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Surface Runoff from Rainfall and Its Erosion on Slop Lands of a Red Soil

XIE Xiao-li, WANG Kai-rong

(Institute of Subtropical Agriculture, The Chinese Academy of Sciences, Changsha 410125, China)

Abstract: The present investigation studied characteristics of surface runoff from rainfall, the runoff and erosion with different rain-
water on basis of a field observation trial between 1998 and 2001 by simulating main utilization pattern of landscape. The investigation
paid emphasis on explaining influence of difference land utilization patterns upon precipitation surface runoff and system erosion in the
process. The results showed that rainfall (time distributing and its intensity) was the main factor influencing on surface runoff
characteristics. The rainwater per year was positively correlated with surface runoff and system erosion. The dynamics of precipitation
determined the various characteristics of surface producing runoff, and their change tendency was consistent. The more precipitation
was, the more consistency was. The runoff was linearly positively correlated with the rainwater on condition of surface runoff by
rainfall. Among the different landscapes, there was a significant difference in surface runoff patterns. The order was: farming > tea
plant > slash pine > persimmon plant > orange > natural degradation > natural recuperation. The cultivation intensity influenced
greatly on soil and sand loss. For example, the loss was 1294, 2 kg * hm~? + a~' for farming, 132. 9kg *+ hm~? - a~' for degradation
area, and 56.2 kg * hm~? » a~' on natural recuperation area, respectively. The soil loss due to tillage was more 10 times than nature
reservation or natural vegetation utilization on the slope. For orchards and tea gardens both there were lower 2 ~ 3 times than the farms
with tillage. However, there was more 6 ~ 12 times than that on the condition of natural utilization and conservation. In terms of
organic matter loss in the process of precipitation surface runoff, there were some differences, but not significant. And crop stump loss
was correlated with its existence and existent form. According to the probability index of various precipitation years, we also calcu-
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lated soil and water loss at present on slop lands of red soil. In case of rainfall was(135. 32 mm)13. 5 x 10* m* * km"~
of the soil was (about 0. 02 mm) 37t + km~?a~', and the loss of organic matter (plant stump) was 25t * km~2 + a~'. Among them,
organic matter was 19. 5t * km~? - a~' and nutrient was (N +P +K) 1. 108 t - km? - a~'. Making use of rainfall of slope lands,
agro — forest multi — ecosystems in the hilly land adaptive for water equilibrium of unit ecosystems were constructed. It is suggested
that the ecological construction can maintain ecosystem water balance.
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Table 1 Long term test design of different utilization patterns on slop lands of the red soil
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Figure 1 The dynamics of rainfall (A) and surface runoff characteristics (B) in different years
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Table 2 Relationship between surface runoff and soil erosion in different years

S A ﬂjﬂdﬂﬁa‘ A
Z T4 (1998) SR 4R (2000) R4 (2001)
K T 4t/ mm 1945.3 1487.5 1198.2
7K =3/ % 77.8 84.7 71.9
b F AR AL/ mm 231.7 173.6 25.6
R R E /% 11.9 11.7 2.1
RIBER %/ % 59.2 45.5 12.6
PVP Rt /kg + hm 2 1230 432.2 78
YRR R I / kg« hm 2 388 308. 1 109. 9
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Table 3 Data of rainfall runoff for 7 treatments during the period

1998—1999 4= P(1 888.4 mm)

2000 4F P(1 487.5 mm)

2001 4 P(1 198.2 mm)

Qb P

R/mm C/% T R/mm C/% T R/mm C/ % T
PRILIX 107.6 5.7 18 63.0 4.2 19 8.1 0.7 16
BAEIX 158.6 8.4 19 89.3 6.0 25 8.7 0.7 19
RAEX 315.4 16.7 20 247.7 16.7 30 44.1 3.7 22
Al X 253.0 13.4 20 242.2 16.3 30 48.5 4.1 23
b A el 203.9 10. 8 20 161.9 10.9 30 19.0 1.6 21
A el 234.2 12.4 20 199.8 13.5 30 23.9 2.0 22
BTV 247. 4 13.1 20 211.6 14.2 30 26.7 2.2 23
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Table 4 The results of runoff erosion for 7 treatments in the process of runoff during the period

1998—1999 4F E(1 106. 6 mm)

2000 4F E(676. 2mm)

2001 4 E(150.6 mm)

Qb3
S/kg * hm™? P/kg * hm™? S/kg * hm™? P/kg * hm™? S/kg * hm™? P/kg * hm™?
PR X 80. 5 166. 5 66. 0 270. 6 22.2 215.9
BIEX 228. 1 255.8 128.9 134.1 41.6 63.7
LAFIX 2 770. 1 452.9 898.7 322.3 213.8 136.7
A5 X 1349.9 389. 1 852.9 362. 1 165. 4 114.1
A7 el 1217.8 318.7 299.2 341.8 18.7 67. 1
Al el 866.3 346. 4 386. 8 324.2 45.9 75.8
A AR 874.0 361. 1 393. 1 389.9 34.2 96.0
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Table 5 The contents of nutrients ( N, P, K) in rainfall and runoff

from 7 treatments(mg + 1.°")

i H T-N T-P T-K
IR M R AR L AR G R A AR AR 218.0 ~ Mok 164 <o.01 0.13
o § o WK 1.74 0.10 <0.01 — 4.90 4.77
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K% Wiy 1.43 -0.21 <0.01 — 2.96 2.83
. yI! —2001 A4 2 R (2=
5.3 6y 19982001 £G4 2k (%5 A s A ARELI A BB 2 R0 G A B - KB, LT
ﬂl%é 8 H ) E’il—ﬁﬂ( N ’fﬁ‘%/ﬁﬂ(&/ﬂ\:’ﬁ‘%{ﬁﬂﬁgﬂfzﬂﬁ/‘]{)@' O RS EY S L
x6 ZNBEEMMRFRIERED EYWEERES (£ CNP.KIGE(%)
Table 6 The contents of nutrients(Total C, N, P, K)for soil and sand, plant stump in the runoff(% )
S
s e LR/ ALN
T-C T-N T-P T-K T-C T-N T-P T-K
PRI X 6. 89 0.588 0. 068 1.39 42.20 0. 823 0.110 0.81
SEYIARS 5.08 0. 612 0. 066 1.75 42.01 0. 492 0.037 1.12
PKAEX 3.04 0.263 0.048 1.40 42.20 0.875 0. 045 2.55
2% [l X 1.50 0.145 0.034 1.64 42.39 0. 402 0.025 1.17
A el 2.32 0.188 0.035 1.54 40. 83 0.471 0. 032 1.00
il At 2] 2.12 0.379 0.039 1. 64 40.03 0.423 0.031 0.81
A 2.51 0.232 0. 037 1.57 39. 58 0.254 0. 022 0. 45
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Table 7 Runoff and erosion for 7 treatments on the slop lands of the red soil

R/mm C/ % S/kg + hm™?2 P/kg + hm~? T-C/kg * hm~? N+P+K/kg * hm~?
PRI X 62.2 4.3 58.8 218.3 96. 52 5.717(0.31)
R X 89.2 6.2 133. 1 146.6 68. 16 5.78(0.18)
FAfE X 217.8 15.1 1224.8 435.9 227.73 39.31(2.61)
Z5hE X 199.3 13.8 821.2 307.5 144. 49 22.29(2.09)
A 2] 140 9.7 476. 8 271 121. 11 13. 68(0. 98)
Al 2] 168.5 11.7 434. 4 270. 6 118.39 13.37(0.77)
BTSEEVN 178.7 12. 4 473.7 311.7 133. 12 10. 74(0. 54)
-y 150.8 10.5 512.4 282. 8 141. 53 15.84(1.07)

T ARG th R (AR5 26. 2% , “F-RIAES 1 51. 7% , DTHAEST 1 16. 19% ) AF G R /K AF 03 9 M UL BB o8 LE 7R 4 a0
JRETT R 21 S 3t A () 2 1 4R B R K MR AR I MO R GEAR A A s AR IAERERTEE LD 1 442 mm T3, 55 RO VAR TR FE RS N + P + K 1Y
K x (FRUK N+ P+ K 3 f - TR N+ P+ K &a) 1. RIGERNE, ¢ RERIAL, SRR, P RFMY IR,

X (BRI B2 5] Fr 5 8 1X. 9 761 k) 10025 AW R L 910
VLVE =48 [ 7 4 B A48 o I & b B U5 2 4K
ARG, TR AR R N TR 34%
FAREA ] (R IR 5 ) 145 30% , A SRABE
W5 15% , G & 15% , VEVIBERN 3B & 6% o
DAV AR AR 2 N AR R ALK AR B SR A B
FHHL . I X AR B SRR A o b | A5l DXAHAR X
FH A DX CRBOT- S84 AR AR 245 2% b, A A X AR R AE B
b A £ B A FEPIR 0 W K R AR I i
FRK R =N

K (135.32 mm)13.5x10* m® - km 2 - a~'; 1 (&
0.02mm)37t - km™ > a ' ALY (REMFRIA) 25 ¢ -

km2-a', HpBEE/AYE19.5t « km 2 - a (4
C,11.31t-km?-a"); ##5 (N+P+K) 1.108¢ -
km=—2-a’',

LT b IR KT R R I —— N Ak b7 30% , A
THH AT 15% , R25550 &7 30% , #FHiL Y 20% , B A IR
PR 5% o MK FAR R FER K L3N

7K (165.5mm) 16.6 x 10* m® * km 2 - a~'; + (£
0.03 mm)58.3 t  km~2 » a~'; G ML A 5RA)29. 9
tekm2-a', HPEEAVE24.0t - km2 - a (£
C, 13.92t-km?-a™'); #H4 (N+P+K) 1.72¢ -

-2 -1
km=*-+a’',



55 23 5 5 0 Kk BB

By ¢ 845

3 INESITIR

3. 1 MKMRER

F I R 7 B DX =3l , MR R 7K 3 4R B Ak
AL TR R 4 22 A2 25 R Ge K G A 1 DA 2T
RARER A e X, B SR 65% , — i
J2 ) FH T 52 b R 7K i 2 A58 A 1 4 B Ok S P A A
PEHERE , PRI, I TT 3 b B T R 2T AR AR R G K
Sl ik AN AT (R A3 o S0 RS MR W K M R AR
PN N ST R S T2 7 o T == 1 e A R vk
it 55 A A TR A TR DG o 32 T AR T S T W K e AR
i e T R, AN ()52 F TR )RR K 2 A2
BATEERELER, AR ERNFEREZAE AN
T R ) 1) 568 52 R 8 T 118 A G o AR 5 AT kT
EMEKF B, TR ERRZ 2 HE MmN, 2
Y A A K i R AR R R R K
1) 22 2 R0 DX ) 09 5 A7 5 950 A 0 1140 1S R A U B SR
I 23 R A R 5 5 FEFRE R U7 b X, PRS2 Y
AL 2R, SRR A B 23 A8 AL AN BRI,
FE R RO e At & — B Rl [l
3.2 MAMRARSENRSEEM

AR SO 2133 b, 7 AN [R5 =K A 4
TR T 7K b R A28 W Aok A R 9 A ok %) O T fF 9 485 2R O3 A
T RTRA A 7 080T R AR T i R G i il
S R BT R G - ARk, W] Hy
H AR I 56. 2 kg - hm 2 « a~', 4575 SR AL BEE
) 1294. 2 kg » hm=2 - a~' , f122 20 52 £ S ELR
AR E RGN AP ER A, BRAH T B 2
Gh, 5 RGA WA R IR B A e A oG,
TIOR3k -0, 2 F AR T AA) BT DR 1Y) o T K L R AR Y ik
TR, JE LR BRI Sh U D S AR A LER AR, 2R
R0, WE T RGF PSR —8 . LUE
AL AN 53 B I 2 Ay AR, 7 DX £ e i)
filt b, BE T K A0y, HHESA HE 21358 e i S 304 1
RO T KRR R K £ 7K (135, 32 mm)
13.5x 10’ -« km 2 - a~'; £ (£ 0. 02mm)37¢t * km? -
a N (REPERIA) 25 ¢ - km 2 - a~', HiiP I ER
BUK19.5t-km2-a (£ C,11.31t-km?-a"'),
25y (N+P+K) 1. 108t « km 2 = a ', IG5 21
AL S KT A A P, iR K A e e P RE T R i K +
Wk 7K (165.5mm)16.6 x 10* m® * km > = a~'; 1 (&
0.03mm)58.3t « km~2 + a~'; WL (R 5% 14 )29. 9
tekm2ca', HpEEFIFTE24.0t - km 2+ a™!

(£C,13.92t - km2+a');F#H(N+P+K)1. 72t -
km™ - a™'o XSS R, Z U FIZEAR DG A aE
74 e B AR BE RN A T X[
3.3 XFAEDRRGKFEWEANRE S RZSEHWE
WK b A2 i N R G AR A Y R AR R R G
HEANE . B TREMT ERRLESESR
g, R Z MM RN X CAICAERS RSGE) ALY, 16
BAHICAESRGH, WL E R, REWNHT R
FEXHe ., BRI, 3 YRR K A3 B 4 00 R BN
ARG HKIGATA , S HIE R RS A M. A
(] ST [R] B 7K = A g S R e il i 25 S AA A, AR
5 2 G5 /K8 PR () 3 A 25 2R G M B LA i A
AR o T8 R AR & 28 1) - R
Jra, X i b R O 2 A PR R A
RIS IS | R I 20 R SR 55 7
HA B KW, fEEPR B2 0 . TEr g A bR
REESRGN, B BN EE, BEAIE
LRGN R AT RS, A BT RS 4h
gl
S

[U] R . R 7 L2 R AT AL UL oA WL 5. o [l 5 e A
Ty B ARAREHE[CT. b B HARAE, 1994.3 - 18,19 -27.
[21 5K b, sRABEAK . B 70 AR T b DX 2 1 B R B LR 3 ],
HEASFA, 1995, 15(4): 413 —419.
[31 X E B, 2248 . I K SR K R R PR AT L X S B
f iy AEPSRE . R EDK RIRERTFELCT. Abat LR AL, 1996.
160 - 164.
[41 BHGERE, 045 . (P A2 AR GEWE T 100 28 0 5 43 BT b o 125
JKFREE B 5 3B M. ALt v bR e i ke, 1998.
[51 XUt FEA b . BT IS R ™ I [ R 5 09 5 13k i B 7 ik
[J1. K R ARFRE . 1999, 19(2): 57 - 62.
[6] R Lal. Soil Quality and Sustainability[ A]. In: R Lal, et al. Advances in
Soil Science, Methods for assessment of soil degradation[ C|. CRC Press
Boca Raton New York. 1997. 17 -30.
[71 5KHE . Sk B K 3l ) AR sk e [, KRkt g,
2001, 12(3):395 - 401.
[8] Guy BT, Dickinson W T, Rudra R P. The roles of rainfall and runoff in
the sediment transport capacity of interrill flow[J . Transactions of the
ASAE, 1987, 30(5): 1378 -1 387.
[9] Hirschi M C, Barfield B J. KYERMO - A physically based research
erosion model. Part I: Model development[J]. Transactions of the
ASAE, 1988,31(3): 804 - 813.
[10] SLPE], FRa e, 22 &, 5 . w20 L R AR AR i R AT
FELI. K ARFE2E 4R, 2000, 14(3): 1 -9.

[11] R BRIHE =, 1 28, 4 . v K 3 e SR oA L S
HXRIFFFELI]. A5, 2001, 21(1): 14 - 19,

L2] Az, XU R, BRAI 45 . b E AR R ] AR,
2001,21(1): 1 -6.



