEZBESE . 5 TEH IE
PR, BN B XS Cd B A 9 55 P 3R E M B 58 B9 R W) |

%2 EHEX CdBETNEERN Cd & BE M (umol/g FW)

Table 2 Effects of the application of various organic acids on the contents of Cd in leaves,stems and roots of wheat exposed to 20umol/L Cd

Jiings 3 BREAM Malic acid ¥ B8 Citric acid BB Oxalic acid
Treatments I 4 Leaves  Z£ Stems H % Roots M H Leaves Z£ Stems B % Roots BfH Leaves 2 Stems B & Roots
To 0.167bB 0.282bAB 1. 44bB 0. 167abA 0. 282aA 1. 44cC 0.167aA 0. 282abB 1. 44bA
T 0. 195aA 0. 315aA 1. 67aA 0.176aA 0. 240 bB 1. 37 ¢C 0. 159aA 0. 275bB 1. 58aA

T, 0.178bAB 0. 263bB 1. 40bB 0. 159bA 0. 267 aA 1.48 ¢BC 0.172aA 0. 261bB 1. 50abA
T, 0. 146cC 0.221cC 1. 25¢C G. 128cB 0.233 bB 1. 69 bB 0. 156bA 0. 297aA 1. 53abA
T, 0.127dC 0.174dD 1. 16dD 0. 077dC 0. 076 cC 2. 08 aA 0.125cB 0. 170cC 0. 94cB
ANOVA F 33.19™*" 61. 577 302.83*F 97. 26" 222.01*" 35.712*F 15.23*" 94. 06" 61. 82**
L DTPA EDTA
Treatments M i Leaves Z£ Stems B % Roots i/ Leaves 2t Stems R % Roots
Ty 0. 167aA 0. 282aA 1. 44aA 0. 167aA 0. 282aA 1. 44aA
T, 0. 151bA 0. 229bB 1. 25bB 0. 158bB 0. 229bB 1. 32bB
T, 0. 008cC 0. 019cC 0. 02cC 0. 020cC 0. 034cC 0.13cC
Ts 0. 004cC 0. 014cC 0. 02cC 0. 012dD 0. 020dD 0. 06dD
T, 0. 003cC 0. 011cC 0. 01cC 0. 001eE 0. 002eE 0. 02eE
ANOVA F 721.85™" 1310. 03** 9504. 46" 1273. 67" 1121.56** 10101. 05 **
FM—3HFGRAEARPEAMAKEFHHNBEBRIGFEESUMINER; »« ARLHED 1% 8 ZF Different lower and capital letters in the

same column indicate significant difference at p=0. 05 and p=0. 01, respectively; F values followed by x* * represent significant difference at p

=0. 01
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Fig. 2 Effects of the application of various organic acids on the concentrations of PCs and GSH in roots(L)and leaves(R)of wheat exposed

to 20umol /L Cd
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M PCs MAS M AR, £WMEL Cd 18 F PCs & BA0 B 5 1 — &K (50~500umol /L) i EDTA I DTPA B &
RN ERRN PCs Wi E, H A TR B EKE (p<<0.01), THRE F BRI ERMNAEEWKE (500umol /L) HE R F XF/h %
BEANPCs WIBESFERIEBEE G<O.0DMKEEKER, HEIFERN BN K FERRMER, B =38 E K% F (10~100
umol /LR FH BB EH W . B AP EY ,PCs: & BKFSHEYERAEREERRX S, B PCs R BT R
REFEEXRRETERM . EM.EDTA I DTPA 4EMN T Cd R & R BB AN T A3 Cd K FHIBEIK. RN ZER#— 2 U,
BB NAEW T EFRES Cd WA FAE HYH Cd HREEBFAHEDEA Cd MEBUKE, HZHEES5H LKA
RFMEEAH X, EDTA f1 DTPA HER B IHE.

Cd BrEdiE T/ NERAMMH KA GSH S8R M . RAIBE>SH . AILREN FTHENMNEEANZLBERLT
PCsCLHE 2) ,BHAZIEERMT PCs. TEFEH e H GSH Hﬁﬂeaﬁa@ﬁﬁi,—-ﬁﬁ%%ﬂﬂm — MR EA B —F
i PCs RAEY™'. HPMmABWKE DTPAG00umol /L) GSH H I B K #, U TTER B THEE DTPA K E
SERGIRNERNEFRTRERZ AIHM .

2.4 PMEBRZAAPCsHEBERES CAHRKEMEYEENRAR

NERENPCs HASBSBECIHNARMCI WAEYEE(UREHMRMHERT Cd MAEMBEOFLE - EHRHEX
(W% 3),H EDTA.DTPA FiItr R R E LB E . X PCs NIESRES CdA WHNEAYEHEREA —EWHEXHE.

3 itie |
HYEAPCs WIEESERBMKREARAR, HERKPHNERSBRAMEBEEBNBEFEREZFNEMRXR  ANEA
PCs S BRI ML BHERFTMHET 118 10 De Knecht 25V 5H F B (Silene vulgaris )& PCs MR &5 Cd f1 Cu
MO RBE A LR MJE Sneller 207 % L3 B (Silene vulgaris) kP PCs WH BB Cd WK RBULEELH
Ak, AARRAZHEINBREPHNELARZRE S EZTTEARARSE. NLEERTLUEH . FN—ERENERR. TR,
EDTA # DTPA nJ ZEREKR Cd WA EHE G 1 R D, MH/NAEXN Cd PRI ERGE 2, [ PCs R BRI
B HE5CAdREYEHRF—-EMKEXR G 3), K EDTA #1 DTPA i FHEXEE A E.

BEMRER.PCsHTZLES5EBHAAERRWED)E X, 10 Abner EE AN EAMH BEHTHR, KA PC T4 E
BER TN C . Cu® NP HEHEFHEKE MARERWEKE. ALBREREAEBNEERENTERER{REH
INEREN Cd WRIKAMAA.BECdHAEYEEKREBINEF(E 1L D Hu . PCs NESEAHETR, 5 CdHFHMN
AR — B (3 3), RIEHEM A PCs 174 BRI T A I A M8 CA> B FIOVEIE (DA B MM CA W) T 54
BRSEE LK, XE Ahner FU M BERMFRLERMEE . FERHMAFE PCs SB/KEHERK . ATESHEGNEY
EHAEAEX., EARBER PC-HEY AR IBEEMRARF RN, . EL R B T2 40 B F0 40 B AR , 2 A 40 B B JF 305
PCS (PCs & W B8) , 7 Mt 5T P LA B H K (GSHD 3 PCn AR EE{R & B PCn (8 PCn+1), HEFHEHEH Cd B T &5 B K PCs 54
& RE AW EDTA &8 PCs AR SE LS, H AAmirRmR % S Cd B FH o] B PCs &1k PCs R i, #3
PCs & B/KEH T M., Maier E8 53" X3 EDTA {R# B EX Cd MR FRE,{H PCs MEBRBIFRAR M, RNA BTk
K. ULERH—FIEB.PCs X Cd BB R BMAH L RE, KA BRAKFHEMREEDEN Cd B9 L R EKF BPED ) FHE
EFHNEER, BERF—SHEHEAXR. E2ENENRNFIERETHARBRPHBESEE FHEE A 5HWE
N Cd BEHE, f/KF L PCs MM EEE M Cd B EKFE.ATUATEHTAAES Cd 58,

X3 MNERBRAPCSHESAS CANESRAMAMCHIRZ BRHEXHE

Table 3 Correlations between PCs concentrations and Cd contents, inhibition rate of root elongation in roots of wheat, respectively

” Cd & & Cd contents & il K 4] 2 Inhibition rate of root elongation
Organﬂ?cids Bl 15 77 & HXERE [B] 5 75 # X R
Regressive eq. Regression coefficient Regressive eq. Regression coefficient
3 K Malic acid v=2.29 £1—0. 512 r¢=0.9348** y=1.07 x°—1.182 r2=0.7927
4 # Citric acid y=—2.47 z;+6. 233 r2=0. 883" y=0. 085 x2—0. 511 r2=0. 9679 **
BB Oxalic acid y=2.08 ;—0. 278 r’=0.7892 y=0.268 x,—7.404 r2=0. 6509
DTPA y=1.34 x1+0. 704 ré=0.9898*"* y=0.069 22— 0. 302 ré=0. 857"
EDTA y=1.20 x1+0. 841 ré=0.9717*" y=0.043 x2+0. 903 ro=0.9782*"

BIAFEH y 5 2,2, 3K PCs iR E (umol/g FW),Cd & & (pmol/g FW)FIR R KM H A (V0 s hRiE = M »» RREXREOE
Bl gt B E 0. 05) R B 3FE (a=0. 01)7KF In the regressive eq. v, x; and x; indicate the PCs concentrations (gmol/g FW), Cd contents

(umol/g FW) 3 ion rate of root elongation (%), respectively; »? labeled by * and x* * indicate significant difference at p==0. 05 and p

=0. 01, respectively
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