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Wood Anatomy of Some Sonneratia Species in
Relation to Phylogenetic Significance
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Abstract: Wood structure of six Sonneratia species from Mangrove Nature Reserve at Dongzhai Port, Hainan
Province, was observed under LM, SEM and Laser scanning confocal microscope. Ray height and ray width can
be used for diagnostic or subsidiary diagnostic features to distinguish S. ovata from other Sonneratia species.
Sonneratia forms a monophyletic group which has a closer affinity to Lagerstroemia (Lythraceae) instead of
Duabanga (Sonneraceae). The result of clustering based on quantitative data of vessel elements (pores) suggests
that the Sonneratia species evolved into two clades, one including S. caseodlris and S. paracaseolaris that has the
wider vessel and lower pore density suggesting a high conducting efficiency, the other including S. alba, S. ovata,

S. apetala and S. hainanensis that has the narrower vessel and higher pore density resulting in high conducting
safety.
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¥ 12%

L RPRR 7%

LTRHH ¥ % J& (Sonneratia)6 4 14 4
(#5 % S. caseolaris, K EHGF S. alba, B S.
hainanensis, G- #5 2% S. ovate, LG Z S. apetala,
UM R S. paracaseolaris) YK B g5 A AR FEHLL
HEREFX.

BEEU A K AEHE— B bRS 102, B =4 8 m, Hi%
7 9 em oAy, BT R R . B —F
EFEERIEER S BRARAEAR, — 3t 90 LM I Y]
Fo

AR MRAEME A AEY AMEESR
£ /5 H FAA BB 2 R fF. 1o’ EAHM/PR
B2 10% 2 R BRI I8 E V) R LY ERRE
Bk =my R, EEH 15-25 vm, —#04 F H
VKRR : 30%iL FAL E B AT AT, 1 % LK
SR R FIK, — BB B, & e B pk
KAV, TEY6 % B3 (Olympus, BHS #1) £ #05%
FL B £ B 1453 (Laser Scanning Confocal Microscope
(LSCM), MRC-1024ES, Bio-Rad 22 &) F M £ X4
KIFERIFESRE: 71— WAV BER TR
Fik, BRTEE®S, ERRBHEJSM-5310LV
)T HREME.

REAHREEBMENRBE M EENKA
Y1 A L= SRR & T e AT, FE R B AL
E R EAFEENEFE 30 438048, XK¥Em
B 200 4 DL L0 R v ORI A AR HEE .

ZSCHT AR EARHE B B A 51 22 R &l e
() 2 1 SCF AP #5222 IR, X3 & ESFAE
B R R EAKIE Carlquist! ) 1% 2 “ Comparative
Wood Anatomy” F1 Noshiro Z® 4 r 32 4 4R
HERH R

WEaWHE N SPSS Gt o Hrk Fxt
FERBERIERITRIEN T
2 4%
21 KAHRAREN

Carlquist, Metcalf MIF AL QN EEF R a4
THERBELNED AN &k . () R
fL: (2) BB 4%, (3) ROrRRAL 4 (1) B &4,
(5) RZIHAK; (6) LR AL, (7) Rhw #AE 4 21
USSR R A B IR R M
SIRUESE THERRBAAU LFFE. &35 R4H

WA K R B AM SRR TiR4b .
2.1.1 &%

Hym EELERY. HERSBEZAE,
# % fl, (solitary pore) I & |, #f (vessel grouping) Jf
ffo U2ANEBIEFERERRFAINREL
(radial multiple pore) ) ¥ , & W & fL H (vessel
cluster)(Ehx I:1,2),

4 KB 4> T & 5> F (vessel element) B 8 57 {(,
(simple perforation), ¥ B¥ 52 /K SEsR &R, P &
R (tail)zk & LR (ER [11-15), B ESZH, B
TBE gL R ) BE 1 G AL AR BB AR 1:10),
AARERIFEST FHERRARNKRE D T
(BR L11), S &Rk W R A2 4 (tylosis) HIAB &, A €
T #4(amorphous dark-staining compound) (B ki
I:2),

#a Koy & R AL X 8 B 51 K (alternate
pitting)(F AR 1:5), ¥ st B 8 FL %t (bordered pit-pair)
(B L7). K5 8UHLA gL (vestured pit), (B4
SN B 45 (B R 1:6), ] W 52 B 22 4K (filamentous),
& Bk R (bead-like) ., 3 3 4k (coralloid), B4R (foliate)
4 F Y, R £ b KIESERARLE KR, TH
a)Z B(E R 1:16-19; B 1:20-22),

BYIE T8 55 GAL A G QAL 3 (half-
bordered pits)(E i 1:7), K/pFIFAARZBIE K, FE
BE - RPOIRFE i (verrucae) (B iR 11:24) , & 4L
FE—IUA QSR M (vesturing) (B R 1:23).

T8 B AL B Hr ¥ & £ (paedomorphosis) 31,
Z, R A RAFIFESTRAF HDET
B4 F B PR ZF FLAR (meshworklike perforation plate)
(B A 1126), (2) 4 X8R5y B TR 8L A B AR, B4
ARG (scalariform pitting) (kR 11:25),

212 PRI A%

BB 34012 9118 £ 44 (libriform fiber), 4124
—#BI F 5y BRAET Y (septate fiber) (EIRR 11:28). X
#1 4 (gelatinous fiber) 5 WL(BIAR 11:29), PIRLLT4EBE |-
B /b i B fL(simple pit) (B 11:27). 4 4%
£reg B bt ARENE SR BRLRE (BRLS), &
e A £ 4 (1) B S LR ORI (B AR 1:27),

2.1.3 g g REH

VI LF, SR B %) 5 28 (uniseriate
ray), # /> % 51| 3§ £ (multiseriate ray), 8151 5§ £& 40 fd
¥ 3-50(ERR 13). W2YiE LA, g mEER
15 B 48 B (procumbent cell) 20 g% ([ X 1:4), 1R &
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IAWA¥ 43 505 E, 6 MM HI S B8 3 0 [ &Y
TIRY . G o v B 40 ) Py 80 7L g B8 B0 FL X (simple
pit-pair) (BIfR 1:9), &4 B E R AR R E(E
FR 1:30,31), gL R (B iR 1:32,33), W LR
2 £ 41 il (perforated ray cell)(E i I:34),
2.1.4 3y In) FBEAH 20

%l 1) 79 BE 41 B (axial parenchyma)ihi/l>, 4 B R
7 BE4R 47 (diffuse axial parenchyma),

2.2 K ERBERE

221 B EFED FHBERE
BREREDELRSES FOHREREFEN

% 1, ¥ IAWA Carlquist. Noshiro ff] 4> 25kr#E"%,

LT LA S () B £L % B (pore density) 8 K

(48.90-89.39 4~ mm?); (2)F B B & & (vessel cluster

size) B B (1.271-1.635 A~ cluster!) , 81|, F (solitary

pore ratio) & i (16.70% -43.70%); 3) & & 4+ T
(vessel element) 55 (294.39 -389.21um), § & B
(vessel wall)# (2.71-3.47rm), D FE LR ER
(radial pore diameter) F 3% fa) H %% (tangential pore
diameter) /s Bf, JE % /) (47.95-68.61 pm; 41.89 -
63.091 m); (5) & fL M R (pore area) /) (2 036.63 -
3499.73 1 m’); (6) R BHEYM N E LB BIFIER
WK (7) 5 A B 3 % (estimated specific
conductance) fRAEFH [B] Z 1R K -
222 BEELBERENELEINTE

N A SPSS goit r th i % F 8 I BB HFFE
BATRES, B 1 REEHEFFERRLN T
B, £ R B B R (U K0 — BUS B 3R
i A (SE XA R B B[R] —FE H 69 [J] — 9 Fn e )
—HHEHT, TUEHERESENRERFFMET
VI B iR A (D) R MESR; () H5E

1 KARSES THYRSECEHEIRESE)
Table | Average values + SD of vessel elements and pores in Sonneratia species

Fhs PD SPR VVCSI VEL VWT PASO ESC CA TD TD50 RD RD50
species NS 0o ol m m em) Gm) Gm) ) Gm (0w (m (wm
E S 66.70+ 37.18% 1.436% 32948+ 271+ 3351.18% 635337t 112629 2235+ 63.08+ 87.23+ 65.08t 91.68+

caseolaris 44.53 10.85 0.651 88.34 091 1633.39  1420.13 1089 1741 8.58 1995 11.29
FuE g & 7903+ 2895+ 1.487% 29439+ 347+  2036.63% 3563.55t 41845 1609+ 4189+ 60.89% 5235+ 73.80%
S. alba 22.26 12.02 0.597 84.35 1.0 813.96 751.73 6.43 1030 526 1433 849
HREE S 6461t 23.74t 1519+ 37941+ 322+ 205328t 3899.79f 352.04 1238+ 48.67+ 6824+ 4795+ 7332+
hainanensis 25.12 9.60 0.757 84.04 091 1387.99  934.84 6.37 12.57 535 1633 854
A& 8939+ 1670+ 1.635% 389.21+ 3.8+ 211444+ 3646.92+ 629.00 19.05+ 5348+ 68.73+ 4927+ 66.83+
S. ovata 40.69 8.76 0.892 99.82 0.87 875.66 829.44 7.89 1178 950 1418 553
T & 6624t 2287+ 1.548+ 31504+ 3.05+ 258292+ 5088.99+ 68220 17.10% 55.02+ 76.98+ 58.15+ 83.64+
S. apetala 22.06 7.58 0.706 71.01 0.91 1129.12  869.30 7.48 13.09 6.08 1557 1715
g S 4890t 43.70f 1271+  366.42+ 342+ 3499.73t 6361.49f 92515 1711+ 63.09+ 84.76% 68.61+ 95.03+
paracaseolaris  24.73 13.74 0.521 100.09 1.04 150520 981.64 7.36 1520 7.10 18.58 6.58

PD. & 7L B Pore density; SPR; 81 3|, Solitary pore ratio; VCS. 5% % 4 if Vessel cluster size; VEL, B 4> 7K & Vessel element length;
VWT: 3 B ] Vessel wall thickness; PA; & FL."F-# £1 Pore area; PAS0. 50 /£ A&, £ H#7 Mean pore area of the 50 largest pores; ESC; 4%
H A4 T2 Estimated specific conductance; CA. % 5% & Conductive area; TD. & |,3% [ B2 Tangential pore diameter; TD50:50 /& K& Fl,
4] 15 H #2 Mean tangential diameter of the 50 largest pores; RD: & F|,#2 [a] i /& Radial pore diameter; RD50, 50 4 8 k& 7L %2 i P £ B 2 Mean

radial diameter of the 50 largest pores.

1 J

HEiGHRS. alba

TWiERS. apetala

R S. caseolaris

g R S. paracaseolaris

0
L
BHE5iE & S. hainanensis
PHiERS. ovata j
1
F

B EERTE (B JESTNREITE
Fig. 1 Clustering based on quantitative characters of vessel elements (pores)



http://www.cqvip.com

216 ARG

128

. HER LRER EEEER.

2.2.3 SHEAMEERE
BEREYNEOPERMTFERER 2. &

IAWA (153 25 b5 7, o5t 2% 5 BE (ray width) /s

(1212 -25.72 um), &t & & & (ray height) £ &
(230.67-408.55 v m), {BERM-¥E RS LR A &
BREEEATHEME,

£2 BAREPREXESHKNBBEE

Table 2 Average values +SD of quantitative characters of the ray in secondary xylem of Sonneratia species X+SD)

¥R S. caseolaris MBHERS. dba

TR

S. hainanensis

MiER

S. paracaseolaris

St S. ovae LMIER S. apetala

RH( 1 m) 270.70191.00 260.42191.62 271.78+111.62 408.551£210.96 230.671£61.93 278.711£92.01
RW(1 m) 12.1212.71 14.4213.06 18.121+431 25721541 19.4013.20 19.4415.72
RH: 5471 /§ Ray height; RW. 5128 %5 [ Ray width
3 ik (&SR LA T B, QN HHERES

3.1 BRREKH LRSI

AEMERFERRENNEEEEERREE
S, X AT LA A % 5 F R IR IE™ . {8 Carlquist'™
WA SR BHE S ZANME R E R AR &4
(L ma™, BT AR A 5 R IR BB R IE 145 00 2 2RAR R
B A R . ABI ST (R H I B RR 5 4
— IR, B R i SR S R BE A A e BT
EERTHZREEMRE, Bk, X—FE0T LU
A4 R L B 52 R BhRFAE

32 WREEAHANS RERL

BRER TS AEEEHRW = AHERE
REmEEEeRES IR, B (1) #BR4
(Sect. Sonneratia) , T EH X, R, BEESR,;
(2) W Ag FZ A (Sect. Pseudosonnertia) , 5 T 15
F, g &, SRV R0, R BEYI A &1
JEH AL, R, AARM LR M AE, BR
BNA—RREBENEHE. B TFHEREKER
% % (heterobathmy) I\ R 77 1L, YA B AT AL 2T
H — AN AN R 3 7K CE MR 8 R (mosaic) 41 &,
RARMGHAHEUEF T T T ERERES
ABRA, BBEMS TRAEHAREREY, BE
% PETAEAREREEYA T F—#k X kY,
BRI, b R B 2 (R 5 R ) TSR oy F REE
HRER, BREER— BRI XE, MARK

BRERRNEHEB. EEBNEZXR i
Rl (Sonneratiaceae)DJE 2 & : 152 )& (Sonneratia)
F\E W& (Duabanga), tLETEAFWRULHE R
5 T JE €l (Lythraceae) (] % #& J& (Lagerstroemia)
FRIEMEEZ KRR . N TFREEHRE REHY,

R TREE, T R RTE R — R R AR, 58K
BAERENESER, iS5\ M ELFRRME
% b, B ERRT -

YRR AA TSNS, W (1) $12
4 RN 4 1Y L TL B I, (DB R 4 40 Fu B
PEORZE, 3) RETR T ILAM. KEAS L
45 25 B 2% ) BB FE — B, AL 3 SR AL 8 )
A A K R G AL T TR BT, TR
BB XA L.

W 3 AT, R R SRR A M
N GR T BE 4 4 K R R R RO 5 R AR B —
(L 204, TT 5 A\ B2 ROk, Bk, Abt 2
HIBI A TR 2SR, BRE
SR ENLERE B OB SE T
AR, wELILKBAE LS EMAILKR, &
IR 3 R ARSI, LBRME S IBFSTA R
WAL B S EERE X — KA
BRRE RO, X LT A 2 H SR, R
5T BEA LR A RENREKR. ATt
(TR (AT, AR B U T 1%
BT LU Bk A, B\ R S R
ST AR R RE G KT 7 ) R 4 L
ROARFRILKTEHRA, B, T RAEA
TR IER, B SR PR 1 0 B )
FREZ M ERETE—EBIIT.

33 BRRENSEURBMIES RERL
BTRAFMPARY, BEREY D >
, — XU AR SRR R CRER B
iR, B SOhBENINERY. KHFRIESY
BB IE R RS R B IR R FFBE, X
RPBRREYHIEATRES RERRELF X R
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£33 BRENZHAR KERGAT SR

Table 3 Comparison of wood structure among genera Sonneratia, Duabanga, and Lagerstroemia

¥g & Sonneratia J\E B Duabanga PR Lagerstroemia™
-gik:2] ERFIEEASeEA R EEAsagil ERFIEEASNRETA
Pore arrangement Short radial multiple or solitary pores  Short radial multiple or solitary pores  Short radial multiple or solitary pores
SEFILERY B 7y, Simple B 7¥ Simple B 71, Simple
Vessel perforation
= e g LK R H5I, & Alternate and vestured  H %], 4% Altemnate and vestured — H 3, fi{ 4% Alternate and vestured
Intervessel pitting
HEIFELARY KAHAGAH—MEAONLAE ANEQAR —NEFONEA KNELAH—NEITFOKRIL
Ray-vessel pitting Fft ) Large simple pits or long Large simple pits or long scalariform Large simple pits or long scalariform
scalariform pits on one side contacted pits on one side contacted with alter- pits on one side contacted with alter-
with alternate laternal wall pits (some nate laternal wall pits nate laternal wall pits
with vesturing)
SH2E 25 % Ray type [ %4 Homogeneous F & Heterogeneous [7] % Homogeneous
K MRELR AT £ #f Diffuse HFLAR Vasicentric #5{R Banded
Xylem parenchyma
2B AL 4E Septate fibre 7 Presence ¢ Absence % Presence
KA FLALARR BYRLE M ABIEL A, Small bordered pits B gy, Simple pits
Pitting in fibre Simple pits (some with vesturing)

& Carlquist 75 - REEALAM BB EW A", #
FREY T EHERCARE s TR R K IR
BHRHAAR, #UEBRRBEKIWRHREN
MW IFABERANTTRET . —SCE AR RN
BR RRKTMIRER, ZeHREREREL
MHBIFEFRAEEAFTFERR RARRR. BT
R, EAERER), BNME, WREER,
RERBKD T REFRVEIR, REF HREN
2K, FH—SCHIE AR R R SR
R R, BRI REK, 22 REEFENK
HEINSEREFTREELEEER, BILERIK,
AR ERRK, EAERRE), RVUBERRKHM
2R, REFE 3 RE B X A 3B R A AT LA SE R A

$ % 3k
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B12%

A hie 5. B
LM. ¢ 2 B %45 Light microscope; SEM. i, ¥ & #% %% Scanning

electron microscope; LSCM. ¥ )t 3t B 4 & 7 45 Laser scanning
confocal microscope.
B I

1 TS 2R BOCM, mELERN SR, §krE1LE; x200
2. R EHERHYEOM), FLrn A RIURY; x200 3. 5ReHE R
YIELM), REFH RN ETH R, FLrEFISLE; x2004. 5pet
B2 YEOM), ~EEENT R M <100 5. & FZVIEOLM), =4
HAEFI; x1000 6. %5 & 52 E(SEM), =~ F L4 FL T M9, <7 500
7. TG R B E(LSCM), 7 R 4 403, 3 (87 )0 £ e g fL 3t
x400 8. BREITH FEL FOEM), mPIMALRE | AE, Fikn
FRREREFDRRMERE L; x70009. 5prtERBEYE
(LSCM), #7 sk m B QUL 2f; x200 10. TRERZBMHTHESE Y F
(SEM), s R #tBE | 4 SrFL S MIBE A AR 5L, <500 115598 i S BT 1y
S8 S TFOM), AWK FE 5 F; x100 12. 5peHE R AT F
FAFIM), mFERRTRIKTHEL x10013. irt iR A
NS ERTAM), mFE WA RAMANE fL; x100 14. Ert
BREFNSES FIM), mSEWRRNE RTEXTFHF AL,
x100 15. SpeHERH TS EL FAM), mFENKEANMA M2
FFL; %100 16-18. M 5 R 3ZY)E(SEM), =FENBLILH YN
F /0 R x5 000 19. i 5 L U E (SEM), &7k mMBR i
gL4L; %7 000
BRI

20. Bl RE N E(SEM), Fkr-RMPIEFL; »3 500 21. Blig &
L UVE (SEM), 7 k7w £ R WEUEL; %3 000 22, i 32 VI H (SEM),
F SRS BRR M PEAL; x2 000 23. g R 2 Y] H(SEM), = BE-
RGN TR EI—AHEDGILRNY, B E KGR
RIftY; x200024. SR B YEGCEM), RE TR EWHRREE;
%2 000 25. i R 5L VI (SEM), RBERGUIL; *2 00026, g &
I FES TOEM), # L RRFHK; x1 50027 LRERRH
LT 2 F(SEM), e 4B b iy B3 Far, b o RUR B 4y, 4
LR ESUL LI RR M Y; x 15 000 28. #5595 & 2 E(SEM), &F
KR RARLT 4, X750 29. i R RV E (SEM), 7 L r R R
%; x1 500 30-31. i F 2 V) E (SEM), #f Skox §f SR 40 M B F B 56 R
ZEil; X7 500 32-33. 15 H 2V E(SEM), #i Lor st R 4 e F g A,

Ry, %7500 34. RarE R 2V EAM), FkrHRFH MM:
x100

Explanation of plates
Plate |

1. Transverse section of S. apelaa (LM), showing the type of pore
arrangement. Arrow shows vessel cluster; X200

2, Transverse section of . alba (LM). Arrow shows amorphous dark-
staining compounds in vessel lumens; X200

3. Tangentrial section of S. ovaza (LM), showing uniseriate and multi-
seriate rays. Arrow shows multiseriate ray; x200

4. Radial section of S, ovaza (LM), showing procumbent ray cells;
x200

5. Tangential section of . caseolaris (LM), showing alternate pitting;
x1 000

6. Tangential section of S. caseolaris (SEM), showing non-vestured
pits; x7 500 ’

7. Transverse section of S. apetala (LSCM), showing bordered pit-pair
and half-bordered pits. Arrow shows bordered pit-pair; X400

8. Macerated vessel elements of S, caseolaris (SEM), showing verrucae
on fiber wall, Arrow shows the verrucae being aggregated into lamina-
like outgrowths; x7 000

9. Transverse section of S. ovata (LSCM). Arrow shows simple pit-
pair; X200

10, Macerated vessel elements of S. apelata, showing pitting of tail
simnilar to those of lateral wall; X500

11, Macerated vessel elements of S, apelata (LM), showing irregular
vessel element; X100

12. Macerated vessel elements of S. ovata (LM), showing non-tail
vessel element and transverse simple perforation plate; %100

13. Macerated vessel elements of S. ovata (LM), showing a tail at one
end and oblique simple perforation plate; x100

14, Macerated vessel elements of S. ovata (LM), showing short tails at
both ends and nearly transverse simple perforation plate; X100

15. Macerated vessel elements of S. ovata (LM), showin$ a long tail
and oblique simple perforation plate; %100

16-18. Tangential section of S, alba (SEM), showing vestured pits
varying in size and morphology; x5 000

19. Tangential section of S hainanensis (SEM), arrow shows coralloid
vestured pit; X7 000
Plate II

20. Tangential section of S. paracaseolaris (SEM), arrow shows foliate
vestured pit; %3 500

21, Tangential section of S. paracaseolaris (SEM), arrow shows
filamentous vestured pit; x3 000

22. Tangential section of S. caseolaris (SEM). Arrow shows bead-like
vestured pit; X2 000 -

23, Tangential section of S. alba (SEM), showing some small pits of
vessel with vesturing, but many large pits of vessel without vesturing in
vessel-ray half-bordered pits; X2 000

24. Tangential section of S. caseolaris (SEM), showing verrucae in the
vessel wall; <2 000

25. Tangential section of S,
scalariform pitting; %2 000

paracaseolaris (SEM), showing

26. Macerated vessel element of S. alba (SEM). Arrow shows
meshworklike perforation plate; x1 500

27. Macerated fiber element of S. apelata (SEM), showing simple pit
on fiber wall and vesturing in pit of fiber wall. Atrow shows vesturing in
pit of fiber wall;x15 000

28. Radial section of S, hainanensis (SEM). Arrow shows septate fiber;
x750

29. Transverse section of S. alba (SEM). Arrow shows gelatinous fiber;
x1 500

30-31. Radial section of S. caseolaris (SEM). Arrow shows verrucae
on ray cell wall; x7 500

32-33. Radial section of S. caseolaris (SEM). Arrow shows vestured
pits on ray cell wall; x7 500

34. Radial section of S. apelata (LM). Arrow shows perforated ray cell.
%100
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