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BE IR R AR 96.4%~98.1%". 7 BP0
B X RS AT S AN, RS T B AT 0D S
TR, FEATESEN 2 kg/m® B, SRR SR
87%, 12 EA R/ 99.86%; TMREFTAE % BN 4 kg/m®
W, SR UPEA T AR ok (EARSFT 7 550 T 32 0l ) R
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J1o HIBERTIL, FEFTE 2 AF T AR 1 11 KoKEh T 5
VSRR T 2R, R RS, &
SCIE I A RS AT 7 o N TR IR o Rl 5 PR B 715,
X AN A FEREAF 48 i N B3 2K 30 70 2R PR AT R 4t
BT, DAY WA R 7 2 2 1R T S5 K 30 70 4 2 50
KA, JREAT 55 2 AF T K LI R B MBI 7 52
HRFAIRAE -
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1.1 REHE

A FAE P AL RARB R K LR K TR S =
1T(34°14" ~34°20'N. 107°59'~108°08'E), k4K H A
TR RNE . BHAFE T N 9 B AR T 1N 22
. F 2015 4 5 AR RIS, PR S FE
H K R & S 0 9, RT3 BT % 3~5. 8~10
A 13~15 cm 3L 3 FXEe P &5 (RS FHHCRE, A
AN 3.5 thm®o ARG RFH 2 AR BH /73R8, fn kB mr LA
AR SRR B, O] DLVH R IR T TS B IR AE
Hext ki Z s sl N TR AR I R E R B AR
635 PR AR H B L X I b B FR 3 B 94 R 3,500 100 15°;
TRIG BT BRI B A 3 3 - g S X 42 i b e N Y R O
Z R FEAT IR AR M = AR R AR 2 R T, I 2T
KRN 3.00 4.5, 6.00 7.5 F1 9.0 L/min. 3 FiJE
i P 5 M5 T A R AE A R 3 B AR 2 R A o) AT R
5, BEEWE 3K, it 240 MbE.

IR E (B 1D HAAOKIE. ETh. R
TR SR R, HG o A SR P AR Bl AN AOK A, S5 R
K 2ms 03 m. 303 m, HAHEAEEN0.25m,
AT AE 00~ 155 R AR Z T . BT AR R e IR
BH 773058, e me 45 o ) 7K R 3R 47 3 78 e S 9 [ A0 PR T
KA L3 (B LR AN, B ART
Jaid 5 mm §f, AR ELN 1.3 glem®, AL
T R I H AR . B R B A
SRS TR, BEELREN S em, LiTHE L5 E.
W50 AR K. S T LA R AR, 3
TR AR . 76 20 mm/h FERY 5050 1 R kAT
BIRERNZ) 1 h, KNS, KBHLIEERDIEE
82, HATH R A R LIRS BOIR B, S FRR TR
P SRR o KA ER LT B R AT HAA T, RS
I V% R 4 i R 480 0 b I PG - 52 42 78 o A LA AR T DA
BALRTR . B BELARA 2~5 mm [ b 3 0RE 24 57 1 35 76 155
WG AR LRI, PR, AR

- SRR o K T HERURIRG 3 1] - 3SR, R AR IR
TR R, HAE BUIR rh K I TG v e B8 39 TR ¢ 5
AR R AR LRGSR, ANBUAT I B T S R AL
Pext KB 5 s mat®, SCRTRS Ak KT I T
& i AE B RS R KT A8l .

oo AWE, () Note: a is slope gradient, (°).
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Fig.1 Schematic of experimental setup

TRIR T 46 A A B S R ORI, R KD E
THRIIR T8, AR B I R i AT 8 . K8y
ol RS A AE KR 12 by LA OK,  BABG 13
BE KIS ERE B, R IR 7 1k FR K S e KRS H L .
B LF AR T o K e A R B 20K, AERR S
JKIE 30 em AL, ST RKAEAT L B AR EMVE TR
0, 782N RFERAT A AR AL B . fliCE
Jo N B PR T AN Rz B RS AT, (L RE S 5 5] 70 A1 T
MORIRER I, JRE SIS R R AT o . 3~5 cm K
FEAF YT 208 1.5 em, 13~15 em K IFREFF BT H A%
K, RATESREOR, HEELR 2.5 cm. W%
K IT R 3 AT, BT (D EEA 0.6 m, S e ) A T o
0.1 m AL EE 1 WLINIETIRD, ARICHES 2 FOEE 3 LIk IHT
FEAS LI T 42 A [ 7 1) o0 s s A SR R R v R
PG A0 R N A AT o R0 1) [ N R AR R B T O
0.1 °C) JE TR Al g /KRR, PATH S .
1.2 KENWFSRAERZE

AR RRIRE 3 AW 22 JOUI ) SR T RUE ,  SKRECE
BE G R UMBIE R %L 0.75, 15 RKF I P17,
SR LKIE (h) B (Re)  BRIZEER (Fr) o
BB 71 25 () . Darcy-Weisbach [ 71 &% ()
STRERYE ) MITHEALSWT

h=qlv (D

Re=v-R/y (2)

y=0.017 75/(1+0.033 7¢+0.000 2217)  (3)
Fr=v/(g-h)*> 4

f=8g-R-JV* (5
n=v"-R**-J"? (6)

XA h KR, my g NETERE, Lims): v AW
H, m/s; RAKITER, m, HEUERTIEMIE T KR A,
m; y NEBHEW AR, m¥s: ¢« NKIE, CT: f N
Darcy-Weisbach [ /1 2% g A= F7 i, BL 9.81 m/s’s
J K IIHEE, HAE AR IEZME, B J=sina, o N
B, (O n NETRERRE: p WKRAE, 10kN/m’.
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2.1 EIEERERRSERE
KRS ZARWK T2 R AL B A RAL S 5L
s FRITTE R B EEL R EBURTRKIR 3
FERE R B bR, FAR A KR 77 5 R 42 L), AR
PRI SR EREATL, JHEEH/NT 500 B, KR
JE TR AHEEECNT 2000 B, KR TERR: AT
THE IS . KR ETN, RhE R R
TARPES T, BB B S IS s R EI R R,
KIS, R A K TR 70, AR R
JF s iz sk e . — S, R R E 1%
R, R Re MK, SR RSN IEBOR, KR i
PAR D B AR e Ah, KRR AS B AT T A
Bt AT RAL, ERME T IEAMRRIR IR LS R . FEE
FEFMT, Frifk, RBREID R R Bt
TEBTY) TR o A W BRI A R v, Wi ik Fr=1,
WHRA NI, Fr<t MEAZERN . AW 7R 2 IR 50 5%
PR, il R O B AR BOR A KRR S B
AN FERE AT 7 26 10 N BRI SR AL KRS Hon gk
1 fi.
R1 TEREBMBEFKEFHTRRRSREMBRKNDEH
Table 1 Hydraulic properties of flow state and pattern of shallow
flow under different straw lengths and flow rates

i T . Tt kit

(L'min™) number number pattern

3.0 134a 2 1.050f 2

45 255 =N 2.451i 2R

0 CEAEFF No 60 33; ?}E 1749 %j};
straw, CK) ' ) ’ -
75 427m 2 2.697j 20

9.0 558q IR 1.946h =S

3.0 170c = 0.412a Vol

45 242e JZ 0.540cd i

3~5 6.0 332h 2 0.376a I
7.5 462n JZ 0.422ab i

9.0 558q R 0.424ab S

3.0 166b 2 0.483bc LRI

45 249f JZ 0.572d i

8~10 6.0 333h = 0.437ab 220
7.5 399k JZi 0.552d SR

9.0 5380 WER 0418ab LB

3.0 177d =i 0.535cd S

45 251fg JZi 0.599d SR

13~15 6.0 337i JZi 0.727e 22
7.5 4091 = 0.750e ZE

9.0 552p R 0.699 S

e BIMEN A AN T HCP I RS E R, AN 7R R A b 2 5
3 (P<0.05)-

Note: Values are mean of 4 slope gradients. Different letter means the significant
difference among treatments by Duncan’s test (P<0.05).

& 1 A, ERIE e MmE R RN,
7 S SR T R T 166~558 2 (8], HAERE
MR EIEE N T 2 N B AR R
B MR R AR B <7.5 L/min i}, FHEHI/NT
500, HRASYINER; “MAEN 9.0 L/min B, FHRZS N
NI . FEATE 50 B s R RN, TR AS

(I I AR RN o SHARLE, 249 EA 3.0 L/min [,
AT 7 5 3 I BV BRI A RO T, 3~5. 8~10
A 13~15 cm KELAMG T, HHEUBIBAS M T
27.41%. 24.16%M1 32.11% (P<0.000 1). T4 =
4.5 L/min B, [F—\EZGT, BAEGNEGEREE
RIAFFACS, (H 2 FRRIR RN KPR N 6.61%
(P<0.05, JEAN 7.5 L/min, FEFFKEHRN 8~10cm). AJ
LB, 4E N 3.0 L/min I, FEFF7E 55 44 RO
BRI IN T 24.16%~32.11% (P<0.000 1). fE
INREIEHT (3.0 L/min) KRG TG 2T 5/ BEFE R
FGAT T REAT 2000, B9 00 T 7K I -5 R BA G 2 i R Al
PIRER ;s TN AKIRTEVEESFEFTZ, KRR S FEFF
Tl LT 2 SRR R i, RT3 0 T KR B s R,
i 2 FEAH R & 26 1 TR R R ) iR A, (HBE
FHiRE K (=4.5 L/min), KiEFE—H1M0, K55
FEAFAEEE T K2 T, B> 7 3R K IR B2 Al RS T 5 38
ZHENMERIRTREE ;s KRB LR A th T35,
AR T FRARHE R MREFFRETS, a2
KREH R ZEIE K (P<0.000 1),

FH L ) P e AR T, FEARTE RIS VE R, #
BN, WmmmAY N RIR; MR ESESET,
WAL RN . TR A 5 5 KO T e
KRS, FOEENE B KRR, 2 EZRRIIRES
(CHA /&4 9.0 L/min B9 IE S50 .

2.2 FEMESREERKRRERR

KRR AR TR 1 R EAR NS —, HA
W Z R WO . BHCIRGL. PN HAR N AR R R
(RISEI, T AR I 70K FH 8 58 R T 779, s 3BTRS 2 £R
FRRSOE, JKIRHPANEIRYY, ANAFEAE YT Aot T AR 40 55 1)
B, DRI R R I S 3 TR KR . 7R A T R e i 2%
R, KIES RS EMIEE LR 2 Fis.

B2 RREARARETHRE AR
Fig.2 Runoff depth of overland flow under different straw lengths

FEFFE 2N, SRR ER BRI 356 B in (&
2). FERTRIG I A RV N, AR S AR K
W T 107.69% ~ 178.64% , T N 145.64%
(P<0.000 1). FEFFKFEXTKIRIIFEMBON T2, BEASFF
KREEBE N, HKIR MR RHR g, KIRBE 2 08
FHE TR, KESHEEEMKEKR; MHRBET,
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BEIFERE N, PIKIR RN ES . F- R K EE
FIET, MEERENR, KIERZMINEHE; M EN LR,
KIRERNES (B 2). BfrEGEFGT, MmEEN,
AN 7 35 5 (] /K VR 22 SR I MR s BRI, AN Rl
[ KIRZE S/ s X PR AR A3 AE 3~5 om FEFF K i
Wk R AR, WHEERHKEEMN, ARBET
(P 7K IR 22 S 3B W B A o

AN TR P55 Rl A 7 i 2% R T O T 9 T 5 . i O A 3
FERRARWE 3 Fian. HEWH, TRESRETSE,
I T I O R4 MG A B s A . REATE R
MR BEIREER, S, JE-E R
55.54%, Hr3~5, 8~10 F1 13~15 cm 3 PP FEERSFF7E o5
W TR IE 3 ) BRI PR T 60.64%- 57.67%F1 48.30%
(P<0.05) o RRILFIAREFT 7 55 390 THT 100 98 3 22 57 B o A O
JEE R R TG K

B3 RREBARKETHREAAE
Fig.3 Flow velocity of overland flow under different straw length
VLG 55 P [ P A 2 2 38 10 00T O 6 ki
AT G, AT T R K T3 R
EREOER, Bl v=K-¢* P, P K. o pYIREE, 4l
HHTR o 0.5, B~ 035, AHFFE BRI RIAS Al
JEERE AT 7 o 3BT T Y4 Y0 15 54 6 U R 7K 7 38 FEE F) ek R
HERRUT PR
v=0.022 ¢™3S- 0" R=072 (¥ (D
v=0.165 Lg,"?"-¢"**- % R*=0.86 (FifTFEzE) (8)
T Lo A PIIREAAKSE, em, BOAFRIRSFHKEEVE 2T
BUES AT 4. 9 Al 14 eme b FIE R ( Fa s mg
NFILRE 0.5 A1 0355, [ g/ J- 5k e gl
IOESE O
TR HIAAAE, N2 ARG, AL % R
WA A N RERE IR B GR RS ARl T
FEAT 2 18], PRIEAE R 8 X B R B P P BEAL5R . Horton 1
SE SR 2 A R LS LA R R &0, RIAE 58
S [ R R A R S, ks Hh A ROR
TR 02 PR HE T S P s 5 B R B M K 3R I
KFR v=rg ™S b e m Bk BN RE Ho T
Pl 5 RN (L-m) X7 RIEE, 57K
kX7 I TKTEHEER m 5 SONRATRE, RAL T3
FEPURES PRI FEMARESE : YO m [HBORR, R
RERMIHAE L ZE L Mo E, 2 m RV, ik
T R AR AT R R, B e,

AAKERETE S AT, SKDWE T EREREHL
AP ATRE m EINFER 2 PR,

R2 TEKNDEETRSHERE
Table 2 Flow state index affected by hydraulic gradient

b
Str:\iﬁtnﬁgﬁ{/ m Hdefujlgc&gEdient
0.052 0.087  0.174 0259 F# Average
0(CK) 0.507 0.408 0.265 0.280 0.365
3~5 0.774 0.750 0.674 0.664 0.716
8~10 0.726 0.760 0.733 0.727 0.737
13~15 0.611 0.516 0.434 0.441 0.501

FHEE 2 v, FEHT7E se B A TR E m (H3 KT [
S NI . BEE RSN E] 15 om MK 33
FEEINE] 0.259, m EHER RIEIGEE . UREFKEH
3~5cm BN 13~15 em I, WATRECFSH 0.716 B¢
#0501 MR EERGER, AL EAR B RFRSFAN A N
MEZ, WNEARZ NP E NG R, TREN, X
T 78 5 BSOS G, TS 3 i BHL g 3 9 . VR R
TR 5 A AR i () T AR AR I N, KRS REZ
B) PRI KA A e A %, s AR SR 28 B i A T
HAR, FEIXRME B, B AMEhRERE AL T R Ig, TR
I INFEARE E A T IR E R R, KRR SRS .

2.3 TEMESRERMESD

VRIS Bl 00 R 2 32 31 PR THIE AR AR A AN BV 1Y)
BEA A 7K AP 52 BHL 77 5 55 7T 5% W A2 30 B3t , 61T
AR IR i P TR RR E R R, R
FEFKIEBE 77 3 A v o] 2B PRIV R . A2 e v DA IR T
TlHb T oA S5 PR 2R I e, BT 75 255 LR RS 1 78 55 5 K
WAIBHASE o AWK H Darcy-Weisbach FH 77 R £0AN
T RE R RECR 2 M RS AT 78 S5 T AR T e .
78 5% Darcy-Weisbach BH /7 &% 52m WL 4.

B4 TRBAFRETHRE AL R
Fig.4 Resistance coefficients of overland flow under different
straw lengths
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M 4 A, 7RIS 3E MR E A BT Y,
Wb 71 2 E0 AR AL N 0.14~1.47, TGTE 3~5. 8~10
A 13~15 em 3 FhKBEREFT 7 i 451 b 1) A2 A5 6] 4 )
N 2.67~8.00. 2.39~6.36 Al 1.31~4.28, FI/r i
PN T 20.89. 15.69 #18.17 % (P<0.000 1) , M1tk
BHRG AT 25 0 3 T 9 LA BRI BELASE . AN AR
FEFE, XKmBIRHIE 2R BoR, Hp 3~5 em K
FEAER KRB /g e, 13~15 em 4555

T g2 B 5T N, Darcy-Weisbach BH ) R4k
SEERZ WA fpRe? MR B X R, BHN AR
HEFEREREFI LR SHOTML, BAEHEX
PR, BHJI RS T WU O R 3] R R HOR A
HAPRRIEA 13~15 ecm KERBHESZMG T, BREGE
BonfE, BV R B E RO LIS & 3~5 Al
8~10 cm KEMRMHE G KM T, TECHIEME, BHAAR
HEHE R EIELEICR . WA KEB/NIER
T, BEJ) FREE TR A R G .

5 FF 5 55 A9 45 1 A BHL 0 R BRI ORI AN e
PR, X 3 B i T AR I vl A RS A R 3 T B T o A A
S, G RRIB AT, TR T E 77 R E A
SE M o AR AT S, RS AT S50 3G I3 e B R A
A RRERT . Ay ZaPralm, FBFKE. REM
e B P B 1 & B RS w3 08 B T Mk B KR
(P<0.000 1) .

B 2R R BRI M RS AR P /K IR B i A
PIBHIRAE . B S B, RS0 608 I s A3 FE v
L, R 2 TR R BB E N 0.013~0.044, 1
7E 3~5. 8~10 F1 13~15 cm 3 MK JE RS AT 26 111
ARG 4> BN 0.071~0.132. 0.067~0.118 A1 0.049~
0.083, P33 ARSI T 438, 3.64 Al 2.33 f%
(P<0.000 1) &

5 REBARKETREOAZTREZRK
Fig.5 Manning roughness coefficients of overland flow under
different straw lengths

AP AT, X2 7k KA Aa A FE .
B & REFT K ER N, XK IR R 2 #w ey, 27
R AR FRAG: b 3~5 em KA T2 7R
AEZ 8~10cm KEFEN 1.15 fi5 (P<0.000 1) , A&
13~15 cm KJEAH 1.61 5 (P<0.000 1) , XY
FERT A, XF 3 TR /K S R BEL s A L SE s 2o = 7 b
KA FIERN K RS RECEAMAL. #RI
s RER R EBE E I ECE gk . RS R S8 BE L,
2R R RBPE T EOG T . BT AR A
KAEFF A E 2 RS MEEE, MEZ RSB/
BERERR, AR Yk Tk K T TR AR 4D TR B S8 T K
B, FEGHIBMECR; KR BT R A bAoA
BRI A BRE K, K K T R A
KRR, RIHEARIERER, X5 ERAZEN
[ 55 N 15 A R BONARA . B ZE A Hr R A,
FEAF KB . VAN BT 2 R KRB A E T
W22 7KF (P<0.000 1) .
3 i

FEAF 7 o 2 B K L ORRERE i, FEAN RE R A
FERRNBNAE . PRARIRTh, A R D YT PRI
AT G 38 R AN [ RS AT BE 2% T 3 TH A K Bl ) 2
PERIBIE I, 18 I 7K B0 775 250 1) 78 A0 RR A Sk 13 ik A R
T AP 78 o5 ot L 39432 Tl BEL 4% 3l ML) 1) o S 7 5 2
BK LR RS, AR B AE . PRACIH,
SR A ROk D T PRI R VD . AR Dt 2R TR R G — b 2
B, HoKRh Rt SEEE SRR AEZ U
Ao 3R S5 A REFE, KU AN ER R S A R
AL, BEIN T K EE S, AN A R # A AR A e
o, L T T R PRI R, X SR AT
AR,

HHT, A ST R /K 3N 71 2 R P R 7 32 B 7R AR
R I B IFRN, BT Hh 3R T 56 3 THI K Bl SR i
FORANT D o TR 55 2 R IROK, TR IR 5
TRABX BN IR, B T3 2 AR TR A 7 25 3 T KK 3
JIEREERT T, By sk, Hmtim&ims, ML
MR SRR, WM N RS, R
BT AR NS SR, A HERR B R D KA
NI AT RERS0, A B AR R 6 v, HEAR
R RS AT, SRRSO ESE E
RN YONBERER N, YA B2 ERE
WA NI R . 5K T PO R N, M
PR, MEER<S00 I, KIMMEANFE TR LM
JZi. BT HEAES, KT /B RE IR B Se 4T T
Wz 8], FEEKEATREZEIR, TEH/KEF AR, %)
W E G A T WERE SO “BUER” - MAEAR
WHEH, BT RS FT ARG AR B 7 o B Ty, R AT A
AR ERG, AKRAFERGATRME K. Fit, 78K
56 3ok A% A AN AT DB B KR AT FAREFFAMAZ H], B
RE LI 3 R K G RS FF B o7 sh, [FREF AR T ZETR
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R i . X 55K 55 b 25 76 1 05 7 25 260 R T 2 3 (1 B
ST B FRAR. Bk, FBHERLLT, Nek
PR 284k, HERB AN Z XA TG ERE
SRR “RERVZR

I TR 90 2 8 T - 3902 R AR R R R B R ], T b
THIIAE (R0 42 ok g 6 B R A e o R SRR R 2 4 it
ZMREFTE S, RERS A ROR SR R, X B ik
B K R A B R o T RS 5 R
VR L ORBLLE S B A 0 . — M, SR
FEEE ki e g 3P 1. TEASRH ISR RE )1 4 #5545
PR BT A 70 R 5 RBH 56 v, T 2 ms B
N BH 77 52 o FR -9 BH 77 & 39 T 970 52 b 3 B R 470 FHL 94
Mr=AE MBS, UL EREFFE S 21 F, IR 7 &
B R, BT AKIR R, B
JERURIBE S A s . REAT AR 5 20 R, B AR
BERKRE, XEEBEFSEP. TRASDIRKEEPIE
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Abstract: Straw mulching is one of the important conservation tillage measures, and has a positive effect on reducing soil
erosion on slopping farmland. In order to study the impact of straw length on the hydrodynamic characteristics of overland
flow, indoor artificial fixed bed erosion resistance experiments were carried in the Soil and Water Conservation Engineering
Laboratory in Northwest A&F University. The study area was located in the southern Loess Plateau, Shaanxi Province, China
(34°14'-34°20'N, 107°59'-108°08'E). By the scour trough, the variations of hydrodynamic parameters of overland flow such
as flow velocity, runoff depth, Reynolds number, Froude number, Darcy-Weisbach resistance coefficient and Manning
roughness coefficient were determined at 4 slope gradients (3°, 5°, 10° and 15°), 5 flow rates (3.0, 4.5, 6.0, 7.5 and 9.0 L/min)
and 3 wheat straw lengths (3-5, 8-10 and 13-15 cm). The slope without straw mulch was considered as the control (CK). The
results showed that under the experimental condition, the wheat straw length greatly affected the hydrodynamic parameters.
Under straw mulching with different straw lengths, Reynolds number ranged from 166 to 558, the overland flow was primarily
laminar and subcritical flow when the flow rate was less than or equal to 7.5 L/min, and transformed into transition and
subcritical flow while the flow rate was 9.0 L/min. Under the conditions of straw mulching, compared with bare slope, the
overland flow ran with smaller flow velocity and higher runoff depth, Darcy-Weisbach resistance coefficient and Manning
roughness coefficient. Straw length affected the runoff depth. Compared with the bare slope, the runoff depth of overland flow
on slope with the straw length was increased by 107.69%-178.64%. Straw mulching could decrease the flow velocity by
48.30%-60.64% than the CK. The runoff depth decreased as the straw length increased, and the flow velocity increased with
the increase in straw length. The flow state index of overflow with straw mulching was reduced with increased of straw length
and slope gradient. When the straw length increased from 3-5 cm to 13-15 cm, the average flow state index was decreased
from 0.716 to 0.501. The Darcy-Weisbach resistance coefficient was 0.14-1.47 on bare slope, 2.67-8.00 on slope with 3-5 cm
straw mulch, 2.39-6.36 on slope with 8-10 cm straw mulch and 1.31-4.28 on slope with 13-15 cm straw mulch, respectively. It
averagely increased by 20.89, 15.69 and 8.17 times respectively compared with the bare slope, indicating that the straw mulch
could strongly resist the flow movement. Darcy-Weisbach resistance coefficient was decreased with the increase in straw
length. The Manning roughness coefficient was 0.013-0.044 on the bare slope, 0.071-0.132 on slope with 3-5 cm straw mulch,
0.067-0.118 on slope with 8-10 cm straw mulch and 0.049-0.083 on slope with 13-15 cm straw mulch, respectively. It
increased by 4.38, 3.64 and 2.33 times respectively compared with the bare slope. Manning roughness coefficient was reduced
with straw length increased. This study could provide reliable information for clarifying the mechanism behind soil erosion
with straw mulching on farmland slope.
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