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Abstract

Aims Mangrove forest is desirable for studying variations in wood structure along an ecological gradient be-
cause mangroves are subjected to considerable habitat changes apart from salt stress within a small area. To elu-
cidate the adaptive capability of wood structures towards fluctuating environmental conditions, variations in wood
structures were investigated in 18 individuals of Rhizophora stylosa representing 6 populations along a natural
soil physicochemical gradient in the National Nature Reserve of Dongzhai Harbor, Hainan Province.

Methods Soil physicochemical properties were determined at the sites of 18 sampling trees in six R. stylosa
populations. The anatomical characteristics of the secondary xylem were studied in details in the 18 trees by
means of light microscopy, laser scanning confocal microscopy, scanning electron microscopy and transmission
electron microscopy. Variations in the quantitative wood anatomical features in R. stylosa were assessed in details.
Relationships between soil physicochemical variables and the quantitative wood anatomical features were ana-
lyzed by means of statistical methods.

Important findings Some common specialized wood structures were observed in R. stylosa growing in different
habitats, suggesting that these features may function for safely conducting water under high negative pressure and
are thus adaptive to intertidal habitats. These common features include the occurrence of: 1) some fibriform vessel
elements and a few vasicentric tracheids; 2) vesturing in pits of vessels and helical structures on vessel walls; 3)
growth rings; 4) starch grains in ray cells and septate fibers. The quantitative anatomical characteristics have great
plasticity in response to heterogeneous habitats. Stepwise regression analyses revealed that the total salt, contents
of Mn2+, Na', CI, Ca2+, organic matters, and total phosphorus of soils, and soil pH all have significant effects on
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quantitative wood anatomical features. Variations in the quantitative wood anatomical features in R. stylosa grow-

ing at different sites are adaptive to fluctuating environmental conditions in the intertidal areas.
Key words ecological anatomy, Rhizophora stylosa, soil physicochemical factors, wood structure
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Fig. 1 Map of the study sites in the National Nature Man-
grove Reserve of Dongzhai Harbor, Hainan Province. Numbers
1 to 6 represent study sites where wood and soil samples were
collected.
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Table 1 Nutrient conditions and salt composition analysis of soils at different sampling sites of Rhizophora stylosa (mean + SD)
PR 3 8575 & Ton content in soil
Sampling + 2+ ¥ 2F 3+ oF ml pH P 1 OM] ™ 1
sites a Koo G Na o Mgm AT Mn™ - (gkg) (eke) (gke) (ke
(gkg’) (gkg) (gkg) (gkg) (gkg) (ugg) (ugg)
1 A 4.67 £ 0.725+ 0.15+ 401 + 0.14 + 73.59 + 557.76 £ 1123+ 3.02+ 0.39 + 429+ 0.75+
1.15 0.075 0.043 0.13 0.012 8.57 88.64 1.07 0.04 0.04 0.63 0.17
B 438+ 0.700+ 0.16+ 377+ 0.16 + 71.82 + 504.34 + 12.15+ 3.50+ 031+ 4.07 £ 0.88 +
1.51 0.053 0.012 0.09 0.019 6.34 63.24 1.65 0.06 0.04 0.82 0.19
C 421+ 0.752+ 0.18+ 423+ 0.13+ 66.57 + 556.32 + 10.12+  4.01+ 0.48 + 540+ 0.95 +
1.26 0.082 0.029 0.19 0.023 8.91 75.52 2.01 0.07 0.06 0.67 0.12
2 A 536+ 0.843+ 035+ 410+ 0.17+ 63.24 + 499.72 + 1149+ 724+ 1.15+ 8.42 + 1.54 +
1.11 0.098 0.015 0.23 0.025 10.02 101.22 1.32 0.05 0.06 0.89 0.37
B 542+ 0.792+ 029+ 327+ 0.12+ 64.25 £ 510.07 + 1181+ 692+ 1.14 + 831+ 149 +
1.21 0.029 0.019 0.15 0.014 9.58 97.25 1.43 0.04 0.09 0.48 0.31
C 485+ 0.834+ 027+ 373+ 0.11+ 58.61 505.36 + 1149+ 765+ .11+ 7.72 1.26 +
1.03 0.092 0.021 0.11 0.010 9.12 107.45 1.52 0.11 0.06 0.64 0.28
3 A 6.87 0.670+ 031+ 434 £ 0.15+ 49.87 + 621.67 = 1236+ 7.12+ 1.16 + 7.68 + 1.56 +
1.06 0.095 0.012 0.09 0.022 6.33 94.68 1.09 0.08 0.10 0.73 0.43
B 6.98 + 0.540+ 037+ 417+ 0.25+ 54.55 + 687.69 + 1386+ 6.72+ 1.05 + 731+ 1.72 +
0.96 0.084 0.024 0.22 0.017 7.45 99.32 1.17 0.08 0.09 0.82 0.32
C 6.52 + 0.610+ 033+ 4.05+ 0.16 + 4741 + 630.21 + 1437+ 7.02+ 091 + 717+ 1.11+
1.24 0.076 0.019 0.16 0.021 4.13 103.25 1.58 0.07 0.08 0.77 0.24
4 A 7.87+ 0.727+ 042+ 4.68 £ 0.12 + 43.54 + 505.61 + 1775+ 694+ 0.86 + 6.75 + 0.59 +
1.32 0.085 0.016 0.24 0.022 8.41 75.65 1.35 0.14 0.05 0.69 0.21
B 7.85+ 0.746 + 049+ 444+ 0.10+ 38.81+ 54532+ 1636+ 6.05+ 0.77 £ 7.50 + 0.49 +
1.22 0.046 0.025 0.29 0.018 7.59 98.64 1.87 0.09 0.02 0.72 0.19
C 6.94 + 0.790+ 045+ 495+ 0.13+ 4121+ 571.88 + 1938+ 679+ 091+ 6.21 + 0.65 +
1.19 0.091 0.028 0.13 0.029 5.39 82.63 1.96 0.03 0.03 0.77 0.28
5 A 8.63 + 0.521+ 034+ 341+ 0.15+ 4474 + 569.21 + 1270+  6.85+ 1.06 £ 6.69 + 127+
0.98 0.102 0.014 0.12 0.031 11.25 97.54 1.23 0.07 0.14 0.34 0.41
B 831+ 0485+ 037+ 377+ 0.15+ 3722+ 528.96 + 1212+ 564+ 1.25+ 5.70 = 1.12+
1.09 0.079 0.015 0.17 0.027 7.73 102.57 1.54 0.04 0.13 0.45 0.26
C 9.23 + 0.519+ 033+ 428 + 0.12+ 3598 £ 58421 + 1323+  6.64+ 1.30+ 6.69 + 1.13+
1.13 0.099 0.021 0.14 0.022 10.36 85.95 2.01 0.06 0.21 0.38 0.33
6 A 10.95 + 0.347+  0.06+ 5.16 + 0.07 + 28.93 + 129.43 + 1486+ 6.87+ 0.30 + 9.39+ 1.20+
0.97 0.086 0.011 0.15 0.013 6.12 64.57 1.82 0.10 0.04 0.66 0.25
B 10.36 = 0.358+ 0.08 + 5.90 + 0.09 + 33.65+ 102.57 + 1542+ 6.53+ 0.37+ 10.80 + 1.48 +
1.13 0.056 0.016 0.26 0.014 3.25 81.47 1.52 0.05 0.02 0.47 0.31
C 1224 + 0301+ 0.05+ 581+ 0.05+ 26.35+ 122.33 + 1452+ 693+ 0.27 + 10.20 + 1.34 +
1.28 0.092 0.013 0.32 0.011 4.99 57.39 1.69 0.06 0.04 0.52 0.23

1-6 4 64~ LR A P 1 - HER AR FEHL, [IIEI1; AL B, Cﬁﬂ"’rﬂtﬂ%ﬁﬂﬁ IBRAEASR AR b s BT 134 T 3R SRR A TSC, T34 3675 pH,
T HEpH{H; TP, T3EARES&; OM, TIEAHLIE
Numbers 1-6 represent six R. stylosa populations for soil sampling, see Fig. 1; A, B and C represent 3 locations for soil sampling in each of the R. stylosa popu-
lations where stemwood samples were collected from three individuals. TSC, total soil salt content; pH, soil pH value; TP, soil total phosphorus content; OM,
soil organic matter content; TN, soil total nitrogen content.

1.4

HRHERFEIT

TN, LHEANG

AL WURE A LA FL DI B3 W

AR AR J5E B (1) 7] B8V 4 £ (P1) 2 % Ashton 55
(1998) I A PL =1 — /X, Hohxch e/ F)
H, X FE#IME . N HISPSS for windows 19.04K
PEREATZ L B 5 #r, a7 LIEPEAG F 5 AR
SR BURRA IR K R

2 HERMOM

2.1 AEIFEHLENIRE R RERRIFL SRR SI4HE

6™ 1 21 9 15 40 A2 AR B 1R T 2 A ) R AR 52
A8, e WO R BB, B
BOWEEE Jan R (D)3 LA S48 8 i AR K
(E2A) o FEHBORATAR IR K AE AR TS T W g W4 2]
DA% SN R A KR (E2B) . SR L
B FURI A FLAE A R (LR S A FLRA FL I . AR

E LR AL (EI2A-20), Tl DI A4 R0 R0 B8 4T 34 R 25
HMEERY, KAV EILMELARTE. =58

B 4L (KI2D), 78 S5 5o T 4eIR G4
7 F(EI2E); (2)F4 /> Fumbe Loy mist, S8 2
gL, B LR JERERR (E12F); (3)E M2l
BIRHES(E2F), T4 -5 2R R S0AL A 24 8UFLAT,
SEKILGALGER I, SLARATE, A Lok
I Sl 1) I SRS, A7 e K S L 5 ]
SIF(E2G-2T); (4) HL IR 5 Mo sy b IR 845 e,
KA GFILIERS T ALY, 5o 9L
Y FL oy b, PIRLLT 4 s ardl, B 2T 4 5 W(E
2K); (5)5 S BEAN I 2L AR (121 vEbrki(E2M),
AL LSRR 2 LA ML (BI2N)); i i S R ] 20 B i
R, Hyek kb (6)VI R A RH I ra s

doi: 10.17521/cjpe.2015.0058



608 A= # %4k Chinese Journal of Plant Ecology 2015, 39 (6): 604615

10pm

A 9 s smoamg

www.plant-ecology.com



AR, A BE R TOU 2540 B R SCFL VA
GUAL 1 2 v TS e 1Y S S R T i S0 &5 (]
20-2P) VL K B pt), FGIASL. B R A,
ZE AL 2% (B12Q-2R); (7) K HB 4 SrfLIE VA 4
ANITFLI (B128), AL S B AL, v e
FE it il 46 1 325 B ) (12 T)

22 AEHHLENRE KRENEE MBS ERY
THRESHIEBEFHLER

F2 R AN [R)RE 213 T IR A R R 174 £ A
BIRHIE . B2 LLE Y, AN [FIRE AR AR BT 4
fift SR R AR I R I — B I IR, LR ] SR
TR, WEEYEFREUPIE M 0.54, LR 2, PI
5045, 85 FKERTHEER N, PHEN
0.20, AH 7] — A% by (1) 34K AN [FUAR I A 1 7T 98 P 4 /s
(#2)-

LB R, LSS E M SR,
Na' &, CI &R, Ca' &R, FAHRGE. 2
5 R - EpH AR Wk 35 52 Wi 2139 M IR 2B R B 4
fE R IR (R3) . Bl TR A SR AR s, S
TR ERIPD B KT, B M 5 R
e, SERMER. SOMRKSERNER. 3
Bz A ELPIEL, S0 R LT
R AR R LT o B 5 B ek a3, S 4R 5 1 &
BORkE MiE LN SRR, SERNE
By 50 KN FERNES. SEZ AR F1L
SPERJTIRL S SO F KA L1 34 T B St gk /D [ s 3

Aoz 5 LUIEREARM AR LS R 609

ST TR RIS B LECT SRR, B
BRI ELAR RO B L ECaT S R R
EALE L. MR MR YR AR
frad BEE LA NS R P, XA
ey BRS04 K FL B TR b
K% BiE LS B E, SEZNE
ey BRI S0 R AL B BT R
(RIEH, Sk vE R 2 A ik ke 9, Bl L
SEpHAE 5 i, i 3 T ARAT B K IR

3 itig

31 LIBMARM SRS E B R A& R

ZLEN I AT BT AT I 7 )l AR R AR
Y, PEIOMKRESREERMZ —, mihd
Bi Gy =g e, MR TR AT i 50 R T is
K5 o RN IR AR BT R 3 Y R I Ry — 2
FEAIRIRRAE, ABFITE SRR, Z0MNEAS R R HoAs
WIRAEAR G BA — S [F TR A RFAE, BEfEEK
O3 2 A, 6 TR A AR A R IS Y g
I1o BARRINLE: (DASFIFEHL T TR #R8 A7 A 2T
YR FEMMEE M. HNEERE SEMNERE, 4
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ANFE T3 K (Carlquist, 2001).  [7] I AN [ FE b 1) 21305
WEIEA LT 4R 4%, Carlquist (2001)iAhy: £F40IR S
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—
B2 20 EAR T RE SRR E. A, BEUTIHILM), 7% S8 D A KRS . B, MPIHI(LSCM), /"7 34 A 5t
AR S . C, BDIT(LSCM), /"EERFIZE L. D, BHTHIAEEHI(SEM). E, BTILTYEIRTE 72T (SEM). F, EHT
(K5 T (SEM), 78 P> TImBEMURE. G, BUITI(TEM), 75F SN AIRLALNT . H, EHT S8 2 1 (SEM), 7RI
B2 QAL MR AP 0L 1, ARDTHI(SEM), 7R BB IR LRI R &gl 3, 12D)HI(SEM), 7" — IR IT T HIZLAL .
K, BUIELM), 2<BRET4E. L, 72UIH(SEM), /REZATA i) dtAk. M, sZUJIH(SEM), 73 2R A ISERI R, N, 121
Hi(SEM), /5 FLANM. O, A VIIHI(SEM), /RIZHER )T . P, 2 V)IHI(SEM), /REFL L FISHL IERA . Q, 5% V)II(SEM),
NTEEEY. R, SZVIE(SEM), RIMIEAL. S, SRVIH(SEM), REGH B LB LS M. T, U (SEM), &4
MO RATEERT . LM, Jeo: Bii; SEM, F1HH 7 St TEM, E5 i 7 258 LSCM, B R Bt

Fig. 2 Anatomical characteristics of secondary xylem in Rhizophora stylosa. A, Transverse section (LM), showing ring border de-
limited by narrower vessels. B, Transverse section (LSCM), showing ring border delimited by significantly narrower vessels. C,
Transverse section (LSCM), showing vessels in short radial multiple. D, Macerated vasicentric tracheid (SEM). E, Macerated fibri-
form vessel element (SEM). F, Macerated vessel element with oblique end wall (SEM). G, Transverse section (TEM), showing
haft-bordered pit-pair and simple pit pair. H, Macerated vessel element with round border pits or fence-like pits (SEM). I, Radial
section (SEM), showing round remarkably reduced border pits. J, Radial section (SEM), showing long scalariform pits on one side
contacted with alternate laternal wall pits (SEM). K, Transverse section (LM), showing gelatinous fibres. L, Radial section (SEM),
showing crystals in the ray cells. M, Longitudinal section (SEM), showing starch grains in the ray cells. N, Radial section (SEM),
showing perforated ray cell. O, Radial section (SEM), showing helical thickenings. P, Radial section (SEM), showing grooves and
grooves interconnecting pit apertures. Q, Longitudinal section (SEM), showing vestured vessel wall. R, Longitudinal section (SEM),
showing vestured pits. S, Longitudinal section (SEM), showing non-porous pit membrane. T, Radial section (SEM), an artefactual slit
occurs in restricted pit field areas damaged by sample preparation. LM, light microscopy; SEM, scanning electron microscopy; TEM,
transmission electron microscopy; LSCM, laser scanning confocal microscopy.
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Table 3  Stepwise multiple regressions among secondary xylem characteristics and environmental factors

i bk ERRT EIV Syt R IE Y FRAL
Anatomical  Ecological factor Regression equation Adjusted
characteristics R?
VEL 344 % i Total soil salt content Y veL =344.761 + 12.039X7sc 0.386"
RD +3EMn* %8 Soil Mn?" content. 1:3Na’ % Soil Na' content Y rp=101.890 — 0.042X pin2+— 5.777X Na+ 0.726™
RD50 +3EMn™ & i Soil Mn®* content. F-3Na"# 2 Soil Na” content Yrp= 128.047 — 0.050X y2+— 5.634X not 0.587"
TD 4455 Soil total phosphorus content. +3EMn* i Soil Mn®* contents  Yyp=71.773 + 12.836 Xrp— 0.033X ym2+ — 0.896"
+3ENa %8 Soil Na* content. 3 HL5i % & Soil organic matter content. - 3.589X nat — 0.901Xon + 0.547 X
HECI & & Soil CI content
PA +3EMn* %8 Soil Mn?' content. 1-3ENa’ % Soil Na' content. TI3EEE  Ypa=5262.683 — 3.836 X 2+ + 0.900
+2 Soil total phosphorus content. TI3EAHLFI & Soil organic matter content 916.810X1p—315.615Xnq+
—75.814Xom
PA50 +3EMn? &4 Soil Mn®" content. 13%Na’ 7 Soil Na” content. 13EAMES  Ypaso= 8978.891 — 6.142X 2 — 0.815
# Soil total phosphorus content. TIEHHII = Soil organic matter content 454.463Xnq++ 1191.560%1p—
177.127Xom
CA +HEpHE Soil pH value Yea= 5.695 + 0.453X 0385
PD TiiCa® A, 14t Total soil salt content Yep=10.615 + 40.737Xc2+ + 1.608Xrsc 0.762"
RH +IECa i Soil Ca®* content Y= 967.204 + 754.122Xcy2+ 0.422"
RW +iCa® & Soil Ca?' content. TIE4HESH Soil total phosphorus content.  Yrw = 24.786 + 20.811Xca2+ — 8.091 Xrp+ 0.723"
+3EMn* 45 Soil Mn® content. 1-3Na'## Soil Na* content 0.024X pin2+ + 3.194X Nt
RF I AWEE R Soil total phosphorus content, +#Ca”" 4 & Soil Ca® content  Yrp=9.331 —2.759X1p + 6.038Xcq2+ 0.562
FL +4EMn* 548 Soil Mn?* content. +4fCa”" & Soil Ca®* content YeL = 1287.519 — 0.687Xym2+ + 0.819”
491.239X a2+
FWT + M S Soil Mn®* content Yewr = 6.868 — 0.002X 0.441
** p<00l.

CA, SR, FL, LF4EKSE; FWT, SF4EREIE; PA, AL ITHRY PASO, SO R KA FLT- 1R PD, LAY, RD, LA R HAR; RD50, 505K
AR AR, RF, S200%; RH, W2 RW, B SEEE; TD, L5410 B A%, VEL, 0 7K.

CA, conductive area; FL, fibre length; FWT, fibre wall thickness; PA, pore area; PA50, pore area of the 50 largest pores; PD, pore density; RD, radial pore
diameter; RD50, radial diameter of the 50 largest pores; RF, ray frequency; RH, ray height; RW, ray width; TD, tangential pore diameter; VEL, vessel element

length.

AR A, BT DR E . SR FERE
AL AN, LA KB -8 ) A R o Fa b R o £h
FERRFEIIAR A, AT, BE T4 Tt
EALE IR, T ALAR I BA S 0% ) AR SRR
AN LA R R, X5 Schmitz55(2006) LA+
HE/K 4 b B AR A KT 5 2E (Rhizophora mucronata)
DR TG A B R AR B R 5 e BRI 90 45 SR — 3
AR, SN LA EARLL, IS5
NS AU R 5 RV € S NI AR AR E A S (1
I BB AT R 7R MY S B W S
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O R A R 2R AL 2 1) 2 DB R R AR FR
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— 5 3 Bl P9 B 25 4 N2 R M R R
KRBT 5 A N AR E R I B AT
S0 K FERNES. FEXM AL FIES
TR 50/ K8 L1 S5 T AR 52 gl PRk 34y o 9 1)
AR K e 2 AU S KR T, R
Na & EAEH mEE LD, Bk &7 o) i kK3,
DRI 2T A BT 3 N AT BRI s, HL B AR5
RO EMIHIIN, AT A ) IG5, <N
W FEUUE DU IERE T 0, AR T T 1%
P (Carlquist, 2001; Tyree & Zimmermann, 2002).
Mn™" 5 AR5 7 T e RIS R R B 9 3 2
AR SE G, 0 5L (Nicotiana) F ) 14 #1455 57
SCUG R W] M 8 A AL S SR 25 T A 1 i R
SR A ST 73 R B (A B ) RO B A R R 2
(Santandrea et al., 1998). ASH5T & B H1#Mn* 5 &
SN LT A RE 5, EG 0 R 2 W 48 8 M
SR FEHERA WK,

—SEVE A BE S L ECaT S B, L
JEARR &S DIREMER 7 R W] A A 26



(embolism) 5| & B 4 /K F A K 5 S B R
AN R 5% (Tyree et al., 1994). £ FRAERE 1
Hedh R, HBEE T3 sh Bk, Ml s E
TR ETE, A SR, PE RS
R TR 24Pk A Ca™ e IR 4 Y
Koy isfa, Bk ke 2E 0 Th RE 5 10 O A VF 2
(Plavcova & Hacke, 2011), XM ANk G0k
W, LSRRG RN Ca™ . Mg™ RIK 4507 i
BRI, ST SE A AR N AE KR IR, 3
G % K (Junghans et al., 2006). 25 & AT 5T
FIHT A ORI S TT AR, AMJECa™ i YA AC T s
B TE G 0 I 2 DA 5, X IR R
JUT IS G K BB R AR R S ) ] A A ey 5 A 5 v ) o
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JELLZN, SR 2 A0 g N I SE R R K AT B T s U TR
¥ 22 S )15 K (Salleo et al., 2009; Zwieniecki &
Holbrook, 2009; Nardini et al., 2011; Secchi & Zwie-
niecki, 2011). K, Ca® SR A0HEE, SLLwE. 5
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(Carlquist, 2001).
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