Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

FE3ME F11H
2018 4 9H

Vol.34 No.17
Sep. 2018 151

K5 EFEEMHEYESEENEIWERKEN IR

?#kﬂ[{/& 17 E ’/E:‘ 1,2*’, \]JI_}%% la E;ti\jr]% !
(1. VEAERAMRBIE K 2K L LRFFI 5T A 18 i i 3R b 5 R b [ 5% 8 S SR IG ==, #9% 712100;
2. FEBGEKFIR K LR T, M 7121000

OB YRR R B R O RE S R T A K B DR . R T R R AR X i R S R ATE (EERD M
HERE CRARD WMEVAM AN SR, @idiEE 7 MEYESE CBFTFEN 0~1000 g/m?, HFEEFH 0~600 g/m?) F
2 ANFETR SRS (60 A1 120 mm/h), RGEHFFCRE A2 RY K 7 o5 B B R /K 3 1 2R E S H s . 5 R 1D HIX
PRHDGT R, Ah V7 S5 A0S T Py T . R ORI BN T 77.3% 18.5% 11 87.4%, [HJI REIEM T 315
fi%5 2) KiEYE BN SORERE .. WA &5 FEAMERTEYE S ENR N, FHRE. HIHH
IR A B R R BOR/NER (P<0.0D), TR EFREGENESE (P<0.01). SRS, P EFTEY T3 m
WS IS HM R & T AL AR . 3) BB R REWSAKEN IS HI SRR MIEPE S EATE RIS
HEDERRECR (R4 0.84~0.92, NSE (Nash-Sutcliffe £ 4 0.60~0.91, P<<0.01); FRiEAEEYE =N,
T FIFH ) RECE ZAGTE P EARREIA, 2SN 32 B 5 R V5 0% P RN R B DA 5 o AHIE F AT 98 s A v 0 (R 7K AR FRATL
H, IEWIEN EM K LR R R AR SR R s

KR B4k KA, RE, HEYEEZ S, BAEW, TLaRARRK; %@

doi: 10.11975/j.issn.1002-6819.2018.17.020
FEIDHS: S157 XEARERE: A
s, T K, ITEF, TER STESEEEMEYESENELEERKISFENZmEJ]. R TEFR,
2018, 34(17): 151—157. doi: 10.11975/j.issn.1002-6819.2018.17.020

Li Zhaosong, Wang Bing, Wang Jianfang, Wang Zhongyu. Effects of Artemisia gmelinii and Bothriochloa ischcemum litter mass
coverage on hydrodynamic characteristics of loess overland flow[J]. Transactions of the Chinese Society of Agricultural

CEHES: 1002-6819(2018)-17-0151-07

http://www.tcsae.org

Engineering (Transactions of the CSAE), 2018, 34(17):

10.11975/j.issn.1002-6819.2018.17.020

0 5 &

ST A2 Fi6 P R i 8 R o b T N2 BE 0 R L
N KPR T [ AR AR R R TS
R K 1R K e 2 WM, 2 H SR vt E E B Fok
Y. R, BRGERIT FUIB T A /K 7 A R S B R 2R 0]
THER TN IR P AT E HE R S il A
JURS AL R ALY 0 IR bR, 32 B i 4k
BRI S. LHAATT A, RN EGR RS, 57
BRI R AP AL SE R0 T KA o v R 2 R
PR PP IR, DT A A S TR K ) S
B %2 k. FAT, MR S5 K 3 04
PEZA IR QBT 7 R SCR, I ERd®, Hl

W E 1 2018-03-21  f&iTH#I: 2018-05-27

BEEWH: ERARRHFELSESIE R IK I MR AR A2 il
FERIFE L He B 7] (41530858) 7, ER ARRI ¥4 EH “X&T
RUSLE 524 38 - e S B MRS A7 25 R T 9T (4177155507, BG4S BT
A HERE VR — 5 SRR B I 0 s R B R AR Rk L)
RS (2017KIXX-88)7, [EZKE sl A TR “ 3 4 e PRV SR X A 4 )
AESR 5 1L R el B OCBR BE R Mot (2016YFC0501703)”

PE#F R Z25Jkks, 1o+, BN IR

Email: 1zs151139@163.com

MIBEER: £ 5, i, A5, FEAFRPIRE 582 it 7

Email: bwang@ms.iswc.ac.cn

151 — 157. (in Chinese with English abstract) doi :
http://www.tcsae.org

e 78 5 120, R A Fe L3140 A A A R 2 A g LS00
DA e R e R FE D18, b VR DA D ML A ) B P ) 7
WA, ATV EE . RELE T TA) L IS5 ARTR
MBI SGE AR BT, BRI R g el
021, SRTT, A7 KRG ) 78 S5 CRaAE H ) 7K 30
SNV R SN R, R A E TR A
TH ALK E i R B T E X 2 —, SR EUOK ik B
B X A T S A SRR SR R . H 1999 IR BHE
MG TR AR, MR UIKE, ERA%Y)
KEBRO, XS, FmAREEEm, 4581
e SRS TR 41.7%024 BTk, ARSI e -+ e R VA &%
[X i B S RUE Y ERAT 5 (Artemisia gmelinii) Fi7E9)
FARARBHEY A E R (Bothriochloa ischcemum (Linn.)
Keng.) Fhv&EMIVEARE TN R, KA N AL 5,
RGO TR A 3 BA V)7 o 0 TR K Bl 7 2
FRER S, SRR o & 5 R K S
B PR B G 2R, DA o4 s o b oy Jo SR B b AR 95 4 7K
FAARFFHLEE SR (LR LA

1 MRS

1.1 RIE#R
R T 2017 4 8 A 78 1 15 Ji L3132 nh 5 b el



152 My TFESHR (http://www.tcsae.org)

2018 4F

] 5% B o = SRR T HEAT o N REABL R Y R A QY TY-503
i g 0N TR %, 1ZB&RAAABELEN, Bk
ZEEEYN 18 m, W A/NMEHIE 0.4~6 mm, 7]
Fi R RYEE A 30~300 mm/h, FERIYAIE KT 0.8, Wil
2 I AR AR B
1.2 IR

TE 22 FE AR VA I O S B AT i VR (SR M
FSERREVE ORARRD Hhh, U HARFETE AR
FVED, Il I RFHE K T AL V&P % 5, WinRHIZO
Pro 2.0 EUR - HTERARIE R VEIK R . BOZ . BE
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Table 1  Litter characteristics of Artemisia gmelinii and
Bothriochloa ischcemum (Linn.) Keng.
B R - HE
e S K ; S EONER .
FhTE A K Projected ~ Surface PR Litter
. . Length/ Average .
Litter species (cmg) area/ area/ Diameter/mm density/
£ (emigh  (emigh) (gem)
BRATE Ag 116.68 44.34 139.29 0.46 0.68
A5 Bi 258.98 75.16 236.12 0.25 0.52

e BATEH Ag £o8, AR Bi #oR. TR
Note: Artemisia gmelinii was represented by Ag, Bothriochloa ischcemum
(Linn.) Keng.was represented by Bi. the same as below.

R2 HHENBFEEMENESE
Table 2  Litter mass of Artemisia gmelinii and Bothriochloa
ischcemum (Linn.) Keng. for each treatment
b FR G

Treatment number
BRAT R T2 5
Ag litter mass 0 100 200 400 600 800 1 000
coverage/(g'm?)
H S HAR I
Bi litter mass 0 50 100 150 200 350 600
coverage/(g'-m?)

1.3 I
RIE LK. 5. E2 AN 2.00 0.5, 0.4 m, HEE
F15°, R EHER H R EBHHIERZE L (0~40cm)
HI MR LR 3. AEREE 0.10 m 4070, 15T
A, RPRIEEHOK 5 RS, B2 R R
R AR . RS0k 38 2 mm 7, ZeBR A iR A1
WEIERAE 1.2 g/om’ 20 23S, B2 0.05 m, #HiF.
JESE, MKEBETERREZ AL LTS, HEHEZ
EHIyEIS . ARG, W hhVE Y1 v 7 o =
WIS ER e b, SRR ORPEA R A B 45
O, #E 2 BRI AR TR MR .
F3 Il HEEBEMR

Table 3 Physical and chemical properties of soil for experiment

TO Tl T2 T3 T4 T5 T6

AL HURZE A

Organic pHE T35 Mechanical composition

content/ pH value Soil texture kL Fo ki ki

(gkg™ Clay/% _ Powder/%  Sand/%
3.23 8.40 i+ 9.53 59.31 31.16

T U 1S T 5 [ ARl A ) R ) 33 5 3t 7 bt o
Note: Mechanical composition refers to soil texture classification standards
established by the U.S. Department of Agriculture.

BRI, B0 % Ab PR S OK R AT AR, LAV ER

T E KR ZE F TR AR . AR P b R N R A2
P B2 RT3 e R 1 490, » 60 mmy/h B R 38 B % X e
LR PR SR, ek, B ER BRI BE RN, L
BH7T 120 mm/h IRV5R. FBRILTFUNEZAE “7 < 267 FEK
T TN R — /NI FE T A 52.0mm %), 5 B T 73 B
4328 60 F1 30 min; RIS FEH I E KR, & 3 min iR
SRR TRYE VD A RE IR FH v 0 IR B0 V2 ) e 344 T ¥ 2 THO VAR
T, AR R S AR S KRG R AL BB
T EBCRIHIWKRRES, UK IERE (ZiR: 0.6; i
PER: 0.7: TR 0.8) FRAF IR, LATHE I i
WAKHSH. S LIRMEMRRE SR, it
F%RH 56 371,
1.4 KNWFESHIUHERE

AW ALK D15 S 8 R B TR R (Re)
EIEE (Fr) A1 Darcy-Weisbach B /1 &% () , Hit
/N W/ NE

Re="" (D
Vv
=4 (2
V
e 0.017 75 (3)
(1+0.033 7¢+0.000 221£2)
Fr=__ (4
Jeh
=R (s)
V

KA b KR, ms g AHESERE, m¥/(ms); VAW
BIIE, m/ss v NIZBIENR REL em?/s; ¢ KIS, C;
g NEJIIEREE, BL9.8 m/s2; R N/KIHEAR, BUEIZEL
KR hy ms JOAKIIMERE, FAE 3 R4 AE

2 HBR5IR

2.1 HEYBEEINRRNF

TR RAE W TH IR A KB 1% 540, i E
HAKksh H2ES Rt ZHEWTN . MEYESE
R RS 5 B SR, AR T A B S (K
D o XFFRrEAREE, R R R KA R B
JeiginiEa TR e AR, PR SERAT 15 min 31
TMEEBENAILE 15 min 3077 5.4%~86.4%. XFE
SRR R RIA B AVRE, NBERBRKHTEG
i V& P07 55 bR RS TH AR AR TR e AN ) BUR T Ah,  IERESE
WERE, AT BRI A o A TR R, AT S
W P& 5 2 R IR 280 83.8% 1 F1 2 B AL VA4
T8 i A1 NP> 70.8% o Kl VA ) 78 B A3 AT
BB SRR, HBEE R R, A
78 o BN R AU Y R 2 e B R . AR T AR E )
a5 /N T ACHE, BT E AR VR ) 55 551 T HoAh A
PRS- BJREAE 60 AT 120 mm/h FR9R R 20 HF R0 T
67.3%F1 54.9%, H=FEFALTEY)E 55 5% A N30 T
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Fig.1 Variation of overland flow velocity under different litter
mass coverage
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B B P4 W T R A R R N S T AR e
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RN VE YR S R 22 R R, L TR U R
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e /N T ACER, R 7 55 A 4 2 1 B TE
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Fig.2 Variation of overland flow Reynolds number under
different litter mass coverage
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PR SR EEAR RIS, FroBoK, REVRRURIESD e TR
Fr B8R Y 77 I 738 A 35 52 96 T 5 FEE AR 95 470 78 i B 1) 5
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TEA R B R AR R N T 16 35 22 575 17 120 mm/h [Y 5RAY,
A AN SR AR 78 T B BRI Fr B R DI A
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SN Fro BHIGTER Fri KT 1, BRRASRNAR;
BRAT 8 A 2R BORG VE ) 56 25 AR 43 R T RSP 2
T 92.1%41 82.7%, H. Fr¥/NT 1, BRI NG .
Fii P& 0 78 e B 3 0 o] 2 0E N Fr, HFRRSRE IR,
X AGVE Y7 /N ERI T Fr (R0 R T
BEKACEE . MXT R S T T1 ACEE, B
WY& 7 55 A T AR AL BRI T Fr 72 60 AT 120 mm/h
PR 9R N 20 BP0 T 77.2%K0 64.8%, [ FHEAGTEYIE
BRI T 25.2%H0 37.9%. MUK 5, 2 FAGTE
VI ERAE 2 PR SR T I i A P A AR N T
87.4%, BRAT AL VA W) 55 IR I THT S BRI 1 2 A
W 5 5
2.3 WEEMBEXMENRHE MW

BHJREL £ W T e T A IR s i A2 o BTS2 (0 BEL
Ko, BHATRBGEK,  108H KU v AR 3 1 B A7 B RE 1
Re B, TR 3R R i AN YD Hn e IR e B LN
BEE P D R RE K, BRAT Ak V& Ab 38 B ) R ELHE 60 A
120 mm/h W58 T 73 AR R B A T Fa e A Je 39 i = sk
AN, AR RARVE AL EEAE 2 AN SR TUR
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Fig.3 Variation of overland flow Froude number under different
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B4 TREEZZTMAZRKEGET R T
Fig.4 Variation of overland flow resistance coefficient under
different litter mass coverage
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b. Relationship between Reynolds
number and litter mass coverage
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Relationship between average flow
velocity and litter mass coverage
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c. Relationship between froude
number and litter mass coverage

BS WEAKIASHEHENBELEZTHXZ
Fig.5 Relationship between over flow hydraulic parameter and
litter mass coverage

F4 WHRKDHWERSHEDBESENREXR (P<0.01)
Table 4 Over flow hydraulic parameter as function of litter mass
coverage (P<0.01)

R A G
Litter mass coverage/(g-m)
d. B R B R
RS (PSS
d. Relationship between resistance
coefficient and litter mass coverage

[E: BATHE R E S AR R
Rainfall Ag litter mass coverage xr Bi litter mass coverage xz
intensity/ ¥ .o - .o
(mmh ) A %4 Function R % Function R
60 V=0.82x770-6 0.94 V=0.10x517 0.97
120 V=0.75x7%33 0.97 V=0.16x5"00 0.82
60 Re=57.23x7020 0.82 Re=29.20x500 0.74
120 Re=108.05x7014 0.87 Re=64.83x500° 0.87
60 Fr=42.09x7%% 0.95 Fr=1.77x5%% 0.94
120 Fr=18.47x7%70 0.97 Fr=2.70x503 0.81
60 f=0.71x7%92 0.92 /=0.70x5%4 0.92
120 /=0.08x7%3 0.86 f=1.53x5%% 0.55

R, BEE AR YR S RN, SR AL
VP8 5 Sk AF RSP . TR VR BOR IRV A Y v T R A
R, T R BOUE T BRATERE Y . KR H T
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SRR B) ) S HI W R R R IE S HL T
YE G ENTRENFRECR, A (6) ~ (9 .
y=10"73Q1 28018054 R2=0.92, P<0.01 NSE=0.83
(6)
Re=10%320>11p017C106  R2=(.92, P<0.01, NSE=0.91
7
Fr=10-31Q0 980411060 R2—() 84, P<(.01, NSE=0.60
(8)
210980 1A PTOD 194 22086, P<0.01, NSE=0.81
9
KPREARE n=24, V. Re. Fr M f 43 BN 37
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LR EES . MEMA AT TR, T HKE
Pz AT R R g, O SRR S e BRI AR S
Bb. Rk, EUAEDRANRESKES S HMHEE
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Effects of Artemisia gmelinii and Bothriochloa ischcemum litter mass
coverage on hydrodynamic characteristics of loess overland flow

Li Zhaosong!, Wang Bing'2*, Wang Jianfang?, Wang Zhongyu?
(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation, Northwest A&F
University, Yangling 712100, China; 2. Institute of Soil and Water Conservation, Chinese Academy of Sciences, Yangling 712100, China)

Abstract: Litter coverage maybe significantly affect hydrodynamic characteristics of overland flow. An artificially simulated
rainfall experiment was carried out to investigate the effects of litter coverage of different species and mass of different levels
on the overland flow hydraulic parameters with a bare slope as the control. There seven litter mass coverages and two rainfall
intensities in the experiment. Typical grassland litter of Artemisia gmelinii with the composite family and Bothriochloa
ischcemum (Linn.) Keng. with the grass family were selected in the Loess hilly-gully region, the north of Shaanxi province,
China. Seven litter mass coverages were set to Artemisia gmelinii and Bothriochloa ischcemum (Linn.) Keng., respectively,
varying from 100 to 1 000 g/m? and 50 to 600 g/m?” for each of those vegetation types and subjected to simulated two rainfall
intensities: 60 and 120 mm/h. A normal rainfall intensity 60 mm/h and a rainstorm rainfall intensity 120 mm/h as the simulated
rainfall intensities. According the extreme rainstorm event “7-26” in Zizhou and Suide, the north of Shaanxi province which
the maximum hourly rainfall was 52 mm, so 60 mm was set to simulate rainfall. During the rainfall experiment, flow velocity
and runoff were measured every three minutes, the water temperature was measured every fifteen minutes, and the Reynolds
number, Froude number and the resistance coefficient were calculated based on flow velocity, flow discharge or water
temperature. The results showed that compared with bare slope control, the flow velocity, Reynolds number and Froude
number of litter coverage treatments were reduced by 77.3%, 18.5%, and 87.4%, respectively. However, the resistance
coefficient was 314 times greater than the reference treatment. The average flow velocity, Reynolds number and Froude
number decreased with the litter mass coverage increased as a power function (P<0.01), however, the resistance coefficient
increased with a power function (P<0.01). As a whole, with the litter mass increased, the flow velocity, Reynolds number and
Froude number of Bothriochloa ischcemum (Linn.) Keng. were larger than that the Artemisia gmelinii (P<0.01), but the
resistance coefficient was opposite. The stepwise regression results showed that there was a significant (P<0.01) power
function relationship between flow discharge, litter mass coverage, characteristic parameters of litter and the hydraulic
parameters of the slope (P<0.01). The R? and NSE (Nash-Sutcliffe efficiency coefficient) ranged from 0.84 to 0.92 and 0.60 to
0.91, respectively. In addition to the flow discharge and litter mass coverage, the litter density was the key parameter to affect
the flow velocity. Furthermore, the projected area of litter and the flow pattern had a close relationship, and the litter surface
area was the main parameter for characterizing the resistance coefficient. This study can reveal the soil and water conservation
mechanism of grassland litter and correctly evaluate the soil and water conservation benefits of grassland.

Keywords: erosion; hydrodynamics; flow rate; litter mass coverage; typical grassland; the Loess Hilly-Gully Region;
simulated rainfall



