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Abstract; Chlorophyll content in leaf, MDA, AsA, soluble protein contents and SOD and POD activities
in root tip and stem, Cd content in root, stem, cotyledon and leaf of mangrove Avicennia marina (Forsk.)
Vierh. of different treatment groups after single and combination stressed for 45 and 90 d with different
concentrations of cadmium ( Cd) (including 0, 25 and 150 mg - L™') and naphthalene ( Nap)
(including 0 and 10 mg - ') were comparatively analyzed by sand culture method. The results show
that when stressed for 45 d, Chla content in leaf, soluble protein content and SOD and POD activities in
root tip and leaf of Cd-Nap combination stress treatment group are mostly significantly higher than those of
single stress treatment group with the same concentration of Cd, Chlb content in leaf is significantly lower
than that of the latter, and Chla/Chlb ratio is significantly higher than that of the latter. When stressed
for 90 d, compared with single stress treatment group with the same concentration of Cd, there are
generally no significant differences in Chla, Chlb and total chlorophyll contents and Chla/Chlb ratio of
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leaf, MDA and AsA contents in root tip and leaf of Cd-Nap combination stress treatment group, while
soluble protein content and POD activity in root tip and leaf and SOD activity in root tip are all increased
significantly. After treated by Cd-Nap combination stress, Cd content in root, stem, cotyledon and leaf of
A. marina seedlings is generally higher than that of single stress treatment group with the same
concentration of Cd, and their differences are more and more obvious with prolonging of stress time. It is
suggested that under condition of Cd-Nap combination stress, Cd and Nap have a synergistic effect, with
prolonging of stress time and increasing of Cd concentration, damage of Cd-Nap combination stress to A.
marina seedlings enhances gradually and Cd-Nap combination stress can promote the accumulation of Cd

in different organs.
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Table 1 Ei
seedlings (X+SD)!

Effects of single and combination stresses of Cd and Nap on chlorophyll content in leaf of Avicennia marina ( Forsk.) Vierh.

Rb ¥ a]/d Cd ¥ fE/mg - L7 Nap ¥ /mg - L™

ufﬁ%/#\ﬁ/mg . g’l

Chlorophyll content

Treatment time Conc. of Cd Conc. of Nap Chla Chlb 3t Total Chla/Chlb
45 0 0 0.53+0.02b 0.27+0.01a 0.80+0.02b 1.94+0.01b
0 10 0.60+0.05a 0.19+0.02¢ 0.78+0.06b 3.18+0.26a
25 0 0.58+0.02a 0.30+0.01a 0.87+0.03a 1.96+0.01b
25 10 0.60+0.03a 0.19+0.01¢ 0.78+0.02b 3.22+0.31a
150 0 0.44+0.02c 0.22+0.01b 0.66+0.03c 2.00+0.01b
150 10 0.52+0.03b 0.17+0.02¢ 0.69+0.05¢ 3.19+0.29a
90 0 0 0.40+0.03ab 0.13+0.02a 0.53+0.05a 3.11+0.20b
0 10 0.41+0.02a 0.10+0.01b 0.50+0. 02ab 4.15+0. 14a
25 0 0.34+0.03b 0.09+0.01b 0.43+0.04b 3.88+0.12a
25 10 0.34+0.04b 0.09+0.02b 0.43+0.06b 3.81+0.43a
150 0 # # #
150 10 # # #

D ) 51 HpAS ] 19 /NG B 3 7 [] — Ak BB i) 4%k B 26 1] 22 55 1 2% (P <0. 05) Different small letters in the same column indicate the significant
difference among different treatment groups at the same treatment time ( P<0.05). #. FHFRAET Plant death.
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Ha Gl EST 150 mg - L'Cd-0 mg - L™ Nap 4k
PSR b E RN ELT 150 mg - L7'Cd-
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0 mg - L' Nap ZbH4], 25 mg - L' Cd-10 mg - L™
Nap b3 SRR SR B EMKT 25 mg - L' Cd-
0 mg+ L' Nap ZbFEZ 150 mg - L' Cd-10 mg - L™
Nap 40 FEZH 5 150 mg - L7'Cd—0 mg - L™' Nap ZbFRZH
R a R 22 A B3 (P>0.05) , MAh, Xt
Chla/Chlb fHF) M HTE5 R Bs . Cd 3o — P b 3 1
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AR e B Cd B — i ia b B4 Bk BB, 150
mg « L7'Cd o— & & A A 5 2R o 5%
b MM SRS EHM T IRARZER T,
HERLAFLLE 1 A s 90 d,0 mg - L™
Cd-10 mg + L™ Nap Ab3LI M43 o 5 HE0 = T4 1R
HESARE MR b &l F 0T X i, S st
R EmAL T X I H 22 5 K 53, Chla/Chlb {183
BT X 25 mg - L™ Cd=10 mg - L™ Nap AbFEZH
525 mg - L' Cd-0 mg - L' Nap AbHZHAYMH4EEK o,
M2 b KB SR T B IR T X B HrE
Chla/Chlb RS TR A HEZ S AR E, (H_H K
Chla/Chlb {E34 10 2 = T X, SR & B b8 B

[EIE , AR M R 4R 3R o PR b FLE
M2 R R R, 0 Chla/Chlb {HATE BT+ .
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- H A MDA Fll AsA S &AL Lk 2,

FR2A UL B A #1290 d, 25 mg - L7 Cd-
10 mg + L™ Nap ZbFRAA LRI A (1) MDA 5 &
525 mg + L™ Cd-0 mg - L™" Nap ZbFfiZH JC i % 2 57
(P>0.05) ,HE HE{LT 0 mg - L' Cd=10 mg - L™
Nap Zb¥E4 (P<0.05);25 mg - L™' Cd-10 mg - L'
Nap Ab # 4 R 22 F I J (1) AsA % &5 25 mg - L7
Cd-O mg - L' Nap Ab A b L FH 2 7, H Y5
0 mg -+ L' Cd-10 mg - L' Nap AbFHZH 25 5 B 35 ( P<
0.05) , Hr MRS AsA FEBGHFEI% 58.6% , M A
HAsA HRITHE 6. 5%, MK FFE,10 mg - L
Nap HL—AbHAFRARFINT - MDA Il AsA % 23
B T X BT 25 mg - L' Cd B 3f kb 314 K
25 mg + L' Cd-10 mg - L™ Nap & & ki kb FRL (R AR
42 MDA i 5x T % 22 5% (Hit 7 (1) MDA & it
I IR ARSI i) AsA 1 B3 B = T
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%2 Cd7# Nap BE—FREAMIE 90 d XA BELERKLFMF i MDA 1 AsA S ERIEIE(X+SD) Y
Table 2 Effects of single and combination stresses of Cd and Nap for 90 d on MDA and AsA contents in root tip and leaf of Avicennia marina

(Forsk.) Vierh. seedlings (X+SD)!

AR MDA & B/nmol - g

ARIEFBAL AsA /ﬁ\i/mg . g’l

Cd ¥ /mg « L7 Nap ¥ fZ/mg « L™ MDA content in different parts AsA content in different parts
Conc. of Cd Conc. of Nap
42 Root tip M H Leaf H342 Root tip HH Leaf
0 0 0.85+0.23b 2.95+0.24b 0.34+0.02¢ 0.89+0.02¢
0 10 4.86+0.32a 3.52+0. 10a 1.33+0.05a 0.93+0.01b
25 0 0.36+0. 17b 2.30+0.24¢ 0.55+0.03b 0.98+0.01ab
25 10 1.16+0. 84b 2.30+0. 17¢ 0.55+0.01b 0.99+0. 00a
150 0 # # # #
150 10 # # # #

O R bR [F ) /NG FhE R & A FR 4 A) 22 R 1 3 (P<0.05) Different small letters in the same column indicate the significant difference among

different treatment groups ( P<0.05). #: FEFRAET Plant death.
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Cd Al Nap B— K& A Wi 45 F190 d J& B HELh i
HRASFNI R rh ] k2 1 s S AR AR 3
23 WA WhaAbHE 45 d,25 mg - L' Cd-
10 mg -+ L™' Nap 1150 mg + L' Cd-10 mg - L' Nap
Ab FREH AR AR F I o T i R B R A T A
[l BE Y Cd B— i Ab B, Hor 150 mg - L7 Cd-
10 mg + L™ Nap Kb FRZH (AR PR it o] 35 1 2 1

JR R T 150 mg « L' Cd-0 mg - L7 AbFZ
(P<0.05), 73 54 5 & 4 5 40. 8% 1 15. 7% . Ui
H8,10 mg + L™ Nap H—Jhpie b B iy i Fy ] 5 PR 2R
P St e T AL A PR FOAR R T e B o %
A F, B LA AP RIS T T 2
I T R TR 150 mg - L7 Cd BA—Jhif ab B ZH
A A AL B it m e A R i R
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3R 3 AT LUE . i A0 3 90 d,25 mg - L' -
10 mg + L™" Nap 4bBEZH AR FI i R 14 W] ¥ P 2 1 5
GEEAR LB EHT 25 mg - L' Cd-0 mg - L'
Nap AbFRAL, HARYRFN I R (8 W] ¥ PR 2 1 o 5 & 0 i)
25 mg + L' Cd-0 mg + L™" Nap ZbBRZH4R 75 19.5%

#3 CdF Nap E—RESHEN B BESERLFM FPAF
EORABHOYM(X2SD)"

Table 3 Effects of single and combination stresses of Cd and Nap on
soluble protein content in root tip and leaf of Avicennia marina
(Forsk.) Vierh. seedlings (X+SD)"

RFE WRE/mg - L AR AT PR A 0 B i /mg - ¢!
5 [a] /d Concentration Soluble protein content in different parts
Treatment
time Cd Nap H24R Root tip M F Leaf
45 0 0 2.00+0.17d 12.52+0.20b
0 10 4.02+0.24b 14.55+1.00a
25 0 3.32+0.18¢ 13.90+0. 16a
25 10 3.73+0.26bc 14.42+0.54a
150 0 3.55+0.25bc 12.10+0.77b
150 10 5.00+0.44a 14.00+0.39a
90 0 0 3.30+0.09bc 12.25+0. 17b
0 10 2.95+0.11¢ 12.77+0.39ab
25 0 3.43+0.46b 12.26+0. 11b
25 10 4.10+0.05a 13.20+0.47a
150 0 # #
150 10 # #

D G AT Y /NG 5 3 [ — b B A (] 4% b B 4 ] 22 5 e 2
(P<0. 05) Different small letters in the same column indicate the
significant difference among different treatment groups at the same

treatment time (P<0.05). #; fHRSET: Plant death.
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2.1.4 AR R Aot i F SOD F= POD & M 49 % @
Cd 1 Nap B— K2 A Wil 45 F190 d J5 B L
HRFNH F- b SOD H1 POD i (1728 4k L35 4

24 "TLLAE S  WHaAbFE 45 d,25 mg - L' Cd-
10 mg « L™ Nap 4b # 20 #2 42 Fl it 1 SOD 1 Py
WEET 25 mg - L' Cd-0 mg - L™ Nap ZbFHZH (P<
0.05) ;150 mg - L'Cd=10 mg - L' Nap AbBRZIHRZ
) SOD it @& H T 150 mg - L' Cd—=0 mg - L™ Nap
LB L0 Y SOD I AU ES = T e A H K
B 2ZHAEE(P>0.05), WALt 90 d,25 mg « L™
Cd-10 mg + L' Nap AL L ARZRAY SOD 5 MEAS B 2
BT 25 mg » L' Cd=0 mg - L' Nap 4bFHZH  {HIHM: H
{1y SOD 1% M1 . Z MK F 25 mg - L' Cd-0 mg - L'
Nap ZbBHZH , SR &, Z 5 B R R T i1
SOD ¥ M TXF A

3R 4 BT LUA i ia b3 45 d,25 mg - L
Cd-10 mg « 17" Nap ZbHRZHARIR Y POD 16 PE B 3 5
F25mg - L' Cd-0 mg - L™ Nap 4b BR 4 | 1 He i A

%4 Cd# Nap 82—R & &EHExEBEL SR A & SOD 1 POD & M 208 (X+SD) !

Table 4 Effects of single and combination stresses of Cd and Nap on SOD and POD activities in root tip and leaf of Avicennia marina (Forsk.)
Vierh. seedlings (X+SD)"V

RIEHSAL SOD iE /U - ¢!

SOD activity in different parts

ARFAL POD #§#E/U - ¢! - min™!
POD activity in different parts

Ab A [E]/d Cd #ef%/mg - L™' Nap #J%/mg - L7

Treatment time Conc. of Cd Conc. of Nap
H34:2 Root tip I H Leaf HRZR Root tip H Leaf
45 0 46.54+3.24e 192.27+7.38b 94.67+2.47e 210.59+6.25¢
10 95.96+0.67b 176.24+5.22¢ 163.89+15.06d 307.74£10.71a
25 0 64.54+1.27d 164.75+5.34¢ 153.44+12.19d 291.93+4.52ab
25 10 74.14+3.02¢ 209.03+7.48a 246.87+6.02¢ 292.65+9.41ab
150 0 68.49+4.08cd 213.49+13.18a 276.88+5.03b 205.17+13.56¢
150 10 109.15+8.28a 217.24+5.37a 447.51+24.69a 285.69+13.48b
90 0 0 85.73+3.91b 212.73+2.88b 120.05+7. 82¢ 188.07+8. 18¢
0 10 78.85+1.89b 217.41+10.64b 116.08+3.25¢ 208.59+5.82b
25 0 84.76+8.89b 239.26+6.60a 170.54+11.51b 216.02+12.50b
25 10 101.30+2. 88a 218.48+7.43b 195.77+5.68a 245.65+11.66a
150 0 # # # #
150 10 # # # #

D )51 oS 5] 1 /NG B 2 7S (] — Ak B B ) 44 &b B 2 (] 22 55 2 2% (P <0. 05) Different small letters in the same column indicate the significant
difference among different treatment groups at the same treatment time ( P<0.05). #: fHFRFETS Plant death.
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() POD 3% P4 AL 75 F 25 mg - L™ Cd=0 mg - L'
Nap Ab3ZH H = Z [0 JC i 3 25 55150 mg - L™ Cd-
10 mg « L™ Nap ZbBRAIRRIFNI Fr ( POD 1 74 3 ik
FE T 150 mg - L7'Cd=0 mg - L™ Nap ZbFR4H, i
AEF 90 d,25 mg + L' Cd-10 mg + L™ Nap kb FRAIAR
I FT: Fr B POD 1 4 ¥ i 2 & T 25 mg - L™ Cd-
0 mg - L™ Nap ZbHHZH , 5XF AR L, 48 K 2 Hib 31
ARSI F (8 POD 35 P44 85 T I

B3 N ] A, B R AT AR AR R 71 SOD
T ER BT, AR A Fr i POD 3 4 0] 4 4
R,

2.2 CdfINap E—RESHEBEXNEATEHEHRR
MItF & Cd E=2M T

2 AR M BE Cd Al Nap H— K& A Wria 45 Fi
90 d J5 I SEAE AR 4 B (A5 25 7 ik Fet
AW Cd FaILESs,

265 Al L. a4 3 45 d,25 mg - L' Cd-10
mg - L' Nap F11 150 mg + L™'Cd=10 mg - L™" Nap AZbFH
MM Cd & 534 0w TAHRNEE Cd B— A
ALFRL (P<0.05) , Hiff )25 mg - L™ Cd=10 mg - L™
Nap ZbHLHARF Cd & 8325 mg - L' Cd B—ria
AbFRLAIE NN 157.9% |, 1fii 150 mg - L' Cd—10 mg - L™
Nap AbFRZHAR H Cd & &AL 150 mg - L' Cd F—J
AL BRI 18.4% , Wil 4b FE90 d,25 mg - L7

Cd-10 mg « L' Nap 2B Cd FHEBE ST
25 mg + L™ Cd Sp— e b HRAL BE IR N 7. 8%

AL EE 45 d,25 mg - L' Cd-10 mg + L' Nap
1150 mg + L7'Cd-10 mg - L' Nap AbBHA 2L 1% Cd
Erim AR R B Cd B — 3 W an A BRA, 43 5
P& 37.2% 1 27. 6% , Wi Ab 3 90 d,25 mg - L7
Cd-10 mg « L' Nap ZbFHA X Cd HHREE ST
25 mg + L™ Cd Sp—Hpie b B4 B4R N 77. 4%

i Ab B 45 d,25 mg - L' Cd-10 mg + L' Nap
WP F M Cd R E S T 25 mg - L7 Cd HR
— A RbFRL 3G IE K 93. 6% ;1 150 mg -+ L' Cd-10
mg - L Nap ACBRAH TP Cd & B 150 mg - L7t
Cd F—Jppie b R 2H 25 AR, B 0R N 14. 2%, il
AbHE 90 d,25 mg + L' Cd=10 mg + L™ Nap AbBE4H T
My Cd SR EE T 25 mg - L' Cd Ba—Jihin kb
FREH  HEIRIA 189.0% .

i b P 45 d,25 mg - L' Cd-10 mg - L™ Nap
1150 mg - L' Cd—10 mg - L™ Nap &b HRZH i 1y
Cd 7 AN o TAH R M Cd Pr— Bpae b B ; Wy ae
AL 90 d,25 mg + L' Cd=10 mg + L™ Nap &b B4 0t
Ao cd S EPERT 25 mg - L' Cd-0 mg - L™
Nap AZbHZH | #4105 4 109. 6% .

BE M I (R EAC , HESREL AR  2E TRt
HRY Cd B SR 3 R

R5 L CdfNap B—REARHE4S 90 d FEHBEHNEAFREN Cd SELLE (XxSD)"
Table 5 Comparison on Cd content in different organs of Avicennia marina ( Forsk.) Vierh. seedlings after single and combination stresses of Cd

and Nap for 45 and 90 d (X=SD)"!

Ak 38 ]/ d Cd¥)J¥/mg - L' Nap /¥ /mg - L

Z:IE]%%IE"‘FE/‘J Cd /ﬁ\%/;xg . g’l

Cd content in different organs

Treatment time Conc. of Cd Conc. of Nap R Root 2% Stem Fit Cotyledon I Leaf

45 0 0 - - - -
0 10 - - - -

25 0 27.22+4.61d 3.82+0.20b 1.57+0.09d 0.95+0.13b

25 10 70.19+18.61c 5.24x1.33b 3.04x0.38¢ 0.98=+0.22b

150 0 109.41+5.35b 17.21+0.23a 8.80+0.45a 1.80+0. 13a

150 10 129.53+5.43a 21.96+5.04a 7.55+0.61b 2.07+0.40a
90 0 0 - - - -
0 10 - - - -

25 0 91.10+2.97b 3.37+0.26b 10.44+2. 43 6.53+0.99b

25 10 98.21+4.12a 5.98+0.61a 30.17+5.76a% 13.69+0.90a
150 0 # # # #
150 10 # # # #

O[] 51 o AS ] 14 /N B 6 7 (] — Ak B ) 4% 4k B2 ] 22 55 2 2% (P <0. 05 ) Different small letters in the same column indicate the significant
difference among different treatment groups at the same treatment time (P<0.05). —. AK:H Undetected ; #: FEHFRFETS Plant death.
2 BEREE S Y5 B 7 The sample tested is withered cotyledon.
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HHOCHF IR 25 22 R 2T IR R S
TR R (ABA) , T8 P g 4 R S = T
R AR SIS 25 SRl LI H . 5 X0 mg - L' Cd-
0 mg - L' Nap) fH b, 7E A SL 5 #2 ' Nap 52—
EYIRENS RS AT R PR R o R
SRR b AL, SRR S SR F b
i N % {H Chla/Chlb {8 .25 T, X —BFRE SR 5 9D
TS AT Tomar 5200 () AH G BIF 5% 45 SR AH AL, T
Chla/Chlb T E ULIA 5 PS T YAk 2 52 W 850R A0 56
(AR AR AR 0

TCIE I 22 IR 05 340 S T 4 J #1002 ol 90 4 i v
BRI, ABESE T, riE AR BE 90 d,25 mg - L7
Cd-10 mg - L™" Nap & & Wit b BRI FN I F7 (1)
MDA 445 25 mg » L' Cd Bo— i b FHZH JC i 3
ZSHEE G ERT 10 mg - L™ Nap B—pa A B4
X5 Sun Y AR IT A5 R R [E] R, R
I AR AR B 2 Fhbe S Ak 3R Ge s B R a0 7 AR
(A3 AR (ROS ), DT B B8 977 L 40 40 L ) 95
o AsA JEAEY) 1A N 8 3k A7 7E (10— Fh AR AR 28 504
fRF), AT DL HEE R 0, H,0, F1 -OH 2834 A i
F . JPHEALEE 90 d, 4% Cd Ml Nap #— K& A Wrid &b
FRAL BT AR RN R P Y AsA SR R EE
TXT R UL Cd Fl Nap 5 — 524 W30 47T 75 &
HIEAR N AR BRSSP AL R G, DL 38 BR5E 1 1
=

132 B4 @0 5 A A £ P A M 2
R(POFELEBEGZREEND, H TSR G
RN O g o N1 (O g DO R 7R NS ]
SO0 R R O o A A R W Y
bz —, SAHFHRE Cd SB—hatHil 76 Cd F
Nap &AWl 2508 T F B SRR Mt 5 al i & A
Jo R A I K, X AR E FHBE Cd a6 e B T
Fp A B[R] I T 5, X — R R B 5 E 4 B M
AN AR G R (PC) FEEIRE G
ZIKSE A C, MAFRANR

5 Cd B—aMa e, 2 Cd F1 Nap A HHAJE A
HIEL R SOD I POD 1 PER BT, 285
AEFRA A R SOD Al POD 3% Pt A s Hor, i
F SOD J Y K R B Cd 30 v E T s A 38 5k 1)

FEAR T/, R POD {6 P % 14 1 0 Bl Cd 38 e JiE
PANCE S ER N RIS TS SN R o S B N S R =g
S R A2 R LU AR B (5 SOk R ) L AR
Cd F1 Nap &G M3 255, BE PN 0 9 B2 04 T m Fb
JE N ) (R SEE A 1R SRR R 52 B Y 3 S A 1 3 B
H BT A SOD il Y TR 2 58 52 B, I il
I B SOD i 3 W T [, 1 POD i 4 4 i 1%
KATBES A8 /5 sl POD A5 34 Bl i S fk 1 5
i R (B A R

5 Cd Bo—ha A L, Cd RIEE (Pyr) &4 Wid g
% I 2 $2 = B A ( Kandelia obovata Sheue, H. Y.
Liu et J. Yong) MR Cd & &5 iRk 19 cd M
PAHs & & il 38 . 68 4% £ {8 AT .0 % ® (Juncus Linn.)
i) J. subsecundus N. A. Wakef. £ %8 H BT L1
Cd JLED , ABFFEh, 78 Cd Al Nap & 45 a0 4
THEESSE DN Cd SR EEA A T AR R
Cd B3t AR BREH | ELIF36 I )R Cd 5
LA Nap REAS R = I BHHEAN AR 28 70 S vk
Cd 1) RFGE 7 Hs R0 BERT 8] SE K T3S 58 . Wang
U PAHSs RESD IR PIAR IR T A MA B I 1A T B,
FHARRFORARFI T IMA T Cd B E T, T {4
Wkt Cd AWRICRESE N, SR, VB2 SRR i A
KA FELE R Nap REGE IS A1) 1% 240 W J525 7k, 9%
BEHEMIAE Cd A1 Nap &8 Z4E T, HF Nap A7
SATARI E A RE % 5 H 5 35 i AR A0 B b O AR
TR AL R 1 K, Bl Cd BB A E A AR B R
ML S A REASE D Cd W& s B, B Cd F
Nap &4 8 B9 BARAE AL S i it — 2B IR AW

SE Lk
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