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Pk 2 WiKBiE 3 N EE, 5 RIEH 10h, Y38 3000lx (S5 B & B R T IR A
WA RE 70%—80%: TR HBEMEB/MTERTAIH 30.5L2.9CTHM 22.5+2. 6T
A 12 HEg#) 555080 70d,

1.3 BESRAREENAY AT

EEESEN X B REHETES) G 4 M EE, S HEMNERKES,0CHT
(PP L ICCHFEE.FE. U RREYE). BERHGEDHRERT s0 BR £,
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FIMA R HESRSEN LS, E-XtBRFME R 3 MR, Hidw
SHBENEHHREUAHRESTTRELE 5.

EWRFILEMBEREEASHBEREMH AT AHNAERR 1R 2. 7 50mg/L
MUTFAHEE KR ER S AL TEE 2R 55 somg/kg BB XM RERHATHH
o 86. 7M St R B AT AT EITE 100% . R 50me/kg U THKEMN D HFHHAL L
E3-

ELEEREFSEE 100mg/kg TS EBEKE L 100mg/L Y L FrEHRHAEEM
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1. 3%B KBRS —0t, SuiEdal, 118 100me/kg AFFERAIZEFMRE - .E
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Table 1  Effect on germination of Kandelie candef seedlings trealed with Cd in soil culture

F—rrEF Ho_uWMEF
1-3:8: 4 3t # % Germination ) First pair of leaves Second pair of leaves
Trearment ﬁ;m;::unt utfurled from stem unfurled from stem
of plants
(mg/L] [ ) a
(0 B Timerdy  DEECD gy BEROO ey TR
Percentage Percentage Percentage
0LCKD 15 14+5 100 2345 100 37+45 100
25 15 Z1+4 100 2d-+4 1G0 39x3 10¢
dq
50 15 194 100 2314 100 243 86. 7
tn=131
100 " 14 25+5 100 d0+5 100 0
264 32+ 3
200 13 (a=12) 800 (n—10) 66. 7 v

28+0 150
0g T .7 n
4 13 (n=1) 8 (n=1> 6
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Talle 2 Effeet on germination of Kendelia candel seedlings treated with Cd in sand culture
Py BB B R
R p B ¥ Germinaton First pair of leavas Second pair of leaves
Treatment Rr;::unl a unfurled from stem unfurled from stem
ants
{mg/L) 428! %1 (%
{n) B (E] Timetd) BB B4 B Timeld) BB BfME Time(d) B R
Percentage Percentage Percentage
0CCKD 15 20+ 4 100 25+4 1¢0 35+4 100
0. 25 13 18t5 1G0 25445 100 46 100
2.5 15 19t 4 100 25+4 1¢0 M4 100
25 15 17L5 100 24+5 1¢0 13+7 100
50 13 17+4 1G0 267 100 34k5 100
337 4u+2
c 00 s ¥
100 15 245 1 (n=14) 93. 3 ta=1) 13. 3
2614 o6
] . T X
200 15 (a—13) 31 tn=£) 0. ¢ ]
C40p 15 2744 26. T sxl 13.¢ 4]
(n=4) i (n=12) )

2.1.2 RWAHBEERABEWE MEZWMEENRZETAREMBRNISEEKARALE. T
F4EMREZPIEHF 70d AT B ER EYWR MR EHEILHEIZ R WA 1.30d K 70d 2h# &
ERETEARE 2 AESTR, REREANEEREEZWHBRELAR. FLELM4T R
W 25mg/kg U T HEEMBMREERKEAZRW, {HKEE somg/kg KL E.FHEY
BE MR HE ) 199 00T B . 4 SOmg kg MR HE £H 48 7R S 40 RO 8 B A K BRI W HE 25mig kg ZH FEAIR

22. 562501 25. 08%.

TEDIERAF T, 0. 25me/L WEAHEKEMEMBEEERKBERZF R

MR 2 5mg/L UL FRESRBEHLEEREMNERT PR ETHERVIEHREEHE
ERB. ST EMREMENSEERBHT T LT SRR 45 50mg/kg A LFED
K 25mg/L W L ab B SRR A E R XA TR E FAKF(p<C0.01);HL 3 25mg/kg,
BhEE 2.5,0. 25mg /L 4R BH4H SARN AT A ZER A HF (p>0.05),
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Fig. 1 Ekfect of different Od treatments on biomass of

K. iandci seedlings for 70 days
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Fig- 2 Effect of diiferent Cd treatments on height of

K. eandel seedlings
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BHAE B X MRS T @A 012, LABH 5 L R sk AR s ar oy Sk
H#REA T, L BEEREN 0.01—0. 70mg/kg'”. EHE T RESHASBAIBREN
I L M ECER EE TR, AKXk ARt 2 R E 50mg ke, X — R
s T s R, R AR AR T R BO0R L R — HERIF M RS e .
@A NHEEEARAABEERIA LR RATHROMMEEMHA . R EHC, W
HERDAR . ZHEVWIRAKME HEHS . ERE.REENE. AR EH . RETE
IR EEE AR EMET.
2.2 Hiwimay BLRE ik
2.2.1 BMENEERRASZENATE TREIERDE . YRGS ERETNRERALEERE
BN R IR O . SR ERMBREEY . BA>BEH>E>H. HPRETENHE
flaS T 2. 6—456 £, LR BR-—FHEE  RBTRELEREE S RALEFEELN. #
HIF AR T DEHERE TR LS, S EEERX.
X1 URIGESERERERXER

Table 3 The relalion between the contents of Cd in seedlings and their injury in sand culture

It H: % 05 4 5 B (g /g) THE TKm zELA
LY 3 Cd content in {raction THE ETH et [E KR
Treatment Piomask  Height Injury Growth state
(mg/L} ot = BE: 5 #® :34 decline  decline  start ume r :
Leul Stem  Hypocotyl  Roat Flant (343 (43 cdy
0CK> ¢. 246 0. 372 1. 006 2. 545 0. 973 IE# Normal
D. 25 C. 543 1- 420 3. 403 45. 497 5. 110 +0¢ 26 ~—1.40 IF# Normal
s Sl
2.9 0. 915 1. 615 8. 261 53B8. 740 24.648 —35.7% —14.50 73] (R Slow
growth
65d [hed aft
25 5.542  6.G648  34.437 2045.988 146.475 —16.68 —28.08 3B LT Dhed after
growing for 63 days
S4d Thed af
50 11.787  11.601  115.436 3542.046 256.165 —35.21 —40.32 26 LT Died aftec
grow.ng for 54 days
100 13.552  20.765 440649 S5828. 718 515.402 —78.05 —73.99 1a A3 FEL Died afrer
growing for 45 days
38d = Dhed al
200 15.431  49.019 907, 821 8863. 399 949 098 —§0.08 —83.57 8 it 1ect alter
grow.ng Tor 18 days
¥4 ITHRHOHBEERERENXER
Table 4 The relalion belween the contents of Cd jo seedlings and their Injury in seil culture
B ANES B Ge/e) EHE ERR xEad
Lty Cd content 1n fraction TR HTEE Al AR
Treatment Biomass  Height Tnury Growth state
{mg /L) ot £ AL #® %t dechine deeline  start time “
Leaf Stem Hypocotyl  Root Plant (vg) ) ()
a{CK ) 0.184 ¢, 260 0. 585 1- 761 0. 560 1E# MNormal
25 1. 278 1. 857 5. 625 213.992 27.1348 +1.61 +0.80C IE # Normal
# Sl
50 2. 406 3-218 §.872 259.4933 30.474 —15. 54 —25.02 52 & KRR Slow
growth
62d FE 1= Dned after
166 5. 741 5. 180 14. 609 312. 500 35-416 —45.18 —66-53 15 ,
growing for 62 days
d6d FE 1= Thed aflter
200 10.523 14. 594 18%. 448 4B4.273 1%5. 764 —75.38 —484.51 o

growing for 46 days
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TEH M2 HA L5 50meg/ke FIEbHE 25mg/L M L& 4B MRKSEAE . KT

MR AXEZELAMEAFZRE, ZFATEARTEENENHEOERNTERE S — B
ZEREMUAENRBREEEE SR EHn. HEHSEEFSRIEEEFmERt
B 2IEH .
2.2.2 ShEXEOHEHE HPHSE SR A S E LR (Upper critical level) 8
BY, ISt HYwHEREEATHERE TEFAEEY Y YRR TR, et 1 8%
FE S AR S REN Y E Y. A7 AR BENISEL A AN
HEEE.FRAEHE TR 25 L8k NE S & SHRED W E P90 v i 7k
B,

MEATPEY L WEYE Y 25mg/kg. $E3F 70d MEIHT . IR & BiX 214ue/g MR T
HERE RN 27 24pg/e, X BB HY 4 FEXEEEERBEN ASE LS BAH E T H
BEF, FEIESEIL SOme/kg B AT EHRE EiX 260ug /g MERSEH 30. 47eg/g BT
FTER 46 15 EME L ATBTRE 19. 5% JREIGFKHE., RE—%F "HIET 3a trREHPER
TR 32 e R B — AR AE 2—17ug/g Z 18], TR A Fh S M im0 25 v] 1K 35—47ug/g. Ho
PELG A AR AN B 4R, E B AR A AT R BB AT k.

BRAaRTmAEHES HAEP S SM4E3C. Bella Y08 AR BHE S X H -2 B Y
HERTEFREERESHISAEIR. Walsh FPNREIH TLARBEYRAD N A TR
B RREEALAE, Al AR E e Rt B2 IR R AERETLILLFE AT SHL
H.ATHE EHEERETESNERVDERE S BRTEES FHEME: A4 HE+
TEAFES HESLHUFENS IR R OtlEEHRratREeBREANELE 7
HHEMENEE. B aWfsRkadanmWER S KT ERAMERR,

*5 REKTHRERIEMEHEIT® 2.3 WEHWFEEMWESET
Table 5§ Y¥ariation of ratios of Cd contenls in root and that in other BHEHEMSEEmEITEREMR/H
organs (R/L) HR/ZE(R/S).H/HREH (R/FD)
:1:3: 4 San?l:tﬁlure Soﬂj:c:ﬁ.ure ${Rﬁﬂ%TﬁE%ﬁﬁ%{$m&{]Eg
Treatment Mo, R AT Lt E
tmg/LJ R/L  R!S  R/H R/L R/S R/H

St BTy R AIFAE. [F—
(KD 10.75 711  2.64 957 677 101 WHEHEABRR SRS . X . LHE

Cuontraol

0. 25 70.76  32.04  13.37 TRMLEXZARES. HRSFH,
2.5 588.79 333.58 65.21 EEVNRFEHP.DITERERKT
25 165.18 307.76 504} 167,44 115.24 3B 04 2. 5mg/L #. + ¥ F 25mg/ke
50 300.50 305.32 30.41 108.04 8078 20. 30 ;
100 2BO.70  13.17 54.43 61.04 21.3% BRI M E R R R/L.R/S -
200 180,83  9.76 46.02 3313 2.56 R/H BEFETIMmMes 3 L RHAE
R Reot,L:Leaf, 5. stem ,H . Hyporoivl _%mEF.ﬁ%Eﬁgﬁmﬁ*ﬁ]TE

B, ARG T Teas JiREM R IR R AL FRXES B FE ., EehiF
2. 5mg/L. 13 25mg /keg WA K HREEE B RACE . #a R AL, K EE2F—TREHR,
OB T 4@ A AR BRAEXH IS I, XA RE S i M S RS IR T 2 A5 3 F
TR, B X H . AT ER AW Z I 2. dmeg/L ML 5% 26mg/kg iR A%
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KARER . HXTFHEREH B 25meg/L f1 145 50me/kg L BB F 4 BEA, i Z EE
WEE ZEEZEMRES R/L.R/S.R/H BETENEREMNME. XFWT R/L.R/S,
R/H TREHYEZE ERZHEMEXE.

PG HHERRE - EEREGT AAERERE . KM BEZAHF TR R/L.
R/S\R/H WEGEFEESHE TR . AHYEET BAGAR IR MM &N
30. 47pe/g) P AR A TRAT PR T 32 e Bk B FHIL A B 5 AW R T FE 25 56 R HE S 20T
e SR BER R F R I LIRS T AN 2 EVIE KR . 2 MRl . B3 il X & it
ERRRE IR —.
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STUDY ON THE TOLERANCE OF KANDELIA CANDEL
MANGROVE SEEDLINGS TO CADMIUM

Zheng Fengzhong Lin Peng Zheng Wenjiao

{ Research Center for Environmental Science . Xiamen University . Xiamer ,361005)

Seedlings of Kandelia candel mangrove were treated with different concentrations of Cd
in s0il culture and sand culture under the same conditions, The results show that the treat-
ment with Cd at a level of 100 mg/kg has a significantly inhibitive effect on the germination
of the seedlings.with the second pair of cotyledons germinated at a rate of below 13.3%.1In

the stage of seedling growth.the seedlings growing in a sand culture treated with 25 mg/L of
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Cd were heavily injured, with an average content of 146. 43ug Cd/g tissue, and died after
growing for 65 days. The seedlings growing in a soil culture treated with 25 mg/kg of Cd
were normal to grow.with an average content of 27. 24ug Cd/g tissue.and those treated with
up to 50 mg/kg of Cd had a significantly innibited growth. with an average content of
30. 47ug Cd/g tissue,and the biomass and beight reduced by 19. 54% and 25. 02 %, respec-
tively ,relative to control. This indicates that the level of cadmium accumulated in the plant is
one of the main factors inhibiting the growth of the seedlings. As compared with other terres-
trial xylophyta,X. cande! is a plant resistant to a higher Cd pollution. Based on the ratio of
Cd level in the roots to that in other organs of the seedlings.the critical value of Cd in tissue
that the seedlings growing in a soil culture can tolerate was determined to be about 30 ug

Cd/g ussue.

Key words :Mangrove . Kandelia candel ,cadmium..tolerance.
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