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by increasing storage and infiltration capacity on sloping farmland. However, studies about the effects of counter tillage on
nutrient losses during soil erosion processes on sloping farmland are still limited. [ Objective ] Therefore, this study aimed to
reveal the characteristics of nutrient loss on sloping farmland. [ Method ]In this study, the rainfall simulation was conducted with
a rainfall intensity of 90 mm-h™', five slope gradients (3°, 5°, 10°, 15°, 20°) and two types of slope treatments (counter tillage and
flat slope) on runoff plots with projection length 4.5 m and projection width 1.5 m to explore the effects of counter tillage on the
characteristics of soil erosion and nitrogen and phosphorus nutrient losses on sloping farmland of different slope gradient.
[ Result ] The results showed that: (1) When the slope gradient was less than 20°, counter tillage significantly reduced the amount
of runoff and sediment on the sloping farmland and the amount of runoff and sediment reduced by a maximum of 95% and 99%
respectively. When the slope gradient increased to 20°, a break in the ridge occurred on the counter tillage and the control effect
on the runoff and sediment was gradually weakened. Also, the amount of runoff and sediment was close to or greater than that of
the flat slope. (2) The effect of counter tillage on the concentration of nutrient loss was small, but it had a significant effect on the
nutrient losses. When the slope gradient was less than 20°, the counter tillage had a better effect on controlling the nutrient losses
on the sloping farmland. However, when the slope gradient increased to 20°, the effect of counter tillage on controlling nutrient
losses was weakened. Additionally, TN losses were always greater than TP losses in runoff; except for the 10° slope gradient on
CT, while TP losses were greater than TN in sediment. (3) The nutrient losses were mainly determined by the amount of runoff
and sediment, while the nutrient loss rate and runoff rate or sediment production rate satisfied a linear positive correlation. In
addition, the reduction benefits of nutrient losses on counter tillage in runoff and sediment can reach 45% to 100% and 59% to
100%, respectively. [ Conclusion ] Our results show that counter tillage is an effective tillage practice to control soil erosion and
nutrient losses.

Key words: Counter tillage; Slope gradient; Runoff and sediment yield; Nutrient loss
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Table 1 Basic physical and chemical properties of the test soil
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Fig. 1 Schematic diagram of counter tillage
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Fig. 2 Variation of runoff yield under counter tillage and flat slope
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Fig. 3 Variation of sediment yield under counter tillage and flat slope
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Table 2 Variation of the initial runoff producing time, initial runoff loss, total amount of runoff and sediment under counter tillage and flat slope

(EN WS T NALFEN
A Yepg 7R A ] I T A7) 9
Total amount of runoff/ Total amount of sediment/
Type Slope gradient/® Runoff time/min Initial rainfall loss/mm
(L'm?) (gm?)
PRI T 3 9.83 14.75 11.18 82.19
CK 5 3.03 4.55 32.38 566.30
10 4.08 6.13 35.44 701.10
15 4.05 6.08 35.81 1557.00
20 3.13 4.70 42.38 2 152.00
B 2B 1 3 41.7 62.65 0.00 0.00
CT 5 29.68 44.53 1.44 6.51
10 25.10 37.65 6.27 65.02
15 21.45 32.18 10.78 247.70
20 14.72 22.08 23.16 1130.00
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Fig. 4 Variation of nutrient losses in runoff under counter tillage and flat slope
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Table 3 The mean concentrations of nutrient loss in runoff
o i LR A e BT LR T
The mean concentrations of TP loss/ The mean concentrations of TN loss/
Type Slope gradient/®
(mg'L™) (mg'L™)

PRI 3 3.360 4.694
CK 5 5.968 6.617
10 6.324 7.763
15 7.416 9.892
20 7.629 9.464
RN 3 0.000 0.000
CT 5 5.792 6.681
10 6.305 7.758
15 7.386 9.798
20 7.531 9.452
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Fig. 5 Variation of nutrient losses in sediment under counter tillage and flat slope
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Table 4 The mean concentrations of nutrient loss in sediment
s i LR A e T LRI T
The mean concentrations of TP loss/ The mean concentrations of TN loss/
Type Slope gradient/®
(mggt) (mggt)
P 3 0.124 0.120
CK 5 0.130 0.133
10 0.141 0.140
15 0.171 0.141
20 0.154 0.144
R 3 0.000 0.000
CT 5 0.133 0.130
10 0.139 0.140
15 0.167 0.147
20 0.150 0.144
RS FORKEETUER
Table 5 The total nutrient losses in runoff
- 4B i J< & Total phosphorus losses/mg 4RI % Total nitrogen losses/mg
&y e PV R Al i ek
Slope SRR BRKE
Type Total losses in Total losses in ~ Qs/Qgr Total losses in ~ Total losses  Qs/Qr
gradient/® Total losses Total losses
sediment/Qsg runoff/Qg sediment/Qs  in runoff/Qr
B If 3 76 282 0.270 358 74 393 0.187 467
CK 5 550 1 449 0.380 1999 563 1 607 0.351 2170
10 740 1681 0.440 2421 737 2063 0.357 2 800
15 1994 1992 1.001 3986 1642 2 656 0.618 4299
20 3170 2425 1.307 5595 2975 3008 0.989 5984
RSB 3 0 0 0.000 0 0 0 0.000 0
CT 5 6 62 0.104 69 6 72 0.088 78
10 68 296 0.228 364 68 365 0.187 433
15 310 597 0.520 907 273 792 0.345 1065
20 1270 1308 0.971 2578 1223 1 642 0.745 2 865

AR IR A LIAR TR A o 5 BB VRYam, TP,
TN HYJR B AR o o JET e, FMAHC S
AR F R AT, B 2B AR DA TR A
vhrf TP TN MRaR, WK 6 i, ATLAE L, 1E
ANFE T, M EEREN D IRk, B
iR AR NI 7 L (B WA (7 e RS € TR S

Wk o MRS SRAET , BB e Vb rh 3R oy
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Fig. 6 Nutrient reduction benefits under counter tillage
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Table 6 Relationship between nutrient loss rate and runoff or sediment generation rate

EXTU B lACE MV
Nutrient in runoff Nutrient in sediment
w1y 7 A [l 5
R R
Regression equation Regression equation
SRR I TP y=460.70x—-51.80 0.907 y=157.46x-6.57 0.992
Ky 2878 TN y=557.43x-39.53 0.940 y=144.75x-4.819 0.999

iR ERA R R IRART 2R R, Xl
W SRERAALL, A F S POk R R,
BRAEIZEAE 100 B sk, Jevhrh ek R
TRRWMAE, SR TRERWMIERGR, £
Bt v i e

10 3 28 A 42 ) 37 23 U 2R 1) 2 i B A 39 2 1Y 3
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