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Effect of Cd-Zn Combined Stress on Contents of Osmotic Substances
in Kandelia candel (L.) Druce Seedlings*
GUO Xiaoyin, YAN Chongling™ & YE Binbin

(School of Life Sciences, Xiamen University, Xiamen 361005, Fujian, China)

Abstract Potted culture experiment was used to investigate the effects of co-contamination of Cd (0, 2.5, 50 mg kg') and Zn (0,
100, 500 mg kg') on the contents of osmotic adjustment substances in Kandelia candel (L.) Druce seedlings. The interaction
effect of Cd-Zn combined stress on the content of soluble protein was mainly mutual. The content of soluble sugar decreased
with the addition of Cd when Zn concentration was 100 and 500 mg kg"'. Low Zn concentration increased the soluble sugar
content, while high Zn concentration decreased it when Cd (2.5 and 50 mg kg') was added. The interaction effect of Cd-
Zn combined stress with low concentration on the contents of proline and organic acid was as also mutual, and it showed
antagonism at high level of the combined stress. It was suggested that the compound pollution of Cd and Zn was not simply an
additive or antagonistic effect. It depended on the Cd and Zn concentrations and their combinations in soil, as well as on the
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different parts of the plant. Tab 5, Ref 30
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% (24°35'N, 118°06'E), B % JZ 1 (5~20 cm).
+3EpH K 6.84+0.32, /K43 & i K42.37%+0.45%, A HL
il 2 14 (8.19+0.47) g kg, AT MR & 80 2.50%+0.13%,
- 48 R T BUOE BB AR K(5.159+40.37) pm, (R BUEBIR K
(32.974+8.92) wm, +HEWOR B A£92% LA L/hF50 pm. +3E
HPZo A A K (113.38+2.01) mg kg, CAAJE{H (0.71£0.10) mg
kg R I HIEUURRYNIR 55 43 %6 T B AR 25 em. #5530 cm
RSB RHm R HHE R 25,5 ke
53 5K 43 BT 46 Zn SO, TH, 05 CdCL, 2. 5H, Ot il 1 (14 %5 i
Jiti A A3, SRS, WAL mo. FARITCd. Znf B A B TS
Yur= A WRONE, 45 A S bR A R Zndh B BE (LA Zn> i )i B
40, 100, 500 mg kg 37K (4351 PAZn0 ., Zn100, Zn5003
), CAub Bk B (LACA> )15 B M0, 2.5, 50 mg kg 3K
(GrHILACAO, Cd2.5, Cd507R). 150 R HI5E e F bl T, 3t
94N A T A4k B EE A 3UR. A AR T B HOAS Ak B R,
HF - HNO, - HCLO, fif§ft., ICP - MSill i 1% b J5 3¢ (- 5) iy
SLPRZn, CA& i, 5 R LR L
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Table 1 Contents of Zn and Cd in soil

HRRAT R Znik FE AT CAIKREE
Zn-Cd &b Content of Zn before Content of Cd before

Zn - Cd treatment potted culture

(w/mg kg™, DW)

potted culture
(w/mg kg™', DW)

Zn0-Cdo 118.36+9.74 0.67+0.07
Zn0-Cd2.5 108.00+4.59 8.46+0.76
Zn0-Cd50 117.53+7.88 118.18+2.63
Zn100-Cd0 217.48+5.68 0.8440.07
Zn100-Cd2.5 218.66+3.09 10.28+1.17
Zn100-Cd50 235.50+7.55 129.58+2.43
Zn500-Cdo 1357.14+13.19 0.8240.05
Zn500-Cd2.5 1283.80+14.34 9.85+1.73

Zn500-Cd50 1319.48+17.02 109.06+3.39

T-20074F 47 76 R B U T 0 I B LT R AR IX (24°24'N,
117°55"E) fik BURJ: A B 28 . R/ INAH X — 50 B it IR il T34 1<
J#°823.08 cm=+2.35 cm, PRI F N16.90 g+3.11 g), B4 A AE
THE. BT HRE AR E R R R, B R140 d, AR
-4 i AR M (29.96%3.57) °C, 2 1AL A A IR M (23.43+3.58)
C, BR AR ZE LRI K &

1.2 MEFZE

H T S EW E RS (RO = B AT T
) 12 AV ER R SR TR I E s pHE R H AL 32 I 5
DU WA ML 1 DU SR R K be vk s UURU R A% 4 BR A
L EE S 1A% (Mastersizer 2000, Malvern, Britain)ill i ; 1FE£
HF-HNO, - HCLO, fif{ft )7, i ;3 ICP-MS (PE Elan DRC-e,
Axial Field Technology)ill:& H:Zn, Cd& 1.

AT AR A a0 SR s i G25035 1Y T
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AT 22 55 W T

2 #E R

21 Cd. ZnEFNEXT#MR, HPAIAEEARS
ERI00

MR 2FT LA, AR TR Znkb BV 2T, BKiAR ol 3%

PR R T B A I C Ak BE I T R AR R b TR R (B
Zn100 - Cd2.54b ¥ 41, JELLZn5007KF T hil A Cd S B
%, Zn500- Cd5052Zn500 - CAOAL 2 it 22 7 i 2 (P
<0.05); [d]—Cdab B BE T, BEE A Znik R 55, R
AR ER B R B iR B, e SR A CAVR B 1Y
Tl B .
R2 Cd-ZnEGERANMAIR, HHMAEEEREE
(w/mg g"HIRME(X£s, N=3)

Table 2 Effect of Cd-Zn complex pollution on soluble protein
(w/mg g") in leaves and roots of K. candel seedlings (x£s, N=3)

THZoIR THECARTE
T4 Zn concentration Cd concentration in soil (W/mg kg™)
Part in soil
0 2.5 50
(w/mg kg'')
0 1.79+0.34¢ 1.8540.63 % 1.94+0.41 *
& Roots 100 2.00+0.05%* 1.97+0.13 % 2.13£0.10®
500 1.82+0.08%  2.10+0.34® 2.17+0.59*
0 9.90+1.09 ¢ 15.29+0.77®  11.01+£1.54 <
nFH Leaves 100 14.19+1.52%  18.24+1.74*  17.53+1.74®
500 13.3941.81¢  17.46+0.66®  15.63+1.83®

i) B AN [ b R ) BEAH IR 8 R M2 57, AN PR R R 72
F(P<<0.05), R

The same letters among different treaments in the same plant part mean no
significant differeces, and the different letters mean significant differeces.
The same below

TEA A Znkb BRI BE R, A CASEBORK bl bl i
FBT 3G, PACd2.5F 3 in i i 4 8 2 (ZnOHf P<< 0.01,
Zn100, Zn500/FP<0.05); [A]—Cdab BRVE 5 T, JIA ZnjR T
ot R ARl T R AT A R, DMIKVE B Zn (100 mg kg)
A0 FE T R34 i R B3 (CAORTP<<0.05, Cd50HP<0.01).
22 Cd. ZnEGEX AR, HRAAERESEN

Al

30T A Y, RTINS Zom, BE 2 Cdik 5 i35,
RO AR BT PR S AR R 3G i, I fE CdSo4b BE 5 Cdokth B
Tk F I 3 25 5 (P<<0.05); WS ARG ¥ 55 R i vk i Zndh BT
TN CAS B Hr ] i PR & A I BRAG; RI nsh i cdm
MR BECAAL IR, Bl 25 I A Zovie FE G35, ME e m v e M 2
R BT, H 22 Rk 8] KT (P<0.05); I8N e
CAA BTN, A Apa] v Pk Wl i W) il Zn 3k B A4 338 Jim s 22 B
A 022 3R 3 (P>0.05).

TE M [R] Zndk B BE R, A Cd- S BOBk il M R AT i P A
TR, Cd2.540 B3 INJE R, £ Znl00KTF T, i

R3 Cd-ZnEGIERM AR, I
AR S EWmg g0
Table 3 Effect of Cd-Zn complex pollution on soluble sugar
content (W/mg g) in leaves and roots of K. candel seedlings

o THEZakE THECHE
)AL - Cd concentration in soil (W/mg kg'!
Zn concentration concentratio soil (W/mg kg'")
Part ; X
in soil (W/mg kg™') 0 2.5 50
[ 0 51.44+2.92¢  55.76+2.01° 61.16£9.37%®
Roots 100 68.25+8.21%  59.4242.47% 60.68+2.76
500 67.6444.94°  65.56£6.01® 56.95+6.91"
I 0 45.66+1.61%  49.11£1.64° 46.27+£3.46%
Leaves 100 43.06+3.39¢  48.98+1.89° 45.93+0.14%
500 47.58+1.07®  48.51:1.87%  47.04+1.46%
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P 2 Al —Cdab B BT, Zafb i AR 5 AT
TR IFAN 2 (P>0.05).

2.3 Cd. ZnEFAEX R, HAHSRSEEIN

AT LA, RASIMANE Zals], B2 Cdife B i34 i,

B . b R S R B, H 25 7 oR S B K (P>
0.05); MR EZnib T, Cd2.58 N ASBUR , il & e &
D, TCASOM) S 8 G N = Znb BT, B
TNACHR BE A3 i, AR L o il 2 1R 5 3.

R4 Cd-ZnEEEAMHAR, HHHESBRSEWmng g')
IR
Table 4 Effect of Cd-Zn complex pollution on proline content
(W/mg g in leaves and roots of K. candel seedlings

i R THCHRL
Zn concentration in Cd concentration in soil (w/mg kg™
Part soil (Wmg kg") 0 25 50

i 6.04+0.33<¢  6.23+0.66>  7.17+0.53%
Roots 100 6.05+£0.70¢¢  4.83+1.10¢  6.77+0.88"%

500 6.79+1.08%  7.83+1.28%  8.71+1.97¢
e 0 8.57+1.22%  8.76+2.14%  10.00+2.82%
Leaves 100 8.63£1.07*  8.00£1.04¢  11.02+1.78
500 9.5842.17%  10.0742.32* 12.67+1.01°

RIS INIMIECART, SMIE Znik B 1G58 IS RO AR | i
I 201 2 S B, H A 35 B B KO (P> 0.05); AIRHR B Ay
W HECAAL R, Zn100RY AT 2 2R & 529820, Zn500M]
LS WA I (P<<0.05).
24 Cd. ZnEGEXIFAR, HhEYER S SRR
ST LA Y, ARG IS IR A Znkb BT, Cd2.5
MY AT BORKHAR . i A DL & i ek, CdSOM) 3 B
SR, HrhZn100 - Cd50F1Zn100 - Cd2.57 F b 3L ] 22
135 (P<<0.05); i EEZnkb BT, BEE CA¥e B2 1S I, 4R
T AILER T S .
R5 CAd-ZnESEAX IR, HPENRSE
(b/umol g TN
Table 5 Effect of Cd-Zn complex pollution on organic acid
content (b/umol g") in leaves and roots of K. candel seedlings

. 7 e i +3ECHE Cd concentration in soil (W/mg
K tznikE t2 ke
part 20 concentration in g
soil (W/mg kg™) 0 2.5 50

W 0 5.65£0.99%®  471+£0.28 > 5.82+0.59 «®
Roots 100 5.12+0.33 * 4.32+0.19 ¢ 5.57+0.40®
500 5.69+0.25%®  599+0.51 ¢ 6.51+0.992

I 0 9.85+0.69* 9.21+1.54  10.03+0.86
Leaves 100 9.30+0.84 b 9.07+1.24 ¢ 11.78+1.86%
500 9.54+1.87%  976+1.77%  12.37+0.42°

TEAH Al Cave FE AL FLF, AMRAR M B2 Zn iy I A BOR A
BURR & 5 TR, i ik BE ZnW) S O & B39 n, b ACd2.50f
% S A 3% (Zn500 - Cd2.552Zn0- Cd2.5, Zn100 - Cd2.5% 57
R R, P<0.01); WA IMAMECARE, A Znjs iR A
HLIR 2 I WU 20 5 W IRk B CdAb BE R, Zn 10009 in A 53
A WL & B0 TR, ZnS0000) S B H A B g g 36 5 &
WP CAb IR, MR oA HLIER & B BE & Zofy IARTES .
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ne~is RAFSE R, B Cd, ZofY i A S ERONAR , ihal s
PR R A B3N, o] BERMON N E 4 )8 W E N —Fh R
Bl Z—. Cd-ZnEZ G AL BET, Bk 4 v vl v 1 2 1 B & =10
TN A5 AR 7 v G B Ak B s ) T RECd - Zn B A Ak BEAE ]
R B PSSR R 8 0y T S B TR .
3.2 Cd-ZnE&MB XA & AT ENE S 2RI

T 4 J A BT R T VA R A A D T A
F ISR B f SO A 7= s i sz B 25 58, ol 8 2 1 44
HTAE . TEE W TG S T B0, R ok R Ak T 4 e il 3
BEA—F AR B N . 4 R AL PR R A N S K R R, R
BRI RS AR R 8 8 DR AP i i e s2 405, 4k
SR B A AR, AR a0 AR 5T R, Cd. Zni— 4k
PR SOHGH A AR L o R AR S N, YRR s R
IR, AR S RN E—E R B T 4R A
R ESN. Cd-ZnE-S T, Zofghn AW 55 TCdXf MR
ORI AR R R E D, R Zn Xt Cal — R B A B AL
M. T ZEAR CAMk AL B R, Zaffy i A S SO ol 2 14
= CA¥k BEALFRTR, Zn P A S A Hf i FEAIR, 1BHCd - Zn
Z B EAE R AR TR 0 Cd. Znde B8 T 52020, i 5 vhal i35
WS B AR AL S AR AR TR S8 A — B, HEM AT RE T 4 )8 )
XA RO AR R G —E Em, REOLS Y
PTE IR | 43 | s i sZ BH e 21, BARHLEEAE ik — L Ao
3.3 Cd-ZnE&MBXT A4 E il SR & =R

I 22 R A R 35 385 VA4 0 o R4 R T 98 B W o, TR
TE ) 52 035 30 of (49 B2 T . B A 7K P B R W 2 7R (162.3
g L, 25 °C), &R EA S T /KA /Y $Hal B sk ks
RE 1, A BT RO R K Ty, X IR A R A AR S R OK AR
HH, R 2 509 U8 936 R4 A RS 0 T B, 2D 4 8 X
21 M JEE B 1 s A A, R R AR K TR A
A IR0, ARG gE R, B i Cd . Znkh B R GR
LT PN IR T e A B 2 4 VR A T R T I, A A
TR AN 5 UK, (R IELE b 52 8Pk, e i 4R
a0 B EE . TR R AN Zn (B Cd), AR ARl A R
RIS, ATYCH R E Zn (S Cd)RY A S Cd (8 Zn)k A=
WEHER, E—E R FEMed @zZn)MEEEER; Sk
AN Zn (BLCA)R N A 35 48 S RO R IR 19 & 2, TR
T W EZn (B CHIMAS 3R Cd (5K Zn) % 4 PhIF]
TEHT, 4B EEARIN, S50 5 87 9 52 R R
.
34 Cd-ZnEGMBXI A EEVER S ERZMN

AR E - REENEBEEARY, 22— — 1k £
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21 00 4 378 3 B,
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[RIVEH, AT 8038 K ah 1% P9 A ML A 43l DA 5% figt 4 )i O )

N

SR
4 75 i
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