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HEAHARXISR, KAT. BE27AF Le Bissonnais j%&, £ 7 AETEHERARMRERHEAIRIAIE, WETER
RRHIEBHIR (SOM). MWAFE (AHN) FIBEXE:E (AP) NEE. ERKIA: SKF FEAME>0.25 mm FARARTEID
90%, PAD {ESEEIA 0.01%~4.75%, F. iBFEFAT, MWD EZMLEEDBI/ 4.63~7.69 mm F1 1.33~4.24 mm, EFEK
DR4EES D SEE B/ 1.57~2.18 F11.55~2.15, SKF TEZERARRAIFSEMMERIEREILRTIEE, B2 SKF TEFRAR
NRREMERTRHE SKF, RETEENHESERRIERERARENEENS, ARMEIAZE (PAD). BARAKSH
4 (D) FIFHEEER (MWD) IX=IEIRIRE, SKF TEFARAKSENY. BEMYREF. SKF HIE 30 cm AT
T2, FRR SOM, AHNF1 AP Z &8I 0~20 cm L EKRIETE, S ESBE2 59 13.2740.94~37.5343.47 g kg, 71.5843.27~
198.54422.63 mg kg 1] 0.1520.03~0.3840.10 mg kg !, +1E AP +9R=. SKFFESENE SOM S E+EFRERIZSL,
5T SKF 30 cm AT T ESEREILRTMEE, MiRHE SKF ISEEEUER. BEXEREINR, BAIRHE SKF
EimE AP SENTEE—, AHN SERTWEBENS SKF S ZEIZBREXEL. SOM. AHN 1 AP &5, SKF
B EARAKISE MR,
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Abstract: [Objective] A shallow karst fissure(SKF)is a significant habitat in rocky desertification areas that provides growing
space, water, and nutrients for plant growth. To explore the differences in the stability of aggregates, the primary mechanism of
aggregate decomposition in different soil horizons in SKF, and the vertical variation characteristics of nutrient contents in
aggregates, an experiment was performed in the karst region of southwest China. [Method] Two typical forms of SKF
(rectangle-type SKF and funnel-type SKF) was selected for this study and the particle size distribution and stability characteristics
of soil aggregates in different soil horizons (0-20 cm, 30-50 cm, 50-70 cm, 70-90 cm, and 90-110 cm) were explored by the dry
and wet sieving method. Also, the mechanisms of soil aggregate decomposition were analyzed by the Le Bissonnais method.
Furthermore, the contents of soil organic matter (SOM), alkali-hydrolyzable nitrogen (AHN), and available phosphorous (AP)
were determined in aggregates with different particle sizes, and the relationship between these nutrients and the stability of soil
aggregates was analyzed. [Result] The aggregate fractal dimensions (D) under dry and wet sieving ranged from 1.57 to 2.18 and
from 1.55 to 2.15, respectively. The stability and erosion resistance of SKF soil aggregates decreased with the depth of soil
horizons, and the rectangle-type SKF soil aggregate was more stable than funnel-type SKF. The major mechanism observed for
SKF soil aggregate decomposition was slaking generated by fast wetting. According to the indicators of percentage of aggregate
disruption (PAD); the fractal dimension D and mean weight diameter (MWD), SKF soil aggregates have good water stability and
permeability. In the 0-20 cm soil horizon, the variation of SOM, AHN, and AP contents in aggregates of different particle sizes
were 38.3446.53-90.91+10.02 g kg?, 208.09424.10-373.93438.27 mg kg !, and 1.9840.96-8.1346.45 mg kg?, respectively. In
soil 30 cm below the surface, the contents of SOM, AHN, and AP declined sharply compared to those in 0-20 cm soil horizon,
which were 13.2740.94-37.5343.47 g kg, 71.5843.27-198.54422.63 mg kg !, and 0.1540.03-0.3840.10 mg kg?, respectively;
with a very low AP content. Importantly, the particle size of aggregates was not an important factor governing the nutrient content
of the aggregates. Additionally, SKF morphology had different effects on the variations in SOM, AHN, and AP contents with soil
depth. SOM content below surface 30 cm horizons in rectangle-type SKF was significantly decreased with increasing depth of
SKF, while no significant difference was observed in funnel-type SKF. The variation trends of AP content with increasing SKF
depth were consistent in rectangular and funnel-type SKF profiles, while there was no significant correlation between the
variation trends of AHN content and SKF morphology. According to the correlation analysis, higher SOM, AHN, and AP contents
indicated stronger water stability of the SKF soil aggregates. [Conclusion] The water stability of SKF soil aggregates is an
important factor for these soils and decreases as the soil horizons deepen, with the major mechanism of soil aggregate
decomposition being slaking generated by fast wetting. Also, the morphology of SKF showed varied effects on the variations of
SOM, AHN, and AP content at different soil depth.

Key words: Karst sloping fields; Shallow karst fissure; Soil profile; Soil aggregate; Soil nutrient
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R, EWHELNTRERENKD . FOMIR  fissure) RERAMRFERPMHEANLE, HER
REKFENTE., XSEBEEYRERME. £ 2 oJHFHEBEALMEIEN 5.3%~8.9%07, SKF
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KDHFD, BARUCHKESKE BRKBAIE
REARRNERERREE, SKF Z2IRETFIBX
FEERIER- T " oo =% RENEEHMEH T
ik DRKHNERREE. BERTEPNIEER
BRG, FoREmEEENERCERSEERT
IF SKF TECRERKRTMLN 7, TEBARKE
TEREMNEARBTNASCERE, HiREMER/)N
EFMETERMUEMTERINEERERZ—
no-nl, RIEFRARIREIIEAD WL E AR
Hrs it IR F TR AR SR AR S THRERIE
MiESZ2—. BENESBRRB/NERTBEESRS
DIREAIRRIINR, FEFR T HEMERMEDAY])
SRR, AREKM, BELEREEM, SKF LED
RIRGZD, FERIRL, RERISEIENGT, BYE. B&
MEBHEE T RREGINMmEFED 29, B2, &
X SKF BIE T ZARIRRIER. FoEELAR AR
FOEENERZHUAREAFBTE, SKF FSHH
RAREERAFD FEXMHNBEXHARRIIRE.

FLL, AAREEIFQRCSIERERF AR
SHY SKF, DITHBIETZARKAMN. SEM.

BRI, ARBEIRAPIESIR (SOM) | B
fBE (AHN) FOBEXEE (AP) BENEMTAE,
DITARGFRELSHFOIBIBRKRER. HRE

1 MR5EE

11 FARXEER

XEFERUTENEEETERE T RE
(26°17'05.30"N, 105°39'21.44"E), @ik 1 100~
1400 m, WHHEXBESIE, FFIH[E
15.1°C, ZFEFIYEREN 1314.6 mm, ARKX
WHBRHRal Anh, REG ERE®E, A
EWETREE 35%, WERIABINALWL. Babim
ERE 10%/Ef, s EHEE Xk EHE
FIFAFANME,
12 HEmX&E

DA B B IR A E B IR TSI R M 5
ROREFZADIRSHIZ SKF BIE AR SR (R 17 1B 1).
BTmLiZE 0~20 cm, 30~50 cm, 50~70 cm,
70~90 cm. 90~110 cm B+iE, EANBERERE
. AR 0~20 cm REL W TELTEMRNE
M, & 20~30 cm EEAEHE, FRELTEHF
. TENBRELRENEBANT, GHAR &
HFREZY, &M,
1.3 HIEFREDHT

(1) FhEort: BUXFLHE 1 kg, AR S,

=]

RBINERS SFK BT BARMKMERMINR, AR 3. 20 1. 05 1 025 mm WEEFRFHRHD, RE.
BUREI RSP RNSENMES Z BN RE
TEIR Mt —ERVERIE AR IE.
*1 RESK SKF EHIEER
Table 1  Overview of sampling sites and SKF profile
TRALALE oy
_ _ RERE
Fs M HBTRAATR SKF & = +1EKA Top aperture Trace
Sampling
No. Sampling site Latitude and longitude  SKF type Rock type Soil group width length
depth/cm
/em /cm
26°20'42.04"N,
1 Bt yiEhi7 xR&E Akt 30 90 0~90
105°48'10.54"E
26°16"20.61"N,
2 (RIS yiEhi7 xR&E axt 10 120 0~110

105°4521.39"E

http://pedologica.issas.ac.cn



6 HA REEGS: BESRibEES AR EARMEELSHFDERRAE 1475

26°16'21.05"N,
105°45'21.77"E

26°20'54.75"N,
105°48'12.75"E

>t
i)l
ju)|
=t
H_

>t
i)l
ju)|
=t
H_

60 100 0~90

30 150 0~110

i NEEADEIN 1~45, Note: Number 1~4 from left to right.

1 SKF/NAEZRRERA
Fig. 1  Profile morphology of SKF microhabitat

(2) EiEDFE: BFHRENSRARKRER
DB 50 g TANFHL T, BALLE
@, AKERFREEKEIIREE, REMEE
ERK, BEROEREEERPLIHETEINME,

BHE 10)R, BFLEH5. 3. 2. 1. 05F10.25 mm
M EBHR EETRORBERFE, BAKP, &
ENEEE L EEEKPNLERE, REER,

BimAAEKP L. RS 10 R, B 5.3.2 mm
MTER, BRTLES L TRMED 5K, %%
BHRKRUEARKERR, HTRE. (3) FAEK

ENHI TEREIBEMST: T HIREN 3~
5 mm FABRAK, 40°CHYIE 24 h, £B8 Le Bissonnais
FEMHTREEE (FW)., (EEE% (WS) %
1BIRIE (SW) =FMIFiEbE, BRARBRBEARS
50 um 5 £, BN 95%ERETF, 2 cm RIEL TR
20 )R, BERHTEETFE 40°CREFEMRL 20 min, E LR
N{BE, 40°CTHt 12 h )FRRE, BRA—EFE 3.
2. 1, 0.5, 0.25, 0.1 %7 0.05 mm NETETFED, FRE.
TEARKNESHSREEESHNITELW
&2 fi:

*2 ITRARFHNESHSREMSHEFELR

Table 2 Particle size distribution and stability parameters of soil aggregates and their calculation formulas

Ay Ay
Stability parameters of soil Stability parameters of soil
Calculation formulas Calculation formulas
aggregates aggregates
w log <% )
. " _ o
>0.25 TIBFARKRE (Roo) Rog25 == 2 x100% TR (D) ) D =3-——==7"—>100%
0 log (/—)
dmax
R.0.25( %) — Ro0.25:25%) n
BIBR{AREAE (PAD) PAD = R x100% | PIYERER (MWD) MWD =3 wif
>0.25(-F-4if) Py
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AERTHALIEEE (RSI) RSl = Wby,

MWDgy, — MWDgy

MWDg,, — MWDy

H HERIHURARREISEL (RMI) RMI = Wby,

xoh, wo NETEHREEE, woxs AXTF
025 mm FARKLSRE, o ARAHBORRK d5 dia
BIRZROIIE, dp SRR THRAITEINE,
wi NF RV THRER, wo ATIESHEER
BEF, wi A% | MEARKRERDE (%),
1E1E BRI AR RRIFIINIR, MWDrw, MWDsw,
MWDws 73 BIFRRRERE. FiETENTEIRS
LHEAFXTHHIEEER.
14 TEFDOHT

SOM HERRHAEE (JMNFNE) MUE, AHN
SRR BUENTE, AP R NaHCO; 22— 4R%
mEENE.
1.5 FUEAIE

SRF SPSS 19.0 XL HIBEHITRERALED
1 (one-way ANOVA). Pearson fEXMSHTIIEE
547, OriginPro 8.5.1 H{TAMEE. EURII—LFD
“2E,

2 & R
21 F. B AR T SKF 2 ERABRMASAE

F. BEESBIERTAN O DM HREM
BIRAFTIK D BRI E R BRIRES, ME 2
BT, FIEER T, SKF BlE& L ELEILI>5 mm
BRAAE, HFEOHARKNEEASEESN
ta%, BHEAT, SKFEXE> mm ARKSE
BERFFHRIETRE, BELIEINRNEARK
SEEN. FHRARLEARKNESHMSEHE
BORLEME, TEFUAKRSIHEEE T EINRAR
FHARKESSERDHIBEE,

MR 3aTH, F. iBFEEGET SKF i
2>0.25 mm FIFARAKIEIT 90%, BEE ReoswiBE

AKRERELTEMRLBBEEREME, IBIHE R0z %
BR/NFFEi%, >0.25 mm BIRABRREFR S T IERK]
ZEik, BT EPRIFNSHEK, HEX/NSL
ERREMNREERXKRN, PAD o LAREFib
R >0.25 mm TEEARKREXDIRSIERTH
HIARIRRE ., ZEWX, RPEARARBESERZY,
TEENEARRE, BRATERUERZIN, 4
A SKF &1 /2 PAD SEEIA 0.01%~4.75%, PAD fiE
TEMRAFFRNHBRAIMEE., MWD 2Rt
BERARGX/NDMRRRE BistR, HEMERS
BARAIREMWERY, NE 3 oI, FHFIgm
MWD BEZSEEIS B/ 4.63~7.69 mm F1 1.33~
4.24 mm, 8% MWD BBE/NFF7E, MWD BETE
INRARFRIHBARRIMEME. RIE Le Bissonnais 16
BUFA5T, MWD 7 1.3~2.0 mm ISR ATEE, KTF
2.0 mm BT EIRAIFERE. B, FHEAT, SKF
TEARBRIZE, EHEAT SKF LEARMARS
E. TERARKOFHEE D /)y, TIEETSHANEL,
TIEEN . BEMSREMETF. DSR4 D>2.88
BRMERE. BIEEITERITIED), K3 TTA, 4
A SKF FifliZftARAD 4L D SeE o 3lA
1.57~2.18 1 1.55~2.15, MEZEREREUE
F. NTBEXRE, TBEARKSRLES D BELEM
RARIH B RN,
2.2 AEREFEHEIT SKF B mERARRE M
SKF B EARAEA BB H TR KRR
REHHWNE 3 Fim. NFETH, FARTEEARK
XHEEGENMA AR, FW BT, 4 49 SKF 3l
@ 0~20 cm = ELUKIZR>3 mm BIFASR K, 30 cm
AT ELRIR 0.5~2 mm PEARKRE, BEEL

http://pedologica.issas.ac.cn



6 HA RE(EGS: RETERI R Ea AR T EFARKREM SF D ERTIFIE 1477
B <0.25 mm [ 0.25-0.5 mm [ 0.5~1 mm [ 1-2 mm [l 2-3 mm [ 3~5 mm =5 mm
No.1 SKF No.2 SKF No.3 SKF No.4 SKF No.1 SKF No.2 SKF No.3 SKF No.4 SKF
g
LB
405
K5
g
®e2
=
E
S
EEEEIEEEEE|IEEEE|IEEEEE|IEEEE|EEEETEI|EEETE|EEEEE
Lo 0 Qo V0 W 0 O QW Ol v O O Vo V0 O o W 9 O 9|l O O ol O W O O
S oo Qoo oo oo oo oo Lo oo oo oo oC
Sl e~ Ny~ N N Oy~ 0N NSy — N OV N T O —
dddd|lddddTRSESEESLTIRELE AL LS TIRELS|1ELL4T
(S TS o rﬂl(‘)hg onown e~ rﬁl{‘:[‘-g oo~ t")v')r"-g oo~ mu‘nr—-g
i Dry sieve HET% Wet sieve
+ )2 Soil horizon
2 SKF ZELTZEFARFRKRES T
Fig. 2 Mass distribution in SKF profile soil aggregates with different particle sizes
F=3 T BFNET SKFHHELTZERARKLIHESRELSH
Table 3 Distribution and stability parameters of SKF profile soil aggregates under dry and wet sieve treatments
R>0.25 MWD/mm D
:t)% N N N
SKF . T B PAD/% T B T B
Soil horizon/cm
Dry sieve Wet sieve Dry sieve Wet sieve Dry sieve Wet sieve
0~20 99.52 98.65 0.88 5.50 4.24 1.68 2.08
15 30~50 99.18 98.81 0.37 5.14 3.76 1.89 1.63
No.1 50~70 99.22 97.69 154 4.63 3.68 1.77 2.02
70~90 99.02 95.84 3.20 4,74 2.53 1.85 2.03
0~20 96.93 96.92 0.01 7.81 3.58 1.90 2.08
30~50 97.91 97.25 0.67 6.91 4.03 1.73 2.03
25
50~70 98.36 96.73 1.66 6.93 1.99 1.65 1.83
No.2
70~90 97.95 96.96 1.01 6.50 1.57 1.76 1.78
90~110 99.11 96.09 3.05 7.59 1.65 1.70 1.92
0~20 99.37 98.73 0.64 5.94 3.30 1.63 1.71
35 30~50 99.45 98.54 0.92 6.32 2.05 1.57 1.55
No.3 50~70 99.24 96.735 2.52 5.55 1.33 1.66 1.78
70~90 98.69 93.99 4.75 6.59 1.33 1.88 2.05
0~20 98.84 97.52 1.34 5.62 3.25 2.18 2.15
30~50 99.46 98.47 0.99 7.13 2.95 2.15 1.99
45
50~70 99.47 96.83 2.66 7.69 2.57 2.16 1.96
No.4
70~90 99.15 97.26 1.90 6.57 2.36 2.09 1.94
90~110 99.49 96.34 3.16 7.51 1.38 1.88 1.91
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B0.1~0.05mm ME0.25~0.lmm BEMO0.5~0.25mm BEEI~0.5mm EE2~]1mm Bl 3~2mm >3 mm

o
QIOU No.l SKF No2SKF | No.3SKF | No4SKF | No.lSKF| No2SKF | No.3SKF| No4SKF | No.l SKF| No.2SKF | No.3SKF| No.4 SKF
L5
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= E
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2
&LE
L 60
ma
s £
\‘E\’E_-j 40
=
B
Bl= 20
£
S0
EEEEE EEEEE|IEEEEEEEEE|IEEEEEEEEE|EEEEIEEEEE
L0 0 0 0 0 0 0 0 00 V000 00000000 0000000000009
[ R - =1 R R B | e e R N o ) =R e R ) (o i R [ [ o s i o I R ] [ejejel] clalole) -]
TR 9= R I ] A A R L L
o~ o 0NN~ o oy~ N~ o o~ N~ o oo~ NS o
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FwW WS

+ )2 Soil horizon

3 SKF BIEARHEES T L EARRRRRED T

Fig. 3 Mass distribution of SKF profile soil aggregates with different particle sizes under different crushing mechanisms

ERIIGR, /INURERARET SECERRIE, FW &b
EX AR AR ERZFETINE. SW & EF WS
QI BRIMHBEROMRER. SR, BRAR
2 SKF ARGXRE—EBELCENmNE —ENE
Bl. FW BT, 1 5%/ SKF Y 0~90 cm £ EF
2 24872 SKF B 0~110 cm £ EHIR>3 mm BIFER
KEREESIETWEE DB/ 80.64%~13.82%
1 89.21%~4.94%, 3 SH 4 S SKF AYEN
3079 59.88%~9.95%7 78.29%~3.30%, Zits
raREA, FW LB TERZ SKF S AR >3 mm Y
BRI SLLEZZXTIRHE SKF (P<0.05), BIR
RIREMCEE BTN, WS BT HRIHE
BRIRER, SW LEEFRFMIBHE SKF LERFRK
NEECERENISEREMER. XA, & FW
1 WS &R, B3 SKF FBRARRI KA R EHZ
SKF 92,

ME 4a FTLAEH, BEXERMR, SE

MWD 2T HFES, XREE, SKF HEFARK
NRSEMEREEEHE, ARLERMTLERAR
K MWD BIK/NJg FW<WS<SW (P<0.05), 1X3RHH,
FW SCIRRRIIRY TIRB = k&R T RYBE I RE XS
SKF FSRARIBIARE D &R3E , TRIRIE = ERIEED
& SKF FIRNEZMRIENEI, A, 7 SKF hfFhtE
RIEYIFIERHEMRES, FERKEE, NREHES
X, BRREEIEN SKF FABRRRIBIR, E FW &b
HT, 44 SKFHJ0~20 cm T EFERFAI MWDrw
SBEEl/Y 2.32~2.66 mm, #& Le BissonnaisIHIFRELE
NIEERE. 1 5502 S5/ 30 cm AT EAR
HRREMESEFELU L. 4 SR SKF 9 50~
70 cm #170~90 cm +/Z#1 3 SiF=HZ SKF A9 70~
90 cm T ERIRTE, 4 5AY 90~110 cm T EFABR KK
FIEE. FITERKA, BF SKF B9 MWDrw B
AFRHE SKF, REBERRFMFAMKREIER
T, 782 SKF T ZEFARFNISE BT IRHE SKF,
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EErW [ WS EZ4sw a EE RS B RMI b
30. No.ISKF| No2SKF | No3SKF| No4SKF |No.ISKF| No2SKF [ No3SKF| No4SKF .o
W M, 0
20 I IE A -E A 60 _
bl L 5
g1.5 [E o E ] E
=10 0%

8 1 1 1 o

0~20 cm
30~50 cm
50~70 ¢cm
70~90 ¢m
0~20 cm
30~50 cm
50~70 cm
70~90 ¢cm
90~110 cm
0~20 cm
30~50 ¢cm
70~90 ¢cm
0~20 cm
30~50 cm
50~70 ¢cm
70~90 ¢cm
90~110 cm

Soil horizon

I3

=4

70~90 cm 18
90~110 cm 55EE
0~20 cm 4
30~50 ¢m
50~70 cm
70~90 ¢cm
0~20 cm
30~50 ¢cm
50~70 cm
70~90 ¢m
90~110 cm

Soil horizon

+

R

=

E: AL ' R KNZBERRESHIRTARKIFEFRRE (MWD <0.4 mm), FIEE (MWD 0.4~0.8 mm), FEHERE

(MWD 0.8~1.3mm). 8% (MWD 1.3~2.0 mm) FliEEIRE (MWD >2.0 mm),

Note: Red, yellow, purple, gray, and green patches

represent very unstable (MWD <0.4 mm), unstable (MWD 0.4~0.8 mm), moderately stable (MWD 0.8~1.3 mm), stable (MWD 1.3~

2.0 mm), and very stable aggregates (MWD >2.0 mm), respectively.

& 4

AEEET SKF BIEIZFERMK MWD, RSIF1 RMIE

Fig.4 MWD, RSIand RMI values of SKF profile soil aggregates under wetness treatment

RSI Sz Bk 7 PR iEnt AL PSS ZE
ERUEBMER (slaking) TERRMAHIREME, RMI
R TIETE. $E. BEFESINAOERT
MRERAIaEM. RSIF RMI EHSKEREARKE
EMEM(ERY, HE 4b BTF0, RSI#1 RMI SBEIS 5
79 6.34~81.68 ] 0.80~52.36, SKF &+ /2 RSI
R FHEMNAY RMI, XiZBE, 2B SKF B ERIE
IRErTE R HBUE X AR AR ER K TR iE
1. EFIRR SEES N OX AR =R
MBI ER. NLTEXE, & SKFEARAERSI X
HEVHEE T EINRMIBINNGEE, RELTEHR
RIEZZEBERNEIR. NRREERE,
2 SKF +1% RSI #1 RMI B EE/NFiRHE SKF
BEIRABMER(E (P<0.05), XUBE, w3 SKF
B2 ZEBERTTREIERNER, REME
KFaiE.

2.3 SKFEETEZEFRGFELESE

& 5a /9 SKF ZIE T EFARMK SOM S 2T

&5, MEREH], & SKF &I 0~20 cm & SOM

SERESTHMLE. Hf, 1525 SKFHE
HE0~20cm 1= SOM & &% 58 38.3446.53 g kg !
#190.91410.02 g kg, 30 cm A TFTHEEBES 3!
79 13.58+1.25~21.3343.36g kgt 1 13.27+40.94 ~
37.5343.47g kg1, 3 514 S SKF ZI@E 0~20cm +

E SOM & &2 % 5l 588149.84 FI 46.90+
6.05gkg!, 30 cm LA THESETEE SN

22.1942.51 ~ 28.83+2.45 gkg* #0 17.61+1.52 ~
22.8342.11 gkgt. H—EoFEE, 1. 2 S5EF
SKF 30 cm AT /2 SOM & ERE X EINiFm B
% (P<0.05), 1M 3. 4 SiE3H SKF NiZBEEEMY
=5 (P>0.05), B 5d 3 SKF ZIE 30 cm LATARE
FI12 T AR R SOM EENTZWER. RRRAG =
SR, 1~3 5 SKF @ 30 cm AT EAR R
FHRK sOM SEREBEEUER, RE 4 5
SKF >5 mmABR{K SOM EEEZEXTF 0.25~3 mm,
Eif, HIRAEHIE SKF & 30 cm LA T ERER
K sOM EENEERR. MXF 0~20cm &, 1
S SKF {y SOM & EEM HEEFARAERIEZAVIR/IN
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MEEEMATES (P<0.05), 2~4 5 1~5 mm#l

ZEIERIR SOM SEBEXRTEMKIZ (P<0.05),

120, No.l SKF{ No.2 SKF No.3 SKF| No.4 SKF 504 No.l SKF No.2 SKF No.3 SKF | No.4 SKF
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~ 154 ~
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= o 2 0.3
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s xYerkees %

(O . a B S i A 004 v v v v e b
EEEEE555E(5555E55565 EEEEEEE|FEEEEEE|EEEEEEEEEEEEEE
REZREERAREZIR/ERERMEIRE =2 AT Y T T RRST YT RRET YT YRRS TR
ddddled L izl Ll L L L STin—amn ETn—ce ETn—cn g Tn—am

oA = A on = o oA = AN~ o Vs VElel=] Vins Vo
= = b N 1yt l ™ .
= | R B {4k 72 Seil aggregate particle size

+JZ Horizon

I Ea b, c AIFRLEFDIENTNER, B d. e, f930cm ITEEARRZRARKFD SETWIER. Note: Figures

a, b, and c show the changes in nutrient content in different soil horizons. Figures d, e, and f show the changes in the nutrient content of

aggregates with different particle sizes in the soil horizon below 30 cm.

5 SKFAEHAREIARDZEZN

Fig. 5 Changes of nutrient contents in SKF profile soil aggregates

[ 5b /9 SKF BIE L EFARK AHN R EZHE
W, MEEH], 0~20 cm =2 AHN SEHEEST
Hitt+2, 1 S%12 € SKF ZIE, 0~20 cm 2
AHN & 8 9 8 A 212.92423.66 mgkg! #I
373.93438.27 mgkg!; 30 cm AR ETEDEHS
85.79+13.39~129.2149.71 mg kg F[] 89.31+13.19~
198.54422.63 mg kg !, AHN S EME REEINYE
ZE#(K (P<0.05), 3 5#04 5 SKF &I, 0~20cm
T2 AHN SE5 517 279.18 333.66 mg kg F]
208.09 #24.10 mg kg !, 30 cm LA A ESTEDE
#  100.67+14.17 ~ 150.78+16.56 mgkgl 0

71.5843.27~146.85434.55 mg kg!, 30 cm LA T+t
B, 3 8Bk 30~50 cm £EF]50~70 cm =245,

HttRTEZHNSEEREZE (P<0.05); 4 S
AHN BEEEREEGINYEZREE (P<0.05),
5e /9 SKF @ 30 cm AT EARRRIFR T ZEARK
AHN 2ENZWER. BEREFESTERA, 1~4
S SKF &@E 30 cm AT EARRKEFARAK AHN
SEREEENER, NANHKREEEYM. M
XF 0~20cm £/, 15 SKFHJ AHN BEZIH
BEHARAKNENRNMEBEZEMOESR
(P<0.05), 2~4 8 1~5 mm KIRFRAEK AHN &
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REKXFTHMAIR (P<0.05),

B 5c /9 SKF BIETERARMK AP 2ETE
. NFEHED, 0~20 cm T E AP SEHESTH
it 2, 30 cm A2 AP S E KB TR, X553k
5 AN EEIE SKF 0~90 cm T EHIARER—
. 1~4 5 SKF ZI@E 0~20 cm X ERHRIIRHARIK
AP S 89587 6.5544.51, 1.9840.96, 8.1346.45
0 6.5142.46 mg kg, 1~4 5 SKF30cm LATEE
AP &S ECE 5 5 0234.08 ~ 0.38+
0.10 mg kg™ . 0.1540.03 ~ 30.2240.08 mg kg™ .
0.2640.10~ 0.3620.13mg kg 1 0.2620.08~0.38+
0.10mg kg, E— SKF 1, 30 cm LA FETE AP &
EfTEMRTHNLEEUER (P>0.05), E 5f
73 SKF EIE 30 cm AT EEARREREZE T IZRARK
AP BENZMER. NFEH, 30 cm LATEE
AP SEMARBTHNAEX/NNZHSERILBE
M, mXF 0~20 cm £2, 1~4 £ 0.25~
0.5 mm F1<0.25 mm ¥ RFARKELBEN R ERE
ARG ESER.

3 17 18

3.1 SKF HETZEARKREESFLRIEZN

FFIE

Yan E2E RSIxRMI BYEE N ABRKIRE
MAFIESE (As), AELRGERIETEARARRE
MEFIXS R I NI EEFNS BRI BURR . As (B
WA, ARENRESEE, TEAMMESEEE2,
NEBENMRET SKF HIEFARKIREN. TR EMR
SKF BHREMNTWIER, RANGEEZREGES
TE As BT —HIFSESE (B 6). WA,
fEE SKF ZEILE, As [EIEK, HRREEMER
K. 15#% 25 SKF 3@ As BRYSEE/ 0.0013~
0.0512 #1 0.0031~ 0.0909, 3 1 4 EHEER
0.0013 ~0.1272 §10.0024 ~0.3367, %6/, ®HE
SKF &R/E 10~20 cm /& As (BHEEARK, mist

2 SKF 80 cm #01 100 cm &bHY As 3382 SKF 1B {E
BH—MER. XA, B SKF LERARK
ROFSE RN IR M BB B ER E AR T RIEFEAR, M
XEHZ SKF FIXMIE(EEENEXNENSZ, 20 cm
AT L ERHE SKF BIE AR AR E R it
BT R SKF,

MNE 6 aTH], BEXEREINR, BE—HZ SKF
ZIHE SOM BRETWEHREAR—H. 1 512 S4EH
SKF #1 40 cm 4 SOM &E298 10 cm S EM
30%, 3 5% 4 S SKF £ 20%, 40 cm
LA L+ EHER SKF ZiE SOM & EREREMEIE
BNFiRHE SKF, 40 cm UTFUHER. 4ZLEAE
H, SKFFELENE SOM S 2+ EFENTK,
ME] 6 TTF1, [ SKF ZIE AHN & ERRENZE
WHBERER, 1S SKF ZE AHN SEMEFRE
a5 sSOM JLF—E, 2 5 AHN B2
TAFERTE 40 cm LT REITIMES SOM 240l 3
2 SKF ZIE AHN 287 40 cm AL+ BS SOM 35
wEB—5, 40 cm LATXEBIERK. 45 AHN BE
L EREIMREEMTIEES. £ E08H, SKF
A5 AHN SEBIERENTHZASEHE
KEX. ME 6 °JH], 4 4 SKF EIE+ AP REMER
ENTEREE M. APZEE 40cm LAEE
EREEREIEMNTIREMEE, 40 cm LSERES
10 cm S EM 2%EA, 40 cm AT ETHARK,
ZEAIBH, SKF Y AP SEMTERENT
wigBEFm.

3.2 SKF 3 HBERAREHF IR mER

SKF REESPEAN. SABEKEE—ER
HENMMER, TERR WBERERZZRRE
e RRIEHTSIBXIE SKF BRAKE, (HEEEF
BRIt EM S53F SKF LB AR . ZTARH,
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Fig. 6 Aggregate stability and normalized soil nutrient contents varied with the depth of SKF profile

BETSIE X IE SKF HIEFARIK PAD ERBEAR
7.5%~68.10%%, F_ B FLEL D SBEN
2.67~2.92014 20 G K FAHARH SKF HESZ L
BXZEERNE. HREKEA, =NEEFREEER
X AE SKF 118 0~90 cm ZIE/KEMRARK
MWD {BE/NF 1.0, S KIe B IZET R X IZEN
ER 1.92%, I/NFARRRAEE. LLEXSECS T
xE, SEESBXAYIE SKF LML, SKF S|
BARAKIZERF, BEse MM TeERT
4E SKF ti%E,

HEUER (slaking) #13FH S & BK 1 A
(differential swelling) 23EARKKEIEEN
BRI, FREHET, BEREATHIIERTIETS
HiE. EREERARE, KEERKREDE,
SAERAKHNFLBE E g8 E T HPRBE R HEHA S

S, ERNENFEARKEBIER. TETBREK
B, fESHEKGE, BAEN=SS, BEUE
FRHEREEES 31, SKF CE—EmRa T RERR
| TEE, I ESRABERE—ERERIREE, 5 SKF
BRI IEIASKEKRTIE SKF T, fEAES
SHFDTFIE SKF LI, IBBUWERBRREEY,
RERI, TEGBESKEXD ISR KIERNTIN
5E8ER—%Ie U, Bifn, IFISIBKERX
SKF TIZFRARIBIAMERtBIRIE SKF TiEN, 1Y
Hb, F-RRATSHEARKNER, T-E/HX
Wz, KBMARMRHEBRRMFEE?S, SKF HiE
BEX, FBZEIREIE SKF TERE, X th 2 SKF
TERARKREMSRTIF SKFNREZ—,
RS EVHARBEEEEET M, ARA
L, SKF BlELIERASEATIE SKF 11, fEt+
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EREEM, HASEEM0, FHALRERK,
MR EaE, SDEREMME. REEAMMR. DRES
NRNRSIER TR AREERRAKE, JBHR
SEM{AE, DRNMAMEETEARIERE, BRL
ERBSEKMERE. ANARF, SKF ZIE SOM
SEREEIE SKF EHLHEEE. ESEESM
FRIERT, &R SKF ZmBRKIFREMERIE
SKF &. SKF TiZEBHIREEMEEIEINRMmEERE,
REVERR/N, B2 SKF TESENH#RSEES,
BEARKIIKREEEN. Yan ENRM, K
SKF &I E LIk BB E B T HBAZS SKF
EKE, XILUET AHREHARBIHZA SKF AR
KIBMBERIER, SKF ZH4&1S, EEXNEBERERH
H—EHR.
3.3 SKF BHEtERDSERESHARKSEG

RIXE

AR, ZEEAMFIE SKF HmE 0~90 cm
12 soM S E58E 1 7.89~239.29 g kg 1221, £l
EESAEAHEXIE SKF T AHN SEBER
64.0~508.0 mg kg%, AFAFRH SKF ZIELiE
SOM #1 AHN B2 FLALERMNRETBEZH.
R, EEEHTRFIE SKF &IE 0~90 cm /=2 AP
BESBEN 2.26 ~ 40.88 mg kg 122, AFFREL SKF
&I 0~20 cm /2 AP FEAEXBEEZA, 30 cm
LUTLXE AP SEIRIZEENZ/IMEN—1EE
K. B, SKFEIE 30 cm LATEE APHEER
ZINVFIE SKF BlE. HIRATTREEMEERRLE

SR RFABHHNEERRIRLY, SKF RIEBEIS
MRS THEREE, EXIRIMBERSE 30 cm
LATLE AP K&k, 1iE AP SERFITEY
ERORATERRZ—F, BRESEKAZES
FIBSRIRHILY, AFFZRS SKF Zi@ 0~20 cm £2
11 AP FELTRIRKFE, 30cm LATEE AP +
PRZ I LEESIE X B2 i JRaBE ),
EmEil £ =2 EEI AP FIHEE,

& 479 SKF A T1ZEF5H S EMERKIREN
S MWDk, Dgm. RSIFIRMI ZERIME XM,
MEEH], SKF &1 SOM, AHN #1 AP S22 EZEIF
HXXE. BT SOM BXEHE. BNEEREZ
—B, X=MFLSRFEES—EBE, #HaLUE
M SKF TIZRIX=FFSRIRKITHTEEET—H
. SOM, AHN 5 PAD EBZRIEX, 5 MWDrw
ERFIFEX, M AHN XS RMI EEZFHIEX,
XEKE, SOM 1 AHN IS E#E, SKF TiEH
RERPMHEENTE. REFEFINLIE
MEEEDEEE. HREKE, BV HIEFRRKRE
EMRNKPEINZBBERS ISR, RfEFHTK
H T EPEMTRANEIE S BIIRERNERER, 12
ERETEARARRELE Y, SKF LER "We
AEEENLTE", BHEERAK. #HITERIKE
RUVEFRELITRH, FHEEDREFT. REBE
£ SKF 7, LURSERENREMEMFDRIF
BE11. AP BEDHIS MWDrw 1 RSI 2R BZEIEHE
KINMRBELERXR, KA SKF LERARAKKR

*4 SKFRELREFSAEMEARKKRBELESS K EHHEXMY

Table 4 Correlations between parameters of water-stable aggregates and the contents of soil nutrients in SKF profile

TEEN

FREBIR BHOTYE FIIEEER (WEE EXHRMCE BERE

ﬂiﬁﬁﬁ ﬁ&‘&@% a2, Ry 12 =Y
B # i) # =23
AHN AP
SOM PAD Duet MWDrw RSI RMI
TEBHER SOM 1
RS AHN 0.979" 1
B3 AP 0.566* 0.610™ 1
BEARGIRAER PAD ~0.570" -0.660™ —0.357 1
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1484 xr £ % Ik 58 %
BT DS Dyer 0.184  0.149 0.156 0.230 1
FHEEER (HUEEE) . . . N
0.726™ 0.819™ 0.611" -0.793 0.185 1
MWDry
HENIHBISEL RSI —0.727" -0.823"-0.628™ 0.704™ -0.176 ~0.960"" 1
FESHARARREIEE RV -0.398 -0.490" -0.387  0.531" 0.063 -0.736™ 0.778" 1

"1 P<0.05; *: P<0.01
EMEMSRPIREE IR, TP AP ZEES.
TIERATRIRMEREE, 2 AP TBHNEER
R0z, TR E Y, R S8
B, HIRMHY AP 2, BERERIRImKEME.
XA R T ERARARENLS AP SEEIEEXA
REZ—.

18

4 7

SKF T IERABRRAVFSE MERE R ENR B ANR T bE
X, % SKF TEZEARKNREUERTIRHE
SKF, HEEEFERBEEERRESIE SKF 1EH
BN EEN S, PAD. FASRAD R4S D 1
MWD jX=$gHr19%RE, SKF TIERFRKKIEE
M. BIEMIIRF. SKF 3 30 cm LATEE, &
BR{K SOM. AHN ] AP 28K 0~20 cm T ZKIF
T, T AP BZ, HENEARKIZRLEES
AR, SKF SRS SOM, AHN F1 AP & EREEIE
RETWHIFMAR., SKF ERFI SOM 288
BELERERT, B2 SKF 30 cm AT EERR
Kk SOM S EMREINRTEM, MRz SKF
WsEEEUESR. BIERENR, BEMRt
2 SKF EIE AP 2 ERTEE—, AHN 22K
TEBNS SKF FZSZBIZEIHEXEL. SOM,
AHN 1 AP 2 8#5, SKF HiERARMKKET LSS
FotkaE,
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