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Field Simulated Experiment on Erosion Processes of Different
Farm Roads under a Heavy Rain in Red Soil Region
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Abstract

Totally 4 farm roads, i. e. the bare unpaved road, the stone covered road, the stone and grass
covered road and the grass covered road, were selected on the representative area named Jiangxi
Eco-science Park of Soil and Water Conservation. Twelve rainfall simulation experiments with an intensity
of 3. 0 mm/min were carried out on the selected roads. The results indicated that runoff from the farm
roads was recorded less than 2 min. The runoff rate increased quickly and reached steady level in the first
2 ~6 min. The runoff coefficient was above 65% . The erosion rate was high at the beginning of the
rainfall and then decreased due to the loss of fine soil surface particles and porosity changes. At later
period, the erosion rate of the bare unpaved road increased to some extent due to the appearance of rill
and micro-gully. Compared with the bare unpaved road, the stone covered road, the stone and grass
covered road and the grass covered road can all change the runoff hydraulic characteristics, so to protect
the farm roads and decrease sediment yield. The lowest benefit of sediment reduction was up to about
40% among them, and the grassed road had the best benefit of soil and water conservation.

Key words Farm roads, Red soil region of southern China, Erosion process, Sediment reduction
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1.1 HREER

BF A 50 A 3 AE VL VS K AR HF AR SR R A
B A F AR 4 115°42738" ~ 115°43706" 6 4
29°16'37" ~29°17'40", J& W. #7412 KA X, £ 4F
FERER R 1 350.9 mm, 24 B R 16.7C 4R

HBERT K 1650 ~2 100 h, Z 43 TG 75 1 K 249 d;
AN B ML W AR 5 B2 30 ~ 100 m, g E 5° ~
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FF 8 R B A FH B LYK, 7R A LA Bk R 4
T AR P A HH JE I 6 B, 40 i) O RR B B R T
P& e g A A B R B, MK e /E LLTL SSDL|
NJSL 1 ZCTL; fE A B Br 57 3 N RSFH 3.0 m x
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FE R B K 8%, o3 B /N DX N MR, /N DX 38 15 4 I ¢
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Tab.1 Characterization of the experimental plots and their soil characteristics

. I L RS Bk 55 %
HE/ % HE/ % KFR/% /grem ™ /mmeminT' /geem T’ /% L L) EA Hi L
LLTL 4.01 0 1.96 15.92 1. 80 0.27 2.59 30.61 6.79 60.55 32. 66
SSDL 3.72 0 52.39 2.21 2.06 0.56 2.72 24.37 60. 14 29. 88 9.98
NJSL 4.76 35 42.87 9.39 1.87 0.29 2.53 25.83 22. 65 59. 60 17.75
ZCTL 3.90 100 1.50 15.07 1. 89 0.13 2.55 25.82 9.25 61.09 29. 66

1.2.2  BpAhalEs

N AL 8 R 18 8 b 7K b 0 2 0 T 42 R o i
2R 58 2 4 L, Forp B R 25 850 QYTY — 501,
WEFTHI ) BE A2 0.8 DL L, F I B2 0.5 ~ 0. 58 mm,
K 7 mm/h B 4 m, EIRZEFE 2% LI, E
I X5 X 2001—2009 4F BT 98 R4 1T, BF 5% X St
KA 0.25 mm/min DL F A SRFERY 31 4, Hi 0.25 ~
0.35 mm/min 3R 16 Y%, &5 0. 25 mm/min L |58
BN B 51. 6% o R UL, 1 0 g F 36 I S A ik
11 3.0 mm/min [ W58 5, B 37 B D7 B 45 ] 7E

30 min,

R R A A o 0 S AR U /N X7 G B (], A 3 min
KA 1 RAR AR, I 38 5 T4 PR E1 A 0 A AR I TR
o8 o (U MR B ) o ™ U 3838 5 7 U kR B )
AR/ X SR AT, 42 3 38 B00E 8 77 I 28 S % T
SER R SRAG 5 - MR K Sl S AR U A AR TR U A i
KA, - AR i 3R 58 2k R S R 5 R )R AR
R T SR SL3 — 1 B R B e o

BE Ak, W5 % T AR K B 1 S8, R R R
T v ARTREE b IR 57 EEL Fr B Re 13K
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Fig.1  Runoff rates curves of different experimental

2.1 FEaiR sites under simulated rainfall

R — 77 Ui A I B[] 9 s 7R : NJSL LLTL JEARZ 24.37% (K 1), 5B MOE & 7, B LU
ZCTL F1 SSDL J# [fj 7 Vi #if J 3 W I [R] 4K Ry 22,7 58 5 H Al A P T S TS v, LT 2 7 I R (L
36.0.110.0 F152.5 s, 7] L 4 A>3 55 #% B (9 7 Uik i TR AR I R RO R AR SR AR R R S 8
[ (/N TF 2 min) |, 77 3 H 09 R BB &= /N (N F B K R 2. 74 mm/min 2. 98 mm/min 88. 5%
5.50 mm) [ 1 & 4 SR EK B o R R ™ U AR F1253.4 L, BeAh,SSDL %5 i B8 A1 i B (52.39% )
Mgk 1 AR, 4 S BB IR A R AR 2 SRR A BT . ZCTL B B T A 1%
— B0, R AR U PR, R AE 2 ~ 6 min N AR A A, RO R R E (R 1)
Tl TR R 7 R, /N ZCTL UL P T B IS T A A 5 A0 i A 3 AR aE B
ik 2. 31 mm/min, fj NJSL ,LLTL 1 SSDL f 7 i & KGR 110 5 42 U0 58 B2 AL AR, P2 77 3 48 U i 7
T EfE 2. 47 ~2.98 mm/min; 12 i £ B ik 65% TR AR T AR BORN R B L o S AR TR AE S 8O i
Vi b, N, AR 1.96 mm/min, 2. 31 mm/min ., 65.2% A

2 BT SR EN TR RE EE SR, 176. 1 Lo 33X Ud B 17 55 550 3 R A5 48 B 1 P, o e T
AN TR AL % 77 I R AR A AE 22 5 . SSDL A Hofth 3 A FESE T . NJSLULLTL 38 #% Hy T P& 1 FRAE 4L
FARMERM S b TRE™EES, PIEAT &L V8RR E R BN SR 7 i B R
2.06 g/cm’ | HHE TR B3k 2. 72 g/cem’ T 25 B F /MK R SSDL LLTL NJSL . ZCTL,

2 ABNMRERBLESH

Tab.2 Runoff amount of simulated rainfall experiment under different farm roads

n— g = Z 7 i i AR 7 R U 7= O 3% AR IR 2R
Fif [ /s i T /mm /mm -+ min " /mm *min ~! /% /L
LLTL 36.0 1.98 2.28 2.53 69.0 205.0
SSDL 52.5 2.71 2.74 2.98 88.5 253. 4
NJSL 22.7 1.17 2.22 2.47 71.7 200. 1
ZCTL 110.0 5.50 1.96 2.31 65.2 176. 1
2.2 FEibgiE 18.23 g/(m’-min) 49.71 g/(m’-min) FI 1 640.46 g,

FER AR R R b R b AT AR p s e Vb W T AR 3 B ZCTL U R IE SRR D,
SRR R OR A W AR R L 3 U RRAE SR OF VR VD R B K R T R
4 AU BEE AR [ A S B A5 2F T AR B = U0y MR PR R RO R ORI R SRR VD I
fitc W3 WA, LLTL g% Be iy -3 e vb itk R4, R IA) [ LLTL jgi/h 90% LI L, NISL 7 ¥ F¢ Ak
JE RORPEV BB E P2 Lk R ek B Sk LLTL i/ 81% ~94% , 1 SSDL = Y 454E 2
WO FRANYE VDL K Hop 3 O 8.93 ¢/L.26.49 o/L. Kbt LLTL 3/ 25% ~60%

®3 WENRFDHESHLL

Tab.3 Sediment yield of simulated rainfall experiment under different farm roads

—— -1 9 v T b BRIV BT i R 2 - i R R S NER 3 Y b i K it
/gL' /gL' /g+m ™% +min "' /g+m ™% +min "' /g
LLTL 8.93 26. 49 18.23 49.71 1 640. 46
SSDL 3.75 19. 81 8.31 29. 86 747.56
NJSL 1.48 1.77 3.29 4.44 296. 54

ZCTL 0.29 1.49 0. 61 3.92 54.73
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Fig.2 Sediment rates curves of different experimental
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sites under simulated rainfall
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Tab.4 Hydrodynamic characteristics of runoff on the farm roads

- EERR KWARERE TR Re i e . f
B/ mm Jemes ! /eme s !
LLTL 0. 84 18.71 12. 54 1. 11 1.42 0.17 0.004 2 0.34
SSDL 2.42 8.75 5.86 1.53 0.38 0.26 0.017 8 4.04
NJSL 1.80 8.99 6.02 1.22 0. 46 0.20 0.016 6 3.90
ZCTL 3.04 5.15 3.45 0.95 0.21 0.31 0.0435 26. 55
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Tab.5 Benefits of water reduction by different

farm roads
— I8 % PR PR WK AL 45/ %
9 R/ R/ pEs RREAR
RLia  NISL 20.01° 71.7" 2.4 -3.9
e+ LLTL  20.50° 69.0" — —
Mt ZCTL 17.61° 65.2" 14.1 5.5
WAl SSDL  25.34° 90. 8* -23.6 -31.6

RS T F B R R B H 25, «=0.05, [,

AR 6, N b HkE, 5 ER T B AH L, 1
F R PEIR VD RS e K, Ry 96. T% s Ye S AT IR Z , K
82. 0% ;W A1 18 % fie /N, B3k 54.4% . e v it i
WREORE , 5L ER T A B, B A 08 VD AL 2% B
K, H98. 8% ; Je 4 A1 B IR Z , Ry 87. 7% 5 W A1 18 &
I/, 3k 40.6% o 4y B ik wl LR B, M Y B

(NJSL 1 ZCTL) HA W] /9 ek v 28 4, A AR o 7T 3%
40% fidi, 3X — 45 5 Grace BF 58 45 ' E # A
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Tab.6 Benefits of soil reduction by different farm roads

o W CFRERYR, SRRV ———————
LY S 5 . . TV T
%' gomeminT' WE/g LT Evbx

R
Jeds % NJSL 3.29¢ 0. 90°¢ 82.0 87.7
MEE % LLTL 18.23° 7.31° — —
L+ ZCTL 0.61¢ 0.09¢ 96.7 98.8
e B K SSDL 8.31" 4.34" 54.4  40.6

3 #ig
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(2) A< P B 7 7 400 S B 1o 9 0t 2 2 98 U0
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T iR e S A TR A AR 1R I kA 6 il A
AR, e f= ik 2 2R B O AE — BEmE ) T
T o BEFN G 30, 9 i o i DR S 1T 1 B 200 9 A0 Al 2R
DI, T R i A B R
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b JBTE % B A R U v i AR . b Al
bR AR U f b, ERR B b B% R T
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