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Effect of Soil Matrix Improvement Measure on Erosion Resistance of Purple Soil
During Vegetation Restoration in Southern Hunan Province, China
FAN Shicai' s FANG Xi''*, WANG Zhenpeng', CHEN Jinlei'

(1.School of Life Science and Technology, Central South University of Forestry
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Abstract: In order to evaluate the effect of soil matrix improvement on soil erosion resistance during
vegetation restoration of purple soil, relevant experiments were carried out in the purple soil area of Leiyang
in south Hunan Province, China. Three soil matrix types were chosen in our study, including the untreated
purple soil matrix (control land), the purple soil of interchanging topsoil with subsoil (soil replacement
land) , and the one added organic improver based on the soil replacement land (soil matrix improved land).
Thirteen erosion resistance evaluation indexes were determined, the important indexes were screened out and
an evaluation model was established to study the change of erosion resistance of purple soil substrate after
soil matrix improvement, using the correlation analysis and the principal component analysis. The results
showed that: (1) Compared with the control land, the organic carbon content, erosion resistant index,
>0.25 mm wet sieve aggregate content, ~>0.5 mm wet sieve aggregate content, < 0.002 mm clay percentage
content, mean weight diameter of wet sieve aggregate, geometric mean diameter of wet sieve aggregate,
structural granular index and aggregation condition in 0—10 and 10—20 cm soil layer increased by 69.19 % ~

99.81%, 9.72% ~46.86%, 41.69% ~50.80%, 47.26% ~58.98%, 73.82% ~194.35%, 47.96 % ~57.01%,
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49.06 % ~68.97%, 74.23%~183.25%, and 14.62% ~20.16% in the soil matrix improved land, respectively.
On the contrary, soil bulk density, fractal dimension of wet sieve aggregate and structural failure rate
decreased by 10.53% ~16.26%, 4.64 % ~7.58% , and 39.22% ~54.64 %, respectively. (2) Soil bulk density,

organic carbon content and wet sieve aggregate content and stability were the main factors affecting the

erosion resistance of purple soil. (3) Compared with the control land, the composite index of soil erosion

resistance in 0—10 and 10—20 cm soil layer in the soil matrix improved land was significantly increased by

524.14% and 146.99% , respectively, and the one in the soil replacement land was increased by 93.10% and

42.17% , respectively. The results showed that the soil matrix improvement during vegetation restoration not

only increased the organic carbon content of purple soil, but also significantly improved the soil erosion

resistance, and this method can be used as an effective measure to control soil erosion in purple soil.

Keywords: Southern Hunan Province; purple soil; soil matrix improvement measure; soil erosion resistance;

comprehensive index of soil erosion resistance; principal component analysis
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35.83%0),<0.002 mm Fhki & AR (1.24% ~3.65%0) ,
& BH 5% (0 4 S5 P R R B R A 5 L K PR I RE ) 22,
Sy kAKX PR ML 0.05~2 mm bR & & Ah
fbF8 45K 0—10 em + )2 >10—20 em + )2 . 5518

R A 0—10 em +E>10—20 em + )2, HAb 1R
FR¥I M 10—20 em +J2>0—10 em + )2, (HF + )2
] 25 5 3 (P >>0.05), BT R i 0.05~2 mm
R & mERM A 0—10 cm )2 >10—20 cm )=,
HAFE R EH N 10—20 ecm £ /Z>0—10 cm +
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U A 45 R K A 5 AR S e R X 9 7 R ek e Y 5 T 27

JZ AR )R ] 2 5 OR B3 (P >>0.05)

MFE 4 A LIF H,0.05~2 mm BB = 4 IR
> 4 2B > FE T R M, 010 em 1) BTk
B 55 % FR 25 S B 38 (P <<0.05) , 2 B 4 b i I il
KL b3 91 et PR B IAARR 2.05%0,7.83% 31020 em )2,
N[l b3 E] 22 5 3 (P <<0.05) , + J2 B 46 b 5 5 i
L343 591 L Xt B il [ AR 10.35%,18.45%, 0—10,10—
20 cm 1 J2,0.002~0.05 mm By & B R AR 91K 1+ 2
B G R R e R R, 010 em £ )2 AR
[ b BRI 22 S5 A B8 35 (P =>0.05) , i i okt B #b bE o R
MR E A 1.74%0,2.48%510—20 em +
2, L2 E e LT R b 5 B b 2% S 3 (P <<
0.05), 4= 2 B 4 b | 8 5T 0 R Hb 43 1) Bb X R M B
4.72%,6.67% ., <<0.002 mm FRL & 5 | 25 48 M R

TR I N Tk R M > R R > X R L, 0—
10cm HE.EFREMSXBB2ZEREEHE P
0.05) , = J2 B 4 b F1 3 T 2 R M1 <<0.002 mm FikE 75
i H X BE b 23 S B2 R 58.64 %6, 73.82 %, 4 H 1k UKL
B R 64.68%,74.23%310—20 em + 2, %
JT ek R M 2 e b % R ] 25 5 d 5 (P <<0.05)
+ J2 B M T O B HE<C0.002 mm ZERL A R L v
HB Ml 23 1452 25 59.68 %0 . 194.35 % o 245 kg 1 UKL 45 % 2>
LR 53.81%0,183.25% ., AT JMR I 3% BH A 35 i ek
R = A+ 2 e b > 5 BE SR O ol R S 0 R b 2
S (P<C0.05) , 4 )2 B 4 L 58 00 ok R H L X IR
Hi oy B R 2,42 %6 ~9.69 %0 F1 14.62% ~20.16 %, 3
B - S T oM R RS T 5 8 R AU 2 ORI R AT SR AR
P v 5 AR PR OB H5 B8, ok R ATSROR L

F4 TENMHARSRBEBEEBFERR L Y
+ 2 - g 3 o g g A Zh A kP S
VR /em  AbFEOT R (0.05~2 mm)  (0.002~0.05 mm)  (<0.002 mm) R 45 8 :
X HE b 32.6841.91Ba 65.4241.49Aa 1.91+£0.65Ab 2.9140.96Ab 33.934+4.94Ab
0—10 T2 E A 32.01+3.53Aab  64.95+4.03Aa 3.03+1.86Aab 4.79+3.31Aab 34.75+6.98Aab
FE R R 30.124+1.89Ab 66.56+2.66Aa 3.32+1.44Aa 5.0742.30Aa 38.89+4.23Aa
X HE b 35.83£2.33Aa 62.93+2.28Bb 1.2440.21Bb 1.974+0.36Bb 33.04+4.48Ab
10—20 T2 B 32.12+2.65Ab 65.90+2.72Aa 1.984+0.66Ab 3.03+1.05Ab 36.2445.84Aab
FET R H 29.22+3.28Ac 67.13+4.04Aa 3.65+2.17Aa 5.58+3.48Aa 39.70+6.52Aa

3.2 TEmMMEENIERZ EREXHE

MRS AT LLE W, LA R S D45 ok %
BB E AL (P <<0.01), 5 SOC, $i il 45 %k .
>>0.25,>>0.5 mm M A R AK S 7 . MWD.GMD, 4
FROE B (P <<0.05) 8 i B 3% (P <<0.01) fi Ml
X, SOC SHiph+s %, >0.25,>>0.5 mm B 7 F &
& B MWD, GMD,<C0.002 mm Zik & & 451 v
RS 0, A BOR O R R R E IE A 6 (P <<0.0D),
D G5 SR A B B 3 SR 56 (P <<0.0D) . B ilids
5 >0.25,>>0.5 mm &0 A R &K & 2. MWD,
GMD 2 B EA X (P<<0.01), 5 D 45 pk IR %

BB E AR E(P<<0.01), >>0.25 mm T 7 F %
R 5 S5 IR R 2 3 IR AH G (P <<0.05), 5 1A
BRI B A 96 (P <<0.01), >>0.25,>>0.5
mm 5% B A 5 . MWD, GMD [i] B 52 4% i % 0F
A (P<C0.01),5<C0.002 mm Zb R & & 45 1 1 B
K8 E A RAR O B R E A 6 (P <<0.0D),
D G5 SRR 3 B AR 3 M 56 (P<<0.01), D 544
PR PR A B4 5 35 TE A ¢ (P <<0.01) . D G5 il 3R R 15
<C0.002 mm FALE 45 H P AURL 8 £ AT SRR B 2
W A (P<<0.0D), <<0.002 mm Zfiki & & 5451
PR R R B E ARG (P<<0.01),

£S5 TEHMEITENERZBNEXRY

WH I L2 I3 Ty s Tg

X7 Tg Ty T10 T11 T2 T3

Z 1

I —0.71" " 1

T —052° " 05477 1

N —=0,05 —0.04 0.12 1

Is —0.57" " 084" 04177 —0,02 1

T =057 " 0.82°" 039" " 0.00 0,99 " 1

T7 =053 " 0.80" " 0,327 =011 0,977 098"~
Tg —0.55" " 08177 036" —0.08 0.99" 0.99" "
=083 —0437 " —0.01 =0.99" " —0.99""
T1o 05477 —=082" " =038 0.24" —0.98" " —0.96""
I =0.21 04377 0.22 =0.01 04477 043" "
T —0.18 039"~ 0.21 0.01 040" 039" "
T13 —0.28" 0,347 0.01 —0.36" " 037" 03177

Ty 05777

0.99" " 1

—0.96" "  —0.98"" 1
=0.97" " —0.97"" 0.96" " 1

043" 0427 =041 —0437 1
040" 0397 —038" " —0.39"" 099" " 1
035" " 03477 —033"7  —04l" " —0.01 —0.07 1

T x Fm P<<0.05; x * Fom P<<0.01,
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3.3 TEIMIEMERNERS S

M6 FTLLE L5 1 B4 (F)) 7 28 5Tk % e
Kok 55.29% , %+ B ph b5 e B 5 2 R gy
(F) 55 3 FE Lok (Fy) 7 22 5Tk 3 43 51 R 16,980,
11.28 %6 o % - HEHL il M 52 w55 /0N 5 i 3 A4S 32 o0 1 Bt
DURRFEIAF 83.55 %0 » (M7 B Tt 1y 48 4, 1 W HT AT
AT AE R 25 A VFA 48 bR R WP - HE Bk
PEBIMF BT SEPEAE 83.55 % LA B i 2 3 AT A Y
BOR . R HT 3 A T2 A3 AR S B 5 6 43 A XA [
3L A B 5 S A R koM AR S B T T R
WY 3 A F2 8003 e 5 £ ST M i 9 5

6 THAMBTNRSEERIRSTHRE

. F1ERSY H2EES I ERS
(F)) (F,) (Fs)
KE x, —0.72 0.07 —0.24
HIREE 2, 0.88 0.18 0.05
PURIRAL 2 0.53 0.02 0.50
>0.25 mm FHARE AR 2, —0.01 —0.03 0.81
>0.25 mm IR A 25 0.95 0.23 —0.07
>0.5 mm AR A & 2, 0.95 0.22 —0.06
WA R R R A 2, 0.92 0.25 —0.17
R A R AL AR 2 0.94 0.23 —0.13
R R - ST B —0.96 —0.20 0.04
HHWIRE 21 —0.93 —0.23 0.24
<0.002 mm FRiEH & 71, 0.22 0.95 0.03
SER ORI 21 0.22 0.96 0.07
BRRIN 215 0.42 —0.21 —0.62
FRAEAR 7.19 2.21 147
Tk % 55.29 16.98 11.28
St wrk®/ % 55.29 72.27 83.55

MR A8 32 B 23 B v B 28 7 2R B 48 X (H > 0.7 1Y)
JEME kR E R, NER 6 ATUEH.FI 5 2.
T T 55T 7T Lo T MR K F. 5 202
MR R F, 5 o MR R, Hd,z a, M
1B BB vy 25 T T T~ A 2, B
i ZRBONIE R RS D (S5 IR AR5
Ul RE S 7 A U EACR L 1 SOC.>>0.25 mm 14 4
BAK.>0.25 mm 0 AR AR >0.5 mm 1 i AR
& MWD .GMD,<0.002 mm FHr , 25+ 14 0k 45 %%
Xof SRR BB T 7 A T TR S T LI O AT 2R A 4
P QU 0 14T 58 A 5 b 5 A P e b ) 300 i =

MCHIE 22 7 R 4% 30T HE BT b 1 3 B 98 AR E AT A
AL B 155 F~F, iR R
F,=—0.15Z,,+0.13Z,,+0.12Z,,+0.05Z,., +

0.1372,5+0.13Z,4+0.12Z,,+0.13Z .5 —

0.14Z,,—0.12Z,,,—0.09Z,,, —0.09Z, , +

0.07Z , 15

F,=0.16Z,,—0.03Z,,—0.09Z,,—0.06Z,, —
0.003Z,5;—0.01Z,540.02Z,,40.001Z, s+
0.02Z,4—0.01Z,,,+0.50Z,,, +0.51Z,, —
0.15Z, 15

F,=—0.21Z,,+0.082,,+0.382,,+0.57Z, , —
0.01Z,540.001Z,5—0.082,,—0.05Z, s —
0.01Z,540.13Z,1,—0.02Z, 1, +0.01Z, 1, —
0.40Z 15

A Z,(=1.2,3,,13) K x, brdEfb 5 A EUE .
WA 1.2,3 E A A AT 3 A4 F M R TTEC

PR , 7 A B S IR AR B (O Y

AR K F=0.66 XF,+0.20XF,+0.14 X F,,

®7 TEAMMITNERSBHREER
F1ERS  F2ERDY  FERN

iz

(F)) (Fy) (F3)

K2 —0.15 0.16 —0.21

ARG & 2, 0.13 —0.03 0.08

PR x5 0.12 —0.09 0.38

>0.25 mm T RE A& 2, 0.05 —0.06 0.57
>0.25 mm @i AR K F i x5 0.13 —0.003 —0.01
>0.5 mm W H R K S & 2, 0.13 —0.01 0.001
WA R E R ER 2 0.12 0.02 —0.08
0 058 A SR AP 24 LA A2 0.13 0.001 —0.05
TR 3 770 72 e —0.14 0.02 —0.01
BB 21 —0.12 —0.01 0.13
<0.002 mm FRL i 20y —0.09 0.50 —0.02
BRI A 21 —0.09 0.51 0.01
AR 215 0.07 —0.15 —0.40

Prihrk 25 A M 1R B CF) B EE SR (| 3) &
B, + )2 & H i 0—10,10—20 ecm +JZ B F 43 5
—0.02F1 — 0.48, 4 7 Lt X B Ml £ /= 93.10%,
42.17% BT B i 0—10,10—20 ecm )20 F 4%
A 1,23 F0.39, 43 G b XF B Hb 32 & 524. 14 %,
146.99 %0 » R W] L ok RIS A4 = T % 6+
R

20

g xEs
L5 T TEE#M
B EREREM

B 10 ¢
i_‘jo.s-
B oo

4o

#%-0.5 -
-1.0
.15 0—10cm

B3 AETEERAEARXRELIERMEEZSGITINIELR
4 W

2T SOC 7y it % 1+ 04 2 bl A 1 1Y

WA AR ARG P R R b R
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SOC &, mxf AR, L2 EHmE T, 5
JE P AE S BT 2 R AR — B, T RS K
R f a7 A HUIE 88 AR B W L 3 SOC 1y
By A A B O R SOC & & 3 /= T4 Bt
A4 2B (P<<0.05), ILAM. BFAM A SR P &
EYUE 5 s = LY A R SN B 7/ LS R T /S RO B L
T EE A, Hh R IE Y E L SOC R E n, A 3
T SOC MR R 5 b 72 4L 8% 1 AR /D, 1 3R AR Ik 9 55
- TR )E TR AT G AR E LA TR

ABIEFE L R AR AR AR bR B R . B S
FLA T b P 48 B3 A A 8 AH DG P (3R 5) 3 B 0 141 2R
(A A ST b P 52 W R L RT R AR B SR € £ B Bl R
71, 5 BREM  EEEES U g R AR
Hh, i BTk R I O A SRR SRR E e T R
T M 0T BE ML W] R BT AR T ek R R SOC 1Y
S E— D4R R O IR I A R AR B SRR
SEME . BEFET R, SOC 1R R W 0 AR 10 A HLIK
2| QS R iy YA TR 7 =T o YA SR e -
VAT SR (A% 235 4 19 T2 8 T () 422 52 i) 4 98378 7K 1 g A<k S
[ v Ay 1N (A e s LN 18 e we= A T B A <
TR B - A A AR R RS L B A
Prih e E, 08 R HCPTR A e T T B
ey,

WRFET 1 R BB 3 5 A HE T b 2R AR U X
AR TE AT HORE 7, H i AR e - R K
PROKBETT . ARBFSEh IR 58 0 128 1 2 e, + 0
FF P RS . <C0.002 mm FR % &5 45 R M Uk 48
SR NIE iR X = s N AR A Ll T2
(P<C0.05), A& FHERFTK R JG,<<0.002 mm Zi
B AKX O] e A L DX Y 5
o+ AR BT I R 8 A 52 Hl A R AR A A [
o K, R A RRA LIERE
J2 FEERR R, SOC &8 AIK T . BRI 45 9 it /b, A 2R
PAXE UIE B, FEORLAS 51 25 S i O KUK & 2 BT 40
i PP 2 B KM 25 B KRR BE S 550 L R 5
BOHLEAE . SRSk B B, <C0.002 mm Bk /E N
- A SR AR Y B AR 2 BT R L R L A R TR
B AT 52 M) - S8 79 235 R0 R AE L 378 S0k RR G K P R T
SN BT L, T R AR S R R
i 2 AR DL Y A8k k H Al AT SRR A AR N AR AR
O H A BRI 5 <C0.002 mm BB B 45 kM UKL
TERCH S EAR B (P>>0.05) (£ 5), Al it &2 i T A
BRI B 12 <0.05 mm fH I B SEL Be =
AR R FEH A B,

ABFFEd, LA E . SOC & & 105 H Bk &
SRR E PR AR T S R Bl s R R . R

- R o R T R 5 SOC & &L 1 1<<0.002 mm
BB A Ak A HE BB A B A ORI L 2 v A
T 07 [ SR8 A i AN AR e L 398 R T R BT D R B iR
T HESE R A E L R E RO LA
Hrihds %, 1AM, 0—10 em )2 SOC & & 1% i 141
BEAGEMBEMHS T 10-20cm 2, AFTEMRT
1020 em + 2 AFALBE 0—10 cm 2 ZE A Pl
BEHET 1020 em L2, 586/ W5 45
BIAR -5, AR>S ELEWRKE. -
Ao R k2P k. Bt B AR
TSR A2 0 BBEIR Bl A R R R 0 DX
B R O AR )2 2 M Y AR e M, 1S e D K UR TR
FK A RE DR ASAURT LA RRAR K 37 2 B2 3, W) o)
U T e K - HEIE S DA R SR Pk R
AR A R
5

(1) - 8 5 o g R R 2 8 4 ] 2 5 T g 55 (0 £
rimrk o R T RAOCR O . BT
RGN SOC 14 iy A . 05035 48 o 7k &2 3 7 56
o KT KR ME B AA . <C0.002 mm Bk 45
LR PRTE X/ N1 O o R

(2) T A8 S B — P b PE M 48 b 8 2 27 5 TR 4R
BB PR TR B ) R RO W Y
AR AR, B ER 8, e ol B 2 R A U 5
L 98 N R T A A B IR SR RN AR P B AR O
Bl PR ARE 4 SR 2 B AR T R M R S B R 5
o b IR T At S i AT sl R TR A HORE L

(3) W R 58 €0 4 2 Bl 4 BF T b B A7 R A 5
K252, + )2, K il ™ 5, 0% 5 ol B ik . +
HEASE SOC & #0077 AT 2R A4 15 1t R AR PR X i b
DX A S f b ) R R R PRI o A G S AR, it
AAUIE R 52 AE B, 0/ M R BR R L DASE 9 H R 5 8 T
Ui RE S s A AT .
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