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Eco-physiological responses of Kandelia candel seedlings to phenanthrene ( PHE )

and fluoranthene (FLA) treatment

HONG You-Wei, YUAN Dong-Xing "
State Key Laboratory of Marine Environmental Science, Xiamen University, Xiamen 361005, China
Acta Ecologica Sinica 2009 ,29 (1) .0445 ~ 0455.

Abstract; The mangrove ecosystem, an important intertidal estuarine wetland along the coastlines of tropical and subtropical
regions, is exposed to anthropogenic contamination by polycyclic aromatic hydrocarbons ( PAHs) from oil spills, ship
traffic, urban runoff, wastewater and industrial discharge, as well as atmospheric deposition of vehicle exhaust and
industrial stack emission. However, the eco-physiological toxicity of PAHs contaminated sediment to mangrove is a nearly
untouched area of research. This study was conducted to determine the effect of PAHs contaminated sandy soil on mangrove
specie Kandelia candel. K. candel seedlings were cultured with phenanthrene (PHE) or fluoranthene (FLA) contaminated
sandy soil for determining the eco-physiological responses of K. candel. The influence of increasing concentrations of PHE
(0,1,5, 10, 50 mg-kg " and 100 mg-kg ') and FLA (0, 2, 20, 40, 80 mg-kg ' and 100 mg-kg ') on total biomass,
chlorophyll content, photosynthesis and root activity were investigated. Results were as follows: (1) After 9 weeks of
exposure to PAHs, the roots of K. candel appeared swelling, and then turned black and rotten. The toxicity to the root at
high concentration of PAHs was higher than at low concentration of PAHs. The percentage of rotten roots of contaminated
seedlings was higher than the control, which indicated that PAHs inhibited the root growth of K. candel. (2) With

increasing concentrations of PAHs, the root activity of K. candel seedlings increased at first and then decreased with the
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prolonging of culture time. (3) With the prolonging of culture time, water content and the root to shoot ratio of K. candel
seedling showed no significant difference from the control group at various concentrations of PHE and FLA. However, the
root biomass and above-ground biomass of K. candel seedlings decreased significantly in comparison to the control, with an
increase of PAHs concentration in the sandy soil. (4) The chlorophyll a, b contents in the leaves of K. candel decreased
moderately with increase of PAHs concentration in the sandy soil. Moreover, decrease in stomatal conductance reduced the
input of CO,, which may be one of the reasons for decreasing net photosynthetic rate of K. candel seedlings leaves. With
the treatments of PHE at 6 weeks, the net photosynthetic rate of K. candel seedling leaves showed significant difference from
3 weeks’ treatment but not the treatments of FLA. There are significant differences between 9 weeks’ treatment and 3 weeks’
treatment for both PHE and FLA. With increasing concentrations of PHE and FLA, decrease in the transpiration rate of K.
candel seedling was observed. (5) The study clearly demonstrated that the growth and physiological function of mangrove
species K. candel was adversely impacted by PAHs contaminated sandy soil. The effects of PHE and FLA on the growth of
K. candel seedling were similar. However, the toxic effect of PHE on K. candel was more serious than that of FLA. The

tolerance of K. candel to PHE and FLA depended on different physical and chemical properties of the PAHs.
Key Words: mangrove; PAHs; photosynthesis; eco-physiology

ZI SR (PAHs ) B —RRAFETHE D, BABRBEE MR SBR SR ERF R EEY, BT
HARK ARt R AR E MR R 1, WE S RV AT iR . PAHs "EBINE £ S RERE. B
Wk AR . PAHs /A MR A BB A 5, SRS R R A A E R R . 3
( phenanthrene , PHE ) #117% & ( fluoranthene , FLA ) 435l & 16 Fh{ii#5 PAHs H 3 35 f1 4 S35 HREFBHLEY),
TELIAAR K K B RIR TR+ & B EE Y

LIAMMR AR T T | SRR il ¥ 52 T PR TS T 3 [ 3 P S AR AR AR D BT, e T £0ARPRI 3 A v A
7201 B SR DU LR LA KGR BB S IR S A5 I S e, A LD AE S R Gy PAHs BB A AR R E
BGT , LIRS Y S A2 36110 {45 36 PAHSs 4T R 0 B2 MEA5OR BFF55 20 WLARE . PAHs X a4y
R, FEBUR TAEY P PAHs MEACHE R AR R . A SCGEIS R TR T PAHs {5 L4 3E M2
B LLWAE YRR A ( Kandelia candel) BN , R BFSE T 18 PAHs 75 3L 5604 T BK A OO & L3 2818 1
R SAL T EARRE SR A SR, PR SR BT RKAIE PAHs 5 3 LI ARIR I P A K R B L
R B2 it 32 MR HE LA AR A SE R HRE
1 #HEF7 %

1.1 sEmpfet

HEAE YRR 4 1 SR B AR SUIR YL O ZDRAR B SRR B X, B  1 4R A48, BRE 40em, ToorL, B R
3 s FEMIE G B K E Fluka 225 ER (73-4726) 1 B _EERIELFIRFARAF .

1.2 LRt

R B XS BN 5 MR BB, B 5 40,3 T AT, B YR BE 43 3R 2,20 .40,
80 mg-kg ™' 1 100 mg-kg ™", IEALIRIRFESMHJy 1.5.,10.50 mg-ke ™' F1 100 mg-ke ™', Xt AL AT PAHs . Sk
HESCI0 O RD 1 Vv KT, FRREEC 4T 1000 mg - kg ™' SR M PIBRVBUINA BID Lo, FE43 PRI 5) i E 7
d, R BHARTS Geab + ; B R ATS G b T 3R RE L 4] 500.,50.25,12. 5 1 10 23 B A B SeFr i 19 T +
o FEOT IR (R R A B iR 5 MR AL BV B R . FETS b R TR i SR . mE
A BRK , BUKTE RS A3 om WG REES) 1 R, P47 dJEEM. RN RED L, QR TR, BHE
it 60 Hiffi, WER PR PAHs B, 7EE ZF,RE B#TARAR, BEW N ERN, BHF T LE2.5
kg, FE 4 BRELW L s R A B ANA 2.5 L Hoagland” s BEFREHATHESR , B 7 d Bt | WEFM , BRAMFEHUE
WKy, FETS Jeitb T AL P56 3.6 .9 JA 43 BRI AE .
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1.3 FehplllsE Iy ik
1.3.1 WREWEHWE
SR TIC 1 s AR AT

T ARE(g) x BffE](h)

1.3.2 Ao f s MR R M E .

REF LTI A S5, R A LI-6400 (LI-COR A d], £ H ) 8 #6475 F I R A3 47
Eo SHAFE HOLEEE(P,) RILRE(G,) FEBHER(T,) HMER COMREE(C,) %, METEPOLR
2555 1550 pmol-m s~ KRR (31 £1)C, KK CO, ¥ FH (385 £10) pmol-mol ~', HIHE BLI% 52 I ) R
BSE,E AR R &y - IR B (Quantum flux) J7 1600 wmol m s ™", it 2 iR B 32°C , i &N
500 pwmol+s ™", CO, ¥ 400 pmol-mol ' ;355 5 4 B I A8 — X A7 5 , 0 2 M T ARN 6em” ¥R BE 5 ~
10 MEX,
1.3.3 HEESENNE:

BL0.04 g M J,3 AR, 4 AIINA 10ml N ZEEK (4.5:4.5:1) IR G E T 40°C BEE LR TR 12 h, fFinf
MR HJE 537 F 645 nm F 663 nm T 7E 722 4r K6 EE T B E WOGE, RGRHE T AKX HEMHZE
TE:

H4¢Z a(mg-g 'FW) = (12. 714, —2. 594, ) V/1000W (2)
442 b(mg-g 'FW) = (22. 884, —4.67A;) V/1000 W (3)
FH, Ages Tl Agys 73 HI A M SR R IR BORAE 663 nm 1 645 nm A IRGAE ; V S IREBGR AT (ml) ; W it

H(g)o
1.3.4 HERESKERARKENE
FERREERE FZE KPS ) T /5 , FRAGEEE, 110C R F 20 min, 70CH EEHE , FRER TE, ITEEKS

7J(§‘:

TR AR R (%) =ﬁ¥%¥%x1m (4)

1.3.5 %+ PAHs &8 GC/MS 3:1 il 5E

RER L R RT R BB 60 Hifi . FIVIEN S5 IEE At AR50 1:1 MR A A WOHETT I A B, 2L
WAERER - L, G W8 \AKE S, GC /MS( Agilent 6890-5975B) 73 Hrilll & o
1.3.6 Sitsr#r

PRI B R - Y980 + 2= (Mean + SD) , 2R SPSS13. 0 #4757 22 43471, F LSD 1 S-N-K 1584775 Jubst
[ FRHR BE AL B B 2 A B (P <0.05)
2 ZR55H
2.1 @+ PAHs ¥R

W 5 3emb + o PAHs ()52 PRp] A Mk B B Bl R TR AR fL MR BE , 25 R B FR 1, WK 1 ATLLE H, 20 PAHs
W BE L IS fE R , 7E% BRAL R h RAS: ey H AR 15 424 ; Bl A0 B B[R] A ZE K , P 1 PAHSs Y& BE B A
2.2 PAHs 153X LIRS AR R IE T BARTE A B0

W 1 iR, FEFEAL IR A5 3.6 JH AR R IE 77 BEE JE MR BEAL 3 A3 i T 5 , AR A2 AESE 6 J4,10.50.,100
mg-kg ™ KbFR AR ARG 1178 BRI K, LuXT BRI A T 116. 8% (231. 6% i1 244.3% , X UL ARG 6 J&XF Bk
AR RTE 1A —ERARHE R . A3 9 FSHR AR IE S FF4E T, 10 mg-kg ™' F1 50 mg-kg ™' LbFH X 20 4351
TRET 32.7% F154. 8% ; FEVREE K WA EEA L BA L., 5613 8, BREZFFENE, FLHEHRR
5 JI B BN BARAKT , X 2 B iy Bl FE AL TR A 18] A RE K, 4R 4 52 2005 3 1S 0 T 3 AR R IE I TR, 9%
SEFRREE 3 JE AR R IE 7 5% B LT S AR Ak BB AL BE S [R] B SE L 5 6 AR R TG 1B B B R3S K,
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EARFSEZ FZFARE . 559 FRRTE NFFIH TR, 13 5 40.80,100 mg-kg ™' L3R AAR F 3% I LUXT IR
B THET 74.5% 82.3% F1 85.8% . SAEALBRARIL, FEH D ROU BEAOBE N , 4 AR 0 A A2 BE A A 2.

F1 #bL PAHs ANMARER HEER B EXES
Table 1 The initial concentrations and the changing trend of PAHs in the treated soils
HYPEL B (mg kg ™)

55

E At k
PAHs Jil At weeks Treatments with different concentrations
JEPHE  FpfH X CK 1 5 10 50 100
SEIAE 0 0.93 +0.06 4.16 +0.73 9.62 +1.19 49.33 +3.54 94.72 +8.24
$3H 0 0.50 +0.06 2.45+0.44 4.47 +0.74 33.92 £3.56 84.74 £8.11
#6 JH 0 0.14 +£0.03 1.48 £0.25 1.57 £0.29 25.83 £2.55 74.47 +7.03
$9H 0 0.12 +£0.03 1.90 £0.35 1.45 £0.37 13.73 £1.58 54.17 +5.63
W FLA P XHCK 2 20 40 80 100
SEIAE 0 1.78 +0.06 19.43 +1.68 35.48 +2.22 76.77 +5.46 95.28 +9.27
$3H 0 1.09 £0.32 12.50 £1.25 29.02 +£3.05 72.62 +6.35 87.77 £9.01
$6JH 0 0.75 +0.11 11.11 £1.23 25.74 +2.14 71.03 +7.55 77.90 +7.94
IR 0 0.63 +0.13 8.24 £0.95 25.53 +2.16 62.33 +6.55 68.67 +7.23
0 3w 6w ® Sw 0O 13w
250 250
= 200 & = 200 -
= i =
&9 R &9
T ¥ T
R e 150 g R ' 150 |
=2 N oy
S £ 100 N i‘: S £ 100 +
5 N N 5
5] § % 5]
3 50 N N 3 50
S 2 Y S
[~ ¥ N [~
Ng- 3 i : i : )
0 ¥ » 0 1 1 ! I |
0 1 5 10 50 100 2 20 40 80 100

PHE concentration (mg-kg™") FLA concentration (mg-kg™")

BT JEANZE R X Bk A 4l AR AR 7 B

Fig.1 Effects of PHE and FLA on the roots activities of Kandelia candel seedling

K2 RIFMICEALEELE 13 FARM KBRS, R CRISAW L H BB 0.5 em KL H G4
JRE SRR . R 2 ATLIE 1,56 13 J8  ARERHR  BL T oK, Bk FF A T A B B2 34 o, AR i K
MEEEZ

F2 FEMRELE 13 BB RMABES T
Table 2 The number of swelling root of Kandelia candel seedling under the treatment of PHE and FLA after 13 weeks
e BEDLIZE IR R MR B R
EHY b3 (mg-kg™") The number of plants The number of swelling roots
PAHs Treatments . .
with random selection  No.1 ~ No.2  No.3  No.4 No.5 No.6 No.7  No.8 Total
PHE X i CK 7 0 0 0 0 0 0 0 - 0
1 7 1 1 1 0 0 0 0 - 3
5 7 1 2 1 1 0 0 0 - 5
10 8 1 2 1 2 1 0 0 0 7
50 8 2 1 1 1 1 1 0 0 7
100 6 2 2 2 2 2 2 - - 12
FLA 2 7 1 1 0 0 0 0 0 - 2
20 8 2 2 0 0 0 0 0 0 4
40 8 1 2 3 1 1 0 0 0 8
80 8 1 1 2 1 1 1 0 0 7
100 8 1 1 2 2 1 1 0 0 8
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2.3 PAHs 5 AP BRI HI M H I 5 R
SERTAIIHEE a b SR MMM 2, EIRIBAMET IR a b A% ALHEAT 1 B9 2 K 29

BRI, R 0 FIM S % ab AR 5% 3.6 ANMAEBEMZER. T 50 mg-kg ™' A 100

me-kg " SEVKEEADEE 55 3 FIMINFAEE o AR W IRALS B FHE T 28. 8% A1 29. 8% , 55 6 JAG 45 FIE T

33.8% #150.5% , %) T4 9 JA, Luxf B4 45 FRE T 55.7% F158.0%
——3w ---B--- 6w —-&-- 9w
1.6 - 07
1.4 0.6
12 | £ n
= z 0 e Z 05
@Tw Nl in?w 04 |-
fik 2 0.8 B 2 B
4&_ E 06 L g § 0.3
504 | 5 021
02 - 01 -
0 I | I | | I 0
0 1 5 10 50 100
E[37.3):4 E[37.3):4
PHE concentration (mg-kg™") PHE concentration (mg-kg™")

B2 FEALBEXIRRAG M A SR a.b AR
Fig.2 Effects of PHE on the contents of Chl. a and Chl. b of Kandelia candel seedling

BEE ELLFRYR BT A3 I, 4R K a b ST RWEZH FREA-EE ;] mg-kg ' F15 mg-kg ' FEALHE 4R EK a,
b & EEX AT B EMEER M 10,50 mg-kg ™'l 100 mg-kg ™' ¥k BEAL TR 53 IR 41 2 (M A7 A2 36 (B3 1k 25
o %56 J8,1.10 mg-kg ™' 100 mg-kg ' IEHEALI T HIH4EE b H BN 0.41.0.22 mg-kg T A1 0. 19
mg-g_lFW, Fb Xt BRZH 1 0. 47 mg-g_lFW AEITFRET 12.9% 52.4% Fi1 58. 7%

Bl 3 B8 T RREALE KA 3K a b SREEH. NHSE a SEBKRE,2 mg kg M 20 mg-kg ™' 4b
50 B TG B M 22 5, T 40,80 mg-kg ™'l 100 mg-kg ™' Ab3HE 5%t R R FEAE % BEME R X F 20,
80 mg-kg ' Al 100 mg-kg ' HE WAL I, 3 FAHSE a FESH U IBA T T 25.8% .35. 5% Fl
32.9% , T4 6 MBI X IBAL I T T 37.2% (49.2% F1 76.4% o MHIRUL, ERALE T EE ab
E B S IEAN A MR B , BP BB AL RV BE (38 B At E] B FE K , - 4K a b A BE R
TRER S

—e— 3w ---m--- 6W —-&-- 9W
1.6 - 0.7
14+ 0.6 |-
WM? :(2) : mm—E 0.5
L - & o 04
g 2 08 1 & g 03
S 041G S
02 01
0 1 1 1 1 1 1 0
0 2 20 40 80 100
WRIRIE PRI E
FLA concentration (mg-kg™) FLA concentration (mg-kg™")

B3 SEEAL T BRAIM AR ER a b & R
Fig.3 Effects of FLA on the contents of Chl. a and Chl. b of Kandelia candel seedling

2.4 PAHs {5YEX BRI 4y B vt & AR K R
TEARFEMFZEW BT T , S E ot & H AR 53 A E 20 b (BRAEXHE , A [F] i 1) B B8 A AR X 2
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9 100% ) ¥ A [l 18] BEEATI7 220047, G5 5RR W SEAL BEEES 9 ), 4 i ot & R 555 3.6 KA E R B3
PSR s MO RAL TS 6 A, s ot e R 55 3 M E B EER, 55 9 AR EEER.

Net photosynthetic rate

G A HE AR (UmolCOym 257

—— 3w

Net photosynthetic rate

G A HE AR (UmolCOym 257

10
JERE

50

20 40

80

PHE concentration (mg-kg™") FLA concentration (mg-kg™")

B4 FERZE AL BEXI RSl B ot & AR I
Fig.4 Effects of PHE and FLA on the net photosynthetic rate of Kandelia candel seedling

E 4 SR T IEMZEE AR KA Eob A BN, M ESRELE T et aERs
SHRA B FFIEREEZER . 7£ 1.5 mg-kg ™'l 50 mg-kg ' SEALHEE 3 i M A HER O RA 0 B T T
0.8% .3.3% #19.2% . #£2.20 mg-kg ™ F1 80 mg-kg ' FEREALIELE 6 JH , Mot SRR Xt AL 5 TR T
8.9% 13.0% #119.8% , [, FfiZ JERNSE BUAb BRYK BE ARSI , ST vt B %R 2 TR T MR A
2.5 PAHs {SYXI R A4 AL S B B2

B 5 AR AL T B FET5 S P vk BE 3% hn i B 2 R R, R BE AL B B B RE K AR fL A BB, 7E 1,10
mg-kg 'l 100 mg-kg ' IEALTREE 3 JA, LT BE RS R4 B FRE T 30. 0% \35. 0% il 40. 0% , TiiAE 2,20
mg-kg ™'l 100 mg-kg ' FEEALIRE 3 JA, SAL ST AR TFRE T 9.09% (14. 55% F1 27.27% ;45 6 JE4)
HAALSESSE3 AMTREEES. & 100 mg-kg ' FEMICE LI 6 &, 4 AL T B 514 0. 07
mol-m s ' F10.11 mol-m *s ™", L X FE /Y 0. 28 mol-m >s 43R FFET 73.6% F157.9% . XL T IEXT4)

BRI FEMZWE LB R, BN EZ, EFEMRELET , I RE S RAMNSFEREEER;
BB RWKELIET , B AL AR BN TRk B AL 3
—e—3w ---m--- 6W —-&--9w
035 035 -
g 030 g 030
T: g o025 T: g 025t
gg 0.20 gg 0.20 -
=z 015 §§ 0.15 |-
%€ o010 |- %€ o0 |-
P g0s |- £% 05|
R i ST 10 50100 O 2 20 @0 0 10
E(373)4 WRRE

PHE concentration (mg-kg™") FLA concentration (mg-kg™)

BS5  HAEANZE AL BB 4l i AL B I
Fig.5 Effects of PHE and FLA on the stomatal conductance of Kandelia candel seedling

2.6 PAHs {53 Bkl 4l B 2 6 2R RS0
UNIE 6 FT 7 , Sl v 2R AR B R A AL BR[| (3 0 2 T R AbBEER 6 AR HE R 558 3

MFFEBEMZET MS%H 9 FMERABE. 10 mg ke FEALIRMSHE 3.6 F19 JA, Ze M %5350 2. 94,
1.61 mmol-m *s "I 1.26 mmol-m *s ™" HLXIFE4rFITFFET 35.9% .58.6% F1 54.2% , i 40 mg-kg ' E B
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AEFRAYEE 3.6 F1 O JH , Z& B H R | LU BRRRE T 15.1% 43.9% F152.9%

—— 3w ---®--- 6w —-&k-— 9w

6.0 - 6.00 -
=~ 50F = 500
:’ Q N‘(’ @
£ € 40 |- = & 4.00
-_— = —_— =
g8 S S
Eg 30 EE 300r
- & -
2 20 M2 200
= E B E
*% 1.0 % 1.00 -

0 0 1 1 1 1 1 1
0 2 20 40 80 100
PHE concentration (mg-kg™") FLA concentration (mg-kg™)

6 SRR EALBE X BK I 4l B 7 0 R F S )
Fig.6 Effects of PHE and FLA on the transpiration rate of Kandelia candel seedling

HEAFFERT ER BT , it 28 R SR A E B EZR RRAESE 3 A, 28 s R A 3
BERIE NG B A R R 140, 1.10 mg-kg ™' 1100 mg-kg ™' FEHRBEALHR , I 5 MO ZE IS M 3R 43 HIH 3. 69.2. 94
mmol*m s ™" F12.60 mmol-m *s ", LT HE I 4. 59 mmol-m s 'R TFRET 19.7% 35.9% F143.3% ., F|
T A, MR R R HI T B TFET 50.9% 54.2% 1 60. 7% . B4, B ALBRSMET H A 78
i 7 3 5 JE AL A A AL o
2.7 PAHs 153X KA M Fr 40 M E] B CO, Y BE i 520

PAHs 754X 4l i M 4 ML [E] B COL ¥R BE B2 an (&l 7, ZESEALIR R4 T , 4 ffa a1 BR CO, ¥k BE Bt b 2 Bisf ]
MIRER TR, AL FE5E 9 556 3.6 RIS EEER . XF 5 f110 mg-kg ' FEWR AL, 55 6 A M
AP E] B CO, ¥k B 4351 K 262. 0 pwmol »mol ~' 1 229. 0 pumol -mol ™', Hu 45 3 J& i) 296. 6 umol - mol ~' 71 286. 1
pmol -mol "4} HI TFFE T 11.7% F119.9% , it 9 JEALLE 3 MBI TR T 46.4% F150.4% o MBS W E
WEFERE 5 6.9 JH I R 4 E B CO, Mk EE L 558 3 A E B EMER .

—— 3w ---E--- 6w —-&k-- 9w

_ 380 _ 350
s s
EE 330 [ EE 320 [
- B =
£8 £8 ..
=5 280 [ 28 290 | T
8s 8s }_i‘i
ST 230 ST 260 | AN IR E{
o= ) o=
gzz AN gzz \~\£\
=8 180 S 28 230 | ~1
"7 130 L I I I I " 200 I I I I I I

0 1 5 10 50 100 0 2 20 40 80 100

E (2733 PEREWE
PHE concentration (mg-kg™") FLA concentration (mg-kg™")

B7 ERNSE AL BB A 4l e L B CO, ¥R BE IR
Fig. 7 Effects of PHE and FLA on intercellular CO, concentration of Kandelia candel seedling

Wl SERI D REAL BRI BE ()38 i, - 40 B D B CO, ¥k BE L 2 T RERI i %o X T 1,10 mg- kg™ 1 100
mg-kg ™' SEHRBEALIE 5 6 JEIANHIETBR CO, VR B4 Xt B R T 8. 1% (11. 8% F1 28. 6% ; % 9 J& 435I kb
X AT R 10. 0% \35.3% A1 51.4% o BAHIRYL, AR B IEALEE T i A 4RI CO, W B2 3 5 %) B A7 72 B 25
P25, TRV BE S RAL B 5 00 IR TG B M2 57, 1A 40,80 mg-kg ™'l 100 mg-keg ™' SCEIR BEALBE 53 HEA
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BEVEZES X WULIA T IEACBE XA 4 H - 40 B CO, ¥ M K Foe UL B
2.8 PAHs {5 JLXRK AR 4B AR K E B0

753 G TRKARA AR AN b R4 B WA A B B I A e B F A A e g, I B AR b b B4 S E A
TEITEHHER G KEARELL

% 3 W LAE H, FEE SRR AT TS, AR R A EF o A K B 2T S R IR K%k
JBE A BRI TR0 T MR AR 2R A0t 30 A R A T, TR R B AL B XA R 4 A K RS BRI . 4 5,10,
50 mg-kg 'l 100 mg-kg ' JEURBEXLFREE O JH, 4 Hb b R4 B A K B4 B L X BRI D 1. 09% (3. 94% |
10. 84% 71 32. 62% , i %: 1 mg-kg ' FEHREALERAY ELXTBESE AN T 9.19% . A 4h,50 mg-kg ™' 1 100 mg-kg ' 3E
YR BE A AR 2R A R A K RS X IR B R T 1.5 mg-kg ™' A1 10 mg-kg ™' JEUR A Y 5} BTG
BEWEESR.

#3 FERBXWNBMMHERKERENTW

Table 3 Effect of different concentrations of PHE on the biomass of single Kandelia candel seedling
A YR o b ER S

s} i) (m%kg'l) Root biomass Above-ground biomass WE *ﬁﬁf:j; Kt
Weeks Conientgration Ffetl;ivg:}?ght qu:yi;riiiin Fﬁ};i‘i j; bt [jr:yi;rifgil . Root-shoot ratio Water content
3 X} & CK 5.22 £0.16 0.64 +0.01 24.61 £0.86 5.56 £0.08 0.116 +0.02 79.2
1 5.40 £0.16 0.86 +£0.02 29.21 £1.02 7.98 £0.12 0.108 +0.02 74.5
5 4.49 £0.13 0.68 +0.01 23.25 +0.81 5.72 £0.09 0.119 +£0.02 76.9
10 3.62 +0.11 0.60 +0.01 19.30 +0.61 4.60 £0.07 0.131 +0.03 71.3
50 2.79 £0.08 0.46 +0.01 16.83 +0.59 3.88 +0.06 0.119 +£0.02 71.9
100 2.98 £0.09 0.45 +0.01 15.32 +0.57 3.72 +0.06 0.121 +£0.02 71.2
6 X} & CK 5.06 £0.15 0.60 +0.01 19.78 +0.69 4.30 £0.06 0.137 +£0.03 80.3
1 7.02 £0.21 0.52 +0.01 22.27 £0.78 4.88 £0.07 0.106 +0.02 81.6
5 7.03 £0.21 0.83 +£0.02 23.10 +0.81 5.27 £0.08 0.158 +0.03 79.8
10 6.78 £0.20 0.75 +£0.02 21.54 £0.76 5.00 £0.08 0.151 +0.03 79.7
50 6.51 £0.20 0.73 £0.02 22.65 £0.79 5.23 £0.08 0.139 +0.03 79.6
100 5.47 £0.16 0.65 +0.01 20.37 +£0.71 4.76 £0.07 0.137 +£0.03 79.1
9 X} & CK 6.22 £0.19 0.72 +£0.01 20.90 +0.73 4.59 £0.07 0.156 +0.03 80.5
1 5.31£0.16 0.71 +0.01 22.72 +0.80 5.01 £0.08 0.142 +0.03 79.6
5 4.69 £0.14 0.63 +0.01 20.97 +0.73 4.53 £0.07 0.139 +0.03 79.9
10 5.63 £0.17 1.01 £0.02 19.61 +0.69 4.40 £0.07 0.228 +0.05 78.6
50 3.76 +0.11 0.47 £0.01 17.52 +0.61 4.09 £0.06 0.115 +0.02 78.6
100 3.77 £0.11 0.50 £0.01 15.01 £0.53 3.09 £0.05 0.163 £0.03 80.9

H1ZE 4 AT I, 4l EAR 2R At _E 43 A A K B B S TR B AL B O AR AL ML SR AL B AR L, BB THE R Y
Fa%, U140 mg-kg ' 1100 mg kg~ HEEWK EALHL 6 JA MR AR B9 A KB4 1 X RIS/ 8. 82% #130.39% ,
T 2 mg-kg ™' SRR AL HR Y HL X BRI 6. 96% o J7 223 Wrdh R B -2 .20 mg-kg ™' 1 40 mg-kg ™' S K
AMERKBE SRR EMEZR T 80 mg-kg ™' F1 100 mg-kg ' S MK B4 9 5 %t FRAFAE B EMEE R

BN, T RIED R, S A &K B AR E L SX R EBEMES % 6.9 FKR R A L3
SHEKESE 3 AT BEEER,

3 it
3.1 PAHs J53e 4 B M0

FERTEE AT F 2 3 BRI 4 3R/ PAHs, S8 BUR/K R B /NTIE , BT A M BROR R B RN 22 57

M EZEJRHE . Henner £ YU NEA T8 PAHs WEYWHFERTEA TR REFE T HREWRRE
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YR BE O EEXT A OB N N IR, B B AR R K IR B AR I PR . R sk A R B
R T BEEX KA PAHs (R I/ER, t R Bl EE7E B2 B b 15 S R 500 B0 T3E, BBt 3t e 15 &
BE S . ABIRS FIRGE I, BEE B 32T 1E] B IE K, JEvR B2 A XK AR 4 15 A 4 R OG& 1 F R S K
TR TR, BT R A2 FL Ay , RV A B 53 5 398 mp 0L R AT 2 3R PR 41 T 9 BB XL
HIAEFRFEEVE R o TR A 7K VA BE AR X &7 , 57 LB 25 5 Bl A O AR T MR A AL & , DA TR X 40 P ABL AR I A K
FGA V7 A B KIS

FEFgELE PR T 4 FhOR R A SR A BE X LD B 3 (Aricennia marina ) A BB A S HERR I
M , 235 SR 2 ARG B8 A SR A B A o 1 S A K B T, 80 59 R 0 Ak o AR A K 32 1 W S8 400 0 T L o 3R
BEMMEIET- R . AR LI, HEE TEMTE AR B 80, 2 4 i b & R B R KL
TEE YRR PR CO, MR BE I 4% R & B S5 AR T AR IR 1 2 B W PR AR At 3 IR VR BE ) FE R AL BEXTAR 3R
&5 R R A KR A A K R — 2 AR, 780 W BE A b B B A AR Py i B R B B0 o

F4 WELEBEX AL E ERERKENBW
Table 4 Effect of different concentrations of FLA on the biomass of single Kandelia candel seedling

i} ji] (m mkg_ N Rﬁi??tis Ab%ijiﬁdﬁzlﬁiss Wi *ﬁﬁf:j; Kt
Weeks @ niation R T e

3 X} CK 5.22 +0.16 0.64 +0.01 24.61 +0. 86 5.56 +0.08 0.116 £0.02 79.2
2 5.57 £0.17 0.66 +0.01 23.17 +£0.81 5.60 +0.08 0.119 +0.02 78.2

20 5.24 +0.16 0.74 +0.02 22.69 +0.79 5.47 +£0.08 0.136 +0.03 77.7

40 4.73 +0.14 0.66 +0.01 17.55 £0.61 4.16 £0.06 0.158 +0.03 78.4

80 4,18 £0.13 0.61 +0.01 15.07 £0.53 3.88 +0.06 0.157 £0.03 76.7

100 3.72 £0.11 0.59 +0.01 18.32 +0.64 4.39 +0.07 0.136 +0.03 77.4

6 X} CK 5.06 +£0.15 0.59 +0.01 19.78 +0.69 4.30 +0.06 0.137 £0.03 80.3
2 6.48 +0.19 0.63 +0.02 20.49 £0.72 4.79 +£0.07 0.165 +0.03 79.3

20 5.05 +0.15 0.56 +0.01 19.07 £0.67 4.41 +0.07 0.126 +0.03 79.4

40 4.62 +0.14 0.54 +0.01 19.19 £0.67 4.36 +0.07 0.123 +0.03 79.4

80 4.04 +£0.12 0.47 +£0.01 16.93 +0.59 3.73 +0.06 0.125 +0.03 80.0

100 4.54 +0.14 0.41 £0.02 17.59 £0.62 3.83 +£0.06 0.212 +0.04 79.0

9 X} CK 6.22 +0.19 0.72 +0.01 20.90 +0.73 4,58 +0.07 0.156 +0.03 80.5
2 5.76 +£0.11 0.50 £0.01 17.09 £0.59 3.75 +£0.06 0.134 +0.03 79.6

20 5.60 £0.11 0.48 +0.01 19.01 £0.67 4.08 +0.06 0.117 £0.02 79.8

40 4.92 +0.15 0.61 £0.01 19.30 +0.68 4.09 +0.06 0.149 +0.03 80.6

80 4.33 +0.13 0.58 +0.01 17.62 £0.62 4.18 +£0.06 0.134 +0.03 78.4

100 4.24 +0.15 0.58 +0.01 15.73 £0.55 3.44 +£0.05 0.168 +0.03 80.6

3.2 PAHs {5HXP LI AR R AR K& A0

WARREYIER EREZTNERSE, TRANH EIARKITR KK 0 YRS, AT e A4
RAEFRROLI =BT B RRTE RN T RACBFE S 1855, ERGE AR RATTHE. R
EIF%E T PR RI RIS YA T, RS R I I B AR AR AR AR I A RHE . AR T R
FHIIG Y FB K RSRIMERZB, S0 A A K A B RS . Ke %% ARSI B IE eE A0 3R
J& iRkl ( Kandelia candel) FIAME ( Bruguiera gymnorrhiza) , 53¢ FEAAR b 2 B, AR I A 9 8 A RAIR T30 R 4.
Reilley %" 5  PAHs AJ RS fiT5 Y H MO MR A K R B IREEK MBS MRE D TR, IBUER TR,
Fir LA PAHs XA 320 ] BER R4 o ASHTIERMT, iR PAHSs Y5 A3 ORI AR BRI 8] AR SE 4, ZTA% 4 AR
RIVEFIRARTE ST B, AR IE A KAV R A 2 B . SRR 3L T bR e 58 R Y
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W4, X2 i T MR 22 40 B 52 SRR B A 0005 , 40 P e 0 (A 5 0 0 0 S5 04 K s FR I , 52 5 7
BRI AT R R . R AL, IR KALBRER /S 75 7S 268 , 3O M AR BRI , #7311 2% 3 TOIR FY
L
3.3 PAHs I5JeXI LI M4 I G 5 & BADGA 1R R

4% 2 ( chlorophyll) B A1E I P NG AR ERCEIERFHPOLH EERS . HHHHRER
HEDREREYDE SRR, NTHE B & RS R R A A KFERMER., A, HEZ 5%
W FISRAE S B BT  SEN R 15 Ye X im0

Huang 2" BF5E R, M) 250 B A A P i R S B AR, TS K o/b LT
At %t TR AR L, R 2 8 B IR IRE LS8, 3K a /b BT E BB TR Xz %2
AT FAR LI & B, 1T PCBs Vi BE T BBl P, Bk A 40 1 I - B A 8 AR X T 6 140 46 28 /K SF- AR X 8 E 1
4% a /b {H,HEE a HEE b HHRE a+b K& B RRE T, HE I X B 70% UL 3K a /b
1A BT , (HI AT B 15% o ABFF &I, bE% PAHs KCBEVREE IS0, 422K a b S BEEZW T %
oS T 1.5 mg-kg ™' IEWRBEALIEA 2,20 mg-kg  SEBIKFALHE, ISR a b FRGMBRBEEER,
i 10.50.,100 mg-kg "' SEHREFLLHAI 40,80 .100 mg-kg ' SERUFE AL B A M-S EK a b B 50 BAAE B E
ZEFHGE a /b EFEEETER,

¥F PAHs {5 e XM 6 & 1E R W BT 508 /0, T A5 e in A Ti57Kk (38 B4R &Mk
SEXTLT R R A AR R o SR BB R DR B 15 e AR R LT A ) 1 A K R VR E b
PR [ R B KA T HELD G &V P B8R, SR AL B IE 3 2R K o ASBIFSE & B, 334 PAHs Y& B 0 ob 380 k]
S-S FLBH J7 3 0m , ZHBLIET B CO, MBI, MK a b & B, WTTREAR T 204 4 1 ot & a2
R
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