4508 %55 10 H A 2 # Vol.28,No. 10
2008 4£ 10 A ACTA ECOLOGICA SINICA Oct. ,2008

s 7K BiniB XF &k Fh ( Kandelia candel) %) &
R C.NRETFESENEM
AT BE R TR

%, REE, TR, FER, B

(EIMTRSFEEaPEEl BE EiT 361005)

WE SESEREETF 2SR R AEL N EY G, WEAFRRESE(REHE 1.6,1.0,0.4 m) T 1 FAEKMLH
m BT (G N R R B RN WA KIS, B 58 T WK a o kA 4h Bk AR A R 52 7 B e AR DL, 45 R RHH,
FE & TR e AR A AR, W K B 3R BRI AR B I N RE T EEBERE, ARERR0.4m L, 51.0 m f1 1.6
m A S E Y B FIFRE T 18.2% 1 47.0% , it C/N HEA BIRRAR T 17.5% F0 20.0% ,FERIHL , B & B thi B &
KT 44.6% F170.5% , KA BT EREEH F O/N HERE BEIEMHX (R =0.8425) , RARKSMLEH P CNFEK
BT E R K ENA B DA SRR/ B R T B

KR BRI WK BT C/N HUE

SIS 11000-0933(2008)10-4725-07 FHE4FHEQ142,Q178,0948 THRAFINAG: A

Effect of waterlogging on the contents of C,N and tannins of Kandelia candel

seedlings: a test of the carbon-nutrient balance hypothesis
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School of Life Sciences ,Xiamen University ,Xiamen 361005 , China
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Abstract; This study aimed to determine the effect of waterlogging on the contents of C,N. tannins and Chlorophyll in the
leaves of Kandelia candel (L. ) seedlings, which were planted at various topographic sites in an intertidal zone of Tongan
Bay, Xiamen, China. The experimental plots were on a slop and showed a maximal elevation difference of 1.6 m. Three
experimental plots were set up in bare areas of intertidal zones. The mean elevations of the plots were 0.4 m, 1.0 m and 1.
6 m respectively. The intertidal elevation affects tidal inundation and the inundation period. At 1.6 m above the zero tidal
level of Huang Ocean, Kandelia candel seedlings showed best growth and the higest tannin concentrations and C/N ratios.
Tannin concentrations and C/N ratios tended to decline with decreasing elevation. The results showed that changes in the
C.N and tannin concentrations in response to waterlogging. This indicates that longer waterlogging time resulted in lower C/
N ratios. The responses of tannins to the altered C/N ratios were that lower C/N ratios resulted in lower tannin
concentrations of leaves, decreased by 44. 6% and 70. 5% , respectively, the biomass of Kandelia candel seedlings

decreased by 18.2% and 47.0% . In fact, there was a significant positive correlation between tannin concentrations and C/
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N ratio (R =0.8425). The response of C,\N and tannins in leaves to waterlogging was consistent with carbon-nutrient

balance hypothesis.

Key Words: Kandelia candel (L. ) Druce; waterlogging; tannin; carbon/nitrogen ratio

LIRS AT Y B 0 [RIT AR ARM BE R, R AR S AR R R EE R ENER. Bin
( Kandelia candel) R E LI RHYREE PR H RMARE Y — . 7RI EEW RS, BFs 2
FHOKIER, A TRITKEPRAED W% W R A MR, A 7 w8 B9 20 A 4 v S8 TR K i
VR4 , WK TR IR , S UL 4 W T R

AR RFEFA SRR AL B AE LRI T, B iR i T — 27 B OB, Pk R/ B T
(CNB) BRI T 5 LH X E 5 ORI e R R En " BREZPIR RGN T —k
FIR IS5, %t CNB (B A4 138 Ptk Ko TS Bl — B X TR R BN A R 2 A LR E
XMER, 5 —FH, mWERNRAEREBY RS, A R 58K CCH.ON TR ILEIE X, EXRZH]
HERZ IEE HeEm o ARG xR R S 7 M R R A LD AR SRk A BT —4E I B SR B A 2,
WEHLGEMAH CNFE ATIENTZREFERYEERKER, #Hi—0 THYEN C N SESH
THREMMRXRR, SEFITHE YA B RAKENEG T BT, s R A e
He PRI TR TAE SRR 2K R
1 BHRAZE
1.1 FhigE

AL T B ) R I B R 2 I [ & P9 & 1 (24°38'N,118°11'E) , EIIREEMFEXNIIEKX 15X
20.7°C, BB IEME HE Bk ER 2K, ZEFHEEALS. 49 m EXREAL 1.50 m ilzi@ﬁ';ﬁ?é
3.98 m, B KHIZ 6.92 m, /N2 0.99 m, HHPEE SRR N 0.09 m, ZFALH 1.60 m( L& T3
Y PN AT ) . BKARST IR T 2005 4E 4 7, 9 EEHEE , #R1THE 30 cm x 30 om, FEMIEER B — U2
B2, K 300 m, B —MEITE, B FAL N 160 m, BEHFREER 6.7 x10°m?,

AR 3 REAKEN 2B, RREE 30

Fmhi— &R, MR A TR R R B F 160 m 4 ] g ;5)
BOLURIARES BT, WA RER IR S m — &, B g; s
B, AR AR B 3R 47 K 193 B 2R BHR S, 1R 1 \%g (1)(5)
wWREETIE SR A 0 ~ 160 m ZAHMMRE =
MHNEESR(E ), Hob, BFE 160 m AL RARAEK 512040 60 50 100 120 a0 s
IR 0. 09 m( LA ¥ - 354 18 Oy 1 A 2 v B3I Horizontal distance down (m)
), BMERRA S mx5 m {3 MNEENEITHT, B Rl R N R AT
3AEEETEMESE FARAIBINE 1 s, BEME PR, Fie1  Beach profile of the sampling sites in the intertidal zone of
14 pH 3bE REFB A 1 Fin, Tongan Bay

Rt S UCRBERRR T REARE I 0 ~20 cm ) W78 7% Tidal level; T 1.6m, 1 1.0m, Il 0.4m

RETEFELBENE, HEEMRIE pH H(RE
R EE (R ANRSE (ERREE) UL DR (RE TR KE) FiEhn, DETRE
W1,
1.2 HmREMNE

2006 46 A7E 1 . TUA Ao FEBUSGAM A4 M-2-6 i, Sy AL TSR 5E 2B IT B S 1 Jf ﬁii‘h
Mo ERTmE 2 BITEISE 3 Xb i, M R T, AT S B LR E, MRM A 105 TRE L
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min 80 CH T EIEE , BHEL I, REFEMH. FES MR WREPLEE 2 FR40HH Bl Ll =0 8 4 K815,
MR EEE YR BR R etk R,

®1 FRAREERARATNLIEETRE
Table 1 Soil characters in different sample plots in the intertidal zones of Tongan Bay of Xiamen

TEERME £ Sample plots

Soil characters I I m

1 4 B /7 BE BS Horizontal distance down shore(m) 20 100 150
FEH B (FIEE ) Tidal level ,upper the zero tidal level of Huang 1.6 1.0 0.4
AWK B F- 1418 MRt 8] Waterlogging time per-tide-cycle ( h ) 4 5 5.9
+3% pH {8 Soil pH 7.0a+0.02 6.7a+0.1 6.9a+0.1

+ BEEh B Soil salinity (%o) 20.0b 2.9 17.6a40.6 21.2b£0.3
F+IEHHLE Soil organic matter( % ) 4.5a+1.8 3.4ax1.9 3.9a10.4
38 R Soil texture ¥+ Clay loam ¥+ Clay loam ¥+ Clay loam

* FAl— TR E AR EZ BN BERRFEDBELER,P<0.05 Means followed by same letters on the same column indicate significant differences
at P <0.05

1.3 Bkanghit i CN F B RSN i SR & 8iE

gt A CN 2 CN TR 27X (Elementar Vario EL D JE . M FBIHSR & BR AR
B3k, MSE 645 nm A1 663 nm KL ME, 775 Chl a 71 Chl b & &,
1.4 Bkangha i T S 2R

FREURE I 0. 1 g, HIA 70% BRI , R 48 3 W, BUH 5 ml HRBUE R 30 min, B.0> (5000 1/min)
JEWE EERIFERE 25 ml, WEESES ST (ECT) SRETHSSH ST (BCT) FENEHIET B-3
ML BEART AR AR TG A SR A BTN,
1.5 FdRabEMmItr

I IR AL ELR A Excel BUFSERL, 3R A SPSS11. 5 BMF#EATT5 Z 504 (ANOVA) SE
2 HREHH
2.1 JK¥#EMHE T RARS AR B AL

WE& W R AR AR, K B R IR, R BAE W B B PR (R 2) . MERR0.4 m 4L, B
e/, H(30.5£1.6)g DW, 55 1.0 m M1 1.6 m M I, 0 FIFEAK T 18.2% (P <0.01) #1 47.0%
(P<0.01), FEE/KMEHHEEZERERE, ZNMHRERIE, ZRRMERBE, SHEL1.0m 1.6 m4t
FAL, AR 0.4 m ALKIMRE BRI SE T R TR AR B AN T 20.0% F142.9% . NZEEYEH
HEBIKRE, A KHHa R RS, ZAY B ILERI A TRENR, BR0.4 m 45 29.2%,
1.Om#4b%27.6% ,1.6 m 42 30.5%,

£2 FEANBIGHEEMER BRI
Table 2 Effect of waterlogging on stems and biomass of Kandelia candel seedlings

2% PEE = 2 Tidal level(m)

Parameter 0.4 1.0 1.6
255 Lengths of stems(cm) 43.3a+4.9 39.3b+4.3 48.5a 4.0
#:4% Diameters of stems(cm) 0.8b 0.1 1.0b£0.2 1.4a10.2
ZT 44 & Biomass of stems(gDW) 8.9b 0.7 10.3b+1.3 17.6ax1.1
JE Y& Biomass of seedlings( gDW) 30.5¢+1.6 37.3b+4.2 57.6a+2.8
2Pk HFH Leaf area of a seedling( cm?) 101.7¢+39.9 406.1b £104.9 867.2a+78.2

* FAl— TR E AR EZ BN BERRFEDBELER,P<0.05 Means followed by same letters on the same column indicate significant differences
at P <0.05
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2.2 KA TR R AR

HE 2 WL, B K e RIS, 1 R ER a( Chl. a ) SR BERML, MEARA 0.4 m 4L, 0
FtgE a( Chla ) SEEBEFERTHEEE1L.0m 1.6 m BHFE a FE(P<0.05), HEE b( Chl.b)
B & B8R TR, BERBHUARE (P >0.05) , M EROELBHRILE 1, EEMTSRYREE, A E
MBER/N(P<0.01), B 1.6 m &b, AHTEH K (867.2 £78.2) cm®,1.0m 4b, AHFEF K (406.1 +
104.9) cm®,0.4 m 4b, B K (101.7 £39.9) cm®,

W %340 Mature leaves

120 - 0O %M Young leaves

—
™
1

B 4t#a Chla
_ 14t OvbsAD Chlb 100 b
=S 12} s
= E 22 wf
o B 1.0} o £
g 2 25
S 08| Sg 60
a o O
SE 06 LE 40|
== 04| B =
=5 20
02
0
0
0.4 1.0 1.6
04 1.0 1.6
Tidal level, upper the zero tidal level of Huang Tidal level, upper the zero tidal level of Huang
B2 WERRKERR A R A R B3 Wk T & R AR
Fig.2 Effects of waterlogging on contents of Chlin Kandelia candel Fig.3 Effects of waterlogging on contents of tannin in Kandelia candel

leaves leaves

2.3 JK¥ERAT B R TR
SRR (E3) RN . BR 1.6 m LYHEBAM BT SRR, 7(69.5 £14.1) mg/g DW,FEE WK
BRI AIEC , Ba R, i R T S BRI, R 0.4 m AR F T S B ERIR, 7(20.5+£5.0) my/g
DW. 55 1.0m A 1.6 mAMEIL, AT S B0 BIMT 44.6% (P =0.042)Ff170.5% (P <0.01) , &t
TERERAM AT IR ELES N, BHHATEERER THRAM BT IR (P <0.01) , HAELTE
FEl 4 39.1 ~83.2 mg/g DW,
2.4 JKEE T C N S2IEL 3 RARAHEME C R NS BROKMN
KT IR ST M C fI N B9820 35 3,  Table 3 Effect of waterlogging on concentrations of N and C in
WEE MK ARG, 1 C S BRI N 8%F  Kondelia candel leaves
P, C/N IHBEAR, SRR 1.0 m F 1.6 mably  TARIRE #OC 0 SR N e
1,0.4 m Zb4EIM R C SR FIMRT 15.2% (P <

0.4 324.6b+16.2 24.8a+2.2 13.2b 0.6
0.01)F117.1% (P <0.01) ,C/N WA 3 BIFEAR T 1.0 382.9a410.8 24.0a:1.4  16.0a0.9
17.5% (P <0.01)#1 20.0% (P <0.01) ,N & E7454k 1.6 394.6a£1.2  23.9a+0.3 16.5a£0.2
ZBAREE(P>0.05), * [F—F PIE AR BN REARTFESEESR P <0.05
3 'EFJ- "[fﬁ Means followed by same letters on the same column indicate significant

differences at P <0.05

3.1 JK#EMHE T X RRAE S A K B

DAEEXHH Y B ¥ K B B B SR B, MK SR I B9 A2 K B 38 B9, B 3R (Avicennia marina) ZE#E K
e T, B BE TR KRR EAA G THMERZRBEMR,

MR ARMERE RS AR WA, T ERM pH ERENASESAFEEEER (R
1), WEE M RREFEAS, MK B, a R, S B e B B T M, S EEH TRNE
#oMAHERNEI R TREARNES . NENEYE Z28 2R REEYE S BEYER G T
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Bl AEE KRS, BT R2REAKRNE , 2R MR A KR, BB ZE K BRI R K B R I, AR E S 2
YRR B IR KA K BRI AR, BOR R RS KT . B IAN, KK Rk 3%
HOPITRECR SN, HETTANER2E B 1 A U B4 B R FE SO B , B K B LB B R A
BT, 2R E BT K2R KT , 7T R R B R RSB R —RPHLE 1 | 25 978 B 7H 8 7T BB LAST
PER R P BT A O RS B RS
3.2 KA TXESEM A CN SR

YRR A R R B SRR CON TTEM HAIE X", B9 OERRE . CO, M E % H T4
YRR C/N IR AL Lawler {BFF M, B L IRGR B MIBR ) CO MMM H B C/
N HE & . FHE, Cronin F 32, )6 IR A B B HR 09 Y A B C/N HEMT 37% M
31% ™V, XA BRR B TR KIS TLEH , CO, ¥ BB S FLEE 73 , 6 2 s /K I B B SE ., SR AL B M B e
15, MR RSB TR, M TR, BARMUEOEE ER, A = YE g it TR,

ARSI LSRR, FEE KA B K Y A R & BREIR RS, EY R C S EE
B, N SE2NHB LAY, 5E&E 1.0 m f1 1.6 m A4 H,0.4 m AbFKFRLIH A C/N H{E 4 HIRE
8T 17.5%F120.0% , ZR% B2 (P <0.01) , KEARE K HKE RIXIEKALE A C/N EFAET B
EHW, KAHRMAKEET, BT IR RE 5 6 R MR R A SRS BRI, R4krER
ZRE, LA C AR REIR Y AR B, NI S BOEMIR A C/N HAERER. BRRIAN, lEEEYIEN
C HEMMEE, N FEUS B MPRNK C HRBEPERSHE N KSR KA EMK, S B A
MEDE AR TR AR RS RN C S8, MAAKENE T A K N 288 8%
25 HENIFR A, B E K R B MR C S &S N S & EFA, B —FE, KB 5HE S5
TEARIE], B TRl K e fiaE B B4 A AR R R R R, PR R AR e AR, RE A LA P 2R, A
TR bR E3RRY N 581,

3.3 KA T XEKAR M A TS B

BTV A R R, R BT TR R R RAET Y Mk T BRUK R A
AV SR TR, 5SRO IR .CO, YE K EARERT 7, BR, R Y REEF %
SR B A B T L AR I T — B B KR . H Pk &/ 5% ¥4 ( Carbon-Nutrient Balance
Hypothesis , CNB ) R UL\, S AR LA C y 2mH B A R Y R (IS 2 By UL C H.0 A =B M4k
AY) SHEYERAE C/N(BRE/BFH) LEIEMHX, ML N AR AR YR (4RSS NLEay)
Skl C/N HLE2AHEE,

AHRRW, B 1.6 m LBGRSEHF BTHER S, 8(69.5 +14.1) mg/g DW, fE5 /K B [a] 14 3
K, RTEEREBL,0.4 m BB A AT EREMT 70.5% , 5 C/N AR EEHEFE,
ARG A TSRS O/N HERIEM X, AKX EE (R =0.8425) ,5 CNB Bili—3, AARLTR
o B A S EE R IR ZEA Y B A LR I BR BRI MR A K IR ZE MR m AR, B R PR Y (S 254 H K T
TR REY R T & &2 B EREL, CNB RULA N, YL A VR, kP C/N HERER, 3B 2
FARE N KEREYES B, BRAREYRN =4 RS AP KRR, 265K e # R
RLUE A BE YA it YRR E 2 M RE R R RAE K b, BB L, C ARl Mk A R fa B
TEHEEREM, 750, MR LR REN it T S B E & T RN, MEY A ERE , XFPxE
FRAEYI R B BRE S ELR A B, FOB B L2 B R 4 Be s Bt B T R i ™
4 g

IBEMA T AR 7= A — R B A A BN Ah 2 17, 3R 5% L AR AR AR R R =& Z R R 7
B &R

(1) kB TRIRSE M E N FEEA BB, itk AT CSEYZIKER MW,
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WEE WK 8 B3R , 65 BB T I, RALVE R 224G, AT 5| Bsh = & B T JORHRT BE B BOR IR, IR
FIREAT I EBERMR,

(2) CNB RULE SRR T Bngh B A PR T \C N 2 B KA B A X K a8 B e B & =3 2 8]
BIR R BKALIE A PR CN &8 KRBT BXHE K B A& CNB Rit. ALk, RIE o
T —FR A Y BT, X CNB B SLH 3 FITE B A 15 g — R MR E
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