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fifl E AR S - HOK > AB I SRR, BIBHEE +
Hege H K RIS KR, AL R HOK A NSRS
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1.1 RIEXEER

RIS T PG 48 0 T 1 st i v B X kAT
(108°34'34" ~109°21'35"E. 34°25'20"~34°41'40"N) ,
RVTKZ) 70 km, FEALTEZT 20 kmeo  H FT 1208 X EBE [ A
259.7 J7 hm?, ARGHEBTIAZ) 8.8 Ji hm?, K ILk
WEX 2 Mk (10D MWK, iZHbIX R 450~350 m,
HuTHI I % 0.003~0.0016. P34 /KE 535 mm, FFK
W28 AT AN A, 7—9 HFEKE HEER KRBT
50%~60%, ‘FZEKE 1212mm At %X - gEsm
¥, HEKEL N 23.5% URER/KE) , 185
HZHNE 1,
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Table 1 Soil physical parameters of Jinghui Canal irrigation area

L IFBOR AR 53 2 . .
e Volume fraction of soil 3 LIRS {:i&
TIREE particle/% s Saturated oy
Soil B DR Sell hydraulic  Soil bulk
thickness/em  Ffg . UM ) (t)l conductivity/  density/
Clay .\L San‘d exture (Cm‘h—l) (g~cm’3)
Silt grain
ST
0~30 239 456 305 g%ﬁ A4k Al
A s
>30~60 214 49.7 289 g%f 2.0 1.50
ST
>60~100 22.8 48.7 28.5 ggjﬁ—: 1.1 1.55

1.2 HEEREZT

IR X TFRZ) 2 hm?, BEHHAS ] (R 1 K2 23591 4 80
120, 235m, BEBEAE 2.3~4.8 m 27, R FHE BARE T
WSCHR[17]e AEDIRIRAR N B FOR-A/ N80 E (A Rk
AR 6—10 H, Z/NEAKEEN 10—6 H) , 4
INFERIHE AR TEA 979, B AFKPPAE SR A AL 2 .

BEE VR I IS 7] Ok 2012 41 10 F —2015 4F 6 H . Hr,
2012 AF3EIK 1k, WK EIACN 11 H 16 H; 2013 4F#EK
5 WEKHIASM AT HI18H. 3 H8H. 6116 H.
8 H 16 H. 10 H 20 H; 2014 F#EK 5 ¥k, #EKH W5
W1 H1IH 4 H2H.6 H16 H. 7 H25H. 11
H 3 H, 2015 %K 2 Wk, #EKHIS M 1 H 14 H.
311 H.

RG29S0 A B T B8 L B, HEOK g
S NI R P P KRR . IR RIS S
VEZKHT S DU 38 R B UK DL 0~30 om IR
1.3 MEAHZX

1) B8 R R Ry 6 g R T ) 9 o ROBEA T
DR E SR, P S0 5 S e K v A v R A5 3

2) BHER LIRS KE 0, M IRAE 9, Wi
BRBEKRT G, ol FRE S Ry 2 3 AN, IR
TR LR AR 6, IR R E I T)
XIHHEZ L1 0~30 em JELEEHCT IF I & LR R
H yg0

3) i E: FEKEFE PRI LS45A BT A
ACAE AR U AT I &, R FH A SR W T T AR AT R
.

4) [HTHKHERE . W IE E A 1 A K VR TR N 2«
VEZKHT, VTR HREZK 7 1n) 43R% 10 m 4 1 /N 2547 H
KAt SR I R, PR b 1 AR,
HEATIEE o R AR s E A R P R TR R v, il
SKOKATEERFERE R 1 /NI ], AR A 7K et
B, RIS IO S mE ALK IR KA G, ABET TR
KRR IR 2 1 /N Ab, Il sk IR I [A]

TR X A, A AR [R RS A7
AT, AT ol ANBSEWFER NI, &
TR0 B A, SRS AR SR g CEP g5
20-1~24-2 1) 10 Heth) 1EARE ok, JEEC 2013
6 H—20154F 6 H 2 a AT 47, 2012 410 H
—2013 4F 6 H (PRI E s AE Ky 50 AE

2.1 WinSRFR4. 1 B /4B

WinSRFR4.1 7Y 5 5 [F] 7K OR 52 56 4 T A R — 4k i
THEBE TR Y, 2 SR AR TR BE VP A BT B N
AR LELPE T AES 1), WinSRFRA.1 B /H 0045 4
G3: 1) FUFH S FH R AR IG A0 ORmEdE, iR
B R LEABSE. IR RECL K
JUR BT Z55 VPN IO RERE 73 T VP AT AR Cevent analysis) ;
2) FIH 3K NB S UL SREBEAR B0 i R 1E
JE Ui 7 B BEAT SR 1 K I BB B Chydraulic
simulation) ; 3) X HPJUTSEFATIAL B, HA
AR RE K TR I REME RGBT AR (physical design) s
4) I TEE e YGRS, AT AU E AN N TR R pLAL
M IE B4 e KO 1 R HE RIS AT 8 BB Coperations
analysis)

ARSCKH WinSRFR4.1 FEHS o (R g 231 PP AL B
AT HEABSHIIAL R . 2 REAE T 2 Rk
Tt 1) MR AKESPAT IR B, S K g A A IR
B NiB S H T K (Merriam-Keller post-irrigation
volume balance analysis) ; 2) >R FH AT vk, BIANAR
MRPEVRBER DT IR 2 ML (R 7Kt S B s 3047 +
BN 2 B4 51 ( Elliot-Walker two-point method
analysis) o T W RERBITEROR, PIA SRS 1
B0 HIEANB S HOAT AR, AR b 1
BOKFIB IR R, e AR,

2.2 TENESEHBIMNKE

KHIEAB SR HE BN RA BB [=K"
KA, I ¢ BRI 1 ¢ R R B B
i, mm; K NERANBREG o AERRNBTE. 1%
TR 48 T 5 S NiB il R 5 B B, AR atia
B NIFESPNT Zi Rtk T EVONEEWNT Sun N 4 YN 2
TSR R WinSRFR4.1 H7 (1 FH [A]3E ZK Tk 56 20 A A
ISURTRY RIS AR

5, I B AT PR 25 AR R AL
B J0.5 .h1.67

b
b n AHIMZGREREEREG J AHREE, m/m; h A
HETTALZKER, ms g b H SR SE i, L (sm).

SRJE, AR P R] S0 /K S A dE . IR BORE SR G
S Al HTA) B, A E K KBS o A BE b )
Merriam-Keller VAT e SEAEALL, B 2 AL 11 FH 1D ZK 7 4
TEFNIH R ok A5 5 S B e ik BB Wy SRR, BB
5 SEMERLG BER G, NI AN I NE R 5 K FIAN
B a.

N TAE WinSRFR4.1 BIARUEHU I NIZ S NS TR
EUAE BE % 5 0 AL S R FE [R) SE B o, 7 2R By
AREARL IR LA K FH TR) S0 0 7K e #E 0E A 7K v AR 2 10647 40
BRI, A SCAE X AR (1 i R A — At 2
MR ZEFPEEIED AT SEA, it i A0 DLk
BERLGE R S S 5 R B 22 5, A — s 22 B S5 /N I

(D

n
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Fr A3 28 R L R NB R BB AR Ny s 2 AL 25
o B R R 72 (root mean square error,
RMSE) Flgesr R H0 R R VE B [ AL R

3 HR5HHN

3.1 HMEBTIERERREAKRENTL

Kl 142013 4 6 J1—2015 4F 6 & /NE-H Tk
VEARZ AN [FIE 7K B 359 LA R 8 W 17 S N0 R P AE )25 1 438
P N IR S KR AR . BT AR B 4
FUBR 2 7T s, R A U R SRR
Fh Tl e ik, AT — 52 FE BB R T A I K o NS
PERE:  HHA) 380 B R AR R B TR X YA
TG ABRE AT, 7 — 2 P Biem T A 13
KA NBTEBE

T 145
:.;n 1.40 {,@,gac\o 24
< 135 %922
5130 mSE
&'z 125 1 3.2 20
i ) £33
3120 EEZI18
Hx 115 oy e
3 1.10 HEZ 16
= 1.05 """""" H=2 7 T S S A S S S
& : R OL RAY O S

A A A RN
DEOLH AN NN RO A AN e
SHSEIPDRPR AR DR
H #¥iDate H #iDate
a. THAE b, HHEA A%

a. Soil bulk density b. Soil moisture

B 1 A &-E BRI R T AR M8 & 0~30 cm
EREERRZF LK ELRAA
Fig.1 Changes of soil bulk density and water content in different
periods of 0-30 cm soil depth of winter wheat-summer maize
rotation system

TR APy L A R, X AR A
IR AN, G B /N 22 M K B Y S5 R SEAE A, PR
TR BE S, R R, BHEZR L IEAER
Ko HE 1la FEH, SEHHH (201346 H 15 H) £XK
PHER BIA TS 135 gem®, TR S KEL N
17%, A T ORI TR IER T3, 2013 426 H 16 HIHT
TAECKEE 1 KB . Ut E IR, FORMEER R
K, REBGEHRTLZE, M 3K 3 2
JefE T R LU R A DK #U e kAT, BHERE
TR A R RS e, REANA K. Z G X&)l
RBER IR SR, DRI 205 2 IREERT (2013 4 8 H
15 FD , WHER BHEREINE 1.38 glem’, THHEFRES
IKEL N 16.9%. 2013 4F 10 YR KWE)G, dF5qT
TARSFRAE UL R R A A 2 A i, A4S N 2 i I
VEE IR B RIBER, DR . BI/NEH 1 K
WEZKHT (2013 4F 10 H 17 HD #HEE LA EIA R 5/
fH 4 1.15 glem®. 2013 45 10 H 20 HHH T T /NS 1 WK
K, BRI IR KK, MR R R B A R K
BetliIn . NERHMEE TR L, WK S (2013 4R
10 A 28 H) THEAEWINE 1.29 g/em®. HBH 5521
JUIR B R R H R I R SEAE T, BHPE 2 T SRR K,
FIAWERT (2014 45 1 H 8 H) k%) 1.35 g/em®, I 115
TS KE N 19%0 A T HRIEA/INEZ BEWS R4, 2014

1A, RANEAT T 2 DK, #EKI
TR RGN, B S /N M AR R W A, AR
EER R HERELZBEHTHRL, Nz /NEZRE G
RAREKE D, A PHEE T IRA E R Z 5 i
X B /N MK o T FE 2 B ARE AR5 0 32, ELPER W
b, WERRAMEERRENT L2, gilghiie, #
53 IKHEK (2014 4E 4 31 HD By, BHERLIERTR
1.32 glem®s Z G Z3k T —BOK I TR FR SR, Bk
2R RSV E B A, NSRS (2014 4E 6 J
2 ) R ERINE 1.38 g/em®, 2014 4F 6 YA NE
WEk. 2014 4F 6 F—2015 4F 6 AT T4 2 443485, +
BB 5 1 AL, RERI DTS,
FTHEXKGEIARW AEK, BWERLAL, 2R KEGE
B, TIESKRER, &/NERM TERPHEMER, I
WA 2 TR ERHT 1 AR AT R
3.2 TEENESEBIMMKEER
3.2.1 AR &g

AN TR FE K IS 30 FE TR B J2 1 33 25 o B B35 KR 1)
ANF ST AFER AN SR 2R, EW
I FE b TR K AR E B K v IB Rl R b, nf R P s 1
TR I R P K AR R v IR Sk R B e AN R K 1
NGBS EA 0 BT AR AR, 30 3 B FUA R SE 7K B
WIHINBSHER AR, W N AR IRE K E
RSHEACTA TS . D5k 20-1 (BEKR 120 m,
BE S8 A 3 m, ZhA 3 A 0.0036 m/m) Y FHER Ky 63847+
BNBSHE M RACRRIUE, W 2 iR,

— KA HEB AL Simulated advance - - 7KL B AU Simulated recession
& JKIHERESM{E Observed advance  * JKJiiH 1B SMI{E{Observed recession
40
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Fig.2 Comparisons of observed and simulated values of water
flow advance and recession in different irrigation date of field 20-1
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SN T WinSRFR BFLEAR LA B S MR A A A 95

BSEA SRR R BT S LA R R .
B2 Jedk 2 WTLLA M, i AN AR RE LR ROK T
FEREWLINS , KU IR BRI G R 22, Yo REUD,
HBEM SR DA HEIN Y], AN AT, AR,
R R AT IR BAR B L P A AE B IR 2E, K
KIS FEKHEBRIN i T 2 5 0 0 /N SR AT, s
B KU AR I 52 28— e S, [ I LI 81 £ 2K AT R 2
e A EMR 2. BRI S, ZBEH 4 KT
JKUTHERE L5 7 3R dfs PR READLE 5 S EL ) 5 R AL

G R, BHATRE I —3E, ¥l WinSRFR4.1 #i7Y
e T 1y b Sz e 1 e T W VB KRS Bk B, AR BRI
NBSHAEE A B 5. R 5 10 HoAth TH B AN [)
HEKI AN B S HUEATIIA U, el gh R R IK
DA RS 5 SEAE 38 5 AR R ZE AR FEAE 0.15~2.1 min
ZAA], 7KL IR AU 5 S I AF 34 5 AR R 2= AR REAE
2.5~7.8 min Z[A], Yo REIILE 0.7 UL, XEFDRE
2G0SIRI ] SGA Al SRFR HEAT A S s B AL 15 H 1 45 SRk
Bl ABFFAAL G A Ay ] 5

&2 20-1 EEFRREEKBHREUMRL TIBEANSSHERUSERE

Table 2 Optimization of soil infiltration parameters and goodness of fit tests of different irrigation date

N K KR
ok 0 ffi ; r/a;ion NiBFaH CEATRE R R Water advance Water recession
Irrigation /da te coofficient Infiltration index Roughness 5 MR 7= e ZEL BT MRAR 22 e ZEL
K/(mm-h™) 4 coefficient n Root mean square Coefficient of Root mean square  Coefficient of
error/min determination error/min determination
2013-10-20 199.4 0.61 0.07 0.49 0.95 3.38 0.81
2014-01-11 126.1 0.57 0.11 0.19 0.98 4.26 0.87
2014-04-01 180.4 0.45 0.2 0.78 0.94 6.43 0.7
2014-06-16 175 0.47 0.1 1.79 0.90 5.65 0.73

3.2.2 MEAVEE

I 2012 4F 10 H—2013 4F 6 H A&/ 3 IRHEK I 32
BHAR ST AT S AE B IRB0 R BT 45 A E 2 1+
HEARTE yyn JUEFSKEK 0,, WY LA 5 ARk
TIRAN B SHAE AR AR T 5 K K a, ¥ K
Kea VE R B 4At:, FIF] WinSRER R AFARAE, H b T /K 37
HEE R IR IR, R S 1 2K I 1 R v R R A
FUBCHE HEAT X EE AT, NI E R 56 [ Y A 2 () 4 BE M E
AT R FVIAIE . LAZR5 A 20-1 (190 FH A 49 064 T 0 36 1] )1 A
AL

— KA A Simulated advance
& JKIEHERE S Observed advance

- - JKULTH B S A Simulated recession
* 7KV IE SLM{E Observed recession
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. 1
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Fig.3 Verification between simulated and measured values of water
flow advance and recession in different irrigation periods for field 20-1

3 4T 20-1 (RO FHAEAS [RIREZK I /K i
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A N B a4t AT WinSRFR #4454} 2012 4F 11 H
16 H X 2013 4£ 3 3 8 H 2 YRHEK BT R0 7K It 41 12E A
T IR IR 5 SEE B AT B4, 2 WROK TR AR R i iR
RMSE {7 Wik #] 7 0.61. 1.26 1 1.27. 2.37 min, R>
2y 53E 3 T 0.94. 0.81 F10.92. 0.78, VWA AT L&
N AR I NS AL B 2 H0 A 1 48 56 ] A g R A
HHM, R HAEEEANBSEE. 2013 4F 1 H
18 H—kflA8e 2, KmHEdt J iR RMSE {H4 2.37
1 8.72 min, R*MEZ5IM 0.80 Fl 0.21. iZIKFLLL5E R
B, ATRERY R IR BRI A 1 EREE R, i
PR & TIOR3 NS R /N TR VR 45 1Koy N3
KA 2014 4ER 2015 FEAHERS, HHIERAT A A% T
2, L& 2256 7 R I 9T A 2% I8 R LR IS
R PRI, 955 25 B L RN OB R 1) R i ik
T HE— T .
3.3 NESHRESHEBLERENMRE A KEM
EKEN
3.3.1 ANHEAEK

h T A3 TN T E K 3 4 N 95 2 B 1 AR
A, VREL T AR SRR NI 20-1~24-2 () 10 B HHEAT
IINT o A T 488 g LU b L A 0% XA () 9 7K I 30 -
BSR4 R, T iR R RS
IR 2 UM (R A o0 A PR o T 4 kg i DX IAN [ K I 34
AN R b e BT AR A 16 25 W In B R N BT 240 K o
R A KL 4 7T LR AR K N3
ZHK PNBIRE o (522 F MRS, T8k
Fil 2 JIAE 95.0~210.0 mm/h 1 0.42~0.67 i} . P,
XM NE 2 508 (1) 2K HHE 2 L DL AL
S K R AT AN R E K S ) N3 S HUE
R 53 T o
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Fig.4 Box-plot of soil infiltration parameters in different
irrigation period in Jinghui Canal irrigation area

R3 ANESUELERE. RE

T NS S BT € b T RE I B R S B b B
A, e 1 ASBEE A, AN K T, B
JE LRy, RESKE 0, BUEFBK, NI
SECEEN SRR ZE AR, XA A FREK
S0 b 17 9 R B AR B DAL A R TARCK AN . i A
BRI LN REN W, RAERIXENRY
TIENB SR Z W BB R, HIATA LUK
E RS S VA €L R W R Sl SR (B [E S N
WANBE G 2 ZHH K. o 5 HREE y,. B
IKE O, MR I, SR SR = 0~
30 em RIEERE pa BTG KE 6, SRR T
N5 AT Y 2 HO{E A SR REAT AR e R ) 3
s IFRS A D R A BEAT T AR o [T o B
JrRERL 56 45 R MR 3.

HiE 3 WTLAEH, BHTINEIS IR BE S, 2 2
B S B R A H R B 5 /KR (R [l VAU A L
HP & MR E R? 4y i8] T 0.8 & 0.7 LLE, RiZHH
PR R, TGRS . TIRABHRF 2 B8
H K o 5 TRE y, BUHEEKE 6, 1R R Lok
KNI B 2 B B T, BUPEE R AL
B KR R AR 20 2 B AR R NS R
2 ZHUE AL 500, UL LRI TORE B 2 3
iR KA 5 NS S B ) 25 ]
TREHM.

BKREZ BBV IE KRR EVAREHEE

Table 3 Regression equation of soil infiltration parameters with soil bulk density and soil mass water content and partial regression
coefficient correction

ZH EIYEprgis RIE R i ] = i 18 P1H
Parameters Regression equation Adjusted R Partial regression coefficient t value P value
a=—138.8 —6.944%* 0.001
NBFRH _ _ _ 5 746%
Infiltration coefficient K K=-138.8Iny,~422.091n6,,—536.5 b=—422.09 2.746 0.02
=-536.5 —4.937%* 0.002
a=—0.873 —3.527* 0.01
By
7\(?’5}5?& 0a=—0.8731Iny,+0.7411n6,,+2.074 b=0.74 3.920%* 0.006
Infiltration index «
¢=2.074 6.137%* 0.00

e RIR 0.01 AP B, *3R0K 0.05 AKCF ERH; 9, M 6, TR TR TR 5K,
Note: ** and * are significant at 0.01 and 0.05 levels; y, and 6,, are soil bulk density and mass fraction of soil moisture.

& 3 PR RARC R T LLE Y, BEE LR E 9,
MR, TIERANBSH K HBWD, o BB, X
52 g SO0 S A5 U S AR N IBVERIT ST I 5 A —
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Yearly variation of soil infiltration parameters in irrigated field based on
WinSRFR4.1

Cai Huanjie, Xu Jiatun, Wang Jian, Chen Xinming, Zhu Dajiong, Xie Fei
(1. Key Laboratory of Agricultural Soil and Water Engineering of Northwest A&F University, Yangling 712100, China;
2. Institute of Water-saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling 712100, China;
3. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: Soil infiltration parameters, which contain infiltration coefficient and infiltration index, determine the conversion
velocity and distribution from irrigation water to soil water. Thus, they affect the irrigation effect and quality of ground
irrigation and are of characteristic of time variations in summer maize-winter wheat rotation system, which may lead to
different irrigation quality in different irrigation times. In order to reveal changes of soil infiltration parameters with time, this
study obtained a series of infiltration coefficients and infiltration indexes of soil Kostiakov infiltration equation in different
irrigation times based on field experimental data. The border irrigation experiment was conducted in 2012-2015 under summer
maize-winter wheat rotation system at the Jinghui Canal irrigation area of Guanzhong Plain in Shaanxi Province. WinSRFR4.1,
an integrated software for analyzing surface irrigation system, was used to estimate a field-averaged infiltration function from
the field measured geometry in order to optimize the soil Kostiakov infiltration parameters. Manning function was to estimate
the field synthetic roughness coefficient in different irrigation times, and then the Merriam-Keller post-irrigation volume
balance analysis of WinSRFR4.1 model based on the advance-recession data was applied to simulate the process of field
irrigation. Goodness of fit between simulated and measured values was evaluated by the root-mean-square error (RMSE) of
advance-recession time and determination coefficient R”. The results showed that the root mean square error of the simulated
water flow and the water flow regression processes were between 0.15-2.1 and 2.5-7.8 min, respectively. The coefficients of
determination were more than 0.7. There were a wide variety of factors affecting soil infiltration parameters, such as soil bulk
density, soil water content, organic matter, soil texture. Soil surface bulk density and water content changed with tillage,
irrigation, and raining, which would affect soil infiltration parameters. Based on that, we took the soil surface bulk density, and
soil water content as the main factors. According to the dominant factors affecting soil infiltration with the optimal soil
infiltration parameters values, we had established the quantitative relationships between the infiltration parameters of
Kostiakov infiltration equations and main factors, analyzed the yearly variations of soil infiltration parameters. The results
indicated that the soil infiltration parameters changed significantly in the different irrigation periods with 95.0-210.0 mm/h and
0.42-0.67, respectively. And the relationship among the two infiltration parameters and soil moisture content, and soil surface
bulk density conformed to logarithm function law, which adjusted R* was 0.846 and 0.741, respectively. According to these, we
had built up the experimental regression equations to estimate the soil infiltration parameters of different irrigation period with
soil surface bulk density and water content. These results have theoretical value for ascertaining irrigation technique
parameters and have practical value for water management with irrigation.

Keywords: infiltration; models; soil moisture; summer maize-winter wheat rotation system; synthetic roughness coefficient
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