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Table 1 Geographical location of study site in karst fault basin of Mengzi, Yunnan province

A REHE FEH ZL R /m
STRAMA) 1440
Fadei— 52 AR (dE) S2(HENFEE) N23.476 °,E103.475° 1650
S3(EHFEVE) 1820
SIGENRER) 1570
. I S2(HEMNHET) . . 1590
R — 52 AR (R S3(E ) N23.191 °,E103. 353 650
S4CHEMNREYE) 1620
ST(EMNHEVE) 1320
INEEIZIKR — 5% B A (79) S2(FHFEVE) N23. 302 °,E103. 304 ° 1360
S3(FHFEVE) 1490
STCRIR#RAY) 1530
TERB— 52 A FEE (FR) S2(EHFEVE) N23. 369 °,E103. 526 ° 1590
S3CGHEMNREE) 1680
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Table 2 Dominant species in different plant communities of study site in Mengzi
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120 CAHJGIHTE 60 °CF 115 48 h, 15 J5 WFEE B A
FEA

1.3 HEHTRLIENE

Y R CON S I IC R 43 B AL (Vario ELIIL
Elementar, Germany) & . FHLJEHE A 55 5 K &
S 3% A (ICP-OES, Iris Advantage 1 000; Thermo
Jarrell Ash, Franklin, MA) Jll & #8 #) £ & P.K . Ca.
Mg.Na.Fe Al ,Cu.Zn Mn &

1.4 HiRE4LIE

{#i F Microsoft Excel 2013 . IBM SPSS Statistics19
S5 BRS04 7 A B R B3t 4 A, HH Ordgin
9. 0 B2 K

2 &% R

2.1 EYMHRATREE

5% F VTR T B 2 A ) i R 4 oe A i
3. AREMEA 12 F TR BT ELE 10 g ke
P EMITEA CN. Ca, P EHERERT 1 g kg /NTF
10 g-kg ' MICEA K. P Mg, P& RAEO. 1~1. 0 g kg™
6] () ICE A Fe Al Zn Mn, F¥ & EAE0.1 g-kg' LA
THIIEE A Na . Cu.

HYIICE & AR 7 R BR/NIFARIA , Al Fe
Mn.Na,Cu.Mg.Ca.Zn . K.P.N.C, H 285 RHOK

®3 FABHFEHRAMEYHRTRSE

Table 3 Element contents of plant leaves in karst faulted basin

of Mengzi
JLE/X10 ¢ e SR
WK BME by B 2 HUX
C  540.57 314.07 465.57 465.05 31.21 6.7
N 41.42 6.29 17.36 18.04 5.43 30.1
P 3.16 0.35 1.07 1.15 0.40 35.2
K 33.94 1.77 7.20 9.02 5.84 64.7
Ca 108.40 3.31  16.99 20.32 13.67  67.3
Mg  25.25 0.56 2.88 3.37  2.29  68.1
Na 1.74 0.01 0.07 0.09 0.13 140.9
Fe 7.61 0.04 0.16 0.25 0.56 224.3
Al 6. 86 0.01 0.07 0.17 0.55 327.2
Cu 0.02 0.00 0.00 0.01 0.00 75.9
Zn 0. 60 0.02 0.11 0.13  0.09 66.2
Mn 1.80 0.01 0.06 0.13  0.20 153.5

F50% ¥ JLEA Al . Fe Mn Na,Cu Mg.Ca.Zn K, /)
T 50% WA PN .C, LLATEROR, /35 327. 2%, B C 2
SN/, O 30. 1%

ARG, A R BT R & R LR TR
20 12T i e PR AR AR 73 2 N AR
¥ (Phyllanthus emblica) F1 ¥ ¥ (Rosaceae Cotoneas-
ter) ; P, 55 2% 25 (Spiraea salicifolia ) F1 [ | 1€ (Sophora
davidii) ; K, F5 464 F A RIAE ; Ca, SR (Urtica fissa ) Fll
7 B4 ¥ (Pinus yunnanensis) ; Mg, =R AP B (Rubia
cordifolia) 5 Al, JH % 2 ( Jasminum subhumile) g
T Fe, & H 7 i & A (Pistacia weinmannifolia) ;
Mn, J 5 X ( Cyclobalanopsis glaucoides ) 14 H F ;Na,
528 2 M2 48 35 8% (Rosa multiflora) 5 Cu, F 4B (Inu-
la cappa) F1H 4 JE (Hedera nepalensis) ;Zn , 58 2815 %
(Eupatorium adenophora Y4 HF.

H P 1A 2 38 AT LA M AR YR A B A )
H A SEAEY) C R T L ALY TR T R
B3 P T Y IOTR R RIES YIRS
L T LUE 2 XU R & & R e A,
T (N Fe fl Cu) (45 445 (P K FI Na) | SF ik (Ca HI
Mg) AR (AD \HAH(Cu) 52252 (Zn) JHE
X (Mn) &5 o [F] A mT LA B, 3% S8 3R 5 AL m 1Y)
T, HIT R & 8 S PR LR, e B LR X PR B (1Y) 3
JOEAE

2.2 AEBEEYHRATRESE

X = RE RS S L AEA I A 12 R T E
N.K.Ca.Mg.Al.Cu.Zn MnfE7EH BEZF(K3),
Horb BEHBREVE AR Y N Ca Mg & B 10 35 B, T Zn
Cu 7 5 W2 35 3 T AR s RERMRAETS 1 AL
Mn 75 0 2 i 3 5 TRE N B s 7 —Fh IR
K W& A7 0 % 22 55, JLIIUT Ry KR AR oE A >
B,

FE 5SROI RE AR Y, it 7 T R B R T A R
AR 2 S . Hoh ST 8 R T R
(K.Ca.Mg.Na Al Cu.Zn Mn) JEMFEAA 4 FhoCHE
(P.K.Na.,Cu) \#EEHEAA 4o E (C.Ca.CuMn)
VEMHEARA 7ROCE (N K. CaMa.Cu.Zn Mn) FEA
i 3 e 2 (Fe Al Mn) 76 =Fsr i HG %5 B %
ZE5t . TERIRMBEIE , 5 5% 7 A Na  ALFI Mn & -7
A K I Na BEAAE ) Fe  ALFI Mn 5 5 HHE AR5 4,
V& B = o AEU T SRR E DA Y& T 75, o
% L ST CuFl Zn JEFRA P AT Cu  H SR HEA C
H1 Cu JEMEAR Cu Zn FI Mn A 5 5 = (0 & i (6 4) o
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Fig. 1 Major element contents in leaves of different plants in Mengzi (mean+SE)
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Fig. 2 Microelement contents in leaves of different plants in Mengzi (mean+SE)

x4 FEBEDAEDEBEENTEEHRIER

Table 4 Element contents of plants with different functional types in different communities (mean+SE)

0.00 0.07 0.14 0.21 0.28 0.35

0.00.10.20.30.40.50.60.7
Mn/x10#

) BER JLHR/X10°° KIRM T F
C 484.70+6.74 a 482.08+8.86 a 485.50=+3. 74 a
A N 18.94+1.23a 18.20£0.98 a 16.81£1.05a
p 1.0240.04 a 1.0240.05a 1.1640.08 a
K 7.434+0.98a 5.9040.44 a 4.04+0.28b
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2R
HYDrher JLER/X10°° KRR N b
Ca 13.98=+1.61 ab 19.08+2.40 a 11.14=+0.77b
Mg 3.3440.33a 3.3640.47 a 2.10+0.25b
Na 0.09+0.01 a 0.05+0.004 b 0.06+0.005 b
Fe 0.63+0.34a 0.12+0.01 a 0.22+0.03 a
Al 0.67+0.37a 0.06+0.01b 0.13+0.03 ab
Cu 0.00440.002 b 0.00340. 0005 b 0.01+0.001 a
7n 0.10+0.01b 0.09+0.01b 0.184+0.04 a
Mn 0.40+0.08 a 0.15+0.04 b 0.28+0.11 ab
C 459.0145.05a 471.92+9.8a 469.6148.00 a
N 18.59+0.01 a 19.37+4.5a 18.81+2.02a
P 1.2940.1ab 0.98+0.12b 1.3340.12a
K 15.55+2.6 a 6.7642.07b 6.654+0.9b
Ca 20.27+3.41a 17.73+3.66 a 15.47+1.91a
P Mg 5.3542.06 a 4.37+1.42a 2.6+0.29a
Na 0.24+0.08 a 0.074+0.03b 0.084+0.01b
Fe 0.31+0.07 a 1.38+1.25a 0.264+0.05a
Al 0.2140.06 a 1.18+1.14a 0.11+0.03 a
Cu 0.00240.001 b 0.00840. 003 ab 0.009=40. 002 a
Zn 0.08+0.01 a 0.08+0.03 a 0.14+0.03 a
Mn 0.09+0.04 a 0.23+0.16a 0.13+0.04 a
C 450.18+3.88b 465.974+5. 83 ab 475.3645.25a
N 18.45+1.34a 17.47+1.16a 15.941.02a
P 1.0740.09 a 1.1940.09 a 1.0740.09 a
K 11.43+1.7a 9.84+1.25a 7.5241.46 a
Ca 27.5542.98 a 26.67+2.7a 17.29+1.81b
I Mg 4.31+0.7a 3.994+0.5a 3.0240.28 a
Na 0.07+0.01 a 0.07+0.01 a 0.07+0.01 a
Fe 0.14+0.01 a 0.16+0.02 a 0.194+0.02 a
Al 0.07+0.01 a 0.07+0.02 a 0.09+0.01 a
Cu 0.00240. 0004 b 0.00340. 001b 0.00840.001 a
7n 0.10+0.01 a 0.124+0.01 a 0.14+0.02a
Mn 0.240.11a 0.06+0.01b 0.07+0.01b
C 471.747.08 a 461.6+4.17a 466. 38+4.09 a
N 18.13£1.07 ab 19.34+0.72 a 17.23+0.79b
P 1.14+0.07 a 1.1740.05a 1.2140. 08a
K 10.04=+1.22a 9.5540.68 a 7.1£0.54b
Ca 29.0843.39a 26.7142.09 a 18.54+1.18b
. Mg 4.05+0.5a 3.4340.27a 2.56+0.17b
TEEA
Na 0.08+0.01 a 0.1+0.01a 0.08+0.01 a
Fe 0.174+0.03 a 0.214+0.02a 0.224+0.03 a
Al 0.144+0.03 a 0.12+0.02 a 0.12+0.02 a
Cu 0.00340.001 b 0.00440.001 b 0.009=40. 001 a
Zn 0.1£0.01b 0.13+0.01b 0.174+0.02 a
Mn 0.11+0.04 ab 0.09+0.01b 0.14+0.02 a
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2R
TP D fE T JLE/X10°° RERM N I
C 438.13+10.13a 441.55+10.79 a 446.2+7.25a
N 21.184+2.52a 19.25+1.73a 16.76+1.49a
P 1.11£0.18a 1.374+0.15a 1.24+0.11a
K 16.51+4.45a 12.33+t1.66 a 11.69+1.65a
Ca 14.42+5.52 a 23.95+6.31a 16.17+£3.42 a
M 3.07£0.9% a 3.62+0.69a 4.11£0.97 a
A 8
Na 0.0940.03 a 0.244+0.11a 0.1+0.02 a
Fe 0.4+0.14a 0.1740.01b 0.2740.05 ab
Al 0.354+0.15a 0.0640.01b 0.1640.05 ab
Cu 0.004+0.001 a 0.005+0.001 a 0.007+0.001 a
7n 0.0840.01 a 0.16+0.03 a 0.16+0.02 a
Mn 0.16+0.08 a 0.08=+0.02b 0.06+0.01b
A F/NG TR R — To R AR 2 6] 25 5 535 (P << 0.05).
[ ] R##k
g2
.
600 24 1.4
2 2 2 20 2 a b 12 . - .
400 16 1.0
: o
200 8 04
4 0.2
0 G 0 N 0.0 .
14 g 28 a i 8 a
12 | 2 t :
10 b . 21 b ) i b
g 14 )
4 7 i
2
0 K 0 Ca " Mg
0.14 a a
0.12 a T 04 0.4
0.10
0.08 I 2 ? E
0.08 l 0.2 I l 02 b b
0.04 m
0.02
0.00 0.0 0.0 l
Na Fe Al
0.010 = 0.18 a 0.3 .
0.008 0.15 b
o006 0.12 b i 0.2 1
B b 0.09 . :
0.004 f 0.06 0.1 :
0.002 0.03
0.000 0.00 0.0
Cu/x10% Zn/x10® Mn /x 10-%
B3 ARAHEEYHHRTES=E

Fig. 3  Element contents of plants in natural forests, shrub and grassland communities

T AN E/ NG PREIOR ] — DU R A R Z ] 2252 235 (P << 0.05)
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C: Mg.Ca: MgfAfEds 525 57 (3R 5) . AT RER
ARFE AV, L BF VR AE Y C - N.C = Ca.C ¢ Mg
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FEVE Y Ca Mg 1 35 = 1 K SR MR 50 4t 1 95 A
Pr(Es).
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HRmmkaett N C: PIEEREZES . Rinw st
FAREC:N.C:P.C:CaN: Ca)F—FILKHAE
3RS AAA B EES . BT R SMERD
C: CaFIFAMYIEIN = Ca LA, A ThRE AL Y 1Y
C:CaMIN: CafE =Fparsth L TLWEER ., Fik

TR ARG AN YIAE FIRMBEIE A G E S IN Py
ERTRA & I HE AR R R A AR W) A R VR A AR
N = Py SR AR F g i o AR T R M R 9 G T 1Y
C: Ny HERTRAM B AR Y NG LA EH &
f)Ca : Mg(3£6).

®5 AREBEEVHATRSEEMLE

Table 5 Ratios of element contents in plant leaves of different communities

eV 2L C:N C:P N:P C:Ca C: Mg N: Ca N:Mg Ca:Mg
PN /NN 25.89b 456.74a  18.04a  35.04ab 164.26 b 1.38a 6.44a 5.79b
T 26.58b 447.26a  17.30a  28.34b 176.62 b 1.14a 7.00a 7.86a
L 30.46 a 450.88a  15.03b  38.70a 216.93 a 1.30a 7.37a 6.50b

T AN F/ING FRRIR R —TTR AR RS Z 18] 22 53 35 (P << 0.05),
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Table 6 Ratios of element contents in plants with functional types of different communities (mean+SE)

THY T He A TR RERHR HEIN Il
C:N 27.074+1.59 a 27.49+1.17 a 30.5+1.79a
C:P 486.47418.88 a 500.22+32.91a 454.96£35.96 a
N:P 18.53+0.79 a 18.73+1.36a 15.06+0.93 b
e C:Ca 47.18+8.93 a 33.1%3.95a 47.3+3.73a
E=STVN
C: Mg 170.1419.36 b 191422.02b 277.05+29.76 a
N : Ca 1.76£0.29 a 1.2440.16 a 1.6640.18 a
N : Mg 6.41+0.64b 7.2840.92 ab 9.7141.32a
Ca : Mg 4.45+0.55b 6.47+0.7a 6.2340.67 ab
C:N 24.6940.29 a 28.854+4.13 a 26.0842.13 a
C:P 363.45+32.15b 515.99+59.71 a 365.234+26.77b
N: 14.68+£1.13a 18.99£1.91a 14.71£2. 16 a
S C:Ca 24.8944.44 a 34.6648.08 a 32.394+3.63a
C: Mg 156.49£61.2a 160. 384£36.85 a 189.18416.23 a
N: Ca 1.00+0.17 a 1.22+0.21a 1.24+0.10 a
N : Mg 6.25+2.41a 5.59£0.96 a 7.24+0.15a
Ca : Mg 5.5+1.48a 4.940.97a 5.9740.37 a
C:N 25.47+£1.89b 28.65+1.8ab 31.99+1.58a
C: 439.58+28.5a 442.42+39.75a 496.05+29.73 a
N:P 17.464+0.83 a 15.73+1.2a 15.6540.76 a
RS- C:Ca 17.9541.96 b 20.964-2.12b 34.9843.49a
C: Mg 129.284:23.97 a 168.4729.55 a 189.134+17.29 a
N: Ca 0.7340.09 a 0.8240.11a 1.14+0.13 a
N : Mg 5.2740.89a 6.3+1.33a 5.93+0.45a
Ca : Mg 7.13£1.31a 9.54£2.34a 6.15+0.53a
C:N 27.1641.36 ab 25.5540.92 b 29+1.29a
C:P 451.23£25.35a 433.72£16.94 a 427.87+22.85a
N : 16.99-+1.01 ab 17.56+0. 66 a 15.0540.67 b
P C:Ca 25.32£6.9a 23.3941.63a 29.57+2.28a
C : Mg 171.844-35. 33 ab 165.0149.24 b 215.24+15.55a
N : Ca 0.91+0.21a 0.99+0.09 a 1.11£+0.11a
N : Mg 6.5+1.27a 6.9940.52a 7.9640.72a
Ca : Mg 8.0140.89a 8.9240.89a 8.3740.79 a
C:N 22.114+2.47 a 25.6742.36 a 31.794+2.75a
C: 448.27+67.82a 391.21450.9 a 453.5+46.11a
N:P 20.4642.81a 15.07£0.97b 14.4540.67b
i C:Ca 48.28+11.78a 32.414+5.29a 52.4747.67 a
AR C: Mg 213.81£48.56 a 206.98+£46.49 a 214.544+33.31a
N: Ca 2.240.47a 1.25+0.16 b 1.54+0.15ab
N : Mg 9.15+1.58a 7.35£0.90 a 6.54+0.77 a
Ca : Mg 4.8940.81 ab 6.940.81a 4.2640.32b

T AN F/ING FRERIR R —JCR AR RS Z 0] 28 53 35 (P << 0.05),
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Table 7 Correlation between element contents of plants in karst fault basin of Mengzi
JLHE C N P K Ca Mg Na Fe Al Cu Zn
N 0. 166%*
p 0.039 0.539"
—0.235%* 0.307" 0.302"
Ca —0.418+* 0.040 0.058 0.311
Mg —0.317% 0.135" 0.115 0.192" 0.543"
Na —0.008 0.137"  0.13% 0.298™" 0.041 0.104
Fe  —0.066 0.074  0.000 0.049 —0.074  —0.027 —0.008
Al —0.119%  0.118  0.009 0.049  —0.007 0.156"  0.041  0.427
Cu —0.003 0.082  0.172" 0.069  —0.192" —0.084 —0.010 0.285" 0.137
Zn 0. 080 0.097  0.277" 0.226" —0.053  —0.054 0.254™ 0.007  —0.008 0.438"
Mn 0. 066 0.064 0.079 —0.068  —0.080 0.016 0.006  0.132 0.261" —0.005 0.006

TR BEMR(p << 0.

j=3

5), " FN I I E A G (P <X 0.01)
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Characteristics of leaf ecological stoichiometry in typical plant
communities in karst fault-depression basins of Yunnan Province

CHEN Kehao, DU Hongmei, LIU Chunjiang
(School of Agriculture and Biology, Shanghai Jiao Tong University , Shanghai 200240, China)

Abstract Plant community composition, elemental content of plants and stoicheometric characteristics are strongly
influenced by geological chemistry, climate and human activities in karst areas. This study is concerned with plants
sampled in the natural forest, shrub and grassland communities in a karst fault-depression basin, Mengzi, Yunnan. The
purpose is to clarify the content of 12 elements and stoichiometric ratios in leaves of this area. The results show that el-
emental concentrations of leaves are of an order C > Ca >N > K > Mg > P > Fe > Al > Zn > Mn > Na > Cu, with signifi-
cant differences in N, K, Ca, Mg, Al, Cu, Zn and Mn concentrations for plants among three communities. P content lim-
its growth of plants in natural forest and shrub communities, and N and P contents separately or jointly affect growth of
plants in grassland communities. In grassland communities, ratios C : N, C : Ca and C : Mg of plants are significantly
higher, while N : P ratio lower than those in the natural forest and shrub communities. The C : Ca ratio of plants signif-
icantly differs among the three communities, with the order of grasslands > natural forests > shrubs. In statistics, 27
pairs of elements (40.9 % of total element pairs) display significant correlations. The results suggest that plants have
formed unique ecological stoichiometric traits to adapt for local environmental conditions in karst fault-depression ba-

sins of Yunnan.

Key words karst, fault basin, plant communities, elements, ecological stoichiometry
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