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Abstract; In order to further explore the survival strategy of woody plants in tiankeng habitat. This study selected woody
plants in different microhabitats ( bottom, waist and edge of Shenmu Tiankeng) as the objects. Shenmu Tiankeng is a
typical karst tiankeng in Dashiwei Tiankeng Group in Guangxi, and there is a well-preserved underground forest that is
easily accessible. Ten leaf functional traits (leaf thickness, leaf tissue density, leaf area, etc.) were selected, and
single-factor analysis of variance and correlation analysis were conducted to investigate the relationship between leaf
functional traits in different microhabitats. The results were as follows: (1) Among the 10 leaf functional traits of woody
plants in Shenmu Tiankeng, the variable coefficient for leaf area (113.9%) was highest, while leaf carbon content was
relatively stable (10.5%). (2) Ten leaf functional traits were almost no significant differences ( P>0.05) for woody
lianas in three different microhabitats. The leaf tissue density for trees was significantly higher at the edge and waist
compared to the bottom (P<0.05) , while the leaf potassium contents for trees and shrubs at the bottom were higher than
that at the edge (P<0.05). (3) There were some differences in the correlation of leaf functional traits in different
microhabitats. Leaf thickness was extremely significantly positively correlated with leaf area (P<0.01) at the edge of
Tiankeng. The results of principal component analysis suggested that leaf tissue density (—0.833), leaf potassium
content (0.782), and leaf dry matter content (—0.647) were the critical indicators for leaf functional traits of woody
plants in different microhabitats of Shenmu Tiankeng. In conclusion, there is a general correlation between leaf functional
traits, and this study demonstrate that different growth types of woody plants can adapt to the three microhabitats of

tiankeng via the trade-off of leaf functional traits. This study is expected to provide theoretical guidance for understanding

the adaptation mechanism of plants to special habitats and the protection of tiankeng vegetation.

Key words: leaf functional traits, woody plants, tiankeng, trait difference, correlation
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Underground forest
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Sketch map of Shenmu Tiankeng and sampling location

Fig. 1
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Table 1 Shenmu Tiankeng microhabitat information and dominant species of different growth types

N AH X [E203 I FA DA
Microhabitat Relative humidity (%) Altitude (m) Canopy density Dominant species
KA HR ML B ( Acer tonkinense ) | B £ B ( Eranthemum
Tiankeng bottom 73.6~80.7 1210~1222 0.83~0.85 pulchellum) |75 ( Ficus pumila)
Kbl % K ( Handeliodendron bodinieri) | 78 [ 8 % 4

. . 70.8~80.3 1247~1 280 0.55~0.60 ( Schefflera bodinieri ) . % % B ( Hedera nepalensis
Tiankeng waist : .

var. sinensis)
EH s i A ( Machilus glaucifolia ) | 5 W 3 T 2%
Lz 62.1~66.1 1 298~1 320 0.60~0.65 ( Metapanax davidii ) | WO ( Hedera nepalensis

Tiankeng edge

var. sinensis)
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Table 2 Characteristics of leaf functional traits of woody plants in Shenmu Tiankeng
o R

P ERIN e/ ME YN A5 S Y bRl 22 Coefficient of
Leaf functional trait Minimum Maximum Variation range xXts variation

(%)
R 0.09 0.44 0.35 0.20+0.07 35.0
Leaf thickness ( mm)
20 2 0.11 1.83 1.72 0.60+0.51 85.0
Leaf tissue density (g - cm™)
I AR 0.85 139.25 138.40 24.58+28.03 113.9
Leaf area (cm?)
EALRTIE 26.56 425.64 399.08 124.63+£92.30 74.1
Specific leaf area (em® - g')
A T 0.16 0.52 0.36 0.34+0.08 23.5
Leaf dry matter content (g« g")
R 351.73 615.90 264.17 464.48+48.85 10.5
Leaf carbon content (g - kg™)
A 13.40 69.10 55.70 28.30+9.64 34.1
Leaf nitrogen content (g - kg™)
R 0.38 3.04 2.66 1.07£0.42 39.3
Leaf phosphorus content (g - kg")
R ey 4.47 36.97 32.50 22.94+8.95 39.0
Leaf potassium content (g - kg™)
AL 13.04 79.23 66.19 29.00£12.40 42.8

Nitrogen-phosphorus ratio

5 e T AR P AR OGP T AR B, PR O I IE A G
(P>0.05) 2 2 M 2 3 1A (P<0.001) , KB B
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Different uppercase letters indicate significant differences in leaf functional traits of the same growth type plants in different habitats of the
tiankeng (P<0.05) ; different lowercase letters indicate significant differences in leaf functional traits of different growth type plants in the same

habitat of the tiankeng.
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Fig. 2 Difference comparison of leaf functional traits of woody plants in Shenmu Tiankeng
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RyiJEE8 Tiankeng bottom RyibifE Tiankeng waist RYihi % Tiankeng edge
LT LT * r @ @ ® e o
0.12 LTD ] - ® -0.31 LTD ‘ -O.GOLTD.. ® o o
027032 LA @ 049-075 LA @ 06108 L @ & @& £
[
[
*

-0.340.51 0.57 SLA -0.17-0.84 0.53 SLA ‘ 0.22 -0.870.67 SLA (* &

-0.06 0.60 -0.05-0.06LDMC . . -0.010.33 0.10 -0.23LDMC . . . -0.41 0.56 -0.32-0.39LDMC o

0.15 0.12 0.20 0.03 0.12 LCC 0.26 0.31 -0.17-0.44-0.06 LCC 0.58 -0.44 0.54 0.34 0.07 LCC

-0.26-0.030.14 0.37 -0.120.16 LNC (* :t -0.18-0.17-0.00 0.20 -0.73-0.12LNC @ ‘ -0.21-0.08 0.05 0.21 -0.12-0.04 LNC .
-0.17-0.40 0.13 0.24 -0.45-0.150.40 LPC . -0.03-0.17-0.06 0.08 -0.71-0.11 0.56 LPC . . -0.09-0.19 0.08 0.19 -0.30-0.02 0.22 LPC .
0.17 -0.60-0.27-0.34-0.53 0.03 0.01 0.31 LKC @ [ [-0.10-0.06-0.17 0.04 -0.71-0.13 0.78 0.64 LKC 0.48 -0.79 0.60 0.70 -0.44 0.46 0.15 0.21 LKC

-0.100.33 0.17 0.19 0.35 0.22 0.55 -0.47-0.40 N/P| [-0.050.06 0.02 0.03 0.28 0.14 0.02 -0.73-0.29 N/P| (-0.10-0.00 0.04 0.12 0.06 0.02 0.72 -0.46-0.03 N/P

#J IR P<0.001, *3/8 P<0.05, LT. "JEEF; LTD. M4 2% F; LA, M fl; SLA. H A ; LDMC. M4 & &
LCC. M it ; LNC. A& ik ; LPC. Mai&it; LKC. M1 & ; N/P. ABtt, R,

** indicates P<0.001, * indicates P <0.05. LT. Leaf thickness; LTD. Leaf tissue density; LA. Leaf area; SLA. Specific leaf area;
LDMC. Leaf dry matter content; LCC. Leaf carbon content; LNC. Leaf nitrogen content; LPC. Leaf phosphorus content; LKC. Leaf

potassium content; N/P. Nitrogen-phosphorus ratio. The same below.

B 3 AKX IIEEMHEIREY Spearman X £ 547

Fig. 3 Spearman correlation analysis of leaf functional traits in Shenmu Tiankeng
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Fig. 4 Biplot of principal component analysis of leaf functional traits in Shenmu Tiankeng
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Table 3 Load matrix and interpreted variance of leaf functional traits in Shenmu Tiankeng

A EN TS B F RSy B E IRy
Leaf functional trait PCAl PCA2 PCA3 PCA4
- JEHE Leaf thickness 0.425 0.670 -0.162 0.409
H-2H LU Leaf tissue density -0.833 -0.224 -0.024 0.286
1 A Leaf area 0.499 0.568 0.251 -0.099
eI i B Specific leaf area 0.585 -0.139 0.390 -0.561
4 i i Leaf dry matter content -0.647 0.363 0.045 -0.276
% 5 ft Leaf carbon content 0.144 0.417 0.317 0.452
% %% & Leaf nitrogen content 0.098 -0.421 0.825 0.251
- % f Leal phosphorus content 0.499 -0.664 -0.105 0.326
475 i Leal potassium content 0.782 -0.067 -0.016 0.023
R L Nitrogen-phosphorus ratio -0.420 0.178 0.802 0.016
FFHEHR Characteristic root 2.950 1.800 1.679 1.024
77 2% LA Variance ratio 29.50 18.00 16.79 10.24
Z31J7 2 B Cumulative variance ratio 29.50 47.50 64.29 74.53

3.2 KA B0 TH T B A X /)N 2 B B Wi

LD 0 2K 2 4 20 T 9 SN SRLES F ) T 14
VTS A, S T AR 7 AR R R B R R R
KB IRAR L | AT W) 4 [R) 38 7 Y 45 5% ( Galman et
al., 2017) , HA KB/ B 2 B8 A [ A K 8 A
W B EAT — 0 (0 T RE PR SR W 2 4
B AL P M T A 6 FEAE A o
KAy FRAr R AR TE RE 1 (BRIR 5 % 2020)
I 1L 40 B 85 1 R 03 3 A K R 18 (3R
4 2018) , FILi L 5 A6 1 wE 1 A 2R AR %
Z )RR B FE K, PN R TR AR s 4 S
SHL5 SR HEA A1 T T4, 005 v A g o 2 2
EFRB KM RN L F K (0.76 ¢ - em™) ,1ETF
PR NI R BRI E /N (0.17 g + em™) . BEAN, K
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