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Abstract: [ Objective ] The soil aggregate stability of different species of Pinus yunnanensis in the karst
mountain area of Eastern Yunnan Province was studied to provide a basis for soil cultivation, quality
improvement, and soil-water conservation of karst fragile habitats. [ Methods] Based on the field survey and
laboratory analysis, five types of vegetation, namely P. yunnanensis pure forest, P. yunnanensis artificial
mixed forest, P. yunnanensis natural mixed forest, shrub, and primeval forest, in the karst mountains of
Eastern Yunnan Province were studied in terms of their characteristics of water-stable aggregate and organic

carbon distribution in aggregate, which revealed the differences in the soil aggregate stability of different
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species of P. yunnanensis. [ Results] @ The mass fraction of particle size <C0. 25 mm (5.77% ~9.39%) of
P. yunnanensis pure forest, artificial mixed forest, and natural mixed forest was significantly lower than that
of shrub (20.92%) and primeval forest (27.47%) (p<C0.05). The mass fraction of particle size >>5 mm and
2~5 mm of artificial mixed forest and natural mixed forest was higher than that of pure forest. @ The
proportion order of water-stable aggregate >0. 25 mm (R, ,;) after wet sieving treatment was P. yunnanensis
artificial mixed forest >> P. yunnanensis natural mixed forest > P. yunnanensis pure forest >> shrub >
primeval forest. The mean weight diameter order was P. yunnanensis artificial mixed forest > P. yunnanensis
natural mixed forest >> primeval forest > shrub > P. yumnanensis pure forest. The geometric mean diameter
order was P. yunnanensis artificial mixed forest > P. yunnanensis natural mixed forest > primeval forest >
P. yunnanensis pure forest > shrub. The fractal dimension order was primeval forest > shrub > P. yunnanensis
pure forest > P. yunnanensis natural mixed forest > P. yunnanensis artificial mixed forest. @& The contribution
rate of large aggregates (>>0. 25 mm) of P. yunnanensis pure forest, P. yunnanensis artificial mixed forest,
and P. yunnanensis natural mixed forest to soil organic carbon was higher than that of small aggregates (<{0. 25
mm), and the content of organic carbon in soil aggregates with particle sizes of 5, 2~5, and <{0. 25 mm was
significantly lower than that of shrub and primeval forest ( p<C0.05). [ Conclusion] P. yunnanensis artificial
mixed forest was observed to have the maximum soil aggregate stability, and its nutrient accumulation and carbon
sequestration were lower than those of shrub and primeval forest but higher than those of pure forest. When the P.
yunnanensis artificial mixed forest was planted as the main vegetation type for soil and water conservation in
this region, it was necessary to avoid human interference for the purpose of improvement of soil nutrients.

Keywords : water-stable aggregate; soil structural stability; karst mountains; Eastern Yunnan Province; Pinus yunnanensis

S AT SR AR R - S A5 A L 2 A P ) RN A
[l SE A — A A5 FL B LR R P K R £
PR S . BRI B R RO AL
B AR R JCHURS SR R R R A Y
SO AT IR AR A5 L 2 2 B L 49 AN TR 2 R i) o 3 o
FUIE I 1 s I AH G B FE W1 1~ 10 mm KL A2 K
Tt P SR AT M) 98119 3 5 R K =2 1) R 20 R T
5 ORFE Z 0 B & il TR AR KA R e i
BT AR K R SR AR L A BLBR S
MR A RAR S R RN R 2 — . MU TN
O S A BIL AL B R R AT SR AR (>0, 25 mm) T
R VA 3R PR S 3 sk 41 2 5 T A T KA T i v R A
BT E A A T 4w L E R AE ) . 2R — S
AT R AR (<20, 25 mm) £5 5 Gl 3R M oA HLRK 75
14 2 A AT A HUBR TR B M A i AR
W AIF 5T A R 1 43 A R AE AR P B A R AR A HIL AR 1Y
iR TR R L AR I 4 B0 B aR AR X
Bl A K PR A R AE g BT R A B T B A

PLARSR AR Z 2 R R M XOT R T K
KT RIREB IS T2 P TERBIRE A S
G0 L A 5 O P 2R A AR s P B A L Bk
482 W60 7 T o AR ST 5 2 T o AR RS 1) 0 A T R 26 A
B b MR Z I BAR DL T i RIeARABE . NTAK
FIUCA: bR AT SR AR TR R 1 i - 5% 3 ) R P e 2 5

b H A8 Ry N RN R A A ) T 42 v A% A AT SR AR
A HLEK i JORLAR A SRR A MUK 5T R 328 = T/ kL
BRI R R F AR+ A A A BT e . 1
~2 mm P RAR S S0, <0, 25 mm H Rk
T R B H IR LA ORI A SRR
B 28 /IR AR P SR AR 1 e s b S Bk A A R B R AR
0.25~2 mm R A2 RAK AR WA AR SR 3
FRAE VI RE A — R Loks T LSSy o it
Wi B 7 O B U 3w 1 UKL AT SR AE T L 1 3 1Y
I 2~8 mm K AR R & 2 A Pk R
S AL S T R B R N AT A A 4 g AR R R
PEA BT 22 5 o AL 23 532 Wi b SR AT ML AR 1 3T % | 450 4G AT AR
b ¢ o Sl R e P2 T A S VAR S O S 2 S SRV
i 550 SR AL R SR KR MG A B, &=
RO 53 E WE5E © &R = 5t 5 2R bR 5T U
ZEEW B SR RN E AR S Z - BN
WEFE X = R AR A 2 R GE W S5 M AT BEJT i T K
Y, B P AR 3R 4 R R R K SC I RE Y BF
FEHT N 2 F A - HE S AL | A AR AT B 25 [ 43 A
FRAE R B9 IR B 5 55 . DR AR SC DA AR o 2 B 0t
W AR AR XA BT DX 3 3 A3 AT AN TR 2 A = e S
AR 3 P SR AR AT SR A A MILBIR 19 43 A A 8 78 AR
FEMEZE S DU R %02 X 8 4 R O 5L R f A
TC A A S R B A AR I X6 5 VS i 55 A B L IR RRIE .
JT e Pt K L R B S M S X



CHER]

J7 A TR A L S TR 28 2 5 T A bt R 2R AR 1 22 97

1 M55k

1.1 MREER

= A T B B SRR X (103°29'—103°39'E,
25°35'—25°57 N, #E4k 1 840~2 414 m, i 1 27 846
hm?) b b B 7R 25 8 T A2 0 ER AT T B 8 (1 I 4
R 2R AU AR RORTE 13, 8~14 C, H BARY
Br2095.9 h, LW 242 d, 4EFEKE 1 073. 5~
1 .089.7 mm, {2 (5—10 J) B K & 5 4 ok & 1
87.3% . ZIXSEHAE B T AR o I M A 2 T
SRR AR B 5 R 75, 70%, = E A ORI (O
T8N Lh DB RV e . A AR S P
FHAMMEL KA. HELILE R 3,29 5 S
1 85%
1.2 HRX&ESIE

2019 4F 1 H (e AR R P IX IO X 22 6
PeifE - (25°46'—25°48' N, 103°35'—103°37'E) 5 ¥4
AN B ST 5 e L RURE M (20 m X 20 m) L BF 5T KR b

Rl W T4 50 0 2w A N T4 Ak CRRIFR 4i ) L = B
N TARZ AR (R AR N TR 2 MO | = B A K 4K TR 38 AR
CTRT PR R AR TR AS M) 5 X6 RERE Hb oAy T8 VI % R Jt 2 AR (i
FRIFA MO INRAT A0 K o e A CRRTFRHE DD FF b R
RS BEA PR PE T Qe 1—2 PR, 7EREHh bk Uik
AN R4 0 7 #2 B+ g m 0—10, 1020,
20—40,40—60 cm + 3.3 KEE . H [ B4 H 52
B AR #r. KT b B iy B AR 2B Bl
Bl em AW, St Wik, Z26E e 5[ 5%
P T AR 2 45 A o 58 S 0 R e, DT kG SR FH O 0 v
AT, REBUL Ry FREL 100 g WU 4, FH4lik
RIS ARG —5 5 MR EPRLAR i 5 (5,2.1,0. 5,
0. 25 mm) , 75 4l 7K FR55 v fiff F - 98 A SR A 43 17 ) (AR
5 XY-100) #EAT I i R (FRIR 4 cm, S 2R 30
W/min) , PSR >5,2~5,1~2,0.5~1,0. 25~
0.5,<C0.25 mm X 6 MFIR AL . 15209 A [
KA A SRARHE T I FR R 25 )2 45 R A 1 8 T R AR A AL
T > HH B 5% TR B0 AR AR R T E

R1 EMERSFE

B " b ez T8 . o
Q E? sl
Y aw el fE Y]
25°46'30.90"N, ~ )
. r \(Pinrc v = )
1 1033401, 96E 1993.40 15 Z F A (Pinus yunnanensis) ARG &
TR LBt E A (Keteleeria evelyniana) 7 £ B A D & A WA (Pinus armandii )
B (Quercus aliena) K& [ K (Quercus variabilis) 54 N (Alous ne palensis ) %
25°46'01. 35N, TERZ DAL AL B8 (Rhododendron spinuli ferum) (4 i ( Dichotomanthes tristaniicarpa )
2 0n 4! 2 2 7. r Sk AL Y AN /)
103°34'39.70'E 087.60 30 H A48 (Tnula cappa) M B2 (Rhamnus leptophyllus) % H T . RAEAKE
BORZ VAL (Preridium revolutum) \ A% (Imperata cylindrica) ,/NA & (Clematis arman-
di)EhF
FARZE Uil R4 DRI GEIA (Keteleeria evelyniana) | AR (Quercus acutis-
sima) & BB R ARG
25°47'04.77'N, VEAR : CABI I 5 b (L yonia variabilis) \ B BEAK (Pieris formosa) T K 4% # 8 (Rhododendron
; P 90. 5 o . e )
: 103°33'50. 09'E 199080 =50 spici ferum) %R E, AL
R B BE . H T (Eulalia pallens) ,HL 3 5 (Heteropogon contortus) , A 5 . # 1§ &
(Themeda japonica) % R+
AR NEAF (Myrsine a fricanna ) . /INBEAK (Cornus paucinervis) i M 1 4§ ( Photinia lo-
riformis) i & A (Pistacia weinmanni folia ) . /N W 4 4T (Ligustrum quihoui ), 7 M K 48 5
25°46'32. 88"N, (Pyracantha angusti folia) %} ¥
4 i 1" . e e . e . . b . S é Y
! 103°34'03. 82"E 200440 10 BA R DL RB BR (Preris nervosa) MRWAER (Preris vittata ) - 5% (Corallodiscus flabellatus) . LEARL
£ W8 (Petrocosmea duclouxii) \ 5 1 % 5 (Lithos permum hancockiana )% H +
WA HL R ML (Schisandra propingqua)
T K E : LIeIL#% (Castanopsis orthacantha ) JE 1 Bk ( Lithocar pus dealbatus) 13 iR A /0 B K B
(Schima argentea) \ 7 1 1AL (Meliosma yunnanensis) JE T X (Cyclobalanopsis glaucoides ) %
7_0// r/. W =) 4 A . sy e q qE; erns 7,
; 25°43'27. 09" N, 2023.70 >100 EARZ VLKA (Eurya nitida) o B 19§ Vaccinium bracteatum ) , J& J % ( Ternstroemia Sl

103°38'11. 01"

gymnanthera) % H F
FOR I« DUBE I35 35 BR (Athyrium dissiti folium ) s 7 1 5 LK (Ainsliaea yunnanensis ) , 1 F 4%
(Ainsliaea pertyoides) %} ¥

TEFEHL L B RS AR ML 2 Dy B A N TR A e 3 0 5 FI R R AR IR S MR s R M 4 Dy /NBRAF A K

T

HEDN s MM 5 g JU VTR R IR A b



98 K A PR A 4 95 40 B

F2 HHTEEAREAER
e } + AL A AL .
FE (g).ﬁi/*) <gﬁ-ﬂ11<?(> 2.0~0.05 mm 0.05~0.002 mm <0.002 mm  TIEHAK (ﬁ}\ﬁfﬁ/)

o A A I o A A L W ok A Y VL)

INEKRAT B R 1 A 1.16° 9.51° 58. 50 16. 26 25. 24 b 5 R e £ 7.97¢

PR /AL N 1.25° 2. 26" 50. 74 6. 26 43.00 b T 1 1. 94"

= A N TR AR 1.23° 2.67" 46. 23 5.25 48.52 b5 5 4 2.26°

7 R AR IR A AR 1.32° 2.67 41.76 12. 66 45.58 L 2.90

JC LS Bk J AR b 1.2° 11.51¢ 55. 59 23. 64 20, 77 R A+ 5.05°

e RIS R 7B 43 5 2R 28 57 .35 (p<<0. 05) . F .

1.3 HiEAaE

A3 AH LR 2 338 >0, 25 mm hi 42 A R K
(B (R, 250 ¥ E B E AR W LR A Y
O T 2 H R AT R ARAT BILA DTk

Ro. 25 :Mr>0. 25 /MT (D
o My HEI R B EE M, s 2k KTF0. 25
mm [ HEI R EE.

MMD= (2R, X m,) (2

i=1

GMD=exp( 3 InR, X m,) (3)

i=1

2 R, 07 0 SR A AT — i 4% 7 R P AR A S 2 1
s m R FHEBERIR, A RIKRE,
D=(R,/R...)" "=W(G<<R)/W, 4)
= W B $ 7S g (W (r<<R)/W,J1=(3— D)
Ig(R:/Ruu) » 3 HILL 1g(R/Ro) S 1lg(W /W) i
A s I A3 B350 TR 4R 8 (DY . R, R BB 40 e
RR, 5R, MK Ruw A e KR T
WRi#e s D RS IEYEE W (r<<R) WK% /NT R, 1
FR R W, BN J0 & i SR,
R, =C, ><WM,/12'1ca,. XW,, (5)

R, R R AR BT LR ST R (0) 5 Cu i
TR AR R AR ML & (V) s W, o Bk AR A R 1K
J AV .

Al 1] Excel2010 B #E 47 2L 31, {1} SPSS23. 0
A3 T 2R FH 7 22 S5 PR R BG: L Qnns@ 2k (p=>0. 05) W R
FLSD #5655 75 W ( p<<0. 05), 2% | Tamhane’s T2
AT 25 7 WA TER R . T Origin2018 /R,

2 giR50Pr

2.1 KBUEBRAREREAN

ANFEFEPE AL DL A B P YERE . s Mis AT
TR ASHRFN RAR IR A HE 5 mm R A% 5 4 5 H 25 g i
AR T 13, 01 %5 (p=>0. 05) F1 9. 10 5 (p=>0. 05),
2~5 mmbL i 5T B S B | T 6. 05 % (p<<0. 05) il

5. 7715 (p<<0.05) (WL 1), =gtk . A TR #k
FIFR AR IR S HR A <<0. 25 mm i 2 5 B 43 B0 (5. 77 % ~
9.39%0) i AL T HE M (20. 92%) FJF A= bk (27. 47 %)
(p<<0.05), YN TIRASARHI K SRR 28 oA ) >
5,2~5 mm K AR KELE B R AR T i o g $2 s B s
AN R T KR oK A2 vk A R AR (0. 25 mm) T
B 0—60 cm + 2 o, 2 B A 2HAROK FR M 1A 3R AR T
B LL 1~2,0.5~1 mm ki 42K 3 (24, 96 % ~
44.74%) . =>>5,2~5 mm R 12 55 40 E b )2 Y I i
MM /0,0, 25~0. 5 mm FI<0. 25 mm 7% 3 B A &
ZZ2 520, 020 em £ 2 W, mm A A T IR
FIR SRR 28 PROK Fa M A 3R A BT #4330 DL >5.2~5
mm K7 F2 R 3 (15. 87 % ~64. 65%),20—60 cm JZ LA 2
~5.,1~2,0.5~1 mm Fif& £ (11. 19%~46. 57%) .
0.25~0.5 mm F1<<0. 25 mm R AR FEI MK EL . EE
% . UL 2 B A 2l FROAH o N T 3R 38 AROR R 8K 1R 38 AR
R)Z TR RS &) 52 0 1 T3 (- AR s A
CRY IR R TE RN 37V €Y N ZIE 2 Nt £
) e 1 728 A A R AT SR A e R A T 2 A /N A SR AR
T AT A AROAS [R] 4 2 08 B 35 DL <20, 25 mm fi 42 7K
Fab AR AR £
2.2 KBEUEARGREMER

Ro.os HRI R = m s N TAR SR R IR IR S A
Al R T R AR (p<C0. 05) (ILFE 3), Ul
IR R T KA R AR IE . MWD {5 R 3 R
AN TIRZEH (3. 05 mm) > KARIE A (2. 68 mm) >t
AEFRC2. 10 mm) > A (1. 29 mm) > 4 #k (1. 15
mm) ,GMD AR A A TR (2. 28 mm) > Kk
TR MR (1. 91 mm) > JF A Ak (0. 86 mm) =>4l #k (0. 85
mm) > M (0. 70 mm) , D {85 I Jy J5 A= bk (2. 68) >
FEMN (2. 60) >4libh (2. 37) > KRR A (2. 26) > A
TARAEM (2. 19) , 156 B N T 7R 38 bk 4 48 P 3R 0 B
U B R AR e RARTR SRR Z o 2= Bl s Al bR 3 A
1) A 38 A1 R O e 25



3 RS TR A TR L MR R 2R < R A M - A R ke E M 22 % 99
601 0—10 cm* 2 r ; 10—20 cm+ 2
50t _ } 60}

< 40} < 50t
] R 40}
R 30t &R
i} iy 30t
B =S 561
& & Il r
R NI/ 0 2 N7 & N/
VM itk ATERHA RABZTH REHK YN gtk ATBEH RB{BRMHK FEEHK
501 20—40 cm 1 2 S0r 40—60 cm 1 2

S &
Eoy R
R R
| i
H =8

4E A
S
Eos
mﬁ ikt AR AR R/mm
=S 1>5 1 2~5

e 1~2 0.5~1.0
I 0.25~0.5 <0.25

TE A RS R AR ] — R B R R4 A SR ARAE 5 20K 128 5 .35 R TRl /N S Bk PR3 S T A 28 8 A T L 7% T SR A7 520K 7 I

RS WE. FPREE N E SRR .

1 FAEXBZERHKI0—60cm T EKBEETERABERESH
R3I ARAEBzFERABKEEABREEENE
T M 2 Al Ro.»5/ % FHE e A MWD/ mm LA B4 GMD/mm IE YR D
N 79.08+4. 18" 1.2940. 40" 0.7040. 16" 2.60=+0. 05"
afi b 90.5043. 72° 1.154+0.13¢ 0.8540. 08" 2.3740.13"
N TR 3 94, 2343. 39° 3.0541. 04 2.2840.92° 2.1940. 16"
KRR 93.36+2. 78 2.6840. 87" 1.9140. 67 2.2640.11°
AR AR 72.53+4.42¢ 2.10£0. 66 0.86+0. 26" 2.6840. 04"

e R B AS R 7B R 25 57 B35 (p<<0. 05).,

2.3 KRHMHARKENKRIE

N IR &R 2% U S 2 /ALY NN B '
FIRSRIBAEMAY =>5,2~5,<C0. 25 mm Fi i K Fa 1k A
RRA DB & & 2 % /D T T A bk (p<<0. 05)
CULTET 2) T T8 PN | Ji A AP R A SR A 1 £ AT 3R 1A L

B . AR T RIEA IR HBREE. >5

mm kL A2 K R PR AR A LBk & i AR I A
(12.71 g/kg) > J5 £ #k (12. 39 g/kg) > K 4K 1K 3¢ #k
(2.80 g/kg) > N TR ACH (2. 73 g/kg) >4li#k (2. 08
g/kg) s<C0. 25mm R 12 K B2 T R AR A MR & i %
PLOA R AR (1. 10 g/kg) >HEM (9. 22 g/kg) > AT
TREZHR (3. 77 g/kg) > KARIEAS M (2. 98 g/kg) > 4li



100 7k - B F e AR

540 B

(2.58 g/kg) » F W /INKL G K B ik A1 36 AR A5 LBk 7T BE
M KR GOKFRME A BRI mick ., AR+ )zE0,
THE N5 5t A bR R A 3 AT SR AR BL B & i (5. 93
g/kg~17.17 g/ke) W] i 5 T4l Ak . N TR S AR R AR
RAEM(0 ~5.33 g/kg) . =ML N TIRSSHMAN
KRR PRAS B A2 7K B 4 198 A SR AR AT ML Ak 5 1 38
B )22 B R 98 D (A AR R AR IR AR 2~5 mm

20
0—10cm+ 2

2 161]

-~

&)

P

4

F)

=

) il ([ ol

] itk ATERAH RBRERM BHEK
12—
20—40 cmt 2 |

e

)

1§

<t

B

=

) i 1] 1Y

itk AT RABRBIMH FEHK

20
4 FH1E

HHB A B/(g kg
® o &

N

(=]

2 RE%XHE

2.4 KBUEBAREAENBRITHKESTWL

P 3R A A HL e o3 Tk 2R 2 X AN [R]RE A% 1A R AR AT 4L
e B 1 S TR A LU A1) (R 28 5 1 H 5L L 0 45 R AR AT R 1R
Xt HEA HLRK A SR B

WE 3 fis .3 Fh A 2= p A AR . =5 mm Rife
JKAR TR P AR BB BT R R R B N R AR
(18. 98 %) > RIRIEAZ bR (10. 14 %) >4l #£ (0. 90%) ;2
~5 mm R R N KRR AR (39. 4920 > AN TR

KLAEERAN) o BLH 3 T2 2 25 g A bR - 38 AT BBtk g A
R HERZES, LT R A YLK SRR R
PR32 BIR A 1) T IR A 0 S HE (AT BLaR & i A L
BN I B4R A RAR A AL & A NS
RLAR K ARG - HE AT SRR AT DL e 5 i A B R B R
M/ o T A R AT 3R R AT AL B 5 2 i )22 1 iR
[[ERCUNEE: ES

12 ¢
10—20cmt+ 2
e
)
]
Qi
&
=
) ol ol (TN
WA M ATESM RRBAM A
201
40—60 cmt 2
E‘“ 16 M
)
o
&
K
=
) e [t i [

itk AR RRBIK  FEK

Tk EERAR SR Z/mm
>s5 2-~5
12 0.5~1.0

B 0.25~0.5 BZA <0.25

A 0—60 cm T ERBEARGCHEINHRSE

AEHR(31.89%) >4libk(6.61%) ., = mAAaibk %L
1~2,0. 5~1 mm k7458 K Pk A SR ARAT HLAK 51 ik % i
K.>5 mm fe/h, A TIRZE MR IRIE AL 2~
5,1~2 mm 048 7K Fa Pk P 3 R A HIL A o7 kR IR K.
TEAF R AE AR LA 0. 5~1,<C0. 25 mm Bi 4 /K K 1 1A
READKTTE R R K, U 3 M m Mtk 22
TG K FaE A B A (>0, 25 mm) A HLER A 1A
BUAK 1) 5T R 5 e K



J7 A TR A L S TR 28 2 5 T A bt R 2R AR 1 22 101

ABac
8 S
W NN\
%= AN
B
i
=
NZ BCa Bab
20+
Aa Aa
0

N itk ATRZHA RABITHK FEEK

TEKREAREREE/ MM

>§ I 2~5 1~2

[ 0.5~1 [10.25~0.5 [1<0.25

B3 FAREXBZEHRMHME0—60 cm T EEHE
KEEEFAREFNRI L EEV R E

3 W

3.1 ARAEBZERMRKRERAREEVBRIFE
A BIAR L N T VR 38 MR RITR SR TR 38 bR 1 45 £
IRARME A TR AT ML 5 1 35 B 2 14 Jn i s (B
7 P A SRR R SR IR S MR 2~ 5 mm b 48 A1 R A
FEHLE P, T BB 2 A AR R AR & 3k MR e 45
e, AR R EEAAAE 0—30 em + )2 MR A4 K F
BB R MR ISR o FK A B I 2 R
PR 2 A ALK 0 B R R T IE AR IR )2 1 Lk
THFER TRUR i B - e d 8K, FLIR B /N 57 43
R +HEE B BN RS 5 IR 2 A Bk
TEHAR AV 1M, = B FA 2l N TR 38 AR R
SRIB MR =5 ,2~5,<C0. 25 mm i #2 7K Btk A 5 4
ALK B 2N T HE AR A bR (p<<0. 05) , 5 b
e B AT A5 R 1 B MR K T AR (0. 25 mm) A
P 3R A (<20. 25 mm) A3 AR 7 & w5 1 & i AR IS 1)
SEIS Rl T2 A DR A T AR O A LR
e BEORIE . AN R E T KA YA TR 2%
I 8 K BT N[ B = o S I R
A T2 R T AR O AR MO BE TR R IR SR S 4 +
WRZF A FE AR THEYREZ, AR R
Gy AR A AN TR W) A ) o3 i 1 T BURG
) 53 i R RN SR A3 RS R 8 T = M AR AR AT LR
BELZHLIEANK . sHRHED SHERE
WA T 2 A | W S5 ORIL A S5 S e A AL S T oy
i JE 2% JRL 0T LA, TR0 1 24 b B i BN A T
Yz T PP PN B A S A Ry 3 S R R TH A A 2 Pl
PR - A B i A 5> . =5 mm kAR KRR P A
REA YRS E RNy FEN 2,71 g/kg) > JFAE MK

(12.39 g/kg) > KIRIEA M (2. 80 g/kg) > N TIRA
(2. 73 g/kg) >4k (2. 08 g/kg) ;<C0. 25 mm kifz
IKARAE A AR A BLok & 1 R By A AR (1. 10 g/
kg) >HEM (9. 22 g/kg) > N TR (3. 77 g/kg) >
KARTRASHR (2. 98 g/kg) >4libh (2. 58 g/kg) , F W/
AR K AR 141 5 A A ML PT RB J2 D RORE A% 7K R v A
A v B A T Ok i o i A U 9 & B AE RN
22 W S0 R i DX - SR PILBR AR A B AR SR N RORE
Gt AR 2 /N R g 4 B AR AR
Elliott"* 3k 8 A1 B 4k (<C0. 25 mm) 1 iy 4 HLER %
Py RO AVE T ARG T K 141 A e 1 37 fif A5 L B B
PETE 5 o A SR AR P G LR 2 o 1S A R T i
R AR 5T T T2 VRO A Y 8 A5 AR A
R LR & B HLTE 2098 HURK A7 i 78 kA 2R
(2N A A N L e R i N A L L P S S A R
HEMR Hb A 95 W 04 43 g RN 3R 43 OC 3 A SRR RS 5
Mo %5 22 10 A BIL Ak A A7 T 0 AT SR A (<20, 25 mm)
30 azm P A N TR S AR 19 A K & 7 FLAC I o 23R 18 4
PR T B0 HLRR Y FR B 0 H AR TR S bR

3R Z AR, m A AR LA 1~2,0. 5~
1 mmRi 42 4 18 A1 3R KA ML s o7l R A, N TR 3C
PRI K ARIR A AR, =>5,2~5,1~2 mm ki #2115 4] 5
TR HILAR BT R R A v X IR Y S e
B R RS WG A5 1 ORI B AR (0. 25 mm)
XoF 25V Ml DX AT AL Ak B BT R 2 e T /IR AT R A
(<20. 25 mm) B &5 R AL, U B A S 1 1Ll 2= g A AR
A ARG N 32 R ORI+ R R (0. 25 mm)
[ BT Rk » - HERR A7 6 B 32 2 & A e RORE R A
3.2 AEEBEZEHARAREABRESARRBEMN

=R

5V R e 75 AU g 3T R i X K L SR R
NN TARFIR AR 6 Bl AR 35 &R G0+ HE A SR AR DL >
0.25 mm $i 12K F,<0. 25 mm Fife HEE; PE R IR
R FR AT K £ LA >2 mm kAR T B 2L
S-SR EL SR BV 0 A\ M S M R N MR 4
FOR TR A B 56 KRR MBI R IR L 1~2,0. 5~
1, <C0.25 mm fife &L, AU h =Rl
AREA 1~2,0.5~1 mm Bk EWHEHRARSRZ, o
AN N TR SR AR SRR SR 2~5 mm Bt & i
W, MR N TR 58 PR K 2R TR 28 Ak <<
0. 25 mm K42 3 8 (5. 77% ~9. 39 %) B EK T
FEIN(20. 92 %) R AE AR (27, 47 %) (p<<0. 05) , X it
MHE AR A IR R 28 8 = F AR AR L =>0. 25 mm f
RoKRaME R R A £, FHFERN TR 3 fi o
R AR B 26 R (<20, 002 mm) & fF (43 % ~48. 52%)



102 7k - B F e AR

540 B

5 FUHEN (25, 24 o) MR A AR (20. 77 2%0)  BokL 2 + 48
VA SR AR T I i 2 19 e 485 0 I, LA 2 v 1 b 3% 1T AR
FAL 22 (1 B A st A HILJBE S 2o 5 22 A0 B 5 RS Rz
(1 e [ 1 FH A2 3 1A 3R 0 1 T8 i A BILA B i L 3R
TRBIAE DL R o 08 1 JCHILIR 25 90 5 CRhokiD vl LLsE 4 +
A EALT s AN, T BE R B AR R I S
AR T2 R AT SR AR B B RS 2R A AR 2R AR A
PR+ [ A AR RIAE R T AR R B A AR
{10 B b SR 2E BT 8 A A A 2 ) e A 25

A4 P AT SR AR AR 2 k4 bR R TN TR 28 AR+ 8 A
RAR DL b, 5K I AR s RARIR MR 2 - 5 B P 4l
MAVEN 22, TE A 0—60 cm + 2 H, >
5.2~5 mm R K R M A B A T 4y BOIN T s R
N TARZEAR A KSR ISR, H = s AR 2l bRk 0. 25~0. 5
mm f1<0. 25 mm KR FHAKRIZL . HWZD. AT
TR MR RIRIRASHR 0. 25~0.5,<0. 25 mm kiR
MMEZED RZEZ UL m A AR R 2SS
5y 7 IR S KRR R K AT SR AR B o3 i B e /N AT R
A, 5t PR RT B 52 A B RS 2 AR AR L A T ) 1% BT R B
R B A ()25 R 0 R AR 2 RO [ e 2
B2 A5 K 25 7=t 25 5, 55 A A A I 0 %) 4L R R 43
fif P BE N ) AE 8K i 5 T A 25 55 A DG A 58 3R W
W P A ) 2 A B I b X o R Y AR A
iV Wy 4 K A R B Ny < R AR > A R TR S8 AR > HE A
B L SRS W APl 2 /AN B e P NE /A 7l N
FEXT 25 P B b L AR /D 1 A TR D e T A 9 o 4
(1R L R T B R R AT SR AR L 4 v 1 3T ol L Xk
TRk AR B T IR E R . AR IAOR AR 2 BN AR e
PRI T R Y B A8, T IS5 AR E . >0, 25
mm 7K & M TSR A S i R U0 W] B e b
G U 2 B A A AR HE A B N = A AN TR
MR SRR S MR WA B 42 5 BT R vk g .

4 45

(1) AR A L 5 bl B 2w rp VR 2
FA AR - e R IR e PE iR 25, HAiIRZ LA S
A0 3 R R KR oK R vk R AR, R AR &
AP N TR SRR SRR S8 bR 7 — e R B ok 38 +
Segfly b N TR AS AR T3 e e M dc i, =5 mm Al 2
~5 mm AR N R T R R AR .

(2) 3 P = R FAPRIY) - 38 MLAR HLA e M,
TS HR R A, >5,2~5,<C0. 25 mm R iR KEL
PR TR DK & 5 0 & /D T HENRE AR AR, AN TR
SEMAR X T KRR S AR N4 R4 75 T <20, 25 mm hi iz
PR AR LA & AR E T HIEA LR LR . i

4iAKPL 1~2,0. 5~1 mm Hi 458 1 58 A BAR AT HLIK 5T
Bk A N TR MR AR AS AR A =>5,2~5,1~
2 mm KA 58 P R AR AT ALk ok SR

(3) VELZR 5 % M DX 22 38 ARAE Al R N R 356 3 g
N7 b P A I bR S A MO, KT BN TR Fh =
T Pl PROR $i e RO ™ i L 3k 4 T B0 A F AR
FEAR A HLAR I D s R 7K 72, T 2 R A N TR 38
ARAT DU 504 i S 2 kg Ao L R B R R B
TR N R T AR T HE 2 A ARl R A TR ) LR =
T IEFR A

[ %2 X W
(17 A PH X o, o A8, 45 LAY 2 1 XM Bk K R 4 e
PSR4 43 A B A PR 52 m [ 7K £ 4R el 4 . 2015,
35(1):61-67.
[2] Six J, Bossuyt H, Degryze S, et al. A history of re-

%

search on the link between (micro) aggregates, soil bio-
ta, and soil organic matter dynamics [J]. Soil & Tillage
Research, 2004,79(1) .7-31.

[3] Tisdall J] M, Oades J] M. Organic matter and water-stable
aggregates in soils [J]. European Journal of Soil Science,
1982,33(2) :141-163.

(4] NG RIEAZ NG T A5 G IR L b R P R X6 £ K
RRPEATR AR R 2w L], Bk A%, 2018, 35(6) : 1361-1367.

(5] 2=/ i o i v X e AT SRR AR B oe ) ). 4
% »2000,37(2) :263-270.

[6] Edwards A P, Bremner J] M. Microaggregates in soils
[J]. Journal of Soil Science, 1967,18(1) :64-73.

[7] Colazo J C, Buschiazzo D E. Soil dry aggregate stability
and wind erodible fraction in a semiarid environment of
Argentina [ J]. Geoderma, 2010,159(1);:228-236.

(8] MM R A, JU A B, 4. A FUBR 43 28 B X - g€ ]
R ] ) P ,2018,38(3) : 341-351.

(9] xUmeA) . ff bl k. A [ A JH O X AT BAE IR T 20k Fa
1 VA R s B3R AR A 7 [T ], £ 48,2009, 41 (1) - 84-89.

[10] WEWR.FFH=. THEF. ARFHAT T aOEEHL
)], + 8244 ,1990,27(1) :25-33.

(111w RIFE 2 W ER 45 0 S0 e 0 D\ 3 i D A Ak 1
T AT SR A LR (4 50 T 43 A D). R A= s 2 i, 2012,
23(5):1167-1174.

[12] Elliott E T. Aggregate structure and carbon, nitrogen,
and phosphorus in native and cultivated soils [J]. Soil
Science Society of America Journal, 1986,50(3) :627-633.

(13]  E 3k, X7 8F , 60 BB, 55, 08 307 R A 5 Ak IXObR 754K 52 %
S A R R B A L i i S e [T ] K AR
#2,2019,33(6) :249-256.

[14] B RENVE 2 M EL, 5. We s B ke A A) AR B &
ge 4 AR R AR T KA HLBR R AR L] R ) AR A 2
H%,2014,25(3) :671-678.

(F#% 132 70



132 K A PR A 4 5 40 &

C10]  SKEEEE. BT = A N0 b A AN PR BT MG 55 PE VP Mot e [16]  ZRfefe 45, 5L T GIS iy RB) B A A 3R 85 e 55 7k B Ak
FEMEFSELD ] HM - Ak K R K B K 2%, 2017 FFFELT]. i E PR, 2013,33(1) :302-307.

[11] Tuya A, Jirigala BR, Yin Bao. Research on the classi-  [17] #5Wl, JERZ AR 2. WA HIX Lg%t ok R
fication of coupling relationship among the ecological PEMAFgEL)]. S M R EERFSY .2015,36(9) :170-173.
environment, natural disasters and regional poverty in  [18] ZEVAIE, 4741 XA HE . 4. R IR B AR I 5 4 M0 RS e K
Inner Mongolia Autonomous Region [J]. Applied MR R SR AL B ZE LAY )1 2 56 DX A M8 LT . Bl 301 9
Mechanics and Materials, 2012,260/261:1063-1068. B ,2019,36(2) :51-57.

[12] Admassie A, Abebaw D. Rural Poverty and Marginal- [19] Fnp, BRI ERE, % B IX A HAKRERS 5iRIEE
ization in Ethiopia: A Review of Development Interven- PR IE AT AT T I X 23 B (1) 1320
tions [M]// von Braun J, Gatzweiler F W. Marginality: FIH AT ] i ST 2017, 32(1) 1 64-76.
Addressing the Nexus of Poverty, Exclusion and Ecolo- (207 DABRSS. WG FERL R A 0 2 P o B 7E Mo 3 4 b i 37
gy, Dordrecht: Springer, 2014. AT, 2% HL 3R, 2019,39(4) ;18-25.

[13]  #RUG)E Bphest, ok o A 48, I8 B8 E R R X AR [21] #2385 KGR B MR AE 28 R G f8 6 200 5% - L
PR T it PP B I 28 A IR I A S o A AR AR LT L VO ZIEE N PILD]. BeVE # % : 1EJLRARBHE K%, 2008.
Al FH2=,2018,46(6) : 304-309. (227 ZEW BEME. M, 5. ST 1 A O 77k 7 84

[14] FHGR,EYR. TH. % S HEF 5ESHE T A 5T B B 25 50 S MR A IR L) ] & B i 3, 2015,
PLERAIT S]], $EIARL 4 ,2005,27(4) : 106-111. 35(5):65-71.

[15] ZF#G, EHE. BRI XASHERE SEFFTRNE (23] AW EAK HRE S ESHE SITEUME X
VR 5 R AE LT ], AR 252742 . 2014, 25(6) - 1715-1724. AT A 5247 .2017,37(19) :6431-6439.

(3% 102 ) [22] Kogel-Knabner 1. The macromolecular organic compo-

[15] FE52 . Z0 /e 20 Wi T KL 25, o ST s 2R ORI 1 SR & sition of plant and microbial residues as inputs to soil
o - 5 ] B A LB & e 5 T B AR A TR AR AE [T ). Akl organic matter [J]. Soil Biology and Biochemistry,
B2 HF5 . 2015,28(2) . 277-283. 2002,34(2) :139-162.

[16] {lE, JH L, 25125, 25, R [FIAES = B Wbk 1 e 45 ML [23] Derenne S, Largeau C. A review of some important
PRAIA A BREAE (T, AR A2, 2014, 25(3) . families of refractory macromolecules: Composition,
625-631. origin, and fate in soils and sediments [J]. Soil Sci-

C17] XUSCRE, XUABHE  FBAE . 55 . JH o 5 2 i AR S == 7 A AR ence, 2001,166(11):833-847.

AKSCAEF B BB ()] M e s G sk e (240 AT ARG /ST AL e 57 S R 286 B R MR A7 K 1 11 A1 3R
##,1991,15(2) :159-167. T B H A LR A3 A0 AR AE LT ). PU AL A 4 25 4. 2013,

(18] XUSCHE, XM HE I HE DR, 4. = A MK 5 05 ¢ i) i Ak o 33(5):1011-1019.

K arFr R ) ], = B A Y A 5T, 2000, 22(3) £ 298~ [25] WiEEE, S VR0 . 5. T E MR 4 i X B ROA
306. WM REE MRS LA REY XA K+

(197 M. A LR, 45 R R AR 25 m He A 9% 0 3 i PREFHIESE . 2019.26(6) :80-86.
ey IR AR L) ] A B8 22 . 2018, 27 (11) . [26] ) ¥, 05 ul . ZE 008 4. = M & VD VL O (R A B
1981-1986. ALK IR 37 e 1 e A [T DL K 4R F BF 5L 2007, 14

[20] #3508 WHmds, oo, OB 0 & & 4 A RAE W £ (4):160-163.

HEM AR T, R 4R . 1993, 38(20) : 1896-1899. [27] Six J, Elliott E T, Paustian K. Soil structure and soil

[21] 747 g2l ke, 28 ARAr B+ X o #k £ )2 + organic matter ([[ ): A normalized stability index and

SJERURLAT HIL B A AT SR AR S5 £ Wk 25 18] 0 A L. AR 257
#2006 ,26(9) :2847-2854.

the effect of mineralogy [J]. Soil Science Society of Amer-
ica Journal, 2000,64(3):1042-1049.



