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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

(31270475 31070383)
:2013-04-14; :2014-04-03

Corresponding author. E-mail . eryan@ des. ecnu. edu. cn

http: //www. ecologica. cn



762 35

to explain the mechanical relationships between plant architectural traits and environmental conditions. Specifically three
community types 1i.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 e¢m 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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Table 1 Plot description of three typical communities differing in altitude in Taibai Mountain Tiantong region Zhejiang Province
Dominant species Species richness
St 1% H IC 1% Wind
Community Community e,m Elevation/ . . ‘ L. P . . ’ 1r(1
Tree Shrub density/ Soil moisture  Soil pH Air Air velocity/
type code Tree layer Shrub layer Total > m o
layer layer ( /hm%) content temperature  humidity ~ (m/s)
Schima
erh
Castanapsis A ”‘P‘"C“ o Camelli 12 53 58 3308 111 0.68 417 212 193 0.2
A
fargesii community _fm o Sfraterna
fargesii
Schima
superb
Cyclobalanopsis perna o
i B Distylium 12 33 34 3125 382 20. 87 5.00 23.91 68.09 0.45
T
gfaa N " Cyclobalanopsis - myricoides
community gra(jili‘g
Cyclobalanopsis ) oo
’ il C Cyclobalanopsis ~ Distylium 10 22 23 2625 446 19.85 5.14 23.72 75.12 0 0.56
seiye utz sessilifolia myricoides
community
1 (Em50/R Decagon Company America)
3 . N ( 5 min)
20 c¢m
20 em " 5 (2009 6—10 )
6 10 0—20 cm 1Q150
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1
Fig.1 Comparison of plant architecture among three communities in Taibai Mountain Tiantong Zhejiang Province
A: Castanopsis fargesii community; B: Cyclobalanopsis gracilis community; C: Cyclobalanopsis sesstlifolia
community; (P <0.05);
2.2
3 N N 45 cm (P<0.01)
3 ¢ 2) )
(P <0.01)
(P < 0.01) ( 2).
2 3
Table 2 Correlations among architectural traits in shrub layer across three communities in Taibai Mountain Tiantong region

Zhejiang Province

Plant architecture Community Height Crown depth Crown area Leaf Lowest branch
code convergence height
Crown depth A 0.68**
B 0.72%*
(o 0.77**
Crown area A 0.617* 0.52%*
B 0.78** 0.59 ™
C 0.83"* 0.73**
A -0.06 0.14** -0.09"
Leaf convergence B -0.04 0.07** -0.07
C 0.317* 0.50** 0.41**
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
45 em A 0.76** 0.57** 0.72** 0.01 0.35™*
Basal diameter at the 45 c¢m B 0.87** 0.60** 0.82** -0.04 0.69**
aboveground C 0.83** 0.66* 0.85™* 0.37** 0.67"*
P <0.01 * P<0.05
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3 (P <0.01) . . 45 cm
(P <0.01) .

3 3
Table 3 Correlations among architectural traits in tree layer among three communities in Taibai Mountain Tiantong region

Zhejiang Province

Plant architecture Community code Height Crown depth Crown area Leaf convergence Lowest branch height
A 0.53**
Crown depth B 0.80**
C 0.76**
A 0.41** 0.57**
Crown area B 0.60** 0.58**
C -0.28 0.16
A 0.04 0.42%* 0.20"
Leaf convergence B 0.10 0.26 0.10
C 0.03 0.14 0.26
A 0.17" -0.547% -0.26"* -0.407*
Lowest branch height B 0.04 -0.25 -0.07 -0.01
C 0.36 -0.21 -0.527% -0.07
45 cm A 0.50** 0.58** 0.65** 0.14 -0.287*
Basal diameter at the B 0.807** 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

( 2). 3
(P <0.05)
(P = 0.401)
(P <0.05).
2.4

( 4) 2 3

Fig. 2 Comparison of crown exposure index among three
communities in Taibai Mountain Tiantong region Zhejiang
Province

Az Castanopsis fargesii community; B:

Cyclobalanopsis gracilis community; C: Cyclobalanopsis
sessilifolia community ;

o (P <0.05);

45 em pH
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4
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

. . . . R F r
Plant architectures Vertical layers  Regression function
Heigh I G 0.54 235.578 0.001
cight 4.701X : ' <
Y=-581+0.44X,, +1.65X 0.59 57.652 < 0.001
Y=0.547 +0.253X; +0. 827X ¢ 0.32 63.764 < 0.001
Crown depth Y=-4.323 +0. 154X 0.19 7.921 0.0053
Y=14.577 +1.268X; —0.196X 0.44 137.744 < 0.001
Y = 104. 998 — 111. 337X,4 -
Crown area 0.19 4.028 0.019
1.554X ¢
Y=2.104 +0. 103X, —0.193X 0.21 27.384 < 0.001
Leaf convergence Y=2.260 -0.034X,,. 0.35 30.326 < 0.001
Y= -2.044 +0.626X,, +0.235X 0.48 172.570 < 0.001
Lowest branch height Y=17.115 -3.253X,, +0. 633X, 0.53 44.033 < 0.001
45 Y= 3. 820 + 1 28 + 0.27 265.918 0.001
om 10. 670X g ‘ ' <
Basal diameter at the 45 cm Y = 20. 376 - 21. 116Xy + 0.22 5 658 0.004
aboveground 2.083X .,
Xeg: crown exposure index; Xy : wind velocity ; X : soil moisture content; X, : air humidity ; XpH:
pH
3
3.1
15
16
N 45 cm N o
17
12
" 45 cm
s 45 cm o
3 N 45 cm
( 1 Feldpausch
19
20
o de Gouvenain
21
3.2

2224

25
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