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Abstract: In order to investigate the influence of karst microhabitat types on the stability of soil aggregates and to reveal
main destabilization mechanisms of soil aggregates in microhabitats, five typical microhabitats in the study area, namely
stone crevices, stone ditch, stone sink, stone and earth surfaces, and earth surface are selected. The dry sieve method,
Elliott wet sieve method, and Le Bissonnais method are used to determine the stability of soil aggregates. The results show

that after wet sieving, the distribution of agglomerates is dominated by water-stable agglomerates ( WR_,s) with a content of
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over 81.26% , the percentage of aggregate destruction ( PAD) ranged from 8.93% to 17.39%, the mean weight diameter
(MWD ) ranged from 1.94 to 2.85 mm, all smaller than the MWD of the dry sieving method, and the stability of the
agglomerates shows that the stone sink is the best, the earth surface is the worst, and stone and earth surfaces is the second
worst. The trend of MWD values after Le Bissonnais method treatment is slow wetting ( SW) >pre-wetting and strirring
(WS) >fast wetting (FW) , indicating that the maximum damage mechanism of soil agglomerates in microhabitats is the
dissipative effect of fast wetting FW during heavy or stormy rainfall, and the stability of the agglomerates is shown to be best
in the stone sink, worst in the earth surfaces and stone and earth surfaces is the second worst. Correlation analysis shows

that the MWD determined by the Le Bissonnais method are all significantly positively correlated with WR_,, for the wet

>0.25
sieve method and negatively correlated with PAD (P<0.05), indicating that the Le Bissonnais method and the wet sieve
method have good correlation and that the Le Bissonnais method is feasible for determining the stability of soil aggregates in
karst areas (P<0.05). The MWD under the FW treatment in the Le Bissonnais method is significantly positively correlated
with organic matter, indicating that organic matter has an important effect on agglomerate stability ; total N, total P and total
K is significantly positively correlated with MWD under WR_,; and SW treatments, and negatively correlated with PAD,
indicating that a stable agglomerate structure has a positive effect on nutrient accumulation (P < 0.05). The resulis of the

different measurement methods show that earth surface and stone and earth surfaces microhabitats are prone to soil erosion

and that protection of them in karst ecologically fragile areas should be strengthened during the rainy season.
Key Words: microhabitat; soil aggregates; stability; karst
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L1 AFFE XA

WSS DAL T PR w1 TR B R X P9 (24°55'N, 107°57'E) |, Ja MR 7 R e DA b, X P4
PRI, HEHR R EAE 376—816 m [H] Ay B S RAAHT 2 XU, AP KR BE Ol 16.5—20.5°C, 4 24 [ v 4y
1389.1 mm , 4F-F-3RERTRBON 130—140 d, AR, 5 = AR i P B2 075 o R AR oA K 08 2, &
PREEEEAR A1 R BRER AL, 0 X R A R R AR T 3k 70%—80% LA L, HJZ Tl B AR 100—30°Z [H].,
FEH S RL B A F A NS (Alangium chinense) | JK B3 TP ( Cipadessa cinerascens) JUIF ( Vitex cofassus) K5}
SEYE(Sterculia euosma ) %5 , £ A F i $H B ( Tetrastigmaplanicaule ) | 18 35 88 ( Dalbergiahancei) 55 i A 3 JEEL W% B2
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Table 1 Status of different types of microhabitat characteristics

, T HES VR R NS A SR . e INESE S Sebif
I SEERB e R MR
. . Soil and litter Microhabitat - . . : . Microhabitat classification
Microhabita type . . N The soil conditions Vegetation conditions o
thickness soil area/m criteria

FZERE N 15—30 cm,

SRR R R AR
TR, et 22,

2 Uil vy

I/ 2 AR R i

B2 TR .5—0. TN L BN 10—30 cm,
s S WL 008y e R I8 e
R TR SRR Bt
e
LR 35 1525 P 21 T
SD om, T AM I, A Y 0.5—1.5 b U k;; TR EREON 1—2 m,  EHEHOAT 2 WA
JEREJg 2—3 em e RN 60%—80%
Bt
AR T MR ZY  MARRSE, A OTRA
JEEREHN 10—25 cm o . R
« S B WA T IR A A S m, B
ss i?iﬁi,dﬁmﬂﬁr; 0.3—2.0 VIR R LB, R TEARAHLIN 1430 7K - 4
o AT 5 609%—80%
b e o PRAERAGTIELK AR EERR R
. s THMMABNGILL, KEBAG B AEREEKT 0%, DL
veiodeial o RETRNEMESE  5—20 on, B E W EHAEAME
AR A 30%—50%
BN, Tk FIEEAN R, - AR IR N &
s 30—50 em 247, 47 W1 b s BEHHYRBAMGYE 5, BT 6—10 m,  LENATEERNT 30%
A1 RIS Yy 1— Bx RUAHRLRE  FRASAEIES B BB L Lk
2 em FhAk A A N 50%—60%

SC.: £14% Stone crevices; SD: f174 Stone ditch; SS: £11# Stone sink; SE:£1 11 Stone and earth surfaces; ES:4-1f] Earth surface

1.3 bR ik
(1) T . 4% 500 g W AL TIfiAL, 37 34 >2 . 2—1,1—0.5,0.5—0.25 ,<0.25 mm,5 RifR, FRE,
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(2) Elliott JR0 1100 45 0k I R 45407 428 11 SR Az LB B 50 @ R A - 38 DR AT AL, 18 8 e st
[A] (30 min) FIYRIE (38 mm ) FEATIRA , LR 2RIAR 70 A0 5 10— B0, # FH 2lK s 2 pi A M R IR e B =50 &k
A 40°C HEARHETFREE , D5 A1 SR AAK R E TE S

(3) Le Bissonnais 3" B T 5 9 3—5 mm Fide 3 RRHCE T 40°C B4 TPt T 246 8 FRECERE
5 g, AR T REEE (FW) ¥ 5 o PRI A 27K 1 10 min J5 IR RK 5 18 3R (SW) 4% 5
g PIRIRTICE TURAC b, UEin G 212 N To/K S 2 B RAR 58 2 ER 5 7B 30 min; HURIEIRG (WS) 445 ¢
RARHTOK LA B 10 min, PRI AR R R IR SE R 2 2 A7 410K 250 mL HEFE IR H I K 2= 200
mL, £ CJ5 R A3 20 ¢, IF#RE 30 min, FEER K2 RK 50,3 Fab LS 43506 A I JCK st 7% 2 40
EITHCAMAE 40CHT RHHE 1 2.1,0.5,0.25,0.1.,0.05 mm &, 32— KPHE TR EESE

(4) A BEEAb M ORI 22 7 3 Y A HIL R S 4 R - R A1 A s pH R 1:2.5 HK IR
$-pH Tk TR IR E 2R TN 2 BE(TP) RIS G REE s 281 (TK) SR FH IR G BE B W A8 1 0 5
T SFERURRER A, 98 5t L2 5 [ 3 23 v g Al , 0 KE(2—0.05 mm) B3 KE(0.05—0.002 mm) AL (<0.002
mm) ,
L4 Bl b5 Ak

I RER e S, S E B A MWD >0.25 mm HIERRIRE 40 R, A RIREE /3R %
PAD X TH G RST AT LA B #3746 £ RMI R A= v

(1) HE & H AL (Mean weight diameter, MWD , mm ) 7158350 K .

MWD = i X,
=1
Ao xRS S B AR B2 B AR (mm ) 5w, M4 RE AR - HE R R B T4 (%) &
(2) BHEREMERAIRIRE & R, IR RIRDEIR 2 (Percentage of aggregate destruction, PAD,% ) 115
YN W
Cy
R, s = C. x 100%

T

DR>0.25 - WR>0.25
PAD = X 100%
DR s
A, C, T BB >0.25 mm HIEHIRIEATE R (¢) ;C, 0 M RIK LT & (g) DR, (s B T i 5 >0.25 mm
KT R 5T 18 53500 (% ) BIAUABRS 2 PR ETERAK s WR. s TR 5 >0.25 mm 79 KT R AR T 5 7355 (% ) Bk A2k
IR,
(3) AIXFIE HHE £ ( Relative dissipation index , RSI)  AHXJ HLA A #9245 %X ( Relative mechanical crushing index,

RMI) 502 208 «

MWD, ~MWD,,

RSI= x100%
MWDy,
MWD.. ~MWD. .
RMI = ol * % 100%
MWDy,

MWDy , MWD, MWDy, 3 1A PSR (FW) | TRIR IR 5% (WS) FE SR (SW) 3 AR [R] 4b B3R A5
) MWD {H .

JEEABHE R Excel 2010 231 SPSS 21.0 4141 Pearson 156 250 47 M S 4347, One-way ANOVN
A Duncan BXBAEIEAT 22 S0 08T, BB MK a=0.05, #HBAEEIIE RN B AR ME2E K Origin 21
BAHER
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2 ERES

2.1 A[FZEHNESE AR bR

N 2 ATAL, ASTR) AR 58 - SR A AN ], R Rk ROk br 25 i I (ER &, MR 39.28% >Hb 4
31.91%>45 40 28.81%, Hh A bk &, 5SAM AR EER SA% THES AR E(P<
0.05) ; Al APk S T L A LR R LS, A S A2 5 AU R (P<0.05) s AR 4 FR kL
WBEETAW AL, SA% 0 EER(P<0.05) , ANE/NESS H3E pH WA E2ES, A T A%+
R S AR R B2 R IN(P<0.05) , A E AR T R v v 55 R 8 s /AR BR - A ML
SOM & 7E 45.54—65.55 g/kg Z (0], b il 9 SOM S B & m A 1w, L, S a8 LR EER
(P<0.05), A Al A LHARSA TN &Rl e TA%% L, A% TN & 35 T 10 (P<0.05) ,
TR TP S BT A A5 AR TK BEE T AW A i i, R R EFE T AW A
+ i (P<0.05) .

F2 FRE/NERRR L+ B IR
Table 2 Soil physical and chemical indexes of different microhabitats

F WAL Granulometric composition/ %

NESTR ‘ — . " SOM/ ™/ TP/ TK/
Microhabitat type ~ B0HL Sand B Slit Rk Clay P (&/kg) (w/kg) (&/kg) (&/kg)
(2—0.05 mm) (0.05—0.002 mm) (<0.002 mm)
sC 35.33+8.71ab 37.25+3.73he 27.43+4.98ab 745:0.06a  60.24+330ab  3.22+0.06b  0.98+0.02a  7.67+0.32a
sD 25.71+0.24b 48.98+0. 86a 25.3120. 63h 7.02:0.08h  65.00£3.89a  3.75:0.03a  0.98£0.0la  6.40£0.08¢
ss 23.74+3.57h 45.18+2.98ah 31.08+3.37a 6.90+0.12c  65.55+0.07a  3.81+1.02a  1.00£0.0la  7.230.14b
SE 38.43+1.71a 34.72+1.86¢ 26.86+1.71b 7.43:0.15a  5430:9.36b  3.55:0.04a  0.95:0.03a  6.20£0.04c
ES 34.90+0. 52ab 35.27+3.64c 31.84+3.12a 6.55:031c  45.54:545h  2.11£020c  0.88+0.04b  4.60+0.08d

SOM: +HEADL Soil organic matter; TN + 42 Total nitrogen; TP 548 Soil total phosphorus; TK: 3480 Soil total potassium;mm/J\'g?Mﬁﬂfz:lﬁJ
INESEIATE P<0.05 KF 257 0%

2.2 AR/ e R IR AT REAE
il 1 A, RS2 2—1.1—0.5,0.5—0.25 ,<0.25 mm, 5 ASRiAR [E] o A A7 6 22 e, 0 s /AR

kif2/mm Wl >2 0O2—1 @ 1—0.5 3@ 0.5—0.25 [1<0.25

H SR AR i 4 B

Percentage mass of agglomerates/%

SC-D SC-W SD-D SD-W SS-D  SS-W  SE-D SE-W ES-D  ES-W

B 1 RENESE T EERE S fRHE
Fig.1 Distribution characteristics of soil aggregates in different microhabitat
D Fn TG H R RIS ARRAE, W RIR IR 5 e AR i FR1E ;SC . 41 4% Stone crevices; SD: /174 Stone ditch; SS: £ 1# Stone sink;
SE:f7 +Tf Stone and earth surfaces; ES: +1fi Earth surface
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B R THIRELI>2 2—1 mm RifEh 3, BE 54 80.36% F1 10.84% , L4 <0.25 mm Fif2 s34 e /b, B{E R
1.72% , ISR AR AR o3 A A8 A e SRy BRE A DB INTT R . A T AT B8 7E>2 2—1 mm KA A R AR 55 1243 5
H 65.83% \78.55% }% 18.53% \12.68% . ZE Ik T4 At A1 11 ( P<0.05) . 1A L1 1—0.5,0.5—0.25 mm
RIS 5)0 18.53% 9.63% , & 1 T A 445 ( P<0.05)

MBS, H AR RL AR 43 A LA >2 2—1 }2<0.25 mm BiFS K 32, 25 4k 30 [l 43 S 7E 34.84%—76.56% .
4.91%—40.28% ,10.76%—18.74% Z I] , HoA i A28 o3 A1 8070 1A SR AR 43 A1 Bt A A2 ik /N S B AR S 1 T
P, A A AERTIRIRAES2 2—1 mm KR W EAR T AR A 0,3 R 22 SN A 1—
0.5 mm ,0.5—0.25 mm A% H A7 oA 0 3 i T A AR BT, 4 TR IKAE <0.25 mm kiR H B & TR A A
1 (P<0.05) .

2.3 A[FEVINVESE 3 R IR R S HERRE

FH % 3 A, 5 ANV 00 RE 1 MWD 2 TR 0di | BI/NAE 5% 4 S SR AR LA UB RS 22 1k A1 SR A4
F., TG MWD 7£ 2.77—3.21 mm [HA546 ) B R B/MKR A il > 4010 > 1 > A 48> A 0, Horb A
MWD B ECTF AT A AR, A MWD 385 T A4 A I, A4 A8, i %22 7 (P<0.05) . 1R
MWD 25k a3 5 155 —3, 43 A S FEIAE 1.94—2.85 mm Z[0], {855 A A MWD AR Es TA% +
A, A% EESARE  (HREETA L, Ba - mm AR AR R e R (P<0.05)

H 3 3 38 mT 0L 4% /N A BE AL RS % M A1 AR (DR, 05) AT 97.48%—98.63% [a] | /K Fa 52 7 A R 4R & &
(WR, 5) S AAE 81.26%—89.24% Z [8] , RI/INA= 35 K A (AR 5 B A vy, AILBRURS S M, o 1T WR s T 2
S HA AR BE 25 55 10 35 (P<0.05) . PAD RIS o 0 7 i 1 SR Al e e, HC (AR A A 5 A 2 il O R
T KR PERE . AR SO ST R 4 2B B PAD {EAE 9.329%—17.39% Z i) 28 4k, i1 R B/ IME R N + 1 A8 A
T A AR, LI PAD (H R T A4 AVE AR A, B b A A AR B R R B 2% R (P<
0.05) .

£33 TRER T EFARERE SR

Table 3 Stability characteristics of soil aggregates in different microhabitat

” T E L EAR MWD —
BT Mean weight diameter/mm >0 PAD/%
Microhabitat type
MWD, MWDy, DR WR.0.25
SC 2.99+6.22b 2.51+1.63¢c 98.41+0.07ab 89.24+0.88a 9.32+0.83b
SD 3.14+2.78ab 2.75+6.96ab 98.59+0.53a 87.58+1.55a 11.17+1.86b
SS 3.21+0.16a 2.85+0.09a 97.48+0.37b 88.62+0.34a 9.09+0.69b
SE 2.77+0.06¢ 1.94x1.10d 98.76+0.00a 88.41+0.80a 10.48+0.89b
ES 3.12+0.06ab 2.64+2.27be 98.36+0.16ab 81.26+1.22b 17.39+1.31a

MWD V& & 54 Mean weight diameter; MWD, ; T AR Dry sieve mean weight diameter; MWD : B3 B AR Wet sieve
mean weight diameter; R, ,s:>0.25 mm soil aggregate content; DR, s : HUBEEAEPEA T IR Mechanical stability aggregate; WR. s : /KEEH 4K
Water stability aggregate; PAD ;. PIBR{ABEIRH Percentage of aggregate destruction

2.4 JET LB AN /INE 55 R A4 AT

LB VEAb B R /AR AT SRR A3 1 DU LI 2, 28 3 R Ak 3R A BRS04 0 22 DA > 2 mm AR 3 FW AR
B >2 mm L 5 PR3 (I 84.04% , JUARL A 7 HE B/, B4R 53020 2—1 mm (4.23%) \1—0.5 mm
(3.50%) ,0.5—0.2 mm(2.30%) ,0.2—0.1 mm(0.89%) ,0.1—0.05 mm(0.68%) ,<0.05 mm(4.38% ) , A4S}
A BB G I IR AT R A0S . SW AT IR ARAEARRAE , >2 mm By 94.68% k<
0.05 mm kiRt , ¥IME R 3.56% , HAWRAR A /3 A0 {5 L UAE 0.10%—0.88% 2 0], WS ZbFR5 , HIZR 1A 34 L) >
2 mm FI<0.05 mm KiHEA 3 HIHMHIH 89.50%F1 4.46% AWK AT (L 0.27%—5.02% 2 I,
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bifg/mm W>2 0O2—1 DO1—05 30502 ©02—01 ©0.1—005 £E<0.05
100 r =3 = =
EEEEEEE EE%E
E B r‘u m _:_ — — E b = ] _:_
s 95t 7 M = — — B HBE B E
Z m - B e
g . | = = o =
HE o0t l . = — I =
g (=]
o 7 =
S ]
= o 85| |
ﬁ(])
®E —
Eﬂ)
@ 80 -
=
3
5
A~y 75.4
70
SC [ sD| SsS|SE |ES [sc |sp|ss|SE|ES |sc| sp| ss| SE|Es
FW SW WS

B2 ETFLBELET/NMNER T ERARESS fHE
Fig.2 Distribution characteristics of soil aggregates in the niche treated by LB method

FW. B iRiE Fast wetting; SW & #EE Slow wetting; WS R Pre-wetting and strirring; LB : Le Bissonnais

2.5 KT LB IRAREE T /A BT S R AR RS YRR

LB AL B)S 5 Ff/NVEEE MWD {HU03 4 FiR, FW ALER MWD, (B0 i 7€ 1.83—3.23 mm Z &), A1
RFRE TR R REON 4.07% , R RBVMRUCH AR A A i A2 L, A1 AW MWD R E S TA
% Eiﬁ%uiﬁ ATHE RN 4 1 2 i T T (P<0.05) ;SW AR BT MWDSW{Eﬁ%ﬁf 2.40—3.42 mm ZJi],
FaEMEAL S RO 1.89% ; WS AL HT MWD (o fH /0 A 7E 2.12—3.29 mm [i] , £ P28 5 RN 2.98% , 1 T
FW .SW LE%ZIEH o SW 5 WS AP R i MWD {8 5 6 T =l 2E 35 (P<0.05) .

% 4 Al UF R, VBRI RIATE 3 FACFET MWD {5 5728 S5 250 28 fb a3, # N SW>WS>FW
H/NEBE RSI RMI (Y R i K, H RSI B ARGE K F RMI, 2 2 IUEOC R, RI/INAE 35 4 398 P SRR X
ROV B Ry fUR% , = T AT SR AR 32 g i R JEE A K

F4 LB EAEAAEFNXTENER T ERAREIETE I
Table 4 Stability characteristics of soil aggregates in different microhabitats treated by LB method

N BEE ST H A4S Mean weight diameter/mm . -
Microhabitat type MWD MWDy, MWDy
SC 2.85+3.38b 3.38+1.55a 3.16+1.59a 15.70+0.00b 6.46+0.00a
SD 3.15+4.75a 3.35+3.36a 3.26+0.14a 5.89+0. 17¢ 2.83+0.90b
SS 3.23+1.87a 3.42+1.16a 3.29+2.53a 5.22+0.03¢ 3.63+0.01b
SE 2.94+0.06b 3.34+1.50a 3.20+0.11a 7.67+0.15bc 4.04+0.10b
ES 1.83+0.18¢ 2.40+0. 86b 2.12+1.71b 23.95+£0.49a 12.14+0.04a

MWDy + DR J5 A B RS- B 42 Mean weight diameter of aggregates after fast wetting treatment; MWDgy, + 18358 {23 J5 ] S /K- 24 5
HEH 2 Mean weight diameter of aggregates after slow wetting; MWDy : 11 TR ¥ J5 B R RS2 8 B 542 Mean weight diameter of aggregates after

pre-wetting and strirring; RSI: FH XTI BLFE 4K Relative dissipation index; RMI: Relative mechanical crushing index;LB: Le Bissonnais

2.6 A[E/INVESE R AR

AN 3 7R P25 /AR 35 A S PSR AARAE LR R TBOR 28 1000 A5 s SEIN 21 i) SEM. EHZR AT WA [R] /N A= 45 4 43¢
IO R A A S35 22 57 s RN T A A 355, 0 TR R A R A 5 SR O 3 T A 253 BN S A R o B A
2/ HLHES B %% HAT R o M 5 /A SR TR AR WO A B2 22 LB 23
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Fig.3 Different magnification of electron microscope (SEM) images of microhabitat soils
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SOM 5 LB &5 MWD, {H 52 3% IEAOG , SIRIHE WR, , B IEH AN R, 5 PAD R AAHCHEA R E
(P<0.05) ;&5 5745) TN TP TK $5 WR,,,s MWDy, 2B IEHE, 5 PAD £ W& fAHXK (P<0.05) ,TN 5
MWD, Fl MWD S E IEAOE, TP S B IEA I ; WR, 055 MWD, 2 B3 IEAE (P<0.05) , 5 MWDy, .
MWD, 2B IE A5G (P<0.01) ; PAD 5 MWD, 2 B E A K IE R, 5 MWDy, . MWD, 52 1 8 35 1A ¢
(P<0.01),
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Fig.4 Correlation analysis of soil physical and chemical properties in microhabitat
PH .55 7% Hydrogen ion concentration; SOM; 1345 HLJ& Soil organic matter; TN: 13 4% Soil total nitrogen; TP; 134 B Soil total
phosphorus ; TK ; 134280 Soil total potassium; PAD ; A BAABIRZR Percentage of aggregate destruction; WR>0.25 ; /K Fa: 5 A& Water stability
ageregate; MWDW ; 1555 45 # 4 E{ 72 Wet sieve mean weight diameter; MWDFW : P8 35 8 J5 2] 58 K - 44 & 4 /% Mean weight diameter of
aggregales after fast welling treatment; MWDSW . 1 3 i Vi J5 ] 28 (4734 5 f2t FL 4% Mean weight diameter of aggregates after slow wetting; MWDWS:
TR 5237 5 W SRR V-4 T B2 Mean weight diameter of aggregates after pre-wetting and strirring
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