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Effects of Cadmium and Naphthalene on Germination and Growth of
Seedlings of Mangrove Plant Avicennia marina
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Abstract: In order to understand the response to combined stresses of cadmium (Cd) and naphthalene (Nap), the
germination and growth of mangrove plant Avicennia marina seedlings were studied cultured on sand in
greenhouse. The results showed that the inhibition effect of seedling germination under Cd-Nap combined stress
was more obvious than that under Cd stress. The survival rate increased at early stress stage, and then decreased at
later stress stage. After cultured for 45 days, the inhibition effect of Cd on leaf size, stem height and biomass
relieved treated with 10 mg L™* Nap, while inhibition effect on root growth enhanced. Compared to treatment with
25 mg L Cd, the area, length, width of leaf, stem height and biomass treated with 10 mg L' Nap-25 mg L™ Cd
increased by 9.6%, 7.9%, 7.4%, 5.1% and 20.2%, respectively, while root length decreased by 11.1% compared to
treatment with 150 mg L™ Cd. When cultured for 90 days, the inhibitive effect of Cd-Nap stress on leaf size, stem
height and root growth was stronger than that of Cd stress, but there was no significant difference in biomass.
Therefore, with extension of combined stress time, the antagonistic effect of Cd-Nap on A. marina seedling
growth turned into synergistic effect.
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Table 1 Effect of Cd-Nap combined stress on germination and survival of Avicennia marina seedlings

JRIEE Survival (%)

. Hi %% Germination rate (%
Nap (Eg M¥ Total ks (%)
(mgL™) 15d 30d 45d 90d
%t Hi Control 40 925 100.0 100.0 100.0
10-0 40 80.0 100.0 100.0 100.0
0-25 40 725 100.0 100.0 100.0
10-25 40 55.0 100.0 100.0 97.5
0-150 40 775 100.0 60.0 ND
10-150 40 65.0 100.0 87.5 0.0
ND: AAill. FE.
ND: No detected. The same is following Tables.
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Fig. 1 Number of injured leaves of Avicennia marina seedlings under Cd-Nap combined stress

MFE2R] W, il FEs45 d, FA—Cdib PR TE
BIEPRIET R, 2 A SRR = TR
REE P —CAAb BRI, SXTREAHIT. Nap-Cd>y10-254k
BRI HK AT 5823525 mg L CdabFR Y
119.6%- 7.9%F17.4%; 1T B $23590 dif 1) 43 7 BAIG
T1.3%. 2.4%K13.6%, (HERALZE.

IR, A A H 2 SRS R A
—CAE M ERARE, AFEEeSERKIEZ
CAiE RIS . il k45 d, 10 mg L Napkk
HMZm5REKYesTFHR, BERAEE,
25 mg L CAbERfZE e BEK T4, Nap-Cd
10-254b 38 () 25 /5 125 mg L CAAbBEf#)55.1%, H5
SR 2 AN 3, 150 mg L CdHINap-Cd A10-1504b
R BT, (HP S e R E %R 150mg LT

CdxT BB AIRK I B3 520,  TNap-Cd/y10-1504k
PREIFRK 150 mg Lt CAAbFR11.1%, H B
T BHE#IE90 d, 10 mg L Nap#125 mg L Cd
b FR I 25 AR S50 R TE B35 22 5, {HNap-Cd Ay
10-254hF (1 25 AR K23 5] 25 mg L CAAbBE ARG
4.9%F11.4%, HBZLTHE.

2.3 HEMaXN 4 T B R

ME2FTLAE H, 10 mg Lt Naphb B 1 i &5
Y VR T FE LE X R8s Nap-Cd10-254b 2
(7R V& E FE 25 mg Lt CAALBR 1S, (HFE )
S RIER, TV R IS 25 mg L
CdAabEE . X LhCdXT 1B 35 1 -1 A7 2R R 52 i ()
LRFK), FINap-CdH10-1504b L (1) M- 14 75



%1 PREIRSE: 05285 S0 UMY B 540 i i 2 S AR 83
% 2 Cd 5 Nap 4 Mrianf (B 4tk g 810 m
Table 2 Effect of Cd-Nap combined stress on leaf characters of Avicennia marina seedlings
45d 90d
PGk -
Treatment group I B LS -5 TR K 58
Leaf area (cm?) Leaf length (cm) Leaf width (cm) Leaf area (cm?) Leaf length (cm) Leaf width (cm)
X} Control 85 4.140.3a 3.040.4a 7.9 4.140.4a 2.740.4a
Nap10 8.3 3.940.4ab 3.040.5a 7.8 4.040.4a 2.840.4a
Cd25 7.3 3.840.4abc 2.740.5ab 7.6 4.140.3a 2.840.3a
Nap10-Cd25 8.0 4.140.4a 2.940.3ab 75 4.040.5a 2.740.4a
Cd150 6.1 3.640.5¢ 2.540.6b ND ND ND
Nap10-Cd150 7.2 3.840.3bc 2.740.4ab ND ND ND
F1 6.606(0.012) 5.392(0.021) 0.134(0.723) 0.501(0.499)
F, 1.721(0.220) 0.402(0.678) 0.008(0.930) 1.708(0.228)

[F) 5 B S A7) - BER AR 22 7 . 3% (P<0.05) . Fy AR XM Cd 1 F{H, Fo REACH AR Cd>Nap 19 F{E, 55 AR P AE, FIH.

Data followed different letters within column indicate significant difference at 0.05 level Tables. F; means F value of Cd main effect, F, means F value of

Cd>Nap interactions effect. The number in brackets is P value. The same is following Tables.
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Table 3 Effect of Cd-Nap combined stress on stem height and root length of Avicennia marina seedlings

PGELIEAE 45d 90d
Treatment group 25 Height EMRK Length of 2 Height EHRK Length of
of stem (cm) main root (cm) of stem (cm) main root (cm)

X} Control 13.240.4a 6.9+40.3ab 13.540.6a 7.940.4a

Nap10 13.620.9a 7.030.4a 12.841.0ab 7.740.2ab

Cd25 11.840.7b 6.6140.3ab 12.340.2ab 7.340.3ab

Nap10-Cd25 12.440.6ab 6.610.1ab 11.740.6b 7.240.2b

Cd150 9.640.8c 6.340.3ac ND ND

Nap10-Cd150 9.630.1c 5.630.6¢ ND ND

Fy 56.615(0.000) 10.707(0.002) 8.915(0.017) 10.812(0.011)

Fa 0.284(0.758) 1.778(0.211) 0.042(0.842) 0.001(0.971)
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Fig. 2 Effect of Cd-Nap combined stress on persistent rate of cotyledon of

Avicennia marina seedlings
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Table 4 Effect of Cd-Nap combined stress on biomass (g) of Avicennia marina seedlings
4 5[] Jh T 2H S35 44y Average biomass (g plant™)
Time (d) Treatment group R Root 2% Stem it Leaf 4=Fk whole plant
45 X} Control 0.87140.125a 0.83940.042ab 1.1280.094a 2.83740.231ab
Nap10 0.91140.098a 0.89140.082a 1.142+40.148a 2.94440.326a
Cd25 0.76140.140ab 0.75340.061b 0.81740.093b 2.33140.234bc
Nap10-Cd25 0.82540.101ab 0.83740.046ab 1.14140.191a 2.80340.270abc
Cd150 0.63940.046b 0.59740.044c 0.58840.175b 1.82540.240c
Nap10-Cd150 0.66740.013b 0.59840.008¢c 0.62440.114b 1.88940.107d
F1 8.945(0.004) 42.354(0.000) 22.204(0.000) 28.987(0.000)
F2 0.054(0.948) 0.981(0.403) 2.244(0.149) 1.303(0.307)
90 X} Control 1.29040.209a 0.97840.150a 1.33140.187a 3.59840.545a
Nap10 1.39840.188a 0.91240.093a 1.32040.085a 3.63140.354a
Cd25 1.04520.094a 0.91540.073a 1.208=0.164a 3.16840.329a
Nap10-Cd25 1.10040.278a 0.87640.220a 1.21240.354a 3.18840.850a
F1 5.377(0.049) 0.342(0.575) 0.828(0.389) 1.825(0.214)
F2 0.053(0.824) 0.025(0.878) 0.003(0.956) 0.000(0.985)
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