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SR BTN i AR BT R AREHY 45 em RSP A BIEAR ) DL BROGTR R RIS AKOR S RIRR | 1
pH {EHURGE 6 A~FREE B 7 (I 5E , 43530 530 7 HEA A AL B AR B MR OC R AE 3 TR TR AR A AL . S5 R38R0 (1) A#%
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(B ZE AL 1 IR K], TR TR AR, oAl B A B 22 32 ) IXGHURT - 38 Bk B R

SR AR AL IR T E R OCFR B KGHE  HIE SR R SR AR

Comparison of plant architecture among communities in taibai mountain of
tiantong region, Zhejiang Province
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1 College of Ecological and Environmental Sciences, East China Normal University , Shanghai 200241, China
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Abstract; Plant architecture, reflecting ecologically adaptive strategy of plants in response to changing environment, refers
to the overall shape and size of the wood plants and the spatial arrangement of its components such as crowns, stems,
branches and leaves. For mechanical and hydraulic reasons, architecture of a plant can greatly affect whole-plant function
such as photosynthesis, transpiration and energy balance. As one of the leading dimensions in shaping plant function, plant
architecture is also fundamental to influence species demographics, and consequently species coexistence. Therefore,
variation in plant architecture among communities that differ in site properties is considered to indicate relationship between
plant architecture and environmental stress. Linking spatial pattern of plant architecture with changes in altitude is important
for understanding plant adaptive strategies in relation to biomass allocation. However, little is currently understood whether
plant architectural traits correlate to the site properties with changing altitude in the evergreen broad-leaved forests. In this

study, our objectives were to elucidate variation in plant architectural traits among communities, and to explain the
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mechanical relationships between plant architectural traits and environmental conditions. Specifically, three community
types, i.e., Castanopsis fargesii community, Cyclobalanopsis gracilis community and Cyclobalanopsis sessilifolia community ,
differing in altitude, were selected in Taibai Mountain in Tiantong region, Zhejiang Province, to examine plant architectural
traits including tree height, crown depth and area, leaf convergence, the lowest branch height (LBH) and basal diameter at
the 45 ¢cm aboveground (D). In addition, crown exposure index, soil moisture content, air humidity, air temperature,
soil pH, and windy velocity in each of three communities were determined. Then variation in architectural traits for plants in
each of tree and shrub layers among communities, and their relationships with environmental factors were analysized. The
results shown that, for plants in shrub layer, plant height, crown depth, the lowest branch height and basal diameter at the
45 c¢cm aboveground increased, but proportion of leaf convergence decreased gradually from Castanopsis fargesii to
Cyclobalanopsis sessilifolia community with increasing altitude. However, for plants in tree layer, tree height, crown depth,
crown area, LBH and D,; decreased, while leaf convergence increased. Significant correlations among architectural traits
(P<0.01) was found in three altitudinal communities for plants in shrub layer, but for plants in tree layer, architectural
traits correlated significantly in the lowest and intermediate altitudinal communities only. Crown exposure index in both
shrub and tree layers increased significantly from Castanopsis fargesii to Cyclobalanopsis sessilifolia community with
increasing elevation (P < 0.05). Multiple stepwise regression demonstrated that, for plants in the shrub layer, crown
exposure index was mainly responsible for variation in plant architecture, whereas, soil moisture content, wind velocity,
and soil pH were the determinant factors influencing plant architecture for plants in the tree layer. In conclusion, plant
architectural traits vary differently with community change for plants in each of shrub and tree layers in Taibai Mountain in
Tiantong region. Variability of plant architecture in shrub layer results largely from light competition, while plant

architecture in tree layer was driven by wind velocity and soil moisture content.

Key Words: plant architecture; altitude; crown exposure index; wind velocity; soil moisture content; evergreen broad-

leaved forest
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255, AT E AR SO T S LR (bR P XUHORIDG BRI | R R TR SR Y s 2 AR b SR R ] 1T B
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JCTRECNIREE X 7 HEAT P A K o3 A, 3 R8T R = AN]R8, (1) AN [ I 22 18] A8 9 4 B 2 B A7 AE 0 52
(2) BEREVEFEAL AR B[R] SC M 2 A AR U IR AT EARZ BV R—R AR 7 (3) BROLH RSN, HoAth 3R 5%
WA Tr e R B Rk 7

1 #E7I=E
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WL R B [ AR Tl (0 T Wi VLA B EL AR B (N 29°48 ,E 121°47") T ALEA 349 hm” | BRI (A7 R
U, AAEIRMZE, W20 AEEIR N 16.2 °C AEEK SN 1374.7 mm, AEZ8 K 800 1320.1 mm 4R BIAHXS
MR 82% , APl N A L FE I s 2180, L2 R — e 1 m 727, B LRI R O 3 A A
PUT & et

AR 06K 1 ILRFR 653.3 m BN IR R VDAL, i pg B b o w2 R i iy 3222
FERRAY TR IAGRAT I 22 57, 341 3 LA [R]85 B A0 S DA 2 R AR e T L 17 SRS R I T
PR B 1, P IR VAR 4R R R far -5 B4 35 M\ ( Schimeto-Castanopsietum fargesii Association ) fi*) 3L 7Y 5[V Ff A\
( Schimeto-Castanopsietum typicum Subass. ) PR i I 8L, vifg 4k by 35 4 A i BCBEARY B9 S A5 A ( Schimeto-
Castanopsietum distylietosum Subass.) , VAN X] ( Cyclobalanopsis gracilis) 3R 1L THAR = 154k X 38 ok < -
Vay il Eéamﬁiji\(Lithocarpus henryi -Cyclobalanopsis nubium Association ) = 1L KRR
1.2 AT

TERRMRL BEl A 9 K P LU T A0B0 J3E e — 2 M RO Vi« RS ARV (RETS A) /Nt 75 XIREVS (VS B) Al
L5 XREE (RETS C) o TEREHEVE N e 3R S i) A UR M BB HL I 3 1> 20 m x 20 m BYREDT X H
MR T 1 m WA AR IEA TRV S MR A B Ay AR5 b i 4 1 1087 MRk, 4255 70 DT,
BAFEE TR B 1,

R1 MIXREXRALBREE = AR AR

Table 1 Plot description of three typical communities differing in altitude in Taibai Mountain, Tiantong region, Zhejiang Province

— — H#Fh Dominant species L/l ESei Species richness SRR - 4 =5 5 ik
- i N FAE AR Stem Y ak®e HHpH REVC WE/%  Wind
Community Community TKE HERE - Lk . Elevation/ .~ ; ) ) )
whe code Tres laver Shrgh Laver Tree Shrub Totd density/ " Soil moisture  Soil pH Air Air velocity/
P ’ ! layer layer (#k/hm?) content temperature  humidity ~ (m/s)
pobtae K Shine e
Castanopsis A P;WC — Camellia 12 53 58 3308 111 30.68 4.17 2.12 79.36 0.32
d )
fargesii community ’ “as o Sfraterna
fargesii
§ KA Schima
/M R .
Cyclobalanopsis superba e
’ " ’ B /N Distylium 12 33 34 3125 382 20.87 5.00 2391 68.09 0.45
.
groais . Cyclobalanopsis ~ myricoides
mmunity
communtty gracilis
TINTFF N - X
ool EI#N I SCRE
! il ’ C Cyclobalanopsis ~ Distylium 10 22 23 2625 446 19.85 5.14 23.72 75.12 0.56
S “: sessilifolia myricoides
community

XFIREEH T FES AR O L2/ VAR ELZR WAL 1 75 (EmS50/R, Decagon Company, America) , B:HE7%
FAFE 3 G I F I i 3K A3 2 AR R G (B T SR B TR 2 R 5 min) |, TR Sk
AR 20 em + 2 B4 S A AR R R Z A X, e anAiAR B TEZ )2 I, H I TR E
FIEGEE N 20 em! " BE R AR EIFRSE 5 H (2009 4E 6—10 A BRI E K ZE) AN, fERMRETT I,
M6 HF) 10 A M1k, B H R TLE RS 0—20 em HHRE, J5 78 K [E 5B AN R AR 56 P9 A H 10150 +35
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JEAE pH 31 (1Q Scientific Instruments, America) & 3% pH {8, &Jo Bras IR R 710 A K Z 3R A
ARSI TR R B B (£ 1) .

XF T AR, SEBE AR SE RS IC A B S A YA R S X A AR A T R B IR
Wi, BT EHEAARE NSOR AR Z 1 m, TR S TARTER BT FOEL, 3 81y HEBR A A S FR I IOt
B SEA  HeRE T A AR 45 em BRAREATINEE . A0 RI MR XS TROR T, 45 em B X HE R AL B A A
I S R HEARZ A ST AN E R R 2 —, MY YITEREHE 45 em DU AFTE SR S bR H: 45
em £2, XFTALARPIR S AT S AR =, R FH Haglof- VIZEU =54 ( Haglof, Sweden ) I T X6 -1 F 4R
i D Sy 2 FhIR (1 FR M B UM 2 FOR B ) o WIREBEEEBURIE Poorter 72 P i0 sk AN

T o1 FRW A Z B BTG B G, 2 SR sZ B T G2 RS, 3 O 10%—90% 4 i 52 B IR G, 4 K
T 90% [P 37 B Lk FRGT |5 FRom i il 4= 32 2R R T
F I R SRR BRI e B 48 B0 e MR | S/ NI R 22 RS RN 43 2 H B S S R E Y
BRSPS BRI A2 (1) 3158 W e 5B T3 2 I Masahiro Aiba M 78 07350 (K46
AR (2)IE,
CA=LxIL, (1)
CD = H-H, (2)

K, CA T AR, L, A AR SRR 2R P [ 2 B 8050 WK I, L, AR MR A Sl 7 pi b ) 2 B B2 WK €D
I IR H R H R
1.3 Bdlekbae

MR A B4R AN A [RI RS K B8 S ) BR300 DA B v R L BB B 1 3 A S AU
W BER 30 2 J2= HEARRE (1.5 m<H<8.0 m) FIFFAJZ (H>8.0 m)

X TR VR B 3 A BENLBCE T RAE Y B 3 AN RE D N )i BE BT A M5 0T R A A
PRI P S AR TR AREA)Z BRG BUPEAR | DLAI BT HAE A R VR ) A A8tk a3, BEJ , B TN R A& 6 AL
X AN [ DA 178 4 FS A e () A B A ER A B PRT 2R 5 22 43T ( One-Way ANOVA) K56 1 7 AR FIE A2 1 U4
ARTEMHER b 22 5 0 P, (RIS 3L TUART ARG B 8] 19 OC 2R S G B EAS [ v PN A2 72 S i 3K Bl PR 3R AR S
FKH T Spearman FHOC REFNZICE L MUH P Tk . Hird Spearman A ¢ R EUR X AS [RIHE 75 P9 42 3B A4~ 1A+ 784
PRIRFEAT M7 T AEZ 0B A rh | ST AR EFIREAR 2 Ak T [6) —HE 3 N, A8 DR - S0 IX 0, DRI o)
AFEDT 3 AT T IREE IR 7 0 REE  Z 5 R B K B B TRy N B e R A A B TR S
T RIFE RV R 224 . FTAT BRI 7E SPSS 19.0 52,

2 #R

2.1 HYRBL AR AL

FE 3 AT RS 1] A 2 /N1 X2 2 I X 351 (IR IR B =i 3R V% )  ER 2 & 5 W 5e
JELE KT R R 45 em BIRREERGIN (B 1) o BARERI N B /Nt XUBEVE AR = BT = AR b 45
em B2 5 2 I XIFFE ] 25 5 .35 (P<0.05) , BEE IR RE7E 3 A HEVR )35 25 57 0 3% (P<0.05) o TEA i e
TR RREEE N, HoAe /N BRI R, 5 5 AN TV 25 57 0 38 (P<0.05) . XTI i REFE, 7EH%
W E N XS] 2 T XA 3 AR TR B R B R R (P = 0.129),

X FIRA)E M RIMR 1 A2 SHEARJZ 22 B (K 1) o BB 2/ N 35 XU B = 1075 REVR, B e BT
A 45 cm FEARIGRFLEREAT, BRI, WEm A 45 om FERTERER /N5 X BEDS 5 2 10 7 X
V) 225 1 3 (P<0.05) B0 N e 3 AN BRI 22 53 35 (P<0.05) ., iS5 HEAR)Z A, T A2 B e 1 AL A
e RAEBARTE TN KR . X TR AR TR ToARZ A R s m s HAe /it &
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Fig.1 Comparison of plant architecture among three communities in Taibai Mountain, Tiantong, Zhejiang Province
A FER YR Castanopsis fargesii community; B N X R Cyclobalanopsis gracilis community; C; = IE KB Cyclobalanopsis sessilifolia
community ; 7] — 5 BEJ2 AN [RIEE I&] i AU AS [R] SR8 30 A [ BEVE TR A7 AE 835 22 53 (P < 0.05) 5 iR2E R pRIEDR

2.2 FHYIREIMEIRSC R BERE R AR L
3 ANEEVEHE A Z MY B0 T A TR JEERE B e T AR M 45 em FEAR 22 [A] B A OE (P<0.01) , HAHE R B
BEE 3 BRI A AR R B S 3G it #h (3R 2) o BT e SR BRI (i RAEBEBR AN ) Z IR
FHISE(P<0.01) , WS 2 /N5 X B 2 Ll i RBRTS M OC REE KR I8 . RIRI RIS HE A2 i R4
JE AR SR B A S (P < 0.01) (H5H e R AR A — oA ek (R 2) o
F2 WIREAAL 3 MEEEARRME IR AL

Table 2 Correlations among architectural traits in shrub layer across three communities in Taibai Mountain, Tiantong region,

Zhejiang Province

i Lt & B R pgma R BC
Plant architecture Community Height Crown depth Crown area Leaf Lowestv branch
code convergence height

W EEIEE Crown depth A 0.68"*

B 0.72**

C 0.77**
TR Crown area A 0.61** 0.52**

B 0.78** 0.59*

C 0.83** 0.73**
MR R A -0.06 0.14** -0.09"
Leaf convergence B -0.04 0.07** -0.07

C 0.31** 0.50 0.41*"
BN A 0.49** -0.16"" 0.20** -0.21*
Lowest branch height B 0.79*" 0.26"" 0.59"" -0.09

C 0.60 " 0.21 0.39** 0.02
BEHb 45 em FEAf2 A 0.76 ** 0.57** 0.72** 0.01 0.35"*
Basal diameter at the 45 cm B 0.87** 0.60** 0.82*" -0.04 0.69**
aboveground o 0.83** 0.66 0.85"" 0.37*" 0.67""

* P <0.01, * P<0.05
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AN THEARZ T A2 I TEA [T T 52 0 A B PR OC 2R 38 sl N A2 a3 (% 3) o W mi A
W ETE 3 DRER I BEA I (P<0.01) , B im WIS B A AN D 45 em HEAR HAERE R AN 75
XIHF 7% 2 A DG (P<0.01) |, HLAHDC R B/ INE 35 XR8P o TAB RIS

*3 HHIXEXRALL 3 MHEZFFAEHERERAHE X
Table 3 Correlations among architectural traits in tree layer among three communities in Taibai Mountain, Tiantong region,

Zhejiang Province

HEA) LA ¥y 2 REVE P B Y ek JEL g CSpRRITEA R R AR B
Plant architecture Community code Height Crown depth Crown area Leaf convergence Lowest branch height
T e I A 0.53**
Crown depth B 0.80**
C 0.76 "
CPRAITEA A 0.41** 0.57**
Crown area B 0.60 " 0.58""
C -0.28 0.16
W SRR A 0.04 0.42°* 0.20*
Leaf convergence B 0.10 0.26 0.10
C 0.03 0.14 0.26
BT A 0.17* -0.54"* -0.26 -0.40*"
Lowest branch height B 0.04 -0.25 -0.07 -0.01
C 0.36 -0.21 -0.52*" -0.07
HEHE 45 em FEFE A 0.50" 0.58"" 0.65"" 0.14 -0.28""
Basal diameter at the B 0.80"" 0.71*" 0.67"" 0.13 -0.15
45 cm aboveground C 0.28 0.32 0.44* 0.14 -0.04
% P <0.01, * P<0.05
2.3 YR R TE B TR A2 A O WAR AR

BB 2N KB 2 1 KB AR AR ST
FEL RO ) T B DI KA i (181 2) o FERAE 3 ST (]
225 W35 (P<0.05) , 11 TF A2 AERE I FL/ Nt X HE V%
AR RE 2R (P = 0.401) ,{H5 2= 1075 X RBEV% 8]
FAE 2557 (P<0.05)

2.4 HEYIRG T S EREE K AE G

S TETE N T A MG T, X5 25 A U AR AR e
BRI B A 6 NIREE R T T 208 40 Ml |, 25 0
T T HEAZAEDY) , BRAL T Ak A e i e de i br
eI R o TR T (3 4) , BIRDE Rt s Fig.2  Comparison of crown exposure index among three
O AT P F8) Y i T 45 A8 S B i R DT R B K, IR K communities in Taibai Mountain, Tiantong region, Zhejiang
J2 A I EE AN, R B EAR HO AS RI R PaHly Provimee ‘ ) . L
I i b I RO
RIZRINZ Y I P 7, MR T WX esitiolia community s 172578 20K 74 ] o i R 7521 267
RIARAV R —BHa R TS KR E LR S i AREBEE AR RERLT (P < 0.05) ;REHATRIER
F SR 1 d I AR R, DR 2 5 M AR S T AR
FH M 45 em FEAR ) B EEEEREE N 1, 0048 AT B RN - 358 pH (B 20 e B A e R R RR T e ) e E BRI
(F4),

H o

i o

Wik

4528 B 35 i Crown exposure
[\S)
T

2 HNIREARAL 3 MEEFENEYMEBRLELNILE
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x4 IXEXRALUZMEEFEREREDHEEREREREFHIZSEIT
Table 4 Stepwise regression of plant architectural traits against environment factors in each of shrub and tree layers among three communities

in Taibai Mountain, Tiantong region, Zhejiang Province

FE ) LA ey 7R FEHZE EYEyE )
Plant architectures Vertical layers Regression function R F P
i Height WAE  Y=-0.107+0.510X 1 +4.701X 0.54 235.578 < 0.001
k)2 Y=-5.81+0.44X,,+1.65X 0.59 57.652 < 0.001
B WAE  Y=0.547+0.253X,+0.827X 0.32 63.764 < 0.001
Crown depth FAE  Y=-4323+0.154X 0.19 7.921 0.0053
W WEAE  Y=14.577+1.268X 4, -0.196X 0.4 137.744 < 0.001
Crown area FAE  Y=104.998-111.337X 5~ 1.554X,, 0.19 4.028 0.019
I 5 A WEAJE  Y=2.104+0.103X,;-0.193X , 0.21 27.384 < 0.001
Leaf convergence FAE  Y=2.260-0.034X,, 0.35 30.326 < 0.001
BT WAE  Y=-2.084+0.626X,,+0.235X 0.48 172.570 < 0.001
Lowest branch height FAJRE  Y=17.115-3.253X,,+0.633X,, 0.53 44.033 < 0.001
B 45 om 378 WEAJR  Y=-3.820+1.285X 4 +10.670X 0.27 265.918 < 0.001
Basal diameter at the 45 cm FAE  ¥=20.376-21.116X,5+2.083X o, 0.22 5.658 0.004

aboveground
Xeg e it )2 BEYEFE SN crown exposure index; Xy JKE wind velocity; X¢: + 385 7K # s0il moisture content; X,y : 23S R air humidity ; XPH .
45 pH

3 e

3.1 YR R R R A AL 5

H4 LAY SN PREEE I 1 H AR I, & B PR A 30 s 1 1 B0 ) VRS | LR U R B
UNAF A S A R S TR | b 285 8 S0 1o RV A K EUR AR A6 o ASBI S, AR AR 22/ X )
L RIRETS  HEARJZ BB = FEHD 45 em AbRERS RTEIREREFIRC T i BT, i AR BE IR, o, B
AR R RURE T o AL A A )T o e U DX, e BRI AR G 538 SR T AR A Ay i
Fr BRAR BE TR R ARG I b o 8 S SR A3 0 s IR A A RO

EA , WK B DA T PR 2 XA X AP AR Z= P 5 T, AL 34 e XU e RE 7, 675 A
IR ZE T LIRS R S ERE 11 . BEHb 45 em JEAR ML TR T AL AN R B B AE — @ AR B
W 7RI LI RE T o PRI, Bl XGEE RS SE N AR DL FERE TR 2 B BT X AEA BT 545 2]
HER B BRI 2=/ N X8 2 L0 XU TR BT XU, FEAR SR BE M 45 om EARIE N, [RIME, 2245
PEB5 HE SCREAS KU Sy F53 475 AL 640 S SIS AE) | ZE ML S5 R B SR B ) A 2R [ A A AU | Bl = 1
XU RE T RE A TR AR O IR0 e T AR A I, i/ N XU B 40475

SETRARJE FE 3 A M AVFEVE 1] B8 BT s D 45 em SERIBIFEREI R e, /N5 KU T =
L XIfEs HAE iR/ R B S REARZ AR S A YA S 3, SR Ol 2 L i R 20 A1 F) T 4 3 Pl A v
HeA s K e/ (R 1), Kk o3 al AR BR T3 i 59389 00, 53X L /8 Feldpausch 558 A B8 58 45 R A T ik
WU, G381k R EHLIX & KU Sl B KOG TR AR 2 ) SR TEAS A RE T b/ T Pl T8 A s o, X = LD 7
IRETS I T IR SR, SRy Ul b XU 30 3 S P 53005 , AR 30 SR SRS SR AR v 207 R/ N T AR 5 1) ) 2SR
HL& XA - RE TS AR A= K BERAE I 7 JRAETERE R, de Gouvenain S AR P AT BRAK A B
FELIN A KA TRl AR X AR
3.2 YIRS REAR G FR AR T ] Y 2 5

FHA G RE AT Y38 L PRI 2 2R B 1 AR A8 IO PR BE 15 8.2 AR IS e DAL 43 i B , ALY IO 22 444
AR I BRI B B STIC, DR, R B )X T BRI |, AR SRR AR > A A MR ) B —
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SEARDGHE , ANBAPEI R 4T 2 BRIl B A A LA i MORE 2 e R I DA DG M
MAEHEAMIEZ Z 5, FeAR R I B TR e i B A LAFRIBOE B I8 4E R MU, st S i -5 g
(G PSR EE
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