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Effects of phosphorus and cadmium interaction on cadmium subcellular distribution and physiological charac—

teristics in Avicennia marina(Forsk.) Vierh seedlings

WANG Lan', DAT Min—yue?, YAN Chong-ling”

(1.School of Agriculture and Forestry Engineering and Planning, Tongren University, Tongren 554300, China; 2.College of the Environment
& Ecology, Xiamen University, Xiamen 361102, China )

Abstract: A hydroponic experiment was carried out to study the effects of phosphorus and cadmium interaction on cadmium subcellular dis—
tribution and physiological characteristics in Avicennia marina(Forsk.) Vierh seedlings. Avicennia marina seedlings were used as the test
materials. Four extraction methods; differential speed centrifugation, nitroblue tetrazolium, guaiacol, spectrophotometry and coomassie, were
respectively adopted to determine the activity of SOD and POD, together with the chlorophyll and protein content. The results showed that
increased Cd level in the medium caused a significant increase of Cd concentration in all fractions of leaves and roots, with most accumula—
tion in the cell wall and soluble fraction. The content of Cd in roots was significantly higher than that in leaves, accounting for 65.23% ~
96.92%. Cellular compartmentation was one of the Cd detoxification mechanisms. Phosphorous could promote Cd transfer to the vacuole.
With increasing P level, SOD, POD activities, chlorophyll and protein content also increased to alleviate the toxicity of Cd in A. marina
seedlings to a certain extent, and thus increased the Cd tolerance of A. marina seedlings.
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Table 1 The treatments of Cd and P

b3 Cd(0 mg-L")  Cd(0.5 mg-L")  Cd(5 mg-L")
P(0 mg-L™) €doPo €d0.5P0 CdsPO
P(30 mg-L") CdoP30 €d0.5P30 Cd5P30
P(90 mg-L") €doP90 €d0.5P90 Cd5P90

1.2 iREHE
1.2.1 N[5 40 2H 43 i B8 5

I FH 25 7 B U R IBOAS [R) S 20 2 41 43 1Bk
B 0.50 g AR FNNFEEERE, FIA 10 mL 50 mmol - L™ Tris—
HCl 2% i (pH 7.4 ) 250 mmol « L' FEREFIT 1.0
mmol - L™ i AR &EBEE (DTE ) TRV, WIS 1 51 3K
5 B B0, 500%g 850 10 min, JUHE A A0 L RE L
g7, IR AREEAE 10 000xg T &0 10 min, JTLE NS
LRI AL AL 5y, FIETRARSETE 18 000xg T &S
AL 10 min, YIIE NERLARLL5) , B3GR AR 7 o
ST EAETE 4 CT k7. P4 A 10 mL {RER (fi
fR:H,0,=2:1,V:V) 145 CiHfL 4 h, #BAKERZE 40
mL, A1 0.22 pm JERE U8, FJSHE A A5 B T B R
ICP-MS(PerkinElmer, UKl 5E 45 W40 Cd 25 & .
1.2.2 P AL B PR A I

SR HE S I A s AR (SOD )
(LR DU e v ) it AR W s (POD ) 3 M (L B AR
7)o
1.2.3 M2 & il e

SR e R R T RBR A
R K, FREL 0.10 g EAE A 0 BT 0 ) B T 28
PRSI A 5 mL YR A R AW (Vv =1:1),
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1.2.4 B R pE
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1.3 #IESH

K Excel 2013 HI/ERIFE,SPSS 17.0 #4347
2E4534T A — Cd ZRFRKSE- T ANE] P ARFRZH 1 7L
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Table 2 Subcellular distribution of Cd in A. marina seedlings under different P and Cd concentration

AL Treatments/mg+ 1! Cd ¥ Concentration/pg kg™ FW

cd P ﬁgj{\i 2 BE AR 20 A kA AR Y
Cell wall Chloroplast and nucleus Mitochondrion Soluble fraction
0 0 M Leaf 20.92+2.75a 6.57+0.11b 6.04+0.24a 20.88+3.21b
30 22.91+0.85a 7.21+0.13a 5.32+0.17b 14.82+0.93¢
90 26.27+4.42a 2.10+1.05¢ 5.94+0.07a 29.71+3.18a
0 2 Root 26.94+0.70b 2.54+0.35a 0.64+0.37b 71.95+2.46b
30 66.94+8.11a 0.67+0.35b 1.20+0.03a 90.63+5.92a
90 70.74+1.90a 0.38+0.21b 0.52+0.17b 60.29+3.51¢
0.5 0 M Leaf 30.60+7.24a 4.58+0.77a 6.99+0.04a 52.22+0.65a
30 30.50+2.71a 2.34+0.36b 6.35+0.32b 32.16+6.79b
90 27.24x1.14a 1.14+0.20b 6.53+0.16ab 39.98+3.44b
0 #R Root 1 117.78+209.02a 44.69+4.18a 13.75+0.75a 1 017.87+100.46ab
30 1 240.60+214.92a 30.90+1.83b 21.35+8.73a 805.62+101.59b
90 1 190.98+218.62a 38.73+2.66ab 21.65+1.45a 1 102.44+65.07a
5 0 M Leaf 424.32+15.43b 12.62+3.82a 7.98+0.17b 81.69+10.17¢
30 448.68+29.20b 18.36+2.58a 9.22+0.44a 213.46+2.89a
90 632.95+93.70a 15.46+2.04a 9.09+0.04a 185.56+0.88b
0 #R Root 1 212.07+116.13¢ 80.53+12.37a 33.23+5.86b 1 823.57+209.37b
30 2 734.97+67.41a 72.78+6.12a 28.15+1.69b 1 950.94£135.95b
90 2 197.69+109.50b 81.61+0.85a 42.80+3.02a 2 559.25+5.63a

1 R RVING FRACTA R 48 B AR Cd ACEANR] Py BEAL T (4 0 21 25 5 (P<0.05) . TRl
Note : Different lowerecase letters indicate significant differences between same organ, same cadmium and different P concentration treatments ( P<0.05).

The same below.
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Different lowercase letters indicate significant differences between same organ,same cadmium and different

P concentration treatments( P<0.05 ). The same below

B 1 PCXELETEBRESENALERSE

Figure 1 Antioxidant enzyme activity of A.marina seedlings under P and Cd treatments
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Table 3 Chlorophyll contents and chlorophyll a/b in A.marina seedlings under P and Cd treatments

438 Treatments/mg- L™ 4% a M4k % b 4% a/b SUE- S S

cd P Chla/mg-g™ FW Chlb/mg- g™ FW Chl(a/b)/mg-g™ FW Chl/mg-g" FW

0 0.91+£0.07a 0.23+0.02b 3.90+0.03a 1.15+0.10b

30 0.97+0.02ab 0.27+0.01a 3.54+0.01b 1.24+0.02ab

90 1.00+0.02a 0.28+0.01a 3.57+0.09b 1.29+0.02a

0.5 0 0.81+0.02a 0.22+0.01a 3.66+0.03a 1.03+0.02a

30 0.94+0.03a 0.24+0.01a 3.88+0.23a 1.18+0.04a

90 0.86+0.11a 0.25+0.03a 3.54+0.24a 1.09+0.08a

5 0 0.81+0.01a 0.20+0.01a 4.09+0.15a 1.00+0.10a

30 0.80+0.01a 0.21+0.01a 3.81+0.10a 1.01+0.05a

90 0.83+0.10a 0.22+0.02a 3.82+0.12a 1.05+0.12a
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MRS ERE TREEE, AR 2ZERA D
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Figure 2 Protein contents of A. marina seedlings under P and Cd treatments
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