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Characteristics of soil erosion and phosphorus loss from loessial sloping land under different measures during

heavy rainstorms

CHI Yu—bo'?, WU Lei"*", LI Rui"?, GAO Shuang'?

(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education, Northwest A&F
University, Yangling 712100, China; 2. State Key Laboratory of Soil Erosion and Dryland Farming of Loess Plateau, Northwest A&F
University, Yangling 712100, China; 3.College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling
712100, China)

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%

WrRE B #9:2020-03-30 3R A #:2020-06-18

EE B AR FI(1993—), U3 I TRAM Lo A=, AR TR 58 . E-mail : 1059034737@qq.com

HEEEE %%  E-mail: lwu@nwsuaf.edu.cn

EEWA : FEARRAALEIH (51679206) ; BT 75 4EBHE BT 25T H (2017KIXX-91) 5 P 422 "0 H (£111021720)

Project supported: The National Natural Science Foundation of China (51679206) ; Youth Science and Technology Nova Project in Shaanxi Province
(2017KJXX-91) ; Tang Scholar(Z11 1021720)



2834 VeQlE7N =R Rt=t kNl 55 39 558 12

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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each runoff trough are flat tillage and horizontal ridge respectively
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Figure 1 Schematic diagram of runoff trough
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Table 1 Physical and chemical properties of experimental soil

R AR5 K pH{H B YIRL L RE 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

F2 KB A EEERIRERL

Table 2 Layout of different measures

5 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 2&

C6 FEBE+0%BC+V-1E
c7 Hl Bk +0%BC+it 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 1066.15
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

(T AL 2 m*) 78 10° T 43 511 24 36.53.175.67 g~ m™
540.84 g-m™, 15° F 43 % 4 60.16, 683.28 g+ m™ Al
647.57 g-m™>,20° 4351~ 282.41.1 315.58 g+ m> Fll
994.08 g-m™, F2HH 3 N3 FE R it in A= 4 e xR B
i e AL I E N R 7/ b7 o) [l=e i AT R
s I 3 R ) G RO 1S Ko % it o A e 1 35 T
(C2.C4) A 5 1 2815 1t (C3 . C5) RE AT R BH 12 I V0 i
I AR 2B VORI Bl AR 1 O RERE I )N, DA 10°
BRI A, C1 7> % f w1 (59.83% ), C3 ki b 42 R
(58.13%) , 1M1 C5 WD H AL (46.22%) .
FEREBESETE I B C10 REBU= Uit & T C4 LASR,
3 HA R R it 4 (C6~CO . C11) BB Vb i



2838

VRIEIN ity F3965 12

/N F X AR 2H (CK~C3 . C5, P=0.017<0.05) , % ¥
A A 5 DR e b, B AR B A A it . AN [
Wi BE R, 10° 1591 20° ™ A8 % 7 5 3% 1 B = Vb
(T AL 6 m?) 4351 >~ 189.53 ,137.27 g- m™ 11 688.83 g~
m” AHE T R B R 1T 7 VD AN R B R A
B 6 U8 VD B T R A3 i Sy 24.49% . 70.40% Fil
20.28% , 7% B 1 7 55 RE AT kS il e E e v i Ak, B
FE 15450 P IR ROR AT o A RIBHER R
Tl W+ P B 7 Vb i (C6+C8+C10, T AR 3 m?) 7E 10° .
15°F120° N 43514 308.45,185.49 g-m>Hl 1 128.17 g-
m”, FE B+ 28 B VD (CT+C9+C1 T, AL 3 m?) 43
5128 70.61.89.05 g+ m>F1249.48 g+ m™, XJ bt A J1A4E B
s SN RBHE I AREE A H Vb a3 Bl 03

~ 407 10°

TP ¥ TP concentration/(mg- L

F& TR 3 5 Rainfall duration/min
40 1 15°

TP ¥ TP concentration/(mg-L™")

0o 20 40 60 80

401 20°

TP ¥ & TP concentration/(mg-L™")

[# TR 5 f Rainfall duration/min
-O-CK @ Cl & C2 & (3 [+C4 ®C5

PN N Sl R R 2R R R U S |
77.11% .51.99% i1 77.89% , 3 WA Bl 7 55 FiAsh 2845 it
AHFE BCAEAS [N Rl — 2B IR Vi 2k . AR
6] A= W o & B R T AR+ 3% A1) e (C8+C9, THIFH 2
m?) JF VD 10° 38 1 R A9 61.33% FF & 15° 4 i
89.05% , i J iA E| 20°HE 17T F 19 90.30% , H 4 +6% "4
R (C10+C11, IR 2 m?) Ik V>R AE 10°F0 153 18 5351
}15.58% F1152.75% , (HAE 20°3% Wi V0% Ky G (H , #H
L 7 55 X it o A= g e 305 T AR b AT T A L
AL 5 XS it o 2 4 o 33 ML e v B TR U A AP A E—
AR FEBEI S5 T LV a5 8 2 R A
22 REHE TR EREER SRR KT

P13 SRy AN R 3 B2 T AN [ 45 i TP ¥ 2 i 3% 77 17 s

~ 407 10°

(9%
(=)
T

[\S]
(=]
T

—
o
T

TP ¢ E TP concentration/( mg-L

(=]

[ B Rainfall duration/min
4071 15°

301

201

TP ¥ )& TP concentration/(mg-1™")

[% & 7 Bt Rainfall duration/min
40 1 20°

TP ¥ )& TP concentration/(mg-1™")

[ H s Rainfall duration/min
-O-C6 @C7 —-ANC8 —-4A&C9 --Cl0 -®mCll
B3 AEEETARBEESBERETHIERE

Figure 3 Dynamics of TP concentration of different measures under different slopes
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