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Abstract: To study the rules of electrical impedance spectroscopy parameters of wheat ( Trificum aesti-
vurm L. ) under the stress of heavy metals, the extracellular resistance, intracellular resistance, relaxa-
tion time and distribution coefficient of relaxation time in the leaves of wheat were measured. The heavy
metals Zn”* | Pb’* | Cr (III), Cu®*, Ni**and Cr (VI) with different concentration were used. The re-
lationship between electrical impedance spectroscopy parameters and the concentration of above ions was
established by means of regression analysis. The results suggested that when heavy metal ions increased
within concentration of 0 ~200 mmol « L ™", the extracellular resistance and relaxation time in leaves of
wheat decreased, whereas the intracellular resistance and distribution coefficient of relaxation time en-
hanced. Compared with the other four ions, Cu’*and Cr (VI) could remarkably reduce extracellular re-
sistance and relaxation time. Relaxation time was accord with logistic model and could predict the wheat
toxicity extent stressed by heavy metals.
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wheat Lo ion concentration of heavy metals
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Fig.3 Changes of relaxation time in leaves of wheat to

ion conceniration of heavy metals

HE 3 AT, ESANESEETET, M
P 11 T s ) 32 B0 A S I v/ N R SR N
fad, Hohfe Co® G (V1) BFMHAT, ik
B 25 X U /N R R, X TR B Dy 200
mmol » L', 4B T 4T HR 44. 29% i1 54. 10%
AE Ph> A Cr (M) BEF Ml T, b i it i i ik
INIE BRGNS, MBS Uk BE g 200 mmol « L7V, 4y
PR B 1. 26% F11 32. 84% , BEIH/ NGB B 4yt
T4 ) 0 71 e BEL A 32 380 4 0 s I 41 A A
BRI, T ELAS b 8 B D AR S W 4R B T
S G E AR

B I i Pb w3 - Cr (11D

. le-“ Cu —— Ni —X— Cr (V)
& ] .
Er
e 1
iﬁ 0.9
ey 0.8 [ S -
= = f;é%’
& 07 35u% ==X
=) = T
= :

0 50 100 150 200 250

FH4EE RE/ (mmol- L)

B4 NG R RS TER T 18] 0 2R R R Tk
B e AL
Fig. 4 Changes of distribution coefficient of relaxation
time in leaves of wheat to ion concentration of heavy

metals
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Table 1 Regression analysis of electrical impedance parameters to ion concentration of heavy metals
=g iyt R 2 B = E) =y R IR
Zn i A y=36.264 9 +11.758 1 exp( —0. 157 2 x) 0.798 2 0.040 7
Pb logistic %! y=49.279 2/[1 +exp( —61.897 2 +0.3028 x) ] 0.750 3 0.062 3
Cr(MM)  logistic E# y=47.164 1/[1 +exp( =72.5729 +0.354 5 x) ]  0.9190 0. 006 6
IB7hra Cu Wik EA y=27.576 6 +19.499 8 exp( ~0.009 5 x) 0.959 2 0.001 7
Ni Rk y=56.5315-0.169 5 x 0.622 1 0.0350
Cr(VI) g 51 E y=19.928 2 +23.505 8 exp( —0.031 5x) 0.873 0 0.016 1
Zn LRk y=1.991 3 +0. 004 3% 0.693 7 0.020 0
Pb LRt y=1.880 6 +0.010 3x 0.8390 0.003 8
it i e BEL ce() 4k y=2.009 7 +0.007 6 x 0.8817 0.001 7
Cu Rtk y=1. 9303 +0.004 8 x 0.737 6 0.013 3
Cr(VI) i y=1.988 8 +0.003 8 « 0.635 5 0.031 8
Zn logistic 1% y=276.264 5/[1 +exp( —6.006 7 +0.031 6 x)] 0.862 0 0.0190
Cr(I) logistic JEHY y=252.274 5/[1 +exp( ~2.976 3 +0.0146 x) ]  0.958 1 0.001 8
th 751 B i) Cu logistic #E %! y=253.193 1/[1 +exp( -2.976 3 +0.014 6 x) |  0.856 8 0.020 5
Ni logistic JE %) y =17 260.683 8/[1 +exp(4.3197 +0.001 7 x)] 0.836 3 0.026 8
Cr(VI)  logistic fE70 y =20 249.306 0/[1 +exp(4.517 2+0.004 8 x) ] 0.943 3 0.003 2
Zn LRk ‘ y=0.648 9 +0.000 5 x 0.8258 0.004 6
Pb L y=0.6452+0.001 6 x 0.880 3 0.001 8
B 742 A i) Ce(Il) ik y=0.676 6 +0.000 4 x 0.696 9 0.019 4
DT Cu LRk y=0.676 9 +0.000 4 x 0.8610 0.002 6
Ni Rk y=0.688 9 +0.000 2 x 0.734 8 0.013 7
co(VI) 2 y=0.6819+0.000 2 » 0.964 8 0.000 1

G H 2 BREGRETIRE y RRR | PR IRR TN B & SHUE R RY0E B

PERE M AFTERAS A 30 Cr (VI) HIFEME R
BT Cr (V) fhEWEfmrtick, BaRmpE
Mtk B Gy A i, T Cr (1) 7E43% pH i
W5 5 —LetE Y R oy SR FU R AR LS
R AT 68 7 308 Ao 200 P R 32 B BR 4R, T B SR
HR I AE B R

M4 A E S S G, S il
B AEAL 5 /N2 M MDA FAE N H, 5 28 (1 AR 4L
b —2, H5 FRES RS FHEERE b —
2, B, AT R IR T Sl O NG - A E
JREEE TR . FFITRM, ST A AR L LA
J& logistic LAY

Repo S A\TERT 5T B BH Bt 1 1% 2 43048 Ak iy JE A
AT, Py A ROV EE A 1 AR 5 e BT I 1 2

Ww M, Kl SIHEARRE, A
JE B B AN A TERL B O/ NE R R AR DG, bR N ]
AN ALRIERE, AR, B
ANERIRCR A S )R BE R RS, T St a]
TR R BS NBEIRAR, HER R AR/ B R R
FEARSEM M2 3 O, Ml E , FRER A (BT
HRLBELA 3t T TR0/, FE 2B CO, B )E, A
f 0 P L REL I ™Y, 3o A Ak 0 34 5 FR AT HE /)N
2R R AR AR B AR LR L T
0 R BE P L BEL S Y AR A SR AR L

PAEsy ey, TEXBIE RN, M
Fr v BT S S R A Y SR N i 7 LI e I 451
ARSIE R, (B R T ANE, XA A e B
PUEREZ R R A A SRR, I R AR



%5

RUBRELAF . /NZEM A A BT TS R00 B 4 e Y i oz 119

A FHLIAT BT A —2, (E a2 A A 2
8 FR S M AT BB R RSB o

B I
(1] 5w, kI, X518, %. EEBITHR Cu.Zn XK

(2]

(3]

(4]

[5]

(6]

(7]

34 B A RSO [ ] ARl IR 2 2 4, 2005,
24(5) : 838 -842.

ZHANG Shuging, ZHANG Fudao, LIU Xiumei, et al.
Toxic effect of copper and zinc on the growth of Chinese
cabbage seeding[ J]. Journal of Agro — Environment Sci-
ence, 2005,24(5) ;838 —842.
SRR, AR R, I, % Cd EREEME TR L -
INERG P IEE LRSS T]. BB R,
2006,26(4) :632 -639.

JIN Caixia, ZHOU Qixing, SUN Ruilian, et al. Dynamic
changes in the activity of urease and CAT in phaiozem -
wheat systems under the stress of Cd and chlorimuron —
ethyl[ J]. Acta Scientiae Circumstantiae, 2006,26(4) :
632 - 639.

REF. SRR YT ESR IR RT]. E
54,1999 ,41(5) ; 453 -457.

ZHANG Yuxiu, CHAI Tuanyao. Research advances on
the mechanisms of heavy metal tolerance in plants[ J].
Acta Botanica Sinica, 1999 ,41(5) :453 —457.

ZHANG G, RYYPPO A, VAPAAVUORI E, et al Quan-
tification of additive response and stationarity of frost har-
diness by photoperiod and temperature in Scots pine[ J].
Can J For Res, 2003, 33 1772 - 1784.

ZHANG G, RYYPPO A, REPO T. The electrical imped-
ance spectroscopy of Scots pine needles during cold accli-
mation [ J]. Physiol Plant,2002, 115, 385 —392.
REPO T. Physical and physiological aspects of impedance
measurements in plants [ J]. Silva Fennica, 198822,
181 - 193.

REPO T, ZHANG G, RYYPPO A, et al. The electrical
impedance speciroscopy of Scots pine ( Pinus sylvestris
L. ) shoots in relation to cold acclimation [ J]. J Exp
Bot, 2000, 51 2095 -2107.

(8]

(9]

[10]

(1]

[12]

(13]

(14]

ZHANG MIN, WILLISON JHM. Electrical impedance a-
nalysis in plant tissues; impedance measurement in leaves
[J]. J Exp Bot, 1993, 44, 1369 - 1375.

REPO T, ZHANG G, RYYPPO A, et al The electrical
impedance spectroscopy of Scots pine ( Pinus sylvesiris
L. ) shoots in relation to cold acclimation [ J]. J Exp
Bot, 2000a, 51: 2095 -2107.

TS, VP, ARG, 55 AW R T R s

TRIBGHT]. Y A 2R IR, 1994,30(3) 1207 -

210.

ZHAO Shijie, XU Changcheng, ZOU Qi, et al. Im-

provements of method for measurement of malondialdeh-

vde in plant tissues [ J]. Plant Physiology Communica-

tions, 1994,30(3) :207 - 210.

DI, M E R, mE, % G G s R

A T AL WA R EE BT (T ). T W A Y, 2004, 24

(2):161 - 165.

MA Guangyue, SHI Guoxin, XU Qinsong, et al. Com-

parative studies of toxic effect of Cit6 + ,Ci3 + siress on

the physiological and biochemical characteristics of

Hydrilla verticillata[ J]. Gui haia, 2004,24(2) ;161 -

165.

DU, WSO, A S RIS Y S A [ M.

W 7R - PRIE VLRI BOAC Y it , 1985 - 168.

LI Hanging, XIE Wenhuan, FU Chunyan, et al. Envi-

ronmental pollution and biology [ M ]. Harbin. Hei-

longjiang Science & Technology Press, 1985:168.

REPO T, ZHANG MIN, RYYPPO A, et al. Tffects of

freeze-thaw injury on parameters of distributed electrical

circuits of stems and needles of Scots pine seedlings at

different stages of acclimation[ J]. J Exp Bot, 1994 ,45.

823 -833.

REPO T, OKSANEN E, VAPAAVUORI E. Effects of
elevated concentrations of ozone and carbon dioxide on
the electrical impedance of leaves of silver birch ( Betula
pendula) clones [ J]. Tree Physiology, 2004,24.833 —
843.



