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Plant community characteristics and its coupling relationships with soil in depressions be-
tween Kkarst hills, North Guangxi, China
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Wei-Wei'**, TANG Cheng*?*, and TAN Qiu-Jin***
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Agronomy, Jiangxi Agricultural University, Nanchang 330045, China; and “College of Forestry, Guangxi University, Nanning 530004, China

Abstract

Aims Our objective was to study plant community characteristics and coupling relationships between plant and
soil properties in different ecosystems in depressions between karst hills.

Methods We established 24 sample plots of 20 m x 20 m dimensions in four ecosystems (grassland, scrub, sec-
ondary forest and primary forest) in depressions between karst hills. We investigated the species composition and
diversity characteristics of these ecosystems. We chose 35 indexes covering plant community and soil properties
to study the relationships between plant factors and soil nutrients, soil mineral chemical components and soil mi-
crobes using analysis by principal component analysis (PCA) and canonical correlation analysis (CCA).
Important findings Along succession from grassland to scrub to secondary forest to primary forest, the maxi-
mum number of species, genera and families with importance values (IV) >10.00 and maximum species diversity
were in secondary forest, and the optimal community structure was in primary forest. The depressions between
karst hills had high landscape heterogeneity, and different ecosystems were influenced by different factors. Soil
microbes were the dominant influence in karst fragile ecosystems, followed by scrub. CCA elucidated a close re-
lationship between species diversity and soil nitrogen, Al,Os, Fe,O3, microbial biomass carbon (Cy,ic), fungi and
bacteria. Vegetation improvement and management practices should focus on such characteristics of different
ecosystems when undertaking restoration and reconstruction of karst fragile ecosystems.

Key words coupling relationship, depressions between Kkarst hills, different ecosystems, soil, vegetation
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Table 1 Composition characteristics of families, genera, species, and their importance values of plants in different ecosystems

LRSS s & i FEE K F10.000FHE Fh
Ecosystem Family ~ Genus  Species Families, genera, species with importance values more than 10.0

Bt Lt 41l )& L g3l i L g3l

Family  Proportion (%) Genus Proportion (%)  Species  Proportion (%)

TN Grassland 11 20 24 2 90.11 2 86.61 2 86.61
HEM Scrub 24 35 40 1 55.26 1 54.41 1 54.41
WA Secondary forest 49 84 101 8 63.53 7 53.91 6 49.38
JRARR Primary forest 50 79 98 5 49.76 5 46.57 5 4251

IR JE KA
212 EHELEM
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F2 AFRAEBRGITEE A
Table 2 Changes in community structure in different ecosys-
tems

Ecosystem Height Density Coverage
(m) (ind.-.m™) (%)
M\ Grassland 1.13% 174.84" 74.17%
#EM Scrub 2.22% 21.22° 82,54
WM Secondary forest  5.52%° 0.42° 77.50%°
JRAMK Primary forest 8.74% 0.54% 88.00%

[ —FUA R RS FRER R ZE 5 % (p < 0.01); [A]—F1AN R N5 5
BRI 2 5 12 3 (p < 0.05).

Different capital letters within a column indicate significant difference
at p < 0.01. Different lowercase letters within a column indicate sig-
nificant difference at p < 0.05.

GEHT3N T 7 ZE MR SRR DTk R S L T
85%, Ae Al W AE R, ENMESRER E
BT DT AR I AR R & AFRZER RS 2%
KA, FEARES RGE 1) A2 BE 52 K- Al O3+
Fe O3, HAZL S RIBEEHE, HENES RSN
WA T HCaO. Cuics MHE. HAZ
Shannon-Wienerf& . #A< SimpsoniE4i. HAL:
YA, F AR EShannon-Wienerf& . Fr AR E#4]
B, AEMAES RS EEEmE T ApH. SOC.
AN. Fe;05. MnO, Ji /B T E5Em A 5 A TP,
FARZEFEFEE. FA)ZShannon-Wienerfg . 784K
JZSimpsond5EL. TR )Z I 5] FERIFEAE % L
MDA B R, b — 20 0 R g A 4
MNEXBRG . 3007 35 R T E N 5
SIAT(ERE) AR, HI8AN T s % 7 22 (1) SAAR DT ik
JEHIE85%, HEM A [ Hh S5z i Hir e 0 DA v b X 3k Py
TS S, (HA E o I sTER AT LU RAIC, R
W e A 3o e DX sl B A v B 1) S T, I X
A& R 2 TR A BAE RO R I, S E AR A
TG SR, 4 10025 RE A AN 38 25 DAL [ P AH
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Table 3 Species diversity of all layers in different ecosystems
IZY/4 ERASR P S Shannon-Wienerdi % Simpsondi %k Pielous) 5] £ FR 4
Layer Ecosystem Species richness Shannon-Wiener index Simpson index Pielou evenness index
HRJE H M Grassland 7.666 7 0.871 7% 0.388 3™ 0.375 0%
Grass layer i )\ Scrub 5.833 3% 0.990 0" 0.456 7% 0.540 QA8
WM Secondary forest 6.666 77 1.380 0™ 0.646 7% 0.765 0
JRAEMK Primary forest 5.166 74 1.211 7% 0.626 7% 0.791 7
HEARJZ M Grassland 3.333 3% 0.475 0°° 0.238 3% 0.246 7%
Shrub layer ) Scrub 13.333 3% 1.648 3 0.630 0" 0.625 0"
AR Secondary forest 21.666 74 2.545 0 0.850 0 0.828 3
JEAEMK Primary forest 13.833 3 2.190 0% 0.831 7 0.860 0"
PN HEM Scrub 12.000 0% 1.928 3% 0.801 7 0.781 7%
Treelayer ik Secondary forest 14.500 0" 1.705 0% 0.681 7% 0.645 0™
JEAZHK Primary forest 17.500 0" 1.526 74 0.468 3" 0.433 3%

[ FUA RS RS 2 A B (p < 0.01); [l FUAR/NG TR R %57 B2 (p < 0.05).
Different capital letters within a column indicate significant difference at p < 0.01. Different lowercase letters within a column indicate significant
difference at p < 0.05.

Fed At TRRIRE MR AN R A 2 R G 1) A K 4 b
Table 4 Analysis of the main impact factors of different ecosystems in depressions between karst hills, North Guangxi

Principal Ecosystem Principal component factor Accumulative
component contribution (%)
A>T Grassland AlOs. Fe,0s. HAIS5] e R kA 0.402 4
Principal Al,O3, Fe,03, evenness of grass layer and density of vegetation
component1 ¥\ Scrub CaO, WA Tk, A1, ¥ A2 Shannon-Wienerfi4. Simpsontiz 4RI 0.442 8
BI51RE, IR 2 Shannon-Wienerdis £ 1344 5
CaO, microbial biomass carbon, bacteria, Shannon-Wiener index, Simpson
index and evenness of grass layer, Shannon-Wiener index and evenness of tree
layer
WHAM Secondary forest  pH. H3EHHLEE. HEME. Fe,03. MnO 0.496 4
pH, soil organic carbon, available N, Fe,O3, MnO
JFZERK Primary forest AW FEARZEE . Shannon-Wienerfg 4. Simpsondg 3. 57 I 0.5344
P
Total P, abundance, Shannon-Wiener index, Simpson index, evenness of tree
layer and density of vegetation
B ALRgr B Grassland WA, WEARZFFE. Shannon-Wienerdi$7. Simpsonfi Ry 21 0.767 3
Principal Available K, abundance, Shannon-Wiener index, Simpson index and evenness
component 2 of shrub layer
#EM Scrub AlOs. Fe,05. WERZF T REEISE 0.7518
Al,O3, Fe,05, abundance of shrub layer, height of community
WEMR Secondary forest  fE# %% Density of vegetation 0.716 5
JRAEMR Primary forest A Available K 0.776 8
FoEMS %A Grassland H% Available P 0.885 1
cpgﬂgg’:;m HEM Scrub RS Available P 0.8858
RARR Secondary forest T A A%l Microbial biomass nitrogen 0.880 2

HRR.

W ERE S e DA 1 DX G 55 2 E S R SR

TR R RCOR, 725 4-0.847, -0.877,

B FEFEFEE—F S0 DRI R, 4w K
S AR R I Bty R K, 2999 2490.960. 0.965.
0.917/10.832, i BH T HEHM A= ) 71 v Wk G 99 A 2
RGP T R, B RO UEREEE
% Shannon-Wiener$5%. Simpsonfg%i. ¥J5)EHI

-0.835. —0.821711-0.831, 3 W A\ AE & e i 55 1)
SRS T EEMHAL, SENERMESR
G BT AL () 23 (A B, R IR RS R S
F SR M ) OO AE 7 RO RO R v, AR A
FAR R RIER: 5 =254 LLALOs. Fe,057l

doi: 10.3724/SP.J.1258.2013.00020
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Table 5 Principal component analysis of fragile ecosystems in depressions between karst hills, North Guangxi

JZIX Layer [XF Factor

PC1 pPC2 PC3 PC4 PC5 PC6 PC7

R F®JE Abundance
Grass layer  ghannon-Wienerf§%{ Shannon-Wiener index
Simpsonfi§ % Simpson index
Pieloul42] & Pielou evenness
i N FE & Abundance
Shrublayer  ghannon-Wieners% Shannon-Wiener index
Simpson$5%{ Simpson index
Pielout42] % Pielou evenness
PN F & & Abundance
Tree layer  ghannon-Wieneri4 Shannon-Wiener index
Simpsonf5 %1 Simpson index
Pielou34)~J % Pielou evenness
ek 3 #JE Coverage (%)
Vegetation  prpr Height (m)
layer P Density (ind.-m™)
a2 pH
Soil layer A ML Soil organic carbon (g-kg™)
4% Total N (g-kg™)
4= Total P (g-kg™)
4241 Total K (g-kg™)
A Available N (mg-kg™)
T Available P (mg-kg™)
LA Available K (mg-kg™)
SiO; (%)
ALO; (%)
Fe,05 (%)
Ca0 (%)
MgO (%)
MnO (%)
AEM AR Microbial biomass carbon (mg-kg™)
WAYAEY EA Microbial biomass nitrogen (mg-kg™)
AEY YRR Microbial biomass phosphorus (mg-kg™)
FH Fungi (cfu-g™)
Y Bacteria (cfu-g™?)
TR Actinomycetes (cfu-g™)
J72£TTHK Variance contribution

SRR Accumulative contribution

-0.225 0.175 -0.130 0.836 0.239 0.093 -0.008
-0.088 -0.175 -0.032 0938 -0.067 -0.156 -0.125
0.067 -0.278 0.016 0.903 -0.124 -0.154 -0.127
0.342 -0.449 0.057 0.713 -0.206 -0.262 -0.028
-0.271 -0.847 -0.059 0.178 0.166 -0.279 0.103
-0.134 -0.877 -0.163 0.058 0.220 -0.290 -0.119
-0.022 -0.835 -0.195 0.098 0.300 -0.299 -0.158
0.087 -0.821 -0.176 0.099 0.283 -0.311 -0.181
0.484 -0.234 -0.091 0.046 -0.089 -0.777 -0.212
0.328 -0.213 0.089 0.072 -0.049 -0.891 -0.077
0.207 -0.233 0.173 0.044 0.001 -0.915 0.051
0.176 -0.219 0.201 0.066 -0.014 -0.909 0.047
0.267 -0.287 0.224 -0.350 -0.007 -0.153 -0.486
0.300 -0.799 -0.232 0.010 -0.239 0.072 -0.320
-0.027 0.747 -0.041 -0.196 0.219 0.459 -0.011
-0.052 -0.230 -0.428 0.543 -0.477 0.199 0.209
0371 -0.664 -0.183 0.040 -0.352 -0.189 -0.172
0321 -0.831 -0.104 0.015 -0.246 0.161 0.214
0.684 0.119 -0.041 0.020 0.045 -0.565 -0.164
-0.170 0.697 -0.031 -0.224 0.305 -0.405 0.180
0.781 -0.446 -0.146 0.013 -0.243 -0.248 -0.046
0.832 -0.200 -0.190 -0.037 -0.213 -0.273 -0.032
-0.099 0.221 0.103 -0.283 0.127 -0.051 0.883
0.426 0.134 0.426  -0.005 0.556 -0.093 -0.333
—-0.347 0.220 0.867 -0.130 0.023 -0.051 0.028
-0.224 0.140 0.872 -0.303 0.069 -0.151 0.021
0.136 0.036 -0.476 0.030 -0.758 -0.061 -0.286
0.076 0.087 0.018 0.010 -0.910 -0.082 -0.052
-0.057 0.221 0.852 0.174 0.105 -0.132 0.061
0.730 0.083 -0.246 -0.009 -0.020 -0.306 —0.496
0.288 -0.208 -0.117 0.178 -0.427 0523 -0.549
0.157 0.055 0.362 0.196 -0.570 -0.550 -0.290
0960 -0.045 -0.069 -0.021 -0.001 -0.130 -0.046
0965 -0.049 -0.041 -0.044 -0.024 -0.102 0.069
0.917 0.035 -0.081 -0.034 0.046 -0.120 -0.176
6.623 6.852 3.473 3.774 3.348 5.271 2.339
0.189 0.385 0.484 0.592 0.688 0.838 0.905

PC1. PC2. PC3. PC4, PC5. PC6. PC7/rJll K~ 15874 iy K 1

PC1, PC2, PC3, PC4, PC5, PC6 and PC7 represent principal component 1, 2, 3, 4, 5, 6 and 7, respectively.

MnO i &5k, 7371°50.867.0.872710.852, &
ATTAE W e e 55 A2 8 R s AT h g 45 22
ER; 25 DY 3 i LA AR 2 35 & 2 . Shannon-
Wienerfg 4. Simpson#g £ 1) 8 A7 & fe K, 23514
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0.836. 0.938#10.903, ‘B 17EW HrEEE s A S R G
BAT IR Py LU T A O, Ry A AE
WrRrIR A AR S R AIIB BOVE T I A2 o LA PR 7 (1)
KT REAETL. /N B, K i
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M55 AR A R G B AR AR /I o
23 HEiEEmFEMAERMRSESRERSZEY S
TR BBE X DT

B AH DG T 5T i 1A (P AN ) 2 ) 3
IR LR A DGR R o R TR I M AN RS R
G5 240 FF T3 1 15 AR A ER] 7 (Xq—Xas) A8 10 565 1 4147
B, BEETEIENMPH (Yi-Ye). LIV FHIFE 0
(Zi—Ze) 1 - 3B A PR R (W We) 23 I A 5 2 3.
AN AR T . F MO DG BT R B SR A o0 ) 5 g
FEFRI(BAEpH) B BTR 7 P A 1RO 2R
(%6), FFE MR B (GRT) . HTANRFIEAE
U5 75 DUk R 5y ) Ik $1)82.434 4% . 79.832 9% .
85.132 9%, FEANfE S WL 4 AR S R, H
BT 37 T R LAt 32 AR R (] ) 4 %) i AR AR
i)

REBE K7 A IR R 88— = = Y
o} YA 5 22 8045 ) 41.000 0. 0.988 6. 0.974 511
0.904 1, MR REIIRK, G LA H XA
BT R EIKF, TR — 0 SR AR 55 43 B
KR Z A H G R NS —2H S AR e R AT
DA e M4 R 1 P IR K 2 Simpson R 20UR1 77 A J2
Bys AT e m, RIS TR TNAIAN
(A8 AT Fe ey, D8I 77 A J2 Simpson 45 $0R1 77 K )2 34
A T IETNFIANAH B 2 i fe K, b ek )2

Ky 5 5 38 ANL FR A 2 Simpsondf 4 5 TN &
IEARDG, TeARJE¥ SIS TN, FRA 2 Simpson
FRBS H AN A OG, R8I T4 3 M Al LA
B, R A — 2 SRR R (V) v] LR RE 11.32% 11
NS, IFARBE11.32%1) ) — 41 (H 3 £ 595 0))
ARt 1 S IR A 2 MR AR AR (N ) T DA
F26.44% M4 N AL e, TR RE26.44% 1 5y — 41 (FA
PR 1) 5

R S0 I B o A 52 R B0
0.9959. 0.972 4, HikH| T W& K, 4l
AP A R T R K 2 Shannon-Wiener$5 44
Simpsonfi 30 5 ALO IE . AR AR, o 4l
R AR B AR B W T FepO3 5 5 A 2 Shannon-
Wiener i 2 1) 1EAH OC K 5 BA = Simpson i 45 1) 471
FAORIR R o A B — 41 LR AR 55 (V) 1T LAA# R 2.40%
(RIZL AR S, I AR R 2.38% [ o) — ZH (™ L 35 43 ) A8
S MR Sy AR — 41 AR (M) T LA R
30.13% 24 N A8 57, i FE 29.88% 1) g — 2 (H 4t
PRl ) 28 s R B 28 A TR A o (V) T DA i R
4.35% M2 N 5, JEREREA.11%I0 o — AL (W i gR
GY) 5 AT R 2 A A R AR (M) T LA
F11.97% 140 N A 5, IR RE13.21%(1) 5y — 4 (1
B BRI 1) 2 5

F6 At TR N ER AN A S RS TR BT BUR A AR ) A G o b
Table 6 Canonical correlation analysis between vegetation and soil main nutrients, mineral nutrients, microbe of different ecosys-

tems in depressions between Karst hills, North Guangxi

X7~ Factor SR i ARG R L A RIiE df p BHRTTHRE
Typical vector  Canonical correlation ~ Eigenvalue  Chi-square Accumulative
coefficient value contribution (%)

T F TSRS KpH 1 1.000 0 9.555 4 237.5798 120 0.000 1 415454
Soil main nutrients and pH 2 0.988 6 4.089 6 121.043 4 98 0.057 2 59.326 3
3 0.9745 2.960 1 79.3478 78 0.436 2 72.196 2
4 0.904 1 23548 46.451 9 60 0.900 1 82.434 4
R4 1 0.995 9 75172 149.118 5 90 0.000 1 35.796 2
Soil mineral nutrients 2 09724 3.849 4 91.3812 70 0.044 1 54.126 5
3 0.926 6 2.808 8 56.457 0 52 0.3120 67.502 0
4 0.886 5 25895 32.980 4 36 0.6130 79.8329
- 1 0.997 5 8.636 7 189.495 6 90 0.000 1 411271
Soil microbe 2 09925 43698 125.889 0 70 0.000 1 61.9355
3 0.968 1 2.7318 75.497 1 52 0.018 3 74.944 3
4 0.936 6 2.1396 42.2825 36 0.218 0 85.132 9

doi: 10.3724/SP.J.1258.2013.00020
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RT M B EEIR . DR AR AR MR A R R
Table 7 Composition of typical variables between vegetation and soil main nutrients, mineral nutrients, microbe
[X-¥ Factor JARIAR B R . Composition of typical variables
TR IR Vi=-0.137X,-0.1098X,—0.2617X5+0.5216X,—0.2499X5-1.3935X6+0.0056 X7+1.5855Xg+0.509Xy+0.2548X10-2.3453X11+2.239X 1~
2 pH 0.0352X33-0.027,4+0.4216X15
Soil main nu-  V,=0.2499X,;+0.1348X,—1.1462X3+1.4949X,+0.1406X5~0.1053Xs+0.2959X—0.4941 Xg—2.1574Xg+3.66 78X 15+0.5941 X1,—2.7192X 1~
trients and pH 0.1289X;3+ 1.0272X14-0.0268X 5
V3= -0.852X;+0.5144X,+2.4197X5-2.3717X4+0.2662X5+0.3071Xs—0.5941X7+0.2211X5+4.4884Xs—6.09X10-2.5247X 11+ 5.1116 X1~
0.2245X13-0..879X14+0.192X15
V,;=0.3481X;+1.4801X,-2.094X5+0.8426X,—1.5269X5+1.7259Xs—0.683X7+0.071Xg—1.98X¢+0.55123X10—6.031 X1, +1.4849X .+
0.1804X;3—0.3788X14,-0.7215X35
N; =-0.1374Y,-0.2421Y,-0.6092Y3+0.393Y,~0.3035Y5+0.6549Y¢+0.3061Y,+0.0457 Y5
N2 = 0.1443Y,-0.5119Y,+0.6093Y3-0.2279Y,—0.243Y5+0.7432Y¢-0.1349Y,-0.2359Y,
N3;=0.5109Y;+0.6613Y,+0.441Y3+0.2005Y,+1.0026Y5-0.9215Y6+0.192Y,—0.8678Ys
N;=0.2704Y,-0.4535Y,-1.2598Y5-0.4309Y,~1.0218Y5-0.1078Y+0.8623Y,—0.1978Yg
V; = 1.3328X,-1.4716X,-0.1405X5+1.626X,+0.0186Xs+1.7177Xs—0.0929X~1.5137Xg+1.0128X¢—6.2488X16+8.0451 X 11— 2.8657X1,
+0.9783X13-0.535X34+0.4505X 5
V, = 0.2874X;-5.0447X,+6.4324X5-0.7117X,~1.6101Xs+4.1367Xg—1.7886X—1.3492Xg—2.1722Xs+1.8539X10+2.3722X1;—1.6 156X
0.1611X33+0.2701X4+0.913X;5
V3= 0.092X;-0.2851X,-1.0624X5+1.145X,~1.0633X5+2.0744Xs—2.4406X7+1.891Xs—3.2077Xg+5.9101X10-1.1451X1,—2.0214 X+
0.5667X13-0.5273X14+0.1106X15

V,=-0.0587X,+0.8078X>+0.6425X5-1.593X,+0.2789X5-0.4447Xs—1.9623X7+1.3052Xs—0.3898Xy+0.5193X10+1.1796X11—1.8 717X 10—
0.215X13-0.2506X14,—1.7498X15

M, =-0.65477,-0.7389Z,+0.534975-0.67887,~0.3006Z5+0.7029Z¢

M, = 0.4102Z,+0.8064Z,-1.324773-0.789Z2,+1.1617Z5+0.4722Z;

Ms=0.774Z,-0.9579,+1.65875-0.3802Z,+0.549875-0.8751Z¢

M, =-0.65072,+0.27127,+0.656573+0.18227,+0.177275-0.2587Z¢

V1=-0.0927X;+2.5778X,-4.191X3+2.0699X,—0.4691X5+0.5802X+1.0912X7;—0.9447Xs—2.7372Xg+2.7691X0+3.885X 11—
5.0184X1, +0.0863X13-0.335X14+0.4352X15

V, = 0.4468X,—1.7554X,+3.1339X3-1.8526X,—-0.0248X5+2.5788Xs—0.9207X7—1.4121 Xg+2.1194X¢—3.3321X10—2.3902X 11+
3.7412X1,+0.3095X13-0.5088X1,—-0.6302X15

V3=-0.3023X;+1.6174X,-1.4289X3+0.6059X,—2.8266X5+4.6108X¢—0.361X7-1.5005Xs—1.4893X+4.1451X,,+0.0055X ;-
2.6993X1, +0.1855X13-0.8379X14,+0.3584 X5

V;=-0.5843X,+2.0593X,—1.5748X5-1.6356X4+2.9295X5—6.8542Xs+2.2734X7+2.8808X5+5.1672X¢—5.2043X10-10.3873 X1+
10.5614X;,-0.2834X35-0.3606X14-0.6308X 35

B1=0.7056W;—-1.1036W,+0.097W;-2.6388W,+1.8221W5+0.1609Ws

B,=-0.9062W,+0.4258W,—0.1223W;3+4.1721W,—4.1461W5s-0.2463W;

B3 = 2.4987W;-1.4252W,+0.7448W;3-2.0212W,+0.5379Ws-0.1231W¢

Bs=1.386W;+0.7722W,—1.2757W5-4.5789W,+3.5505W5-0.1534Ws

Xu, HARZFEEE,; X, HAJZShannon-Wienerfa £, Xs, HAJZESimpsontiHl; Xo, HAZHSRE; Xs, WERZFEE; X, HEARJZShannon-
Wienerd &4, X7, WEA)ZSimpsonfil; Xs, WERIZIISIEE; Xo, FoARJZF 5 E; Xio, FFA)ZShannon-Wienerd& 4L, Xu, 77K /)ZSimpsond&4L; Xi,,
TeRIZBSIBE;, Xas, 7518, Xua, BEESIRE; Xus, %HE; Yo, pH; Yo, THERHUEK; Ys, 43N; Yo, 220 Ys, 480 Yo, UL Yo, U0, Yo, MR,
71, SiOy; Z,, Al,Os; Zs, Fe,0s; Z4, Ca0; Zs, MgO; Zs, MNO; Wy, A B, Wa, T AV RS, Ws, YAV 0, W, BB, Ws, 4
T We, TR -

Xi, abundance of grass layer; X,, Shannon-Wiener index of grass layer; Xs, Simpson index of grass layer; X,, evenness of grass layer; Xs, abundance of
shrub layer; Xs, Shannon-Wiener index of shrub layer; X;, Simpson index of shrub layer; Xs, evenness of shrub layer; X abundance of tree layer; Xio,
Shannon-Wiener index of tree layer; X;;, Simpson index of tree layer; X;, evenness of tree layer; X3, coverage; X4, height of community; Xs,
density; Y1, pH; Y2, soil organic carbon; Y, total N; Y4, total P; Ys, total K; Ys, available N; Y7, available P; Vs, available K; Z;, SiOy; Z,, Al,O3; Z3,
Fe,0s; Z4, Ca0; Zs, MgO; Zg, MnO; W;, microbial biomass carbon; W,, microbial biomass nitrogen; W3, microbial biomass phosphorus; W,, fungi;
Ws, bacteria; We, actinomycetes.

TN BIR
Soil mineral
nutrients

TIEREY)
Soil microbe

RM S HIEREM SR —. . ZXHAAOCR
ok B TR EIKF, 4rH00.997 5. 0.992 571
0.968 1, 41 YA & R A I 2L ek T H IR
HIRARBES R IEA KRR M A Simpson
BRUR A SE L R, o A IR A B R T
W 73 A 2 245 B FiShannon-Wiener 5 %5 5 214 (1)
1By AR KRR K SR, EAHRRR, B
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ZH AR H T HER 2 Shannon-Wienerdis 201 Cyic
IEAHR KRR LG HE AR R MR —AH
AR B (V1) AT LA FR 25.01% K A N AR S, JE R
24.98%[11 5 — L (T AL FRAR) 2 R it AR 2R —
2] i 7R AR B (By) AT LU RE39.91% 4L N AR 5, FFfi#
FE39.51% 1) 5y — AL (R R 1) 48 5 M2 4l
S AR (V) o) LA RE4.36% 4 A8 57, IR ke
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8 LRI A M AR A R ST S R IR K I R TT AR S

Table 8 Typical redundancy analysis of vegetation and soil factors for ecosystems in depressions between karst hills, North

Guangxi

¥ Factor

SR V78 S fit Hy S ARG A e 114 LA
Proportion of variation of observed value can be
explained by typical variable (%)

L SRABL W78 S B e AT JAFRT 110 2R A S o e e 1) L 451
Proportion of variation of observed value can be
explained by opposite typical variable (%)

| 1l 1l I' I’

1 | Il 1l I' 1§ 1

3B SES KpH 1132  17.07 6.50 26.44 37.62
Soil main nutrients and pH

TN TR FESY 2.40 435 10.72 30.13 13.97
Soil mineral nutrients

A 25.10 4.36 6.95 39.91 30.61
Soil microbe

8.74 11.32 16.69 6.17 26.44 36.77 8.30

12.23 2.38 4.11 9.21 29.88 1321 10.50

5.28 24.98 4.30 6.51 39.51 29.76 4.87

I I NERRRIE S —. = =g mmasg: 1, 1.

W20 7R R T 2970 JepH BT BOIRISRIBE IS . . A,

I, 11, 111 stand for the first, second and third group of typical variable for vegetation, respectively; I, II', 11" stand for the first, second and third group
of typical variables for soil nutrients, pH, soil mineral nutrients and soil microbe, respectively.

4.30%1 oy — L (A= W ¥a br) 2 5 TARAE A
2 H AR 5 (By) W] LA RE30.61% I 20 N A8 5, i
FE39.51%01 Iy — AL (A% 8 1) 32 5, AR B B — 41t
Y AR G (Va) 1] DL F% 6.95% I 40 N 48 5, I i R
6.51%1 5 — AL (AW Ha b ) 28 7 A AR 5 —
2] i 7R AR 5 (Bg) I LU AR BES.28% Y 41 N A8 5, I
FE4.87%11 5 — 4L (LA R 1) 28 5+t

3 iTiRFILER

3.1 FEILRRETRRIE M EHA SRFHIRE M

Mg 4 4 AV b I 58 PR 2 28 2R 0 3 A A DA
NHTARAIRS) Sy DA D A TR LA Ak
P IR AT LU IR AR S i A 50U A B ks 1)
BEBHLS, ML T A BEN L R R A
PRAEAN [F) A2 25 3 0 s v IR L A7 B 5 (G2 W 15 4
2008), A AR R GAHD LTS (R AR SR AN[A] o
VFZ IR AR RGO lBie e, EAR
e AE T S ) 2 FEPE DA K (Tilman: & Doe-
ing, 1994; Baskin, 1995; Lehman & Tilman, 2000),
78 H BT W 3 il b B e YR AT T R, £
B B AT 1 S LURE I AL (2 FEIE) M 0 i B A
SEPEMFRAR(IK 4T, 1995), A& 2FHIR N T
RSB ME — SRR s TR T ROREE, R R 2
FEPERT LU SO VA AR P o 108 ST e MV 1 1) T 2%
RV Rt ZE AR AR Sy PR 2 i TR AR, S
o E e B o {FLE SRy 08 A b 2241 KT+ 10.011)
B JES B RTEARE  HEAR R 2 FEER S KA
BUAERAR, JFARTRGE T S AR, 2R i
Tperm, v LA BEAHN 5 B, 30X 5 HoAh oK ST 5T
S HARL(CE [ %, 2002)0 1 rRp i A i R 0 E VR

Fkese ME S Z P RAT N EORINR R, YZH
P ETE REUE A AL s B4, HIFANRESE X
AR RUENE, R RUE VE R 2 s Y
ZRENE, (RIS ORUE VR S A 1) A B

3.2 FNItEILPEETHFIE M EMRSBESRELE
MEZERT

M e U AR b SO S Tk 5, AR R
H%, WA %, 4N RAEES R GEHT3AN K
Iy 77 25 BAR DT R Z B ik 1 85%, B Ak Ak R R
o ARAES RGN T AN, B AN
EHAE . FHNES RGN 0 7 AlLOs.
Fe O3\ HAJZIS A LRI A R FE VR 26, X R
BARG I E R EIE N IR 4h, I
e I ORUESLRE L AT, P2 AR AR &y HEM
HBRGEMIN 75— E K ANCa0. Cricn A
A ZShannon-Wienerfs 8. A% SimpsonE4L .
TOREAIEE . FR AR 2 Shannon-Wienerdg%t. 7k
EYISE, AEHEARME E LR, —e B E %R
TRARFNELAR N Z R, P EARMR IR G5, T/
B JRE A PR U 5 A0 ) 5 BIPE, IRAE MRS R e L
tbie A%, 3552+ 3EpH. SOC. AN. Fe,03. MnO
2R, HpHZ& LB T, IRAERA
I BEIR 4 RO TR 43, T L DR AE A 3 R ik
B, ARIER AR ) JE AR PR R i A bR I
RV MDA M PR TRV, AR . R
BB TR EKCERPEEPRE, 2 TIRAES RE
AR/, B2 TR B 5 45 MR 2 FEPE 52
Wi, DR UG G N TR AR B2 A Pk, TR A B0 B A e
(TR0 o 163 H0Fp A U DA 3o [ 358 R 1 L P 1) 32 ol 2
RO TR I, T8N RS DTk A L 85%, K
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206 HEM: A&244R Chinese Journal of Plant Ecology 2013, 37 (3): 197-208

2 DX sk 31 L pA) A A R 3 A HL G A M R AR,
HEFEMNH T S54NESREAN, HphESNR
TREE AR AW RN T, K
TR T REREAR MY Z e, L3R5 AlLO;.
Fe,05+ MNOFIEAR J72 2 FEPEAE I LR, R BHTE
W REIE S AR R G D, AW (R AL ) 1)
YERVBOR, T35 0 IRPE AR FIAR XS, s
i e DAV b G 5985 2 7 2R 4 I A A T R R e Pk A
R, R T LI E ) S A 2 R K
F UL RO HEA RS 7 A L
33 HEILMEHTIFIE M EMRSBAESEAZEY S T
EHREXR

W TR U M M R TR A A R G, VAR My 1t
LRI R HRACHR, RN TR AR T AR
FEMGELL, by L se 4 fisih . K, b
FIRBHEARIE R, AR Ak vA B A TRE ) A 1H
S, B AT R T RV S, W TR IR A AR
BARGIEAE DI . M5 IR AR CR
WAEARWT AL, B, W TRR I M Hh R
iho KA I AR AR R AR 0 YRR AN B R R
SRSy, TERCT IR TR, 20 1Y 5
Ty, SE T AR YEIR, SRR
THARE IR B BER SRR R AR,
Eke, AEANE R ) A4 B AR VA IR 1 I R
AN 1 53 A R AE ) NG IR o A - I
FRIRG - IR 4 - AR 2 AT A A
LRI R R . BURAHOC M AT, fEA S L3
IRy, LY IR IR B AT B
RUROG, WEAANRFIEAR 1) 7 72 SR AR TT R % H2 1 80%,
Horp g S LIRS R B Y. FERE D
PAZ FEPEI AT ok, BRI P LR R
(& r B b K, A 5 4 R F LAALOs Fe,03
(g AT K, IR E YR A Crnie ~ L B RN 41 1T
(R ATt dpe Ko DRI A R4 7 T U DA 3 b e 55 A4
BRGESMACB I, AT 2% IS ) 2 1 1)
oAk RS LIREL RFR S ARV AR R
FLA AN R AR R R
BEEWME FEAFREHIATHIR]R B (KZCX2-
XB3-10). B R AHL X 4%t X0 A (2011BAC09B02).
P & A K S F A % TR (XDA05070404 5=
XDA05050205). E K & R #+5 3450 B (31070425,
31000224. 309705084=U1033004)#= F E #+ 3 % H
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