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Abstract: Plant functional traits reflect the evolutionary process of plants and external influences. The most common plant
functional traits include physiological and morphological traits, reproductive and nutritional traits, underground and
aboveground traits, response traits and influence traits. Through the response of plant functional characteristics to global
change, we can intuitively understand the response of plants to environmental change. In recent decades, the study of plant
functional traits has involved many levels, from organ, species (individuals) , community to ecosystem level, and expanded
to various fields of ecological research. In order to study the internal relationship, trade-off and productivity optimization
mechanism between functional traits, as well as the functional traits among individuals, researchers have conducted a lot of
research on the response and adaptation of plant communities or ecosystems to global change from the perspective of traits.
Leaf functional traits can reflect high adaptability of plants to the environment and the ability of self-regulation in complex
habitats, and also reflect the basic characteristics of plants and the effective utilization of resources. In this study, 144
dominant woody plants in Karst evergreen and deciduous broad-leaved forests in Muron National Nature Reserve were
selected as the research objects, and their leaf thickness (LT), leaf area (LA), specific leaf area (SLA), leaf length
width ratio (L/W) , leaf tissue density (LTD), leaf morphological characteristics and variation degree of 12 leaf element
characteristics were measured, and the adaptive strategies of plants to karst habitats were discussed. The results showed that
the variation degree of 17 characters was different, among which the variation coefficient of leafl area was the largest,
reaching 133.31% , while the variation coefficient of leaf carbon was the smallest, reaching 7.73%. The variation degree of
leaf elements was generally higher than that of leaf morphological characters. There were significant differences in leaf
thickness, specific leaf area, leaf length width ratio and leaf nitrogen content among different leaf habit species. Some leaf
characters were significantly correlated, and a series of optimally functional character combinations were obtained, reflecting
the adaptability of plants to special habitats in karst areas. Along the PC1 axis with high contribution rate of traits, leaf
economic spectrum could be defined. Most evergreen plants adopted economic conservation strategies, while most deciduous
plants gathered on the side of resource acquisition. Compared with adjacent non-karst areas, plants in karst areas had
smaller LA and SLA. These results reflect the different leaf characteristics of plant leaf formation in karst areas, as well as
different resource acquisition strategies of evergreen and deciduous plants distributed at both ends of the economic spectrum,
reveal the adaptive strategies of plants to the habitat, and can provide scientific guidance for vegetation restoration in karst

areas.
Key Words: leaf trait; life form; interspecific variation; leaf economic spectrum; Karst ecosystem
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Table 1 General characteristics of evergreen and deciduous species in Karst Areas

PR 4 g ERE g gy PR
Character abbreviation Mean Standard Maximum Minimum Coefficient
error of variation/ %

I J& Leaf thickness/mm LT 0.20 0.06 0.44 0.09 31.45
AR Leaf area/cm? LA 48.95 65.26 497.10 0.60 133.31

Heo T AR Specific leaf area/ ( cm?/g) SLA 169.02 67.60 435.82 60.87 40.00
I 58 L Leaf aspect ratio /W 2.55 0.63 4.30 1.13 24.65
202U 2 Leaf tissue density/ (g/cm?) LTD 0.39 0.11 0.77 0.11 28.25

I F- % Leaf carbon/ ( g/kg) C 434.18 33.58 494.80 321.49 7.73

i F 48 Leaf nitrogen/ ( g/kg) N 22.38 8.41 48.93 7.44 37.56
I} Leaf phosphorus/ ( g/kg) P 2.35 1.25 7.32 0.11 53.19

i F5 41 Leaf potassium/ (g/kg) K 22.30 14.30 81 2.59 64.09

I F 45 Leaf calcium/ (g/kg) Ca 17.91 10.85 59.08 2.88 60.57

i} 8 Leaf magnesium/ (g/kg) Mg 4.39 3.87 26.02 0.06 88.15

I F B Leaf sulfur/ (g/kg) S 1.58 0.91 7.49 0.33 57.60

I H- 8k Leaf iron/ (g/kg) Fe 0.12 0.06 0.32 0.03 51.75

I 4 Leaf manganese/ (g/kg) Mn 0.14 0.11 0.59 0.02 76.37
i} 48 Leaf aluminum/ ( g/kg) Al 0.31 0.31 2.95 0.04 100.52

I F 84 Leaf sodium/ (g/kg) Na 0.04 0.03 0.1 0.01 73.99

i F4¥ Leaf zine/ (g/kg) Zn 0.02 0.01 0.08 0.01 68.84

2.2 HEYERR Fl A AR

HH 25 2 W BFGE IXOR AR P D e R A A 16 B ] RS MR R R AEAE 25 57 . WA LT LA (LW
C.K Mg .S Mn Al Zn PR K TIE R 454 R LT LA LW LTD P . Fe Na YRR K TAREA M 50728 S
M7 ,LT LA SLA .C N P K .Ca.S Fe Mn Al Na JJReMIR & Sk Fh A2 572 5 & T05 4%, LW \LTD .C P
Mg Fe Na DIREHRIRAEA B AR SR & THEREA B, AR 2 P2 8], LT SLA (LW N HfRk 25 5k 8] B
K R R RIEERRAA Fh 2 8], Fe Mtk 22 53k 31 10 2K AR R A 81 18 K,
2.3 HEYPEARIE)AY CE

AR (& 1) B, e bt B SRR BR LW 5 LT SLA 5 LA ARHICHE, oAk 8] 1

ERENIESRMAMICSLA 5 NERFEEMX, LD 5 C 2BFEMK 5 NE2BENHIE; TREEME,C

U5 Ca f1 Mg 2 HFEHMAE, P 5 K Na.S. Fe #H IR B EIEMHE, Mg 5 Ca Al B3 IEMRK,S 5 Na Zn
EREFIEMIC, Na 5 Fe 2B EFIEMIC, Mn 5 Al 2B FIEMC,
2.4 MEFeEE

F LG (] 2) 25 SRR 1050 1 SRR 7 B 07 2509 17.8% ,2 Sl ARAE 7 BT 2519 13.4% , 1
2 A RRIEAE R 7 B 2510 31.2% , PRIRAE 5755 — 535 SLA \LTD (LW LA A7 838 A AH OC M i 56 — &
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W5 LT DL S C &M or R MRA BRA &, 1 fl—MJE BA K LTD LW . C #5845, 1k LA SLA N K4~
JEFR AR R, RVGEIR O SF BUSRME Rh | B Sk W B s i ) — D& B = LA SLA N &0 i % 53 48
B AR LTD LW (C F5FR 1 0Fh , B B8 I AR IR S Py i, 2 B2 V% 0% . PCL A 24 T RES B i« 4%
PE-WCER A B SRR I R AE PCT R IO XA A A (R SRR G A 4R TR T PCL A B IR AR ST
M, 7% YRR 4R hF PCL R RERARIN . AR4E R PC1 A1 PC2 1943 22 3R 153, PC1 Rl EoR TR 2

PRI 10 22 57 035 (P<0.05; 3% 3)  RRA MR A Fi S 0 22 R A B3 (P>0.05) .

R2 REMIEEWER CPAEARERE) REFRE

Table 2 Plant characters with different leaf habits ( mean+SD) and coefficient of variation

otk

Character

e

Evergreen

st

Deciduous

FEA

Endemic species

e

Nonspecific species

M5 Leaf thickness/mm

M 1i X Leaf area/cm?

-1 A Specific leaf area/(em?/g)

M4 FE L Leaf aspect ratio

M2 21 Leaf tissue density/ (g/cm®)

8% Leaf carbon/ (g/kg)

" F & Leaf nitrogen/ ( g/kg)
8% Leal phosphorus/ ( g/kg)
581 Leaf potassium/ ( g/kg)
M H 45 Leaf calcium/ (g/kg)
MR8 Leaf magnesium/ (g/kg)
M H 87 Leafl sulfur/ (g/kg)

- F 8k Leaf iron/ ( g/kg)
% Leal manganese/ (g/kg)
it H 45 Leaf aluminum/(g/kg)
44 Leaf sodium/ (g/kg)

M H%F Leafl zine/ (g/kg)

0.22+0.07(30.45% )

0.17£0.05 " (27.42%)

49.39+69.05(139.79% ) 48.24+59.39(123.12% )

149.80+57.18(38.17%)
2.7020.62(23.01%)
0.39+0.11(27.60% )
437.24+36.48(8.34%)
20.35+7.34(36.05%)
2.28+1.22(53.54%)
23.55+16.30(69.23%)
17.83+11.06(62.05%)
4.52+3.83(84.72%)
1.58+1.02( 64.60% )
0.12+0.06( 53.78%)
0.15+0.12(83.27%)
0.33£0.37(110.42%)
0.04+0.03(74.70% )
0.02+0.01(59.76%)

199.95+72.09 " (36.05% )
2.31+0.57 " (24.65%)
0.39+0.11(29.59% )
429.25+27.98(6.52% )
25.65+9.05" (35.28%)
2.45+1.30(52.89% )
20.30+10.13(49.92% )
18.05+10.62(58.84% )
4.17+3.96(94.90% )
1.57+0.70(44.62% )
0.12+0.06(48.71% )
0.12+0.08 (60.80% )
0.27+0.18(66.79% )
0.04+0.03(73.33%)
0.02+0.02(79.75% )

0.21+0.07(31.47%)
49.41+43.06(87.16%)
146.67+56.73( 38.68% )
2.64+0.69(25.99%)
0.41+0.13(30.88%)
433.62+34.73(8.01%)
20.106.82(33.91%)
2.37+1.41(59.58%)
20.55+11.34(55.20% )
15.22+5.40(35.44%)
3.45+3.32(96.40%)
1.50+0.76(50.61% )
0.15+0.08(51.61%)
0.11+0.07(57.09%)
0.22+0.10(44.00% )
0.04+0.03(77.22%)
0.02+0.01(52.30%)

0.20£0.06(31.57%)
48.87+68.39( 139.93%)
172.7168.78(39.82% )
2.530.62(24.49%)
0.39+0.11(27.83%)
434.27+33.56(7.73%)
22.76+8.61(37.84%)
2.3421.23(52.36%)
22.59+14.75(65.30% )
18.36+11.46( 62.44%)
4.54+3.94(86.80%)
1.59+0.93(58.73%)
0.11£0.06 * (50.56% )
0.15+0.12(77.37%)
0.32+0.33(102.38%)
0.04+0.03(73.74%)
0.02+0.01(69.62% )

£3 MA PC1HPC2 BHER(CT-HEIRER)

Table 3 Difference between PC1 and PC2 scores of leaves ( mean=SE)

TS T
Leaf habit Significance test
M Axis - .
R i , P
Evergreen Deciduous
25— WS> The first principal component 0.26+1.78a -0.42+1.76b 2.034 0.045
%5 F S The second principal component -0.34+1.39a 0.55+1.52b -3.201 0.002
FiA T BEERL
Endemicity Significance test
Bl Axis . -
R A4 . P
Endemic species Nonspecific species
25— FE WS> The first principal component 0.41+1.41a -0.07+1.85a 1.238 0.227
%5 S The second principal component -0.15+1.12a 0.02+1.56a -0.561 0.579

3 Fig5iig

31 AR R S AR 1S S
ARG B, I P 5 4 M X R R 0 R R A e AT 22 5, RS 5 A S AR A8 7 0 2

24.65%—133.31% ,12 ML R & A8 F IR IR 7.73%—100.52% , F2 F 335 2 T Ptk
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N . O . [ . O 0.10 | 0.06 | 0.08 |-0.08 | 0.12 | 0.18* 0.04 | -0.10| 0.18* 0.15

P| O O ] o O | O 034%%%| =0.04 | 0.05 |0.47%%*|0.37%*%| 0.03 | 0.02 |0.33%**| 0.20% 0.6

lo.a

K| O|O|O|Oo|o|eo|DO . 0.03 | 0.07 | 0.12| 0.09 | -0.05 0.16 | 0.12| 0.06 -
|l o|o |00 O . O| o| o 0474 0.00 | 0.18 | 0.04 | 0.24*| 0.11 | 0.00 -—0.3
Mg | O o |o|e |[lllO|o|O . -0.01 | 0.07 | -0.04 0.51%* -0.03 | 0.17

N o | o |@| o | @O . O o 0.22*| 0.00 | —0.05 | 0.31%%% 0.27%*

el O | O[] = | [] N . O @3l ol 0.02 | 0.02 |041%| 0.06

m| OO0 || o|@|-=|o|o|o|o|o| - |ao 035%%% 0.11 | 0.16

all = |o|o|e|lo|le |0 | @M . oo || -0.01| 0.14

N | O |0 | @Ol | @O|o|J . Olol o . . | o 0.15

m|o | O|0|0|O O Mo - EMNo @DOHE

LT LA SLA LW LTD C N P K Ca Mg S Fe Mn Al Na Zn

E1 EMEEtEZ EH Pearson 18X 1517
Fig.1 Pearson correlation analysis between functional traits
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Mg M 86 5 S B 5 Fe o R4 M I 4 AL 48 5 Na: 40 5 Zn I 4
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LR . C N JSBMYAE KR M AoT R, I AS SN, T P e e X 3 P e #0530 Ry
WA SO e DX L LA g S e DX R e = SR SR AR KT AL I Min (PR R R A AR RR AL ek Y i v
T DX A SRR B ) 25 S S BUE 5 RBERR . B TR A PR R ERR S A YR Ca Il Mg, W = A1
AT IRATRDT A7 IR A Ca B Mg #5K . K AT Na $0A - SR K RE 1A 5612 | mimg s s X T 52
IREEXT A K Al Na 523K
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Fig.2 Principal component analysis of various characters of karst woody plants
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