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1 0.35~0.65,
6 e
1.1 s ;
i ¢ 70% ). 4 m?
107°52'10" ~108°45' 40", ; 2 ,
25°09'20"~25°20'50"; 18.3°C,  90/4~7000) ;
=10 C 5767.9 °C, 283 d., ’ 907 '
1 320.5 mm., 1—10 . ’ 4076 ~607%;
(2] ’
10%~20%,
, : . ’
B8, : , 67.50% ~84.45 %,
T ’ 11.84% ~27.08% ,
5~12 m, 0.56~1.5 m, 2.93%~6.03% (0.44% ~1.42%) .
; 0.65~0.80, * ? (0.12%~0.39%) (0.11%~0.30%),
3~8 m, 0.5~2 m,
, . 0.75~0.85,  “ 91.81%~96.32%,
7 s 1~2 m, , ,
, 0.45~0.75, “ 7 ’
s 0.5~1.5 m,
1 (n=3)

Table 1 Area and proportion of each type of microhabitat in the plot (n=3)

/m? /%
202.50 67.50 222.87 74.29 219.18 73.06 253.35 84.45
81.23 27.08 53.24 17.75 59.77 19.92 35.53 11.84
12.65 4.22 17.58 5.86 18.08 6.03 8.78 2.93
1.97 0.66 4.25 1.42 2.15 0.72 1.33 0.44
1.14 0.38 1.18 0.39 0.35 0.12 0.70 0.23
0.51 0.17 0.89 0.30 0.47 0.16 0.33 0.11
300.00 100.00 300.00 100.00 300.00 100.00 300.00 100.00
1.2 ,
( ) , 3
- - - . (0~15 cm) , “
, 3 15 mX20m 1 6 ” (14]
( NN ), , ,
3 > > 3 , 2 mm 4 °C
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0.25 mm s o
1.3 2.1
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; (OM) , — , N .
(THA) — , \ . .
(AOC) ; (TN) . N N
, (AvN)  FeSO,—7Zn — . . . ,
,NH, -N ,NO; -N N N
; (TP) — — . N N N N
’ (AVP) - ’ ° ’ N
, (SP) — R N
(SAVK) — R 5 N
(AVK) — ; / H s
(ExCa/ExMg) EDTA ; . ’ ’
. . (AvFe,Mn.Cu.Zn) DTPA — N ° ’
; (AvS) — ’
o [5—17] .
3 [16] : (URE) 2.2
; (CAT) KMnO,
; (ALP) ’ LCA ’
. (8]
; (PRO) bl °
(SUC)  3.5— . CCA ’ L
(SRR) ; co, [ , pH. SUC, Clay. AvFe, NH; -N,
1.4 AvMn.,AvP, SRR, AvCu, AvZn, Sand. PRO, URE,
SPSS 22 i ALP 14 s ExCa.
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. Duncan .
M s N WS
(FA) (CA);  Canoco 4.5 OM.TN.AvN 12 SAvK.TP.Silt 3
o ,AvN.OM, TN
(CCA);  Origin.Pro2015 . v
1.5 ' |
CCA : SPSS 22 ’ ; ’
Sand PRO.SP.THA .NOj; -N
z-score , KMO Bartlett
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1
Fig.1 Canonical correspondence analysis showing the effect of vegetation plots on soil factors
2.3 2.145.1.426 1.009, 85.562% ,
) 4 o
e, « b, 1
o 16 KMO pH R \ 12
Bartlett P=0.000 < 0.05, > 0.60), 2
SPSS N 2 , 3
(PCA), 1 s N 2 s 4
4 ( 3), 9.110, 1 o
3
Table 3 Total variance explained
/% /% /% /%

1 9.110 56.935 56.935 9.110 56.935 56.935

2 2.145 13.404 70.339 2.145 13.404 70.339

3 1.426 8.914 79.253 1.426 8.914 79.253

4 1.009 6.309 85.562 1.009 6.309 85.562

5 0.721 4.504 90.066
6 0.407 2.545 92.611
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4
Table 4 The component matrix and the component score coefficient matrix
1 2 3 4 1 2 3 4
pH 0.856 * 0.353 —0.052 —0.272 —0.020 0.247 0.136 —0.174
AOC 0.935 * 0.119 0.148 0.089 0.133 —0.052 0.101 0.039
AvN 0.897 * 0.198 0.235 0.061 0.130 —0.071 0.165 0.001
AvP 0.913 % —0.279 0.030 0.105 0.146 —0.073 —0.101 0.034
AvK 0.786 * —0.103 0.256 0.273 0.201 —0.235 0.044 0.134
NH; -N 0.066 —0.941 % —0.009 0.086 0.102 —0.200 —0.383 —0.053
ExCa 0.088 0.641 % 0.648 % 0.101 0.092 —0.248 0.486 —0.021
Ex Mg —0.094 0.412 —0.432 0.774 % 0.084 —0.061 —0.018 0.840
AvFe —0.788 % —0.206 0.291 0.143 0.022 —0.279 0.014 0.013
AvMn 0.784 * —0.193 —0.257 0.233 0.112 0.021 —0.174 0.241
AvS 0.869 * —0.083 0.084 0.192 0.158 —0.106 —0.007 0.118
URE 0.930 * 0.071 0.037 —0.005 0.093 0.035 0.046 —0.013
CAT —0.397 —0.248 0.692 % 0.184 0.143 —0.488 0.140 —0.081
ALP 0.856 * 0.219 —0.104 —0.263 —0.016 0.244 0.063 —0.168
SUC —0.819 % 0.427 —0.138 0.020 —0.135 0.102 0.117 0.123
Clay —0.900 % 0.170 0.063 0.083 —0.072 —0.076 0.084 0.082
L% > 0.60,
16 «C D 0.35~1.05
(z-score ), —1.27~—0.06, 1.06 ~
s 1.35 —0.63~0.49,
, B ,
C 53 s , 1
—1.27~1.05, s
—0.63~1.35, o
o s
5
Table 5 Factor scores of soil quality assessment in different communities
1 2 3 4 1 2 3 4
1 1.93 —1.33 —0.26 —0.01 1.05 1.90 —0.32 0.04 0.41 1.25 1.08
2 0.92 —1.02 —0.79 —0.32 0.35 1.91 0.32 0.13 0.24 1.35 0.48
3 0.70 0.72 —1.37 —0.61 0.39 1.38 1.28 —0.66 0.13 1.06 0.48
4 —0.86 1.04 —1.05 —0.15 —0.53 0.28 1.76 0.09 0.31 0.49 —0.28
5 —0.39 0.04 —0.89 —0.69 —0.40 0.30 0.17 0.85 —1.24 0.23 —0.24
6 —0.45 0.65 —0.80 —1.10 —0.36 0.10 0.75 0.84 —0.31 0.25 —0.21
7 0.11 —1.75 0.10 1.83 —0.06 —0.48 1.10 0.49 0.75 —0.04 —0.05
8 —0.78 —0.72 —1.14 1.45 —0.64 0.28 —1.19 1.75 —1.26 0.09 —0.47
9 —0.93 —0.12 —1.41 —0.93 —0.85 —0.61 1.15 0.93 —0.16 —0.14 —0.69
10 —0.90 —0.43 —0.70 1.92 —0.60 —0.87 0.92 0.75 1.37 —0.26 —0.53
11 —0.89 —1.35 0.77 —1.29 —0.82 —0.33 —0.07 2.29 1.24 0.10 —0.64
12 —1.38 —1.51 —0.87 —0.37 —1.27 —0.93 —0.10 0.93 —1.22 —0.63 —1.15
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Fig.2 The result of cluster analysis of the soils quality in different sample plots
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Table 6 The ranges of the main soils indexes in different degradation stage

1 (n=6)
( ~ )

Il (n=6)
( ~ )

pH
AOC/g/kg
AvN/mg/kg
AvP/mg/kg
AvK/mg/kg
NH; -N/mg/Kg
ExCa/g/kg
Ex Mg/g/kg
AvFe/mg/kg
AvMn/mg/kg
AvS/mg/kg
URE (NH;-N mg/kg + 37°C « 3h)
CAT (0.1mol/L. KMnO,; mL/g « h)
ALP (ArOH g/kg « 37°C «+ 24h)
SUC (CsH1206 g/kg « 37°C » 24h)

<<0.002 mm Clay/%

(6.63~7.29)7.03 aA
(17.09~22.78)19.88 aA
(433.89~559.10)488.97 aA
(7.06~13.66)9.95 aA
(70.00~140.00)95.83 aA
(16.25~28.00)22.31 aA
(2.66~3.57)3.11 aA
(0.82~1.24)1.03 aA
(39.00~74.00)53.83 bB
(192.50~250.00)208.25 aA
(28.50~54.00)40.83 aA
(315.00~984.00)748.17 aA
(1.05~1.55)1.27 aA
(1.46~2.02)1.65 aA
(6.40~10.60)7.97 bB

(5.00~16.00>11.35 ¢C

(6.16~7.24)6.84 abA
(11.04~17.80)13.17 bB
(307.22~458.18)379.41 bB
(2.01~6.98)4.21 bB
(45.00~82.50)59.69 bB
(11.00~23.25)17.28 abA
(2.64~3.83)3.27 aA
(0.54~2.16)1.17 aA
(28.00~80.50)58.75 bB
(163.50~200.00)182.19 bA
(13.50~28.00)22.63 bB
(163.00~842.00)399.78 bB
(1.07~1.63)1.32 aA
(0.77~1.87)1.51 aAB
(12.00~20.40)14.45 aA

(13.00~21.00)16.76 bB

(5.91~7.54)6.53 bA
(7.41~16.38)11.49 bB
(224.22~451.36)357.44 bB
(0.71~3.98)2.41 ¢B
(40.00~80.00)54.00 bB
(6.38~24.50)14.99 bA
(2.35~4.75)3.31 aA
(0.38~2.26)1.16 aA
(54.38~141.50)91.89 aA
(105.50~168.50)144.75 ¢cB
(15.00~26.38)20.34 bB
(83.00~387.00)222.20 bB
(1.07~1.60)1.37 aA
(0.36~1.68)1.08 bB
(10.00~19.60)16.53 aA

(19.00~31.00)26.40 aA

(Duncan,P<C0.01),

[18]

(2)

(Duncan,P<20.05),

’

(P<C0.05),

201 " Larson  Pierce (MDS)
. [21] 3
[22] R
, (8101
TN(5.77 g/kg) , “
| ( > 40
(176.08%) , . . TP, SAVK, Silt
(61.10%), ’ ,
e s, AvN,OM.TN
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The evaluation of soil quality evolution in the process of vegetation
degradation in karst mountain area

CHEN Zuyong', LIU Fang', WANG Shijie*, LIU Yuansheng’, BU Tongda®, ZHU Jian'

(1.College of Resource and Environmental Engineering of Guizhou University ,Guiyang ,Guizhou 550025, China ;
2.State Key Laboratory of Environmental Geochemistry , Institute of Geochemistry, Chinese Academy of

Sciences s Guiyang sGuizhou 550002, China; 3.Collage of Agriculture, Guizhou University, Guiyang , Guizhou 550025, China)

Abstract To evaluate karst mountain soil quality due to the degradation of vegetation, this paper selected
two representative microhabitat soils, i.e. the surface and rocky gully soils, as evaluation units for the con-
struction of karst mountain soil quality evaluation system. 16 indexes were selected from 29 indexes using the
canonical correspondence analysis, and the soil quality was discussed by using the comprehensive evaluation
method of factor analysis. The results showed that, in the process of vegetation degradation in karst forest,
using weighting calculation with the areas of the said two microhabitats to obtain the soil quality synthesis
score can more accurately reflect the changes of soil quality due to the vegetation degradation at various pha-
ses; and these changes can be specifically divided into 3 phases. During these phases, the concentrations of
soil active organic carbon, available N, available P, available K, available Mn, available S and urease all sig-
nificantly decreased, while the available Fe, sucrase and clay contents significantly increased. In Phase I with
vegetation represented by original-secondary forest, no significant difference was found in soil indicators be-
tween the sample plots. In Phase II (as represented by shrub wood), the contents of soil active organic car-
bon, available N, available P, available K, available S and urease and the content of available Mn respective-
ly decreased by 33.73%, 22.41%, 57.66% ., 37.72% ., 44.59% . 46.57% and 12.52% in average, compared to
those of Phase I; and the sucrase activity and soil clay content respectively increased by 81.38% and 47.69%
in average. In Phase III (as scrub-grassland soil), the concentrations of soil available P, urease and alkaline
phosphatase and available Mn decreased by 42.82% , 44.42%, 28.45% and 20.55% , respectively, compared
to Phase II; the content of soil available Fe and clay content respectively increased by 56.40% and 57.49% in
average. In this phase, the contents of soil available P and available K become very scarce, which leads to
significant decrease of the soil quality.

Key words karst mountain area, vegetation degradation, microhabitat, soil quality deterioration, canonical

correspondence analysis, factor analysis, evaluation



