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Abstract: Leaf function traits are important feature of plant adaptation to habitat. The environment of karst area is a spe—
cial ecosystem the reason how different plants adopt to the habitat and what leaf traits have been rarely reported. There

are rarely reported on different plants adapt to the habitat and their leaf traits in karst area. In Shilin karst area of Yun—
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nan Province we studied 41 plants ( different growth forms) . We mainly focused on the leaf area( AR) leaf fresh
weight( FW)  leaf dry weight( DW) leaf thickness( TH) chlorophyll content( Chle) specific leaf area( SLA) and leaf
dry matter content ( DMC) . The results were as follows: ( 1) The leaf traits of plants on the species level varied widely
and the differences of different growth forms were significant. ( 2) There was a significant negative correlation between
SLA and DMC( P<0.001) . There was a significant positive correlation between leaf length width and TH( P<O.
01) . There were significant positive correlation between FW DW and AR ( P<0.01) . There were significant positive
correlation between TH and Chlc( P<0.01) the correlation between other factors was not significant. ( 3) The coefficient
of variation of plant leaf traits in the study was 15.82%—139.14% mostly with high coefficient of variation ( 84.40% -
131.01%) . The contribution rate of AR and FW were higher there are 84.40% and 90.28% plants of different growth
forms were stable on TH. (4) In Shilin karst areas plant leaves adapt to special habitats with lower TH SLA  Chle and
higher DMC. The above indicates that plants in Shilin karst areas can adapt to special habitats by forming different leaf
characteristics. The paper provide a theoretical and piratical reference for the restoration and protection in karst area.

Key words: leaf functional traits leaf dry matter content coefficient of variation leaf strategy Shilin karst area
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Table 1  Leaf traits parameters of 41 species in Shilin karst area
‘ Leal area  Leaf thickness Leaf-fresh Leaf-' dry Chlorophyll Spf?cific Leaf dry matter

Growth form Species (em?) ( mm) weight weight content leaf area content
' (8 (8 (ccn  (em®-gh)  (g-g)
23.69+ 0.10+ 0.81% 0.34% 10.48+ 70.43+ 0.41+
Tree Cerasus scopulorum 3.12lmno 0.007no 0.094¢gh 0.039¢ 1.46stu 6.68q 0.0541
47.30+ 0.20+ 1.31+ 0.62+ 35.76% 76.10+ 0.47+

Celtis biondi 4.33g 0.012de 0.116de 0.074d 3.12f 7.14pq 0.049ghi
6.62+ 0.12+ 0.13+ 0.07+ 891+ 101.77+ 0.52+

Salix babylonica 0.73vwxy 0.0011Im 0.006qrstu  0.004nopq 0.92u 9.71mno 0.051de
20.62+ 0.17+ 0.51=+ 0.19+ 59.71+ 111.07+ 0.37+

Toxicodendron delavayi 1.45n0pq 0.013gh 0.044jk 0.031i 5.11¢ 12.13m 0.032m
( ) 16.83+ 0.17+ 0.50+ 0.17+ 11.75+ 98.54+ 0.34+

FEucalyptus 1.86qrs 0.014gh 0.079jk 0.0274j 1.64rst 10.27mno 0.047mn
(gl”b”l“s) 29.07+ 0.35+ 1.40+ 0.62+ 67.38+ 46.68+ 0.44+

2.14jk 0.024a 0.132d 0.052d 6.25b 5.62r 0.0531jkl
24.65+ 0.15+ 0.53+ 0.25+ 17.67+ 100.44+ 0.47+

Amygdalus davidiana 1.98klmn 0.009ij 0.064jk 0.01%h 1.83Im 11.72mno 0.049ghi
21.78+ 0.23+ 0.88+ 0.45+ 20.06+ 48.16+ 0.51=+

Photinia serrulata 1.75mnop 0.013¢ 0.072¢g 0.055f 1.97jkl 4.97r 0.061ef
4.66+ 0.16+ 0.10+ 0.05+ 45.03+ 88.96+ 0.52+

Pistacia weinmannifolia 0.98wxyz 0.026hi 0.014qrstu 0.002pqr 3.27e 9.710p 0.058de
86.65+ 0.19+ 1.83+ 0.91+ 22.07+ 95.71« 0.50+

Quercus aliena 6.43b 0.015ef 0.212¢ 0.083b 2.73ij 9.93no 0.039efg
8.65+ 0.18+ 0.14+ 0.09+ 23.61+ 93.40+ 0.66+

Millettia pachycarpa 0.96uvw 0.021fg 0.008pqrstu  0.007Ilmnop 2.69i 10.03no 0.072a
38.52+ 0.19+ 0.90+ 0.41+ 54.61+ 93.07+ 0.46+

Koelreuteria bipinnata 3.78h 0.025ef 0.046¢ 0.053f 5.18d 9.38no 0.052hij
55.95% 0.17+ 1.37+ 0.75% — 74.37+ 0.55+

Quercus variabilis 6.12ef 0.020gh 0.210de 0.084c¢ 8.19¢q 0.061cd
28.52+ 0.21+ 0.71+ 0.32+ 33.06+ 90.20+ 0.44+

Rhus chinensis 2.77jk 0.024d 0.083hi 0.048g 3.44¢ 8.910 0.039ijkl
58.83+ 0.13+ 1.29+ 0.58+ 24.19+ 101.37+ 0.45+

Carya cathayensis 5.32e¢ 0.009kl1 0.215de 0.062de 2.17i 12.20mno 0.041hijk
70.64+ 0.15+ 1.35% 0.76+ 14.41+ 92.42+ 0.56+

Castanea mollissima 7.66¢ 0.013jj 0.336de 0.080¢ 1.100pq 9.77no 0.063c¢
258.25+ 0.20+ 5.58+ 2.00+ 35.11=+ 128.81+ 0.36+

Broussonetia papyrifera 30.42a 0.016de 0.386a 0.349a 3.19fg 11.64kl1 0.041mn
73.10+ 0.15+ 1.30+ 0.53+ 32.90+ 137.24+ 0.41+

Toona sinensts 5.73¢ 0.015j; 0.312de 0.067e 3.42¢ 12.63kl 0.0471
7.40% 0.15+ 0.16+ 0.08+ 21.06+ 96.82+ 0.47+

Ephedra equisetina 0.69uvwxy 0.0113j 0.0090pqrst  0.009mnopq 2.043k 8.68no 0.049ghi
25.57+ 0.12+ 0.59+ 0.25+ 14.01+ 103.70+ 0.42+

Pyrus pseudopashia 2.47jklm 0.0091m 0.614ij 0.038h 1.75pqr 11.73mn 0.047kl
19 45.36+ 0.17+ 1.07+ 1.07+ 29.04+ 92.46+ 0.47+
19 trees average 3.89 0.022 0.129 0.216 3.06 10.23 0.052
11.69+ 0.11+ 0.21+ 0.06+ 44.63+ 191.54+ 0.28+

Shrub Prinsepia utilis 1.34tu 0.004mn 0.014nopqr  0.0070pqr 4.3%¢ 18.71f 0.0170
13.53% 0.17+ 0.23+ 0.11=+ — 124.45+ 0.48+

Viburnum yunnanense 0.92st 0.035gh 0.243nopq  0.013klmno 20.471 0.039fgh
23.29+ 0.14+ 0.33+ 0.14+ 15.35+ 169.83+ 0.41+

Bauhinia acuminata 1.75Imno 0.022jk 0.278mn 0.024ijkl 1.94mnop 18.34hi 0.0451
27.09+ 0.20+ 0.44+ 0.14+ 27.39+ 187.59+ 0.33+

Urena lobata 1.97jkl 0.017de 0.028kIm 0.007ijkl 2.49h 20.10fg 0.029n
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. Leaf area  Leaf thickness Leaf'fresh Lea'f dry Chlorophyll Specific  Leaf dry matter
Growth form Species (em?) ( mm) weight weight content leaf area content
’ (8 (8 (ccn  (em’+g")  (5°g")
3.40+ 0.13% 0.05+ 0.01x 15.40+ 308.64+ 0.23%
Spiraea yunnanensis 0.25yz 0.034kl 0.001stu 0.001r 1.02mnop 28.64b 0.017pq
51.63+ 0.16+ 0.94+ 0.34% 16.78+ 150.95+ 0.36+
Debregeasia orientalis 4.32fg 0.065hi 0.075fg 0.048¢g 1.93mno 4.73j 0.041mn
12.04+ 0.11+ 0.11% 0.07+ 9.53% 178.05+ 0.60+
Phyllostachys sulphurea 1.37stu 0.005mn 0.014qrstu ~ 0.002nopq 0.74tu 13.27ghi 0.071b
0.21+ 0.09+ 0.02+ 0.01+ 9.83+ 15.57+ 0.65+
Campylotropis macrocarpa 0.01z 0.0010 0.001tu 0.001r 0.92tu 2.48t 0.058a
24.57+ 0.16x 0.49+ 0.25% 12.87+ 96.99+ 0.51%
Rhamnella franguloides 1.76klmn 0.022hi 0.054jkl 0.03%h 1.07qrs 7.93no 0.045ef
6.69+ 0.31% 0.28+ 0.12% 82.16+ 56.02+ 0.43+
Osyris wightiana 0.82vwxy 0.043b 0.032nop 0.009jkImn 6.93a 4.68r 0.052jkl
10 17.41+ 0.16+ 0.31% 0.21% 21.63% 147.96+ 0.41+
10 shrubs average 3.45 0.021 0.036 0.033 1.92 17.28 0.051
34.83% 0.12+ 1.23+ 0.19% 28.68+ 179.36% 0.16+
Vine Parthenocissus semicordata 3.76hi 0.016lm 0.136e 0.025i 3.07h 20.32fgh 0.009st
65.42+ 0.10+ 1.06+ 0.40+ 14.70+ 165.60+ 0.37+
Mucuna pruriens 5.45d 0.014no 0.103f 0.036f 1.24nopq 15.29i 0.012m
14.87+ 0.14+ 0.29% 0.10x 2111+ 151.52+ 0.34%
Achyranthes bidentata 2.15rst 0.017jk 0.026mn0 0.0041mnop 2.69jk 14.83j 0.026mn
16.60+ 0.16+ 0.35+ 0.16+ 22.04+ 102.05+  0.47+0.039ghi
Millettia tsui 2.14qrs 0.018hi 0.0481Imn 0.008ijk 2.17ij 9.85mno
4 32.93+ 0.13+ 0.73% 0.21% 21.63+ 149.63+ 0.34%
4 vines average 2.86 0.015 0.042 0.013 1.79 16.14 0.042
0.18+ 0.10+ 0.01% 0.01+ 2.63+ 2271+ 0.60+
Grass Sophora davidii 0.01z 0.001no 0.003u 0.001r 0.32v 2.68st 0.053b
35.83% 0.09+ 0.63+ 0.10+ 16.88+ 369.18+ 0.15+
Eupatorium adenophora 3.48h 0.0010 0.0744j 0.025Imnop 1.43mn 43.17a 0.008t
3.63+ 0.07+ 0.07x 0.01% 19.61x 269.36+ 0.19+
Trifolium repens 0.14xyz 0.001p 0.003rstu 0.001r 2.36kl 26.71c¢ 0.013rs
19.02+ 0.18+ 2.57+ 0.62+ 15.23+ 30.82+ 0.24+
Solanum khasianum 1.600pqr 0.014fg 0.316b 0.073d 1.09n0pq 2.86s 0.021pq
18.40+ 0.14+ 0.62+ 0.13% 9.68+ 140.38+ 0.21+
Artemisia argyi 1.54pqr 0.011jk 0.064ij 0.029jklm 0.72tu 11.65jk 0.011qr
30.33+ 0.13+ 0.53+ 0.13+ 9.49+ 225.15+ 0.25+
Phlomis umbrosa 2.07ij 0.014kl1 0.045jk 0.018jklm 0.87tu 20.33e 0.0160p
10.30+ 0.14% 0.18+ 0.05+ 27.99+ 226.37+ 0.25+
Bidens pilosa 1.38tuv 0.006jk 0.0120pqrs 0.002pqr 2.19h 23.74e 0.0230p
8.33% 0.13+ 0.16% 0.03% 15.81+ 242.08+ 0.2240.019
Agrimonia pilosa 1.03uvwx 0.011kl  0.0250pgrst  0.002qr 1.07mnop 26.13d O CENUOPAT
8 15.75+ 0.12% 0.60+ 0.13% 14.67+ 190.76+ 0.27+
8 grasses average 1.77 0.003 0.074 0.015 1.15 19.84 0.031
41 31.89+ 0.15+ 0.77+ 0.30+ 24.74+ 195.98+ 0.40+
41 speices average 4.58 0.007 0.047 0.027 2.23 20.69 0.038
: ( P<0.05) o
Note: Different small letters indicate significant differences among different species ( P<0.05) . The same below.
(0.41 g+ g™)( 2014) al. 1996; Wright et al. 2000)
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Pearson

Table 2 Pearson correlation analysis of leaf traits

Factor Leaf area Leaf thickness Leaf fresh weight Leaf dry weight ~ Chlorophyll content  Specific leaf area
TH 0.161
FW 0.914 %% 0.286
DW 0.926 *% 0.353* 0.955 %%
Chle 0.071 0.674 %% 0.108 0.117
SLA -0.105 -0.144 -0.141 -0.166 -0.099
DMC 0.006 0.195 -0.058 0.126 -0.024 =0.512 %%
: Pearson ;R P<0.01 * P<0.05,

Note: Pearson correlation analysis two-tailed test; ** means P<0.01

3 41

* means P<0.05.

Table 3 Variant characteristics in leaf traits of 41 plant species

Coefficient of variation ( CV) ( %)

Growth form

Leaf area Leaf thickness  Leaf fresh weight Leaf dry weight “fg:[’g}]‘[vﬂ Spejfie; leaf Le“fcgze:fm“
Tree 119.27+14.78a  29.42+3.71b  107.16+13.47b  91.46+10.28b 57.5+6.74b 23.26+2.97¢ 15.82+2.53¢
Shrub 81.91+9.03b 37.06+4.38¢ 82.59+9.85¢ 78.31+£8.27h 86.21+9.25a 52.27+4.86b 29.52+3.27b
Vine 61.72+6.82¢ 16.33+3.11d 57.44+7.39d 52.21+5.49¢ 22.9+3.83¢ 19.5+2.18¢ 33.59+4.06b
Grasse 74.69+8.95hc 25.64+3.75a 131.01£15.39a 139.14+£15.39a  48.52+5.34a 58.45+6.35a 49.6+5.14a
Average 84.40+10.57 27.11+3.62 94.55+10.58 90.28+9.79 53.78+6.31 38.37+4.57 32.13+3.95
» Reich et al.( 1998)  Witkowski
et al.( 1991) o
o (2005) ( TH)
(31.89 c¢m?)
. (2010) ( 2006) .
(0.52.0.58 mm) . ( Mcdowell et al.
2008) .
( Wilkins N N
1984) .
( 2012) .
( 2018) . TH

0.15 mm

Ghasemi et al.( 2011)
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Table 4 Comparison of plant leaf traits in different regions
Leaf dry Leaf dry . Leaf Specific Chlorophyll
. . Leaf area X .
Region weight matter content (em?) thickness  leaf area content Literature
(g) (g°g") o (mm) — (em’ - g’ (CCD
0.09 0.29 — 0.52 203.50 — 2006
Southeast Horqin sandy land
0.10 0.37 14.06 0.25 150.32 — 2012
Yaoshan Mountain of Guilin
— 0.27 — — 169.00 — 2010
Horgin sandy land
— — 43.93 — 245.68 — 2009
Dongling Mountain of Beijing
0.09 0.20 — 0.34 250.11 — 2008
Beijing Yeyahu Wetland
— 54.35 0.30 223.78 — 2006
Shade-tolerance
— 0.38 — — — 42.47 2011
Shennongjia Mountain
— 0.36 — 0.20 116.16 — 2013
Huanglong Mountain
— 0.22 — 0.36 158.20 33.81 2014
Middle Ningxia
0.17 0.44 18.44 0.33 102.28 — Ma et al. 2011
Karst hills of Guilin
— — — — 98+2.7 — 2005
Shazhuyu Sand of Qinghai Province
( ) — 0.28 — 0.58 144.68 — 2005
Horqin sandy land( Grasses)
— — — — 121.53 — 2010
Huoshan Mountain
89 — 0.22 20.59 — 300.15 — 2016
89 species from Guangdong
— 0.41 22.52 — 79 64.18 2014
Fenghuang tea cultivars
0.30 0.40 31.89 0.15 195.98 24.74
The study
( Chle) . (2018)
(24.74 CCI)
(2011) (42.47 CCI)
(2014) (33.81
1
. . o CCl) o
Fig. 1 Diagram of Specific leaf area and
Leaf dry matter content (5—10
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4.2 ;
( SLA) ( DMC) ( N )
( 2010)
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2014) o
DMC 4.3
( Roche et al. 2004; Wright et al. 2001;
Reich et al. 1991; Garnier et al. 2001; Wilson et AR.FW.
al. 1999; 2005) Chle  DMC DMC
SLA
( 1
( Wilson ;
et al. 1999) . FW.DW
2012)
( 2008) ( 2014) .
( 2008) SLA
(
( 2012) DW  SLA ( 2009) .
DMC ( 2012) .
( 2008) ( 30 ( 2010)
2008) (20006)
25
SLA AR
( 2008)
DMC
N SLA
\TH
N DMC
(
2009) . 2017) »
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Table 5 Comparison of plant leaf traits coefficient of variation in different regions

Coefficient of variation ( CV) ( %)

Region
Leaf Leaf fresh Leaf dry Chlorophyll Specific Leaf dry matter
Leaf area . . .
thickness weight weight content leaf area content
— — — — — 28.7 50.8
Limestone Area in Zhongliang Mountain
Huoshan Mountain
— 83.90 — — 39.84 43.06 —
Middle Ningxia
89 145.06 — — — — 97.21 27.00
89 species from Guangdong
20.95 — — — 11.27 23.06 6.97
Fenghuang tea cultivars
37.3 21.2 — — — 19.9 7.3
Castanopsis delavayi in different regions
52.13 35.55 — 52.13 61.87 64.74 16.97
Mopanshan Mountain
33.41 12.45 40.27 36.22 20.78 16.18 9.26
Tea plants in Yunnan
84.40 27.11 94.55 90.28 53.78 38.37 32.13
The study
( 2017) ;
RuBP
SLA ( 4.4
2007, 2009) .
- ( 5
o (84.40% ~131.01%) SLA  DMC
38.37% 32.13%.
(2014)
( 2017) .
. TH (27.11%) (2014)
N 35 TH
83.90% TH
(0.134 mm) TH (1.834 mm)
(0.12 mm) . SLA ( 190. 76 .

em” ¢ g7) DMC(0.27 g = g™) DMC
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84.40% .90.28%
(2016)
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