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I3 3 R AR LR R o BE TGS RO SRR A X
FIRAFFEE N RIRAR IR SR FE A E 1
A5 AR LI R AR R A AR AN 4R 3

1 R5EE

1.1 RE#ER

WL X AL T D M A4 G o S BT G iR, b
ABFR N 25°49'—25°51'N, 105°11'—105°15'E, “F-13if¢
HN 1478 m, BT A ZE AR, FIHIR
i8] 1 462 h, S35 IRZ1 14 °C, 8 FR/KEAE 1 500~
1600 mm, JEFEHIZ) 320 d, & SR BRI A5 X
wEFENAKE, HRERNFEN RZEETRY.
TIEEEUA K AT, LERE, IR,
Z OB A AR ZX R T SN A LR
A BT NI, B 2 25 /i, fRoK
TRAERE ST 22, EARIEINE, LB G4
SRR 66.7%.
1.2 HmRESLE

A FC X A2 S A AR FORYEX, HATEZEDIR
MHIC EANARELE R 2 Fhok At 3 o ARPEATE FEIX 35
FR) 32 B A AN - T B 7 5, e d BT ARERYERY 4 A
THUFIH T, DO RE, Hr SRR A A —
HEL (Trifolium repens) . 4% (Plantaginaceae) .
AT (Lophatherum gracile) . #H & (Artemisia
caruifolia) %5; BHHCE MK E 2 072 A KIAFHE
D SE R, K AR, IR AR A S
Ja, EENEKE R AP, T EMAEZETE (Pennisetum
sinese Roxb) FIEEFEL (Lolium perenne) AN ¥, B
SEIR 8~10 a; MREL[AMEHLZ N B AL TRRMIA A K,
TeARHUE, MERER, BFEX DUER (Platycladus
orientalists) 52 % (Stipa bungeane) &) Fl Ak 4
(Catalpa bungei C. A. Mey.) HHER T, FfEE
FR 10 a 72475 Hithd o B ih, KA THHE I i
AE, FERFEEK (Zea mays) FEMH (Nicotiana
tabacum) . T~ 2018 4 1 F 7EMGRE BAR A ol S AL 1k
AR A R IRBHE R . FERIH . AREL]A]
PEHVEEA R AR AR AR SO T 5, P %t
FE, R R M e s B AN [ A A R R X - 43 R T
7E R IERE R L A R 2 SR VAR Ty 2 OR AR B T
0~10. 10~20 cm. 20 cm~*HkE, HIHERERYE 1
RREME, UTFZ2IRESE (5 Ak, FRETR
HR—MFEM . ARFFHERA 13 AT 39 LA,
Pt 3 ANFIT 9 AN LAE, BHHAE 4 ANEITH
12 A8, SEdhh 3 ANEI 9 /N HAE, ARE A /EHL 3
AHITHE 9 AN AR, FEHE LR 1.
1.3 MK E R FHE
1.3.1 13 KA&ME A RARGG M 2

R 1R ) 3 R v o 35 AR 5 R T R R L
1229 10~20 mm K/NP/ N, BREHEDIIRIE . VA
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ULk ahgik, HRRTE, @it 5. 20 1. 05,
0.25 mm K ALBEAT 07, SR MRS 07 K15 1) %20
R E &, 8070 IO XA 42 O BT
100 g 3 FFRIHAES, AR FrA3H 100 g LRERE T
KA &R (LR 5. 24 1. 0.5 A10.25 mm)
T, FFJa B H AR 30 min, 5558 55k et
TR RES,
k1 LERBEEAELREZE
Table1 Basic information of sampling sites

iﬁ Bl R %éim%ﬁi?pHﬁZﬁfﬁﬁ%
Bt 1 50 1.06  6.44 31.87 21.84

Bt 3 A 2 30 094 696 51.34 31.40
Bt 3 38 091  6.89 31.88 21.00

BREEEHL L 40 126 632 3531 3586

B BHhEE 2 40 099  7.02 7815 2481
EELH A3 30 132 682 5022 26.62
ERHEEM 4 38 115 653 4506 31.49

Fehiih 1 50 0.96  6.95 46.55 43.30

Fekith 3 Tt 2 46 093 633 7047 33.71
i 3 39 095 7.05 80.23 40.32

MEE L 30 1.01 7.7 4826 49.43

T,if PREEEEL 2 33 0.88  6.96 84.04 23.54
MRELEEL 3 46 1.00 691 83.74 38.32

132 £ IZIHE R # M) 5%

T IEARFR R R M D e s 3N R
FHEC E MR 2 -3 pH B R BALTHE, 7K
T+ (2.5 0 1) ME; AHLTR I ER - S BR AR 4
kel
1.3.3 &2 MR R R 4G AR H

D P EEERA:

MWD = (W, < X,) , (1)

Arfe W IR IR IR L (%)« X A%
FLZR P2 HAR (mm)
2) U EAR:
iwilnxI

GMD = Exp- ) (2)

Yo
A GMD JUTFHERA (mm) 3w N3k gk
R RRET E (%) 5 i AR EERET S E
% (mm) .
3) TEEHIRMA S TE4EEL FD:
M(r<Xi)]

|
og[ M,
FD=3-— 7/,
log X,
Xmax

Ref: M(r< X) RN T X I BRI R (%)

(3)




HEE 55 ORI 5 O e iR e £ X - KRR AR 1A 1 52

M, I E BIERAR AR (%) 1 Xiax N EIRAR I 5
KEf: FD AN TE4ERL.

4) KRR I TR AR AR s MR IE S B U
Vil

N T D g K R [ R AR e MRV 8 A 1)
WEL, TSGR, @i %) FR AR e AL 2
B AT 7 BURMET S, BUREE SR PR, BREE LT
S Bt 438 K R ke [ B A A e

Ay,

TRURR 8 b =i KA - B/ IMED He/IME (4)
1.3.4 334 T2 B oA

5% Office 2016 F1 SPSS 19.0 #EAT R kb3, F
Fl SPSS 19.0 AT HLPE 25 5 2 23 A FAH S 43 A
Origin 9.0 BAFHHTIEE . AR LA H T2 a2
L HCR H Duncan &R ZE 7k, SREEE t 185 .

2 BZRE S

2.1 BRI HR A BRI THHFE
A 5] b R i OnT E 3g87K bk [ SR Ak 25 b A
BOMARKIEm (£2) . ARLHAAHITT

FIFLL>2 mm kit KA R AR AL #5459, <0.25
mm KifEkZ., 0.25~0.5 mm Kift/KFatt B Rk 8 &
i, VERAREFCIX 3B A8 K 1 B AN 4« 76 0~10
cm )2, FEHURLEBEE F b 4 KRR v [ SR Ak 2
R AR b B R AR I8N S 53 I S PR a3
it e T PR R ] A s - 39 K R ] R AR R ) B R
BN 25D IS S . 7 10~20 cm 1 20
em~BEFE, AN A R 7 S K AR v A R Ak
SR T R AR PR sk /) B2 5 B I S 98 S 0 R TR
AR %, 7€ 0~10 cm A1 10~20 cm 12, >2 mm
R AR KRR [ SR A B AR AL 240 A AR B (A b > 5 b >
IBHHAT S, 7F 20 cm~BHF 2, >2 mm Rtk
et A SR AR AR A PR B (A b > 5 b > b > IR
HhE B, 0~20 cm )2, AFE LRI 77 0T Rk
IR AR EAFAE Sy 25 7 0 3 i A — bR
J7 N AS AR 2 - 458 A SR ki 22 5 3% 20 em~BE i
2, AE R R AS R IR R R R 2
ANEE, VA R o7 0 3R 2 IR kLK
Ttk SR AR B AR R K

R 2 RRB L3A R 75 XL ARASH AR E 5 442

Table 2 The contents of soil water-stable aggregates under different land-use patterns

g+ KRRk 1 B R R %

+ZERElem + A

>5mm 2~5mm 1~2mm 0.5~1mm 0.25~0.5 mm >0.25 mm

Pt 16.5244.61b 22.944.64a 16.864.34a 18.010.84a 3.2042.73ab 77.5320.25h
BEY SIS 4NN 22.8743.38b 25.2945.71a 15.24+1.21a 15.60+1.44a 4.88+2.77a 83.8844.52ab

o0 Tt 37.6328.14ab 21.3543.36a 11.56#1.30a  12.244.03ab 2.3341.64b 85.11#4.21a
PR ) £ 39.6143.7% 25.601.48a 11.1940.32a 8.950.35h 3.01#1.13ab 88.361.76a

Bt 9.7949.11a 25.3443.96a 16.3347.28a 16.581.89% 6.9943.72a 75.0341.24b

IBHHEE 27.9547.4% 23.1443.66a 13.8622.25a 15.0920.55a 6.360.71ab 86.4142.03a

10720 T H 26.7948.40a 29.2543.27a 12.0545.51a 15.0243.76a 5.31:#1.01ab 88.5241.50a
PR ) £ 4 24.4939.24a 27.5442.10a 15.0924.42a 15.0142.53a 3.2940.35h 85.4342.29

Hhih 17.52414.24a 28.9628.19% 14.2543.41a 17.9945.18a 5.9742.00a 84.6942.25a

- IBHHEE 14.1324.26a 23.8945.84a 17.0620.08a 21.0143.39% 3.51+1.03a 79.5845.96a
20 T 9.03+4.86a 39.0147.18a 18.6443.22a 14.76:1.40a 5.1140.49% 86.54.28a
PRI ] {1 25.03+14.52a 25.5147.99a 16.1943.57a 14.0543.10a 4.7120.64a 85.4942.81a

E o RPEBER TR . FISIANENG TR AN SR I J7 2R 22 57 553 (P<0.05) .

>0.25 mm 7K K A 5 A B2 Al i T3 b ik
PR EE bR, RV TR E R R T, HE
ik, TIPS E; 1<<0.25 mm KER PG
A SR it 22 S 50 - 43800 A2 K PR A A v 1
FHZ% 2 Al %0, fE 0~10 cm #1 10~20 cm /2, AHXI T
B, SEBHE R, 55 SRR TR K R K
BARE BTN 8.19%. 9.78%. 13.97%#1 15.17%.
17.98%. 13.86%. Ffi T 2R R M, #EHhKER M
KRR 2 R > e s, <0.25 mm KFadE
Tl A SR i 2 S 3 ek i s B 2 R B 3

T, BB b R 5 R KRR K A R Ak R S 3G s
D s AR A1 K A K B R A R e b I 1
£ 20 cm~BHRE, it sk R KRR E
FREL, FERHTIZZERZBBHESIN TR0
Dy BRI B R 5 R AR B A b - 35K
KRB TR E L, FHRNERZEEERA
Wb, WSS, AVURER, SECLERE
KRt R BE .
2.2 TiE/kFaMFIEB R MWD 1 GMD HYZEL4HE
FHEE 3 A1, ASE LA 7 20 R sk Aa i [
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Ak MWD H1 GMD 1) 2 7 £ ZARILLE 0~20 ecm K=
3%, KAk BRI A HL > 555 > IR b B
o> Bk, 5>0.25 mm RiEEaAi—E. SHHHA
tt, MROEEVERLE 2 K THFh (P<0.05) , 1BHFiE
b B R B E) 7 M [ 2 R MWD A GMD 7E
0~10 cm 243 73E 5 T 33.04%. 69.20%-. 82.14%
1 6.47%-. 31.65%. 58.99%; fE 10~20 cm +)Z %
T 51.39%. 51.39%. 30.56%7#! 35.29%. 43.70%.
222.69%; 20 cm~E}J5i =& LR A 77 R MWD i
GMD [ ZERARZE .
# 3 EEARARM AR K MWD 4= GMD
Table3 GMD and MWD of water-stable aggregates

ﬁ. ijq_ i T 2RElem

fiibr 0~10 10~20 20~f
Fiith 2.24#0.17bA  2.1620.29bA  2.6240.65aA
MwD/ CEFHEEM 2.9840.81abA  3.2740.70aA  2.3540.57aA
mm T 3.7940.56abA  3.2740.60aAB  2.330.48aB
ME{EM  4.0840.32aA  2.8240.25abB  3.1020.74aAB
Bt 1.39#0.09bA  1.1940.09bA  1.1140.31aA
ovp/ BFHEEML  148057abA  1.61#0.34aA  1.0910.28aA
mm Fe b 1.8340.49abA  1.7140.37aA  1.2840.10aA
MEF/E 2.2140.24aA  1.4640.080B  1.5620.42aAB

O RPAFRN KREEREHRERF— LB FE LR A 5 R FE—
FHTAARALEZ MR RE (P<0.05) o T,

BEE L2 EERINER, S s KRR R A 2R ik
MWD F1 GMD 2iZ¥r T R, IBHE s 250
b ) N N TR S SID oi e Ry R =y | 1]
FEHb MWD 1 GMD %+ 20 LR & Z 7. BHHEE
1 10~20 cm + /2 MWD F1 GMD {&43 )T 0~10 cm
F 20 cm~BE5 2 9.73%. 39.15%F1 8.78%. 47.71%f%
MREL ) VE LA LI 0~10 em + 2 B3 5T 10~20

cm (P<<0.05) . [k, ANFETHFHT, 0~10cm
FJ2 A, REL AR S KR B R AR Ra s s T
HoAth A 52, b KR Ik B Ak e M
%20 cm~LHR 2, ASFE R B 7 20T B34 MWD
A GMD ZRIAEE (K3 .

2.3 TIFKMEARG S R4 (FD)

P 1 AT, B 7T DXOAS R = ) O s KRR
PB4k FD TG HI7E 2.27~2.85 2 [fA], 7E 0~10 cm
+JZ A1 20 ecm~BER)Z, ANFE LRI 70T FD R
RIRFHL > R B B > SR R HL > AR B R AR, o
0~10cm 12, #ithm TiIBRHA R, 53 S R AR L
) VEHL 4.81%. 18.13%F11 20.43%, H &% m THiE
[ VEHL (P<<0.05) ; 20 cm~BEE 2, A[ELHF]H
Jr0A] FD Z R AR #E. £ 10~20 cm +)2, AF+
AT FD R IUNHEHL > AR A b > S 5
H > B AR, X5 GMD Al MWD 2Rk 3454
o FESIH b, Bl R FESE N, B RAR 2 (a] £
+HOKFPE IR AR FD 3 2 55 K, JBHHEEL
2SR PRACE B IS, TR AT I E

35 . LA,

OFrth DIEBHA L @R @ pRE A {E L
30 | aA A e
= abA =] bAsbA = %
25 || |Flasss =2 e g
) 20 r ] - -
15 || |5 ﬁ o = f,,-"..f
= ?,.-___." F- = /
1o | A g g
05 F | [[] - -
0.0 -] = E
0~10 10~20 20~}
+ Z R Elem

B 1 :HKARN B R FD
Fig.1 FD of water-stable aggregates

& 4 EHRALR M B JRAR &SR AR K AT

Table 4 Correlation analysis of soil water stable aggregate parameters

AN T R K AR R A

ZH MWD GMD FD
>5mm 2~5mm 1~2mm 0.5~1mm 0.25~0.5 mm <0.25 mm
MWD 1 0.966** -0.964** 0.963** -0.388* -0.771** -0.805** -0.361* -0.631**
GMD - 1 -0.931** 0.916** -0.255 -0.710** -0.840** -0.373* -0.741**
FD 1 -0.997** 0.568** 0.795** 0.712** 0.325* 0.502**

2.4 TIFKBMEBREZSHEEXM S

MRS REH (R 4) , KEEERBIERAE MWD
1 GMD 1H3¥5 FD {HEAREFH A, HAHC R
535 9-0.964 F1-0.931, i BH - 48 /K Aok [ 5 Ak (1)
MWD F1 GMD {Eik K, FD {Ei#k/N. MWD A GMD
1345 1~2. 0.5~1. <0.25 mm /% i 35K Fa ik 4]
RihEEEREENAERCR, 5 2~56 mm M
0.25~0.5 mm Fi 42 ft) 38 /K A2 [ T Ak 2 A AH SS (R
AN 2 {H>5 mm ki iz i 3K M R A 5 MWD
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F1 GMD #8535 IE ARG, AR R EU N 0.963
0.916. +IE/KFa AR FD H S 2~5. 1~2. 0.5~1.
<<0.25 mm R4 (1) 358K R [ 5 i ) R A 35 1F
FRKR, 5>5 mm KR T KA B Rk 2%
BEMMEFRR (0.997%*) , mtAl &, KiatkH
A& MWD, GMD Fi1 FD 18 5 %42 ] 5 A 2 1 1E
AHFEMELL 5 mm RN F .
2.5 IR F BT E S IEREUR M A

% 5 Al LLEH, GMD MU /E A 1 4%
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B R =, 7E 0~10 cm 2435 E H MWD
F1 FD ff] 51.02%741 362.50%; 10~20 cm /=435
t MWD F FD ] 5.79%7#11 228.21%; 20 cm~HEi 2
435t MWD AT FD 1) 8.78%7F1 436.67%. FD 1£ %%
A3 BUR M E I EL. B, GMD fiEg
B M A R A AT X A 1 KRR A R AR
FasE s 1 FD /E TR 33K R ik B SR R e s
E B FEFR R 2

£ 5 LKA B AL AR AR SR

Table 5 Sensitivity analysis of soil water

stable aggregate stability index

+)Z/em MWD GMD FD

0~10 0.98 1.48 0.32

10~20 1.21 1.28 0.39

20~+HHi 1.48 1.61 0.30
341 8

ANE] R 7 20 e o I oA SR, T X
KR B AR AR B Ra e v A s T, BT
B, 7£0~20cm L2, SHHHAHLL, MRERERL. 5%
AR A S > 2 mm ki R K Atk [ R R &
PN Gl Y A T N oy AN TR ek X NI Y R NI b o)
HERAT RS T LIEB R KRN, e T g
f 25 K8, T A Rl K ] S Bt B ARG,
B A MPIRS A e 22, B3Il 7 IR o
557 REMR o X5 1 76 AR A e R I N X (R
FEER—E T HEHBA FE AR RN B ) 1 SR A
TEPIRIG A MUY, N2 BHE TS8R T Bkt
RKE KR, (RAE 4385 56 A L Ak 7
fitt, IAHNILLSEDFRIRLD, IR SAEH
ok 35 (2021 TR A A M B 3B R R RAIG, U
BN AR, IR T AR Al 13
BHUFRA RSN (F 1, BegtEoKar: Rk
AR g DRk, TEREHRRI 23 X B 22
FEHOI S 00T, HIBE RARGE MR E, Prihae 1159,
HLESATIRRE. BEE LERERNG M, B R
TN V) @SS ENIEIE E N eI =p s R O SR
10~20 cm LEKEE MR ER . %4 REX]
A 7o 22V R A o e 2 PPV g 4 RS — B, TT RS AR
+ZEE RN, SRR AR HHEEHZE 10~20 cm
TESMARKERR, YR RN AU
R R R A i IR EE MR ThRE, DR R4
(1A WL 0o 3 s [ 5 o e o v 429,

R A 7 2R AR B 2 R 3K R R
rfaEtE. IR MWD fil GMD J&RAE 3K Fa
5 R e v DA S BRI R AL 25 P b, JLAEDERK,
FU RISV RS, B LFY, 7E 0~10
cm L=, S#HHAHEG, Hoth 3 B iR A U7 SRR

A5 MWD F1 GMD {E 356 A FETREE g m, H
MRE[E/E LR 2 (P<<0.05) 41T 82.14%#11 58.99%.
FER— TR E SR SR S s E, BHEM
RFMF R R, TR T KIS EL R, g
AL b 8 NI | Pl il i o8 &y = NIEI P
LR N O w27 /3) bl s A O S R 177 N
[ A b AN B AT A 7 1 [ U5 438, /b 1 RS KON 3%
S0yl 5 & o e S | W == A e 1 3 S 7/ P e 8
xob 39K R [ SRk O T bl L B0 7E 10~20 em
+2, T3 MWD A1 GMD {8 KN NFEELHE > 1B HF
B > AR [R/E > B, X AT B SAEMIIIAR R 5
AR RWAE R, BREREA DA

AREFE R, KR EA MWD, GMD Al
FD 18 5 #0425 () IE AU < BL 5 mm Rz
RS 3% 5 o TE 7 BN S i PO A g i b X 1
TIF 75 5 FE2ABL, T BH e B X 5 s ke s [X 7+
BRI R, EHOKERME BRI R (<
0.25 mm) [ RRAE B ZAR (>5 mm) [EAbiE 2,
5 mm RSB SEE RIS A, s IR R AR AR
SEMER AR . R, TDE>5 mm k2K Fatt
A SRR S 35 SR AL I R BRI [ SR Ak

4 25 i

1 AFE AT LLI>0.25 mm kifRKE
PERISRAR 9, AR PR B] VR > 5 5t > 18
FEIS > FERb; Sk SRR I 253 05
RPN RA, A T ZIRERm, Hh - gKER
PER B SR Ak 2 kb 5 3 ke, Hok 3 AL
77 RSN fE b

2) AFE LA AT, AREEER K
PEF AR MWD GMD MIX 5 s, FD (A UK,
IELE IR E TR, PUTRBE JE5E; 7R 0~20 cm 12
2, TIEERGOKFR R Rk B AR K i e 2 R A
H—EREMENE, 20cm~REZERAEE.

3) TIRPIRAAR MBI AR (<0.25 mm) [F] KL
BFRIRAE (>5mm) A FEF, 5 mm kiR &R
IREBEIIIE S 25

4) GMD U AT T MWD 1 FD 7341
S T B2 A 1, RERS A R b A e BT R Uk 2y
X A i 3K AR B R AR RS e v, WTUMEAS G
W T AR Ul 7 X A A 39 5 T - 3 A SR A e e MR 3R
TEFEHF o

S -
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The Effects of Land Usage on Water-stable Soil
Aggregates in Karst Canyon Region

XIAO Shengyang®, SHU Yingge®*
(1.Institute of Mountain Resources, Guiyang 550001, China; 2.College of Agriculture, Guizhou University, Guiyang 550025, China)

Abstract: [Objective] Aggregate is a basic functional unit in soil to characterize the impact of soil structure on soil
functions. It changes with agricultural practice and land management. The aim of this paper is to investigate the
impact of land usage on water-stable aggregates in Karst Canyon regions. [ Method ] Space-for-time method was used
to study distribution and stability of water-stable aggregates under four land managements: forest and grassland,
grassland, turning farmland to grassland, and cultivated agricultural land. [Result] The aggregate sizes in all land
managements were larger than 0.25 mm although the aggregate fractions varied between treatments. The MWD and
GMD were ranked in the order of: forest and grass>grassland>returning farmland to grassland>cultivated
agricultural land, as opposed to the FD. Regardless of soil depth and land management, the volumetric fraction of
water-stable aggregates increased with their size first, followed by a decline before increasing again. In particular, in
the 0~20 cm soil, the distribution of aggregates sizes and its stability is positively correlated. The critical aggregate
size separating micro aggregates and large aggregates was 5 mm. GMD can be used as an index for evaluating
stability of water-stable aggregates. [ Conclusion] Forest-grass land enhanced the stability of soil aggregates in the
Karst canyon region and plays an important role in preventing soil structure degradation.

Key words: land usage; water-stable aggregates; stability indexes; karst canyon region
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