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_ﬂlglw Vertical gradient and soil environment are the key factors affecting mountain vegetation community structure.
However little is known about the relationship between vegetation community and soil environmental factors. This paper
aimed to determine the spatial distribution of vegetation community in typical area with high-frequency debris flow. SPSS
principle component analysis, Pearson correlation analysis and CANOCOS5.0 Two-dimensional ordination method were applied
to determine the vertical gradient differentiation of the soil environmental factors and vegetation community as well as the
relationship between them. The vertical zonal soil distribution rules were similar to latitude zonal distribution rules. The order
from high to low was Temperate zonal soil, North subtropical zonal soil and Subtropical soil. The shrub-grassland community
could be divided into three types, namely Potentilla anserina - Heteropogon contortus community, Oxalis corniculata -
Artemisia dubia community and Hyparrhenia bracteata community. In the seriously degraded ecological environment caused
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by geological disasters and human disturbances, native arbor community was scarcely distributed. The main vegetation types

of alpine zone were artificial forests composed of Pinus yunnanensis and Pinus armandii; those of subalpine zone were mixed

forests of pine and cypress; and those of lower mountain belt were artificial forests composed of Eucalyptus robusta and

Leucaena leucocephala. Canonical correspondence analysis suggested a significant relationship between vegetation and soil

environmental factors. The results suggested that the main factors affecting the vegetation distribution in the typical area with

high frequency debris flow are elevation gradient, soil organic matter, soil total phosphorus and heavy metals.

debris flow prone areas; soil environment; vegetation community; CCA ordination; vertical gradient
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Table 1 Description of the shrub-grassland sample plots

FEd  ER(m) RS S BE@) AR T JE (/%) ML=
Plot  Elevation Longitude Latitude Slope Soil type Coverage Advantage community
. 0 950 ) o LR 4 RO - R BT 3 - B
sl S0y WAL A28y 1k Alpine meadow soil o Arthraxon hispidus - Potentilla anserina.- Ranunculus japonicus
2 g TR AR T W g L <t
s2 9% loi22s assasy m ek 4 65~ RMBECT - - KRB 4
Dark brown soil Lespedeza formosa - Fagopyrum urophyllum - P. anserina
® " o 7 T AR - IS A - A
e A AT ALt = Brown soil = Artemisia dubia - Camellia japonica - Solanum deflexicarpum
B P Z e - HHCE - DR
S4 2797 103°12.497" 25°52.967" 18 " 60 Potentilla anserina.- Heteropogon contortus - Coriaria
Slope wash :
nepalensis Wall
o ¢ sosaings AN g FHE S - WRIABR - SRR A2
9 2210 UEEIollion” 257say 2 Red and yellow soil & Heteropogon contortus - Pteris vittata - Hyparrhenia diplandra
o HUHEE - 5 ~ S A
S6 1856 103°13.797" 25°54.141" 24 lied soil 65 Heteropogon contortus - Cymbopogon citratus - Eupatorium
adenophorum
B B SR - P - AR R A
S7 2248 103°13.392" 25°53.301" 49 " 40 Oxalis corniculata - Artemisia lavandulaefolia. DC - Artemisia
Slope wash dubia
o ' 5o ' T B -BTRE-B2EEN
<t 29 AR 25559285 = Yellow soil = Hyparrhenia bracteata - Incarvillea argute - Mentha spicata
o ' 5so ' iy B L - R - BEP
. 2 WM B APRatl 9 Dark brown soil b Oxalis corniculata - Artemisia dubia - Saccharum arundinaceum
o SRV - -
S10 2000 103°13.652" 25°53.943' 19 S . 85 Eupatorium adenophorum - Acroptilon repens - Hyparrhenia
Red brown soil b
racteata
1o R - 413 - IR T
S11 2253 103°13.49" 25°53.578' 30 Red soil 80 Hyparrhenia bracteata - Polygonum orientale - Elsholtzia
rugulosa
o R - JRRE - i 3 A
S12 1500 103°14.778" 25°55.461" 31 v, . 75 Amaranthus viridis - Arthraxon hispidus - Crassocephalum
Yellow soil o
crepidioides
R2 FARBEEREMEER
Table 2 Description of the arbor community sample plots
] . [ SFsh STH 4% (h/
#ﬂﬁ éé)’g %E ?@ﬁ jﬁ’;g ﬁﬁ?@ﬂ ﬁ%éﬁ ﬁﬁﬁ‘ﬂ]‘ﬁ‘ S'Figl_lg :"‘Z*ﬂjﬂﬁl’hﬁ( Cm)
Plot  Longitude Latitude (h/m) (@) Vegetation type Age grou Dominant (h/m) Average diameter
& Elevation Slope € yP e group Species Mean height at breast height
Sl AR ; ~
= A 1 \
Tl  103°1215.0" 25°52'31.3" 2949 11 Coniferous forest of Pinus i A AR " 4 8.1
" Immature forest P. armandii
armandii
Al I A il
T2 103°12'30"  25°52'58.9" 2878 25  Coniferous forest of P. Nearly matured na .. 10.1 14.1
" P. armandii
armandii forest
SRR GO o
i N A AP
T3  103°12'38.9" 25°52'54.6" 2746 8  Coniferous forest of P. i A SRl " 6.2 9.5
. Immature forest P. armandii
armandii
P LVN AL N T AR R
T4 103°12'31"  25°52'56.5" 2755 5 Coniferous forest of P. Nearly matured P 2 . 10.3 16.4
. . yunnanensis
yunnanensis forest
LN ERZR N Lh IR AR, 2 Fe 4.2 5.2
TS5 103°12'36.9" 25°52'59.6" 2440 28  Mixed forests of pine and < C. funebris, P.
Sapling forest - ; 23 27
cypress yunnanensis . .
. AR AR LLIAR 4 6.2
LN ERI=A N s A
T6 103°13'20.22" 25°53'32.04" 2324 25  Mixed forests of pine and o C. funebris, P. 3.6 8.2
Immature forest y
cypress armandii, P.
yunnanensis 3 5.2
T7 103°13'29.40" 25°53'34.68" 1958 30 A A LU fam . 5.7 9.3
Forest of cypress Immature forest C. funebris
B AR A 5 1 A
T8 103°14'46.68" 25°55'7.64" 1591 36  Forest of Leucaena i A BRI 10.3 10.4
l Immature forest L. leucocephala
eucocephala
FE B Ak :
T9 103°14'46.68" 25°55'27.66" 1549 31  Forest of Eucalyptus g‘%"\% df EEWIJ 10.6 16.33
e —— ver matured forest E. robusta
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Table 3 Loading factor, eigenvalue and contribution ratio of principle

components
K7 {4 Component
Factor 1 | 1T

ZL # Bulk density 0.70 0.61 -0.10
£ 7K # Water content -0.94 -0.14 -0.25
RikL Clay 0.94 -0.04 -0.14
ki Particle 0.74 -0.33 -0.34
H>HE Sand -0.72 0.27 0.30
154k Elevation -0.89 -0.27 0.23
AL Organic matter -0.91 0.30 -0.07
4= Total nitrogen -0.88 0.23 -0.19
4= Total phosphorus 0.66 0.39 -0.22
44l Total potassium 0.65 0.76 0.29
Tl fi# % Available nitrogen -0.87 0.24 -0.18
H %W Available phosphorus 0.57 0.79 -0.01
AR Available potassium 0.38 -0.77 -0.29
Al 0.31 -0.51 0.84
Mg 0.46 0.25 0.82
Cu 0.72 -0.85 -0.19
Mn 0.06 -0.80 0.51
HFEAR Eigenvalue 9.60 3.63 1.26
FTHLE Contribution ratio (/%) 56.45 21.34 7.40
241 51Hk*¥ Cumulative contribution ratio 56.45 7779 25,18

(/%)

XN () 15 B Ak B 1 4 98 AL T E 4T CCAHEIF 4347,
I Canocoifk 7 Monte Carlo i, 455 5B CCASE LHEF ih
FURT A HE T il 9 M09S R B el RECR A B (P =
0.002) , i WA~ HE R il 64 0 AR AEL 5 SRR A9 98.2 %, Ui WTHE
JF a5 0 R 4. CCAHET fE B I e 4 Vi 4 456 B K% b IR 35 B %oF
e 54323 (A1 AR S 0 s e R R Sk AR A R R EL A v
5 # I PR 56 RN, ik 5 HE il e f R OR 54
JF AR IR RN, B3k BT Ak B 5 IR 2 R MR X5 HE 7 il
IETAHSE G R, IR, U4k 40 B Al B2 & L KRE K,
FUV 5 58 1HE e il 9 e AR /0N, U I ol 1 3 Sk - 1 B Ak
P BT 28 18] 43 S BLA S, 7T DA CE 56 LHET o2 — 4
T AR R AR A, BV B 7 1), MR M A B AU B 27
A CCASEL, 2HE P AR S22 S0, T B4 a ML, 4.
FrKE SRR A BRI IE A OGP, T R AR

Table 4 Variance analysis of soil environmental factors in different perpendicular bands

3355 KT Soil environmental factor

W AR HIUR A W 2W  ARH RHE
Elevation  Water Cla Organic Total Total Total Available  Available Al Mg Cu Mn
content w /J) matter  nitrogen phosphorus potassium phosphorus potassium (w/gkg') (wigkg') (wigkg') (wigkg')
0 -] - - - - -
(/%) (wigkg") (wigkg') (wigkg) (wigkg") (wmgkg") (wmgkg")

3000-2500 46.11a 3.0la 60.65a 2.89a 0.99a 1.87a 4.49a 10.85a 0.21a 0.21a 0.14a 1.08a
2500-2000 31.22a 6.95b 34.98b 2.08ab 1.56ab 1.92a 6.21a 21.19b 0.24a 0.29a 0.20b 1.13a
2000-1500  21.11b 7.69b 29.76b 1.54b 2.08b 2.8la 17.34a 15.67¢ 0.22a 0.43b 0.21b 0.93a

2 0.001**  0.0001** 0.002**  0.010* 0.025% 0.172 0.252 0.0001** 0.078 0.007* 0.004** 0.365

[RIBAS ) B e 7R AN R BB 132 1) 2 57 .35 (P < 0.05) , ** Wil B3 (P<0.01), *} B3 (P<0.05).

Lowercase letters in the same column indicate significant difference at 0.05 level; ** indicates significance at 0.01 level; * indicates significance at 0.05 level.
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Table 5 Pearson correlation analysis of soil physicochemical properties

EL OM TN TP TK AP AK Al Mg Cu Mn SW CLC WI
EL 1
oM 0.655" 1
TN 0.639" 0.952" 1
TP -0.643°  -0.543 -0.502 1
TK  -0714"  -0.387 -0.433 0.545 1
AP -0.7157  -0.280 -0.315 0.663°  0.923” 1
AK  -0156  -0.513 -0.329 0.061 -0.198  -0.246 1
Al -0.346  -0.585"  -0.605" 0.236 0.230 0132 0.323 1
Mg  -0.613°  -0.552 -0.522 0423 08137 05797  0.094  0.265 1
Cu -0.551  -0.789"  -0.707" 0.183 0.060  -0.040 0.642° 0305  0.366 1
Mn 0.291 -0336  -0.292  -0321  -0.362 -0.639° 0.408 0343  0.163 0.436 1
SW  0.808" 08237 08157  -0.589" -0.786" -0.646" -0.197 -0.451 -0.875" -0.606"  -0.099 1
CLC -0.878" -0.869" -0.796"  0.665  0.543" 0.482 0407 0518 0.584"  0.656 0.027  -0.798" 1
WI -0.446  -0.604  -0.380 0.227 0.177 0.054  0.658  0.103  0.546  0.756" 0.356 -0.540 0.590" 1

EL: #§k; OM: HHLT; TN: 2% TP: 4ff; TK: 8 AP: 0 AK: S SW: &7K%; CLC: #it; WL Whittakerflt 3845 2 £ HR 5L *3K/R1E0.05

L EEAR, RIRTE0.01 L BEAHK.

EL: Elevation; OM: Organic matter; TN: Total nitrogen; TP: Total phosphorus; TK: Total potassium; AP: Available phosphorus; AK: Available potassium; SW:

Water content; CLC: Clay; WI: Whittaker dominance diversity index. * indicate
at 0.01 level.

s significant correlation at 0.05 level; ** indicates highly significant correlation

1.0 1.0
sLo
EL 3 o
837214 s47)
el 4P Vel 5510 o
= &~ S o — -
sw TN OM cul e . 3:: O $10 1808
™ ST T8
0 s9
s6
-1.0 -1.0
-1.0 1.0 -1.0 2.0

Bl AREEHEE T EREA R CCAHER. EL: ¥ SLO: 3i&E; OM: HHLE; TN: &% TP: 4x8; TK: 48 AP: A AK: S, SW: Sk,

CLC: fhi+.

Fig. 1 Canonical correspondence analysis of soil physicochemical properties in different perpendicular bands. EL: Elevation; SLO: Slop gradient; OM:

Organic matter; TN: Total nitrogen; TP: Total phosphorus; TK: Total potassium;
Clay.
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P Mo v £ HE (L0398 R B ) | LA R A 2 AL
A ELHb AT P55
3.3 EREEEMESIEIMERFEINX R

Yo AR 1 B VR 5 - IR BT R P A T A X B 43 AT, CCASE
THEFF il A FRAEAE 490.724 7, S5 2HE 7 il AR E(E 0,677 9, 4
Al BT R T R - IR OE R 1082.51 %, A2 Rl
B TR - B 5 R H959.62 % (F£6) , W4 R T 13
A A T (E2) , Sk S R 5E 773k 5 HE
J7 3 1) e i R B AR, MR G MR SR AN B, g 5 CCASE
VHEY il 52 6 28 IR AR OG, B L 48 5 CCASE24HE 7 il 22 | 3% 1E A
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AP: Available phosphorus; AK: Available potassium; SW: Water content; CLC:

S, AR MER . Ak A HLIT S COAS LHE R il 52 T A 36
T 5 CCAS2HE 2 SUMG, Wb B AR, S8 421
Bl R 5 L P 2 SR G T 5 CCAB 27l 5 1 A
. 4 HPRHE D 22 ) 2 30 A 0 R S M 15 1 2 43
Lh I G4 COASEL, 2HE I A 452 8 3, I 45 CCA
HEFE M 22 B0 F 7, BB EARBREE (071 20, 425k
RO, YA HLTRRI 2 S R, T A6, 4
BALARR 2L R . B LR £ 2 BEREA s 1 25 CCAB L
A ZE 14, SR 00 LB WG 2 5 5 2 COAS2HE AT 5
4 B R,

331 BEABMESHRFSETZENER  CCAHHFS
SR EO R MR RE S 5 M3, BIRS SRS b 3 - 1 25
BETE (S1.S2.S4, SSEREML) | s - AR RIS HETE (S3.



S7. SOT LML ) FI S - 2L = V% (S6., S8, S10, SII,

SI1245HEHE ) , 437 X B HE K A56 BE 3 000-2 500 m, 2 800-2 200
mFI2 300-1 500 m. HEFF 45 AR, 5 L KR SRR . Ut
L BT CCAHEIF Rl A2 oy, URHHTE M #R . 4
KB, A B B R I M A B A, R
MR A — B 2 M, 22T CCAHER Sl 4 R i 1 HF
FEF . WRIAER . AR R AN R, A AL

204 3K)TIMAE 651

332 FABESHBRMERTZENXR  HIFLIRE,
T CCAHER i, Fifi 5 1 40 s B, KR i AR LY L =
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VUM (AR L 81, SR AP R IR R T TR
WG A T 585 LA Py Jal 9 7 b S 510, 0 PTG A 5 B
HH. A BB B AN A PR EE T A B 00 B A R AR T
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Table 6 Correlation of sorting characteristic value with species and

environment ﬁé‘l\%ﬁ
TiH CCA Axes 333 EEMEESTAEEZEMNXR CCAHEFY BT
Item Axisl  Axis2 Axis3 Axis4 VI, BAR L, FoARBEE LR NS X . R S 4
5 i Eigenvalue 07247 06779 05684 05255  J&A & B R, JLHR A m AR, B HE Sl i A
R R _ T PATR AR BEVR R . AR LA JIT A ) T B A B A (] B AT G 4
Sfé’;’f(}it;)er:ll:etween species and 09173 0.9846 0.9633 0.9024 % %% R ;}%% = ﬁi%%{% E?’é*ﬁ%ﬁﬁ , pen %E%Xk Bk
o) n e o wps | MSFHIBEREIRATR T I, ARG EK T,
Accumulative contribution rate ' i ' i TR AR T AL 118 R 35 0 5 D9 R) 8 BR80T AR PR L RO S
0.6 0 0.8
&
-0.6 -0.6 ;
-0.6 1.0 1.0

(a) PyFPFIERSE B CCAHEF? (b) FEE AT CCAHEF

E2 #7h (a) /85% (b) 5B CCARERF. BT (LB /R T AUE 1E1%-100%1 1 Fh, Feiti RBP4, Te RIS 1R 2. J T3
3. =MD 4 BRIR; 5. BB E 6. B 7 AAEAS; 8 B L, 9 4SS, 10, 933 11 SEMEAELT 5 12. BF SR ; 13, )R AL 14 BF 30 15 K
TR 16, J S0 17, MRIAER; 18. A3, 19, INFRAE; 20. LM —BLAE; 21 AR 22 W ll; 23. 55 ; 24, $E25i% 2%, 25, EMKRT; 26, AMATT; 27,
BB 28, AR AOWANTE; 29. ¥ 5F; 30. 24 F; 31 T 32. 4RI 33, 403, 34, BTGP 35. ZLAETEAR; 36. KRR 37. B AT EL; 38, FiAnE; 39. F
JBR; 40, DURFZE; 41 BFHR 5 42, 4000, 1 AR ; 2. AN 13, AR 4 BTG 5. RS EL: MFk; SLO: B OM: A HLST; TN: 24 TP:
é@é; TK: é%q], AP: ﬁ%{@é, AK: JE%(%[P, SW: 1/3\71(%4, CLC: *Ilij:

Fig. 2 Canonical correspondence analysis of species (a) and community (b) with seil environmental factors. Only species weighting from 1% to 100%
are included. (a): canonical correspondence analysis of species and soil environmental factors; (b): canonical correspondence analysis of community and
soil environmental factors. 1.4rthraxon hispidus; 2. Potentilla anserina; 3. Bidens pilosa; 4. Rostellularia procumbens; 5. Geranium wilfordii; 6. Ranunculus
Jjaponicus; 7. Hyparrhenia diplandra; 8. Centella asiatica; 9. Heteropogon contortus; 10. Ixeris dentate; 11. Lespedeza formosa; 12. Fagopyrum urophyllum; 13.
Chloris virgata; 14. Artemisia lavandulaefolia; 15. Boehmeria penduliflora; 16. Eulaliopsis binata; 17. Pteris vittata; 18. Rabdosia amethystoides; 19. Camellia
Jjaponica L; 20. Paris polyphylla; 21. Artemisia dubia; 22. Solanum deflexicarpum; 23. Cymbopogon citratus; 24. Eupatorium adenophorum; 25. Oxalis
corniculata; 26. Ilex yunnanensis; 27. Oxyria digyna ; 28. Leucaena leucocephala; 29. Fagopyrum tataricum; 30. Mentha spicata; 31. Acroptilon repens; 32.
Achyranthes bidentata; 33. Polygonum orientale; 34. Saccharum arundinaceum; 35. Robinia pseudoacacia; 36. Fatoua villosa; 37. Cajanus scarabaeoides;
38. Crassocephalum crepidioides; 39. Urtica macrorrhiza; 40. Galium bungei; 41. Elsholtzia rugulosa; 42. Amaranthus viridis; t1. Pinus armandii; t2. Pinus
yunnanensis; t3. Cupressus funebris; t4. Leucaena leucocephala; t5. Eucalyptus robusta. EL: Elevation; SLO: Slop gradient; OM: Organic matter; TN: Total
nitrogen; TP: Total phosphorus; TK: Total potassium; AP: Available phosphorus; AK: Available potassium; SW: Water content; CLC: Clay.
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Table 7 Soil and vegetation community types at different evaluations
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