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Leaf functional traits and their interrelationships with woody plants in
karst forest of Maolan

XIONG Ling, LONG Cuiling , LIAO Quanlan & XUE Fei
College of Geography and Environmental Sciences, Guizhou Normal University, Guiyang 550025, China

Abstract In order to explore the adaptability characteristics of leaf functional traits of the original karst forest,
woody plants grown in different topographies (valley, funnel, shade slope, and sunshine slope) in the Maolan
National Reserve, Guizhou, China were studied. The leaf fresh weight (FW), leaf dry weight (DW), leaf thickness
(LT), leaf area (LA), specific leaf area (SLA), leaf dry matter content (LDMC), chlorophyll content (Chl), and
leaf tissue density (LTD) of the woody plants were measured. The relationships between the different leaf
functional traits were studied, and the leaf functional traits of different growth forms and woody plants grown in
different topographies were compared. The results showed that: (1) The woody plants in the Maolan karst forest
exhibited traits with larger LA and SLA, and lower LT and LDMC. The variation range of leaf functional traits was
different; the coefficient of variation of leaf FW and leaf DW was larger, but the Chl content was relatively stable.
(2) There was good correlation between leaf functional traits. The SLA was negatively correlated with leaf FW,
leaf DW, LT, Chl content, and LDMC. Leaf FW had a positive effect on leaf DW, LA, LT, and Chl content. (3) The
leaf functional traits of different growth forms of woody plants were different. The LT, LDMC, and Chl content of
evergreen species were higher than those of deciduous species, but the opposite was true for the SLA. The leaf
DW of deciduous species was more concentrated, and the LT and LTD of evergreen species were scattered. (4)
There were significant differences in the leaf functional traits of woody plants among the different topographies.
The ranking of LA from different topographies was shady slope > valley > sunny slope > funnel. The ranking
of SLA from different topographies was shady slope > sunny slope > funnel. The ranking of LT from different
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topographies was sunny slope > valley > shady slope. The ranking of LDMC of trees from different topographies
was sunny slope > shade slope > valley > funnel. The differences in the leaf functional traits of shrubs were not
significant. In total, woody plants grown in the original karst forest showed higher LA, SLA, and lower LDMC.
The interaction between leaf functional traits was strong, and plants adopted different leaf strategies to adapt to

the microhabitat.
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Terrain  Altitude (h/m) Slope (a/°) Location Common species
I 566 5°.10° ARG T 4k ) A7t WA Cladrastis platycarpa, 4L L% Euonymus dielsianus,
Funnel Negative topography in lowlands WA Filii Photinia davidsonian, %%k Callicarpa bodinieri
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B3 784 300450 WM LFIAIEH Light side of the H#IF K Handeliodendron bodinieri, ¥{1%3¢3% Viburnum propinquum,
Sunny slope upper part of the slope %K Pistacia chinensis, 7K 11 Nandina domestica
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Table 2 Characteristics and variation of leaf functional traits of woody plants in Maolan karst forest

ERERERIN K bRt B/ME PN L AR

Leaf trait Mean + SE Min Max Med CV/%
&£ 5§ Leaf fresh weight (FW/g) 0.76 £ 0.05 0.1059 3.7338 0.5781 88.69
-5 Leaf dry weight (DW/g) 0.24 +0.17 0.0149 1.3116 0.1813 89.91
H-JZ ) Leaf thickness (LT/mm) 0.15+0.01 0.049 0.324 0.140 37.33
I 47 Leaf area (LA/cm?) 43.75 + 2.64 4.46 184.15 31.68 77.92
4% 2 % & Chlorophyll content (SPAD) 43.33+0.68 18.67 67.75 42.55 20.35
21 ZH% FE Leaf tissue density (LTD/g cm™) 0.39 + 0.01 0.17 0.75 0.38 28.64
H-T-4))fi % & Leaf dry matter content (LDMC/g g') 0.33+0.01 0.09 0.54 0.32 23.33
LbIH- i A Specific leaf area (SLA/cm® g™ 203.53 +6.38 82.33 481.66 187.87 40.42
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Table 3 Pearson correlation analysis of leaf functional traits of woody plants in Maolan karst forest

etk LEH I (SLA) - (FW) - (DW) MR (LA)  HHERE (LT) W& & (SPAD) 414135 (LTD)
Functional trait Specific leaf area Leaf fresh weight Leaf dry weight Leafarea Leafthickness Chlorophyll content Leaf tissue density
IH-ef 5 FW -0.270"
HT-&E DW -0.377" 0.962"
A LA -0.068 0.921" 0.885"
R LT -0.569" 0.202" 0.213" -0.052
4t K& B SPAP -0.371" 0.215" 0.242" 0.104 0.353"
2% LTD -0.057 0.015 0.036 0.031 -0.310" 0.094
-4 )7 & & LDMC -0.378" -0.156" 0.036 -0.178" 0.019 0.161" 0.032

Pearsontf < /04T, XURKL; **FR"P < 0.01, *%/~P < 0.05.

Pearson correlation analysis, two-tailed test; ** means P < 0.01, * means P < 0.05. LDMC: Leaf dry matter content.
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Fig. 1 Distribution characteristics of leaf functional traits in different growth forms of woody plants in Maolan karst forest. In the figure,
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Fig.2 Distribution characteristics of leaf functional traits of woody plants in different topography in Maolan karst forest. Different lowercase
letters represent significant differences in leaf functional traits of different growth types in different terrains (P < 0.05); ns means that there is no significant
difference between leaf functional traits of different growth types in different terrains; the data in the figure is the mean + standard error.
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Table 4 Comparison in leaf functional traits of woody plants in karst forest of Maolan and other studies

i L L N ) L L L e
RHFLX Specific leaf Leafdry matter Leafdry  Leaf Leaf  Chlorophyll Leaf tissue Literatur/'é
Research area area content weight area thickness content density
(SLA/cm®g") (LDMC/gg"') (DW/g) (LA/cm? (LT/mm) (SPAD) (LTD/gcm®)

FERRSELL Yaoshan Mountain of Guilin 150.34 0.37 0.10 14.06 0.25 — — [25]
FEME AL Karst hills of Guilin 102.28 0.44 0.17 18.44 0.33 — — [27]
J#E KB 1L Daming Mountain of Guangxi 151.24 0.38 — 40.33 0.26 — — [29]
Bvadb e i
Plateau mountain of northwestern Guizhou 51.30 042 - 16.17 0.32 - - (30]
I Wi R4y Karst plateau-canyon of Guizhou 117.05 0.43 0.68 94.43 0.34 — 0.22 [28]
VE kS Karst area of Yunnan 195.98 0.40 0.30 31.89 0.15 24.74 — [15]
A5 The study 203.53 0.33 0.24 43.75 0.15 43.33 0.39
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Table S1 Flora composition of woody plants and tree species characteristics in the research area

L Family

J& Genus

 Species

B F451E Species characteristics

f& %l Lauraceae

JC 7R} Sapindaceae

7%} Rosaceae

“#H R Anacardiaceae

TLhnEF Araliaceae

5t} £} Fagaceae

# %k} Elaeocarpaceae
/NBEEL Berberidaceaa

K#k FlEuphorbiaceae

R Z*F} Rhamnaceae
&2t Hamamelidaceae
2% Fl Rutaceae

kiRl Verbenaceae

WA A} Aceraceae

11Z£ 285kl Cornaceae

Z AR} Caprifoliaceae
X35 %l Caprifoliaceae

K%l Ulmaceae

HeA R} Betulaceae
TFl Leguminosae
LR Symplocaceae
kR Juglandaceae

FEHi#l Sterculiaceae
%l Moraceae

J\ftAE} Alangiaceae
T Fl Celastraceae
¥l Sapotaceae
#H# 7 F} Elaeagnaceae
A% YiF lcacinaceae
Bk 4 FL Myrtaceae
LRl Urticaceae

#i A K} Simaroubaceae

JHE 3% B} Guttiferae
# % F} Rubiaceae

i XEERL Sabiaceae

ik AF} Daphniphyllaceae
A%l Bombacaceae

1175 Bl Theaceae

38%}

WIS Lindera
KZT)E Litsea

T4 J® Machilus

I J& PhoebeNees

Bt @ Beilschmiedia
)& Cinnamomum

&M JE Bothrocaryum
# 4L A )& Boniodendron
I K JE Handeliodendron
£ Bt AR JE Rhaphiolepis
A& Prinsepia

K k% Pyracantha
Fiti )& Photinia

# %A Pistacia

R * & Choerospondias
P F 7% )@ Nothopanax
%4> & Brassaiopsis

¥EJE Quercus
HESEJE Castanopsis
35L& Elaeocarpus
Hr ¥ )% Sloanea
+ K55 )& Mahonia
M RYT)E Nandina
5i1)8 Sapium
B4 )& Mallotus
U E Hovenia
25 J/® Rhamnus

W E @ Liquidambar
I RERJE Distylium
# [ J& Clausena

R YiJE Euodia
HHJE Vitex

4Ek)E Callicarpa
& Acer

JUlE1¢ & Dendrobenthamia

PAJE Swida
JE3E & Viburnum

K llex

)& Ulmus

T8 J® Pteroceltis

PéJ@ Zelkova

¥ HWilE Carpinus
F1)E Cladrastis
WLJE Symplocos
A& Platycarya
#iAdJ§ Engelhardia
1EH & Firmiana

¥4 )& Broussonetia

% & Morus

J\faWJE Alangium
¥ )% Euonymus
kWi J® Sinosideroxylon
AR T )& Elaeagnus

H 22 AKJE Gomphandra
M@ Decaspermum
/K& Debregeasia

¥ K@ Picrasma
S5 JE Ailanthus
44k )@ Hypericum
NHZE Serissa
& R4 i Emmenopterys
AL & Meliosma
J% A J& Daphniphyllum
KK JE Bombax
% AKJE Eurya

658

F I Lindera communis
HHARZET Litsea verticillata
it Machilus rehderi
A Phoebe zhennan
%tk ER# Beilschmiedia delicata
¥R Cinnamomum tamala
KT &M Bothrocaryum controversum
$# ALK Boniodendron minus
#11 K Handeliodendron bodinieri
£ Bt Rhaphiolepis indica
%A Prinsepia utilis
Kk Pyracantha fortuneana
WA fi 4 Photinia davidsonian
Fif#i Photinia serrulata
%A Pistacia chinensis
ik # Choerospondias axillaris
542 FE 2% Nothopanax davidii
JEnt % 4= Brassaiopsis producta
K A% B <> Brassaiopsis glomerulata
# X Cyclobalanopsis glauca
% 3% Castanopsis frargesn
\i#t 5% Elaeocarpus sylvestris
WX Sloanea sinensis
WAL+ KZh35 Mahonia fortunei
M KA Nandina domestica
541 Sapium rotundifolium
fi5 M Mallotus repandus
% Hovenia acerba
2 Rhamnus davurica
WA Liquidambar formosana
i K} 4 Distylium chinense
WiM-# % Clausena dunniana
SL7E Wi Euodia rutaecarpa
5 9f Vitex negundolinn
8%k Callicarpa bodinieri
Fem-18 Acer catalpifolium
14 IH-# Acer cinnamomifolium
fH i Acer sycopseoides
FLIB Acer tonkinense
VUi 1¢ Dendrobenthamia japonica
Frits UHETE Dendrobenthamia hongkongensis
St bk R Swida wilsoniana
A 3E3% Viburnum henryi
k%3 3% Viburnum propinquum
K& llex latifolia
/INHA llex ficoidea
Z ikt Ulmus castaneifolia
W46 Ulmus parvifolia
KM Celtis sinensis
18 Pteroceltis tatarinowii
11 Zelkova serrata
=S HA% Carpinus pubescens
W3 Cladrastis platycarpa
#iH LIl SympMcas anotiiala
[ 1L 7 Platycarya longipes
i Engelhardia roxburghiana
Ffi Firmiana simplex
# Broussonetia papyrifera
#9% % Morus liboensis
J\SHA Alangium chinense
Z4 . P ¥ Euonymus dielsianus
H N2k Sinosideroxylon wightianum
H7iF Elaeagnus pungens
Hl 42Kk Gomphandra tetrandra
IEE T Decaspermum esquirolii
7Ktk Debregeasia orientalis
ML AE Phobe crassipedicella
K Picrasma quassioides
5Lt Ailanthus altissima
4k Hypericum monogynum
7NHE Serissa japonica
&R Emmenopterys henryi
SUNHAER Meliosma henryi
ZZik K Daphniphyllum macropodum
A Bombax malabarica
4Nk ¥ Eurya loquaiana

765

W 4k/Nr K Small evergreen tree
W4k K Evergreen tree
kIR Evergreen tree

H LI K Evergreen tree
H4EJR A Evergreen tree
LI Evergreen tree

¥ M7+ &K Deciduous tree
#4EJ7 A Evergreen tree

7% M7+ K Deciduous tree
HAERER Evergreen shrub
% # K Deciduous shrub

H 4t #E K Evergreen shrub

W 4k A Evergreen tree

i 4 JF A Evergreen tree
%75k Deciduous tree
%M 7¢ A Deciduous tree
HEEEAR Evergreen shrub
4RI Evergreen tree

4 #EK Evergreen shrub
4T K Evergreen tree

i 4EJF K Evergreen tree
W4k Evergreen tree

H 47K Evergreen tree
4R Evergreen shrub

4k /NEEKR Small evergreen shrub
7% 77K Deciduous tree

4 HER Evergreen shrub

7% M- 77 K Deciduous tree

7 13 A Deciduous shrub
7% 7¢ K Deciduous tree

H 4 HER Evergreen shrub
P/NEEAR Small deciduous shrub
4 HEK Evergreen shrub

¥ H-i# 7k Deciduous shrub

7% A Deciduous shrub

K 7R A Big deciduous tree
H4EFF K Evergreen tree

H4E/NR K Small evergreen tree
%77 K Deciduous tree

Y& /N A Small deciduous tree
kIR A Evergreen tree

¥ 175K Deciduous tree

T 4EJR K Evergreen tree

LR HEK Evergreen shrub

¥4 KIF K Big evergreen tree

W 4REAR Evergreen shrub

7% 77 K Deciduous tree
Y& A Deciduous tree
%77 K Deciduous tree

7% M7+ K Deciduous tree

¥ M7+ K Deciduous tree
%77 A Deciduous tree

7% M7+ K Deciduous tree
HEEIR R Evergreen tree

7% H/NFr K Small deciduous tree
H4EFF K Evergreen tree
%77 K Deciduous tree

7% M7+ K Deciduous tree

¥ M7+ K Deciduous tree
%M/ Fr A Small deciduous tree
i EERER Evergreen shrub
H4k/NEER Small evergreen shrub
i 4L #E K Evergreen shrub

H 4 HER Evergreen shrub

4 HER Evergreen shrub

¥ 1A Deciduous shrub

¥ H-j# 7k Deciduous shrub
%M #E K Deciduous shrub
7% 77 K Deciduous tree

4R HER Evergreen shrub
4E/N#ER Small evergreen shrub
K FF K Big deciduous tree
H & /NTR R Small evergreen tree
4RI A Evergreen tree

¥ 175K Deciduous tree
H4E/NR K Small evergreen tree




