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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 contentin 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 * L™") 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  Effects of single and combination stresses of Cd and Nap on chlorophyll content in leaf of Avicennia marina ( Forsk) Vierh.
seedlings (X = SD) Y

/d cd /mg L' Nap Jmg + 1! /mg * g="  Chlorophyll content
Treatment time Cone. of Cd Conc. of Nap Chl Culb T Chla/Chlb
a otal

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 £0.01c 0.78 £0.02b 3.22+£0.31a
150 0 0.44 +0.02¢ 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 # # # #

b (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) . #: Plant death.
1 ; 45d Omg+ L' Cd - a cd
10 mg * L™ Nap a b Cd
(0Omg+L"'Cd-0 mg* L "Nap) (P <0.05) 150 mg * L™'Cd =10 mg * L.™" Nap
b a 150 mg * L7'Cd -0 mg « L'

o Gd  Nap Nap b 150 mg



L7'Cd -0 mg+ L' Nap - 25mge-L'Cd-10 a- b
mg * L~" Nap 25 mg Chla/Chlb o
*L'Cd-0mg-+ L' Nap 150 mg+L7'Cd- 2.1.2 MDA  AsA
10 mg * L™ Nap 150 mg * L™'Cd =0 mg * Cd  Nap 90 d
L~" Nap (P >0. MDA  AsA 2,
05) - Chla/Chlb : Cd 2 : 90d 25 mg- L' Cd-
Chla/Chlb Cd - Nap 10 mg * L' Nap MDA
Chla/Chlb Nap 25mg+ L' Cd-0 mg+ L' Nap
Cd — Nap Chla/Chlb (P>0.05) Omge*L™"Cd-10 mg
Cd o L~" Nap (P<0.05);25mg*L"' Cd-10 mg *
150 mg « L' Cd a- L~" Nap AsA 25 mg °
b o L™ Cd - 0 mg . L™ Nap
1 . 90 dO0mg-+L™" Omge+L""Cd-10
Cd -10 mg * ™" Nap a mg * L™ Nap (P<0.05)
b AsA 58. 6% AsA
Chla/Chlb 6.5% 10 mg * L™" Nap
; 25mg+L"Cd-10 mg+ L™" Nap 25 MDA  AsA
mg* L' Cd-0mg+ L' Nap a- 25mg+ L' Cd 25 mg L' Cd-
b Chla/ 10 mg * L' Nap MDA
Chlb Chla/Chlb MDA
o AsA o
2 Cd Nap 90 d MDA  AsA (X=SD)"

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) "

MDA /nmol + g~ ! AsA /mg g~
Cd /mg+ L7 Nap /mg+ L~ MDA content in different parts AsA content in different parts
Conc. of Cd Conc. of Nap
Root tip Leaf Root tip 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 +£0.24c¢ 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 # # # #
h (P <0.05) Different small letters in the same column indicate the significant difference among
different treatment groups ( P <0.05) . #: Plant death.
2.1.3 150 mg * L™'Cd =0 mg *
Cd  Nap 45 90 d L™ (P <0.05) 40.8% 15.
3, 7% o 10 mg * L' Nap
3 : 45d 25 mg+ L7' Cd
~-10mg+L"Nap 150 mg+L'Cd-10 mg=+ L™ o
Nap 150 mg » L™'Cd
Cd 150 mg

L7'Cd-10 mg * L™" Nap o
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3 ; 90 d25mge+L" -10 7.7% o
mg * L™ Nap ;10 mg * L™" Nap
25mg+L™" Cd-0mg+L"" Nap o
25 mg *
L'Cd-0mg+L™" Nap 19.5%
3 Gd Nap 2.1.4 SOD  POD Cd
(X+SD)"
Table 3 Effects of single and combination stresses of Cd and Nap on Nap 45 90 d
soluble protein content in root tip and leaf of Avicennia marina ( Forsk)
Vierh. seedlings (X +SD) " SOD  POD 4o
i i 4 ; 45d25mg+ L7 Cd-
/mg+ L7} /mg+g”!
/d Concentration Soluble protein content in different parts 10 mg ° Lil Nap SOD
Treatment
ti:ne t Cd Nap Root tip Leaf 25 mg © L_l Cd -0 mg ° L_I Nap (P <0.
45 0 0 2.00£0.17d 12.52 0.20b 05);150 mg * L™'Cd ~10 mg * L™" Nap
0 10 4.02 +0.24b 14.55 £1.00a SOD 150 mg * L™'Cd =0 mg * L' Nap
25 0 3.32 £0.18¢ 13.90 +0. 16a SOD
25 10 3.73 £0.26bc 14.42 £0.54a 0
150 0 3.55 +0.25he 12.10 £0.77b (P>0.05) 90 d 25 mg L~ Cd-10
150 10 5.00 £0.44a 14.00 £0.39a mg * L.™' Nap SOD 25 mg
%0 0 0 3.30 £0.09bc 12.25 +0.17b *L7"Cd-0mg+L™" Nap SOD
0 10 2.95 0. 11c 12.77 £0.39ab 25 mg * L—l Cd -0 mg * L—l Ndp .
25 0 3.43 +0.46b 12.26 £0.11b
25 10 4.10 +0.05a 13.20 +0.47a SOD
150 0 # # o
150 10 # # 4 ; 45d25mg- L' Cd
) (p<o.  —10mg+L™" Nap POD 25

05) Different small letters in the same column indicate the significant
difference among different treatment groups at the same treatment time ( P
<0.05). # Plant death.

4 Cd Nap

SOD POD

mg* L' Cd-0mg=*L"" Nap

(X£SD)"Y

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

1

SOD /U-g! POD JU*g™! «min~
/d Cd /mg+L~"  Nap /mg L SOD activity in different parts POD activity in different parts
Treatment time Conc. of Cd Conc. of Nap
Root tip Leaf Root tip Leaf
45 0 0 46.54 £3.24e 192.27 +7.38b 94.67 £2.47e 210.59 £6.25¢
0 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. 34c 153.44 £12.19d 291.93 +4.52ab
25 10 74.14 +£3.02¢ 209.03 +7.48a 246.87 £6.02c 292.65 £9.4lab
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
20 0 0 85.73 +3.91b 212.73 £2.88b 120.05 +7.82¢ 188.07 +8.18c
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 # # # #

)

(P <0.05) Different small letters in the same column indicate the significant difference
Plant death.

among different treatment groups at the same treatment time ( P <0.05) . #:
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3
POD 25mg L' Cd-Omg*L'Nap Cd-10mg+L™" Nap 25
1150mg *L7'Cd-10 mg mg-*L™"' Cd 7.8% o
* L™ Nap 45d25mg L' Cd-10 mg * L' Nap
150 mg * L7'Cd -0 mg * L™ Nap 9 150 mg* L 'Cd-10mg L' Nap Cd
d25 mg+ L' Cd-10 mg + L™ Nap Cd 37.

POD BmgeL'Cd- 2% 27.6%. 90d25mgeL™"' Cd-10 mg *
0 mg * L' Nap o L' Nap Cd 25mg L' Cd
POD 77.4% -
SOD 45d25mg L' Cd-10 mg * L' Nap
Cd 25 mg L' Cd
o 93.6%; 150 mg * L7'Cd —10 mg *
2.2 Cd Nap L' Nap Cd 150 mg « L™'Cd
Cd 14.2% - 90 d
Cd  Nap 45 90 25mgeL™'Cd-10 mg+ L' Nap Cd
d ( ) 25 mg+ L' Cd
Cd 5. 189.0%
5 ; 45d 25 mg+ L' Cd-10 mg 45d25mg L' Cd-10 mg * L' Nap
*L™"Nap 150 mg*L'Cd—-10 mg+ L™ Nap 150 mg * L™'Cd =10 mg * L' Nap Cd
Cd Cd Cd 90
(P<0.05) 25mg L' Cd-10 mg * L' Nap d25mge*L™"' Cd-10 mg * L™" Nap Cd
Cd 25 mg* L7 Cd 25mg L™ Cd-0mg*L" Nap
157.9% 150 mg * L™'Cd =10 mg * L' Nap 109.6%
Cd 150 mg + L' Cd
18. 4% - 90 d 25 mg- L™ o
5 Cd Nap 45 9%0d cd (XsD)"

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) V

/d cd /mg+ L /mg+ L~ Cd /ug*g™"  Cd content in different organs
Treatment time Conc. of Cd Conc. of Nap Root Stem Cotyledon 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 5.24£1.33b 3.04 £0.38¢ 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 £0.26h 10.44 +2.43b% 6.53 £0.9b

25 10 98.21 +4.12a 5.98 £0.6l1a 30.17 +5.76a 13.69 +0.90a
150 0 # # # #
150 10 # # # #

1)

(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). —:
The sample tested is withered cotyledon.

Undetected; #:

Plant death.
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