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Output mechanism of soil nutrients from karst slope farmland under simulated

rainfall
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College of Forestry, Guizhou University, Guiyang 550025, China

Abstract: Soil water and nutrient loss are not only the main reasons for degradation of land quality and declines in
productivity, but also important factors contributing to the pollution of underground water in karst regions. Compared with
non-karst areas, the special structure of karst slopes requires a different theory regarding soil nutrient loss. Previous studies
have determined that rainfall is the primary external factor resulting in soil water and nutrient loss on slopes. Hence,
determination of the mechanism of soil erosion and nutrient loss will allow for the elucidation of output characteristics of soil
nutrients from karst slope farmlands under different rainfall intensities. In addition, understanding the direction and vehicle
of nutrient loss could clarify the method of soil nutrient transfer on karst slopes. However, it is difficult to directly observe
underground runoff and sediment on karst slopes (i.e., there is no feasible research method). Using karst slope farmlands
as-an example, the surface micro-topography and structural characteristics of underground pores and fissures were simulated
in a laboratory based on field investigations on slope farmlands in the Guizhou Province karst areas. The goal of this study

was to determine the characteristics of nitrogen, phosphorus, and potassium loss in runoff, as well as the sediment yield
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from surface and underground in karst slope farmlands under different rainfall intensities using simulated rainfall
experiments. The results indicated that: 1) For licht (50mm/h) and moderate rainfall intensity ( 70mm/h), runoff on
karst slopes was primarily dominated by underground runoff; for heavy rainfall intensity (90mm/h), both surface and
underground runoff were nearly equal, with the surface water runoff being slightly higher than that of underground runoff.
Sediment yield changed from equivalent surface and underground sediment under the light rainfall intensity to surface
sediment production being dominant at greater rainfall intensities. 2) The concentration of each nutrient in runoff exhibited
an initial scouring effect during the process of rainfall erosion on karst slope farmlands. Influenced by the effect of soil
absorption, the effect of rainfall intensity on total potassium (TK) and total nitrogen ( TN) concentration in runoff was
substantially greater than that of total phosphorus (TP). 3) The output load for each nutrient in surface runoff, surface
sediment, and total sediment increased with increasing rainfall intensity. The output load of TK was dominated by sediment,
but those of TN and TP were dominated by runoff on karst slope farmlands. With respect to runoff output, the output load of
both TN and TP were dominated by underground runoff. The percentage of the TP load in the surface runoff relative to total
runoff ranged from 11.6% to 46.2% and that of TN ranged from 7.0% to 48.5% ; however, the output load of TK was equal
between the surface and underground water, with the percentage of surface runoff relative to total runoff ranging from 43.5%
to 57.0%. The sediment load for all nutrients was dominated by surface sediment, and the percentage of each nutrient in the
surface sediment relative to total sediment was more than 54.5%. These results could provide basic parameters and a

scientific basis to initiate control for soil water and nutrients loss on karst slope farmlands.

Key Words: output mechanism; nutrients loss; soil water loss; rainfall intensity; karst slope farmland
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Fig.2 Runoff yield process of surface and underground under different rainfall intensities
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Fig.3 Sediment yield process of surface and underground under different rainfall intensities
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Table 1 Characteristics of surface and underground runoff under different rainfall intensities

i F ARV Surface runoff HbF 423 Underground runoff

am =Ny AR TR —— R V23 i
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Rainfall intensity Runoff Runoff ’ ffg// Sediment Runoff Runoff f;/ Sediment

run n
volume/L  coefficient/ % (Ll;o ) yield volume/L  coefficient/ % (T/U_ ) yield
min min

/IFN Light rainfall 70.2£20.34c  0.43+0.05b  7.80£1.25¢  9.29+2.11c 181.8+23.6¢ 0.50+0.11b 20.20+4.24c 8.17+1.96a
"H T Moderate rainfall 214.7+33.16b 0.27+0.10c 23.85+4.88b 36.26+5.26b 433.8+52.1a 0.67+0.20a 48.20+5.85a 3.48+0.74b
K Heavy rainfall 442.8+£52.85a 0.52+0.27a 49.20+6.29a 88.64+11.21a 398.7+£46.8b 0.44+0.15¢ 44.30+6.26ab 3.84+1.11b
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10 1.0
¥4 T 3 B SOmm/h ¥ 9 3 J 70mm/h
0.8 [ 0.8 |
0.6 [ 0.6 -
04 04 -
02 02 +
a
)
g D—D\D—D—D—D—D—D——D
,B?D\(\: 0 1 1 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 1 1 ]
®2 10 .20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
% % 5} 1] Time/min
03
§ W T 32 Sl 90mm/h
M
=
02 |
—— MR
—— TR
01 |
0 1 1 1 1 1 1 1 1 ]

10 20 30 40 50 60 70 80 90
i) Time/min

E 4 AEFRETHRETNM TER TK RETHEE

Fig.4 TK concentrations in runoff of surface and underground under different rainfall intensities
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Fig.5 TP concentrations in runoff of surface and underground under different rainfall intensities
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Fig.6 TN concentrations in runoff of surface and underground under different rainfall intensities
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Table 2 Average concentration of sediment nutrients under different rainfall intensities
. e TR B TR KA R A
] Rainfall Total Available Total Available Total Available
Types ) ?m é,it potassium/ potassium/ phosphorus/ phosphorus/ nitrogen/ nitrogen/
miensi
A (#/ke) (mg/kg) (&/ke) (mg/kg) (¢/kg) (mg/kg)
RV JNEY 8.98+1.39a 145.71+£20.51b  0.56+0.10c 14.51+2.54b 12.60+3.81ab 207.62+19.86a
Surface sediment HIRR 7.24+1.46h 161.14+9.02a 0.71+0.11ab 11.20+1.12¢ 12.92+2.18a 173.51+£24.47h
K 6.56+0.58¢ 123.82+11.36¢ 0.76+0.12a 17.31£2.30a 12.71+2.04ab 155.51+13.65bc
R Jeih JINFR 6.83+0.98¢c  165.60+£17.78b  0.43+0.09¢ 12.73+2.94b  10.86+2.32a 173.60+16.74ab
Underground sediment HITR 7.79+1.32a 175.13+20.43h 0.77+0.10a 14.51+1.51b 8.99+1.41ab 178.53+18.88a
KHi 7.28+0.39ab  545.20+£66.65a  0.76+0.13ab  22.91x4.61a 7.59+1.11b 158.00+20.12b

My RV VE IR B TK TP TN A0 0 Bl M 3 A8 b X R A B, X 5400 % A SRt Ko 3
Al AR e v 43 BOAT G 5 SO R A0 i v P DU e T R 4 KT 3 R, TR O 70mm/h AT 90mm/h S5 14
T A i R R SOmm/h A3 SN T 5.75% A1 229.23% T B i S R R AR FR R i sk 3] dee KM
(178.53mg/kg) , 3% i — 5 1d I W ST R DIk b b 96 b1 2k W] ISEAE AR OB L T | 5890 T R AN 32 B — A
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B P AN SR FEAR T B 1 b DA R A2 i g o8 O 3, Hb SR AR i Hh ARl LR TP M AR U 1 A L Bl Y 52
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Table 3 Nutrients loss in runoff under different rainfall intensities

en — R R R I8k i i&%ﬁéﬁﬁ?ﬁ*f t
Nutrients Rainfall intensity Surfaceill'un:il;f / Undergunirlld rj]znnff/ Total }?adf; Ratio of surface
(mgh™' m™?) (mgh™' m™2) (mgh™' m™?) runoff load/%
X JINFR 4.7+0.8b 3.5+0.7¢ 8.2+1.4¢ 57.0
Total potassium T 5.4+0.6b 7.0+0.9ab 12.3+1.1b 43.5
K 9.4+1.1a 7.3+1.0a 16.6+2.8a 56.3
B /N 3.1+0.7b 23.9+1.3a 27.1%3.4a 11.6
Total phosphorus LN 3.7£0.7b 8.0+1.1b 11.7+1.2¢ 31.6
KF 6.320.9a 7.4+0.7b 13.7+0.9b 46.2
2R N) 24.9+2.5¢ 330.4+29.6a 355.2+45.5a 7.0
Total nitrogen LT 78.0+1.1b 112.2£10.5be 190.3+21.3¢ 41.0
K 113.8+12.6a 120.9+13.9b 234.7+33.3b 48.5

g A B PSR TR EAR R TR TR AN VAl PSR 4, VYDA IR TR RSB R A Ok v
ABRWIE, S AFERTR T &SR0 BEIR VDR (36 4) AT, BEFR SR AV K, R Je v LS IR VD & 37 43 1Y
f LR A7 AT 3 O FLr TR R SR A KBRS R B TK YRV B far 43 i 2 /N R (11.8g h™' m ™) Hig th fA A 1) 2.6
5N 6 52547 s TP FE/IN P I SR AR 38 A% /i 05108 0.9g h™' m™,5.3g h™ m A1 11.8g h™' m™;

x4 FRFETREDRIREE

Table 4 Nutrients loss in sediment under different rainfall intensities

JINFR Light rainfall tHH Moderate rainfall K Heavy rainfall

P> R MR

Iy WRRY WFRY Ff Ry WwRRY L ... ffTl HEREY wrRy L . [l
. - hs8iili . BT 4 BT 4
Nutrients Surface - Underground Ratio of ~ Surface  Underground Ratio of ~ Surface  Underground Ratio of
. ] Total load . . Total load . . Total load
sediment  sediment surface  sediment  sediment surface sediment  sediment surface

sediment sediment sediment
TK/(g h™"'m™?) 8.8+1.2  3.0£04 11.8x1.7 74.4 27.6x4.5 6.4+0.9 33.9+2.3 81.3 64.6£10.2 59+0.8 70.6+10.2  91.6
TP/(gh™ ' m™2) 0.7£0.2  0.2£0.1  0.9+0.1 81.8 49+0.8 0420.1 5.320.6 92.3 11.0£1.0  0.820.1 11.8+1.3 92.9
TN/(gh'm™2) 12.3+£2.1  10.1£2.3  22.4+2.5 54.9 49.2+11.2 3.5:£0.7 52.7+14.7 93.4 80.7+2.5 6.2x1.1  86.9+6.6 92.9
A
Available K/ 157.3£20.8 62.5£11.5 219.8432.6  71.6  471.3£58.9 67.7+11.2 539.0£¢49.9  87.4  657.1£49.7 134.7£11.3 791.8£79.5  83.0
(mgh™'m™?)
Available P/ 14219 11.8+1.4 26.0+4.0 54.5 42.6£5.2  5.6£09 48.2+11.2 88.4 59.3£3.6  18.6£0.9 78.0+10.1 76.1
(mgh™'m™2)
A
Available N/ 91.6£11.1 50.3£10.8 141.9+7.5 64.6  660.5+87.7 69.0£1.9 729.5£63.3  90.5 = 753.4+49.2 128.5+10.0 881.9+£75.3  85.4
(mgh™'m™2)
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TN %t S far 72 R 5% T 1 (86.9g h™' m™) A A/INFN SR T (22.4g h™' m™) 1 3.9 £, 3 15 I Y 56 A A I + 38 57
HTEREE Ty BRI VDA T, BRSNS AU il o AR YRR 22 SR, M T R vb A 3R i A B
AL SR AN (B TP, B AR AL ) | 100 B W 3 5 e A b, - 498 55 2 b S I 22— AN 52 2 i e i T
RESFL(2) MM TS | Fei) b IR R R A K, IR TFHE— B WRABIGY . BeAh, TCie e/ NI 5k | s
KR T, 2720 RV TR AR 2 DL M R R Vi 2 o 32, oA fof EE I 7E 54.5% LA b, R [R TR 8  14) th 32 e v
TK F1 TP 57 faf &30 R TR B8R > HH R 3R >/ INFR 5 224 FRT 58 458/ 0N B T 9k % 298 22 1 38 1 b il 8 010 559, A2 iy A e
PR /D | R BN S 2 B R VR A D R, A I SRS, T T 3 1 o B i, A A0
AL LT Bt b SR AR I i , NI R I KT T A b RV B 3243 LUl B T/, 25/ 3R 3 MR 4 n A&
W AR RS N AR I AN v SR TK S 67 ey AT VDo 32 e U B A L AE 59.0% DAL, 1 TN i TP i £ ey
WA R 3, FLAR I 67 a7 FUAE 53.7% LA 1

3 e

R348 X W SO R S B M TR A A B R PR RIAR A SR R R R Bl Ty, R 37 i ) A9 2
FR 2 BERTSR BV Ry s 3R A BE AR B I BB I R 22—, AU B4 LK IR &R el A g it
7 Lty A 7K i, DS o3 R 5 0 ST AR SR Ml /K 3 2R B LR IR O S TR AR 7 3SR A1 R AL
P SCHE, ABETE, H/N 58 (50mm/h Al 70mm/h ) B REIRE = i 7 s T AR h 3, K 3
PR B AS  FCLA MR A T AR H M SR AR VRS e Tl R AR s P T U — Rl 58 A2 A T AR R Y
AR, H /N 3 AR 7 v I ] P ORI R A e 0 O R — AR R X5 TR Bl ) 52
BERA o 22 5, R SYrRR B b AR T AU A D R U 2 B i AT R i e A B, L R
Jr A LA AR 3 I AR U O F . BRI, 2 A T P8 VD U2k Bk Bl R 56 B4 1 R T 4
TN, 35 e VAR A RS 4 R — 2L

FRSRHIEFERW] , K T i PP AR i 7 v P S I A A, AN [R] R o A2 3 v 37 0 A 7 W] 2 i 0 0 42
T IRRRAION, 2 T A 5T rh L3R A R EETE T A A R W (L, B IRAEAE R IO, A S5 o, 1
TAYEYD TN Jii R i i & T TP Fl TK Jiik i, H TN BYAR IR G 5t s TRV AL e i, BAR TN i 2k LA I
HE, EAPFTERRY, LN AR R SRk R AN A R, R HCEE LA
AT LR PR tb S5 I SR 0 R B SR A SRR . ASIAIR UESE 17X — s, RIR VD i IR 70 e B K T4
TR FRARE P AP RAR AR B TP TN B2k e/ NI SR ik B R R MH , 13X 5 B A A 5E A
FE2 12 BRI O W 2 5 TR FAR U I 2 T AR 000 Hh A7 A8 14 3 T AR AL X 35 43 IL 2R 1 5 1), e 347
i DX R R 7K SC TR A5 R S B0 XK 3 R AN AR T2, T T R X S5l 77 i R R R

FEH M F AT 50 =2k 23 (M 45 H9 AW 300 DX, AR I 3075 DX Bk b 2 3 5 43 T 2R BF 97 2 I AH G
JERAE N FH LK 52 B BRG] 5 RIS, 52 57 A1 B LI M B2 f) BIR ) , 0 307 R S B b 1 e 3R 0 R OB SE AT Bk =2,
BT FRACHER Y, BIFL (5R) Bl 2% (9 TSI IR I, AN TEAE BT IR G 5 08 T3 B A £ BRER R
FLARIB S 22 K 1, e s AR DUE S0 R S B i 39 i - S 5 o0t L) , S5 R A SE PR DU LA —E 25 5
BRI B AL () Bk i 2, H—BOh L8058, DA S8 22 WAL () B, ASCE BEIFFE I8 78 1T 5

SRR AL 5 228 275 25 B I 1, IR AR B BRI FEK £ B TR AE AL () B b i i £% 0
FIBILT , I R RF S0 r WL B AL 5, 1A J0 ST e S B 3t 1 3R 0 i R BB AR |

4 iR

e ST AR B b 7 3 U AE /N5 (S0mmy/h T 70mm/h) T DAL R A8 30 Sk 3 T R 3 T 00 L 2 A
MARUIFE HRAR TS TH T 57 U 07 sl R — R 5 AR AT AR AL AL AR b /N FE A s SR R R v I
R R FTSR AR U R — NS R AR M R T AR P R v AR U A R v i i R
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PR — S A 30 i R S5 R | A2 - SRR RS 0, RS X TK A TN B9S2 R4S TP B . ARIE R 58 R 9 ik
ARG U VD Ery TK i b g LI YDy 32 PR VD 17 17 LU i3k 59.09% LA - T TN F1 TP i i 67 ey D) LA 3
h 3, HAR BT HUAE 53.7% LA Hod TP FTN FEA2 3 00 5 0 B fer b DU R AR i din i o 3=, b 3642 i i o
Sk, T TK WU DL 38 5 5 45 R 7 VR VD B g 0 A fer 38 DA b IR VDO R T, H A fer U8 7E 54.5% L I
DRLILY A% SHe 7 3 S0 30 B0 e 7K 4 R % 43 2 4 il it A v, BB 50 /08 i AR 00 0 7 2 B o R VR VD Y
A
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