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wm = TE A v ISR B O [l R D AR 2 (AR B v BE " ) A 898, )R T A 7 9 AR A5 A ) R AR B K
FatE B AA (> 0.25 mm) o G828 A2 AN RDRLAR KA A PR 3R AA (> 0. 25 mm ) 194 )65 8 R 2 2 (3 M0PR P B R )
B AR, AR 1) AS [l 42 R B 14 45 4% PSR A (> 0. 25 mm ) H A AIAS ] ¥ B2 (0..06.,0. 6 ¢ L™") ({9 B iR , 43 #7 42
ol 21 S8 JE A TR 4 93 A B CHRS AR AR R P SR A s o 25 2R R B L B R T R B A B, 3t 40 S R K AR A
AR (> 0.25 mm) () J55 5 20 43 3%t 5 AR B N op BE AR A £ B i, JOREAR (>4 R 2 ~ 4 mm) KRR PR3 1A
A R Bk Bt B/ VREAR (1 ~2.0.5 ~ 1 H10.25 ~0.5 mm) {5 ; Rl Rl R AR BE R, B ™ AR ML 8 2 ~4 mm
F B A s R AR S 1 ~2 mm R P A 1% 2 540, AN R B A rp g MR B T 22 5 R R 3 AR
Db e B £ MY ) g BE A /N T L G e e AR ok £ MR 2% A K R P SR MR A W L 4 O T A R R AR o
FERERY o JEFEPR A 4 5 KRG ME TR AR (> 0. 25 mm) & i A% 2 35 1B AR SC , 55 SRR B 1t AU AH G R BB R (r =
0.85°" ,n=19) . WA E W E (0.06 F1 0.6 g L") HI AR IS ,3 Fh 2 b it i 20 48 4% Rr 4 K B bk AT R4 (>
0.25 mm) [ 3% &G, H/AVKAZ A R (1 ~2.0.5 ~1 F10.25 ~0.5 mm ) ({3 o 2 55 TR MR (2 ~ 4,

>4 mm) fY
ES: 35| 1R s KA P R A T G TR A 43 5 W TR 5 Y LR
hESKE S158 3 Ek AR IR D A

T [ i 7 40 M X o % R L 15, B
oo A [ B 30% , AR R R & B AR
U AH T L X L s T O 3, R R R
FLR B, K R 2 P R, b S R B T R
PN _E N KX B R A 8 R G AR 2 R 5 1
1787 N 8 s 1 P o el [ (T = B S (G a -
2K R 2H 43 43 A5 R AT LAB (k7K 3 2%, B RE 5
A W A TR AT 5 M 2 B G
Sy 5 MR M E R, T E A 2 18] B 4F AL,
X By Ak R 7 OB Al Ao 3 R S PR R B
BY,

BFSE % B, 7K 3 2 1 Al - 808 fb i £ B AR K
S B A LAY O R I SR AR T TSR Ak
R M S ARl i R AE HE AR, 1A B
FIICAL AL 2 AT 3 AT Al i o B e 4 o 0
T JE5 95 S A WL 4 xR R R A R A

AR o R AR R B B o ) T E A o), AN TR A T
B o 2 0 %) A SR A R A S TR] o S E TR
R 5 S S W) AT SRR M ) B DR R e
T % A1 SR A (1 B W AR A 55 T BRI O, R
o R B L, BOR) T R T W R AR I R, T e
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O, B 7R L BE 4R v A5 R AR AT SR AR rh i R AN
E LRI Fr i IR A R T A 8 A R 1 B R
TP SRR B T8 o W55 L — BT R o 3 ) B
I DN i o (T = o A~ RTID PA w < 0 7 N
JE T RETE— BRI b S e kT A 5 A T 1R K R
PERRZ R o 5T W], 20 HE 8k AR A A ) AN A aT LA
SR LT A BB B M A R AR AR E
R T ELAS [ T 25 1 8K 4R 41 A o 1 3Rk R e
A TTRRR AN R o A BE ST IA O B R W R L
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A5 « AR ok £ K I TR 4L 23 R a5 B RS AR R A T SR AR ) 5 T 115

A HLER < 3% FIEES 4k B < 2% i 2 AR £ 3K B
AR I HEAR K, T AR
BRI B BEIR

Bl A1 56 45 ML T B2 g T R A e i 1) iz 3 AR
S0 A S A LR A0 R 1 . [ e
ot P B A A LS A 4 A RS I it A 7 =X
X PSR AR R e L R AR T A D T
Mot . X P40 X, 35 22 X A1 4k 9243
A P R HE X K R D SR A i | A R Ao
+ AR e WL S M A D T A BF 5, T U IS B R R
[ 414 0 VA SR A 14 56 RGeS 7 A
RARTE B 0 B 25 LB S AN IR A . Ik, AR
F 5% M HE BT bt Pk 114 B B B i P —— K AR A
VA S R RN B B R 1 &, 463 AS [ A J5 9 1R 4 4 0o 4%
T ET S5 A6 1 52 ), A O R ) 2T 48 Hb X K 4 £
T R RORN AR 75 PR BE A I3 4R (LR 2 A I A B
wE%,

bR ik

L1 s

(E3E SR S/ EIE A S A N S B A e 5 ]
J7Z W R A VD T b A R T R R BE T, R
FEX i ih N 28 ~30° E113 ~ 114° 3k 41 ~77 m;
Pt se 2 CRR A TR, R 7 3K 2 5 b bR L R A
' FET YL N 14 am 2T Y K Z B
WA o A M DA I O B 3 B DA e 2R )R R AR
HIZ SR & B CRFE IR Ry 200 ~ 400 m” 42 4 46 I
KAL) W J7 ¥R, SRR b R R A ph A R 2
(0 ~20 cm) 138, FIEAR D HARUES W CHR (2],
L3t 19 A ke (P R R i B 3% S 5© ~
25° AL W R R 60% ~T5% ,FREE T A L
WY MR R 15° ~ 35° MW A W R 45% ~
60% ,IRAE T AL FE ARy > 35° R
WA 30% ~45% FRES DL, Pk LA
(09 B B BT 4 R 5 T 28 AR (Q,) o A, —
R AT R, T B A B a3, 53— e
FH R &
1.2 SEWHE
1.2.1 JK Fa Mk A B & ( water-stable aggregates,
WSA) B il £ 1S BB R 20 73 i I o S [R) kL AR K AR
P RAR (> 0.25 mm) (Y6 85 FH V> 2 0 T R 0
W KR R AR A B S LSOk (20 ] 54 AL
TR A A A ENT S R SRR LY

(Free iron oxides, Fe,; Free aluminum oxides, Al,) 7
ok Al DCB 2 42 W, 45 B 7 & 5Ot 3% (1CP) Il
=t JE B 848 S 4k ¥ ( Amorphous iron oxides,
Fe, ; Amorphous aluminum oxides, Al, ) & & F 5L R 4%
G wRHR I, 45 B T R R (ICP) e Y L A
fi2 ik ( Humus acid carbon, HC ) | # £ & % ( Humic
acid , HA ) FH £ B 2 - 700 % R AP ok 2 ™, & LR
B (Fulvic acid, FA) Sy i 58 I B & 5 51 S0RR Bk 25 1)
ZE(H W BT L (HAZFA) W3 B0R 5 ' R IR 3k 4k 14 1L
187 R R A R 2H 0 KoK Ak T AR i
W1,
1.2.2 HSEWIHOR (HA) RSN S8 F D & D
SE JE G R 4H ) J7 s A BIL B R e B R e
SR BCII R , R QX1 QBS A QC3 w42 Bt il
R o 23 50 Bk 28 A Ak T S Y 2% ) R R
0.015 & F10. 15 &, 7 T 250 ml Z 1A e, {6 Sk j
G390 0.06 g L7 FI0.6 g L™ BUST JREE KD
B 5% BE | BE RN AR R 2T 43 G QX2 QBS
ZX1.ZB7 . YX2 Hl YC3,3L 6 4~ +#£, 43 5l it 4 mm
i o AN 2SR 150 g £ W Oy, 452 3 DXOUE R A
L 3 P e R A B TR R 250 ml, FRE 30 d S X
W5 A R AR KRR E
1.3 ZitrFA*E

B AL B Excel 2007 , B4 4> #7 B SPSS 18,
YEE F Origin 8.0,

2 #iRHWE

2.1 RHMIENEAMEREREBRASKE

TR R R, 2 O
Fit,pH Ry 4.41 ~5.01, R +HE, BRERMY
A HLIE A i B LE 20.00 ¢ kg LB, P (R R
72k 15.53 g kg ™', R E AR A & =M T
10.00 g kg ™' %3 JiE {2 21 498 22 B T el s A0 AR
H AR ok 21 4 S B Sy T M RN A F I T A o 2T 4
Z T FI AR e, R R R ™ AR b 21 B A R
A Il S ALK 24 (5 43 51k 0. 94 0. 87 0.62 g kg ™',
Ik I B A S AL TE R 0. 70 ~ 1.87 g kg ™', Hih iz
JEE A L T 8 1 SF 240 43 S0 ¢ v B R ™ EE 1 5 0. 21
F0.53 g kg ™' " 4Rt 21 S 9 B AL Ak K Y P 2
fH831.32 g kg™ BB FE AR R AR . R
H R R (R P 2T v i B AR AR A B AR e R Y
AR K, #7E 3.30 g kg™ i A
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Table 1  Soil physical and chemical properties of the tested soils
12 iR 5 HURE i 15, i b Hei ok BRI A BT Fe, 04 Al Oy
Erosion Sampling Texture  Vegetation cover pH oM Fe, Fe, Al, Al,
degree No. site and land use (gkg™) (gkg™") (gkg™') (gkg™') (gkg™")
[=35s QX1 B ® e gL @ WH MY 5.01 22.92 17.51 1.19 2.54 1.36
2 QX2 T© F+® et FE® 4.41 22.26 24.76 0.94 3.06 1.84
Slight QC3 Kh@ HEi+© BANE 4.65 41.16 26. 31 1.02 3.29 1.45
erosion QC4 K@ Bha© FE L " 4.41 32.58 27.84 0.90 3.83 1. 60
QB3 Sk ® Nie I B 4.80 27.73 31. 06 0. 80 5.94 1.87
QB6 Fipe® HE+Y K@, Em® 4.89 22.89 22.34 1.05 3.57 1.37
QB7 HEED R LY e g™ 4.78 20. 57 23.78 0.70 2.88 0. 88
o e 7X1 A Bt © bk, s © 4.58 12.93 19.97 0.85 2.67 1.13
[EaL 7X2 T© HyiE® e e ® 4.94 17.51 24. 87 0. 66 2. 60 1. 16
Medium 7X3 Hr® HWEEY Ak, M ® 5.00 16. 80 23.72 0.90 2.90 1.29
erosion 7X4 Rl e gL 4@ wHo, kMY 4.79 17.98 28.72 1.18 2.84 0.93
7C5 Kh@ F+® et e ® 4.49 16.28 24.51 0.62 3.98 1.71
7B6 HomE® W e G ® 4.65 11.91 20. 85 1. 04 4.03 1.57
ZB7 HirE® WA Y e 3w ® 4.92 15.31 18.92 0.85 2.99 1. 10
7 YX1 e ® Fym® i 4.57 6.38 28. 04 0. 66 2.66 1.09
=l YX2 HF® HEi+ @ HANE 4.48 5.20 29. 34 0.46 2.94 0.94
Severe YC3 K@ FR+? S 4.41 5.97 29.79 0.39 3.05 0.70
erosion YB4 FHirE® Y e 3w ® 4.94 8.99 30.57 0.89 4.84 1.17
YB5 FaE® L+ N o 4.49 5.33 38.87 0. 68 2.79 0.86

(DXianning; @Changsha; @) Chibi; @Loamy Clay; & Clay; © Clayey Loam; (DHeavy Clay; @Silty Loam; @ Sandy Clay Loam; (0Secondary
Forest; (D Weeds, waste land; (2Bush; @3Orchard; 9Tea garden; (5Bamboo, woodland; (0Soybean, farmland; (?Barren

B2 2 W LUAE AR D T e b | g B R ok i
AEALEE N 2. 10 ~4. 60 g kg™ 5 o EE R ™ A2 ph 4L
BE AR 1.40 ~2.42 0.56 ~0.88 g kg ™', BRPBF
R L8 b B BRR RN R LR ik it 4 R 0.84 ~
1.96 1 1.26 ~2.63 g kg™ 5 1 BE A2 iy ) 5012 1
B i B A AR Y FRL 3 9k 0.68 ~ 1,14 F1 0. 66 ~
1.68 g kg™ 5 = H AR I 4T 48, A CIR F  ERL IR  AR 0)
SIS MK 0. 17 F10.57 g kg ™', iR i
AR LI HA/FA B)°F- 3448 53 3] 4 0. 74 0. 85 Al
0.31, 3 Ffplar e b B ZX1 F1 ZX3 (HA/FA 4
S 11T R 1. 32) AN HE S Ah i 950 HA/FA
BN 1, BV R & K T8 B0RR , 3X A] RE A oy
P IX 70 L 9 7K B 4% 1 R R W ORR B ] B
2R LIHE > 0. 25 mm K Ea M A R KR & AR AL
S H 63.56% ~ 75.58% , th E {2 bl 41 3 > 0. 25
mm 7K A2 M A R AR R 49.37% ~72.34% , " E 1
1 35.87% ~47.35%

HI LG AT UL, 6 5 A1 8 4=t 5 32 119 494 0, - B Y
AP AR G B BRGSO IR
B2 M >0.25 mm KRG AT 3R 1A 5 B 15 st /) O
HEREAMEZRMA R HA/FA ¥R T H 2 il
. FTRE Y TR R b 21 8 22 B T el M A AR
HRRE = ok 21 498 5y i M AN A T ™ R R oh 41 4
22 3 Mo A ER b, HCAE Bl A0 ) O7 3UAS (] 3 41
AP JEFERR AL o A R BB WA & N T
52 W KA A RAR B IE . A E TS R W, A HL R
I BRI 55 /K R P SR AR 1Y 5 B SR A B S AR A O,
B A2 S A R P SRR R T A I 6 - 9 1
. A BT AR R Bk (Fe, ) X A SRR AR 2
PRI ST AR 5 AR I A (AL RE 05 18 b B hL
R/NH - SERIURL Hh A 1 e 5 ) o, B R AR AR
S P AT A0 -+ S AP RE D
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Table 2 Contents of humus acid carbon (HC) and water - stable aggregates (WSA) in tested Ultisols
iR = 4 BE R Tk U Bk R B KRR M A B A
Erosion No. HC HA FA HA/FA WSA(% )
degree (gkg™") (gks™") (gkg™") (>0.25 mm)
iy QX1 3.32 1.32 2.01 0. 66 71.2
20 QX2 2.10 0.84 1.26 0. 67 67.1
Slight QC3 4.60 1.96 2.63 0.75 75.0
erosion QC4 3.55 1.61 1.94 0.83 63.5
QB3 4.16 1.67 2.49 0. 67 75.5
QB6 3.39 1. 44 1.95 0.74 70.9
QB7 2.79 1. 30 1.49 0.88 65.7
o g ZX1 1. 40 0.74 0. 66 1. 11 59.9
(E40 7X2 1.87 0.90 0.97 0.92 54.9
Medium 7X3 1.71 0.97 0.74 1.32 64
erosion X4 2.32 1. 14 1.19 0.96 63.0
7C5 2.16 0.95 1.21 0.49 58.9
7B6 2.42 0.74 1. 68 0.44 49.3
ZB7 1.67 0.68 0.98 0.70 72.3
Ry YXI 0.67 0.19 0.49 0. 40 47.0
(E40 YX2 0.88 0.22 0. 66 0.34 47.3
Severe YC3 0.56 0.12 0.45 0.27 39.5
erosion YB4 0.69 0.13 0.56 0.24 39.3
YBS 0.88 0.21 0.68 0.30 35.8

2.2 EiMTIERRENIEHEEREAS
2.2.1 JEMMRMKE  RE P CER ML
rh, 0 6 B IR Bk T A 43 0 R 3. 41 01,94 N
0.74 g kg ™' (3 2), 1§ B 3 ok 1) 5 44k v J6 20 R ke
HER 341 ~6.75 g kg o RE L™ H 42 o 21398 1 3R
A v g6 B R B R Mk 1.70 ~ 4.58 g kg Al
0.55~0.95 g kg " (& 1), A UL, B 5 12 1oh 72 ) (1)
BT, - BRI A5 LA AT SR AR 14 U R A AR . O
L4 R R B AR o 21 8 0 S 9 TR ok ek R AR AIE T 4%
A2 A SRR B T ™ AR ol 21 48 1) 8 B TR ik i S AR
T RRP) . X nl A8 R R, B B RN rh R AR sk AT
B AP E R (R 2) , Kb H RAK BB il 3=
SRR AL B R ZE VR L DAL ok AT SR A4 rh B S B TR
R s AR A AL A R
6, AR AL R B — B 2 R A & it —
B TS AL N AR N

T AT LUE R R PRR R, R [RR AR A
TR0 B 1 B e 2 1) o R 22 S X R, 0

P = NI=A

AR b T 1T 2R i JBS T TR et i AR K, BV B (R
TR B2 () 38 5, 25 A K Rk AT SR A o B A T A
ek 5 B 42 Il R B 45 o A2 AT SR 0K v i 4 7R ok o
ZIETEEZER; TERMaOE S, >4 f12 ~4 mm
114 11 2R A T8 9 2 e et 7 20043 531 O 3..03 3. 10 ¢
kg’1,0.25 ~0.5 mm FH BIKFEHME N 2.31 ¢
ke ' H >4 f12 ~4 mm A ERAS0.25 ~0.5 mm
ZhZEREE Kbk Rz R TR ELS; ™ER
PRETIER 1 ~2 F10.25 ~0.5 mm [ 544 Ji5 58 12 5%
10 A5 Ak 7 B4 5 R 0.55 ~0.79 F10.68 ~0.95 g
ke ' H 1 ~2 mm ABMAKS 0.25 ~0.5 mm (1 4 5
HREES,

2.2.2 BRI 2 WoR R AT 1)
AR B i e L B 145 g kg R RDRLAR A
BT R Bk 0.75 ~2.39 g kg ', P
i 2T 58 0 A 3R AR Y A BORR Bk 1= 43 0 O 0.87
0.53 ~1.38 g kg ™' ™ ¥ {2 ok 21 32 F 1A 58 1A 11 1) e
R B AR B AE 0.27 g kg ' RAF o X PEH B 4L
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[ @)@ m Slight erosion
I v B2l Medium erosion

6 TeE{Zh Severe erosion a
L a a
o ospoe jL — _} i
N
i) L
E
£ b b
EELS bd bd é7
s | cb 217
2.0 o 2
' 2
il - : . -
0.25~0.5 0.5~1 1~2 2~4 >4

H Bk kife Aggregate particle size (mm)
W NEFHARFE, REARRMEE FARBZRRANEREE, BEKFERH=0.05. FH

Note : Different lowercase letters represent significant difference between fractions of aggregates stubjected
to different degrees of soil erosion at the 0.05 level. The same below

B 1 AN [RDALAR AT 3 A o i A R ik

Fig. 1  Contents of HC in different fractions of aggregates

SR ARl R R ) 98 o, S R AT 3R AR ) ) R ik e Y
WIS X AT R T SR R A A TR — L
(FE 1) BEERMAR T, AR SRRLAR A1 3R A AT
DA B, HW SR ik i 22 0 e/ o X RTRE R TROA
R S 1A SR AT 1 v 7 A T A M 5 4 5, i
PSR A 22 20 AL 3R 14 7 1, R AT 2R AT e /N — 2% A
SRR IR BER b 7 A SR 4 T I DAL T AR 0 L A ] R
PR SR B ek ) 22 S 50N o T PP E AR R £ ARG 2 ~
4 mm PRAK P HERKE S 0.25 ~0.5 mm Al
0.5 ~1 mm BIRKPHA BE 2R BREFTER
PherigErh  KORAR (>4 F1 2 ~4 mm) KFa P A R AR
() B R (HA) B B/ k42 (1 ~2.0.5 ~ 1 Al

0.25~0.5 mm) Yy @&; ™ F 2 M 20589 0.25 ~
0.5 mmPI RAA BB ES 1 ~2 mm M >4 mm
R R oyt A7 35 22 5, JF B /b kL AR R (R
(0.25 ~0.5 mm) rfvisf] B2 7 5t A58 4 3 R0 L b kAR
FA 1R o 3K 150 A 41 B8 5 ) 7 ARk fE AT R A
IR, 2 )2 A R A T S OR B R, R R BT Y &
e FOBOY BUK R A AR TR Y K R T T R A
TE W SE: /N R AR SRR T 4 328 25 B 25 T 1K T 3R
I H A /N AR T 1 A BL A B — e R
Ja AN B AR A S ik — 25 B T K B T R AR
PR L 7™ R 4T 458 0. 25 ~ 0.5 mm [ 5% 44 v ) 5 iR

FHRERE

1.8
%% JE{2/h Slight erosion
o {2 Medium erosion a a
1.5+ JEE {24t Severe erosion a
~ | a i
12 _} b
20 L bd
é 09 | cd &
= ¢ c ?
g L
0.6 - ; Z
=
03} 2
€g fg eg fg
0.0 : - 2.
0.25~0.5 0.5~1 1~2 2~4 >4

A B Kife Aggregate particle size (mm)

2 RIRPRLAR AT SR A Hh AR Bk it

Fig. 2 Contents of HA carbon in different fractions of aggregates
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2.2.3 HHRKE HiPE 3 Al LA 3 MR
ZLMErR [ — kAR 00 AT R AR R LR B i 2 )
PEZES . BRI W MR Bk B A, P
1.97 g kg ™' (38 2) , AN [RDRLAE P 3R O 1) L R G o
LI 2.50 ~5.16 g kg5 h AR 4T HE 1Y B
RT3 1.06 g kg™, WK 118 ~
3.31 g kg™ e E AR LT, - HERIA R AR Y W LR
B AR, 7E 0. 44 ~0.68 g kg ' Ju Bl N Z AL, W
UL, 8 B R e JEE At 21 M K AP AT 3R A A R L R ik

5+ %Rk Slight erosion
| rh g4l Medium erosion
FEEE{Z 1 Severe erosion .

oo

IR T LA BEE LD AR R R A i,
SRR AT SRS 1 L IR ik B 4 T R/ I B R
TSR B AL R — B TR PR Il B 2T, B
HAZIMLLIER 2 ~4 mm B R PR BRKRES 1~
2 mm AR A R 22 S AN TR AR 2 (] A e
PR Bkt 25 S AN 3 o AT RE R DN O R AT SR AR A
/N VAT SRR ) Bl 8 i 4 T s 4, R T A <08 AT 2R
PR AL i 22 S s i LR AR D A AL A
LAy, WAMN R

a

ot

e
-
w3t
<
g b b I
=T E: j7 ) % 2%
i j7

1

ce ce de Y ce
0.25~0.5 0.5~1 1~2 2~4 >4

HISRARRi# Aggregate particle size (mm)

B3 AN [RDRLAR P 3 A o R Bk

Fig. 3 Contents of FA in different fractions of aggregates

2.2.4 WIE L (HA/FA) At 2T HE 1) HA/FA
YT 1(3R3) ] I At il 21 3 1 )6 4 Al 7 B2 45 5
BCJ B 9 X0 A AR S AR R T e s i L 4
B DX A it 2, o R A, X AN R T M B9 1 A
i B2 (AT BILE 9 4 Al 7R T 5 20, AT JE D Y
EiE Gl TR

B hE U EAR MR HA/FA SFEE
%4 0.74.0.85.0.31, 3 Fff= ph A b, U EE AR
LUK ARNE R A HA/FA SFB{E 5 0. 3351 52
JEE R 4R o 21 M AT 3R A ) SF- 620 S A 0. 36 A
0.48 . ] UL, %2 B 1 Hh B 4Rt £1 5 K AR P SR 4K
1 HA/FA B 17 A= b K B v P SR A o
>4 mm BRK R HA/FA SF {6 2 51 O 0.38
0.58 #10.29, 1 ~2mm HI KN 0.36.0.43 Fl
0.32,0.25 ~0.5 mm I ERKFN K 0.34.0.50 F
0.34, AT UL, B2 8 R JEE R ph 2D 3 9 HA/FA B
TR Pl R e e R KA A SR A Y 5 T AR ot 21
1 HA/FA 553242 il i B2 44 R A28 7K B o A 2R Ak ) 2
B K

2.3 BEEBIKIRMEEREENEID

JERRR 04> 5 >0.25 mm K EEME IR 4 Ry
R EEMG(ER4), HP#EERS >0.25 mm
IR AR T R AR & f (A G 0. 858 (n = 19) 1711 &
HFREY M 0.733(n =19) , ik B 2% K, X 30
TR R e L R 4 R O L IO 1) B L A RS 4y, X T
I R B A AR EEEER S >
0.25 mm 7K F2 1 AT 5 AR 1 AH DG 1 202 e K, Uil B
AR B RS > 0. 25 mm KAtk B IK X 2%
Yl X0l fE 5 i SR A E LR 7E 1 58 P i B R
A5G 2 T PO 8 R IS 58 ) 5T 9 OB I8 #h AT
FN5 2% BB OHL AR B W BORR ; K I &K B IS U A0
B RSz bR AR T B R 036 A7 (0 R ER B 4%
N R R TR =R NS = & N il ok N7 N
BF[R) FUAS [) 2% 11 8 SRR 5 v TR 1) L {1 2E AR
R A RTINS, R R K R AT R AR B
JREA5 ), A BORR 1) 5 M AR BE L o KU M T g A
9 22 70 249 43 5% W) HE X AT AR B R Tk e N
S R ) A8 A B B O L BLTE B 20K
Al A LR 5T, B B R RS . R
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2,
=2

il 51 %

WO T Gp A, A aE Uk 22 L 2 K R R 1 25 1F 1, W)
ORI TR BR T L AR IR 9T XA 20 b T B
A, TR TR, R & R, K R R E L, pH B R
PR 1), BT BL, RV 4 88 b i W) IR & R IR (3R
2) , FE A AR I IR, 0 ERORR BT L, BE XS 1 4
T3 W R R AL HEAE A B R, R
SRR, S AR K R VE A SRR I L A
FEIN N, 215 0 6 o LA R LR Oy L W R /N T

%3

1, BRI R & AR J7 AL B ARG, H 2
JEFA R 5y T 05 B AN 4R A B 5 AR B Ry
PR A AT ol 8 0 2L B b AR R AL AR T R R AS
Pk gk A R T K RA kA AR TR R . HA/
FA 57K Rtk P SR 4 & 1 A7 70 M S0 3 TE A 6, A
S BB 0. 630,33 15 W, Ji B 1R 14 4L ARG L 1 4 £ 5
M [ 3R 4 8 K R

//I\?;H\:

ki F R A H HA/FA

Table 3 HA/FA of water — stable aggregates

12 i 5 F R K Ri4E Aggregate particle size
Erosion degree No. >4 mm 2 ~4 mm 1 ~2 mm 0.5~1 mm 0.25~0.5 mm

B2 P {2 QX1 0.34 0.36 0.33 0.34 0.28
Slight QX2 0.46 0. 48 0. 49 0.36 0.34
erosion QC3 0.56 0. 44 0. 47 0.36 0.48
QC4 0.22 0.52 0.33 0.26 0.24
0B5 0.41 0.42 0. 40 0.38 0.39
QB6 0.39 0.43 0.25 0.39 0. 41
QB7 0.28 0.28 0.17 0.24 0.25
v 4R ik 7X1 0.43 0.36 0.44 0.36 0.42
Medium 7ZX2 0. 46 0. 64 0.38 0.35 0.54
erosion ZX3 0.41 0.48 0.31 0.25 0.33
ZX4 0.38 0.31 0.41 0. 44 0.56
7C5 0. 86 0.63 0.37 0.51 0.32
7B6 0.53 0.85 0.57 0.51 0.45
ZB7 0.41 0. 61 0.48 0. 40 0.98
e {2k YXI1 0.15 0.18 0.18 0.19 0.35
Severe YX2 0.26 0.28 0.22 0.25 0. 86
erosion YC3 0.36 0.33 0.47 0.53 0.42
YB4 0.16 0.25 0.23 0.24 0.26
YB5 0. 41 0. 30 0.33 0.36 0.33

4 TEAEMBEASS >0.25 mm okEHAEKSBHRLY
Table 4 Relationships of >0.25 mm water-stable aggregates with components of humus acid in soil (n=19)
il EIEp:E AHOC R B
Components Regress equation Correlation coefficient
J& 5 R ik HC Y =8.40X +40. 80 0.809 **
B R HA Y=19.27X +41. 60 0.858""
W R FA Y=13.55X +41.83 0.733""
W1 HA/FA Y =26.67X +41.17 0.630" "

DY FRKEER R A (>0.25mm) {3 & 4k, X KR d5r;2) ## KR 0. 01 22 5 i 3% MK P Note -

1) Y stands for percentage of

water — stable aggregates ( >0.25 mm), and X for components; 2) ## Significant at the 0. 01 level
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A5 « AR ok £ K I TR 4L 23 R a5 B RS AR R A T SR AR ) 5 T 121

5 Wn,0.5 ~1 mm PR IR 9 R
I ET HL R 1 520k G AT AR i A R R A G,
1 ~2 mm A5 o 6 5 198 20 43 15 5 20 G SR Ak
R BEEME, B 0.5 ~ 1 mm P B K2 B 4K
IR ARG, R K 1 ~2 mm Fl >4 mm H
PR S >4 mm DA SRR P R 5 20k G T SR A
R I E A DG B R RN LR ok A R
A B o W 3 OE AH OGBS AR R A A, OB
BE RS KRt K Bk S BN LREY 5
K 2 prisgiiealm . R MLTIE Y 2 ~4 mm
A A R RN B LR Y 5Ok R AR R
3 IR G, T 2R 9 P B A v A B 5 T R AR
R SC M T R B 2, Ud A B A 4R ik R R B
JEE R TR 20 43 v, e LR A R T A A A KOk AR 1A
B WIE RS BRI R R E RS
0.25 ~0.5 mm KRS mAHCHER BE, AT Rg A
AR B B TR AR R A ML 1) B 2 S G, R A R AR

TE I 114 S R 45 ) Jo, AEL TR SRy /N s AR K R AT SR A
A BILI AL 2 B 4 O 3 (Bl A 0 R DR G 4 o
Z, HEFARLEE) o fte AR T RIRAT 5 10k
L2 AT S A AT AL 5 LA BEOR  hy T (CA  OR T Y)
AU Z ), JH B P, HOX A8 B it B N B
L RAE AU T B M X W R A A
YR IR B B IR TG R R, 5 2 5 BOROK R
PEFT R BT 1 e wT B DA S AR X T A8 RORL AR 1Y
KA A SRR T 55, RO B/ B K R A T SRR 1 1
M3 LA I B2 B R . A SR, BT
ST 4l XA K RS P B P 2R A OB AR R/ 0.25 ~
0.5 mm) iy 3= 2R 25 Wy ot 2 ok AR Y S AL, 1T R
R (CREAE K/ R > 0.5 mm) By 32 15 45 9 IR
RAPLE L A, BOR X R A AR TR
AWEFE  AE S W — R Bz 45 790 75 BF — A~ kL AR P 3
A T EAE T DA B8 R A 1 RS A A O T AR
3 5 JETT

x5 HEGEHEEBRASSKBEEEARGHXA

Table 5 Relationships of water-stable aggregates with components of humus acid in aggregates

i el A Rkt Aggregate particle size
Composion Degree of erosion 0.25~0.5 mm 0.5 ~1 mm 1 ~2 mm 2 ~4 mm >4 mm
J B 1 itk % Slight (n=7) -0.397 0.558 -0.497 0.421 0.514
HC i BF Medium (n=7) -0.089 0.399 0.575 0.828 " -0.506
FE T Severe (n=5) -0.095 0. 440 -0.882" 0.513 0. 459
Fafk Total (n=19) 0.275 0.631"" 0.417" 0. 360 0.493 "
A TR B 1% B Slight (n=7) -0.603 0. 595 -0.110 0. 341 0.471
HA i BF Medium (n=7) 0. 406 0.138 0.074 0.368 -0.434
FE T Severe (n=5) -0.270 -0.157 -0.763 0. 067 -0.765
S Total (n=19) 0.277 0.634"" 0.395" 0.192 0.539 **
R R 1% BF Slight (n=7) -0.229 0.510 -0.496 0.419 0.397
FA i BF Medium (n=7) -0.179 0.414 0. 634 0.780 " -0. 495
J= T Severe (n=5) 0. 633 0. 568 -0.768 0.616 0. 685
JA Total (n=19) 0.263 0.619"" 0. 408 * 0.419" 0.452"

e o#x £R0.01 (25 R BFEMAKT, » £IR0.05 (1925 7 B F MK Note .

2.4 RMEASERI L EKRERREN R
IR 5 > 0. 25 mm KRR A R AR 5 & A9 AH G
PERER KRR (r=0.858"" ,n=19) YW WK Y >
0.25 mm KEAPEM SRR G BRI EY . HAEH
PUZLIE T, W R X IR — > kL AR 1 1T 2R A T
FLOHMA A REK S #REZ D ZERAITIFAWE
Ao PRI FRATTXS 3 Ffs o 2 B2 14 - 398 43 391l V8 Jin AN )
R EE B RO, Sk TR 9 3 B8 Xk AN [ R A2 7K RS e AT

# % Significant at the 0. 01 level, * Significant at the 0. 01 level

R RACR
%6 W FR R LTIE, TR INARHR L (0.06 g L)
S RV WS, QX2 FESL Y >4 mm Fl 2 ~4 mm

wfE I RAK S &AL /N1 ~2.0.5 ~1,0.25 ~
0.5 mm i £ A JAK & 5 4 00 39 Jm 0.91 1,19 F0
1.49 M 4r . OBS FE LA ML EE R, H s
W (0.6 g L") Y5 SR Ab TS, 56 5 4R ol 41 45
QB5 £ fhrf, B AR K R b T SRR i ol [ > 4]
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2,
=2

il 51 %

<[2~4]<[1~2]<[0.5~1]<[0.25~0.5]
mm, AR LTS ZXT R ZBT PIASRE S, B
IR B2 (B BORR 5, BR T 0.25 ~ 0.5 mm fy £z A R
PRI B8 BN 1. 86% Fl1 2. 09% Ab , He AR A% (1) 14 iR
BUNT LAY E 43 05 U0 e vk BE 0 S BORR 5, P A
R R (>4 A2 ~4 mm) (91 0= K
0.03% ~0.59% ,/NAI AL (1 ~2.0.5~1 F10.25 ~
0.5 mm) Fy 3G fin sy 1.00 ~2.40% , /)R A K A v
PRI ISR BIR T 1% o “H =ML R YX2
HYC3 PIASRE i, TRV S 1 5 B2 355 37 5, 4% kL
KA E B RAR I N R 0. 04% ~6.21% 5 TR N i
VEE R B BOIR JE L K R MR P SRR R 1S Y R
0.13 ~7. 72 AH 4 S,

AL UL TS AN [] v B2 A0 51 SO S, 45 R AR AT R
A S B0 A v vk B A ORI B 8 K R
VA SR A2 22 7 4 AT I 32 ) AR ) 5 )™ A ol 4%
A5 AT SR 11 98 o i e T A B R R R AR Dl 53 Rl AR
Dol AR B v AN TR 2 P SR A B R G B A B
[ >4]<[2~4]<[1~2]<[0.5~1]<[0.25~
0.5] mm [§yiF, 3 M ih AR R AT SR b s A f

W2 S , A /KL AR K R T 5 A 00 IR R T Rk 2
(R % AT RE K O 0.25 ~ 2 mm ki 72 P 58 1 Oy +
A Fki gl ), LR 9% PR B8 A o A ) T R
MR . A BRI, MR & RS 0.25 ~
2 R A4 B P B A S A B 5 TE A G, O EL A i
A S8 v 0 A 1 5 A B, T RE AR E 0. 25 ~ 2 mm
B2 AR AL G T AN [k A% 1A 5 A e 0. 25 ~
0.5 mm A7 4% P 58 VA TE 45 0 93 ol 1 s 48 o i e K, 9
L™ 5 ol 1 M8 o 0 % AT B R g 1 A A
TP 5 ok 21398 19 K, 3 D R R U /N B AR K R
P PR 38 A S f5 S T 19, 336 A 0t — 25 2 W1 BIL R 0o
KR A B A o By /N AT BB A S i e kT T g
DRI g JUAS T 45 0 ) 50 TR R M T — M 5 B
(EL 42 35 50 IR 28 T Al O LA g i
Fe I ) A, AL R 30 do BRI B B AR X
VA 58 % 1 7 Bl A AR 3 A L e o R G A 1 R
SAF R B SBORR T T AT SR B R A S 45 1 A
H AR AP B R ), L % P 38 A T ji it 752 oh BT A 7
9 11 3L 2 5 3 ] W) 6 45 L, L R
A — SR

PNTR=A
HE %2

®6 LTEPHRMPAHBREKREAREHERL

Table 6 Change in water-stable aggregates after amendment of HA in soil

== LhpY IK B A BB K 4 & it Percentage of water-stable aggregates (% )
No. Treatment >4 mm 2 ~4 mm 1~2 mm 0.5~1 mm 0.25 ~0.5 mm
QX2 CK 3.94 13.92 16. 62 20.33 12.42
1% e ir 3.95 13.92 17.53 21.52 13.91
o 3.99 14.12 18. 62 21.23 13. 86
0B5 CK 39.34 9.83 9.42 10. 84 6.24
1% e ir 39.45 9.89 9.85 11.63 8.01
o 39. 41 9.92 10.21 11.86 7.69
ZX1 CK 10. 40 3.23 10. 04 19.23 17.12
1% e s 10.32 3.56 10. 53 20. 13 18.98
& B 10. 58 3.82 11.59 21. 63 19.12
ZB7 CK 26. 83 7.93 10. 82 13.31 13.54
1% ¥k g 26.97 8.01 11. 66 13.90 15. 63
& ok 26.95 7.96 11.82 14.52 15. 40
YX2 CK 4.42 8. 60 12.30 19. 04 3.02
RV B2 4.46 8.70 12.56 22. 46 5.34
R 4.55 8.79 12. 80 24.70 6.25
YC3 CK 3.61 12.33 9.52 11. 41 2.74
15 e 3.78 12. 46 10. 86 15. 60 8.95
o B 3.86 12.23 11.19 15.78 10. 46

DR N 0.06 g L' @k EH 0.6 g L' Note ;

1) Low concentration of HA at 0. 06 g L' ;High concentration of HA at 0.6 g L~
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3 45 ®©

BR R Fp R R ™ (R ho4T 4 b A HE R OK e
P 4% e JE A T 2 4 o it B A 42 ok R EE T 3
TR/ 5 460 32 42 ol 20 38 o, S TR) R A28 AT 3R A o ) A
B2 TR R R SN B 3 PR Ik AR AT
KR BRI HA/FA JEA/NF 170 ™ 8 {2
e a5 A R AR K R M L R AR 1 HA/FA B3
JERM PR MK, AEPIEMRAS S >
0.25 mmzK A2 M A 58 0k & & S A I 35 IE A O, Horp
5 HORR 0 AR OC FR B R 51 0.25 ~ 0.5 mm FT 5
A HP S B R 2H G 5 0% G A R R B R M SR R OR
B3 PR AR B R A o 5 OR TR AR K R b 1A
FAArb, AR R b B R 21 G R A SR 0.5 ~
1 mm P RARIE A, k1 ~2 mm 1 >4 mm ()
PR, MR 0. 06 ¢ L' RIS 0.6 g L
(R AR I, 45 A P SRR 5t 1 088 o5 O v vk
JE AR J5 8 1 K Rt A B IR 22 F S n IS ok
AR 1) 5 /NVRE AR K Rk AT R AR (1 ~2.0.5 ~ 1 F01
0.25 ~0.5 mm) (Bt 28 TR RLAR (>4 F12 ~
4 mm) ;AR 0 210 AR AR AT SRR Y 16 n v T
BRI EE AR
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CHARACTERISTICS OF HUMUS FRACTION IN EROSION ULTISOLS AND
THEIR EFFECTS ON WATER-STABLE AGGREGATES

Dong Xue Wang Chunyan Huang Li' Tan Wenfeng Hu Hongging
(Key Laboratory of Arable Land Conservation ( Middle and Lower Reaches of Yangtze River) , Ministry of Agriculture
Huazhong Agricultural University, Wuhan 430070, China)

Abstract Samples of Ultisols different in erosion degree (slight, medium and severe) were collected in Central Chi-
na and treated with the drying-wetting sieving method for different fractions of water-stable aggregates, >0.25 mm in par-
ticle-size. Carbon contents in different components of fumic acid (humic and fulvic acids) in these aggregates were ana-
lyzed for characteristics of humic acid in composition, and effects of amendment of different concentrations (0. 06 and
0.6g L") of humic acid in the fractions of aggregates from soils different in erosion degree explored. Results show that
with erosion aggravating, the content of humic acids in Ultisols and water stable aggregates decreased. In Ultisols slight
and medium in erosion, HA carbon content is higher in water-stable aggregates, >4 and 2 ~4 mm in particle size than in
waler-stable aggregates, 1 ~2, 0.5 ~1 and 0.25 ~0.5 mm in particle size. In Ultisols the same in erosion degree, frac-
tions of aggregates did not differ much in FA carbon content, except for soils severe in erosion degree, where the fraction
(2 ~4 mm) differed sharply from the fraction (1 ~2 mm) in FA carbon content. HA/FA ratios in all the Ultisols differ-
ent in erosion degree were generally less than 1 and the Ultisols medium in erosion degree were higher than those slight or
severe in erosion degree in HA/FA ratio in all fractions. Humic acid composition was significantly positively related to
content of water-stable aggregates ( >0.25 mm) , and the correlation coefficients of HA carbon content were the highest
(r=0.85"", n=19). After amendment of humic acid at 0. 06 or 0. 6 g L ™', the contents of all fractions of aggregates in-
creased in all the soils different in erosion degree, and the extent of the increase was higherin1 ~2, 0.5 ~1 and 0. 25 ~
0.5 mm fractions of aggregates than in 2 ~4 and >4 mm fractions of aggregates.

Key words Eroded Ultisols; Water-stable aggregates; Humus components; Humic acid; Fulvic acid

(RERE: S &)

http : //pedologica. issas. ac. cn



