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Abstract: [ Objective] The response mechanism of runoff surface sediment and nitrogen and phosphorus loss to
rainfall patterns under different holding measure was studied to optimize the scientific configuration of soil and

water conservation measures on southern China’s red soil slopes, and provide a theoretical basis for soil and water
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erosion management in the region. [ Methods] Taking the southern red loam area as the study area, based on
natural rainfall data from 2019 to 2022, field runoff plot observations were employed to systematically evaluate
differently configured soil and water conservation measures, such as orchard clear-tillage control, planting
measures (M,), cross-slope intercropping (M,) , down-slope intercropping (M,) , terracing plus planting (M,) ,
and terracing engineering (M;). Soil and water conservation measures were configured to systematically analyze
runoff sediment characteristics and nitrogen and phosphorus loss in response to rainfall patterns. [ Results] The
composition of rainfall patterns in the study area was dominated by an advanced pattern comprising short-duration,
high-intensity rainfall (41.18%) and an intermediate pattern comprising medium-duration, medium-intensity
rainfall (47.06%) , while the delayed pattern of long-duration, low-intensity rainfall accounted for the smallest
proportion. Both plant measures (M;) and terracing plus plant measures (M;) significantly reduced runoff
sediment and losses of nitrogen and phosphorus. Under the advanced pattern, runoff depth and sediment loss were
reduced by 61.2% and 91.3% for M,, and by 58% and 94% for M;; under the intermediate pattern, runoff depth
was reduced by 70.6% and 54.2% , and the amount of sediment was reduced by 80.8% and 82.6% ; under the
delayed pattern, runoff depth was still reduced by 60.5% and the amount of sediment was reduced by 74.7% for
M,. In terms of controlling nitrogen and phosphorus loss, M, and M; significantly reduced total phosphorus
concentration under all rainfall patterns, with 32.5% and 36.1% reductions in the advanced pattern, and M;
reduced total nitrogen by 16.3%—21.3%. Downslope intercropping (M;) increased the amount of sediment
(0.424 kg) and total phosphorus concentration (0.127 mg/1.) by 42.3% and 53.0%, respectively, under the
advanced pattern when compared to CK, because the erosion risk was exacerbated by the matching ridge and slope
orientations. [ Conclusion] Among different soil and water conservation measures for southern China’s red soil
slopes, plant measures and also terraced field projects combined with plant measures, can effectively prevent and
control soil erosion under rainy conditions through engineering and the interception and storage of vegetation.
Therefore, these measures should be given due attention in soil erosion control on these slopes.

Keywords: rainfall patterns; runoff sediment; nitrogen and phosphorus loss; soil and water conservation

measures

T T LSO N b R RIILRE 1 55, &
AR v B TR R I R AR N R L T RS B T BUl R R
5 AR A AR B TR R A AR Ay R I 3 TR K g R

FEUSRRAE B 1 G A AR T AR L TR B
PR = RN o A WA it o 2o T )= 4B R R ] 52
BV AL A0 VD, TR R A B T RO £ B S MR B

{10 G B DR 3R, G TR AR E 5 S e R R A R T
X7 7 U B R S 3 A S 5 rh B G 2 Ty
EAFTE 22 5 . AARBEMI TS b 2 T R0 # 7 i
9 R BRI A AE AE B, ZR AR A Lin Y %A L
Bf RFR 8 L /0N R AR R T 40 XS A2 el R T
EARAFEENAF T /INFR B /N G I v R
BRI S5, 32 W% G2 3 28 05 vk A 21 HE IX 9 3 1k
A JRy B e AV 0 S e e R G AR K AL T
e o R o i A s VR N IR /e < s DO N o
Hi X R 73 22 Ff R Y, G0 s A e s L R (E R AR, R
B[] — T 5l B I 25 S 23 5 W) e pe R RE o LG E E
5 R JEE 5 1 R I TR ) B LR P A7 R AS T 22 5
I, TR TE H AR B TR R 2 X0 213 DX 3t 7 U B A
B UL 1) 5 i AL A, o B AR G2 XK 0 K AR =
KEE

BT 21 88 35l R O = Tl PR K b DR A 1 i
i PR R TS KM R AR IR A R R 3T 7 I

TR U IR BRI AR T g 7 B il R
ZENEBC A Bl FT 7 35 R 25 W0 o S AR . AN TR
it XoF 5 3 O I A A TE 25 5 AR R 4 R o i B AT
R A ) Vs it S RO VAR R T R i o Ok S R 4y
R AR PR 34 S 3 o AR BRLAT A o 0 A R R K IR
5 i 1) BIn ) A AL A7 Bl = 3R 6 A BT, R DA R 6
Y A5 Ak 55 15 it 1) AH B A FH o A B

P  Hb 2 7K PR 55 3 o A fE ) (GB 3838—2002)
SVECTND 5 SR CTP) S 26 /K 75 42 W i v 4 %
Rhn L REZE A WK R & S A B B, R
IR BB AL Y SRS AR, X PEAL b R K5 G BT iR
EEFRALESCE B, gy R WY, FE RN I AL E i
AR i gh oy ik B G 2 e U R AR AR K AR
o 45 it 0] 3 2o A 2 Bl A B S 2 S AR A
R T AN T WR-= V-3 Mg &R A
oK F A AR W A U T Ok S 4T AF 7E A D
B



12 pi s U E SR

o545 %

YT, A ST AR HE RS 41 HE XK s A 00 )
B/, LA A SR TR ot A0 oh FE e B 5 A TR UK
e fR R it A% TR AR U VD B U T X R R Y
N 8 7 B T Ak AR R T AR T AR 6 41 48 X A 4R il
(14 52 ), SRy 2 4 DX AR Bk U U0 5 3% 43 Tk 2K ) A1 ik 2
P LR IR 4 5L TR T
1 #etS )itk
1.1 HREHR

TR TV 8 2 BoK R A SR I
(115°42'38"—115°43'06"E, 29°16'37"—29°17'40"N) ,
T2 X5l S IS 2 KU X, B K 2R A3 LR 1 AR
Pk 1469 mm, Hd 709 DL B & A 4—9 H .
SRS AR 16.7 CL 4 H IR $L 1 700~2 100 h, TG
M 245~260d,

el Py b A A A I AR R Sk i R i A 2

AY Ay ¥ Fr B H TR AR R BE 30~100 m, 3B 2 7E 5T~
25°, WX HIEFE N MOLLAF - RKE N LIE,
+ 2R EF 60—100 em., bel X A7 T A R 205
Hon X JE A R ARl T g XY R A1
X, HE TR S0 B R AR SR
1.2 MRFE
1.2.1 X%t

A5 ) 3 56 L A% G /N XA 6 A4 BB 12 b
HEAR /N IX, 43 55 B 5 AN [) 7K b PR 5 it 4k 38
TASE R IR DO B BE W T 6 4~/ X 1 42
VTR AU NI SR TR

W T 5—6 AR, 9—10 AUk gk ; & Ml w T
6 H sk, £ 10 H %8 G5 PR PR o i AR I, 453K
36 /0N DXt JIE ek AR ], 29 2 Y MR R I . B IX
it F5 B AL R B 1 kg, HE T E A AR A5 1.5 kg,
DA £ it A 2 R DR 47— BOUATE &4 1 B

F1 RAENMREIZITS4E

Table 1 Design and treatment of experimental plots

KERSRE  AKAR AKET A it
EAHATE S CK 5mx20m (LR BN, JE SR, BB 2074 , HEBE 25K 20 A
H ;i%;w M, SmX20m SRR E SR RO 700 RO 0 A — 2
o Bs M, SmX20m RIS b, B S 60% , BB AR Mg T

i Wb M, Smx20m  [REAE bR MO 60% , BB H— g
BB TRME AR M. SmX20m  REAKCTBEE JERTHE Y BB R B TR A, MO R 20
BRSSO BN R, WM A S MK 0.3 m,
G KT 0.3 ms HEK 062 B8 P 75 0.3 m 96 0.2 ms B 454

T« 2 A /D DA W o 8 PR K o B R B A B e RV R AL % G 5 2 4 P 2 Al D T 2 LA 7 50 (L, 7 3 S A Do s o ek 2 1, O

St o H AR B T O

1.2.2 @AX 57 %

2% Wang Wenting 55" ) 7Y 21 73 25 7 ik, % B
W B0CHE E AT bR o b Ak 3 HLAR D BB R DL SR BT DT
BFCz, (=1, 2.+ TOBR LA T CTOAE g A b, L 2R
FRE W 42 (P B LA URL R RN & CPOYE S 9\ Ak b, 45 B A5
T b 1 52 BRI T ok R ol £, AR A A T A AR v o B
it ] A 1/3, FR 18] 1/3, )5 1/3 07 B AL , 5 W 1 o A2
G3 NG rpd TS W
1.3 HELXESSWH

(1) R W ARG o 3 2o B 4 el S U 3 N 22 2
1 TE R TR AT, BE R 5 min [ 20 5 R A
R T 07 s L 30 miin e A A T 3 B S PR N AR . 2019
—2022 4F SL LI 2 AR 149 35, Hoh 7 AR R IR IR VD G
2 b PR T L 1053 0 R B4 40 A B B 2 1 5 R
SERE PR | S5 SR U B T DT B R A LR DA R R
Bl 6 o5 Ve AF R IR AT A O 1 SR 0 E 51 R

W T A2 3t e 10 B2 EUR R R AE RS HE 43 AT o

T LX) 4 a B TR SR D S AR Y R A 43 2
P43 Bro ) s B 2019 4F CAR [ RS 1 207.7 mm) I
2022 4E CAERE T & 1 123.6 mm) K Al 7K 4F (19 48 ¢ 4F
By, 2021 4F CAE R 2 1 401.1 mm) R F K 4R (A0 %
PEAE Ay, 2020 4F CAERE R 2 1 851.1 mm) A 7K 4F )
BV WA T O AERERTAE O, AE g 10K
85 DXAN [R) AF 173 11 o W 4R AIE

(2) # i e v PR B B . A W 90 o A2 /I
DT R 7 a0 772 0 WL, 3 SB35 g W7 19 7 YA 2t R 7
g I S 7 ) B I AR IR M V4 N Pl T = IO o0 R
AR A0 F 4 50 I B KRR, 0 B A L R
JE(mg/L) o Hor, SRR B R TR R 2% & — e 4t
6L (HT 667—2013) 1 7 , LBl R 1 SR FH 4H 1R 4 43
HHE I (HT 671—2013) M5 o F A £l R Excel
2019 FEAT# H /31, F ] Origin 2022 #E47 KB 22 .



43

DRI AT AN [v) 7K PR 8t T 21398 4 b 90 00 K SR B WAt K X T 28 4 i

13

2 #R50br

2.1 WEIRISRESE
B LR /R T #8022 BoR AR R AR A TR N 3 FhAS [R]
YA JC B AN R AR A R o el PRT 1RT AT T 0 R A R

FRRIT 1/3 Bk B 9 23 5 B i BE IR 2 SRR e 1 i
ST A 4000 0 g YA v E] 1/3 I B A R A B
U BE TR, SR i 40 00 SRR IZI BEN . 5
W TRUAE J7 1/3 IhF B it A4 52 B M BE TR 2, R T
1 4000 £ PR IR BE N

b PR c BEA
1.0 1.0
i 0.8 i 0.8 f i 0.8 g
>~ 0.6 =~ 0.6 =~ 0.6
g 0.4 | B§ 0.4 Blé 0.4 B
=o02r & 02} & 02}
(R I . . : . 0 : : : ) 0 z . . )
02 04 06 08 1.0 02 04 06 08 1.0 02 04 06 08 1.0
e e A [ T S R s v A [ T 17 o v A B T 1
T SR A5 W R R BUTE B Al £k L R LAl £k
Bl BZzEKkIRFESENFTEWERREEMNME
Fig.1 Cumulative dimensionless curves for different rainfall patterns in soil and water

conservation ecological science and technology park in De’ an County, China
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Table 2 Statistical characteristics of different rain patterns in soil and water conservation

ecological science and technology park in De’ an County, China
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Fig.2 Runoff depth and sediment loss for each soil and water conservation measure for different rainfall patterns

PERIT A, CKAZRIR 1.77 mm R VP i 2k &=
0.100 4 kgo M, £ FE IR W98 70.6 % , V> L &= N
0.019 3 kg; M il 3 T #2225 5 0 00 i, 428 0 T8 1)

W 54.2% , P VbR e B 0.017 5 kg, i v JE 82.6 % .
7 I T R0 g R 35 A Al R 25 X e B A v R A
R

£3 TEAMBEEKIRFEEERRERIELEELHE
Table 3 Average values of runoff depth and sediment loss from various soil and
water conservation measures for different rainfall patterns
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Table 4 Average values of runoff depth and sediment loss from various soil and
water conservation measures for different rainfall patterns
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