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a. Wide longitudinal ridge tillage
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Fig.1 Photos of wide and narrow longitudinal ridge tillage
runoff plots

1.2.2 £ ARG THIXE

5 RO P N AR B0 A B b R SR AR S R R R
Bl 5% o R S 3 N AR W KT 1B AT, MR s 28 13K
FAE AL A 8 m(K)x2.2 m(5E)*x0.6 mGUR) , i A= Z& it
PR A AL S 8 m(K)x1.3 m(55)%x0.6 m(E) . AL
Y R 8 3% FH AN it 2 % Y R 46, B4 W /s J 18 m, PR 12
JE KT 80%. MR 45 Ak B A XA b o N A Y, 345
P AR DR R 9 P AR AL T 23.4~103.2 mm/h, FE R
J B AT 20~80 min, [K 6 ¥ VIS HRL 4 W 568 55 0 50,75 Fi
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48.7%, Rk (< 2 1) A 40.6%, LTI R N 37.2 g/kg (R
IR —AM G o BT Y TE 28 R0 I3 A5 22 (B 2)
FAE 5 B AN AR A — B BRI MRS T E 3 AR R
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b. Narrow longitudinal ridge tillage
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a. Wide longitudinal ridge tillage
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Fig.2 Photos of wide and narrow longitudinal ridge tillage of
laboratory simulation experiments
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K H Excel 2013 3 AFBEAT A2 (0 TE v Fic s Ak 2 A0 % R
FILITEE, SPSS 23.0 H AR HEAT AH G 43 AT, K H Mat-
lab 2013a #AFREAT = 4 th i Bl VE R R AU o
2 HBRESH
2.1 {RimPE R YFE

2018 4 FE W A AR il 3 R 2 R} S 3, IR I R 53
>20 mm/h, JAZ PR B AR AL 22.6~67.8 mm, X W
1) f2 K 30 miin [ R 58 5 (1,) 2246 T~ 10.8~35.2 mm/h. %
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b. Narrow longitudinal ridge tillage
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53 UR B S8 B AT N R, RN T N A Lo R IR 90.4% , Hoyd /D i FBE 52 B T AR AE (R 52 W o 24 PLL, 4 430~
TE, BERRFAETF O A AL 22 L X AR Dl ME BE R AR HERY, AT 8 605 I FI1 1520~1708 I, i3 5 22 45 7 28 (1) 35 1) - 33842 1ok
SRR MEGE D BT w2 1961—2014 F HFERUW &2 5l 9> 74.8%~90.4% 1 64.4%~66.5% . 3t i %] Lt 2
MF ok, K H Pearson-TIT MER A0 A 2 R BE M B AN2EAET7 M B4R 7 R 2, RN 7= 2B 3 1 78 5 3
e A3 PLI IR BRI O =4 — 18 B ph e o B, AR DR B R T AR AL 2R B0 O T 3 58 2B i i, L

P2~P5 20 —4F —iE N . DRI T 6 S ST AR BB 7 2 5 T A A B R s 28 33 1 22
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Table 1 Erosive rainfall characteristics in 2018 T BT AT . e Ah BT 2R S T T R
S FRE o P O HLZE 1 5 28 Y 1A PR 1 L B /s DR B2 1) 2 9 5 1)
s (O R S N T KA L O B A
- o8 oo o ;17086 XPEAG , TR B KB KT 2 B30 . H ol 2 Pl

P2 038 975 2.6 108 4622 FIP3 )2 IR BERN T, W 2 2B 35 100 1R A% U 2R 5003 il ik

P3 43.2 635 4.1 352 15206 F145.1% 1 53.7% 5 38 AR U0 F BRI I R 2 2t 1% 2
noooBe M RBAT I L B BOK A 25.2 1352 mm/h, S 1
Note: [;,, maximum 30min rainfall intensity; PI,,, rainfall erosivity. r%— éﬁf}f Ipi'% KN IE% ﬁE T )\Yj;% 'ﬁf )EH ’ jt/ﬂ\: IEé)[IDj tgi ?lg % ﬁ ﬁ % %

2.2 JIFtE R ZZFAIF 3 2 HHER R BE TS EE AR R L ZEW KA It b 7 bR AR R RE . 2 AN B AR

X2 KW, 5 AR BT RN s e i e RS P S VIR R AR AR AIE S A R R AR IR R BSOR A
BN T 1.1~13.2 mmF13.0~188.3 t/km?, M 4s 24t 2R AT 0, WL T 238 (1)1 349 5 0 9 B Dby I
T R T3.4~30.6 mmAI125.4~562.6 t/km?, BT 0.5 4% X112 5 B AR Tk Boe w3 5 22 A0
T35 2 2 Bl TG A% 0 R4 ik 5 4 ) S I e e i 4 LB BT M T SR RRAR R 4 i) Ol 28.3 FI165.8 mm,
BRI it B (0 2.1~3.3 (5 M1 2.8~10.4 f% . shgh Bem], A ADG I (3T SR BUR bl 3 93 364.1 41111005 t/km?,
TEAH F] A 2 P, IR 5 2B B AR i 2 il A2 28wl o /b DL IUARE B8 28 M A T 2 g 7 28 43 s/ 56.8% 3 i 4%
T A% B AR R 4y )k 51.3%~70.0% F 64.4%~  VLEE AT 66.9% IR T

22 KR EZEFINE EZHENERRRE BRAN ZRHREMSIPIREITLL
Table 2 Comparisons of runoff, runoff coefficient, soil loss and sediment concentration under wide and narrow longitudinal

ridge tillage
Pt (e (CALS TP E
(CAE 7 Runoft /mm Runoff coefficient /% Soil loss /(t-km?) Sediment concentration /(kg - m)
n Wi s 2 WSLIg 7 2 Wb g 2 WG 7 2 G 3gc 9 2% Wb 7 2 WG 5 2 b 2
Rainfall Wide 1); :1; di Narrow longi- Wide 1):):;; di Narrow longi- Wide longitu-  Narrow longi- Wide longitu- Narro;v IonJ;m di
events © One] tudinal ridge - One] tudinal ridge dinal ridge tudinal ridge dinal ridge . g
nal ridge tillage . nal ridge tillage . . . . nal ridge tillage
tillage tillage tillage tillage tillage
P1 13.2 30.6 19.4 45.1 188.3 562.6 43 18.4
P2 1.5 5.0 3.6 11.8 3.0 31.2 2.0 6.2
P3 11.3 232 26.2 53.7 156.7 440.6 13.8 19.0
P4 1.1 34 5.0 15.0 6.4 25.4 5.6 7.5
P5 1.2 3.6 5.0 14.6 9.7 40.7 8.0 11.5
23 RN EZ IR RESZREMN PL A RIEFEM R )P40, ik, XL 30 1 PLA 2 FhE
KE VD5 30 AR U B AR i R 5, 45 SRR W] 2 F 284

B2k 452 1 g IR 7 o R i ST AR P R B B RMR R S AR R A PLL, ¥ 5 AR R R IE A R (R
FRP, W5 R W] ELy Y PL, (PHRIXI ) Z (A L ZeVER 300 dE—2D i3k, 2 M2 VR i il i by AR v B 4 5
K, FEFERT RER EAN S RGN DL 1 PL AT DLAURY ELoR B IEARR, 1K i AAEAN ) L X RTS8 4 SRAR AL

R3IK RN E ZHERMRMESEREMPLAHERKR

Table 3 Correlations among soil loss, runoff and P/, under wide and narrow longitudinal ridge tillage

JIi3H; %5 2E Wide longitudinal ridge tillage JWi3 7% 7€ Narrow longitudinal ridge tillage
&3 i Runoff {21l Soil loss PL, 123 & Runoff {2l Soil loss PL,
FE0 i Runoff 1 0.998** 0.948* 1 0.998%** 0.987%**
{2 Soil loss 0.998** 1 0.955%* 0.998** 1 0.995%*
PL, 0.948%* 0.955%* 1 0.987** 0.995%* 1

#/Note: * P<0.05,n=5;** P<0.01,n=5.

18 1 Matlab 2013a 8 {4 HE— 2 3 Hr iz & 5 PLy Al JE B3 THD R A2 e R B 45 I FE RN P PR n o P B S KT I
MM R R, KM 2 M B e R h i B B E R e SE 2B . Ik 58 28 R0 7= 2B 9 i 42 vh e 5 PL, 2
A PL, 3G D00 38 O AH 3G e FE AT P 22 e, SLh I RERREOCR , M R i SR R A SR (3.
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Soil loss /(t-km?)
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a. Wide longitudinal ridge tillage
e RS R R, tkm? s O AR R, mm.

Note: In fitting equation, S is soil loss, tkm; Q is runoff, mm.
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b. Narrow longitudinal ridge tillage
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Fig.3 Relationship between soil loss, runoff and P/, under wide and narrow longitudinal ridge tillage
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TN T K B R A T AR U AR kS A BT
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PL /NI, R B5 B0 A T 5 R /N, 7R B AR S 3 R
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BSE ORI, T o s PR (1 2 W, B 10428 Y Mk ) i
JIT 385 B A 35 T b S8 AR Tl S o, X 55 RN IR ATE S A R
3%31&[31-33]0

5 BRI G n 13— 2 AR R I 5 28 R A ZE R X
AR AR i K B (R 4) o £E 50,75 F11100 mm/h 1) 3 F
FERN SR AE N, 2 P BRI T 38R nh R 4h 5 B AU
S8 SURHARL, RIS, i 2848 T (4452 ool e B S /N T Mg 7 28, i
YR RS A I R T D T 33.2%~57.9%. 1M
FE 3PN R EE N, Y B8 28 R0 4% 28 3 R AR i AR Ak A
B AU 45 A 7= 5, Hoh 7 50 mm/h B SRR IS vE
B AR IR B O A 2B 98/ T 14.8% , fE 75 mm/h
BN SRSE T, 38 IR I i SR AAH F]  7E 100 mm/h FA R 58
FE R 5 3 58 28 39 T fA) A2 O e 2 M AR B i T
26.8%. H ) PR 1E A A0L B WY G 00 B 34 T R i S R
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Table 4 Runoff and soil loss of wide and narrow longitudinal ridge tillage in laboratory simulation experiments

I o R 3 2% & Runoff /mm 124 & Soil loss /(t- km?)
Rainfall intensity I 7 e 28 i ik 7= 28 i 55 28 i3 75 28

/(mm-h) Wide longitudinal ridge tillage Narrow longitudinal ridge tillage Wide longitudinal ridge tillage Narrow longitudinal ridge tillage
50 10.4+0.6 12.2+0.6 162.4437.8 265.7+£36.3
75 20.1£1.6 19.9+0.6 534.1+43.0 799.7+49.1
100 29.84£3.9 23.5+4.0 905.8+43.9 2151.6£77.3

R B N T Y (AR HE 22 . Note: Data in the table are mean value + standard deviation.
Pl 4 WY, T B AT AR b WL AN & B R B B A

RS 1Y) 2 k28 A AR e e S A i B R S I R
MR AR (R>0.81), Tl W% Lk Jr R b AT ST,
R LA H R S AU N0 £ 58 3 5 2 5 1 4R ok B B AR R
o PR 1 o 8 /S AR 2 R S L X A AR
g A — 8. 5 BRI g6 AN T A A2 000 2 WL 45 2R 3
R W] 58 2B B AT B 7 ZEORE A T gl i - AR v, LAY

K2 BRI 45 3 3 WY 98 ZE R v LAAT 25be o JAor
THIFRVED 7=, 2 BRI A PR 2 B FR 388 ™, AR J6 8 11X
(RIAIF 9T 236 W K28 (s 2D A TRIVE 7 X E AR G825 2B WHE
KRR E T 6.70%~9.49%" . H T, 5E B HHE T AR K
TUSEL AR S I FH LA 2, T WA S B P R A
AR AR S D KRR, I R AL BN S T4t
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Fig.4 Relationship between runoff and soil loss of wide and narrow longitudinal ridge tillage under field observation and laborato-
ry simulation
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Comparison of soil erosion between wide and narrow longitudinal
ridge tillage in black soil region
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Wang Lei', Shi Hongqiang', Liu Gang'?, Zheng Fenli"***, Qin Chao', Zhang Xunchang’, Zhang Jiagiong'?
(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute
of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China,
2. Institute of Soil and Water Conservation CAS & MWR, Yangling 712100, China,
3. Grazinglands Research Laboratory, USDA-Agricultural Research Service, El Reno 73036, USA)

Abstract: Wide longitudinal ridge tillage has significant effects for increasing crop yield. Field observation shows that in the black soil
region of Northeast China, wide longitudinal ridge tillage has been widely promoted in the intensive farms on which large agricultural
machines are used. However, hillslope soil erosion of wide longitudinal ridge tillage is seldom studied. Therefore, in typical black soil
region, in this study, two large natural runoff plots with gentle slope gradient were established in Liangshigou watershed in Keshan
County, Heilongjiang Province. One was wide longitudinal ridge tillage with 320 m slope length and 3-m slope width and another was
narrow longitudinal ridge tillage with 320 m slope length and 2 m slope width. Ridges were established on a field of silty clay loam (US-
DA classification). The slope gradients ranged from 2°-7°. According to literature review and field measurements of the wide and nar-
row ridges in black soil region of Northeast China, the used wide ridges were 15-cm high, 110-cm wide; the used narrow ridges were 15-
cm high, 65 cm wide. A laboratory simulated rainfall experiment was conducted in the simulated rainfall hall of the State Key Laborato-
ry of Soil Erosion and Dryland Farming on the Loess Plateau, Yangling City, China. The soil used in the laboratory simulated rainfall ex-
periment was collected in the natural runoff plot. According to the standard of erosive rainfall in Northeast black soil region of China,
the simulated rainfall intensities were 50, 75 and 100 mm/h. Each rainfall experiment lasted 60 min. The wide and narrow ridges used in
the simulated experiments were consistent with the large natural runoff plot in Keshan County. Based on the runoff plot observation and
laboratory simulated rainfall experiments, the differences of hillslope soil erosion between wide and narrow longitudinal ridge tillage in
black soil region of China were analyzed. The results showed that under both field runoff observation and laboratory simulation, hill-
slope soil losses from the wide longitudinal ridge tillage hillslope were 64.4% - 90.4% and 33.2% - 57.9% lower than that from the nar-
row longitudinal ridge tillage. Field observation indicated that there were significant or strong significant positive correlations among
the soil loss, runoff and PI;,. The increment of soil loss with runoff and Py, in narrow ridge-tillage system was larger (P< 0.05) than that
in wide ridge-tillage system. The relationship between soil loss and PI;, was power function, while the relationship between soil loss and
runoff was linear function (R*>>0.99). Indoor simulated experiments showed that there were linear relationships between soil loss and
runoff under two longitudinal ridge tillage systems (R?>20.81). The increment of soil loss from the wide longitudinal ridge tillage system
was lower (P< 0.05) than that from the narrow longitudinal ridge tillage system. Compared with the narrow longitudinal ridge tillage,
the reduction of soil loss by wide longitudinal ridge tillage decreased with the increase of PILy,; when PI;, was 433.9 - 605.1, the reduc-
tion of soil loss by the wide longitudinal ridge tillage was 74.8%-90.4% and when PI;, were 1520.6 and 1708.6, the reduction of soil
loss by the wide longitudinal ridge tillage was 64.4%-66.5%. Both field observation and simulated experiments displayed that the wide
longitudinal ridge tillage had better effects on controlling hillslope soil erosion, compared with the traditional narrow ridge tillage.
Therefore, promotion of wide ridge tillage system might have great significance in protecting Mollisol resources in the black soil region
of Northeast China.

Keywords: soils;erosion; runoff; wide longitudinal ridge tillage; narrow longitudinal ridge tillage; black soil region; field observation;

laboratory simulation



