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Characteristics of soil erosion and phosphorus loss from loessial sloping land under different measures during
heavy rainstorms
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Abstract: A simulated rainfall experiment of 60 mm + h™ was conducted to investigate the effects of different management measures on
slope erosion, and sediment and phosphorus loss on loessial sloping land of 10°, 15°, and 20° for CK (bare slope, 0% biochar, flat tillage ),
C1 (bare slope, 0% biochar, horizontal ridge ), C2 (bare slope, 3% biochar, flat tillage), C3 (bare slope, 3% biochar, horizontal ridge), C4
(bare slope, 6% biochar, flat tillage), C5 (bare slope, 6% biochar, horizontal ridge ), C6 (vegetation coverage, 0% biochar, flat tillage), C7

(vegetation coverage, 0% biochar, horizontal ridge), C8 (vegetation coverage, 3% biochar, flat tillage), C9 (vegetation coverage, 3%
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biochar, horizontal ridge ), C10(vegetation coverage, 6% biochar, flat tillage ), and C11(vegetation coverage, 6% biochar, horizontal ridge).

The results showed that C1, C6, C7, C8, and C9 effectively reduced the soil erosion and phosphorus loss of different loessial slopes. Soil
erosion and phosphorus loss were aggravated by the application of biochar (C2~C5, C8~C11), especially on steep slopes. Vegetation
coverage (C6~C11) effectively slowed sediment and phosphorus loss on different slopes, and the controlling effect was optimal on the 15°
slope. The mitigation effect of the horizontal ridge on the bare slope (C1, C3, and C5) decreased as the slope increased and was liable to fail
at 20°; thus the horizontal ridge was recommended for slopes <10°. The combination of vegetation coverage and horizontal ridge (C7, C9,
and C11) effectively reduced sediment and phosphorus loss for different slopes with a reduction rate of >50% and was advisable for
agricultural production. Particulate phosphorus (PP) was the primary form of phosphorus loss on loessial sloping land, accounting for more
than 80% in most scenarios and increasing with increased slope. Applying biochar increased the proportion of PP loss, the proportion of C2
and C4 accounted for more than 90%, and the installation of the horizontal ridge and vegetation coverage reduced the PP/TP proportion.

Therefore, the horizontal ridge on a gentle slope, a reasonable combination of vegetation coverage, and a 3% biochar application on a steep

slope were beneficial for controlling the soil erosion and phosphorus loss of loessial slopes.

Keywords : horizontal ridge; vegetation coverage; biochar; slope; soil erosion; phosphorus loss
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Figure 1 Schematic diagram of runoff trough

DK R ) AR RERE ol P 5 55 25 35 S B 7E
oREE A b R A R A, AR IR AR K
HAE 10% 24", HTH 7 KA PRI i 1Y 3% 6%
YR Ay e it T (3%BC .6%BC) , FE FEHLER A= 4
w5 e AR IR A) S 2 R E 24 WP BGK
W A . AR TR ISR R 5 em
KARAVD J5 B KA 55, R UEK 35T R 3. i)

1

P L IEBOT A 1.20 g-om™ R JZHBIL A T HH
01 L8 DS RS R G I S ) R ey N B T
=5 em ZETHAIIE 10 em ZEFE S em AFRHEDT BRI 28
Ve, 53— 0 - RE ST B3 V- HuAE S AN R E
TRCIRXF IR o 0TI B S A ) LA AR
b DX AR A 1) A A ST AT R DL, R 258K Iy A 2
AR SRR RRANE N 20 g m?, FIAEA FEE AR R 10
em, TEE G 14 d 22406008 N QL dEE T a) B RS
AR L A5 R P O A AR TR] , PR A 80% AT o
Al N EARE Tt AT B O S S L 2.
1.3

TEE MU IR0 T 5 B 2 60 mm - b, [ 5 F T
IS 90 min, 3 FE B HRUET 4 b X DL K F-
10°,15°.20°, FEFIIRAEE K 20194E 7 ] BAjZ= 8 J
), FLFERT 6 YT, A K A T I 352 X (Time
domain reflectometry , TDR ) I & + 3 5 /K i, 75 &
IKAETE 10% Ao 47 5 WA Rt . 1F R R 10 iy
it R e T 9 B AT 22 3 A E B T SR A ) B
(80% L 1) ¥4 A LR, PR 45 3 1 A FF4a o R
I, P IC TP AR R IR E] o DA D AE K S AR
IFIC S0 ih 7 Bk IS 18] 3SR BBOK R | SRAFE J7 1254 1T 20
min % [ B 1 min IR 1 YOKFE  FLIC10 9K, 15 18] bR
10 min J 1 YOKAE 245 0, RAERHC I 1 min,
LT AR o IR 25 S R AV N KRR IR
TR, 2R @B AR N 50 mL AR AR , 7 1]
S8 X0 2% K RE 3 A T A 2 A AR KRR TOA
HEFE LT 22 E BT AR U VD5 . KRR S (TP)
FNEZE0.45 pm P8 L U8 IS A7 i 2585 (DP) M 5E 1%

Table 1 Physical and chemical properties of experimental soil

R AR5 K pH{H B YIARL LA Soil particle composition/% 2% TN/ LB TP/
Soil type Antecedent soil moisture/% pH value <0.001 mm 0.001~0.05 mm >0.05 mm (g-kg™) (g-kg™)
wH 6.8 7.6 12.36 66.15 21.49 0.43 0.49

2

Table 2 Layout of different measures

15 i 45 Measure number )it 11 Measure design

fi1i 2R 5 Measure number T Measure design

CK HRYE+09%BC+F-AF:
cl PRI +0%BC+1E 2
c2 BIE+3%BC+HEAE
C3 LG +3%BCH; 28
C4 B +6%BC+HEAE

c5 PRI +6%BC+1E 28

C6 HEBE+0%BC+V-1E
c7 H Bk +0%BC+iH 22
C8 FEB+3%BC+HT-1E
C9 F Bk +3%BC+HH 22
C10 B +6%BC+F-1E
Cl1 FE B +6%BC+IH 28
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Table 3 The sediment accumulation and TP loss accumulation of different measures under different slopes

15t FB7 VP Sediment accumulation/(g-m™) FPURBEL R 1 TP loss/(mg-m™)
Measures 10° 15° 20° 10° 15° 20°
CK 52.12 36.14 201.06 32.26 60.80 134.78
Cl 20.94 84.18 363.75 6.88 62.94 243.42
G2 247.65 752.83 1 472.69 205.21 146.00 986.72
C3 103.70 613.73 1158.48 101.03 363.39 861.65
C4 703.40 394.34 979.48 529.43 341.54 1152.34
G5 378.29 900.80 1 008.68 394.48 684.75 1121.11
Cco6 36.29 8.98 5.63 54.77 28.10 29.44
C7 51.83 53.14 13.56 31.32 25.39 17.62
C8 47.12 35.21 148.85 96.26 41.73 130.47
c9 88.76 114.37 106.46 68.57 59.22 90.79
C10 841.95 512.26 3230.02 412.67 298.49 1 066.15
Cl11 71.23 99.65 628.43 63.89 73.73 280.35
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Figure 2 Sediment yield process of different measures under different slopes
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Figure 3 Dynamics of TP concentration of different measures under different slopes
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Figure 4 The phosphorus forms of different measures under

different slopes
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