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Relationships between vegetation characteristics and soil properties at different restoration
stages on slope land with purple soils in Hengyang of Hunan Province, South-central China.
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Abstract; By using space series to replace time series, this paper studied the relationships between
the vegetation characteristics and soil properties at different restoration stages on the slope land with
purple soils in Hengyang of Hunnan Province South-central China. There existed obvious differences
in the soil physical and chemical properties at different restoration stages. From grassplot, grass-
shrub, shrub to shrub-arbor, the soil organic matter, total and available N, and moisture contents
increased markedly, soil bulk density had an obvious decrease, soil total and available P contents
changed little,, and soil pH decreased gradually, but no significant differences were observed among
different restoration stages. At different restoration stages, the biomass of plant community had
effects on the quantity and composition of soil microbes. The quantities of soil bacteria and fungi
had significant positive correlations with the aboveground biomass of plant community, but the
quantity of soil actinomycetes had less correlation with plant community’ s aboveground biomass. At
different restoration stages, the activities of soil urease, protease, alkaline phosphatase, invertase,
cellulase, catalase, and polyphenol oxidase decreased with increasing soil layer, and had significant
positive correlations with plant community’ s richness and aboveground biomass.

Key words: species diversity; soil microbe; soil enzyme activity; vegetation restoration; purple
soil.
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Table 1 Basic status of sampling sites

BB W Bt 0214 TR

Succession  Aspect Slope Altitude Soil type

stage position (m)

| SW TR 120 Fet
Middle-down slope Purple soil

I SW R 110 xt
Middle-down slope Purple soil

I SW R 100 EJu
Middle-down slope Purple soil

v SW PR 110 EJuks
Middle-down slope Purple soil
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Table 2 Soil physio-chemical properties of 0—40 cm soil layer at different vegetation restoration stages

WP B LT £ 0 U ES) U oK Faxis pH
Succession  Soil organic Total N Total P Available N Available P Water content Bulk density

stage matter (% ) (% ) (%) (mg - kg™') (mg - kg™') (g-kg) (g+em™)

I 9.97+1.02b 0.51+0.02b 0.08+0.0la 34.51+2.11b 8.23+0.63a 144.1+2.1b 0.94+0.02a 8.72+0.05a
I 12.34+0. 80b 0.61+0.08b 0.08+0.00a  33.76+0.06b 7.55+£1.29a  182.5+0.2b 0.95+0.07a 8.41+0.04a
I 24.11+0.98a 1.20+0.04a 0.07+0.00a  81.81+2.11a 15.19%1.15a 259.2+0.5a 0.64+0.03b 8.05+0.07a
v 26.12+0. 84a 1.27+0.02a 0.07+0.02a 81.61+0.56a 11.04+0.52a 328.5+0.4a 0.56+0.03b 7.47+0.05a

AN [E) B s R TR R K &R B B ) 22 57 2. 35 ( P<0. 05) Different letters meant significant difference among vegetation restoration stages at 0. 05 level.
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Table 3 Richness, diversity and biomass of plant community at different vegetation restoration stages

TR B YRl Simpson FE% Shannon 8 %% Salei iy 4 b A R A
Succession Richness Simpson index Shannon index Evenness index Aboveground biomass Belowground biomass
stage (g-m™) (g-m™?)

1 5 0.98 2.53 0.84 189.34+13.49 1025.36+189.35
I 14 0.96 3.30 0.92 240.36+15.98 1897.54+100. 39
I} 21 0.88 3.55 0.94 350.39+23.87 2547.32+142.38
v 17 0.95 3.47 0.94 490.98+28.24 3425.68+203.98

2.3 AFEEBAKA BB+ A Yo
M3 4 ol LI AR B Bo , 36
AR R/ IN LR 329 O « A0 T > TR T > BB

x4 AEEHRENRTEREDEE
Table 4 Soil microbe quantity at different vegetation resto-
ration stages

BB +)Z A K HE e e
o, LA i X e, A R0 BT Succession Soil layer  Number of Number of Number of
NI N RO RNy T e s e 1) (K10 1) (i
(V) STEMNRZ B () >TEFIRE BB (1) >HE | 0~10 22.56Aa 7.99Aa 15.53Aa
WVREME( 1) , T ERENE (V) AR E D 10~20 11.32Aab 4.82ABh 9.53Aab
FRT I 3 B B B S AT B L S
I BRI 7 (R T B (V) fy 2 R,
FIACLk T 1) Btk 34 80 350 T ol 3 A A Rk 52 oow wom s L,
BreL. m 0~10 44.69Ba 7.47Aa 12.45ABa

HT HIERBZRERZ MR, AR LN 10~20 19.69Bab 2.00Aab 5.36Bb
EFRUE KIS AR , AR TR K 20 ~40 14.28Bb 1.28Bb 4.27Ab
52T Ik 2R, Joie &4l , 2 5 v 0~10 124.78Ca 0.38Ba 0.17Ca
TR T B AT 1 S 25 10 ~20 115.82Ca 0. 17Ch 0.16Ca
20 ~40 36.29Ch 0. 16Ch 0.09Ch

2.4 A[FREHRID B BE A T

H1Z% 5 AL BEE AR O S R AU T, &
ST P ) DR/ e A 728 . Tl AR 2T 4 3%l T P A
TrEIR B B (V) fem | 035 i T A3 MR Bir

AR E FREFR AR B Be il 22 57 183, A R/NG F 3R R
JZ[R12% 5 1.3 (P<0. 05) Different capital letters meant significant difference
among different vegetation restoration stages, and different small letters meant sig-

nificant difference among different soil layers at 0. 05 level. FIA] The same below.
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Table 5 Soil enzyme activities at different vegetation restoration stages

BB B T2 DK it H IR T YR AN ER e

Succession Soil layer Urease Protease Alkaline Invertase Cellulase Catalase  Polyphenol oxidase

stage (em) (mg - g (pmol - g™ phosphatase (mg - g™ (mg - g™ (pmol - g7! (mg - g™

~d™h) “h)  (pgeg-dh) -dh) -dh) “hh) -3k

1 0~10 0.28Aa 1.38ABa 1.39Aa 5.12ABa 1.49Aa 52.34Ba 0.42Aa
10 ~20 0.25Ba 0.83ABb 0.80Bab 3.98Bab 1.31Aab 32.14Aab 0.28Bab
20 ~40 0.14Ab 0.84Ab 0.32Bb 1.05Ab 1.04ABb 25.73Ch 0.26Ab

1 0~10 1.47BCa 0.98Aa 1.15ABa 0.87Aa 1.48Aa 75.36Aa 0.58Aa
10 ~20 0.50ABb 0.92ABab 0.35Ab 0.82Ca 1.39Aa 74.59Ba 0.45ABab
20 ~40 0.29Bc¢ 0.80Ab 0.27ABb 0.64Cb 0.71Ab 72.87Ba 0.35Cb

n 0~10 1.05Ba 1.79Ba 0.76Ba 7.69Ba 1.42Aa 78.23Ab 1.18Ba
10 ~20 0.84Ab 1.32Bab 0.44Aab 5.93Aab 1.32Aab 78.00Bb 0.69Ab
20 ~40 0.39BCc 0.79Ab 0.21Ab 2.54Bb 1.15ABb 76.45Bb 0.28Ac

v 0-~10 1.98Ca 0.87Aa 0.87Ba 0.89Aa 3.20Ba 1.25Ca 0.19Ca
10 ~20 0.49ABb 0.69Aab 0.71Ba 0.57Cb 2.45Bab 1.23Ca 0.18Ca
20 ~40 0.45Ch 0.57Bb 0.26ABb 0.54Ch 1.98Bb 0.98Ab 0.17Ba
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Table 6 Partial coefficients between richness, diversity,
biomass and soil microbe quantity at different vegetation
restoration stages

miH HEE A RAEC Izl P
Ttem Succession *XZ& 25 t
stage Partial Partial value
correlation  coefficient
AR A [ r(n,m;) 0.986**  5.54 0.02
Number of r(n,my) 0.949 * * 3.75 0.11
bacteria r(n,ms) 0.454 1.59 0.66
I r(n,my)  0.997**  60.06 <0.01
r(n,my)  0.999**  62.46 <0.01
r(n,mg) 0.987**  50.86 <0.01
I r(n,my)  0.999**  45.58 <0.01
r(n,my) 0.997**  50.78 <0.01
r(n,my)  0.999%*  30.22 <0.01
\Y r(n,m;)  0.987** 17.52 <0.01
r(n,my)  0.996**  12.15 <0.01
r(n,mg) 0.986** 13.26 <0.01
SN LG I r(n,m;) 0.956"*  5.86 0.05
Number of r(n,my)  0.926%*  3.12 0.17
fungi r(n,my) 0.964"*  6.16 0.04
Il r(n,m;)  0.986**  15.64 <0.01
r(n,my) 0.988** 29.38 <0.01
r(n,my)  0.976* % 11.12 <0.01
Ili r(n,my)  0.987**  12.26 <0.01
r(n,ms) 0.989**  21.98 <0.01
r(n,my)  0.989**  7.65 0.02
I\ r(n,my)  0.963**  5.78 0.05
r(n,my)  0.976**  4.99 0.03
r(n,mg) 0.976**  5.65 0.04
kRS I r(n,my)  0.511% 0. 66 0.62
Number of r(n,my)  0.734**  2.13 0.39
actinomycetes r(n,ms) (.878** 3.01 0.21
I r(n,my)  0.595* 9.20 <0.01
r(n,my)  0.961%*  5.72 0.05
r(n,ms3)  0.956**  6.57 0.03
Il r(n,my)  0.470* 1.19 0.36
r(n,my)  0.904**  3.23 0.17
r(n,ms) 0.973**  5.23 0.05
Y r(n,my)  0.652* 1.00 0.45
r(n,my) 0.274 0.30 0.80

r(n,ms) 0.574* 0.86 0.55
n: AR ELTA B B4R Numbers of bacteria, fungi or actinomycetes; m : i
AWt Aboveground biomass; m,: i T 4 ¥ it Belowground biomass; my: F-
& ¥ Richness; m,:Simpson $54{ Simpson index; ms: Shannon $§4{ Shannon in-
dex; mg: B2 EFEEL Evenness index. # P<0.05; # # P<0.01. T[A] The same

below.
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Table 7 Coefficients among the soil enzymes, richness and aboveground biomass at different vegetation restoration stages

B BB EiR e Jig At H b IR T Bty RN JEAE WAL

Succession Index Urease Protease Alkaline Invertase Cellulase Catalase Polyphenol

stage phosphatase oxidase

I F L Richness 0.180 0.472* 0.130 0.564 0.120 0.478 " 0.847 "
W) 5 Biomass 0.499 * 0.424 0.876** 0.836* " 0.802"* 0.168 0.457

I F W Richness 0.519* 0.825° " 0.688** 0.432 0.346 0.166 0.524"
A= Biomass 0.827** 0.668 * 0.470 " 0.190 0.472" 0.796** 0.228

[} F 5 Richness 0.588 " 0.786** 0.417 0.187 0.852** 0.478 " 0.305
L4 Biomass 0.654" 0.847 %" 0.814** 0.480 " 0.417 0.445 0.837**

VI F & Richness 0.569 " 0.587 " 0.915** 0.336 0.416 0.472" 0.541"
A4 Biomass 0.650 0.834** 0.199 0.028 0.548 0.866 " * 0.909 * *
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WRARRGIERR LT 4ER A LIRS 7 I8 1, 1
AR JUBE L A AR 7 K P (B B 5 ) 1) s 1
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