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FE: R RA KRR AR M+ R AR RHE ) K o B AE RS E NI ZE S, T8 BB B e ra e 4 [l g A 3
b S 4 A T T AE 185 (SOMH) A 40 - 3 91 %l A (Licuala ramsayi) . % H0 (Areca catechu) AT it %' 1] 4 #f 43 (Ptychosperma
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Comparative Studies on Leaf Hydraulic Traits of Six Palm (Arecaceae)
Species Originally Distributed in Different Habitats

XU Long*?, HE Peng-cheng™?, ZHANG Tong"?, LIU Hui!, YE Qing*"
(1. Key Laboratory of Vegetation Restoration and Management of Degraded Ecosystem, Guangdong Provincial Key Laboratory of Applied Botany, South China

Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to reveal the difference of water ecophysiological adaptation of plants in humid and seasonal
arid habitats, the structure and functional traits of leaves and petioles of six palm species in South China Botanical
Garden, Chinese Academy of Sciences were studied, including three species originally distributed in moist
habitats (SOMH): Licuala ramsayi, Areca catechu and Ptychosperma salomonense, and three species in
seasonally dry habitats (SODH): Washingtonia robusta, Livistona australis and L. saribus. The results showed that
hydraulically weighted vessel diameter (Dy), theoretical hydraulic conductivity (Kw), leaf turgor loss point (TLP)
vulnerability index (V1) and specific leaf area (SLA) of SOMH were significantly greater than those of SODH,
whereas SODH had the significantly greater vein density (VD) than SOMH. Meanwhile, the VI and TLP had
positive correlation with Ky, indicating that there was a trade-off between the hydraulic efficiency and safety for
these palm species. In conclusion, the leaf hydraulic efficiency of SOMH was higher than that of SODH, but the
leaf hydraulic safety was lower than that of SODH. It was revealed that the differences in water ecophysiological
strategies of palm plants in different habitats.
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KA SR A SE TR AT 5 o0 H
HPI7K S3HEIR (plant hydraulic trait) /& 45 478 K 30
TE K I R R T B3 N A B K 43 S B TR S S5
FAEPED)RE, RACMEYAK UL s FiR RS
PR ZAFAEA . KR 3 48 S YR K 5
FHORIIPRIR,  AL4E7K JJ %% (hydraulic efficiency)
7K #1424 (hydraulic safety) 554N 7 Bl 7K 1382
TREYIRI . H18 . BURK S BIEZSEFIRE, K
TS E AR B SKRE, BT SERNTK
REHHARIYXR T RIE L, KRR i S EE
1% (Dn) B R B2 BRI T B X K% F 1 o1
BRIT; YR L X AE P11 D 3 KT 1 5 4 X A
W01, B T K R (Kon) A2 T b 548 (1) A S5 R AR 4
Hagen-Poiseuille y: TG 5, o] DIRAEEISIRTS
NEVIRIK L FEE, SEYDCA R IR
YRR,

T 7K 7722 A2 AR A A THT ST 5 3 B (R RF IE
KAAEFRRIRE ST, SHEYPURAE R MR
Rk fl, PEMSSHEREEER, MRk A
(TLP) & 4B M YITE R A JFBE 7y B RIK 3, R RAEHE
YIPi S AE I E B AR bR, TLP fH 8K E W EK
I3 B T 4ERE 5 R R Re 0 amRio 1, iEgs e
(V)2 Carlquist #2H 1Y, 185 HRE R PFN XS
A BRI S FIIE R RE 77, BRI i i) 22 4
PE: VIEBCR S YR DN T R hE s 25 5 5
RAKTE, R FE KA FEIERKRBR/NA, [t
TLP. VIEBK UL YK T 22 A%, sbak, ot
ik %% &£ (VD) A b - T AR (SLA) B 5 M 4t 2 6 %
VIO, Wkt i K- igiifisiE, VD &R
At R TR AR KR, VD (BRI, —&
HAT R A A (324, g Bl T AR A 4 B I
TR A TAR, SR SLA 7] DL e 7%
BTk i B SRR, 3T DL EE 22 1 s TR
AR PEE, DAY R S e s,

ERAEEL(Palmae/Arecaceae) fEY) 73 Aii )| 12, &4
B YRR —, BIETES 1 CFaTEa
S HAES AR HRRHE A Re 0 B2 K AR RS
Bz, Hoop A 2 B K B s FE K (500~ 4 000 mm).
Eiserhardt 2507138 29 909% ki RHE 4 73 A T34
i T MRRT Y 3 AR PR S5V JE £ 5% (moist habitat), £
10% 7 A7 T 1% YN LR L 1l rp R AR 2 g v i

S Z= - 54 1 (seasonally dry habitat). Cassia
SIS S AR 4 1) A 25 A A <7 P A AR Vg 3
MZENHETRAERPYMEEEENERER. A
W R, oA T T S AN SRR A
B PRGBS HEFK R R, BRE T 5
e 9210 SR AT 5 P A AR AR MR R Y
AR IR TE 5] J5i [l 1) 22 S50t 7 R WLARIE . LLIR]
bel AR D NI S5 5, o] DAHEBR IR SR (R s, B8
e S LR DAL P R b i 22 2228, [k, AR
i DA A R} 2 B A mE AR A B Hh i LI 6 bR AR R
T AL, WR4E F 55 A0 7K 53 26 A o i A
SRR (T T TR AR . AR RN e ) A R
T RABY R K238, WPESE . Kulk),
5 5 K 1380 E TN K 77 % 4 A8 O (1) 45 /0 A T g 1
MR, BRVT IR e Th B PR IRAE R 20 A T A [F) A B IR R
REEHE Y ] R AE A E s, DL K I3 K I 4%
VR A BAAERUE, B R 0 A T AR AR
5% (PIAT AN 7K 2 2% A TR 38 L % LK 77 5% s £ i
BF 2R o

1 FRAT S

1.1 BFFEHbARSL

A FEARIR ML T T AR A T N T [ R B
HEETRYIFE(23°11'N, 113°21' )N, J& T vz
WA SRR 2, FIIRLIN 22°C, FFEKE
2979 1700 mm, {HFEK A0 ALY, AFAE B HE
Z%, 4-9 HAWZE, 10 A -k 3 ARNEZE, WE
Bk AR 80%LA s k%00 100 m, +IE
DIARLIE N, LERE, IR DR YD i
+IEHNF, pH N 45~6.6, SIFEYE. tEAERELAE
11956 4F, WA, MriE 1 E N AMERRHEY) 300 £
P, o 1B AR AR R HAEA) B S (1) P ot 8 Y DR ATt

1.2 #¥

AT 6 FhAERRIE ) AR, &%
Palmpedia FEAEANR %5 hitp://www.palmpedia.net 1
SEERAEW) 2 BRI EYE 1 http://www.gbif.org 3R,
K #23% (Washingtonia robusta), 4% R BTk, &
T H-AE R (Coryphoideae) TR AR, J5 7= T 22 75
B PEACE B B AR E R, AK T BEILA .
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T B R B AR AR B, J AR M A 3 R R A
533 mm, EAEERAMN S, Bliie)y 30.45 cm,
A 7.93 m. YT 24 (Livistona australis) & Ul
FRERHTRACIRIE, P TR B 2200 B
A R AL 22 RN A X, AR TR 2 i
FEM . V&M CL B EEAR RS A BT, R AE MY
P2 1291 mm, BARGRMm S0, TR
19.33 cm, iA 3.00 m. K #(L. saribus, KAy
FE) 2 DU AR R TR ARG, 4047 T B 2R 1 308
4k 600~800 m [iF] Ak, Ji A= A 2 [ R 2
1313 mm, BA &R, I1Ey 36.00 cm,
ik 2.50 m. EPHAHAE (Licuala ramsayi) 2 DI 1
B ARIEY), 50 A0 TBORRE#E 4k 0~450 m 1)
PO IAR ., JEERM . WG, AR A
IR TN 220 2 300 mm, EXRIE AT, AT 5, 3
ff4% >y 13.00 cm, =ik 0.60 m. #EAl (Areca catechu)
FEREAB Y B (Arecoideae) TR ACIRAE Y, J5 7= T Dok i
TR R AR, i AR B AR 2 [ Y B2 44 2 937 mm,
A5, BN 8.33em, Fis 517 m. BE ]
4k K5 (Ptychosperma salomonense) & F 7 A&l 7 A
RAEY, JEF=FH JUAN LT 2 1] Hb X #5315 N AR
Hr, JRAEHWAE PR 2 3 147 mm, ANt 5, Bl
W42k 4.88 cm, =ik 5.73 m.

1.3 H¥E

Cassia 1S AR ARE Y A= 5 X 70 2= 1 1
FAES WA R A, EHENENT
1800 m H HA & & BACHT 8] 2215 M T R A HLIX 2
SCRZEFTHET RHLX P, R EEFEDEE . SRk
Tty Hb A AR A R B A5 T AR 3 B RN
KT 2000 mm, HEAZENET RIHX E SCH
TR X2, FBUR PG RIAR, TR, 20K
s AR AR E N 1800~2 000 mm.

KT 6 FhiRAERHE P i A= 55 0 K153
B BT RAERCKLIE., WMHZE. KHE%E)
AR A B CRINFRAE . AERE . BT T 190 AR) . M
VIR E T 2019 4F 5 H S8R, BEFIE)IE S 3~5
PRAEK R I MR, MRS olge—8) /M, ik
MR R 1 (R EHE Y B H
g, J2RENEYAEKEHER), TiER
(G:BO) KT, KHA R Fr, A%
AIKIIAEF, FEAEKHEHRZ) 2 em AR, o5 1R
CIEEYEAT, T [F]SEIG = HEA T E, T8/ K 24 h.

1.4 HHTEH

WA 8K Em R, B8 A AL T [R5 4
Uiy BRI b A 3~4 Fr /N R (R, )ik
HY 0245290 BT I/ ), AT A4 (Li-3000A,
Li-Cor, Lincoln, NE, USA)ll 5 /N F H-THI AR (A), K
ANIERRON 60°CHIMEFE L 72 h BEE, HRT
FRE /N T i (Dw), THE LT AR (specific leaf
area, SLA, cm?/g), SLA=A/Duy.

15 M EER R

LT 3 — M g o ANZE e % 3~4
Jr /NI B (R, DUEER 02 452 90 B i/
)5 R 2 A 2k i e 2BR/N i 2k, A EY
T R B NB R IR G, HERTEAEEE, e
N R A4 2 he U AL S ORE SN
BFER A, NN TR T B 2 A ORR AR . A4
BE SRR S, R A 10 mL B — R PEEHfE Y, P
HEE AP, H 1 mL SO0EEEESRT
VO B KRR SR AE 1006.2 g B0y 5 min, B L
%) 200 pl F1ZIZE R E X (Mogel, OM 801, Giessen,
Germany) & H F M FS B wso THHIZIEE K
#i(leaf turgor loss point, TLP, MPa)[28], TLP=0.832ys —
0.631.

1.6 FHEKEERE

126 B 7€ J2 16 2 2% U/ R T AR 1 2~3 /)
I 0 5 -k 35 E (vein' density, VD, mm/mm?).
ik B FEE 7 g P KK 5 ot 2 Py TR PR B AR . B
HE 2] 1 em? (M, TN 5% NaOH (1) S BEE R
HORI, BRI SV BKIE I AT . B
MIEKIRI, HBRIEET NaOH W, AJEH 1%
RAREIEA . WA EHHEKRE, K5
1%/ 2L iR It 2~3 min, F 50901 2B TR
ZREMMRENE O, W Im 3R, R (Lecia,
DM2500, Lecia Microsystems, Wetzlar, Germany)7t
10 f5%ik MRS TS, SRJ5H Imaged (NIH,
Bethesda, MD, USA) 5 kK %

17 BT RS

B /N 5 om ARFIHAR, DIE 1 cm?
FIFE BN FAA [EE R RE 4 he H Gl
Btk 24 h, KA IS BORE St BT 19, 220 B3 (5%
10%. 20%. 40%. 60%. 80%F!I 100%)% 2. — ¥ (PEG
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2000)7A =% 24 h, HlVERSESERER S, A HES)
) FrHl(Lecia, SM2010R, Lecia Microsystems, Wetzlar,
Germany)il{E ARV A, SRR 1% 4L
AT 1% 2R BT R e, & Ot HH R
WREATIE R, B ha A R R 3 B il Ak A1)
Fr o FG2E 4355 (Leica DM2500; Leica Microsystems,
Wetzlar, Germany)#ill, #8e/mek 10 %, &AMV
[ 48 3 AR, IR Pf 4 B A R R ) T R 1
AN EBIHI X35, ] Imaged (NIH, Bethesda, MD, USA)
MEMHSEZZDV). FEERD), HiHH T 18
KA G IR 020 4 000 AR S

Y 18 T 7K 2 [theoretical hydraulic conduc-
tivity, K, kg/(m MPa s)]:2tR#% Hagen-Poiseuille 7%
MG T AR R AT A 5. B et R B
HAMMEM, Di=(EDYN)¥, g, N ASEH
o, DhNSENNEME, DAL SEER. F
THHE AL FKE, Kn=(Dn'*np)/128y =DV, X H, 5
JE/KAE 20°C N IR (1.002 x10° MPa ), p A2/K7E
20°C I [R5 £ (998.2 kg/m3), DV & FEHE.

Carlquist fifg 55 £ #8 % (vulnerability index, VI,
mm/m?), B8 RRPIFIS KIS RE N BE ST, R
INMEPIK i g e, VIEEBUNRIR K 185
W, k2, VIBRERKFIEHGRER, Vi=
(Dn/10%)/(DV/105).

1.8 HEEAHT

X PR TR B ) 22 S R MRt e . 1
R T 7R AH 5 1 FH 26 % 51 )5 75 #2 (linear  regression)
BEAT A G o P B o B RE R SR A R PR (R
Development Core Team, 2013)4b 2,

R 1 ERHERL 6 MK TR

Table 1 Hydraulic traits of six palm species

2 SRR B

2.1 WK AR

J& 73 A5 T 9% 9 4= 55 (originally distributed in
moist habitat, SOMH) IR BHE Y 1) SLA &3 K
T o A T R A2 55 (originally distributed in
seasonally dry habitat, SODH) (P<0.05), % %K
109.05 A1 72.31 cm¥g. SOMH AZHIRHEYIHY VD 2%
/N SODH [#J(P <0.05), 4324 3.33 #15.05 mm/mm?.
SOMH FIAEHEEME 5 7K J7 R AH AR Dn AT Kin
&3 KT SODH [#1(P<0.05), 3 H. SOMH (kg HaRH
M5 K I % AR R EIPEIR TLP A1 VI B 83 KT
SODH [#J(P<0.05)(% 1).

2.2 MR IAHSRSR R

FHR MR, VR NMEYIK 1802 (A R b
Kin 57K 1% MR8 R VI E) 282 IEAH G (R?=
0.92, P<0.01, K 1: A), I H 57K )& 4 AH R Fabr
TLP 283 F#2%(R?=0.71, P<0.05, K 1: B).

3 ZHRAIT IR

3.1 FEAERARRERERHEY A RK R ER
IKFTHIAL T4 B AR (D) FH 18 527K 26 (Kin) S B
T T ALK AL TR/ 77 A FL R, SOMH
KFAEARHME Y1) Dn 1 Ky 355535 KT SODH KRt EHE
Yy, BRI A S R LR T A B R L
A=K IR, X5 N2 g R —
3. Pfautsch S£281%} 28 Fikie i 2 AR AT THET,
A S EAMNEE S KR H ) hth T

SODH SOMH
WR LA LS mean +=SE LR AC PS mean +=SE P
SLA (cm?/g) 67.7743.69 8457269 6458+1.50 72.3146.20 107.48+7.65  93.87+4.13 125.79#43.62 109.0549.25
VD (mm/mm?) 5.47+0.17 3.92+0.14 5.75+0.05 5.05+0.57 3.81+0.14 3.08+0.43 3.0940.10 3.33+0.24
Dp (um) 43.67+1.56 50.06+0.95 58.88+1.67 50.874.41 65.22+1.12 84374057 923240.77  80.6418.04
Kin [kg/(m MPa s)] 6.3440.89 165440.08 22.17+1.50 15.0244.63 35.08+1.91 50.21+3.65 62.8440.92  49.38+8.02
TLP (MPa) -2.3440.04 -23240.16 -1.9740.02 -2.21+40.12 -1.70+0.03 -1.81+0.03 -1.78+0.02 -1.78+0.03
VI (%10 mm/m?) 1.3740.07 1.0040.01 1.7940.08  1.38+0.23 2.8440.01 6.36+0.06 7.8140.10 5.67+£1.47

* P<0.05; SODH: FAiit AZ itk T 245, SOMH: FoAit i sS, WR: K238, LA: BINTHZE, LS: K%, LR: NGHE, AC: Kl

PS: Fi® 144 F5. n=3~5. K 1A,

*: P<0.05; SODH: Originally distributed in seasonally dry habitat; SOMH: Originally distributed in moist habitat; WR: Washingtonia robusta; LA: Livistona

australis; LS: L. saribu; LR: Licuala ramsayi; AC: Areca catechu; PS: Ptychosperma salomonense. n=3-5. The same is Figure 1.



476 s A R R

08 4%

75F A
= S0-
£
= o
E S
£ 25
= s
3 ok
R=092
P=0.003
_o5LL ] ol | 1
0 25 50 75 10.0

VI (%10° mm/mm?)

75+ B
s0-
251 o
Lo
R=071
P=0034
1 1 1 1
B S— 3 R— Y R——

TLP (MPa)

1 AL 6 P4 R B S K3 (Kin) 55 M S PR B (V) A S 2 2 s (TLP) R IAH KK &Ko 0: SODH; ®: SOMH. n=3~5,

Fig. 1 Relationships between theoretical hydraulic conductivity (Ki) and vulnerability index (VI), turgor loss point (TLP) of six Arecaceae species. o: SODH;

e : SOMH.n=3-5.

FIOFERE MBI gsN, X AR IR KRR b
SRR TR FMER, ARMERATEE. A
W9 AE A T el o e, kB T BREE 22 i IR () 5
M), R T A3k DRI 7R B b S WA A K 0 38R o}
A= 358 7K 43 AT R K SE B

fEFRAESY, MYkaw 82T 5 hia
DR AR B /K ) 22 X HE )R UL B R B, AR A
F B, SODH tFHEEHEYI B TLP F1 VI ¥ 83 /N T
SOMH FAMEREHES, X5 Zhu ZE10R] Bartlett 2501
IR AL —2, T RAESE A ORI A 52 )
R EHEROPIREE S, MK ER. B
RO, AT S X AR ) B IR T X R A
HHEALK TLP F1 VIR0, 547 ) TLP A A T4
FE R I K3, PoAs - R K BB R, 8
RHEYIRR R 05 T 47 (0 N 3 koK 4y 5 18
Frk Frd i TLP J& v R AR 225 R Frseis 2 1K
HMAE, PRI TLP 51K /K )% 4 AH o1, i
HEAB/NGFEERMNEL VI fiiEY, LS80
Uk ZERE IR, fETRENE FHEYA G R 4K
KM, G, A ARRAK TN T R AR
FERERME Y B A S K )2 4.

Sack ZEx AR [F A4 R GEH 796 FE ) )i
ik Th e R AT T LhE, ORI ik FE (VD)
LAERE W R E] 2 AU SRS, AR R, SODH
VIR ) VD 5.3 KT SOMH #pff, ix 57i A [29-30
I Tl FAR R . 225 SE O S A TH X T 52
1, ZMER IR i SR G kA2, i
ik 2 FEE A R A B T 4% BE LR, W] LATE 3584 TRk
RAFRIER FRUEE 2 MBS E, RUEH 87K
IEHRERL, e —FK I 24 iing . g —A
AR, SHEYPEEACEIER S EME.

TR AR (SLA) AR IR 0 75 i B R T8 R F i %
B BB AR, ARSI A i oK B 3R N 7R
[, PEET A PR R, RIGECAR AR, 6
Tl AR 1) SLA I 2 358 7K 43 vl A1) FH A 14 9k /) T
BEAR, 3B PG SLA SR INZE I o AN 90 )
3 Ff SODH #Fh 1) SLA 2 i 2 /N SOMH ¥, ik
HA A KT 221 PR T AR SR AR ALK BE 22 14 4 I F
RE A T A, PR SLA b 28 it 1 B 1 5
WS

3.2 ASHARHEMIH F 7K 73R 9 %4 1

KRR 1% 4 R A S5 s T 3 4
RISy, AT R K AR
Sy 2 A7 U 24 (trade-offs), i 51 A6
FERR DL S P (045 A — 5. 95 PSRN 8, 5
TEFF SR AR A AR, U RETE M
K 7 5 G0 BT 7 S B K S5 S R 2 7
K SRR SBET S5 BR A K )
W SR, DRI K TR AR % 4 2 A 2R
SR, FURIRN G A B K 5 4% f 8 DA 2199,
FERBIEA, AR R AR T R RIAS
Hen%, 3 Fh SOMH A ST s K A et
oK Iy A MBS, T 3 4 SODH Rt FLAT i1
1K AR ALK 5 % e

RHF I R B IR ke 7R R K 432 B
B AR 7K 3 PERA K S5 S W 7745 2 2 5,
330 2 5 T Al A A R 07 K 3003 A i o
I BRI T 2 B K 45 4% 4 1K 0 PR Rk 43 5
W, AT ML, T LR R
P SVRAFLE: 1552 B R B ok R IR 43 A
e IR 2 BRI K PR S 4 T e S0
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—%. Pk, [FJ R SOMH F1 SODH A7 A%
IKITPEARFOK 70 S L2258, A2 — @ RERE 1 Sk
T AR AN A K AR i A B AR S E M .
bb, B EBRAURARI,  HRE KA SR AL B S 2
TREAIUA, T E RN TR A B AR RHE A
AEAF AN 3 AT v B BT, DRIEAE AR AR AR A o B0 ) PR 3
L, SEAZANRRRE A B A ORI AR, H5 002
A i /S ELRRK R ) B W50, S ST AR R
Wbl & — R0 A 2 DRy 6 it o

ASHEFCA 1 6 FPERHERHE Y I 70 A i A 85 17K
T SFAT IS, A B K PR B R B AR K
25, LR K I3 RIK 774 4 2 TR A LE U 5%
Ao R TR TIPSR A B8 38 R A D R
Z5to AWTFCIEI YR /L, 34 7 B 5 %
PORDATSERG A . BRI PER SR, LR ABE T
PRt A R A B O L

S5 3R
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