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Response of soil erosion and phosphorus losses to individual rainfall under different land uses at Karst slopes
PENG Hong—jia!, WU Qi—xin'*, REN Fei-peng®, AN Yan-ling*, FU Yu-wen®, LIU Rui-lu®, LU Jie-mei?

(1.Key Laboratory of Karst Environment and Geohazard, Ministry of Land and Resources, Guizhou University, Guiyang 550025, China;
2.Changjiang River Scientific Research Institute of Changjiang Water Resources Commission, Wuhan 430010, China; 3.College of Resources
and Environmental Engineering, Guizhou University, Guiyang 550025, China; 4.Guizhou Institute of Technology, Guiyang 550003, China;
5.Guizhou Provincial Monitoring Station of Soil and Water Conservation, Guiyang 550002, China )

Abstract: In order to understand the response of soil erosion and phosphorus losses to individual rainfall under different land uses at Karst
slopes, water and sediment samples were collected from different Karst slopes. These samples comprised conservation forest, farmland, nat—
ural meadow, bare land, and economic fruit forest land uses. The results indicated that the descending order of runoff coefficients for the five
land —use types were as follows:bare land >natural meadow >farmland >conservation forest>economic fruit forest. The sediment yield and

phosphorus losses per unit area were(in descending order) as follows : farmland>bare land>economic fruit forest>conservation forest>natural
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meadow. Under large rainfall and high—intensity rainfall conditions, runoff coefficients, sediment yield per unit area, and phosphorus losses

per unit area of farmland and bare land increased sharply. Rain intensity was a significant factor that affected soil erosion and phosphorus
losses, which fitted well with the amount of soil erosion. Particulate phosphorus (PP) was the main loss of total phosphorus (TP ), ranging
from 75.47% to 97.91%. Farmland runoff[0.73 mg- L™ <p(TP)<2.49 mg- L], bare land runoff[0.10 mg - L-'<p (TP )<0.50 mg+L™"] and eco—
nomic fruit forest runoff[0.13 mg+L™'<p (TP )<0.46 mg-L™"] could lead to phosphorus loadings increasing in receiving waters, while that of
natural meadow runoff{0.03 mg+ L'<p( TP )<0.09 mg-L™"] had minor impacts on pollutant loadings in receiving waters. Soil erosion and phos—

phorus losses correlated strongly with precipitation processes and land uses, suggesting that land—use structure optimization and human dis—

turbance reduction could be an effective method to mitigate soil erosion and non—point source pollution.

Keywords: Karst area; land uses; individual rainfall; soil erosion; phosphorus
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Table 2 Soil nutrients condition in runoff plots

LMK APV kg AR mg kg RB/g kg
TR 28.8 125 1.6
b 21.9 14.2 1.4
1 SR b, 23.7 43 1.4
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Table 1 Layout of runoff plots
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R 3 FBHNRIZIHIRFEFRFHE(n=6)

Table 3 Rainfall characteristics of Yangjichong small watershed (n=6)

R R K [& H 1 [N it /mm R R4 /h Ii/mm-h I/mm-h Ig/mm-h™ I y/mm-h"!
R1 2016-05-29 14.60 2.50 32.40 15.20 9.60 5.84
R2 2016-06-07 33.00 5.58 33.60 22.80 16.40 591
R3 2016-06-29 27.20 1.58 54.00 44.40 25.00 17.22
R4 2016-07-01 33.40 3.92 40.80 26.00 22.20 8.52
R5 2016-08-16 11.40 1.50 21.60 14.80 9.40 7.60
R6 2016-10-20 33.60 8.08 13.20 9.60 8.20 4.16

R 4 3N R B R FHEAR KIS AT
Table 4 Correlation analysis of rainfall characteristics in

Yangjichong small watershed

RIRYE PRI Lo Lo Io Iy
e 1
Lo 0.151 1
Ly 0242 0.939%* 1
I 0.461 0.908%  0.927%* 1
Iy 0.009  0.835%  0.939%*  0.789 1
T AE 0.01 OB 7K 1 8 3 ARG, * 7 0.05 R K L2

FHK, T,
Note : ** is significantly related at the level of 0.01 (bilateral ), * is at
the level of 0.05(bilateral ). The same below.
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Table 5 Runoff coefficient and sediment yield per unit area of different land uses

WeRS BEW TR REL % YR T B3 T AR U g

Bk dhom T AR B AAEM HBE 28Uk KR R AskEm B S
R1 14.60 5.84 3.17 2.45 4.65 9.20 2.87 0.02 0.62 0.02 2.42 0.05
R2 33.00 5.91 2.28 4.17 4.38 9.67 2.32 0.04 6.03 0.03 1.27 0.21
R3 27.20 17.22 5.59 45.88 8.12 38.20 3.98 0.16 280.46 0.08 25.16 0.29
R4 33.40 8.52 3.25 2342 4.79 30.45 2.75 0.10 291.28 0.03 24.85 0.05
RS 11.40 7.60 2.92 3.14 5.34 7.89 1.58 0.02 0.61 0.01 0.52 0.00
R6 33.60 4.16 2.41 1.40 3.78 2.68 1.45 0.04 0.30 0.03 0.05 0.01
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Table 6 Regression relationship between rainfall intensity(X ) and runoff per unit area( Y ) under different land uses(n=6)

+ A Lo Ly I I+
INEN HFE ¥=3.763-0.350X+0.011X>-9.527E-5X> ¥=3.842-0.510X+0.023X*+0.000X°  ¥=1.278-0.131X+0.006X>  ¥=0.243+0.071X
(R?,Sig.) (0.973,0.041) (0.990,0.015) (0.874,0.045) (0.587,0.076)
#Hhib T Y=16.268-1.856X+0.059X%+0.000X°  ¥=16.087-2.703X+0.132X°-0.002X*  ¥=9.371-1.633X+0.070X>  Y=-4.382+0.998X
(R?,Sig.) (0.940,0.089) (0.934,0.097) (0.999,0.000) (0.822,0.013)
HREH Y=5.153-0.463X+0.014X>+0.000X°  ¥=5.435-0.711X+0.032X>+0.000X°  ¥=1.158-0.068X+0.004X>  Y=0.550+0.092X
(R?,Sig.) (0.872,0.186) (0.969,0.046) (0.796,0.092) (0.508,0.112)
i T Y=23.612-2.787X+0.096X°-0.001X°  Y=18.677-3.182X+0.164X°-0.002X*  ¥Y=0.819-0.213X+0.025X>  Y=—-1.704+0.754X
(R?,Sig.) (0.886,0.166) (0.911,0.131) (0.958,0.009) (0.592,0.074)
2k FEE Y=2.743-0.280X+0.009X>-8.963E-5X> ¥=2.294-0.322X+0.016X*+0.000X* ¥=-0.030+0.045X-5.289E-5X> ¥=0.254+0.047X
(R?,Sig.) (0.921,0.116) (0.940,0.088) (0.870,0.047) (0.428,0.159)
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Table 7 Regression relationship between rainfall intensity (X ) and sediment yield per unit area(Y ) under different land uses(n=6)

iﬁﬁﬂﬁﬁbfﬁ IIO ]34) ]5() ] -
KR R ¥=0.263-0.026X+0.001X-6.427E-6X° Y=0.282-0.041X+0.002X>-2.324E— ¥=-0.143-0.020X+0.001X>  ¥=-0.024+0.011X
5X3
(R, Sig.) (0.962,0.056) (0.970,0.045) (0.989,0.001) (0.795,0.017)
H b, JrfE Y=789.857-94.969X+3.188X>-0.030X®  Y=657.944-113.567X+5.613X— Y=146.028-30.025X+1.486X> Y=-99.418+23.874X
0.073X°
(R2,Sig.) (0.815,0.265) (0.804,0.279) (0.902,0.031) (0.577,0.080)

AR R

(R?, Sig.) (0.951,0.073)

P, I Y=60.593-7.332X+0.249X>-0.002X*  Y=46.750-
(R, Sig.) (0.842,0.228)

ZHk FER Y=-0.237+0.027X-0.001X%+9.416E-6X?
(R, Sig.) (0.664,0.459)

¥=-0.085-0.006X+0.000X>-7.576E-7X* Y=0.107-0.013X+0.001X*-5.844E—

¥=-0.212+0.029X-0.001X*+

Y=0.086-0.011X+0.000X>  ¥=0.060-0.010X+

0.001X>
(0.914,0.025)
Y=-7.929+2.068X
(0.607,0.068)
Y=-0.048+0.018X

6X°
(0.966,0.051)
8.133X+0.410X-0.005X"
(0.800,0.285)

(0.780,0.104)
Y=13.849-2.634X+0.129X>
(0.911,0.026)

Y=-0.139+0.021X+0.000X>
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Figure 1 Concentration of TP in runoff under different land uses
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*® 8 FABEMERNRBMNERBERAE

Table 8 Phosphorus losses per unit area in runoff plot during individual rainfall

[T TP ?ﬁiﬁei/g-km’z TDP ‘]ﬁﬁii/g- km™ TDP i 2 5/TP i /%

G okfbk B HATEHM B SR KGR BHb AN B SR K BHb AR B 25K
R1 80.06 895.29 38.75 514.31 138.61 6.44 26.63 9.51 24.12 6.72 8.04 2.97 24.53 4.69 4.85
R2 94.22 2 326.68 64.73  949.84 353.52 7.50 86.06 11.85 38.28 10.78 7.96 3.70 18.30 4.03 3.05
R3 174.61 22 176.01 111.23 5217.32 501.66 18.21 855.90 19.80 176.63 17.28 10.43 3.86 17.80 3.39 3.44
R4 97.28 11 245.63 142.80 3 629.88 140.32 9.38 234.60 9.96 152.55 12.86 9.64 2.09 6.98 4.20 9.16
R5 55.66 459.61 2492 19536 2342 2.84 10.08 1.97 12.58 1.55 5.10 2.19 7.89 6.44 6.61
R6 11.32 342.19 38.24 88.86  77.37 1.62 9.10 4.10 8.42 6.85 14.31 2.66 10.71 9.47 8.85
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