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Response of leaf morphology and vein network traits of Phoebe bournei to urban

growth environment
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Abstract: The synergistic variation and trade-off relationship between leaf morphology and functional traits of vein network
is of great significance for understanding the ecological adaptation of functional traits of vein network to environmental
variation and predicting the response of plant species’ habits to urbanization. As a precious evergreen broad-leaved tree
species, Phoebe bournei is being gradually popularized in urban greening. In this study, we studied the response of leaf
morphology and vein network functional trait relationship to different urban growth environments of Phoebe bournei (road and
botanical garden mixed forest). The results showed that the values of leaf traits basically met the normal distribution, and
the variation coefficients of each trait mostly kept between 10%—20% , and the variation of characters within the population
was relatively rich. One-way analysis of variance showed that the influence of two environments on leaf morphological traits

was more obvious than that of the vein network system. The leaf morphological traits were significantly correlated with the
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functional traits of vein network under the two growth environments. The typicality correlation coefficients were 0.804 and
0.795, respectively. The leaf morphological traits were positively correlated with vein diameter, and the morphological
traits, vein diameter and primary vein density were negatively correlated. Phoebe bournet in response to the process of urban
growth environment presents corresponding economic balance mechanism. In the road environment, the larger primary vein
density and smaller leaf area were used to ensure the balance between water acquisition and photosynthesis, while in the
botanical garden, the lower primary vein density, higher leaf area and vein diameter were used as the leaf morphology and
vein network construction model. In order to improve the survival rate and adaptability in urban environment, the synergistic
change and trade-off relationship between leaf morphological traits and vein network functional traits can be used as the

selection basis when selecting Phoebe bournei as urban greening tree species.

Key Words: leaf vein network functional traits; morphological traits; typical correlation; Phoebe bournei
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Table 1 Growth index of Phoebe bournei in different growing environment

B3} 1/ m Mtz /em L/ m BN/ m
Type Tree height Breast diameter Canopy diameter First live branch height
1Ti8 Street 7.85+0.63 15.67+0.65 31.13+1.68 2.55+0.15
1 ¥l Botanical garden 12.48+0.42 26.53+1.22 32.36+2.72 2.90+0.19
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Table 2 Leaf morphology and venation functional traits of Phoebe bournei

B YJ{H Mean Hrifi 2 Standard deviation YA VEFS B PT A S 2B CV/ %
PERAEHR Index - o = e
B % a4 [ JH FE el IH % FE el A % FE Pyl

4 Leaf length(LL)/cm 13.25 11.80 1.70 1.44 0.48 0.47 12.85% 12.20%
58 Leaf width(LW)/cm 2.79 3.07 0.45 0.41 0.58 0.48 16.20% 13.36%
I JE Leaf perimeter(LD)/cm  29.03 26.64 3.72 3.19 0.47 0.47 12.80% 11.97%
TG Leaf area( LA)/cm? 23.90 24.59 6.08 5.86 0.75 0.69 25.44% 23.83%

I 1/ ( em?
ke J@*’\/(,“m 78) 105.82 102.86 13.29 18.06 0.68 0.55 14.68% 17.56%
Specific leaf area( SLA)
NN
IH.’KETI/W“ 482.00 483.69 50.86 60.59 0.37 0.44 10.56% 12.53%
Main vein diameter( VD)
- i $i U 4 A
I&Wl%ﬁg HA/ pm 228.00 225.00 29.30 33.92 0.44 0.50 12.85% 15.05%
Main phloem diameter( PD)
- .
SRR B R un 233.00 219.00 79.96 33.63 0.42 0.49 13.62% 15.30%
Main vein xylem diameter( XD)
O )
RECSEACT 3.74 3.58 0.53 0.71 0.46 0.64 10.99% 10.95%

Primary pulse density( PPD)

CV : Coefficient of variation; PI;Plasticity index
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Table 3 F and P value for the effects of two growing environments on leaf morphology and functional traits of vein network

FEHR Index LL LW LP LA SLA VD PD XD PPD
Hdg F=176.02 F=38.57 F=43.02 F=1.21 F=0.38 F=0.03 F=0.16 F=0.98 F=1.44
Growing environment P=0.00 P=0.00 P=0.00 P=0.27 P=0.54 P=0.86 P=0.69 P=0.32 P=0.23
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Table 4 Canonical correlation analysis of leaf traits of Phoebe bournei around road

X4 Object {H Value 441 Remarks
HRIFHIC R AL A e N
RAHA, A, =0.804** A MRE (P<0.01) , RASEH#E X
Canonical correlation coefficient
AR i P AR

; Uy=0.613  MHK-0.582x 90— LASSXIFIE  JUA 4 B oot T 5 0 28 Jk 41 0 28 53 A o
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T P 265 D RE TR PRH 10y L A AR v V,=-0.861x E K H & -0.053x EfkBI 36 -
. . S o TUAGY T B R T IR 2 0 2 5 AR

Typical variables of the leaf venation functional — ELA2+0.118x 32 Jik A Bt & 42 +0.283 x4 %% 70.3%
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—0.605 -0.979
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-0.958 -0.687
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Fig.1 Canonical structure of the canonical variables of Phoebe bournei around road
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Table 5 Canonical correlation analysis of leaf traits of Phoebe bournei in botanical garden

X4 Object & Value £ VE Remarks
HLRIFHRC R EL A,

2,=0.795"** MW (P<0.01)  HA G5 X

Canonical correlation coefficient

AR A YL AR i U,
Typlcal variables of the morphological

5 =0.649x MK +0.037x M 55~ 1.269x TR TTAYM 7 /6 T SR 4G 748 8 4H i 728 7 i B ol

. B1-0.363x N & 71.5%
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ok 190 2% Ty HE PR 2L 1Y R AR B V7, V,=-0.855x E K E 2 +0.013x EJKF B .
. . 2 r s T GUA BT R X T IR A AR e AL AR R R
Typical variables of the leaf venation HA2+0.381x kAT H A2 +0.731x W) % 54.4%
functional trait group ik i o
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AN TR AR A PR [ A R 2SR I ) 265 D REPE AR AR SC P 4k 6 7 | il i Pearson AHSG AT 22 W, B
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AR A 2SR AL AT K 0 28 D BESEL IR AL I TRURH OGS A O 285 28, e MR AU B R ) 4R bn R 47
PRSI S 00T (18] 3) , 3Bl A I TRERRURT 2 PR BLAR DK BE , I T AR 2k AR A A S 25
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Fig.2 Canonical structure of the canonical variables of Phoebe bournei in botanical garden

R 6 TRERMETEBHESMERSHAKEIKE Pearson X 5347

Table 6 Pearson correlation of morphological characters and leaf vein traits of Phoebe bournei in different growing environments

ZH Types PEAR Trait LL LW LP LA VD PD XD PPD
171 Road LW 0.729 ** 1

LP 0.973** 0.738** 1

LA 0.920** 0.900** 0.906 ** 1

\)) 0.471** 0.752** 0.463 0.685 ** 1

PD 0.370* 0.564** 0.381 " 0.489 " 0.641** 1

XD 0.101 0.146 0.067 0.145 0.072 -0.070 1

PPD -0.519** -0.784"*  -0.538"*  -0.670** -0.691"* -0.529**  -0.111 1
k)i LW 0.721** 1
Botanical garden LP 0.913 " 0.735*" 1

LA 0.908 ** 0.857** 0.898 ** 1

VD 0.558 ** 0.463 ** 0.604 ** 0.585** 1

PD 0.515** 0.419** 0.493** 0.525** 0.887** 1

XD 0.565** 0.409 ** 0.595 ** 0.562** 0.949** 0.819** 1

PPD -0.518** -0.500**  -0.556**  -0.597** -0.389**  -0.325*"  -0.423*" 1

* FE7N B FHIKF P<0.05, # x 275 i /K- P<0.01

3 e

3.1 PARP AR IR R AR PR IE S AR S AR
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A ZEFONR S ALY . SEAARRAR R FIE TS AR ) A A7 PRI 26 0, S L EE A0 R D RE AN 1B 16 7 22 728 A B3, 4531
JEXF T LA ARE 1 0 T AR L, 7 157 48 HLSE i ad B, A5 S B Z s DY R P BT R R K 43
AL BRAAEAY) , TR LG I T AR e A 2 2 5 BE DA IR i T AR AL /N B AR PRI | AR A el AR
JER, S ZN, AT A B B R AR IR, BEFIAT B 22 Y DG IR, DR g A A A A el 5 v B 3 T I 558 14 348
S E I AR R AR R IR Y 2 S T BRI B IR e A AR S AR R A R B i R o
RAF T T A TSPV AR B A T KRR WA B I R AR el A A MK S
FERRIZEAE TN T Se 4RI AR e RIS 28, IR AL % AR G i ks B 05 g P T BRI Jk LA )
2SN Ik 0 265 4 AR AR BRAIEAEL ) e B 50 s ) e K SR UM S RE T o A7l 3 5 K Rk, AR
KT B, HOR BRI BR , 4738 B AR A 3R BRI Bk L, AFRAT B 227K A% i e A2 R A
AR Z (BT TRL R s ik ) A3 B IR/ N T AR bl DGR 50 2, S il 2 B A1 P ) 2R /K A 7 T o Al e 6 25/ IN g
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Fig.3 Relationship between leaf width, leaf area, vein diameter and primary vein density in different growing environments

., IR 2% ZR 58 10 K 75 RIR S o fk 5 A DR AR B0 2 A7 10 PRI i A T 22 DA 285 2R A e
AT K 28 Dy BE MR B2 e B PR AR AR AR i [R] I, 455 ) B A A SR % PR AR08 b i A - i 2
o 2 S AR ERBE 7 A ARR e AL , T R 4 (I BRI 28 T RE R G ) IXAE— s RREE 1585 1 PR 0 i fik )
ZXINREMIR A B i

Hallik 55" (57 7 W1 A8 5 28 0T S ey v /6 365 1 RE 1, DITREMEAR b ] 42 52 2R 0T 535 95% , T e
WAL S 2R BN AN I 30% ., AT 5T e AR 2% D REVEAR (47 P4 22 53 R BPE 10.56%—25.44% Z 18], i 25 T fig
PRI BN 8 (3R 2) |, BN S AR B N AR AR WA A ) AR B3 7 P AR A i) BRI, AT B MR 0T
J WA PR A5 S S R R 07 R PR I TR A 7 S 2R ORI MR O R, Rt o T R E
FERIE AR BAT AR ) T SR IK R | 2 2 bR ARk 190 26 D BE AR 52 A 58 5 TR B 52, i PR R 358 v 3
RIS e R 5
3.2 PARPAERIREL T MK EAR S bR L AL O R

I J LA A B R 2 (8 OO RS, i A iy L o D A8 SR B AR i oKk o RS o i R 2

http ; //www.ecologica.cn



19 ] BN A HAH S5 K 000 28 AR O F T ST A R BRI i 7845

TR A2 EAE AR PO ® it Rl SR FEARBIE ST, ERE AR Wk Rl AR 5 kR
JRCHR ELAR = Z IA) AT TE 1] SRR DG 32 PR D Pt R AR B gt 2 2 oy 49 Bz 7855 R BB AL AL, DO A R A R L
715 A R A ) S RE 2 21 eh ) A R A5 7 ) I ik B 1 HA R 43, S AR A A A
(] PRI /K 43 . Mcknow 452 i Y BRI I AR AL AT B8R A AV R = Jik , JHG v 28 4 O 2 R A R -
R B AR IRAE ) B B A e 2 B AR A B T B v W K Ras AR AR RS K ) S B S R TR A A
AL S R IEARSCOCR T A BB R T AR S AR AR R B X T M RIK A s e

AW Ik BE S K BAR B U DCE B B AU C R X 5 Sack S50 TR A G
BFFE LA K Givnish 45 (ORFTELSIEARIR . 7EAH A Bl VR S Ak B 5 A TR A5 4, JBE ] 22 B AR AR A9y el 14 &
K3 VAR 2 B H AR b RS 8 T A B /N, (o DU AR g o i B2 Ry o K LA A A2 2
VEFIRG 7K 73 2K 1718 MR RE AT 22 i G (H K o3 & B I HL 2 IS A A5t T RE W bl , O 1 R BRBE M ]
1138 Ko I S B EAE BB A FE AL MRS | LG R A I fok s BE KA, A T RIS AR 2B AR 1)
FERMAEAF A ISR 504, A 7 it KR B2 5 I B AR A AU S P AR SC 2R, U8 5 o AR S v A IE 2
A BEEDR E] A A R, foe A BIR B8 i K B8 o R /R 3 R ARCR DG RE 1, DA RCSE B & AR T i I
A% R i R AU AR FAE AL
3.3 PIRhERMBIRIE T IS5 K R 4 D RE AR OCHR I 23 #r

B8 T I A A P — R, R A PR Z TR A AR B AR | il i 22 PR ek sk fie it 2
RESREME P PAL , (5 bR 22 ) I [t i 10 PR35 25 A6 54 Wiright 5507 BOBFIT to g H A A% B — T - R 1)
SNV N AS [RI MR ) 5 2R B2 A0, I HAEY I PR Z 8] 695G & LU R i e PR IR 1) O
BN ARIERR G B PRI S5 0 A H B0 PR 28R A BRI e A A A TR A 58 v A A R BEAE AY
PRI AR FIRIK G332 i A T AL PE TR SS AR ARG S 1 5 HA A A 4 38 2o Dol B A ) 1k
A L TR T R R/ N B R PRAIE G 5 WAL 5 T A o A 0 3 ok 58/ ) ok 5 A0 AR T ) - ok 2
JE  PRUEDCE BT B 7K o3, TR IR A5 i K I 28 D BB AR 2 [8] B [RL2E AL, (EAS [R) BRd5E b i R 2
PR it Bk I 28 D RE PR IRZH 4 SR A i S5 A R i i A e 2 (] IR SC R R BRI 2257 . 0y 1 DU 52 il 1 B ) A i
R UGG ARG - 1R AL A 2 TS e R DR MIR I D R RS KR
LSS HoA e 5y ARIRE J1 MR, S50 RAB W 4 25 B8 5UR T AS0% 0 2B 0 s e 3T AL 1) A A5 SR
P R 1 P D) BE B i — FR A R AR AR POR S B (B ER B Rl A AR 2 ] i 558 A A b
A, N AEREAY) A B i BRI AL R IR0 B R R R i TS MR AN 45 4 2 R M IR A LR R
(LA S SRS I R B — B0 Y TEARBE ST b PRI T A R PR T B I ) T 25 MR 45 ik P 465
REPER L A S 25 A | 36 T AN [R) BRI A ] — ol i TR e i3, A 7 S e 78 P A B 3 05 A O P R L
AEIRIE S, DS BRI/ A ST S (AR Rt , i AR S s BRI5 25 8 B i R JEE 25 MR 4 5 1k 0 26 D e 4
AR R AN g PRI | LS w3 R AR PR3 7 2 A Hh BT I

4 it

AR SCHE I AN [ AE A PR 1 I A= K 43T [ o i 7 S 0 A= 5% i 2R 3 RO AR 0 IR 285 5 ik kX 246 T g
ARA MR R SRR, EEAFILLFE5E (1) A K IREEXF T 25 PR 5 5% i b i Jik 0 26 28 48 14 5% T B
W A IIREHR AR NS 5 R BUEE 10.56%—25.44% 22 8] | Pl AR < IS A 1] A 182 285 DA I T R A 23 S i
R, AR5 R BT R 25.44%F1 23.83% , Ik IR 285 D R IR AR S 2 50, T S8 P 48 S 2 B M A A el A K T
TTIEPREE  iBR Lo RS S R EOh , MR8 S R A AT B AR EO R U AT I R FHa e, (2) A I
A5 0 BRI A AE— 2 P PR | i 1k IR I e A 25 R R SR B IR B A A8 Ak, il IR RR IR BOG & 7
WA R K A3 R FH AR T R A7 R IR 15 T 8 I ok 2 32 R e /N 1y ek T SR 12 1 7K 40 180 5 T A
Py el Y AP (i) e D) B R ) TR 058 /I W K s B RS R ) 2 IOk B AR, R PRI AR S A ) TR 5 4

http ; //www.ecologica.cn



7846 A E = 41 4

PR YE T AR AT S TPk A DAL (3) BRI 25 PR IR 2 5 Ik 19 45 Zh RE AR 2 22 [ A7 A 2%
BIAHIC AR, MBS MRS KA 1 8 B AR OGRS TEAR KBS S0 9k s i 2 183 TAROG A7l 36
35 P R A L AR ) A0 Mk s 2 AN A/ N T BR8P K 23 AR BRI ' 2 T ) Y1687 A el o A O SR FH A5 AR A0 2%
IR FEE Ao P T ARRT Pt Ik LA ) TR 2 K 10 45 R s X, SR PRI A i A RAT e 1) S K SRR AR
SCEERETT o A e B B I T3 24l 30 75 F 4% S IR PR 52 W) 2 285 A0 - Jk 19X 2% 20 RE A4 S AL ol ) X B
BEH T RAE AR SRR K - AT S MR A 55 1k 00 24 D) REA DR 2L 1) P9 ) A A AU O 3R A DR e Al
DAAR i R AR 3 7 P58 R ) RS 3 AR B

22 3L HR ( References)

[ 1] ZEkdE, SEF, S, AR, XBOH, ska&®, Wrdik. TR XA B REAE S AR Y ne B AGE N IR DG 2. AR S 44), 2012, 36(1) .
88-98.

[2] ZERME, BAER, GRA, X0, 2R AU R B Tl DR R o RoJE S MR X S0 S5 A i B2 A 4 A2 252440, 2013, 37(9) :
793-802.

[3] Z=ik, WOME, SRRSL. iHKIMEE DhRE MR B AR 25 3 S A A2 41, 2013, 37(7) : 691-698.

[ 4] Scoffoni C, Rawls M, McKown A, Cochard H, Sack H. Decline of leaf hydraulic conductance with dehydration: relationship to leaf size and
venation architecture. Plant Physiology, 2011, 156(2) . 832-843.

[ 5] Niklas K L. A mechanical perspective on foliage leaf form and function. New Phytologist, 1999, 143(1) . 19-31.

[ 6] Kehr]J, Buhtz A. Long distance transport and movement of RNA through the phloem. Journal of Experimental Botany, 2008, 59(1) : 85-92.

[ 7] Sack L, Holbrook N M. Leaf hydraulics. Annual Review of Plant Biology, 2006, 57 361-381.

[ 8] Wang B S. Seed and seedling ecology of the endangered Phoebe bournei. Acta Ecologica Sinica, 2001, 21(11) : 1751-1760.

[0 AL, TR, bE, A, A, SR DR R KB H R R, SO KA AP N

2014, 38(3) . 40-44.

[10] AEFHm, X, e, TAME, BEIDE, FER. AR A AR A AR s k. Mok BHERF5E, 2014, 27(4)

445-453.

1 HhIFER, WRAE L. BIRELALIE R SCEORBTSE. Ml S BOR, 2010, (11): 7-9.

[12]  Bok4, FZEE, Jifh, mhoRbe. [ o704 Jm SO SUBFHMEDIIT. TLo O K274, 2012, 34(4) : 749-753, 761-761.

] R, REE REE T A AR DR AR RE 2 R R3S (8] 43 A A% Rl AL B9 Mok B4, 2003, 39(1) ; 23-30.

1ORUMERE, M OEAE, Ak, IR, Mol REE. BIRE TR AR I AR R AR AE RiE. MAR R, 2018, 36(2) ¢ 153-161.

[15] Sack L, Scoffoni C, McKown A D, Frole, K, Rawls M, Havran J C, Tran H, Tran T. Developmentally based scaling of leaf venation architecture
explains global ecological patterns. Nature Communications, 2012, 3. 837.

[16] Sack L, Frole K. Leaf structural diversity is related to hydraulic capacity in tropical rain forest trees. Ecology, 2006, 87(2) ; 483-491.

[17] John G P, Scoffoni C, Buckley T N, Villar R, Poorter H, Sack L. The anatomical and compositional basis of leaf mass per area. Ecology Letters,
2017, 20(4) ; 412-425.

[18] Givnish T J. Comparative studies of leaf form; assessing the relative roles of selective pressures and phylogenetic constraints. New Phytologist
1987, 106(S1) ; 131-160.

[19]  fdes, BRE, BeOIDL, BE¥%, FREEEE . 2 N AU LLORIBRAS [R) S5 9 ok s B 5 R/ R i ) 22 bk, AR 2528243, 2016, 35(1) :
41-47.

[20] @J_Iil A P ER LA WA WA . B dEa BREERREE, 1991: 1-736.

[21] 545, WK, b dn e e Mtk b 4 . szkﬂ%, 2016, 6(3): 57-62.

[22] Roth-Nebelsick A, Uhl D, Mosbrugger V, Kerp H. Evolution and function of leaf venation architecture; a review. Annals of Botany, 2001, 87
(5): 553-566.

[23] Ash A, Ellis B, Hickey L J, Johnson K R, Wilf P, Wing S L. Manual of Leaf Architecture: Morphological Description and Categorization of
Dicotyledonous and Net-Veined Monocotyledonous Angiosperms. Washington: Smithsonian Institution, 1999.

[24] Haritatos E, Medville R, Turgeon R. Minor vein structure and sugar transport in Arabidopsis thaliana. Planta, 2000, 211(1) . 105-111.

[25] Nelson T, Dengler N. Leaf vascular pattern formation. The Plant Cell, 1997, 9(7): 1121-1135.

[26] WEGBL, SEKE, XV &, BREMS, SE5R17. 1P AR S 5 IR VL8 A2 40y 1 S i O 25 XS AL R i o . A 252741, 2018, 38
(11) . 4008-4017.

[27] WAFHE, P55, 2N, XM, PRk, PO BRI SR ORISR 1L BT # 3, 2015, 16(1) ; 59-63.

[28] ®ERUK, ZEim, ERE, 2RI, R R, MAWHEH AT 3 A ERKARALEAE B A SR g S S50 5 OGRS E N . MRS
274, 2012, 36(4) : 333-345.

[29] Perrin P M, Mitchell F J G. Effects of shade on growth, biomass allocation and leaf morphology in European yew ( Taxus baccata L.). European

http ; //www.ecologica.cn



19 ] BN A HAH S5 K 000 28 AR O F T ST A R BRI i 7847

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]

Journal of Forest Research, 2013, 132(2) . 211-218.

Longuetaud F, Piboule A, Wernsdorfer H, Collet C. Crown plasticity reduces inter-tree competition in a mixed broadleaved forest. European Journal
of Forest Research, 2013, 132(4) : 621-634.

Van De Peer T, Verheyen K, Kint V, Van Cleemput E, Muys B. Plasticity of tree architecture through interspecific and intraspecific competition in
a young experimental plantation. Forest Ecology and Management, 2017, 385; 1-9.

EHE, KR, ke, B, e, iR, IR, N SRR K S X 5 AR B R B A S RS . RSS2, 2019,
38(1): 51-59.

Ogburn R M, Edwards E J. Repeated origin of three-dimensional leaf venation releases constraints on the evolution of succulence in plants. Current
Biology, 2013, 23(8) . 722-726.

VR, 20522, AAERE. K28 R G IR AR R G0 2 B8 URF RS e vir WP R 2741, 2015, 23(3) : 353-360.

Blonder B, Violle C, Bentley L. P, Enquist B J. Venation networks and the origin of the leaf economics spectrum. Ecology Letters, 2011, 14(2) .
91-100.

Hallik L, Niinemets U, Wright I J. Are species shade and drought tolerance reflected in leaf-level structural and functional differentiation in
Northern Hemisphere temperate woody flora? New Phytologist, 2009, 184(1) : 257-274.

Mollick A S, Sultana R, Azad M S, Khan M N I. Leaf morphological plasticity in three dominant tree species in the Sundarbans mangrove forest of
Bangladesh in different salinity zones. Wetlands Ecology and Management, 2021.

Sack L, Scoffoni C. Leaf venation: structure, function, development, evolution, ecology and applications in the past, present and future. New
Phytologist, 2013, 198(4) : 983-1000.

McKown A D, Cochard H, Sack L. Decoding leaf hydraulics with a spatially explicit model: principles of venation architecture and implications for
its evolution. The American Naturalist, 2010, 175(4) . 447-460.

Aasamaa K, Niinemets U, Sober A. Leaf hydraulic conductance in relation to anatomical and functional traits during Populus tremula leaf ontogeny.
Tree Physiology, 2005, 25(11) . 1409-1418.

Sultan S E. An emerging focus on plant ecological development. New Phytologist, 2005, 166(1) : 1-5.

Westoby M, Reich P B, Wright I J. Understanding ecological variation across species: area-based vs mass-based expression of leaf traits. New
Phytologist, 2013, 199(2) . 322-323.

RKLL, LAER, FEFIAT, XIS, B IR XOBRIE BRI RE MR 18] 156 R KX G H F I WA L. A A 2524, 2010, 34(6) :
619-627.

Yin Q L, Wang L., Lei M L, Dang H, Quan J X, Tian T T, Chai Y F, Yue M. The relationships between leaf economics and hydraulic traits of
woody plants depend on water availability. Science of the Total Environment, 2018, 621, 245-252.

Wright 1], Reich P B, Cornelissen ] H C, Falster D S, Groom P K, Hikosaka K, Lee W, Lusk C H, Niinemets U, Oleksyn J, Osada N, Poorter
H, Warton D I, Westoby M. Modulation of leaf economic traits and trait relationships by climate. Global Ecology and Biogeography, 2005, 14(5) .
411-421.

Bazzaz F A. Habitat selection in plants. The American Naturalist, 1991, 137, S116-S130.

Picotte J J, Rhode J M, Cruzan M B. Leaf morphological responses to variation in water availability for plants in the Piriqueta caroliniana complex.
Plant Ecology, 2009, 200(2) : 267-275.

Navas M L, Roumet C, Bellmann A, Laurent G, Garnier E. Suites of plant traits in species from different stages of a Mediterranean secondary
succession. Plant Biology, 2010, 12(1); 183-196.

Blonder B, Salinas N, Bentley L P, Shenkin A, Porroa P O C, Tejeira Y V, Espinoza T E B, Goldsmith G R, Enrico L, Martin R, Asner G P,
Diaz S, Enquist B J, Malhi Y. Structural and defensive roles of angiosperm leaf venation network reticulation across an Andes-Amazon elevation
gradient. Journal of Ecology, 2018, 106(4) : 1683-1699.

FREE IS, VAR, M2 PRI RO DF RIS . A ARSI, 2014, 38(10) ¢ 1135-1153.

Hodgson J G, Wilson P J, Hunt R, Grime J P, Thompson K. Allocating C-S-R plant functional types: a soft approach to a hard problem. Oikos,
1999, 85(2) : 282-294.

http ; //www.ecologica.cn



