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BRI TRERHE . 45 R, FD 4 3354035 T AL A1 CF, b FD 9 - 308 HLER &8 4> 7% AL 1 CF W5
25.45% 1 21.86%, A=A & in WEHE 22.42% 1 19.76%, FD > 5 mm HUMM:FIK R 1k A SRR 20 34 i 2 55 T AL 1 CF,
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I RMEHN 55 T BIRARFE PN, 788+ B XA
5% 3 W 4 S A B AR e PRI S N Tpks > AT
813 L] BN N i e ot D E e W o N e o
ST - HE A R AR MR i AN A [

SN TR VG R TR R O AR TR A X,
B ES —. TR R R 1 PR 2%
P, TR B X L AR A A R M SS, H3E
WS, LR EH AL, TIESMRE
P2z, HEERPKEENIES, buirbhAE SIS, TR
Wy e, R, A LA R X
A AL HERR M AL W, A Ak DX bR A Y
TRURPEFR PR . A LR & i 5 I A R AR e 1
B, Ft, WF5T 38 A AR 4L ok 3 5k +
gegkiateoe . e RIEIE A R L, 1A,
WFoE R, A A XM SR B Re i 4t ey T3
PIRAFE LD, BRI B SRV AT 850k 1 13
RIRG A LA VRO TUR, MRS 815
KA RS, ATUL, SRR H = Reas s hnvg
WA BA L X A MR & 1, A AR AR
PHEAFURAER, AN A BAY 3 Ay 2800
AR &, A BfbifRes2, [ 5%
YIA S ] BT T AR A 7 280 A Ak X
T A BRI K 28 oA HLRR & b, XTHSE
M AL AR ST A e, SRR MO ST A B b DX A
AT EAE it —PY, AR Rl L R
HESS T NESE, feh 553 Sy ok, +HdE
TG A KA. [ PR SCHE R ] Hit, 7
TFFE LA 5 M 0 B Ak i X% DL (%) L - 3t 1)
A (¥B5chs, AL; FOKML, CF; AL, FD) Wi
FEXTE, AR A ] i f) A 7 S R4y
I R AR A A SR AR RS 1 S A LR A S
PREIE H W LR 7=, DU R A v Ak b DR b
FrinfE RS |

1 RS

1.1 ORI XHER

A58 XA T 52 PH A8 L T~ 40LX = B s A T
112H (106°12'59.1"E, 26°22'10.5"N) , 4k 1338 m,
Ji I R R B A XU . AR 133 6L 1 A
SEERIRHA 6.0 °C, 7 HFHREN 23.5 C, FHRE
WA 1140.5 mm, BFSE I R AR EERE IS, A LA
Hz B R ICA R, 3L K 4 Fn i
poESS

1.2 RS RFGRRE

SRAERFRIY 2018 4F 11 H o RAFFEE—BHE R
), R PRRAE X S 5 F A SR AT AR ], S R
RESR A AR R DL ERRRE, LUCEAE 500 m
BB A I BoE T, HARTE R — A2, (A
AR T (FBFE 2~ 54F ) | EKML (H4ERD
FE) o R (REZ SRR 6 4ELL ), FOKHE
AEEHEATHOIE ( FEZRARAE ) SRR B A R
53, AT ARSI R R S 0E 3, SRR
HuBRRAT MU AR FEATAEAT R FHRAETE B . ABFsE It
PR T 3R AR, B BN A R - s A Oy
X (e . FoRH . SRBH 51520 AL, CF,
FD ) M3 DNEEA, A EERNTE 200 ~ 300 m?
WL S AU 5 RURE M. RIFIRATIM, R
FERIE N 0~ 20 cm, HIESSRIS 4L,
1.3 NEMBSSHEE

PUAS & PERT SRR (T ) 227 B 400 g IR
HrETER (LRI S5, 2, 1, 05, 025
mm ) T#R, RSN+ ( GRINDER SS200 ) #E17
i, YRR 2.0 mm, GBS 10 min, JUE
SR o e ) R

IKERPE TR (MR ) @27 3 BT 5 3
R AL L RRI 50 g IR A HAE, K HE T B
(fLAZMKK N 5. 20 1, 0.5, 025 mm) TR, #MF
fE I+ HEATR 43X ( Daiki DIK-2012 ) FIRCEEHIN,
NGNS IMA B FKBZIEL, #-E 10 min 5,
T = 3 FF 5231 LA 30 K min™ (955 % 42 3% 10 min,
WA 20 )2 T SRR TT o i e e AR Bob . BETAR
0, GRS PIRARR T E A& .

T3 pH | BB AR . AL, A TR
A AR RO E TS RS B
PEATES,
14 HEAR

GINE-2 A I 2N €/ R G R R O [ K
( Mean weight diameter, MWD, mm ) . JUfa*EYE AR
( Geometric mean diameter, GMD, mm ) . > 0.25 mm

i NER N (Ryys, %) AR R,

M,
MWD—EXMxM) (D
GMD = E[M} )
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M r>0.25

RO,ZS = X 100% (3)

K XN i FARBTEER (mm) , M, 5
| AR (g) , M, APIRIRRTE (g) , Mo
NEAKTF 025 mm BIRAETR (g) .

+ 38 A1 3R K 1 5K 2 ( Percentage of aggregate
destruction, PAD, % ) ), + 3 RIK AT 8 R FS
% ( Unstable aggregate index, E,;, % ) 9, HIRIKAG
HLAT LA DR DTRRR (W, % ) 29
(DROAZS - WRO,ZS)

PAD = x 100% (4)
DRO.ZS
W, — W,
EUJ:E—I———&szloo%y (5)
T
OC. X M;
= " 100% (6)
SOCxM, "

. DR, s > 0.25 mm LA AR 5 P A 3R AR
(%) ; WR s A >0.25 mm KERPEARIA S (%)
Wy HER R TR (g) 5 Wios A > 0.25 mm /KER

P RIRE S (g) 5 W R A LR 3
BRI TR (%) 5 OC, N i A RIK AL
weerE (gkg') 5 SOC MHFEFAYESE (gkg!) -
1.5 BUESHh

5% JH Excel 2019 F1 SPSS 19.0 #4745 b B4
K, FIF SPSS 19.0 XA THR R 20007, Hie/)
BEW T (Duncan %) #7222 EH e, BEFMEK
S P<0.05,

2 HER5HHR

21 ARELMFIAAFRNLHTIERSSE

NGRS Ry ATE S AR Sy
(£ 1), R RS R, 1
5 HLRR A4 A AR e b R T K b 2 Sk i K
L, R E T 25.5%., 21.9% Fil 22.4% . 19.8%.
P23 M B - 3 A (2 T oK A, LA -3
IR B EEBINAR T TR

x1 TELBFMBARLMLRFSEE

Table 1 ~Soil nutrient contents of different land use patterns

PR B FAe et L 2 R 2 AR AL
+ AT pHH Cation exchange . = Alkaline hydrolysis Available Available
. Organic matter ~ Total nitrogen . .

Land use pattern pH value capacity ke! ko' nitrogen phosphorus potassium

(cmol kg™") (eke? (eke? (mgkg™) (mg kg™ (mg kg™")
&3 AL 5.57+0.47 a 21.12+3.56 a 20.80+3.91 b 2.63+0.37 b 135.26+14.76 a 21.59+16.83a  159.80+£39.47 a
FoKHL CF 5.5240.45a 22.80+5.44 a 21.84+1.63 b 2.72+0.08 b 142.55+5.79 a 23.37+17.17 a 82.00+28.62 b
A FD 5.9240.55a 24.65+4.98 a 27.89+2.14 a 3.39+0.28 a 162.494+17.59 a 29.60+21.92a  168.67425.38 a

TE: AF/NE RN A B E 22 57350.05 R, T,
22 FRLHFBASROTBABGEREEYE A0S,

AN TR) = R O =0 = ERLMIURR S 2 A 3R Ak 2
B 1a) FKARME A RAKRZL N (18] 1b) M4
HAME, ZRAK, HERREIYLL> 5 mm (1A
B MAAA R, TR > 5 mm AR R
T Ml A EOK A d 2R R, TR T b R R OK b 5 ~
2 mm PR 00 Jed 2 5 T AR L AN (] b A
773 < 0.25 mm HUARRR 2 HEALAH 2, 1] < 0.25 mm
A 7K R 11 SR AR 2H B 20 3 B A SRARS b (b 51K T4
RN E KA

ANTE] = 1R O =28 35 5 T S R R R
Ve, S MWD 1 GMD Yi s, Hirh 5 ok
SIREEKT, SEEmERALE (£2) o W
Hi > 0.25 mm AKFRPE R AR IR & & o 25 5 T8 T Hb Al
FoKH, 1] PAD F E,, W ZREAK. PIOL, S
A R T B S KRR A R AR AR E M, R T b LK,

23 ARTHFAAFRN TIBERARGTENHRS
Hxt HIEFABAEEHRTRERNZ N
SRR M A [RDRE AR 7K R A SR AR LI 7 1 2

THEFEHA B KM (& 2a) , KRAR M RIEAG DLER

B0 ) U HE T RN oK MR T 4.39% ~ 36.69%

1 8.11% ~27.51%, H > 5 mm HIRAA LK S &

ZSIKBEKF . TR > 5 mm HRIEE LR & &

EETEN M, HAR A MR & R K T8

ik
ANe] £ 3 A 5 5T R [RDRE A P ARG ML

AR TR R S B (E2b) , R > 5 mm

VA 5 PR A MILAS 6T 1A BB 14 53 kR 5 P8 5he i D

K HL ) B T 6.03% F1 9.64%, < 0.25 mm [

R U TTHRR 5 B ERRTT 46.02% 1 57.42%.

BESe M E KR HAR L, > 5 mm FRIAH HLER STk R

X
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T IEFRIRA K (%)

Soil aggregates composition
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[ox

o

(a)

OAL 8CF @ FD

a a a a a a

B g e

e e [EIE

> 5 mm

2 ~1mm l~05mm 0.5~0.25mm < 0.25mm

+-HEF R RS

Soil aggregate size

60 r

40 ab

ab a a

T IEPR IR L (%)
Soil aggregates composition
o

I e e

(b)

1 OAL sCF o FD

2L ﬁ%@ ﬁ%@

> 5 mm 5~2mm

2 ~1mm

TSR AR

1~05mm 05 025mm < 0.25 mm

Soil aggregate size

FARVNGFRFORAE BN B (P<0.05) , A,

B 1 REF AR IR E M (a) FIKFR M (b) B RIALE IR0

Fig.1 Effects of different land use patterns on soil mechanical stability (A) and water stable aggregate (B) composition

LB T 3.85%, <0.25 mm P BRA HLIR 5Tk BRI
T 26.78%, {H2:E5 AR5 REKF-
24 ARIEHFAFRALEFRSSTHBEARKREE
MEIEFREIEX X R
M2 3 [, HEAYIRSES MWD, GMD.
Rops WFIEMR, 5 E, R RFOMKC, Hib1E
T 5 AT R AR B PEFR bR JC ARG . T,
AL A R R A R AR E PR N T
3 iR
3.0 AR:HFIAARTHIEFREEREREM
apAl)

SHA T AT, 2 IR A B A3
S MR DT ] 42 5 ) - 98 PAT R 19 A R AR

EES0, ARG, FD HIEA ML MR & 2
AL #1 CF B, X5 KR4 R 5o,
H PR 22 A ks i 4k, Al T -3,
MG T LAY IR, SEA LR & RS
FEE, MHEAREE SREMEGE K. AL 5
CF AHEL, BRI, X HAlh 5857 0 Jo ] i 4
THEH.

R A I SR (A AT eI = HE mT 4R R vy -
NEJ, B, PR ISR T R AFRS 250 b 1 5
ARG B LA S s MR, ARBFSE R [R] 4
FIH T 20 AU T 1A SR A RN K R AT SR AR 4 it
YILL > 5 mm WOATRIR S iRy, 2 I AT R
T AN 7] b ) FH 7 2T - 458 AT SR AR 4 ok 1 5 il 1, 32
BEFRIAE > 5 mm WHERIK [, FD /9> 5 mm LA

®2 ARLFIA AR HIRE R AR E M AR R0
Table 2 Effects of different land use patterns on soil aggregate stability indices

- P AR JUfaf - B AR > 0.25 mmpA] F ik W AEEE AR
AR o . . . ;
. Mean weight diameter Geometric mean diameter Ryos Percentage of aggregate destruction Unstable aggregate index
Different land use
(mm) (mm) (%) (%) (%)

AL 2.43+0.45 ab 1.54+0.36 ab 87.2842.15b 8.90+1.83 a 12.7242.15 a

CF 2.07+£0.50 b 1.28+0.41b 84.47£3.20 b 11.44+0.56 a 15.53£3.20 a

FD 3.03+£0.33 a 2.07+0.36 a 92.66+0.91 a 3.21+£1.28b 7.34£091 b
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40 OAL &CF QFD (@)
a . a a
~ & a a
e 30 b% a a a a a
&9 a [N a 1
) c a M \ a a
I 8 90 N
4§ 4
=
=
4.;:5_010-
0 1 )
> 5mm 5~2mm 2 ~1mm 1~0.5mm 0.5~0.25mm < 0.25mm
A R
Soil aggregate size
70 ¢
2 a OAL 8CF o FD (b)
<
S 60 T
~.2
350+ 1
==
%% 40 ¢ b b N
i o
K 8 30 F a a a a
fﬁ S 20t 2, 2a a a
E a a a
= § 0 rEs [T
—
- i
. . . ER L EA,
> 5 mm 5~2mm 2 ~1mm 1~05mm 0.5~025mm < 0.25 mm
3 B

Soil aggregate size

2 AEMF AR KERMEAREENIRS B (a) REAREBHRTIEZE(D) BIF/IT

Fig.2 Effects of different land use patterns on organic carbon content (a) and its contribution rate (b) of water stable aggregates (B)

E T A R AR K R bk A R AR 4 i 2 (35 %5 T AL A
CF, [AINII AL T < 0.25 mm (97K Fa Pk A1 S 420
M. 5 CFAHLL, AL A > 5 mm By /KF M A SRR 2
A AN, < 0.25 mm 7KEEPEA RIS A R,
HZEFAREE, =R 10R FH 7 0F FD FRE
WML AL, AL Hk, CF %, X 5HALMFR
TEIZ X IR A 58 485 TR H AR —E 029, HLJR PR R 57
FEEGAMRSE ,  IEGA RARRE 45 il T R AR T Ky 1A
R, Had B T I R KR, SR
T IELEAAR R ERY s RN ORE A RIRE, PLahfEE
K, HEHEWEZ, i HIEAREE, Bl >0.25 mm
IKEEME AT RIR Gy Ines . sesbh, Ak, +

H A 5 3 B A ) 2 5% ) 345 1 0ORD X S 2R B
KA, Hod, BARFMR SRR, AR
FIFEAS , BLEEARRE M T RT3 A
RETE BN, R 28RN 22 A K A 45 2400 4y
PRI LA, 35 29 P SR AAR %) 43 A A AR
XA AE S B GE A% T MG 78 S 28 G AR RN 5 b
KRR S e T KA A TR R 33341

IR R e A R L, Haim 1
KAy TR B ARAE . IR R IR e PR
W -3 R . RIS Ry, MWD, GMD, PAD
E, FEFR AR EA R AR B KBS B PEDY . AR5,
+ R O AR W AR T B AR AR, R,

*3 FRLHFRAARIDRF S FESHARKREMEREEIKR

Table 3 Correlation between soil nutrient contents and aggregate stability indices in different land use patterns

sk FHE T s A Bk 2R A R A

IE dex pH Cation exchange Organic Total Alkaline hydrolysis Available Available
capacity matter nitrogen nitrogen phosphorus potassium

S R AR 0.336 0.657 0.757" 0.511 0.516 -0.497 0.318

JUTFH EAR 0.331 0.661 0.783" 0.539 0.572 —0.481 0.294

> 0.25 mmM] F ik 0.374 0.512 0.742" 0.523 0.501 -0.195 0.285

G eZENG 27 -0.293 -0.14 -0.592 -0.322 —0.408 -0.19 -0.326

ARGERTRFEE

E R IR -0.374 -0.512 —-0.742" —0.523 —0.501 0.195 —0.285

LT
e “CVFORLE0. 05K (BUN ) B RFEAHIG, 7 FIRTE0. 01 A CBUI) [ R 3EHH,
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MWD, GMD ¥J %%}y FD > AL > CF, [fij PAD HI
E, WA, SaBIAN ] £ #1720 3 A R AR R e
P F B A FD > AL > CF, X 57 A58 45 R —
Fhessa HIR R O SRRl e kS, 3%
Pesh, HAEIEHYE R E %, ol LIS K
XF I ), ELs AT AILER B A AT LA AE Sy i L
HROE I A TR, T8 T DRI R R AN B
BT A AR 2R 0 AR R LB 5 - 398 A SR A
R PEC, AT 2SR I 2 T B0 Kl R A SR At e
b, R RARECE D, JE kAR 4 A R AR
REPER
3.2 FRILMFIAAFRN LIEF R AR

=21

I RRE T RENNEAREZ, T
[ BE )RR Z —, EIRIRAIE R ALK
AR A E RS S, HLHA SRR BT LA HLAkK
FIRBR R Do+, - HEP R ARFIE i AR e 52
+ 35 Tp A MUK A AR SR A2, AR A DG 4
B2 B A HLak & 2 5 AR IR RS e 45 1R
P IEA DG, AW, ANFE AR
> 0.25 mm ZKERPE A SR AP A LK B st A DL Y
TR E T < 0.25 mm fEATRIA, 0 1384 LR
FEORIE T RIAR S, X 5H AW LSS — s,
ANE A HAH TR A, FD ARSI SR LR &
H T AL #1 CF, H >5 mm HRAFAHHLER S
MR HLAK DTSR B e e, R RE TR
g, KEAIREBEIRME, FEF, FRKGE B
FEAR A 5 H SRl A AL il i T e,
AR S AR S, RAh, AR R
£, BT HEEREE T, ARIT KRR
IRRRIE AL, KA RAKEATHR M &L, o]
DLE SEA LIRS R B R DU % 3 hnds
%, CF 5 AL Mlt, AoA#hshid, A > 0.25 mm
AR AR A LA ST A —E $E S+, CF ) < 0.25 mm
PR R AR T, A PR Tk R A =, X 0] R R B
I A S BRI RIRYIR, AV ERS 0
ARG, T INAT SRR b A A Ul i MR S fes)

4 ZEig

(1) AN L MR 5 200 357 04 35
FEAR XA LA A 4 R B R A, SRR i A BT A
SRR R TR TR

(2) HSEARHALE, A< MRS 22 bk n]
P R R A S &, A SRR 1, Horb R
MR PR I B AT SR AR P Iy B

(3) HEARHAHLL, S AR AR AR A R
PRARALER S I, AT 5 mm BERA AL
B BN A HLBR A STRRR B, /T 0.25 mm
R A BB T hik R B 2RI

(4) MR AR AR E MRS L HEA PLAR S 2 2
WFIEAE, PIRARKFRIE 3 2R EE 1A LR
IR ASVE T, Al A P A 3 i A 1) - S AT SR AR,
TEMERE o AR BFIE AR LA 2 R iz it o X B Ay
S SR A LB 5 T oG e R IR E MR AT
WS AR E N, IRTT PR, R X
BONE B LA H] D5
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Effects of Land Use Patterns on Soil Aggregate Stability and Organic
Carbon Distribution in the Karst Rocky Desertification Area

ZHANG Yan', LIU Yan-ling"?*, LI Yu'?, JIANG Tai-ming*?3, BAI Yi-jing',
ZHANG Meng"?, ZHANG Ya-rong"?, HUANG Xing-cheng'?, ZHANG Wen-an'*

(1. Institute of Soil and Fertilizer, Guizhou Academy of Agricultural Sciences, Guiyang 5500006, China; 2. Guizhou Farmland Conservation
and Agro-Environmental Science Observation and Experimental Station, Ministry of Agriculture and Rural Affairs, Guiyang 550006,
China; 3. Tea Research Institute of Guizhou Academy of Agricultural Sciences, Guiyang 550006, China)

Abstract: The effects of three common land use patterns (abandoned land, Al; corn field, CF; fruit tree land, FD) on
soil aggregate stability and organic carbon (C) distribution in rocky desertification area were analyzed, which will
provide theoretical basis for farmland restoration and soil fertility improvement in karst rocky desertification area. Soil
samples were collected from different land use patterns in the same area, and dry sieving method and wet sieving
method were used for aggregate classification. The soil nutrient content, particle size distribution, structural stability
and organic C distribution characteristics of soil aggregates under different land use patterns were compared and
analyzed. The results showed that the soil nutrient indices of FD were higher than those of Al and CF. The soil organic
C of FD was significantly increased by 25.45% and 21.86% compared with Al and CF, and the total nitrogen was
significantly increased by 22.42% and 29.76%. The content of mechanical and water stable aggregates in FD > 5 mm
was significantly higher than that in Al and CF, while the content of water stable aggregates < 0.25 mm was
significantly lower than that of Al and CF. The aggregate content (R,,;), mean weight diameter (MWD) and geometric
mean diameter (GMD) of > 0.25 mm in different land use patterns were FD > AL > CF, while the aggregate failure
rate (PAD) and unstable aggregate index (E ;) were opposite. Compared with Al and CF, the organic C content of FD
aggregates with different particle sizes increased by 4.39% ~ 36.69% and 8.11% ~ 27.51% respectively, and the
contribution rate of organic C of aggregates with particle size > 5 mm to soil organic C significantly increased by
6.03% and 9.64% compared with Al and CF, while the contribution rate of organic C with particle size < 0.25 mm
decreased by 46.02% and 57.42%. Correlation analysis showed that soil organic C content was significantly positively
correlated with MWD, GMD and R, s, and soil organic C content was the most important soil nutrient index affecting
soil aggregate stability. Returning farmland to forest in the areas with serious karst rocky desertification can improve
soil nutrients, soil aggregate structure, and promote the improvement of ecological environment of karst rocky
desertification.

Key words: Key worlds: Karst rocky desertification area; Land use pattern; Soil aggregate; Stability; Soil organic

carbon
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