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Fig. 1 Schematic map showing location of study area
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2.1 HmXE

T4 TR A A S Aty b, AR B e 78 0 3k e
W], 2018 4F- 4 F | 7F 5 M 575 T Hhn 3 s 3 X e i 1L
by 75 HI R /NGRS SRR B 3 ) R AR AR —
A MAL(CSL) A T (RGL) FARFEFHL(GC) |

NLEH(RC) HRAEERNH (LC) AR (NG) 6 FlA
[7] (4 b 1) FH 7 2, 1 20 mx20 m FEHE , 7F B4 HE
B E 61 RAE A, R 0~20 em JZ AR (52 1,582) .
JEAR RS gk S B, DL ORA L - e i, 9
AN S S BRE RO AR AR, KT,
W 5 i fL AR 10 mm G 5, FH T A 3 P 2R AT O
M5E .

K1 HREMHEREE

Table 1 General characteristics of study sampled land

1 H R T S A LA 3 /m Bepg/ e
CSL HX L EIEAE 105°05'55. 69"F, 27°14'33. 62N 1761 19 b
RGL ik 105°06'42. 96"E,27°10'41. 10'N 1765 15 B3

GC B oLk 105°06'00. 10"E,27°14'47. 72'N 1890 18 LB
RC L3 105°05'59. 64"E, 27°14'49. 14'N 1824 15 2R [
LC Witk R 105°06'14. 95"E, 27°14'53. 71"N 1897 15 K1
NG ESS 105°06'32. 10"E, 27°14'58. 01'N 1785 15 3
Fx2 AEALHFAAXTLEELER
Table 2 Soil physical and chemical properties under different land-use patterns
. WURLL I/ %6
F- A pH K /g-em? HHLFT/g kg™
iz Kk Roki
CSL 6.72 1.25 60. 15 4.27 74. 86 20. 87
RGL 6.68 1.34 35.72 3.72 51.14 45.15
GC 6.62 1.07 56.76 2.07 43.37 54.56
RC 6.56 1.23 49.90 2.45 51.97 45.48
LC 6.70 1.31 48.35 3.70 47.97 48.33
NG 6.58 1.21 56. 75 5.46 77.15 17.39
2.2 tHma 2.2.2 ARMKLE
2.2.1 FALPEIR R E 0 Ak B - e B 43 D00 3 BROXL TR A R

A A B 5 D SR AR R PR A VA ——
Sk GRS ) (GB7857-87) spH {HR 2.5 = 1 Y
K A B 7 R 03 0 5 UKL 4H BRI A« AR R
i 1 mm G A IERER 0.5 g, B 10 mL 10% i3 E AL A
VW, 0 A AR R 150 cClndi, &kl 2 %60
NG A 10 mL 10% SRR A , &k, 455 i
A 500 mLZE18 7K , F- i1 A 10 mL 0. 05 mol - L™ 7 i %
PR AV TR R A R , FH B S R e 34 50 i 24 h
J& » SO RE B A3 A A . BAAR 3 7 ik vl L+
el Ak 2= ik e

500 g, A& %E 4% (300 UK -min™) 5% 3% i 43 5 min, FK
FAAFE>Smm.2~5mm.1 ~2mm.0.5~1 mm.0.25~
0.5 mm,<0. 25 mm6 51 (4 A1 AR T £, I+
Horlb.

VI 7 Ak B+ T 3 PR BT O 19 45 % A 2R A
MOS0 g, FFLAE N 5.2.1.0. 5. F10. 25 mm Y & i
b LKA E T HRL TR G R AR A
KB KA R, KA e R 2 0 A A e — A 0 T
SR A% AH - REIR I 10 min (5 2 W 1k B4R, FF 5
3k, BT AEK P RE 30 min J5 2 T, Sk kT
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Jei W B AE A O 0 AT SRRV AR & 2 S
T, AR A R AR B BRI 7E 60 °CF HE+, Fim O
#0.01g).

2.3 HEAE

K Excel 2007 F1 Spss 20. 0 4 f4:%F i A B4k iF
T30 5 R B 22 5 223 #T (one-way ANOVA) FIZ
T A (LSD ) XA [) £5 4 4 B) 47 22 5 3 M Ll
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DL A R AR B i de ey, 20 8 5 SR AR 909% L)
L /NF 0. 25 mm B AR T & HO IR N, DL
bR S A BE A 22, N TR R A MR , 3 158 B
TET 0 A B IR A T PR A Y - BESE R AT RS E o AN
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Fig. 2  Composition of soil mechanical stability aggregates with
different sizes under different land-use patterns
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198 A SR AR 5 i B v (B 1T 38 40% , 5518k 25%) , 2 ~
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D ALK 5%~8% ;1111 K SR HE B 2~5 mm A1 RAK 5
%% ,0.25~0. 5 mm BRI G i (AR 5] T8
T 10% ; PRFCE T A A b5 At 4 Fh R F 7 20
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Fig.3 Composition of soil water stability aggregates with differ-

ent sizes under different land-use patterns
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GMD {EZ I N : CSL>RGL>RC>NG>GC>LC, IR AE AL .
N AR Fo Al A 5 A A 3 22 5, B WA /e T
bR YR AR MR TR PR 3R AR e e i, T
HiRIAR R RS R 22

FEVR IR AL AT A8k ) MWD (B 5 Ho A+
H A 5 AR 3 22 5 (BR AR b ), AR b 5
TR 22 S 2 A N2 22 RN B
YA N T ARHL S5 AR 3 AR A GMD (777
TR HMAMA P ZEAREE. N TR
MWD 1l GMD {E 55 K , fe/IME U SRAEA b P o FR
12 BN MR A PR ) R 1 S B, A B b 1 A2t
FETER2E o 6 R ML A FH 7 =X A ) MWD {64351
VR 1. 36.1. 11,1, 18.1. 20, 1. 36 F12. 50 1% ,
GMD {435 4y 1.78.1.58.1.54 1. 62.1. 81 fi1 3. 67
£, 33X AT BE A PR R R a1 AE K R 1] 2R 1A 38 UK 43 i
JITEC, 12 B 0 Ak B A5 3] £ 48 B S PR A7 B4k
DXCAN [7] = b ) FH 21 75 (1% 4 498 AT 3R A ot 2 S SR BRAS
i S AL, T Y O R A R B 4 3 A R A R
FIHE bR T A

®3 ARELHFARAAXTIEAREEYREEEM/LAEHER

Table 2 Average mass diameter and geometric mean diameter of soil aggregates under different land-use patterns

+ RT3t L ‘ L ‘
MWD GMD MWD GMD

CSL 4.7340. 34a 3.55+0. 35a 3.49-+0. 72ab 1.99+0. 57a
RGL 4.4840. 38a 3.32+0.48a 4.03+0. 31a 2.10+0.03a
GC 3.15+0. 12b 2.154+0.23b 2.654+0.17b 1.40+1.92ab
RC 3.7140. 20b 2.46+0.18b 3.09+0. 31ab 1.52+0. 16ab
LC 3.2440. 30b 1.94+0. 20b 2.3840.63bc 1.07+0. 36b
NG 3.57+0. 21b 2.35+0.19b 1.4340.01c 0.64+0.01b

B RN 25 5 8 35 (P<0.05) .
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IR I3 A1 52 A R AR B0 B BRI I 2 1
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PEHSRAR S 0] e My S A58 PR 2 a4, Ly
T HEROH N, Ul W - A5 A 5 R PRy, SRR Ik
FORE G . Fh I 4 TR, N TR HAth 5 = 1]
7 AT HUBRRS R 1 P SR 1) 20 JE 4 A7 A I 25 22
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Al T A TR 382 2R A TR S 80 .
X F = HEK Rt A R AR I 0 T 4 50T 7, IRAE AR
B 2z 18] 22 S 3, At - R O Xz [ A
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AR ST AR R K IR AR/, D 6 1 b A
FHT7 = A b Y H 3RS PR 2 N R B0 (1452 il i
K, TRARAIRR S o AR AR O TR R R
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Fig. 4 Fractal dimension of soil mechanical stable aggregates

and water stable aggregates
TE - D—T11 s W—il i ; A /NS PR IR A [ LR 7 sz 1)

TR PR Ml A i 1) AR R P SR A 0 TR 4 K
g3 2 A FE LA A SR A 4 T 4E 0 1. 190130,
L1111 141 1581 1. 17 6%, HFE40[H1,D5GMD 2
HERASE MWD 5 GMD £ B3 EAE S, HiEh
MUK & 5 (SOC) 5 D MWD .GMD & A ¢, 156 IH + 35
A MU S s, D MWD A1 GMD (A FRAR A #a 3

3.4 AFRELHF HAR T ERARKHE VBT
AR A

M P SR AR A BB AT A 1) 2 B T AL
Bl SRR A TS5 o, B AN Ry FE SR £
HA T 90% (1 A BLA A R AP D e i 5 R
JZ PR N A BB 25 1506 46 78 ACA XA

3.4.1

HLAR )52 ) HLAT BB R S RS WL, 45 R AR
AR AR A AL & 25 S, AR R O 2z ) 22 7
AN AR A R B <0. 25 mm AR AT HL
e e RVHC AR 2 1) 22 5 3, HOAOR B L Ak
2 NN/ B/ /N B8 R 5 1 R TR Y DR AN I BRI
A MUK 7 2 AR (R LA L 0. 25~0. 5 mm HT R K
HHLBR S %, >5 mm 1 2~5 mm BB & A,
0.25~0. 5 mm P R AA&A HLIK & 2 >S5 mm A LK
) 1.21.1.08. 1. 15 A1 1. 20 1% , /)N 42 A ARG L
B B T B KORAR A R AR ML B i i e o T R SRV
1 MR R ) B AR A 1) k)N 2 S KA 3G T )
B o> Smm PR HLR & R HERH 1 ~ 2
mm 72 A BTG HLAR & &K, ARE 0. 5~1 mm
PR SRk, AR AT, &k +
5 1A R ARAT LA 5 i e I R N bkl . 6 £ b
FIH 720, AR 1 DIV R A SR AR AT LA 7 B
XU B [ 118 b 1) FH Ao e /IR A8 P 5 B A )
FAVBRKFLZR .

3.4.2 HABTHE

P R AR AT LA BT ik 3 S e 1 e — e A28 A SR A e
A LB 0 AR B SRR R E I R N R
—o MRS, BRAHE AL, 3R O S LSS
mm . 2~5 mm P R Hh AT BLAR (4 ST RR ok,
b 17% ~ 37%350. 25~0. 5 mm ki 2% + 2K B bk A 58 14
AL B TRk RN, A 5%~12%. RBFHBIF 0. 25~
0. 5 mm HG ALK & A g, I _E HOR AR A R A S+
8 ST 1 B A A HL P R A ML BT kR AR
0.25~0. 5 mm X —Z it Ko B b, A LK 57 kR Fif
KRR T TR AT 28 A ok 2> 2 SR T AR AT A A

F4 ITHEARUEAREKESHZEBEXE

Table 2 Correlation between parameters of soil water stable aggregates

D MWD GMD LRAI
>5mm 2~5mm 1~2mm 0.5~1mm 0.25~0.5mm oSy
D 1

MWD —0.801 1
GMD —0.850"  0.977" 1
SOC >5mm —0.007 —0.564 —0.472 1

2~5 mm —0.156 —0.426 —0.299 0.956" 1

1~2 mm —0.065 —0.466 —0.334 0.830" 0.967" 1

0. 5~1 mm —0.189 —0.422 —0.293 0.911° 0.962" 0.939" 1
0.25~0.5mm —0.026 —0.528 —0.385 0.878  0.950" 0.978" 0.968™ 1
B —0.086 —0.497 —0.369 0.9477 0.990" 0.978" 0.981" 0. 981" 1

#: * P<0.05; #* P<0.01,
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Fig. 5 Soil organic content in different aggregate sizes under dif-

ferent land use

(1)AFFTIX 6 P A b 1) FH S 7Y 4 458 P SR AR B8 i
fE, 7E T b BE AT, CSL . RGL NG LA KT 5 mm
BRI 5 e K, 11 GCL.GC LG U A 2~5 mm 4]
RS, BR ERRRAR I R RS 5 2
BRI A7 78 /N T R AV ) 5 A R 0 Ab B R, CSLL,
RGL.GC ¥ Lh>5 mm [+ 48 A1 AR & 2 5 5, RC LA
2~5 mm A RRE B, LC HING LA<0. 25 mm 1%
S, B RS I R AR S R
BERE A 98/ NS R AT B I a5 (BR NG 4 ) .

(2) 5% DX 1A SR iR A 1, fE T A B, MWD
(E A R AR AR (4. 73) , /N2 o (3. 15)

GMD fA f¢ K Y 2 AR MR (3. 55) , Fe /DN 9 2 PR R
(1.94) ; D {& it ¥ & NG>LC>GC>RC>CSL>RGL, 1
1.94 ~2.30Z [0, FEMRFRALIE T , MWD Fl GMD {H
KRN TR, e/ NRESHE L . DB i NG>LC
>RGL>RC>GC>CSL, 7E 2. 43~2. 68 Z ] , 7 1% 1)
MWD 1 GMD F I i v (9 K, {H D A8 1 b 07 14 (B
/No 6P A O =, N TARFIR AR AR RS P
Tl AR PR H ) R 1 e 22

(3)BFFEX 0. 25 ~ 0. 5 mm ] B AKA HLAR & & 5t
#,>5 mm F12 ~ 5 mm R EG E AL, B
KARFE T W 22 4h, Hofh + 3o I 7 X 583y
PL>5 mm % A 38 P B ARG 4 39 A BILAR 1 BT kR i
K,0.25 ~ 0. 5 mm ZKFME AR ARAG HLAR 1 STk e/ o

4.2 it i
4.2.1 23R A Xt 23 B R ARAS 6 Fm

AT A 5 3l TR R i A AL

iy N SEANTR] S BT H M ) B SRR W
PRy 225, b — b SR ESUR I BE 2 S . A
e, TR — M B 2R R 26 R e 3 B e DA T O 5K
AN ), e S8 AT SR AR A A RE P MDA 23 A B A ]
S ST RR L DX R, A B S PSR, T RE
ANTRIR A T3 B ) 22 5 R AR A i S8 e v D
L A 5 Al i DX S P SRR A ol — e ARk A A 2R
PR 3, 5 R TR e XIS R B LAk AR
SR E R AL N, TR A5 RS T
W5 U SRR AR A P SRR LUK T 5 mm PSR A
A (BRFHAE) 5 77 T 2 R B e 0 DA
Mo TRV AR ) IV 3534 AR T 2 mm 1Y OREAR A 5
PR F o ASBFFE N AR A AR A E PR

x5 ARLMFAF X LEARGENRN T EEBRA TR

Table 5 Contribution rates of soil water-stable aggregate organic carbon to SOC under different land-use patterns

AL/ mm
1D,
=>5 2~5 1~2 0.5~1 0.25~0.5

CSL 27.65+0. 11ab 24.31+0.01ab 15.2240. 04a 12. 54=0. 02ab 6.61+0.01c
RGL 37.86+0. 05a 21.51+0. 0dab 10. 584-0. 00a 7.19+0.07b 5.63%+0.01c
GC 17.13£0.01b 26.13+0.03a 14.26+0.0la 16.23+0.01a 8.8640.01bc
RC 23.78=+0. 04ab 19.90+£0. 02ab 14.124+0.02a 18.34=+0.02a 9.46=+0. 0lbc
LC 18.5940. 10b 18.4440. 03ab 12.69£0.0la 14.93=40. 03ab 12.2040.02b
NG 5.5540. 00b 14.83£0.01b 11. 77£0. 00a 19.4440. 00a 22.10+0.02a

T - RIS )N R AR R 7 30 22 5 i35 (P<0.05)



FA0E 52

W 185 A A DX bt R 7 30T o DL 2R ARG S P A BB A 2 353

A 1R M e 2, T2 RUA AT R R L v B A
R AR 5 W 9 o e AR RE R Wi 3 T SR A B E B AR
ISR I e A O A S A NS W R N
Bk w2, 5y e A AL B8 i, L S A A BN AR
S MARBR 32 A TR, 34 1 5 1l S i
IR RRE PR 22 , e Al A 77 v, R B A
T PRI R AT SRR, 48 oy - AR E 1 A [ ik i

42,2 R A 5 XA 2 A RAKA LB 88 Yk

+ B HUAR A ALY EE A R Ay, S R
SR ARTE AR E 0 T 22 e 45 57) , I H 4 58 A1 2R
A FH 52 i = 38 1 81 A D) 68 , DAL i = 398 PR 3R AR 1 R
TS A LRSS BEAHEIR R . AR Hb A
FH 7 23 2 5 e A7 MILAB 1) 4 A7 DR 0 3k 5 i) 14T 3R 44 1)
Fa g M, A HFFE A 0~30 em AR P 3 HLER Y
S35 R < VA T M > YA AR TR > i A >
AR, P8 5ic H RIAR B B A8 Sy e kb s, AT AL
e 5 J I AR S v A B b A - b R
%A PR & 1 22 BN K, Ui B B FH ALK
T 29 % A Bk b 1) A AL A B A R i U K B R
UEAL  FERF T o 2 BN T ARG A MLAK 7 2 5 H A A
FHZERUAH LA 341G, 33X mT e AN TARAREFR g/ 48
B RS X o U IR ) S . VAR VR AR K
Fovbh P R 6 ML 5 3 s L T OB 2% 1A 3R
X A AL E TTRCR I R . X SR ARSI
AN [ MR Ay 398 P SR A AR 57 kR S5/ IME 34 BLAE
0.25~0.5 mm 3<0. 5 mm K72 F AR, STHR R A
(B HBAESS mm R A BRAR I 25 AL, 1 X1 it 25>
Xof A W TR DX B 9 () A, & A ] = 1 ) P =X
THILL0. 25~2 mm A RAKA LR & 15w B,
FORL AR A ARG F) T4 i+ 3 BLAR 5 5, KRR
A 11 [ B i 01 6) M AT WL 1) T o R AR

S 3tk

(1] RERET, 229, eWIE . A ng Rl £ Ak A B XK it e
FRAE-S OCHE LT ]. B2, 2012, 67(7) :878-888.

[2] JIANG Z C, LIAN Y Q, QIN X Q. Rocky desertification in
Southwest China: Impacts, causes, and restoration [J].
Earth—Science Reviews, 2014, 132(3) :1-12.

[3] B AW AW R 2RO AR E 16 B0 R 5 4
B[] B R, 2008,25(9) :19-25.

(4] WA, BERFET, skih . WM e A AL TR B A 9T ke [T ).
T H - RIS 8, 2014, 24(S1) :330-334.

[5]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Rasmussen C, Southard R J, Horwath W R. Mineral control
of organic carbon mineralization in a range of temperate conifer
forest soils[ J]. Global Change Biology, 2010,12(5) : 834-847.
FI IR, 2R A R DO S5 B b KRR S 1 P R
PRFNIK 53 e AE A 52 0 [J]. K AR5 2 42, 2015, 29 (1)
180-185.

Six ], Elliott K E , Paustian K , et al. Soil macroaggregate
turnover and microaggregate formation: a mechanism for C se-
questration under no-tillage agriculture[J]. Soil Biology &. Bio-
chemistry, 2000, 32(14):2099-2103.

Almajmaie A , Hardie M , Acuna T , et al. Evaluation of
methods for determining soil aggregate stability [J]. Soil &.
Tillage Research, 2016, 167:39-45.

ERE AR XA, A P S AN () SIS R 0 P R A
3 IC B AR T ] AR 2 A4, 2017, 41(11) : 1168-
1176.

RUETR VLR, REPRES . bRy X 2 = Ll e 1A 2R
PRFGE P R BLBR I 2 [T ], PRI, 2014(12) :4695-
4704.

A, TG, WG, S /N SO I R R K A
DUBBSE T 7 [T ). B BEAS AR 4l , 2019, 27(1)
50-61.

Blankinship J C, Fonte S J, Six J, et al. Plant versus microbi-
al controls on soil aggregate stability in a seasonally dry ecosys-
tem[J]. Geoderma, 2016, 272:39-50.

BRHE, BE, 2R, S L MR R A X - AR
AT HLBR S A RAR AP B R [J]. LR 352741, 2010, 31(1)
257-266.

TR, RIFNE , W, & MR R A N A S RE L
e RARTR 8 M B AT HUBRFRAELT ). B A= 282540, 2014, 25
(3):671-678.

LA M S RGUE AT T E M AL s T E R
Al it , 1994 25-135.

B A AL A R TML U s E AR B
Wt , 2000 18-96.

Wt | RPRAZ Y T2 R AR Y RSB RRAELT ] b4
#1993, 38(20):1896-1899.

WREE, BRibha, Y, 45 . B4 JLg e b AN R) - 3 R 26
R A e hT i MRS [T]. v B AR ROk #2012, 20(1)
105-110.

MW, 0, TER R, AF . B AT 5 R R E
FEX g B w5 (7). K AR 4R, 2008, 22(2)
131-135.

Jastrow J D . Soil aggregate formation and the accrual of partic-
ulate and mineral-associated organic matter [J]. Soil Biology
and Biochemistry, 1996, 28(4-5) :665-676.

PR, RIFE, SGE, 55 W R0 AL b S A Ak L S
R LR G T A [T ] R AR S 2l 2012, 23(5)
1167-1174.

Gelaw A M , Singh B R, Lal R . Organic carbon and nitrogen



354 P A 2021 4F

associated with soil aggregates and particle sizes under different [24]  BEIEHE, T, TER, & ANEMRDISEIT 1 e BT E
land uses in tegray , northern ethiopia [J]. Land Degradation & P KA HUBRARFAE Y 52 0 [T, 6 mtbolk K2 %41k, 2016, 38
Development, 2015,16:690-700. (5):84-91.

(23] #158, 28K, 5 AR . AN [R) = o R O ket R v 3 k- 39 A 23R8 [25]  XUdh, EER, SRITHT. B0 B+ b XOAS ) 4 f) A =X
Mda et A HLB R 2 [T, K R R FRIFSY L 2018, 25(4) - 5 P AR AT DL 5 A S AR AE [T]. UK AR 4z
22-29. 2016, 30(3):255-261.

Effects of land-use patterns on soil aggregate stability and organic
carbon in rocky desertification areas
CHEN Hai'?, ZHU Dayun', CHEN Hu'

(1.School of Karst, Guizhou Normal University/ State Key Engineering Technology Research Center for Karst Rocky Desertification Reha-

bilitation, Guiyang, Guizhou 550001, China;2.Sixth Middle School in Lanzhou City ,Lanzhou ,Gansu 730060,China)
Abstract The Salaxi town of Bijie City, Guizhou Province is a representative karst mountainous demonstration dis-
trict, where the karst accounts for 74.25% of the entire area. The exposed rocks are dominated by limestone, limestone
and sand shale, with widespread potential and mild rocky desertification. This region hosts zonal yellow soil, dominat-
ed by arable and forest land, with a small amount of grassland. These lands are used in six types, secondary forest, arti-
ficial forest, natural shrub grassland, artificial grassland, forest and grass interplanting land and sloping farmland,
which have largely same slope angle, slop facing direction and elevation. By monitoring the number of soil aggregate,
soil aggregate stability, soil aggregate organic carbon and other indices, this work analyzes the influence of the conver-
sion of slope farmland into forest land, grassland and forest-grass interplanting land on the stability of surface soil
structure and the content of organic carbon under different land use patterns, and reveals the stability of soil structure
and carbon sequestration capacity after implementing rocky desertification control measures in this area, providing a
scientific basis for the prevention and control of soil erosion and the improvement of soil erosion resistance in rocky de-
sertification areas. The results show that, (1) the aggregate content of >0.25 mm increased significantly after the imple-
mentation of forestation and planting, with more plantation and secondary forests and less sloping farmland.(2) After
the dry and wet sieve treatment, the stability of aggregates and erosion resistance characterized by GMD, MWD and D
indexes and >0.25 mm aggregate content show that the soil aggregate stability of plantation and secondary forests was
strong, whereas the soil aggregate stability of sloping farmland and forest-grass interplanting land was weak . (3) In gen-
eral, the content of soil organic carbon of small-grained aggregate is the highest for different land use patterns, and the
contribution rate of water stable aggregate organic carbon of >5 mm and 2-5 mm to soil organic carbon is the largest
(except for sloping farmland). Large soil aggregates play a major role in the sequestration of soil organic carbon. After
the transformation of sloping farmland into forest and grass land in rocky desertification areas, the number of large soil
ageregates (>0.25 mm) increases, the stability of soil aggregates is enhanced, and the organic carbon content of soil ag-
gregates does not exhibit significant increase. On the whole, returning farmland to forest and planting grass in rocky de-
sertification sloping land is beneficial to the promotion of the stability of soil surface soil structure and the accumula-
tion of organic carbon.

Key words land-use patterns, soil aggregate, stability, karst rocky desertification area
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