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Variation in soil property and its response to vegetation restoration in areas of

collapse mounds in mid-subtropical China
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Abstract: The term of collapse mound, is called “ Benggang” by local residents, represents the most severe eroded
ecosystem in the red soil region of southern China. We studied the response of vegetation restoration on the characteristics of
soil properties in different parts of the collapse mound system , which is an important reference to reveal the soil
environmental effects under the intensity erosion environment and to guided the ecological restoration in the collapse mound
area. Therefore, we selected three adjacent collapse mounds with different vegetation coverage (2%, 20% , and 95%) as
the study object. The physicochemical properties of 63 soil sample plots were investigated in 7 sites, including upper
catchment, collapsing wall (top, middle, and bottom section) , colluvial deposit (upper and lower section) , and channel
outlet. The variation and correlation of soil properties were also analyzed. The results showed that the soil bulk density, slit
content pH, ammonium nitrogen ( NH;-N ), nitrate nitrogen ( NO;-N), available phosphorus ( AP ), and available
potassium ( AK) content decreased significantly, while the organic carbon (SOC) , total nitrogen (TN) , total phosphorus
(TP) and total potassium (TK) content increased considerably with process of the vegetation restoration. From the upper

catchment to channel outlet ( via collapsing wall and colluvial deposit) , the soil bulk density and sand content showed up—
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down—up trend, whereas the content of silt and clay showed decreasing trend. The content of SOC, TN, TP and TK in the
upper catchment and the colluvial deposit were significantly higher than that other sites, whereas their contents were lowest
in the top collapsing wall and channel outlet, respectively. The spatial distributions of NH;-N and NO;-N content showed
downward and upward fluctuating trend, respectively, and the spatial variation of AK content showed a “V” tendency and
its lowest content appeared in the bottom of the collapse wall, whereas AP and pH showed a significant increasing trend
along with the runoff erosion direction. In summary, the soil structure and nutrient content were poor in the collapse mound
ecosystem. and the soil physicochemical properties present obvious spatial differences in different erosion sites, they were

improved by natural vegetation restoration.

Key Words: collapse mound ( Benggang) ; soil property; nutrient content; vegetation restoration; spatial variation

“ 1<} ( Collapse mound or Benggang) ", I T4 iR —J&“ 1 58 Fr B 3 Mo AR 1 yA 1 Sk R TR TR I 2 A
VEFI R AT W TR J 0 8 Rl bR s 11 b Y SR I A8 R R e S B, Sk DX Bl S R AR 1 B e B
2O AR Ry R S KD R AR VA TR R R A R A A oA T IR A TR
S BRI A B A P U TV T A 1 2 208 b 1L X, 3 TR AR = 60 m? 3% 23.9 J7 Ak, R4 I AR 24 1200
km® | AFAR PR 6000 J7 t LAL, FRAMERE L 5.9 J7 tkm ™ o A AR I EAG & R IGE % kPSR, 1Rl
BB S ™ H AR . HSE T AR T A TR 3, PR ik = A R d e D A FH ARG i+ i 9%
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WA 5 T A et TR TR FBLAR T S [RS8 8 RT3 N A 4 20 VR LT 97 1) A LR TR V0 TR i A A
PR A S 40 R FH B B2 B DDA = A B D300 X6 5 41+ 2 BB SR 5 5 KR 2 R AT AT
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TR 5 RO AN S B AR

1 REHER

KT EA FAR A VU RS, 8 v By 2 KU, AR 0 18.5°C AR RN B 1710 mm , 4F 257 R0 X1 4
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7.28 km®, (542 i b (R TE A 11.36% , BRI i #E(25°31749” N,116°1652" E) {8 HI VG 7,
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2.1 FRHLBE 5 REE

AR AR R PR Y S U] SRV T 2014 4F 7 H 5y 76 B IR BT AR b B[R] — AR /K IX s N 6 BT 3 2% i
A BEfR b & R IR 7oK e | 27 J T 0 B B30T (B 3T AY 3 26 (R iR AE A2 fh . e Hp i
B 11 BE LR 2 52 B KRR, A TR BRIRAS | AR i N B R A D ORE B AL 7T L B BRI 2 1 em BB A A
2 mm YJHLE BB B ARME A T 1 ME R AR AR RE TR SRR AR A K FEF B 15 FH ( Dicranopteris dichotoma) H(
A1 AW 22 MBI 55 FE A 2% (BRER A7 5 ) 5 97 B 11 178 o B A 3 [r) BV IR K (PR B3 /K iR JBE R/ INTTT 5t ) |, Ak T2
R RS, 13 0 N A4 0 3R R , MR AL , 29 5 mm WYRREE B0 55, AT MR A, FEEM A SRS
¥ ( Pinus massoniana) 5i¥5 ( Baeckea frutescens) 2Bk ( Blechnum orientale’) 1= | 32 B i b7 BUAT 76 ) BE T
S LA S RRAA R AT AR A T /0N AR 8 JEE 24 20% (IR o 7 543 ) 5 7 b L Pl T A B B /K 2% Ak T e Ik
SHPIZAJT B T HBREAR o> AR &R AR X A A o, R PAVE IR E 5 em DA B EARAE B LA
BAAT (Tlex pubescens) FEMHHE (Syzygium grijsii) B BiAh N 3, FAAT T2 (Miscanthus floridulus ) | 3755
( Gahnia tristis) NP HAE AHBHE 358 95% (RN ) o MR M2 T T PEMIZY 5 m &b, B g A F 11 74
72510 m 4b, R EARER IR 1,

x1 KEREREFERL

Table 1 Basic situation of experimental collapse mounds

Eie i} i BE BRI
ik Wl s (i Upper catchment Collapsing wall Gully of colluvial deposit
Collapse Vegetation Erosion o N . B4k ; .
mound No. coverage/ % area/m” R B i Fil e Distance K s
Elevation/m  Gradient/®  Aspect /°  Altitude/m  Width/m . Length/m Width/m
of divide/m
| 2 542 359 18 T 18 9.43 3.55—5.09  1.60—9.10 13.83 2.20—4.50
Il 20 705 324 3 F R 19 11.80 4.62—6.02  3.62—7.30 15.10 1.83—4.45
i} 95 146 318 15 A 26 6.30 270342 8.24—11.26 16.48 0.71—1.54

R 173 ) A2 okt A P9 S B 3 R A 5l 5 S 7 ) sl v 252 P SEE B s 0, F5e A28 0 1) DA 380 8 i 40l 3
KT AL, 3 KR TE (UC) B BETIARS (WT) i BE RS (WM ) | BEJICHS(WB) i BUA E#5(DU) A
AT H(DL) FAIE 1 (CO) o FEVLL 7 ADEROLAY Bl S B AT 7 AE A (I ARAE ST BE 4—Tm) | R 4R
H0—20 em 2+, TG RESFE TR A 1 4y RN, B—FE P 7E 2 mx2 m BY/NEURE Ty Y4
“HEAEIL”5 M RFEREAIM 1 NMREFE(HEEA 1 kg) AR K A BN IF S0 FAr%,; B4, T4
RES A B IR PR I 1.5—2 m Kb 2 AN, BRESE 63 )y, RAEESEIF LA 1,
2.2 FEARALEE S

PRI e 2 U R 2 2R B ) 5 | R R Y [RT S256 2, BGE B A, 2 mol/L 1 KC1 24, i
W&, R LR B AT (Skalar san™, fif %) W ; HEA TR AR ER IRRE D, A EHRE AR TS,
PRBRA S22 | AR IR A Y 51 R BB b 0, FH T 4% SR hRill 2 | 4 . UKL ZE 8 . pH A Pl 2 42
Wl B0 SO R AR, - UL ZH R R 73 AT R 48 (SEDIMAT4-12, FE ) 5 ; pH % fE/K 1 LU
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2.5 1, RJIMEHEXER BE 11 (STARTER 300, H[E) 5
FHLBR A1 4 E R FH Ak & 0T % 43 M4 ( Elemantar vario
MAX, TEE ) 5 ; 4= W FH AR R — o SRRV 208 5 M it
U PRI, SR % 223 80 43 AT A3 ( Skalar san™
o =) M 5 4 B0 SRR - o SRR TH 8 4 Bt ik 42
ORI , R KN 3 G RN 22 (FP 6140, HE) ;
AW ] Mehlich3 ¥ $2 )5, & M i 22 i 3l 73 Hr A
( (Skalar san™", far =) 5 ; #AH A 1 mol/L. NH,OAc
BRI R CEETHEN E .
2.3 HdlEabr

B2 Excel BRI HEIS R SPSS 19.0 i#
frgeit ot . AR R 7 22 5347 (One-Way ANOVA)
0 AN AR B S 0 A 5l A2 T B %oF - S S e 5 i
B Z R0 K B Duncan i &% 25 5 1 (1. 3 K Sk
A a=0.05) , FIF Pearson #H5& Z HOFN K 543 PEA 1

SOKSE
OB TR R

BRI R
B R

Wi n

1 BARERRESHE

<l R G0 S B ) A AR JEE , 2 il /1 1 Origin 9.0 Fig.1 Sites for soil sampling in collapse mounds

SE UC: 47K, Upper catchment; WT: FBETH %6, Top collapsing wall;
WM. A BE v 3, Middle collapsing wall; WB; A BE JiE #, Botile

3 &ERESM collapsing wall; DU AAFUA L3, Upper colluvial deposit; DL: AFR

TR ,Lower colluvial deposit;CO: JHIE 1 11 Channel outlet

3.1 R AR G0 IR BRI TS 6] S A AR

I R R A SR B AR IR AR, B e K Ay AR R B K, k2 15
A% B A T ARG 1.17—1.63 g/em®, fiiRd 1T, LA H 3R FIME 3 B0 1.41 g/em® 1,42 ¢/
em’ 1 1.29 g/cm’ , HZAF S RZECER I I I (11.05% ) > 11 (10.67%) > 1 (6.06%) . M 1 |11, + 1258 7254k
BN AR TR0 T, R3S R 10.1%, FEAR 25T A0 T, 3 45095 B 1 - 875 T 52 S 388 Jon i a2 734
T a s I O AR E S T, A, A T TR pH 43518 5.14 .5.13 .4.86, HAR 5 2405
MR 3.2% 3.73% M 5.11% ., #itd 1 . 1B pH 7545 H5 A7 i 28 4k AR Bl 48 7K 3% 1 AR (4390l Ry 4.93 A1l
4.89) i e (43R 5.24 .5.51) , A TG pH AR PL B0 R W5 A2 3L 07 1) ( B /K 35 T80 — A B — i B AR — 1
T, R IRD) S I DB ke A i R T0UHS RN YA T (A f 5 (5.19.5.25) . i@ AL 3 4% pH 22 20T HE
F 1.2 SRR B, 3 T 55 BN S AF 78 S B AA TS EE ARG I ) A ik A b A KR R M Y, 53K pH
TR,

R2 ATREBMUANRTEFES pHCFYHhRER)

Table 2 Bulk density and pH value in the soils in the areas of collapse mounds under different sites( mean+SD)

AL Sites +3EZE Bulk density/ (g/cm®) pH
I I | I 1 i}

7KL Upper catchment 1.33£0.03b  1.38+0.03bc  1.32£0.25a  4.9320.06¢c 4.89+0.02¢ 4.79%0.03b
HABETHHE Top collapsing wall 1.4420.01ab  1.41+0.04bc  1.34x0.0la 5.19£0.09ab  5.14£0.02b 5.19+0.04a
1BE R Middle collapsing wall 1.44£0.08ab  1.43£0.10abc  1.34+0.09a 5.28+0.02a 5.1420.02b 4.65+0.03¢
HBEIEHE Bottle collapsing wall 1.40£0.12ab  1.3120.09bc  1.33%0.25a 5.240.02ab  5.05+0.05b 4.62+0.03¢
JAFA E Upper colluvial deposit 1.39£0.14ab  1.51+0.05ab  1.17+0.13a 4.98+0.03¢ 5.1120.01b 4.75+0.01b
HBUA T # Lower colluvial deposit 1.39£0.03ab  1.25+0.21c¢ 1.2520.12a 5.11x0.03b  5.08+0.04b 4.75+0.02b
WWIEH O Channel outlet 1.50£0.06a  1.63+0.15a 1.300.06a 5.24%0.0lab  5.51£0.06a 5.25+0.02a
A8 5 B0 Variation coefficient/ % 6.06 10.67 11.05 3.2 3.73 5.11

ARG FREFR RN Rl R AL 22 57 1 B B2 KF (P<0.05)
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- A 28 18 e ST 4 3 RN B S L D SRS M A S B B R S BRA
WRAFTEAS M 225220 0 3 Ah 3 b AS RIS - e ks 4 A4 AE N6 3 B/, A b ARk X - b b Rk Ak
AT 34.43—73.51% . 11.89—33.82% . 11.90—28.85%, A 1 . 11 0 I &0k 5 2 404 20 5 54.27% |
54.47%F01 50.27% , Ky ki S B YA S N 27.15% 26.99% F1 27.21% , Bk & B YI(E 550 19.06% (18.54% £l
22.52% , TIERVRIS RS S RBEREI AR I (23.50% ) > 1 (18.38%) > 11 (16.76% ) , #3Hi 5 175 5+ £
BEI MR 1 (27.78%) > (25.36%) > 11 (24.80%) , ki & 0728 53 R ER P AR R 11 (23.76% ) > I
(23.67%)> 1 (20.31%) ., 3 &R, AR [ A0 I 6 - SEALARZHE & 1 22 S48/, AR i 1 310 T R s 3 e e
KT 8.35% , By ki AL KL & =43 MG N T 0.81% F1 17.67% , M 544 3RO 4307, i T . 1 A AE /K B T 3]
FRBRARTR R AL B RS N, TIVA) AR ik B i s, H R S T HE AL P<0.05) , i 4%
TR B AR DA T T A48 3B A7, 2 2 3 B A2 /K B 1w B VA 38 101 252 3 9 B e 3 (g
BETTFR AR BUA T HEERAN) oAb T | 11 ARk f AR 7K DX 28 i AR 355528 sl 2 v 3 1Ak P s 5
TG R, 9 b T LA 5 A A B s v A1, DA BE TR 1) V) 3 H 1 S BRIk A, A 2Ry Se i
A JE RN, R TAE O Ak R A AR AR A

R3 TREEBGARTEBMAN( FHEAREE)

Table 3 Particle composition in the soils in the areas of collapse mounds under different sites( mean+SD)

DA E & Sand content/% AR Silt content/% Bk Clay content/%
AL Sites (2.0—0.10 mm) (0.10—0.002 mm) (<0.002 mm)
I Il I I Il il I Il I\
eSS
4640+34bc  5490+£547h  40.71+548d  32.01£345ab  2641+4.67a  31.09+240b 21.59+1.98ab 18.69+1.97ab  2821+3.77a

Upper catchment
JHRETSHE

. 44.05+2.79cd  51.64£1.34be 3443+1.62¢ 33.82+1.39ab  31.34+7.06a 36.72+1.82a 22.14+1.85a  17.02+643b  28.85+0.76a
Top collapsing wall
JHEETTR
. . 57.14+6.83b  48.85+3.20bc 49.76+4.00c  26.24+5.50bc  31.08+2.07a  27.86+2.57hc 16.62+147c ~ 20.07+2.23ab  22.38+1.92b
Middle collapsing wall
T

. 53.97+405b  53.67+321bc 55.81+3.15h 28.53+3.13bc  26.70£1.74a  25.16+1.86c  17.50+2.03bc 19.64+1.85ab  19.03+1.84c
Bottle collapsing wall
AN

. . 51.03+4.12bc  49.50+8.08bc  52.1624.13bc  29.20£3.72bc ~ 30.68+5.88a  25.79+2.86c  19.78+1.43abc 19.83+2.74ab  22.06+2.12b
Upper colluvial deposit
JHARACT

. . 52.56+3.19bc  49.24+3.84bc  47.60+6.28c  28.36+3.56bc  28.11+2.09a  29.34+4.58b  19.08+4.47abc 22.65+3.63a  23.07+3.34b
Lower colluvial deposit
BB F Channel outlet 7143+10.71a  73.51%2.35a  7147+547a 11.89+#3.84d  14.59+1.95h 14.52+2.98d 16.68+7.11c  11.90x1.64c 14.02+2.55d
A3 5t Z 80 Variation coefficient/%  18.38 16.76 23.50 27.78 24.80 25.36 20.31 23.76 23.67

ANTRING FREFRTR A [ ] 22 50K 1B 25 K (P<0.05)

3.2 KRG SR O R A W A A RE

Sy 8] B A AN X 7 2R 4 - 498 S AR 2 R TR ) S ), Xo AN [ R e 7 6 B T i MR B s () oy 5
FRESEAT 0, QIR 2 B, R TR 4 7 55 09 B R AN [ EB A7 3E e l R  S AFEE W B s R 25 5% 9
I 1A 3G HLaRFI A & 5059100 0.71.,0.90 .5.84 o/kg F10.21.,0.21.,0.59 g/kg. A i< T 4% BB A A7 AL
AR AR R E TR T AR I, i T, 10 A0 T 38 4wl A48 5550 %14 0.056,0.053,0.070 g/
kg F14.22 4.49 5.78 ¢/kg, i b T 4 A4 B0 2 5 SR W i T RN i 0, W0 b e e 7 0 R O B8 0, 99 i
e RO SR e o = W o 077 e o e s e ) 1 9 2o D s i 7 = s B B | I3 vl = S TR
SR B — B, BRI T ] S0 D — B in— a0 (4 AR Ak A HLAR K I T TR AL, A d T A
MUBS R 4 S R i 1o A b T A OS50 A A LA AR 4 7 e o ARG UG, 3 T 8 T A e T T ol 7 5
IR, I TE H 1AL AT FILBR RN 42 25 F e (0.94 g/kg 11 0.26 g/kg) .

b T, T AR 3 T A R (B0 38 ) A 2B 2 B AE S, b T 19 0 BE ( TOLE . h ARG ) &
i T, b T ARy ] S s/ BB N ka4 FE VR T H 1 A i & o e o Al i VR AR 3 7 1) S 38 o
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AR R A TR I 77 1 2 k2 — 38— a2 s 34, i R b5 100 4 % 5 8 5 95 (0092 g/kg
), FABETHAR ANV TE ) AR (0.052 g/kg 0.059 g/kg) o Aixi I | 045 AL #4138 4 55 i A2 A B 35 L,
R b T A 2 B0 B e T 10 A B T B o B b S A0 i RELAAR 13 1) 2 0 5 e v (20 R 5.96 o/kg il
5.36 ¢/kg) , H BTN M & BRI T 0 2B T RIS I TE 1A 28 A i Ik, o 1.98 g/kg., i
B 11 T DA 7K 33 T 81 e o 8 4 B 5 B AR AU AN T, DA B e — R BRI | 35— Vg 3 1 10 S22 51388 o s ik 2
AR BB S i (2091 6.64.8.70 g/kg) o BAZ, R GE BRI IR R GV BTV R T
] B D S P 1 I8 s A AL R

—_

i8]
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%u {HIS
25 T 506l
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Fig.2 Characteristics of soil organic carbon and total nutrient content in the areas of collapse mounds under different sites

FRRS T4t 3703, AN [RD AR A B 55 88 100 09 1) 2R 0 S A SR TR 90 1 e B A 2 SO A 5 19 25 ) A R ALE (14
3), fAbd [ 1A A3 S R AR A R & 051 10.95 .6.16 ,7.26 mg/kg 1 1.48 .0.98 .0.86 mg/kg, i
T I A S A SR R 25 S A AR i i) S22 1 I — el 2 — 48 Jin—0 20 80 20 78 Tl e 2, g B TS 1) B 25 2L
it m (200000 16.70 mg/kg 1 13.40 mg/kg) , AR IR AU AH A RS B dweim (40900 2.59 me/kg 1 2.02
mg/kg) o A I A A G B ot 1 A8 A B S5 AT LA R 4 201 A8 Ak R 3 AR 8L, 2R B0 R W A2 38 U 1o 222 9k 2 —
B — v AR A A, IR S AU S A AR AR I B YA S D SR R R

Fid T, T 0TIy 8 255l A0 0 55 40 1A 0.66,0.61,0.33 mg/kg A 23.24 .30.59 ,19.32 mg/kg.,
At T 04 S AN o SV AR A 7 ] S 4 R FA | 1A T A R A B AR R, O 0.91 me/kg, A T A - 4
RO B e DN AR I T 30) 9 e P8 JE W b A2 A, B AIRAELAE i BRUR B (0.30 mg/kg) , MBI R 31 ¥4 38 H 11
SR ABE IS, A b I ES S i 5 W AR A B R ISR A A ARACT R R I (4351 0.16 mg/
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kg F10.20 mg/kg) . AR T H DNAE /K 35 1 58] A R I 0 - 39 ok sl 4 5 o S PR IR 34 (31,18 mg/kg—13.91 mg/
kg) , BIVAIE Y ALK B 5l 28.48 me/kg, AR T AN AEZK DX EI i ARA | s R0 BR 7 1 2 FRAR 94 (41.62
mg/kg—14.99 mg/ke) , W5 AT AIBEAT IG5 b AR 30 D7 ) 2 B i — T R i B AR PR 51, g B JPE 3
B B B AR (38.72 mg/kg) , = MK RV B AR
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Fig.3 Characteristics of the soil available nutrient content in the areas of collapse mounds under different sites
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Table 4 Correlation analysis of soil physicochemical properties in the areas of collapse mounds

BUooewomw e O N T i
ensty Sand Silt Clay Organic C ~ Total N Total P TolK  NHj-N  NO3-N b ‘

AT Bulk density 1

b4 Sand 0.225 1

Bk Silt -0.169  -0.946** 1

Fbi Clay -0.244  -0.801%* 0591 1

pH 0.4477% 0482 -03902*" 0465 1

FHLBE Organic C - -0.388**  -0316%  0.153 0470** -0.738** 1

2% Total N -0.354"" -0.331%* 0162 0.516**  -0.714** 0916 1

28 Total P -0.226  -0.039  -0.039 0.139  -0.408**  0.760**  0.616** 1

240 Total K -0.305*  -0.268 0.280 0.195  -0.486™  0.509** 0402 0.575% 1

BAR NN 0.098  -0.331**  035**  0.121 -0.001  -0.017 0.050  -0.064  -0.071 1

A NO3-N 0310%  -0.213 0.249 0.087 0190  -0270  -0212 0210 0.057 0510 1

VAW Available P 0.459%%  0.605%%  -0.505%%  -0.635*%  0476** -0.439** -0483** -0.221  -0.461** -0.063 0.060 1

A Available K 0.197 0.020  -0.043 0.036 0394 -0.394"* -0302*  -0.539** -0466** 0052  -0.069 0.106 1

o # FoRE P<O.01 KT FHAEAEIN B s « Fm P<0.05 KT F MRS B %

4 itig

4.1 FHBRIL IR P B AR G L R A A 25 18] 2 S

i b AR et A TR Ry < AEAR ™ B RIR S , HENT R ORI T (7K ) — i BE (HH) — i AR (HERRS 7
=) -8 TE (A% ) — BB (AR Ay zs RS b 22 7 22 i T LRSS MR ) A IR L BE , 1 1) 45 A0
A9 L SRR PR S (] 3 A A A —SE W28 5 . B A P AR IR BE T e B B b R B L BEZ e B i B T IR A |
FEE RS B A b N AR S BT AN, TERE RS AR | Sl AR e R AR | R S RE A LA R AR B T
ok, RS 7 V2 ) B S AR AR I A DU R ] R A A 7 W 28 JE A R T I b R A BILB R
MR AR HES S LIER G IR0 B A BCIR B0 52 i 25 12 1R £k b - 358 1k o i) =5 1] 22
SR

MR B o5 BE SRR AR 52 0 2% A1 20% W9 AR bd 1 I A E 384 T pH A - e ORE 4 ol 5 1 LA S
AAEREAARRL( I 5) o AR T IDBR 7 RS R TR 55 8 95% A id 1L, Hee Wy B bRt i T g I
T FRX 25 AT BE T A B T i e Sy PR R A T S A T A b I AR i AR X g, X L A A
TR AN —E AR, (E R T RTINS i b R, A B RS BIRAS BRI . BV L, 9 i
(R DX I - A A SO B2 ARSI S o e P A o) e S B T R AR AT B (ELR B B AR e A TS
PR (B RSO0 A R AE BRI M LR AR, T B S IS AE B . ARBHFFE 44215 Vallauri 551 01 [
B3 A5 Sy SAE R SR LA L1 e AR AR o 4 MU AFLAR 120 & RN ) G VDV I T AT AR AR 22 o J5 S MR 1
WREEEIRBEAR — 30, FERIZL00 131 B 1= PRI T - Sy B 38 4 22 B0 11 I 0 1) ) SR80 EIE T A9 B A5 ok A
SR 7 LT3 Fr g L bR Ay 7 R (A I 2 R X - S M LR A R A e a2

i b A= et S B - R B o 2 (8] 0 5, A b AR 7 3B T 22 903 ) 11 b A T R S S T I R P T
rta g, Horh 7R ERIRAL Y 1 HEA TR T AR RE , X 322l T A BUAE: b A BE A R A SR BA TR A, o
FAHL, AR KIS Al /9 B R G0 Gy, LR I DA pd oy = AR P BRI, B E R E AL AR . &
SREAOR 2L IS P8 02 7 S T 52 i AN AR A VR TP, 3 e BROAORE 35 8 5 5090 LA L, HEZS R 0 AR 5 e ¢
FHEARAR), U AT Y 012 1 1 R SR VD AL FSE I8, 2 A U R 4 P B A U B A ) T S I 2 /N
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35 700 B1 L BTG TR, BYRRUERL 7 R0 AR S ORI . AT 77, 3 1
S LI IS 5200 5 TS AT 51 A A5 D S B 2 02 S % — 43 57
W 5 1 L B S LR GO S AEAT X ©72

F5 HEHEMENHRTBEYEEROIN(EHEAREE)

Table 5 Effects of vegetation restoration onphysical properties in the soils in the areas of collapse mounds( mean+SD)

HE AR 25 TR E TBURLALAY, Particle composition/%
Restoration Bulk density/ pH ki Sand Bk Silt EBL Clay
coverage/ % (g/em?) (2.0—0.10 mm) (0.10—0.002mm) (<0.002 mm)
2 1.41+£0.07a 5.14+0.05a 54.27+8.66a 27.15£6.69a 19.06+2.77h
20 1.42+0.15a 5.13+0.07a 54.47+8.78a 26.99+5.88a 18.54+3.71b
95 1.29+0.14b 4.86+0.10b 50.27+9.68a 26.08+5.46a 22.52+5.04a

N[N SRR A TR R A o B A 35 22 57K F (P <0.05)

4.2 FEPCIKI IR R R GE SR Y 2 8] 3 S

I b AR IR A2 % R IR AR S R G L3R MG ER , B NE T PIRBU AT 22, ARBE S b R RIAE B
BLEEE T A b R R S S BN IR S L (W3R 6) o AR LI 95% 14 b I 4505 A HL
A S W i TARBI R AR [ I 388 b I BT LA 75 f W T b 1 b, e S0 AR —
B, 3X EERE TR R AL X R VE Y T A IR B R S W T v, L AL AN 4
SIS, b Y e e S T A T LI (A B R G 0 S el A 5 ol 1K
R R TR DX Ak R AR X, B2 SR AR R R R T R R R AR R R, R
HH A g 2 A R T I AE — e AR AR T AR S A

T AR TR R S L IR A R SR SR MIEER R VA R I O R B A R A R
(1 AR R A SRR 0 BT Bl | R HOK IR SRS 2 RS R e R, £
SRR A BRI 25 2 T R ot PR AR Sl D A5 4 (L3R 6) , ML Sl JEE A ) A e TN 3t 2 R Y o =
& HRREEIRE] S em DL, Xk A S0 2 5 R P AR — E S, I AR AR FE T B0Z 0 B A JCHL A
A TR R AN BT S A R T B LA B, R RS s AR AR AL -5 A s R AT
S, T pH FEARL 45 i B8 0 T A 2 22 B ARy 0 v A0 i e Rt 7 A DR B S IR T B, ALK
520 E BT B R 5 B (LU HUBR AN A & B B3R T JE 0 BITR )  Sd BITRS b 3 A 2 M 3 B4 52 T R T )
PRPET, SHT AR FE A1 — 8 2 102

HT T e 1 ok S B AS W) B AR AT 1) A AR R ik HRE S URR , SR B R O A8 R SR B AR
AR R B W AR 2E 5 (P 2) o AR L D48 3R 00 5 B A 2% A i) B8 02 19 22 A A S A R B, T e T
SHE WA R B BOR 5 X SR R R G R, 703 R e 0L P, i B JEG 0 22 i AR
PR, LA SR 5 B W] AR, T A BE 9 97 20 5 B A AR, L PR mT RS i BEBE U , AL (R 10 IR
I B A 1) L AR 7 2 T RE R 7 AR AR, ol T B B AR T2 ( 20°—40°) 1| 3L K FRA1IR
DURE R 26 PRI I 4 T A BE DRI, o AR T e e R 00 5 0 T A BE , ELABL DO S AR BE b iy, H SR 0 5 1
ZESHRLE . MO LR Z A TE Y 1, 4% A 3R 5 B 2 W A M1, I 5 AR AR T 3 B ) R 7% A
BRFAKT

TERR RS R GEH iR T AR 5 ), R G AGR R S BA AR . 2R BN A RN B S
U TR AR b L SR > A B e S R R A U e s SR A R (L 3) . T
AR 1| IR AR RE LD T ABRER | (0 2R LKA AR B, A A T E R BA 70 i, DR T e 28 R AN S 0
SR TR KT A AR R R IAIE |, 32 BAR U PR B AL AR AR R A A A AR = 3
B, R b A L A GRS T A b T Tk SR B i I S R A + v 3O AR A AR
WIRETR AR RS, IR A3 T SRAR R, I 2 P8 V& W e S8 43 i AR AL S IR A XS/ 1 i e
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RO RS A R B AR A RO (R 4) AT AR OB Y AR AT O U i
LA RIS AR SR 1 B 0 3 B 3 UG, TR S R B KU R AT O S A AR K R
WIE T, pH BN ASF 3 2 2R (R AR 2R KA 3 sl xS B A 2 Ve JB S R R Y

45

R 6 HEWEREI K LEFRS S BN CEEARER)

Table 6 Effects of vegetation restoration on nutrient contents in the soils in the areas of collapse mounds ( mean+SD)

T Y 5 A LA g X il AR GRS T AR
Restoration pH Organic C/ Total N/ Total P/ Total K/ NH;-N/ NO3-N/ Available P/ Available K/
coverage/ % g/kg) (g/'kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
2 5.14£0.14a  0.71+0.44b  0.21+0.03b  0.05+0.0la 4.22+1.38b 10.95+3.72a 1.48+0.66a 0.66+0.18a  23.24+ 6.99b
20 5.13+0.18a  0.90+0.62b  0.22+0.03b  0.05+0.0la 4.49+1.03b  6.16+£3.55b 0.98+0.53b 0.61£0.29a  30.59+ 9.21a
95 4.86+0.25b  5.80+3.39a  0.59+0.23a  0.07+0.0la  5.78+1.63a  7.26+3.54b 0.86+0.36b  0.33+0.12b  19.32+11.08b

ANl /NG T BER R AN [ AB U 2 B2 8] 2 . 25 22 5K F- (P<0.05)

4.3 FEHEIKINS A R R A S

A= W)l R AL AR PR 2 S R i I SRR R I 2 S P ) T R, e MR T AR AR R B BR T2 A
(R 29 50, REBEIR S B R2 MR IR T O BB A 7 b A K S A P A T 5 SR 0 (B A7 AE SO DG SE &R
CREME S A HUBRA 2 205 ) |, A B A L e A S S e — i R ) T SR A 3F . pH 5 R E
FEPRIIAFAE—E AR (B SRS ASRBRAN) , WA e P 2 ik 52 31 pH A2 , 1 B A S R sl
PREEXIFR AT B A P B A s s G2  RHEA LB e R o 2 SR A OGS A
ISR 5 B 2 DUMOC , U IR IR S i b S i IR 20 ) SR BRI, T AR 7 0 W 2 R A T AR
TR TR S N R ER G RN, FRAN 1 2R BN R B ot B8 A B SR 20 5 Ak AR AR, S IR 5 kb
e A TR S PR Y R T HLSE ARl AU R S A T 6 (R, 2R A
BRANEE S AT 5 LA L8 LRTIR R A AR BRI i i v A i o P A B e ol - SR B AL SR
oy S AR —E R A G (E32 ) T A e AR Tl A 4 ) BRI AT oA R B4R ok 3 AT L A A B IR T R AR UK
S L HERARRAE S IHAC B BRI 35 M A N TR S (2o b - s S O

ABIEFE LIS 3 AN R 7 8 A b T e R I, AP i P i v e b L B2 o, Bk pHL RS TR 20 Y
(EFEAR, LR RS T A LR A AW B B 7R 70 35 1 AR 11 SRR A 5 e X B 1 SRRV AT — 5 19
RN, T A AR IR T 1, A AL 5 i S i — el D — SIS SRR A BRI B AR
oo ALK A% BB i AR AR K IR BRA i T AR AL A BE TOURS S YA T Y 1 AR
1o B SEUMAN 25 S T A b AR IR 7 1o S S s A0 ) 2 48, 0 2 i B V7 AR A 253 | A i A
pH SERENZS i b 45 B AL IRAN [a] 2 b R B2 LA S AR A3 K A2 8 2 1 S o W 8 ) 2 ) 22 e, ELAS [) 3 B A
PRI A — @RGSR, B L iR RGN SR BIES RS | SR o & U B S X R
—E U HARMEE I RER S T AR S A R 7 - 0 PR B 00 B A, AT BT AR 9 B B R
AL B2 A= SR, kg i 6 A 7 DX A A A A 4 i S 4 R R AR A
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