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Abstract: [Objective] Based on the current situation and severity of soil and water loss, it is vital to investigate the nature and
extent of surface structure degradation of slope farmland and long-duration rainfall characteristics in the red soil region of

southern China. [Method] The method of long-term rainfall simulation were adopted to test the effects of topsoil structure and
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rainfall intensity on rainfall redistribution, runoff and sediment yield. In this paper, three rainfall intensities, 30 mm-h™!, 60
mm-h™ and 90 mm-h™, respectively, and three cultivation depths, 10 cm, 20 cm and 30 cm, respectively, were set to study the
effects of tillage lager depth and rainfall intensity on surface flow, subsurface flow, soil loss rate and erosion pattern. [Result] The
results showed that: (1) The topsoil structure significantly changed the redistribution process of runoff. Higher tillage layer depth
can mitigate the effects of rainfall intensity, reduce the surface flow coefficient, and increase subsurface flow. Under the condition
of 60 mm-h™" and 90 mm-h™" rainfall intensity, the average surface flow coefficient decreased in the sequence of 70.5% (TLD10
cm), 62.9% (TLD20 cm), and 56.8% (TLD30 cm), and the average subsurface flow ratio increased in the sequence of 7.1%
(TLD10 cm), 12.3% (TLD20 cm), and 18.1% (TLD30 cm). (2) The soil loss rate was enhanced with the increase in rainfall
intensity but decreased with the depth of the tillage layer. Under 60 mm-h™' rainfall intensity, the peak soil loss rate of 10 cm, 20
cm and 30 cm tillage depth were 35.1, 25.6 and 20.5 g'm™ min™', respectively. For 90 mm-h™' rainfall intensity, these values were
68.7, 55.8 and 48.4 g'm™ min™', respectively. (3) Rainfall intensity and topsoil structure significantly affect the final slope erosion
forms. With the increase of tillage layer depth, the erosion degree decreased significantly. Under the condition of 30 mm-h™
rainfall intensity, the surface of the soil was relatively intact, and the soil erosion type was splash erosion. Also, under the
condition of 60 mm-h™' rainfall intensity, the soil erosion was all sheet flow erosion, under 10 cm and 20 cm tillage depth, spot
erosion appeared in the lower part of the slope, and the soil erosion degree was lower for sheet flow erosion at 30 cm tillage depth.
For the 90 mm-h™' rainfall intensity, rill erosion appeared on the slope while at 10 cm tillage depth, rill erosion was well
developed. In addition, at 20 cm tillage layer depth, rill erosion development was significant while at 30 cm tillage depth, slope
erosion was mainly sheet flow erosion. [Conclusion] The top soil structure can significantly change the relationship between
rainfall and runoff. Higher tillage layer depth can reduce surface erosion, promote the deep infiltration of soil moisture, and
increase the soil's deep-water holding capacity. Also, this research can serve as a reference for the rational layout of topsoil
structure, improvement of rainfall utilization rate and enhancement of soil erosion resistance in the southern red soil area.

Key words: Soil structure; Runoff generation; Sediment yield; Subsurface flow; Red soil sloping land
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Fig. 1 Illustration of the soil tank used in this study

http://pedologica.issas.ac.cn



24 HREE PR R)Z LIEEE R LU b 7 i S Vb AR A S 437

B, PR HIAE L R L BE T mE o mE sk
(FULLJET ) S8 410, A1 FH 3 S A% v] S5 R 351 2 )5
PR TR RS, /NI R R 22 . W
SRYL R 10~300 mmeh ™, ARG FE R 15.6 mx12.6 m,
REFR S FEAE 85%LA b, PR R TR 18 m, X
o B ] (AR DL 68 I Ak B R 6 . DL Y 2
¥ 1 mmx1 mm e R MEZAE TR, Dss
W AT 5 B 1k R 25 i, F SRR 10 mmeh!
14 B TR R AT TR, BRI RN B Z B K, T
R TR 45 o 25 INTVE 12 h J, TR T S L
Mo X5 T 2018 4F 6 H 2 8 HIAI5E AL,
1.4 HIEWERSH

PR FE T, H MR AR A T 4R i
J&, #% 3 min [IRE5 B L RAR T . HLRAR TR
Yo i R4S 2 U i P i . WSO B Y R AR T
Ye b RE I Se g0 5, HLARHE T 2 TR VYR
MR, P AR EIEA, W
GERZ SR, FRSefi 3 min I a] [A] ISR B R P I
B, HWEMAT 5 mLmin', WK 2 il
—AN B, DMETFRE R S

RN FE T, EEIF e SR i va) B A B fa),

FALIAIIARTIR . 45 VAT VU P T, O
T AFBLIC 4 5 s L

2 4 R

2.1 MIREFERIE

30 mm-h ' FIR K, FERATAL, TR
FeE . A 2 AT, 60 mmeh ! 90 mmeh ! FEE R,
Hb AR TR 77 I s () R0 = T o AR R AL, 12~
15 min Z [A] MR ARG 7= 000, 7 I i B P T =
PN, BEEPHEZURBE RN, MR REW)
W TR, 22000, 60 mm-h ! TSR E I (E
Je BB [ AR AR E I DL, BE A FEVE 2R EE RS N,
FERMA N 62.8% . 55.7%H 47.5%, i
90 mm-h" T 3 3 3 04 5 Ak K ] 114 3 sl A
G208 T BB B, T R A T B AR AR 2 % B i 4
Bifi 5 AR AE 2 ORI 3G, Ml AR TR T R AIC,
60 mm-h ' F5R T, SFHy 420 25 10 em #HE
JZH 59.5% %K 2 30 cm HFHE)Z 1) 47.5%;90 mm-h™'
R T, 10cm. 20 cm Al 30 cm FHMEJZ R £
Bk 81.8% ., 72.5%F1 65.9%.

£ 100, 100( 1001
5 N —+ TLD 10 cm 3 —o0—TLD 20 cm 3 —— TLD 30 cm
ﬁ 2 75¢ 75t 75t
W& 5 I I I
ii% § 50+ 50r édé"(‘«((‘("(‘(""k‘(“«(‘r‘a&m««" 50+
®e2 I I I
= 5 25t 5% Rainfall intensity 251 O 5% Rainfall intensity 25¢ TH5% Rainfall intensity
= 5
€ - 60 (mm-h™) - 60 (mm-h™) r 60 (mm-h™)
= 0 ||||||||||| 1 L 0 1 1 1 O 1 1 1 1
w2
§ 100 1001 100 -
=} L - L
L '{(ﬁt‘«'ﬁ@ O
®IS IS5t 751 & 870 Qe TSF gy
;}% % I m' I ', O FRAES [
£5 sof 501 & S0t
RE | -O-TLD 10 cm s -0~ TLD 20 cm s - ©-TLD 30 cm
g 25¢ M58 Rainfall intensity 25¢ M58 Rainfall intensity 25¢ MJ7& Rainfall intensity
£ F 90 (mm-h™) F 90 (mm-h™) I 90 (mm-h™)
= 0 P S SR T N SR R SR R T R 0 1 1 1 1 1 1 1] 1 1 1 1 1 1
@ 0 30 60 90 120 150 180 0 30 60 90 120 150 180 0 30 60 90 120 150 180

[# 1 B Rainfall time/min

B2 ANFEIBHERE R A0 T R AR

Fig. 2 Surface runoff process under different tillage layer depths and rainfall intensities

22 ERRAE

H & 3 AT, 30 mm-h B, BRI AR
FHEFREANR)ZE T, 10 cm F1 20 cm HHESMET,
FEF 30 min JEHHEZ PRI MG, 2 h J5EW
FagE, 30 cm BHEZRMET, HHEZEDRAERENG

60 min ZEA7 UG, ELBEH FERTRFE I, 2R
WZAAI AR B BIREE o BHEJZ I R R 2 IR
JEE BTN AR, AR SR TP R B A SR R
i R, BRI REIRE BT B, IR iR
FifesE (K 4). BN 60 mmh ' i, HHEZ

http://pedologica.issas.ac.cn



438 E I 61 &
1000 1000 500 o
| Wi Rainfall intensity 3% Rainfall intensity 3R Rainfall mltensny
750 b 30 (mm-h™") —-TLD 10 cm 750 - 30 (mm-h™) —-O—TLD 20 cm 400 30 (mm-h™) —©O—TLD30cm
r 300 F
500 500
L 200 F
250} 250} ol
0 — 0 — 0 —
3
£ 1000
z [ . . . 1000 ¢ 1500
£ | Rainfall intensity 4% Rainfall intensity
28750 60 (mm-h™) --0- TLD 10 cm 750L 60 (mpdl) --O--TLD20cm
@ g , 1000
o £ 00 s00t97 8 ‘é’) i
5 © %@? 500
® & 250 250 b %
o L
ENN %
E 0 0 1 1 1 1 1 0
1000 ¢ 1500 1800
! O TLD 10 cm ;O"' TLD20 em w0 TLD 30 cm
H TR Rainfall i i FR5i Rainfall intensit
750 M50 Rainfall 1{1[1ensny 1000} 1 % . y o~ W
M 90 (mm-h™) o) (mm-h™) | D
0 @ < :
500 EL ? A &
[} i%ﬁ
i 500 t& 600 'Y
=or ] FR 5% Rainfall intensit!
I 90 (mm-h™)
N . S . oL 20l .
0 60 120 180 240 300 0 60 120 180 240 300 0 60 120 180 240 300
FAFN i Rainfall time/min
K3 AFEFT SR SRR N AR ik F il e
Fig. 3 Tillage layer subsurface flow generation processes under different rainfall intensities and tillage layer depths
- 200 - 300
150 MJ4T: Rainfall intensity FH4T: Rainfall intensity
30 (mm-h™") ——TLD 10 cm 150l 30 (mm-h™") —O—TLD 20 cm
100 200
100
50f 100
50+
0 e 0 . 0
2
g
S 250r S 3000 o 400
2 5 Rainfall 12ten51ty FR5i# Rainfall 1{11ten51_t}/0_ LD FI4 Rainfall intensity
E ,§ 200 f 60 (mm-h™) --0O0-- TLD 10 cm - 60 (mm-h™) 0 cm 300+ 60 (mm-h™) --o-- TLD 30 cm
=35 150f
kg 200
<5 100
& 50t 100
E“ L
2 0 L L L L 1 0 1 O
-
) 400 500
100 FI3% Rainfall intensity n MJ3® Rainfall intensity
.| 90 (mm-h™) —OTLD 10 cm 300 90 (mm-h™") --O--TLD 20 cm 400 F \ --<O---TLD 30 cm
: g 300
50t g 200+ &
I“j 200 |
251 100} 100}
0 " 1 " 1 " 1 " 1 " 1 0 " 1 " 1 " 1 " " 1 O " 1 " 1 " 1 " 1
0 60 120 180 240 300 0 60 120 180 240 300 0 60 120 180 240 300

[4 T 7 Rainfall time/min

el 4 RIS BB SR B T AL o2 i 7

Fig. 4 Plough layer subsurface flow generation processes under different rainfall intensities and tillage layer depths

http://pedologica.issas.ac.cn



2 3

SREPAE . RJZ T IREEHI X LD 0 L™ VD R

439

B fTE 30 min Z N FFLR 0, PRk F LR
%A S, 5 30 mmeh ! G BRI R K OR ]
60 mm-h ' IFAF1E 2 RN AL 2 HE rp i 2 2 30 R
RUE B RS o FERE I AR E 2 AL 2 e rh ik
AN, BEEZEE R RTE 45 min £ 47 AR — AN 04
HZ 5 P A, Bl 5 T AT P TR R A
AR I A AR X BRI 2 18 v O 1 LU 7R 3 A
L BB A AE i e, 5 — AW (E A9 s [A] 22 T
MRS, I ELGE(E AR (b I B 7RIk, B2 TR SR 3
KZE 90 mm-h™, HHEZFFHAE 15 min 2245 1R
PR, 10 em BHEAIE TP & T o B LAY
FERR 30 min A2 47 BFVE 248 i ik 2 W8 5 REEe %
fiX, AURZWEHKEHE; 20 cm F130 om PHES
PEF PR R ML, 5 60 mmh M H, F—4>
WA MR B ASS [E) BE R LR R RN

30 mm-h ' SRR, HE AP R A 2 R
3G I BT AR, B ARH 17.01% (BHEZ
15.26% ) FEMEE 11.28% (HHEIZ 4.36% ). BE#H W
SRIG AR, HE IR I e B A AR S R R A G it 4

Ft, 60 mmh ' N, BB R R B 8.05% (HHE
2 6.04% ) HmE 17.74% (B 1EZE 13.78% ),
90 mmh' T, BEERFEEREH 6.25% (HHEZ
5.73% ) HmE] 18.55% (BHE)Z 14.59% ), FNsHRL
K, HOERAR A i = R, IR R
23 WESDERE

M S B, FEREm I R, M RAR TR AE PR T
T 300 6 ) A A2 R B4 M 5 TR, T M R IR R
ZRFT 2RI I A AR o PR, I i R A
B, PURBEE S 2, AT S PR, Mkt
b N R TR 0B o NE=N 1 B: Nk [ 1 I
60 mm-h™' [FERN SR, R SRR EIE S,
T T RS — N2 08, 90 mm-h ' BRI 4%
PRI, R & U HAT RUGAFAE , AR (H T B 5 #E
120~150 min Z [a HPLEE —ME(E . 60 mm-h ' [&FR
ZM4F 10 em., 20 cm & 30 cm FHEZIRE T I (E
KNSR 351, 25.6 F120.5 gm > min~', 90 mm-h™’
FETH 2B, 205910k 68.7. 55.8 Fi148.4 gom *min ',
Wil E BEEGR RN, b 3800 2 SRz i A

T 4op 30p 301

g —+ TLD 10 cm | —0O— TLD 20 cm | —— TLD 30 cm
B N‘E 30F FH5E Rainfall intensity 20l M5 Rainfall intensity 20l F5R Rainfall intensity
K g 60 (mm-h™) 60 (mm-h™) 60 (mm-h™)
g5 - -

=
®E 10+ 101
Hag 1o}

—o L F

g 0 ............. O 0

~ _ 100~ _

g 10 00r -0-TLD20cm 60 - o~ TLD30cm
Bl = P 80 FN5T Rainfall intensity I §9 M3 Rainfall intensity
¥ 's EE% mﬁﬁ r 90 (mm-h™) 40F N 90 (mm-h™)
£ 2 s o & 1 I8 o
=3 M | (8 L
®E o ~O-TLD 10em 40r Qo 3 (';5{2? 20l 1 % &
Hyg 25¢ FN5T Rainfall intensity 20l o ‘ é@ & ‘W <

2 o o <

= 90 (mm-h™) F 0

5 Ob——— e 0 . . . . . . . I . \ . .

x 0 30 60 90 120 150 180 0 30 60 90 120 150 180 0 30 60 90 120 150 180

[ 0 Rainfall time/min

K 5

AT i SRR R IR BT e ok o e

Fig. 5 Variations of surface soil loss rates under different rainfall intensities and tillage layer depths
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Fig. 7 Final soil erosion patterns under different rainfall conditions

PR R I R T AR PF T, ST AR PR i 228 o 0 o A
SRRk, AR R A T b A e, 3 0 R URE
Ao Pas A T MRS SR, T i i A
TEBCR T MK E , RITTIGTEAA R . 7ER
T MR AL RVE IR, L4 B — P il— A iR,
ST BN PRI B O 25 B n] AR HREAGE
ORI R, A RE S BRI R AR, A
BT A A 4 By gk, Hg AR i AR AL
RitAei i B R U RO = A S

7 G B B AT el 3 5k R R IR PR phE
J1, BRI EE,

A TR] BB J2 A% B2 8 2 5 9 9 B %% -
RWKFR, FEMIMSHERRE, FERbRR M,
fle it EHOK D IRIZE TS, 8RR 2 Rk,
Xk G M PR 3 45 S 58 A4 SR B L 9D oK R R
HATBURAEH] o [RIEHFd n] LA R s ek e+
HEMFRALPERT, SABI R LIERRCRPY, HR T
H R IBE RS E RIS R SR T

http://pedologica.issas.ac.cn



442 + b1 2 e 61 %:
IeE R+ 3 S0, s AL, IREE BEVE 7 0T U B R IR E , A R T 2 K 8
IKEES . BSOS R, TEHFAT DL R A JEEER, RHEE A K . IR SRR IE oY K BRI
gERh, fEdE R E KR . S ED A A Y A] Lok R el - S B T, B AR

=2

FREIR M R

TR EFESHEL

Table 2 Changes of characteristic parameters such as runoff and sediment in different erosion stages

TR il B BE Sheet flow erosion period

V& B Bt Rill erosion period

[ e 2% — —
, , T - T -
Rainfall [ Tillage  3hRA W AR HHERME HRERRK LR R
Subsurface Subsurface
intensity / layer depth Surface flow Soil loss rate / Surface flow Soil loss rate /
1 flow flow
(mmh™") /em coefficient /% (gm?min')  coefficient /% (gm?*min")
coefficient /% coefficient /%
30 10 — 17.01 — — — —
20 — 17.79 — — — —
30 — 11.28 — — — —
60 10 59.14 8.05 10.74 — — —
20 53.51 12.98 7.41 — — —
30 47.68 17.74 6.69 — — —
90 10 81.30 3.21 53.10 82.50 3.04 69.9
20 69.20 6.21 28.29 75.18 5.42 43.1
30 65.86 18.55 19.53 — — —
4 élj:l: i/lf\; slope arable land in China[Z]. 2017.[ % & J& ik 4 2
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LK 802 5 A 2L X R R K VbR L bR AR A . , : . -
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¥ ST =Q=RC aabr 3 > .
FRECBH TR SR IG G BHEZ R i £k Ecologica Sinica, 2006, 26 ( 5): 1624—1630. [ 4 ¥ ,
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~v2, N/ 75'% i i : — .
it (2) ol R ARAOY SR RBHE RS EBT L A 30 1660
_ NS e e 2 . 4 Kasteel R, Piitz T, Vereecken H. An experimental and
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=LA 5 U 7 STIE Ak e 3 VAT =
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