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Relationships between competition intensity and leaf phenotypic plasticity of

woody plants in subalpine forests on different slope directions
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Abstract; Phenotypic plasticity is an indicator of the responses of plant growth and development to environmental changes,
which reflects the fitness of plant individuals under environmental stress. However, the driving mechanism of plant
phenotypic plasticity is still controversial. To explore the impacts of environmental conditions and competition on the
phenotypic plasticity of leaf traits in trees, we surveyed two secondary forests with different slope directions in the Ngawa
(Aba) Tibetan and Qiang Autonomous Prefecture in western Sichuan, China and analyzed the difference in the relationship

between competition intensity and phenotypic plasticity of 10 tree species leaf functional traits between shade and sunny
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slopes. Results show that; (1) water and nutrient availabilities were greater on shade slope than those on sunny slope. (2)
Mean intraspecific and interspecific competitions of tree species on shade slope were higher than those on sunny slope;
intraspecific competition intensity decreased with the increases of individual tree size on shade slope, but it increased along
with the increase of individual size on sunny slope. (3) The leaf traits include specific leaf area ( SLA), leaf carbon
content (C), leaf nitrogen content (N) , leaf phosphorus content (P) , leaf kalium content (K) , leaf carbon-phosphorus
ratio (CPR) , leaf carbon-nitrogen ratio (CNR), and leaf nitrogen-phosphorus ratio (NPR). Phenotypic plasticity of all
eight measured leaf traits on shade slope was higher than on sunny slope. Phenotypic plasticity of leaf traits increased with
the increase of individual tree size on shade slope, but decreased with the increase of individual size on sunny slope. These
findings suggest that the environmental resources of community on shade slope were greater than on sunny slope. The growth
of forest trees was less restricted by the availability of environmental resources on shade slope, where higher competition
intensity led to the intensification of resource overlap, especially the high intraspecific competition intensity, ultimately
resulted in the higher phenotypic plasticity of leaf traits on shade slope. Because of higher competition intensity, with the
increase of individual size, trees need higher phenotypic plasticity to gain competitive advantage and obtain more resources
to support growth. However, because resources were relatively poor, the limitation of the availability of environmental
resources reduced to the lower phenotypic plasticity of leave traits on sunny slope. Due to the limitation of the availability of
environmental resources, with the increase of individual size, trees were more likely to suffer resource constraints.
Therefore, phenotypic plasticity of leaf traits on sunny slope decreased with the increase of tree individual size. To
summary, our study demonstrated that leaf phenotypic plasticity was mainly affected by competition intensity on the shade

slope, while it was mainly limited by the availability of environmental resources on the sunny slope.

Key Words: slope direction; competition; phenotypic plasticity ; resource; leaf traits
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Table 1 Geographic and climatic conditions in two study sites

B it 134 FH 38 it B3 PR3
Plots Shade slope Sunny slope || Plots Shade slope Sunny slope
i Latitude /N 31.52 31.54 KAIRSE Atmospheric moisture /% 70.5 56.7
2% Longitude /E 102.92 102.9 KRS Atmospheric temperature /°C 21.29 22.55
MR Altitude /m 2404 2440 IR E Soil surface temperature /°C 20.07 22.48
Y Gradient/(°) 27.8 26.2 FJZ L HEE KA Surface soil moisture /% 22.08 10.00
1) Slope aspects/ (°) e 7R 23° Fa Py 15°
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Frik L (CPR) 36 10 Fhik B ZhREMIR . W05 325 4% HR D B M DR AR v B P i > | BRI R 5300 R
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Table 2 Difference in the mean (+SD) soil nutrients between sunny and shade slopes

B Hb 15854 PR3 Bt [55F77 PR3

Plot Shade slope Sunny slope Plot Shade slope Sunny slope
mEHEC 205.10+19.96a 102.33+12.68b B i Mg 15.07+0.71a 16.92+0.58a
A&®N 13.11+1.18a 7.61£0.97b A L CNR 15.52+0.45a 13.53+0.28b
B p 1.02£0.07a 0.80+0.04b Tewi Lk CPR 205.06+18.00a 125.65+11.50b
MEE K 14.16x1.11a 18.41+0.56b AW NPR 13.02+0.94a 9.33+0.85b
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AT L (/) P L HERE A B MR (me/g) s K : BN A B0 (me/g) 5 Me: HIBE A B BAGE (me/g) 5 CNR: LI ; CPR . HHEBR
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PRIIE ( Community-weighted mean trait value, CWM) , T8 20A0F .

s
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Table 3 The levels of individual size of forest trees

F5H7 Index 1 2 3

W42 DBH/cm (0,15) (15,25) >25
4 % Height/m (0,6) (6,8) >8
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Fig.1 Leaf traits phenotypic plasticity on shade and sunny slopes
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Table 4 Competition intensity (+SD) of forest trees on shade and sunny slopes

I 11 Slope CIA CIN cI
B3 Shade slope 79.41+7.49 63.29+6.05 132.19+8.49
FH3 Sunny slope 67.07+5.14 32.08+3.39 89.70+5.53

CI: JBFE4r o 5 CIA PN TE 430 B2 5 CIN . B 6] 32 4 i 22
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Fig.2 Difference in leaf traits phenotypic plasticity under different levels of individual size on shade and sunny slope
BL: WA K/ HL B 454 CL: el A5 9% ; BHCL : Ao iR el I 45 4, S5 BB AR 2 W3R 35, RE 58k (A, B) BB Ak
K/NGEG LA ] Fr PR R AL T IPE (CV (B 2555, /NE T8k (a, b) Fom B3 AMARKR/NE I B i Mok R AL AT 3 (CVAR) 122 57

2.4 AR ARARARI NG T8 i B 1956 5

RHNR A AL AT ORI/ INFISE 4 3 B (1 5G4 R /R AR IR S0 L B33 AR b ] 5 4 55
J3E BEE PR A e e LA M A b vy < e Wk ) s 8 25 MBS (35 5) o BRI b AR o 1] 53 4 5 2 Bl 6 RO
g R LA A B e < e W 149 6 0 T A S B M A A i i 2 PR (R 5) o RS B P ST
i B BEE WA R e B RSN T R R D (ER AR BH 3 B AR T N T 4 B2 B B e e T LA AR
el > TR I A4 0 R I (3 5) BB T A ) P s 8 2 el o BRI B RO v oA B 4 i B TR I 1Y
S > RS AN B R B A <R e e R TG B AR (R 5) o

http ; //www.ecologica.cn



51 WRIA A5 A RIS 1 DG 5 LR 5 -5 i e B R B8 ) 5 R F S 1795

£S5 TREAEMRAXNEZFHEENXER

Table 5 Relationship between competition intensity and plant growth on shade and sunny slopes

P2 [ 725 B 3% Shade slope FH3% Sunny slope
Dependent Independent Estimates Sig. Estimates Sig
CIA DBH -0.86 . -0.85

H —5.99 : 14.49

Crown -0.58 n.s. 2.19

BHC -0.09 n.s. 0.49
CIN DBH 1.93 e -0.85

Height 6.44 n.s. 10.38

Crown 1.17 » 2.39

BHC 0.28 . 0.37 #

Wtz (DBH) ; BN em ;W85 (H) : BA07 m; 508 ( Crown) s B0 m? ; B2 x B & i (BHC) : B4 m + m - m?; Estimates {5 W& MRS AR R 3}
RN, Sig FR IR A LM RS BEE(@=0.05) ; « FRIRA LR B EA BEME P<0.05; « « F/)R P<0.01; * * * &R P<0.
001 ;n.s. RN TRA LR R0 A 350 P>0.05

3 e
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FHBEIR A AR WAL A 3R A AT 20 5 oD B0 B R b 2 (07 T ) — A BB B2 19 T R AR T A b, 3
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3 RSO P 38 3R 48 gy G2 AT 7 8 T A i 7 3 4 PRI AR Ak 1T ELABL ) A K A2 B B PR Ty A5 oA
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