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Effect of soil fertility and topographic factors on woody plant communities in the

karst mountains of Southwest Guangxi, China

OU Zhiyang'> ", SU Zhiyao’, YUAN Tiexiang', PENG Yuhua', HE Qinfei', HUANG Xiaorong'
1 Guangxi Forestry Research Institute, Nanning 530002, China
2 College of Forestry, South China Agricultural University, Guangzhou 510642, China

Abstract; Southwest Guangxi in China has a well-developed karst geomorphology. Shrubs are predominant and secondary
forests and Fengshui woods have a patchy distribution in this area because of disturbance and vegetation degradation.
However, little is known about the main environmental factors that affect the spatial distribution of woody plants in this area.
To investigate the spatial patterns of woody plant communities and explore how the soils and topography influence them,
woody plants with diameter at breast height = 1.0 cm, nine soil parameters ( pH, total nitrogen, total phosphorus, total
potassium, alkali-hydrolyzable nitrogen, available phosphorus, available potassium, exchangeable calcium and soil organic
matter) and five topographic factors ( percentage of covered rock, elevation, slope, aspect and position) were investigated
in 44 sample plots in a typical karst region in southwest Guangxi. Multivariate statistical analysis techniques, such as cluster
analysis, detrended correspondence analysis ( DCA) and detrending canonical correspondence analysis ( DCCA) were
employed in the study. The results clearly demonstrated that: 1) The 44 sample plots were classified into four communities
by cluster analysis; Vitex negundo + Cipadessa baccifera + Alchornea itrewioides (1), V. negundo + Litsea glutinosa +
Mallotus philippensis (11) , Lysidice rhodostegia + Canthium dicoccum (111) and Excentrodendron hsienmu (1V) according

to the importance values of woody plants. 2) DCA ordination revealed that the compositions of communities 1 and II were
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very different from those of communities IIT and TV, but the composition and structure of community III was similar to that of
community IV. 3) DCCA ordination showed that the first axis was significantly positively correlated with soil total nitrogen
(0.729) , alkali-hydrolyzable nitrogen (0.713) and slope (0.704). Soil organic matter (0.671), percentage of covered
rock (0.665) and elevation (0.450) were also significantly positively related to the first DCCA axis. The second axis was
significantly correlated with elevation (—0.614) , total potassium (0.558) , available potassium (0.481) and pH (0.410).
The first axis accounted for the largest fraction of variation and mainly showed a gradient of soil total nitrogen, alkali-
hydrolyzable nitrogen and slope. The second axis mainly showed variation due to elevation and soil total potassium. Along
the first axis, the patterns of communities ranged from shrub communities to secondary forests dominated by E. hsienmu and
L. rhodostegia , respectively, accompanied with an increase in altitude, slope, percentage of covered rock and major soil
nutrients. The distribution of major woody species with important values =1.0 in the DCCA two-dimensional ordination
diagram showed that V. negundo, C. baccifera and A. trewioides were mainly distributed at the bottom of slopes where soil
was barren and human disturbance was intensive. Arbor species that were dominant or subdominant in secondary forest,
such as E. hsienmu, Walsura robusta and Sapium rotundifolium , mainly existed on the upper slope with a high percentage of
covered rock and steep slope gradients where soil was fertile. 4) Effect of soils, topographic factors and their interaction on
the spatial patterns of woody plant communities was quantitatively partitioned and it was found that soils accounted for
32.82% of the variation, topographical factors accounted for 22.54% and interaction between soils and topography
accounted for 8.98%. Undetermined factors accounted for 53.62% of variation. This indicated that the distribution of species

abundance was mainly affected by biological and anthropogenic factors in the study area.

Key Words: DCA; DCCA; plant community; spatial pattern; Southwest Guangxi
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Table 2 Results of DCCA ordination

—Hh £l H—Hl gt
Axis 1 Axis 2 Axis 1 Axis 2
pH 8 -0.378* 0.410** HELA Available potassium -0.325" 0.481**
A MU Soil organic matter 0.671** -0.043 4G Exchangeable calcium 0.191 -0.010
4% Total nitrogen 0.729 ** 0.098 FAMERETE Per. of covered rock 0.665 ** 0.271
4= Total phosphorus -0.305" 0.089 5 Slope 0.704 ** -0.401**
4241 Total potassium -0.272 0.558** W] Aspect 0.029 0.349*
A L Available nitrogen 0.713 ** 0.289 37 Position -0.390** 0.074
R Available phosphorus -0.076 -0.003 154 Elevation 0.459 ** -0.614**
FEAEMH Eigenvalues 0.665 0.355
By 5 FRET ] (1447 5 R %L Species-environment correlations 0.966 0.964
L/ SIS R EN NS gl 3.0 353

Cumulative percentage variance of species-environmental relation

* P<0.05; = * P<0.01
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1: Excentrodendron hsienmw; 2. Vitex negundo; 3. Lysidice
rhodostegia; 4: Viburnum propinquum; 5. Litsea glutinosa; 6:
Canthium dicoccum; 7. Hainania trichosperma; 8: Choerospondias
axillaria; 9: Cipadessa baccifera; 10, Murraya exotica; 11: Pistacia
weinmannitfolia; 12 Ficus microcarpa; 13: Syzygium araiocladum ;
14 Atalantia henryi; 15: Sapium rotundifolium; 16: Alchornea
trewioides; 17 Diospyros dumetorum; 18 Dimocarpus longan; 19
Syzygium  buxifolium;  20Cratoxylum  cochinchinense; — 21
Boniodendron minus; 22 Celtis sinensis; 23: Walsura robusta; 24 .
Bauhinia championii; 25 Mallotus philippensis; 26 Sageretia thea;

27: Syzygium hainanense; 28: Tarenna attenuata; 29: Grewia

biloba ; 30 Phyllanthus emblica; 31: Lantana camara
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3 0% 4 FORIRIHET 77 2 T 4 SRR R
ZORNCH A R VR R 22 B B R SE B R B A
o, RPN, TG EE AR 8 X HE TS PR 2 () 4 A
M R R TE 1 R 32.82% , Hidh A 23.84% /2 i 4lih
T s R ; th H I R 5 R 0B R AR AL
2105 22.54% , Hoh AT 13.54% B4t iy 23 6] I BT 5
B, ¥ 5 + 38 58 B f# B 4 i 8.98% ., 1A
A DX AR B D sl b T S P E AR, H AR R %

R3I ARHFROMSEERETUNEFIBRER

Table 3 Results of detrended canonical correspondence analysis and portioning of the variation of species abundance matrix

A Factor

FEVEAS SR ) B AE 5 Total variation of species abundance matrix

TS R 1 3R BE 34 Sum of canonical eigenvalues for soil environmentally constrained analysis
TS R )25 8] i B304 Sum of canonical eigenvalues for spatially constrained analysis
TEE RS IR 1) A 2+ 38 7 855 /7 B35 3 Sum of canonical eigenvalues for soil environmentally constrained analysis after

removal effects of spatial factors

FEEVEAK Ja ) P2l 25 [A] fR B 73 Sum of canonical eigenvalues for spatially constrained analysis after removal effects of soil

environmental factors

A EIREE R X 5 SR ) i B RE 77 Species abundance variance explained by soil environmental factors/%
25 [B) R F- X TV A Jo) B fit B HE f Species abundance variance explained by spatial factors/%

PA.2 A EIR B PR T X R A Ry B fi# BEBE 7 Species abundance variance explained by pure soil environmental factors/%

P22 (8] PR X I A% R 9 B HE JT Species abundance variance explained by pure spatial factors/%
FEEVEAS Ry 1 398 | 25 8] IR B9 28 B B 348 43 Species abundance variance explained by crossed spatial-environmental

factors/ %

KBESRFEB Y Unexplained species abundance variation/%

6.225
2.043
1.403

1.484

0.843

32.82
22.54

23.84

13.54

8.98

53.62
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1, BRI AR, (ArE TR AR B A 35 5
PSR A RE s, PR L - R IR 0 A o 1 i B R (T
AN A5 56 T = A DA PRV A Ry Y ) 24
WFIE(45.2% ) , 23T T 5 SOME SR XU YT _E i 5
TSP RE VS (FEAR)Z 36.93% , WA )2 21.47%)
SRIRITE A0 Xt Ak VG b g 107 e e DA 3t R MR BE 5 1
W EE R (39.16% ) , LRV P P =F 5 R B K 9]
AN, EIREE S AR LB R T L T R A X
HEPGIL W N A DL, BETE A% S A Ak, T
FHLIE B F R BE AR TE40 7 53.62% , X #4348 1k
FEALE T AW B AH B R S R AL R

A
4 Z5iie

()R HHE 44 DR R 5rh 4 A FEVE DR
AU RP IR T 0 SRR -2T 15 L RRAT R T -0
T RELRRE S TV A AE-F B ARV ARV, . X
4 TG IEAS RS AR, MR F AR s A
b TR R B B AR B 2R

(2)DCCA 27 s, 34 A 0 /0 S B
TERZATE V& 25 [ A6 Ja 43 S B PR B8 T R bl 32 4
L, BEA DL A A AR R R AN R ™ A Y
M), - 98 oS58 R 5 8 5 A 40 T i 0 o 0 A A%
SRR IR B K HIERHIE K 7 5 8
REEVR A Jmy AN [ R B A DG, 2 B A 358 40 Ak X
EYIF Z R AR 5 AR, BV A A A% R
RIAVEIN FEARBETE Z 0040 TR M3 b
SEIH AR R SRR A B, N R TS S A
YEE BE R BN IRAETARBEE R Z 0T
PeRER A B ER 3 AR X B e 1 A X
SO Bl 1 S B 2 O T TR R
SRR EE, BEE ALY Peng 5™ fEHEVE L
A WE TR L AR I A5 I 25 S ML, PRl A 3R
A I KB RBR Z0 TS LLRRAT S5 A b 32 2
ST TP B PR I T YA B TR R
PRD R0 T E R B2 A T n Bk
7 o TERRORE 38 H B A R AR LU AR ) 3 A A R
Ao EER T AR KA 22 A K,
RO R B B 119 5 M i o 1) o A7 -, R AF W% 0T R
A SRR 1) Mk R A R R I 5 ) g R R X 3
5, S LT AN [R] RUBE B I R X AL 4 25 1] 43 A 1)

SO AETE2E 57 W e 26 58 5 TS M X BV A% S 7 2
HELR

(3) X i) Bof 28 43 A B AT A R 2 A %
A% OB GE N 2, a5 DG B 1 ) R 0 1Y
HAEHLE, EB%¥R—HB T BN
il R R T O AL ARG, B TR ST E
(A A S A B A LA Hubbell 4036 4 A 25 2%
AR REE hPEEE Y ARSI A %
L PIFE N AN [V o7 F AN [] B AR 5%, 932 A TR )
AR R TR ], 22 B8 IR A AR 25 ) 22 7 0 HLAg— W) il
HAEHAT 5 A AR S 0 I, R b oeT D 3
F7202 ) BEIE RS S BETE R A A AR A
A5 LGRS R R BA M F W AR ST
R EB R LB FIY B ; RS2 LA R
PyFPaT LS IRALAE Wi 22 B 0 AR AR BEAIL Y , L A7
(A e T Rl A (BGE A ) FIBEAILK 46 2
[E) P S , 3 7% D9 90 e 1 R XS 22 T o B ] 9 30 A i
PR Bl ™ R4 B e i g St o, £ HER
TXFHETE PR 23 (8] 23 A A% Je (9 RE B ) K 32.82%
HIE R 782005 22.54% , 4 8. 98% & HE 5 1 1A
THEA B R | R T 4 3 32 T 9545 (1) 25 [a) k%
JRA —ER N, AR N AL R iR T R
JE7E 5 1) 46.38% , A BE AR B 8 4338 53.62% , Ui W]
AU X R )2 TR 5 PR AR DG HEAR /N B
YR Z o A EEZ Y Z M A BEAE A (nss
G T5 | ) 5 38043 A B L 2 OC &R T 51 R A R TR B
25 FBEHLIE 28 FT sz > BRBE 2% R i) A s o b
Yikh 2 AR S A E R BB, X — 25 R SR
D7 SIS AL H 5 R [ i A 0 FE A B
FAFTE A A5 20 I AR A ORI K A AR R
PIX A5 25 AN — B0, 1 55 vh A W AH AR R
BEAIL PR 38 J8 A AT i e o A IR B 50% BRI
AR XA dE e LR AR AR 22 5, 2 R
ZRLHIRIE R 4R Y

(4) H: VY i W B0 AR b DX A7 A 0 )™ Y A AL
WA, HAEAWY sk a# ) RERAEXBE S
St BT LB AR GEBREAR TR, R A O Rk A ik
A S L HURE Y P2 e D (E PSR ELAE S 3R
BRW 1R B I 1l DX, B 7 T T Bl 6 A A A A
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