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The impact of sheet and gully erosion on soil aggregate losses in the black soil

region of Northeast China
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Abstract; Different patterns of soil erosion cause differences in soil aggregate breakdown and its loss processes. Previous
studies concentrated mainly on the variation in soil aggregates under various land uses and breakdown mechanisms. This
paper used simulated rainfall experiments to investigate how sheet and gully erosion affected soil aggregate losses. The tested
soil is black soil collected from Yushu city in Jilin Province and the experiment was conducted in the simulated rainfall hall
of the Institute of Soil and Water Conservation. The lateral spraying nozzles, whose height was 16 m above the ground, were
used in this study. The size of the test soil pan was 8 m long, 3 m wide and 0.6 m deep. The experimental design covered
two rainfall intensities of 50 and 100 mm/h, one slope of 10°, and two erosion patterns of sheet and gully, and each
treatment had two replications. During the rainfall process, runoff samples were collected and lost aggregates were collected
through a set of sieves with different apertures of 5, 2, 1, 0.5 and 0.25 mm in every five minutes. The dry sediment was
used to calculate erosion rate and different sizes of dry lost aggregates in the sediments were used to compute aggregate loss.

The results showed that under rainfall intensities of 50 and 100 mm/h, the gully erosion rate was almost 1.42 and 3.51 times
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greater than that of sheet erosion, respectively. When the rainfall intensity increased from 50 to 100 mm/h, the < 0.25 mm
micro-aggregates in the sediments from sheet erosion treatment increased from 45% to 74% ; while for the gully erosion
dominated treatment, the aggregate in the sediments was mainly comprised of = 0.25 mm of macro-aggregates, which
occupied 65.5% of total aggregate loss. Under the rainfall intensity of 50 mm/h, > 5 and 2—5 mm aggregates in the
sediments from the sheet erosion treatment were lower than those from the gully erosion dominated treatment ; while the other
sizes of aggregates in the sediments from the sheet erosion treatment were greater than those from the gully erosion dominated
treatment. Under 100 mm/h of rainfall intensity, all sizes of aggregates in the sediments from the gully erosion dominated
treatments were greater than those from the sheet erosion treatment. The results also demonstrated that, for the sheet erosion
treatment, raindrop impact was the main driving force for aggregate breakdown, while for the gully erosion dominated
treatment, concentrated flow detachment, transportation in gully channel and friction function of the different aggregates
during transportation processes were the main driving forces for aggregate breakdown. Compared with the test soil, mean
weight diameter ( MWD ) and geometric mean diameter ( GMD ) of aggregates in the sediments were lower for both
treatments of sheet and gully erosion. Under the two rainfall intensities of 50 and 100 mm/h, MWD and GMD in sediments
from the sheet erosion treatment were smaller than those from the gully erosion dominated treatment. This paper also
proposed that under the experimental conditions, two indicators of MWD and GMD could reflect the lost aggregate

characteristics, and MWD could better reflect aggregate variation with an increase in rainfall intensity.

Key Words: sheet erosion; gully erosion; aggregate loss; black soil region; simulated rainfall
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56 T AE ISR AERS 0.2 m (1) 0.5 m(58) B H BN 5 em FIHEK D DABSEIRE: T 7E Sl B HK R EF
G AR i A HEK 5 7R AR 2 om AUARVM PR UELUER A RAF B KR TR
AU T[] 25 (BF R AL )R ) FRIES 4 933 231, 2 R 400 2 BRI ()R 5 om) 31
I A o A2 L BARAS TR 1.30 g/em® ST 10 em AR EL A1 10 em BB RBIALRZE , H
AT 1.20 g/em® HAFE 20 em (YRR EBUUHHE . 350, B2 B IEATHUR T 2 om TRAYG ALK R AL
T — R HRLRE FE Al B2 AR JZ I AR SF ARG 42

F1 gl TEERMR
Table 1 Soil properties of the test soil

TR ZH A%, Soil particle distribution * TIEAETE /(g/em®) _— HHEAPUR / (g/kg)
BrkL Silt/ % HOBL Clay/ % WKL Sand/ % Soil bulk density b Soil organic matter

76.4 203 33 1.20 5.89—6.01 23.81
s T IEOREL 20 3B R 5 [ ] (DR :2—0.05 mm s 9472 0.05—0.002 mm s A . /NT 0.002 mm) 5+  pH {ER KA, #0K + L

2.5:1RE

RIS TS TOAE R YA (Fr i) R AR (Y k) PP AR B, R ek i) R A B R R R B i B R

J2 20 em )2 RS T4 MBI EDRED) | BIBE o 5 J5 A ARDTRE 2 d, J5 1 A 1 3R, DLSEAC R Y Ak

RS (1), 292 e 25 VRIS Sk ') LA g 3 ol s 780 353 Bkl 116 S AT 9 kg 431, 422 B 070 9 A AR

1:100 B Hu o], 7E 050 LA R R, 34K 5—7 m &b, HIVETAIRFNA Y454 0.1 m R MIA4ER (K] 2) 1 A1 il
Litda w18

B\ o %

e 4

1 Bk AhE ( TCARI) 2 A IS AbIE (A 4R )
Fig.1 Sheet erosion experimental treatment Fig.2 Gully erosion experimental treatment

5 TR B A5 b B X - S 2 A o A TR 2 R A e P IS v o B R (R DI 1 b 25 ) Hirp kAR
T B BE B SR ARAE D 0.71 mm/mint ™) 455 bR vE KR a0 S BRI , AR S %3 50 mm/h A1 100 mm/h (53
57 0.83 mm/min F1 1.67 mm/min) B§FEFR R — N EE(10°) R HE L 2 Wk, IR ILE 2,

F2 IRt

Table 2 Design of experimental treatments

g W/ () REFH SR AL/ (mm/h) Wi Wi 147 it/ min Gil=R/¢¢

Treatments Slope Rainfall intensity Rainfall duration Replications
. 50 2

J 1t Sheet erosion 10 100 100 2

N . 50 2

YA Gully erosion 10 100 100 5
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1.3 LR

RIS FF LA T, A PR T AT 5 K — 38, SR 25 mm/h R RRTSER BE EA T TRIRAE Y, L 8 305 08 o AR
LU AR A LK B, TR 25 RS, FH YA A 00 A 5 e, B B 24 b UK A R B
U SRR 1 58K A3 43 A TR | LAARIE A U 9 T S 6 s 3 6 8 198 38K 2 bR 0 — 380 T e bt 36, 4%
YORIRHT A8 0—20 em )21 1385 K A — 20, AU AE 28.6%—29.7% ., Ay Bt (e W 5 J32 110 T B
B OE R0 BT W SR A T , Y SR S H AR EE ) 22 (AN T 5.0% ), J5 nT A TR

FEREM I R, Y S S LSRR ARG 5 min SREERTLIRIDEE  SREERTEIFE 50 mm/h [T
SRR 30 s, 7€ 100 mm/h BERNGREE T4 20 s, PERRRE G 1SR AR IR0 52 56 1ok A8 v AR IR 428 U e VD L 42
Wt 5.2.1.0.5 F10.25 mm BTG AT 2345, 0 55 098 RV R BER Srh IR KT IR RRER
1.4 HdEab

M Excel 2003 . DPS F1 SPSS13.0 #4784 5 4007, I il KR . FH Duncan T2 H LK,

P R RS e M — B R - E i AR (MWD) U B L 48 F 4% (GMD) MO 38R , MWD AT GMD {E K,
Ui - 398 P SR A (R RS kbl | B - 3B R Dl e bl HO R OR

MWD = Y xy, (1)
i=1

GMD=exp[(;wilnxi)/(;wi)] (2)
A, o, M3 BT — R P SRR 35 B (mm ) 5y, SRS K28 A AT SR A i SRR A TR A EE R (%) 5 o, 2
T EAE R x, A RIAE R (g) o
2 ZREHH
2.1 PAURIA T AR R o R X L

H15% 3 AT, FE T IS0 25 A AR [WIRR R S B2 T, R bl R ) (b oy b i A B ) SR TR R 22 S AN 3, I
iy F e b BT Y SR R T Rk, P 7R 50 mm/h BERIEREE T, 18 Dk Oy 32 A BT Y 4R e
20 A 1.42 45 78 100 mm/h FERRSREE T 8 1l EiX50 A BN 4R IR 20 Ry 3.51 %, X2l
Ry (R B 3 S 1 RS AN K NS B S ORI RS A T T M B R A VR S R T AR DA A R
AR Ah A R i A R R AT X VA BE TAVJEE VA Sk B T A A ARG A R DT ke Ak
BN A 4R e B R PR A BT (R i

x3 RpFAmiBAETHERERENZEGHE

Table 3 The runoff and soil loss from two treatments of sheet erosion and gully erosion

[4FF 35 & Rainfall intensity /( mm/h) 50 100

#2177 2 Erosion patterns F Wik 32 il RS S
SSARTE Runof/L 578.9+47.9b " 611.2+30.8b 1371.3+213.5a 1490.4+161.1a
BRI Soil loss/kg 0.77+0.06d 1.09+0.28¢ 5.45+1.60b 19.15+3.85a

« Feth Al — 17 AR R FRE R R P<0.05 1925 5 B8 SR RT i) 24 100 min

YRR3R T 50 mm/h SEANE] 100 mm/he i, k60 9] Gk o Fofr 42 ok 5 50k BT A9 B A2 U B 4 186 0 1.40
f e A PR A BN B BRI N T 6.08 A% e A, LAYA p o SRR A0 BT A BVR M i T 16.57
fiety o i LaREs Ral A, Bl P R 9 B B S, B AR ARl 4= et 75 T A AR O ) B I RO 452, {ELY o
O AR A BT AR Db N T Rk P B I R R A R, R A T e MR T, A R s A
P, AR S TV E R RSV iR T3 AT VA b A T I e T i R P o, 452 e PN B0 ) i ik
& S B R b A A RZ BE 3 o, R B e R il SR, e Ah 0 TR A A LR R L
A MDA R B Ay TR/ N TR SR B I R 3T o %) L e it VR P D HAR TR DR 45 40 ) i B R A
FHALEL/ )N 5 100 Bt 26 540 B8 0 R0, TR T ki 0 L B AT SR A A A TR 5, DTG0 3 6 73 HAC Y - S DR B 25 5
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AR PR AGE | SO AR R
2.2 R PURYA BT A P R AR B S R RRAE

3K LK 39 A AR 43 K IATER I (=0.25 mm) R A4 (<0.25 mm ) ") | AR F ol 34 fol 795 7 A ]
R R MRV R A AR AR 22 v . 3R 4 AT, 7E 50 mm/h FEFTEREE R, A ki g6 b BE R A9 K
VA SR A AR AT SR AR 2k B 9123 391 o T SR A S i 19 55.39% M 45. 7% 25 47, TAE I i F2i 36 Ab 38R | - 38 v ok
PLRHRA N 3, HE /25 67.3%, MBEMTHEEE A 100 mm/h 15, i g b R 30 2 0 P 2R A4 0] 3 22 1)
A SR AR L iy R R A SRR 74.2% , A8 1 1ok 30 AR BE R, 3L 2% B9 A SR RATS LR A R 44y
F,HEH A 64.4% , X FRIALEYETE & AR PR, B VA Sk R U1, W e el FE BE SR AR, AR IR R
R HEARTERS ; RIS, R 8 PN AR T R R RRIH B 1 3—4 A5 24, — 5 TRIRRAIK T WO I T/ T,
— 77 Tt 8 6 AR et Y P I B Bh A RS , DA 0 55 i T B e AT SR AR R R AR RS A
FRRIR A SR A 22 [ JEE 48 5 46 sh A 78 ikl 36 - B A SRR W AT RS 10 £ 2N 76 B ks Ab BT, 2
RT3 2 50 mm/h 312 100 mm/h B, KT SRR I 0 E 43 He i 55.3% 08070 2 26.8% ;X F B ZE YR 1T - ikt
PRI AL Bl 2 5 W i B P38 K, W AT o A B 1S DR T 8 W 0T - S PR SR AR A 4 43 PRV T, AN T34
T A BRI A 1 i, U A A I X A SR R A B S A R

R4 FF0a KA E T K F R AT R AR R IR

Table 4 Comparison of macro-aggregate and micro-aggregate losses at two treatments of sheet erosion and gully erosion

2= RS8R/ (mm/h) i 2% L] Losses proportion/ %

Erosion patterns Rainfall intensity =>0.25 mm <0.25 mm

J it Sheet erosion 50 55.3(3.2) * 45.7(3.2)
100 26.8(8.7) 74.2(8.7)

14 E Gully erosion dominated 50 67.3(1.9) 33.7(1.9)
100 64.4(1.0) 36.6(1.0)

# 155 N BUIE A R Jr 22 (SD)

2.3 R R ANE T R A R AR B S AR RRE

PR b v ) - 99 A R AR o B 4N . >5 2—5.1—2.,0.5—1.,0.25—0. 5 F1<0.25 mm 6 hiZk,
Xif o R TR YA ik R O R A SRR B A AT RRAE , R E 3 AT O, BERN SR R 50 mm/h B, Rl B AR B R 4R
PR IP >S5 F 2—5 mm R AR S B/ Py il e 4 SR (1—2,0.5—1,0.25—0.5 F1<0.25
mm ) [ RS R Tl mh, G285 BRI 4 2 o iR o AR A R IR & 2 Rk
HIRE S <0.25 mm AT RIR A BAHZE 43.2% , X UEH AR/ INBR A1, F il A B R WOy 41 o5 /5
FFIEXT IR A RARHEA TR 43, 2K ) 32 43 P A SR AR A T s o % T ki g A 3 pR TR A
B4R T TR P 2 K TR BLAR A 3—4 5 Zc A, T T o XoF - 398 P SR AR o Bl 2 055 , T4 Dokt 3 PR 198 R 37 308 e 78
SKTR ) RE 4R AR T - AT R ik AR DT R A SR A R R KT i

XFF 100 mm/h FERSREE (K] 3) 71 HON TR Ab BT |, 4507 9 3 A SRR & B3 KT ik, Hopr
R g b BN R AR A BBl 7E <0.25 mm B A& BB KT HA 5 AR, MR iy =0T R Ik
B 25 SRR RIS N >5 mm BRI B4R 22 93.9% , X ULIATERS K I3 460, % T - il 6, w3
FT X6 3 A TR AR B3R 43V FHBG S, R Db AR FE I B4 T SR AR AR A SR A4 Ay =82 5 X6 Ty i i 06, il 5 A T 560 52 114
BN, AR A PN T R T A 0, R T YA Sk BT DDA BE Y SR | A fe I I i 1 g e, T 5 AR
KL AL I AR (i ORA2 AT SRR i B 3
2.4 FRAE LR S FFAE TR AR AT L

PH B A (1) - 35 B AR (MWD) R LAR S 35 42 (GMD) Y2 TF M 338 P B AR o Mk i i B 48 4, X
K MWD 1 GMD PIANRHEFE ARt — 20 40 BT PRI 1 =X SRR SR R AR, O 24 10 43 B BB i s A
TR S F A R AR, R 5 0T 0L, 78 R BhORI9A) Dl Rl A= il X, 42 Bl U8 V0 v AT SR R MWD Al
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3 RHfamilERETEMmEDPRUNEARGHESE

Fig.3 The aggregate sizes in eroded sediment under two treatments of sheet erosion and gully erosion

GMD Y8 B/ TR 143 Horh ) Ao iR B0 kb 3R MWD SE 3938008 64.4% , GMD 2108/ 66.3% 5 7510k &
BRI A HE T, MWD -390/ 34.2% , GMD 3178 /NA 39.0% , FE3 11 A fial e Ab BT, 24 B RN 3% B2 i 50
mm/h B4 E] 100 mm/h B}, MWD F1 GMD 454 i/, 1 BH 7 1 38 PH 3R A 55 a4 v 1 B | B o o R i 32 1)
B, MR T o X 9 PR AR PR VR F B8 5 1 7 bk B AR BE R, S FE W AR E S0 mm/h 350 E)
100 mm/h B , MWD F1 GMD ¥4 firdén, I =22 R PR 5 2Z A7 1S AH — 2, BB 2[4 I o B (9 14 o, 4R 1k iy
VA IS A P49 AL B 348, ) 1 A Sk TR DDA BE A I 0 IR A i 1 P s DT 237 A R R 24y
TR A - SFE AT SR A ; (RIS, PR T4y PN B /K RS R T RN LA 1Y 3—4 3%’ 3R 43 - 8 AT SR AR i 4
V55 , W AR A% A SR AR 1 B R i, S 30 MWD Al GMD A Frd i, e iF 5T 45 -t 2 W, MWD fil GMD
PR A SR AR ARG A5 1 R S5 e 1y T R ) oy 2T 3 A SR AR A T SR AR AE

%5 0 FRM], YRR 50 mm/h BEANE] 100 mm/h B, BiAH {20k X MWD (9728 (b 25 4K T
GMD , R Bifi 25 2 RN i 3 38 O, AN [RDRLAR 8 TR AR B A = A B B 22 52 SR PR P 3  f ELAR (MWD)
FUATE 2 B4R (GMD ) #4902 Sz il PSR AR /INo A B B 11 i LT 44 4% ( GMID) ) 2 3 st o [ R AR 4%
BOEUR INBCR A, A5 R8540 T BRI N2 mfE R . Rt AW 25 838, MWD $8 45 BE R I 1) L Bk
R SR AR PR il A A il 2R S SR A I R AR

x5 RN AE T 158 FARER K HFERR

Table 5 Indicators of soil aggregate loss under two treatments of sheet erosion and gully erosion

W&/ (mm/h) FEHR * /mm Frih Wi E 1 4
Rainfall intensity Indicator Sheet erosion Gully erosion dominated Test soil
50 1.32 0.84
100 MWD 1.82 2.17 3.03
50 0.74 0.42
MD 1.72
100 ¢ 1.01 1.09 !

# MWD ; F-3 H 2 B 12, Mean Weight Diameter; GMD ; JUfASE- 44 B 42, Geometric Mean Diameter

3 itieE&iR

ZRACER A TR DA () AR S i R R XOOR PR A K X 2 — PR R il v
BT AR . R B ATIZIX SR AR S BUS T p R T AR iR ) s dn fef 5%
M) - 498 PR SR (AR I G 6 DL AT, ASAIF SR SR FH % PR RSSHRL I W 00 ) i, S0 T sk AR 0 o e 4 8 A 2R A 2K 1Y
AL
RN W iy Wo R e e N AL

FHURTA R AR SR+ X Rk A B Al R B 50 AR IR B A F 3 1o A 300 T AR A A
F RIS K AR R, SR T AR [FI3EEE (10°) X L R 38 B2 A2 46 (50 mm/h F1 100 mmy/h) X5F (R 74 fot i)
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S, BFFE R B, FE 50 1100 mm/h FEFTSREE T, ¥ ik 323000 A0 B R A 4R bl i 4 B A DR A 142 5 AN
3.51 1%, HFEMHEEE M 50 mm/h HHNE 100 mm/h B, 74508 R840 BEF AR MR N T 16.57 £5, H i
FRT A ka0 A B A A2 ok B BN 6.08 A5 I R il AR e kT R R % 1 R MR AT o e 4 S R
PR IHR 53RN A3 OV E A, % I 388 2ot 394 1 R 2 K A ) 30 26 4 W b (9 8 5 T A Y D, BT 5 T % A e i A
(R PITE B BRI A 2 X VAV BE. ARG VA Sk ) 3R AT 405 b RN | DA T 3k Al 0 2 ) S S A
3.2 (R0 SO A 9 A R AR AR B R

PAFE XS A 3 3 R A IF 5T 32 B2 4 vh o - A SR AR S A AR A D T, AR A S 4 R AR K . AR R
ACWFFE T B TR P 25 A ) R R TR R, T EL AT 1 R Dl RN ) sk o 4= ok 2 A2 ik e U0 v KT SR A4
B AR % 1) 25 S 1k

TEF RIS AL PR | SRR 5R)E /50 mm/h BEHZE 100 mm/h B 420 I8 70 i 2k i R A B AR i 55% 0
2 26% , HIEPI R R S R AR 32, ey il 32 A0 B R, 50 A1 100 mm/h P RR R RTS8 LT
BRARGE R LA A BAK g T2, H2) 5 ARG 1Y 65.5% , FEREFR TR EE N 50 mm/h i, PIARR 00 07 2R
i e v v i g P B A B 25 S B R IR M <0.25 mm Y A1 SR A4 T PERE R SR A 100 mm/h I, P Ffr {2 ol
T 3R B R AR 25 SR R BRI >5 mm (R SRAA PRI, e fod kot T SR AR I 2 2 i ) 4 4 2258 (1)
FERE/INFR RIS, R T o5 7 P 32 2 0t - 38 P SRR T4 4, T2 /K00 0 = X6 43 ) - 18 P R AR i A 14
BRI e A R DI RAR R A A R AR 5 (2) AEBR T SR BT, R I T o % 4 498 AT SR AR (9 W 404 gk — 25
B, 5B A AT R AR AR R A Ry 2 3 bt P SRR A 5 T (4 R A L (1) R A N
LA KGRI K T T ELAR Y 3—4 52547, BN TR 4T o X6 1 38 AT SR AR MR Ve R s 55, i AR 37 1 R 66 9 <k
YR EE IR R0, A A A SRR AR A T2 RS T B SRR e LA ORI R T R AR R 5 (2) R
FIBAE AR, LA B A1 3 A =2 ) R 48 540 B0 Ay ] 8 A e ) B B2 LA

506 A E AR R Vb Y - 3E A R R MWD AT GMD 2788 B>, Hodr | B il EG AL BTN MWD Al
GMD Ak /b 8 B 2 K 3l oAy B (B0 Ab B, S B TR 5 SO mm/h 305 100 mm/h B, % 10 A ik 56
ARFETR ) MWD A1 GMD 2445 /N, 778 ik ok 32 A3 56 AL B1R , MWD Al GMD 24 Firs i, itk —25E i 1
B b a6 TR T o %o ) SR A A R 402 P SR AT s 14y =5 B SR T 9 ot a6 B3 ) P SR A o RN o 1
SRR RN 38 XA A T R AE £ A ARG AT, 4 T MWD Rl GMD PR $5 452
Al B e By iR by 20 R I S RAE , MWD $8 bR BE I 1) S e 3 TR SR A8 AR Bt 7 ol Ry oty =20 4 458
P R IR B S AR ARFAE
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