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(1LEBSHAENYERESALRE HITK¥E EHIT 361005;
2. FBWMMARPEYRAER FE)

RE  RAEBFEMRARTR T AR R & 4t 4 WA M0 K (Bruguiera gymnorrhiza)
W ALk A Ao K R B RE K R B R AR R R B b, L IR R B B AL B YRR RS
EAMNEEEELEF D W RAAR NI NEK ALRRRBW2LAAZRAEKWH
AR 2AAAMMER EKEZHHHTH/ L BENBLETHE  DHERREF AL
B MR R RELCEE N AR E O RNEREER W ERBD ERER L
ERBEKWAFAAEEREN, PERELEFRA M RNABREEZEAPOEEE NI,

Xgig
RESHES

ALK, LA, RE
0948. 11

21 B MRS BRI 1 8 O b S AR ), 4D AR
WP b T B K B AR SO Y RO AT RE
JERERMARTA X R, HR AR CEIIRGE .

AR T b T X444 R
SCI R 5E AT Ellison 2§ (1997) Xt K 21 #t &4 BF
RARRES, AR BYEYREAHR
HREHE, X 5% FE LA FBHKBEELERL
AR . £ %4 Y #k % ( Kandelia candel ) $1 K
( Bruguiera gymnorrhiza ) Xt ¥ 7K B [6] £ K B9 2 Qi
] AAEE LRI B E 8 50 (Ye et l,2003) , B
Brpxsegh i MR KA B, KA A
7K B (6] 2 X 0 B AR B B B RN IR ST 2E

AREREAREEEEENERAEIME
Wy, 2% 3C A HRE A [ K 35 AR BR 4% 44 T A B RE b
WHE SHEKMEBFFEOE W, LR
ARGV EEARMGTOAMAKNERURES
R A — SRR,

1 HEE5FE
L1 HERESEEE
TE A b SR AR T e OK I RV SR,

MENERRB (DR RBAEEESES SR
11.87% .58.78% .29.35% ), 5 & W ¥ F K &
(Bl ok R A B4 Bk 73.11% (15.93% |
10.96% ), BB E(HNEH 18cm, & 20cm)
Bt dkg, BINEMALIANETRSBRA (K.
B F 4T A 85.64.50cm) , 4 NME—DAE
KA ¥ B B’ (HC) , — A 8 & 7K A 38 R i R
(HF) ,— /A REK AL RIE B (LC) ,— 4 Rk
BRI (LF) , BB — K. ¥
BEI1SMATHEKESKEMmA . HBEBH,ER
BREAKBHAENREHOER LI,
%ﬂ(ﬁszﬁ(ﬂc # HF)’-@%O:OO—&OO 1 12.00—
20:00 ¥ 7K ,8:00—12 .00 1 20:00—0.00 R H K ;
/K fi%8 (LC 1 LF) 8 X 0:00—2 .00 1 12:00—
1400 ¥ 7K ,2:00—12:00 #1 14.00—0.00 F &
K, BN 7K Az 4b 38 (HC #0 HF ) FE 7k 2 &b B8 (LC
1 LF) 48 B &Y # KBS B 43 %1% 16h F14h, HC
HF ¥ 7K B 9 7K 437 %5 H £+ 7 30em, LC #1 LF 7k
i ARl EE LR, K. EHENAREZRHL
AWK, MEREXEE-BRNOETLL,
KA Ak 3B A AK 437 4b B 43 B 294 10min F1 Smin,
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S84 EBRERAR, Bl FA X P EERRH
R4, B A 20—30em BBk () BId R
R R(ETR) KB BB R)BAR
BREHAR, B EEA K. BEARABOE—
K, BAAFREN AR REARFET R EEN.

B /N — B £ T V8 51 41 A AR B9 AR B R
REMOBATRE, S5 HAET IR
(EHh2/3 AT H) , SN MEHEEIAERE,M I
NMERA 3 A MEFE 4 A ESERLEE, i
EHY .

L2 ERREASH

R FF R MG RET , K i iR 4E A 29 T
Sem W5 5 B AL E IR B A7, 4 30min J5BEEHL

REFF G, WEFAM R + /5 B A RE AL -
WMAHER RBRERNNEEY S5em LB+, H
FN.PEEMpH MWE, NTHEFHREK
Wi BR 1H AL J5 ¥ 3h v 4 4 #7 A% ( QuikChem 8000)
8 NP &E (Allen et al,1974) ,

1.3 HHPAEMYHHEK

EREMBEH SR BREFME X EN
JR& I ity Bt ]

ME2AHM4ANMHE MExXR B2
FEmmEREEKSE. RRERH (4 4
R BEEY, a0 B 2% R ,65C#tT
ZEENEAYE. A TREYREMEERL
ARAL i IR AT R A B R HE R
5y WERAYER,2BHER(HRZ >2mm) H
MR (EHAZE <2mm),

FF2ARAMMYAKE(RGR) RHTRN
AT . 8 R R R — A B B
BAEYE(B,) BE(D,) MZER(H,) B HIER
Fetk J7# [ logB = a + blog( D’H) ] ( Cintrén et al,
1984) , EZAHARMAYER(B)EIE=-MA

RELWMEER(D,) MER(H) AR T BRMERES
He B2 ANH G, - ) WHEMAEKREATATE
(Hunt,1978) .
RGR = (InB, -InB,)/(t, —t,)
L4 SESH
REMNES 1 ARamEnERSH.
KALE B2 KA 50d @R, AR
5, 4% ( Environmental Scanning Electron Microscope,
Philip XL 30 Esem-FEG) #17 F % & LA 3
FRIUZ 0. 1g 55 - XJ 1 #7421 10ml
80% 7 M T vk ¥& BF BE , 51 3K ¥ 10000 x g ¥ 0>
3min, MEHRR « MERX D EHE FRITR
( Lichtenthaler et al,1983) ,
BENPEFRBMEHFES DL
L5 Gitsn
HEELEFHEMRERE, LR ERR
AR AL g B R FXUE K 7 224 17 (2-Way ANOVA)
o 56 T o I B () A A K o7 ) 89 25 R KR R AN
kA4 B AH 5 A4E B, % B Student-Newman-Keuls %
DiEERBERBEEE. MAKNLTRES
BHZRH BB,
2 &R
2.1 ERBH
MAHFEEM S, AR BN EN L ES
B(BEARR) SRR BALE 4 A
FRE(RLDED., B4 AR, BRHKER
1 2 B BE K AL 9 A8 Ak 1 B0 8104, 1 K Az b 3 699 iR
FEBE5LBHEERZEEZR (P >0.2), ®AKNM
A 30 R 3 49 4L AL 58 IR R A B K TR K A ik 3
(K1), WAKAAESHOHEFEKE pH T
0.42, 7 KK Bt T B 0.26, B Fi ok £ &b 2K iR
NPEBERARE,

F1 FRARFHENBAHOIBRKERBALSHOEN

Tab.1 The soil parameters in different tidal inundations

2 =
£ K
HC LC LF
E,/mV -127 x10* -134 +11* -86 +15° -106 +7°
pH 7.29 +0. 16° 5.85 +0.07° 7.55 +0.25* 6.27 +0. 12°
N(mg/g) 0.30 0. 04° 0.90 £0.21" 0.29 +0.05° 1.08 +0.18"°
P(mg/g) 0.23 £0.03" 0.77 £0.07" 0.25 +0.03" 0.82 +0.03*

ER—-THEE LA AT, RRE0S AP LEERBE ZFHRAFHUI LB ELR. R2.4.6H
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2.2 BHERZ

i AR | AR, BAHE RN
100% , FiAabE s, HFMEIL N 16—18d, &
M 2K 26—28d(F 2) o H K LA B A B 5

(F=4.57,P>0.05) fl &M (F =0.98,P >0.05)
EESHKKVABELEEER., KENHERE
WAZRFEHR B (FH 3 F=0.20,P >0.05; %
M F=0.45,P >0.05),

£2 FAEABEHNERFETAMORAKGEE

Tab.2 Propagule establishments of B. gymnorrhiza under different tidal inundations and sediments

5 |
2 % HC LC LF
B3 AEE] (d) 15.7 £1.1° 15.3 +0.6" 17.1 £0.9* 17.9 £0.1°
& e (d) 25.9+2.0° 26.2+0.5° 26.5+0.8" 27.7 +£2.8*
2.3 HEEK 7.7.5.53.53.7cm, JE2ANAKMMZEZTE K

AMHEEKBBERE3, L2 MABKA
15em) , STHEEBEOBRAR . B K BE 5
EXBAKLEEER. RERAMHFHEW S, K
NMEIAME RN EZFHIARE. GKALKHE
REERTEKME. 5X2AMAMK,E21HA
REEAEKER /D, AL HC . HF LCLF 43 5 %

MZE Sk 2 A KM, W BUR B AR R R B
AH9 M Tem, 4 N A G, RAKA AL ETRR
R R R ERTRKCGLRE, B Y HRIER+S
AFEXMESR. FK A mBE T K L.
R R 4 B B0 R ORI I R 3K
o J5 2 AN A ARSI R K A &b 28 A K
iz 4b 34351 96 1 112em”, %3k 2 N A2 %,

£3 AEAENERFHETAMHEHEK

Tab.3 Growth of B. gymnorrhiza seedlings under different tidal inundations and sediments

2R (em) EHZ (mm)

4 B

R HE R (cm’)

24 H 41 A 24 A 41 R

24 H 4 1A 21 A 41 A

HC 24.0+1.4° 27.7+1.2° 6.32+0.27° 6.87+0.29" 6.1+0.1° 8.3+0.5* 28.4+5.0° 124.5+20.2"
HF  22.7£2.9° 26.2+0.8° 6.30+0.47" 6.86+0.23" 6.3+0.9° 8.5+0.2° 40.6+11.2° 137.3 +13.5"
LC 15.1+£1.6° 18.6+0.4° 5.86+0.44° 7.02+0.18® 5.9+0.5* 9.2+0.3" 61.0+5.3* 172.0+15.0°
LF 15.8+1.8" 19.5+0.7° 6.35+0.62° 7.24 +0.08* 5.9+0.8° 9.1+0.9® 64.0+7.5° 178.9 +£30.7"

E:F—-FHEE LREXHATE, RAELG WA FLLERBE EAHRAFZEUAXEBEER

2.4 YRS BMMEAXEKE

KL T M A Y B T K A Ah B 9, T
RRRKEFARE MR, BKGAET , AER

AERHZELYR BREEE R EER HHK
BT , R K AL AR BRI 4h i AR A B B o TRk 2
HHE, BRRRNERABE (R4 KS),

R4 FRABRNERFHATARGENEDRIBMAMNEKE

Tab.4 Biomass partitioning and relative growth rate of B. gymnorrhiza seedlings under different tidal inundations

s % .
HC HF LC LF

YR (g) 1.23 £0.22° 1.48 £ 0. 19* 1.84 20. 16° 1.82 +0.30°
EEYR(g) 1.32 +0. 19° 1.32 £0.13° 0.87 +0.07° 1.05 +0.07°
BHEYR(2) 0.74 +0.09" 1.00 £0. 07 1.14 £0. 14* 1.29 £0. 16
W/ EREMER W 0.29 +0.04" 0.36 £0.02* 0.42 +0. 04" 0.45 +£0. 05"
HREVBRBEIL(%) 76.5+1.2° 63.4£3.9° 61.8 £3.2° 52.9+2.3¢
MK R mgy/(g-d7")] 2.36 +0.12° 2.09 +0.26° 3.80 +0.67° 3.13 +0.50%
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Tab.5 F values of two-way ANOVA on biomass partitioning and relative growth rate of B. gymnorrhiza seedlings

F &

2]

R ZEWE BAYPE BTH/LLEEYERE  HBEMERAESK MMAEKE

AKAL(L) 13.21* 25.33% 23.38"
JER(S) 0.83NS 1. 61NS 7.99°

LxS 0. 98NS 1. 61NS 0. 67NS

26.56""
4.78NS

0. 88NS

81.04™
64.25™

2. 12NS

14.79%
18.92™

43.25™

¥ NS ZBABE P>0.05; *P<0.05; »*P<0.01, »*xP<0.00l, £7F

BAMNARSBEARB TR/ b EREYE
HETH, A EASBELSHEYRSECE
WTFH:EAKMNSBM TR/ EREYRLAE
BB & TR IR, v BRI R IR 4 0 >
30.3% f120.2% (£ 4.3%5),

BAMAETABESEOEBEMER 4
HEFEAMEE; EREMRE D, SKMLIR
AMHBAEYRE 4 LK ME Y, W EER
FEE R RSB 4 B3N 14. 7% 1 10.5% (F£ 4.K 5),

BAKPALET , A5 2 AR ERKE
BERTFEAKCAENME, KNAMERFERE

HIE AR, 17K S0 4k 3.5 B v R RS R A S 5 RS IR
FXT KRB 37.8% M1 33.3% (£ 4.8

5)o

2.5 4£ESH
BAMNLESBABHAHZESEAS
BRERBREHUANZERAREE; KAEMHFE o/b
HWEXHEER W PERSERKNA LA TH
m(k6.%7),
BAMLERTYDRIKREASY FSILEE
WA M(ERG6.0%) , BRKANERES T
fRAPBIE (BB 54.6% ,%6.K7),

®6 FRAERNERFHTARGENERSH

Tab. 6 Physiological parameters of B. gymnorrhiza seedlings under different tidal inundations and sediments

% M=
2 W
HC HF LC LF
HRE o« TR (mg/g) 3.77 +0. 59° 3.38 £0.17° 2.47 +0.20° 2.54 +0.17°
&% a/b 3.65 +0.20° 3. 85 +0. 06" 3.83 +0.28" 3.97 +0. 16"
HE P EEE (mg/g) 0. 60 +0. 05" 0.56 +0. 04" 0.42 +0. 04" 0. 46 +0.00°
SH.%EH (ind/mm*) 270 +34% 315 +54° 255 £+51* 204 +27°
BNEF&E(mgg) 5.78 +0. 04° 5.80 +0. 14° 5.34 +£0. 33" 5.97 £0. 00"
BPEFE(mg/g) 0.30 £0.04° 4.26 +0.27° 0.22 +0.03° 1.72 +0.11°
T AHYHE-EAEERSEEMANEARSZINFELSE
Tab. 7 F values of two-way ANOVA on physiological parameters of B. gymnorrhiza seedlings
F {A
H %
HaESE % e/b i HEMESER SIEE BNEE BPER
AKAL(L) 32.45* 1. 96NS 49.76"" 13.08** 0. 99NS 151.37°"
R (S) 0.71NS 2.25NS 0. 09NS 0. 03NS 6. 35NS 656.29 "
Lx$S 0. 90NS 0.07NS 2.33NS 7.56" 5. 59NS 134.50°
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KMEEARSBAM N SEMNEEZETH; A
R R &4 T, 1B P & &XF KA EF BRI A
FSERERTEKGAHESBERP ARNEE
B, B R P& B X K A7 AR 4 RN A
HB(XR6.K7).

3 iFig
3.1 AEFENARERHPEHRWE

AREYERKNPEREZFEREN
EhEE A K B WA, 6 R BE 0B OK B R 2 A Y
Wi (2240 R %, 2001), {8 £ # ( Laguncularia
racemosa) F1 5 - B B 18 ( Avicennia germinans) )
ERIEEEERY ZETHOHEEE L AEK
At F18 ( Delgado et al,2001) , AWFFREREH,
¥ bt 30em (K AL BT HEAK B[R] FE ) X R
MR (R W ERERERAKR(E2),
3.2 AMHENKREFHEKER

A TR T W #E 3 A 8 A K b X AL 9 R S
H., BB FTHLASBHROANDETERKN
3 hn (Ellison et al,1997) ,iX 5 BFAM RIS BIS5 R —
HBRORANGH AWML KAERBRH X &
& (Ellison et al,1993 ;Farnsworth et al,1996) , IE
HHWBEKEGTROAMSERETEKKRT
AR KM TR, T 550 3B 3R K R
THREBEKIEEER (Delgado e al,2001),
FAMRMT , B (R apiculata) BIZE T A K
& B8 i s/ (Kitaya et al, 2002)

AMRERFERERN, KL LA REKWE
KEFHEXS AR R 2 MARSAEKE AR KR
HER(EI). KM, HEE2 TAMEIEKR
KM EAMTRE(R4), XBEREY F
S AR R R A K BB SR SOH I AR
K, 5 Ellison % (1997 ) Xt 75 — P L4 M4 K 40 1
BIF TS5 R — BB F | & A 16em 12 3
Raw B A KEMEMREALK,

Y T8/ Ry R L ERFEEL
WA 4L, B X Fh AR 4 2 1R 2 48 4 X3 B 38 9 38 i 4
H (Koler et al,1992) , A YIRMARE XM B
Tt 7K 5 41 4 A8 4 %o K 358 B I 2 K BX) — A
RBi(Ye et al,2003) . EG/KALARER T AB K H T
/4 Ay B L AE B B R TR AL AE, A
HEADHKREDPERME(E4), BB E
EASHAEVEIRMAREMENBE S, BK
B 6] S+ XoF 48 9y ) B el A R T - (1) 3% o wT A
RAKG X EWAERER; (2) RBOREMR K

Bz XEMEENEK. HXECNREY
BEKB A RASAWATR HEMRZERN
AV BOREELH AT RE, McKee
(1996) thii i , MXREAGFBRHABEE RO
B AR LT AR R IR SRR

R AR, 20 R Y 40 B3R
R AR R E N S M R A&, B E AT EE K
A — e b 3E R XT3 AR R AL BR B LA
HARPER B, N B KM ZESRA
FLBRBE BLIE H ( Youssef et al,1996) . R E I
KT FLBREE A T R R 3E i T AR )
M A MY % (Huang,2000) , B ¥ 7K KA 89 F+
DA K K o BB ] B SE K, R 4D AR Y
BEALEM(ES), XEWH, ERALBEERN
I B X Fob 40 4 A B 53 0 OF T B B A — Rl A
) b 3E 0 R .
3.3 WNARFEHHERRE

HRE o/b ILETHERITZEN KRS
(Anderson et al,1988) , Xt — 26 4T #f 4 H S 41
AP £, o Ak EE RS &
Ka/btLEEWE ¥ EA X (Das et al,2002),
AR R a/b HAE A B KA T B & 24
FEBAKMY LA MBKERNRIZEKAEZGT,
RBAEXS A K READ, Z2H THEBENBASUER
FL 2 L 38 hn - B PR I S AL (R 6) 6

B AT 0, W K K AL b T+ A K HE R ]
KRB EDRSERERBRZEEB (RS,
R, XRESE /A RMM T ERYEFR? Rubio
%(1997) I\, dEAK T K B Y LR A Y
BRERTW, X5 REM, BmAKKA
FAMBAKERNEZEREZGT AR P SER
EWM(EKG),
3.4 AEERFETOREYHHEIAKERR

B & R

BERAFERZ BT KRR LW EY
HEE W EFTR RN CRIRE, AL
RERW KA EAFBOERE A EMOBAL LY E
R H (%K 1), Ellison % (1997) 15, ¥
FEHEAFBWIRERAEME KO E 0L
Ko R, PRER KRG T ARMENS EKRER
A AKAL b FF0 K # B B E] R K B 0 i 1F
(R4 KRS5), RUETEWERKE DM
MEKRHLOBAHMDERELZHFEHEER P
SR, W AREREZES T EREXH P
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BT 3 (Noble et al,1994) o X 1 3 /K {2
EFAEEYEDEE(ATP) EL,

2 % X W

BATR, WA , TR UR, 2001 ¥ 7k £ 1 X B RN LD A
R E & . YA SR, 25:235—-239
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PROPAGULE DEVELOPMENT OF BRUGUIERA GYMNORRHIZA UNDER
DIFFERENT TIDAL AND SEDIMENTAL CONDITIONS

YE Yong!, LIU Mei-Ling! , LU Chang-Yil, TAM Nora-Fung-Yee2
(1. State Key Laboratory of Marine Environmental Science( Xiamen University) , Xiamen, 361005 ;

2. Department of Biology and Chemistry, City University of Hong Kong, Hong Kong)

Abstract Due to their special habitats in intertidal zones along tropical and subtropical coastlines, man-
groves are influenced by the conditions of water depth, duration and sediment types. To investigate responses
in early development of Bruguiera gymnorrhiza including propagule establishment and seedling growth to tidal
and sedimentary conditions of simulated semi-diurnal tidal systems, a 4-month experiment was set up. Mature
propagules of B. gymnorrhiza were planted respectively in pots containing silty and loamy-sandy soils collected
from Mai Po and Sai Kung mangrove forests in Hong Kong. Four plastic tanks (85 cm in length, 64 cm in
width and 50 cm in height) were used in this experiment mimicking 4 combinational conditions, i. e. high wa-
ter level with coarse soil(HC) , high water level with fine soil( HF) , low water level with coarse soil(LC) ,
and low water level with fine soil( LF). Artificial seawater in salinity of 15 was pumped into and out of the
tanks in designed intervals to simulate daily semidiurnal tidal phases including two floods and two ebbs. Daily
inundation time of high and low water treatments was 16 h and 4 h, respectively. Water level of HC and HF
was 30 c¢m above soil surface, and O cm for LC and LF. Each treatment was triplicate.

Under both high and low water levels, all propagules established and grew well in the experiment. As wa-
ter level and inundation time increased, the acidity increased, which is higher in fine sediment than that in
coarse ones. High acidity would not favor the plant growth. The establishment of B. gymnorrhiza propagules was
not significantly influenced by the condition change. Early growth especially the stem height increments was
stimulated by the increases in water level and inundation time in the first two months then relative growth rates
slowed down in the second two months. In addition, as water level and inundation time increased, the ratio in
biomass below-ground/above-ground significantly decreased, especially in coarse sediment and the percenta-
ges of coarse roots, P contents in roots and chlorophyll contents in leaves tended to increase. Other physiologi-
cal parameters such as carotene and stoma density were also analyzed, along with detail discussions on the re-
lationship of water depth, inundation length and sediment type to the plant development.

Key words Tidal inundation, Mangrove , Bruguiera gymnorrhiza , Sediment
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