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Tillage on soil infiltration under simulated rainfall conditions
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Abstract: Tillage affects the processes of infiltration, runoff and soil erosion. A new method and apparatus measured soil
infiltration on hill slope under simulated rainfall conditions were used to measure soil infiltration in slope and fallow land at hilly
region of southern Ningxia, and to analyze the effect of tillage on soil infiltration. The experimental site was located on a slope of
20°with water content of 11.3% in soil surface layer. Three rainfall intensities were 20,40,56 mm h-1. The results indicated that
the new method and apparatus measured soil infiltration could be well measured the processes of soil infiltration on slope, with
many good qualities such as water-saving, laborsaving, easy operation, and high measuring definition. Compared with fallow land,
the initial infiltration rate on tillage slope was higher. However, with high rainfall intensities, the result was reverse. With the
increasing of rainfall intensity, the soil infiltration on tillage slope reduced sharply, while fallow land remained unchangeable.

Contrast to fallow land, the initial time of producing runoff on tillage slope was shorter, but the steady infiltration rate on slope

XSHE PEAZRENAH LR EEH MEBT H (KZCX3-SW-412); B K “863"% BT H (200244673301 ); 1+ B R+ W EM 52K I E
FERERERESFIHH H (10501-152)

T B 18 :2005-12-02; #1T B # : 2006-03-10

EERN BHAEU978~ ), B BBEERA, B4, TF NS T BB BFFT . E-mail ; yangyongh @ mails . gscas. ac. en

* B NAEH Corresponding author. E-mail : swzhao@ ms. iswc.ac.cn

Foundation item: The project was supported by the Item of Sciential Innovation Engineering of Chinese Academy of Sciences ( No.KZCX3-SW-412); “863” Item of
China(No.2002AA6Z3301) 5 the Fund of State Key Laboratory of Soil Erosion and Dryland Agriculture on the Loess Plateau

Received date:2005-12-02; Accepted date : 2006-03-10

Biography: YANG Yong-Hui, Master, mainly d in soil envirc . E-mail ; yangyongh @ mails. gscas. ac. cn

45



http://www.cqvip.com

£ 000 http://www.cqvip.com|

5 BAKE  HBHEXN T RABEROER 1625

tillage is lower.

Key words: tillage; soil infiltration capability
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MHABEERNBRTBABHENEER R . EHREWABRET I EREIAENKE, LEREEF
fER T FkIERE, BIREZWC 7 . BRABRKNNEREASIE RS0, RHEFERET, L IBEWHE
AR HEm I AR AR RBRYDESZNRFERAMEBLENARE L, 28+
HA B RERMM BRI, EBKLREK

M ERTERETEMRKERRNEERE, B SAHLYHANTERLIERX, L3RR
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THEk, BRIRTFES MBI T EABLER —EWAR,BEREEERRGT, REH TR
%A R E B R A IRAT A B SRR B R, B, A SCR AR RSO TR &4 T HEA
BRENNE RS AR A BT, AR SN T RERNAB BN AL
BB ANTUN L ERBESKLEIREIBUARESHERIISENFELENER WTAHAKLRFELRE
BN ERESRESRETEHEIEKRE,

AHRNEEEBME . (DREHFESEMEREZGH T LEABEINER-AB-= R & %S0
BF 052 R ik B R R AR 5 (2) SE BRI B AN IR e b+ S B P BB BE BT (A1 AR fL B ST FR AR AR ; (3) L BT3B s F0
Y8 3% 3+ 3B B 1 8B XA [F) T 58 SN B SURAE  BEEABHE T AB FIK L AR M W PLE
1 HREHEBAR

HREMFTFEEZHEPABETERNTES , GSHEHE MEHERN /DR, RE 106°32'45" ~ 106°
33'15", 4t 4 36°04'30” ~ 36°09'36" , M. 18.5km’, BPBRHT X TERREEX , FEHRE 6.8C,F FMHE
K& 413.94mm,
2 ANBrFREARREAE
2.1 ABFRERE

ABRENERTEEEAE S HKNFRGT LBEHY LA BRE IR T EOABENBX, ZENFB LK
THRABRSN , OFHRABRKKKE, MEERWHES, TEHABEIRERK. RETFERRBHN™-B-
MEERABEB Y HITHERABTR.

(DEREHFNBEHABEITEER

i(e) = p(x;W.Fl) (1)

KA, i (ONABER(mw/h); WHABERE (m); P WEFIRE (mm/h) ; x, K 7= 5 5 0% B K B
(m); ACe)N ¢ B ZIK REES B R M EE (),
()T A AR W A 2 A

i(e) = P(x;lW M 1) - ACZSa (2)

KA, i(DONABER(mmh); WHABERE (m); P AHFETIRE (mm/h) 5 x, 7= 5 0 5 K E
(m); ACe) K ¢ B ZKFAE S L EAR (m’) 5 ¢ K BERT R R AR MM B (L/h) 5 « o3 93 B (PR
E)O
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2.2 MHRE5RE

2.2.1 ERMHE ZRBBRABFEZHIEKRSOEEEZEOR M BR(ERARBHES L), . -
5B TEEBRH - BRIMSEMHBAEED RME T XHRE, BR3aG4F 1| FARE, IRLE
4 0~ 20cm, FEEE K B EA MR, KBRARRNE 1,

®1 ZRIMENAR
Table 1 Particle size distribution of the experimental soil
B 42 Size(mm) 1~0.25 0.25~0.05 0.05~0.01 0.01 ~ 0.005 0.005 ~ 0.001 < 0.001 <0.01

B 5 Lo Percentage 1.253 27.273 56.705 8.336 6.376 0.000 14.712

2.2.2 ELEAUES B4 RS TR A MS2000 ¥
FEFORL 53 7 A 2

BA AT EBIRERRK S, EWELERERE
HE, HAMESELTHIEREDSE, BREK 2m,
% 0.55m, M EA2% 1 ~3mm, 715% 20 ~ 56mm/h, 5L
M, PETAS FROBE A ARERKEN 2m . HEH 0.15m
B3 MR EW REINEE, “HEMABEKE
ZHA 2m, FHREKEN In( BE 1)ATF LI, FHH
ABHE,KE 1m,

2.2.3 ERFERBURE RBELEERSERS5Z
xRN RE, AR BESBNT

(1)SEIRT, % 0.5m’ W/KEHFRESEIFHRY
KRB MR A (0.5m® KA 2 56mm/h #9 M
B, BT HKE® R T 40mw/h & 20mm/h B BETH 55
E)o

(QOBEBLRFEHEARIARIE RTFLR M1 ReRE KRR

Fig.1 Schematic system of spot under slope soil surface
KB W X R EABRTERONA), HEY N
20°, B Fh PV (SR BF L AN B ;) . EAWALHESB RN X BB EN AR LN E L IRAB KL ZRZE,
F e BRI R EE Y RS A FIBY I8, AR S BRAT, R BRI - A ROR o, e
BB OIURE+EEGHEFHAL FROEWH, OF TRRARE FHESRBIENIZR, LR
HEEFMETER, BRI EOIPSTKERA=LHEER FLXRAG B ENTHEKEN 11.3%),
BAOEMABHENEE,

BEFRELEFEREN  AREAIENEZHERERE(ERAR)NEAERTE AR RNOER IR,

(ERAEHEE EESETE HIENWBGHEAEZERR, ARTIES, 8- 28— KAKERE
PR ER B AREFAR), B HE A 2 E B ABER,

QBB HEREHRENEATIE EABKENT N AAZENRERKELRTR. EARKHED
BOT ,ERHET—BHEG  HEARESFBABE FiRG, ERRER., BELRABEINEK,
Hm MmN RS AR, SRR AN RREMARN, LREL, ARIERGS, ERXERBEHE
EEEEATE, AT ENERE -2 L EOABEE,

3 GRE5SW
3.1 SHHBHEARTERNTAKARTE

EHHAEARNBR TR AKIABIRELE 2, TUEHE 2 BT KB THRASESKSELETHA

BREBETAN TR, EP 5, .y, 7, 25 TR 20mm/h 40mm/h. S6mm/h B #1472, Bl R 5 1 K4 4%
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fER LA, HAE R B 510 0.9653.0.9385.0.8535, 5 B EKFE, H2HMENTHBENESIRF N
56mm/h > 40mm/h > 20mm/h, RAERARER EHEHEDERRNERME R, BELLIEENALHR
R(LERBR), EHMMARMNYE AR ERKX/NRFE A 20mm/h > 40mm/h > 56mm/h, 38 B 3¢ B 3t £ B g
G, 1M BIRELR , B/ 3R 5 F + 9000 3T 35 MR 1 /N FATTIR, BIFUSR AR K, TR % o 3% + M 3T o
BIRBRK,EREENEREFEMAN LR S EN R T BILRE St R AR B, AT LR
WABERE KD, B—FHE, HAMBTEREES R RPN A SR, BN E L REWE R E
NA/N BRI R LRI, BT AR, B R AR A EEm™ . Hik, 5K R /N R
THMITERRERRS, R BB EABRRTFAWERN,
& EMEIEH L Experiment (20mm/h)

500.0 o EMYIE LR Experiment (40mm/h)
~ 450.0 [ » LG £k Experiment (56mm/h)
E 4000 e U3 8 1% Model (20mm/h)
<> 3500 L e R4 4% Model (40mm/h)
§ 300.0 13 B 3 28 Model (S6mm/h)
£ . = 771.54x-08¢4 y3=433.7x-095%
= »n 4x
§ 250.0 —: R12=0.9653 R22=0.9358
g 2000 - y3 = 350.66x - 09606
# 1500 X Rs2=0.8538
g 1000 |
< 500} x

0 ) 8" —
0 0.15 0.30 0.45 0.60 0.75 0.90 1.05 1.20

Bt fa) Time (h)

B2 REFRTHSHHEHE L RABERILE
Fig.2 Infiltration capabilit of slope tillage under different rainfall intension

3.2 BRHMARWBHNEKAERLRE

BRMNENABSREAE 3, TUER, TIEWRA/D, KRR EABERELN

32mm/h £, FH, B HIREMRT , ERIEWABIE S, RN KT R BRIRRERE—H
TR, A EENELRIE N 56mm/h > 40mm/h > 20mm/h, B F 20mm./h HRBRHER L, X BES
R E] b 40mm/h & 56mm/h B K (2 45 %), #5180 20mm/h TSR 7E T 75 LU X A9 AR A + 3 1% 1l R B o 3 /> F
40mm/h 1 56mm/h TR,
3.3 B S5 BHETN A B

600.0 & EWHIE £k Experiment (20mm/h)
550.0 o  ELPMPIEHH 4k Experiment (40mm/h)
500.0 s LR HLR Experiment (S6mm/h)
450.0 BUALH 5 #i£8 Model (20mm/h)
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A % Infiltation rate (mm/h)

H3 RAEATWETERLELBABERILE
Fig.3 Infiltration capability of fallow under different rainfall intension
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M 2 PRILUE ), BEE T3 8K, S8t ot S5 78 b B0 7= W 1) LA 98 3R A8 8 I IB] R WK R TR i 2B eh iy 722
S BARH K, P B T R A K AR R E TR T, P RER S
%, 73 PRI T , 35 8% X 7= S BF (6] 29 B 28 37 ot 3R BT , 0 35 A8 8 A 38 SR B0 BRI 48 e ot LS B 6

22 WHHE SR T E B R KA B L8
Table 2 Different time of run off between slope tillage and fallow under different rainfall intension

20mm/h 40mm/h 56mm/h
A ltem WHE  BRB e BRS mhe R
Slope tillage fallow Slope tillage fallow Slope tillage fallow
7=t B (8] Runoff time (min) 32.4 41.0 6.4 9.4 4.0 8.2
%8588 MR (E Steady infiltration time (min) 54.0 64.0 29.0 31.0 17.0 20.5
IF 867 3 Bl 3558 B it (9.5 7 Wi B Total runoff amount (ml)  1052.0 315.0 3679.0 2660.0 6138.0 4745.0

ME 4CHEERUBFERE) PR S S L BABERENTHRAGTRE TERBIOAS
PERE, MAEXWRAGH TR -ERTERBPHABEE. BEWBROMK, HREWNRIRBENRY, B8
M AB R SEIE/, EMETRA N ABEREARZ TR E, SB35 A B ¥ B3 BT R
ERAMER MEAREAEREN LRENMABEE, SERBHEL, FHTREGF TESILNBEAS
BB B, BREN I B 60% . RAEBERF T LMW, HERE LW L4 5, %
BKERABEER FHERBEMK, L WERME,

300.0
Bt Slope tillage
20mm/h
—-» - - 40mm/h
—e— 56mm/h
I Fallow

250.0

200.0

150.0

100.0

A% Infiltation rate (mm/h)

50.0

____________________________

0.02 0.18 0.35 0.52 0.68 0.85 1.02 1.18
i} [8] Time (h)

B4 BPHBERRBARNET ABHELE
Fig.4 Infiltration of slope tillage and fallow under different rainfall intension

PAEREA, Bh 5 + B M T LA B (LM ) MR I L B, W 253 — & o
HMERZE, LB T —ERE, LREMERRANNER TR T SN0 E, ABHERES, £
BRI EE f 1R,

3.4 MEHEEEIN

HEBEEC RSN THUEEE. BEBENT 8%, RERE L& SITE B30 A B ERHE
MEAER HRERY TERATHE LEXNERABR, M5, EHE EW& S8 ERALBHETH
4 RIEEESBABRNITEE, HEREMITEA SR RIS B 5 M 85 %5 6 6 P9 58 R R
B UHERATHARNES ERRWEZRKNRE, HEARS.
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Qo - 0

o= ' 2
Ko, K AR RAL R RO R, %, 0, WEFETE, o' ; 0 N HEMTE, v, HELRRL
%3,

I 3 0 2 BT LU % U R B 20 222 TS B 7, L/ P98 L A R R S G o S
B S 0 T 5 AP 1 0 - A7 VB O o 1 T B0 S e ) B S0 AT R

23 MBAEMRBELSH
Table 3 The estimation errors of the measurement

x 100% ' ' 3)

FU3& Rainfall LR E BHRE tHEABR HRERE B2 Eror
intension Actual rainfall Runoff amount Counting infiltration Counting rallnfall (%)
(mm/h) amount(L) (L) amount(L) amount (L)
B Hb Slope tillage 20 3.96 1.052 2.85 3.90 1.44
40 5.91 3.679 2.05 5.73 3.16
56 8.40 6.131 1.97 8.10 3.53
I fallow 20 3.00 0.32 2.66 2.97 1.00
40 6.00 3.141 2.66 5.80 3.40
56 8.40 4.375 3.75 8.13 .3.27
4 HHg

AR FAMBERKS ABERAEE RN RS, R SEPHKDA B RARWE 1T 55 58 15
E S HRBERRKREIREAREEZN T BWKSABHNEIBEHRT THE. NETNABEFREN
R BERE, BUKE, ERERVBHNMRER BN, ERABRRA 2RI, B EEK , X R0 g
BEEE;PKE, BRRABERTAENEE, BIMIBCETI—-FZML, B, WREKBERN T, EXR
HEPRABRRBEERNERFHARKERE, B TERELEIBPBIANAZRTABN EHE, RET
AL THRABHRREIESBEANNE, FHEMRRAARERERLEED ., EARK-AR-
WMAEEMERN LBA BRI HMMREFEAEF R, HERINFITRARENSE, XENS —MLBRYE
47K ,0.5 KB LA R S6mm/h . 40mm/h 20mm/h IR KA, REAFTE4MMARTURZRENZR,
Z R AR/ o 5 Ath BF S LR RO SC K AR b BT SE MM TR IR o

AR LA E KB RO T (11.3%), EBrt SBR AL, SHm LIBABEE /D TR, %
BRI T IRA BHERRTE /DR R M TS TR A B MR, T KFREMF T U — ER T& R
ABHRE. BERBRKEREI LM AR EEBIRE/D, MBRBMABEERARZHRT/AHEE, B
WHEHABHENEFRERIEER, MBRGEAREN T BREMMABKEE, SBRHLMHAL, RME
BAMTHEHHMNBEASERREBETRGABRE, RUMEERTLEEN FEREL MK, %
BIRAZER , SBERBH A, T EFMEME, MEHBEIBRZE, T BT —EKE, LEEHY
BT —EHUE, WA TRRKFHALR, BEERAE, BELEEM. £ MK THE L%
Pr TR, BB SR AT A AR, B ES M AR HT, AR E T AMBREE R, XA UE
—ELEN, BEHEIBHKLREAWEE,
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