5 34 B4 4 FE MR R LR Vol.34 No.4
2016 4F 07 Agricultural Research in the Arid Areas Jul. 2016

X E S :1000-7601(2016)04-0006-06 doi: 10.7606/] . issn. 1000-7601.2016.04.02

R EIE I bt T NS R B B 5

(PHEARMBHER Y TR K+ TR AR KR, BT F2k 712100)

& E: oy THRE R BT IR A Ak 3 A L ROIE T R M B B, AT A R R R R R AT R
BAR REREFEEMIIERG N FERHELSET LEAK BB, LT LEKPZHER,F A HY-
DRUS - 3D {7 [l 38 i b T LB NS AR VAT KA, B rd A &b 11 DU & ey 4 R 5 2 4 R
ATT XM, 4% tH A 25 S B A UL A L 2 A K 2R B A AR 22 30 T 10% , S 5 A B8 S b e A XER £
4.75% ~11.78% . F| | fr AL A 3 A R I 5 T iR R 2 B AT T DL, R AE T I8 A & b A 9 3k o
EXEHHATEEHLNEHESR MIXITERELNEELEHEEHERNE R A; B LR EMBEH, &R E
oA BEANFHAKERA, HEKR(EAKE>0.410 e’ em™>) 3 42 R k5 % I8 b A8 B B, 08 3 4K
NEKEET 0.410 e’ em 30738 I BRI AT L.

KGR W R NB A BIE A AR AN

RESES: 275.6  XEIFRER: A

Simulation of soil infiltration characteristics under
different wetted soil percentage

WANG Ping, HU Xiao-tao, WANG Wen-e
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas ,
Ministry of Education, Northwest A & F University , Yangling , Shaanxi 712100, China)

Abstract: Designed wetted percentage and dripper discharge are two important parameters in the design of drip irri-
gation system, affecting the size of wetted body and growth status of plant. With the aim of elucidating the influence of
dripper discharge and thereby designing wetted percentage according to soil moisture migration and wetting soil character-
istic, this paper based on the theory of unsaturated dynamics and the characteristics of soil moisture transfer under drip ir-
rigation, and established a model of soil water movement, HYDRUS — 3D software, to solve the soil infiltration model un-
der different wetted soil percentage. The contrast of measured and simulated values showed that at the end of irrigation,
the relative error between simulated and measured values of each observation point were less than 10% , and those for
wetted soil percentage were 4.75% ~ 11.78% . By simulating the wetted soil moisture migration under different condition
using the established model, we obtained the rule of wetting body characteristics. Dripper discharge mainly affected the
migration distance in horizontal direction, design wetted soil percentage had a greater influence on vertical direction.
When the dipper discharge is the same, the larger the design wetted soil percentage, the greater the average moisture
content in wetted body and the bigger radius of high water zone (water content > 0.410 cm®+cm™3). When the design
wetted percentage was the same, the radius of high water cut in wetted body increased as the dripper discharge increased.

Keywords: drip irrigation; wetted percentage; infiltration characteristics; soil water content; numerical simulation
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Table 3 Effects of dripper discharge and designed wetting
ratio on width-depth ratio of wetted body
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50 1.029 1.017 0.971 0.963
60 1.034 1.018 0.992 0.983
70 1.054 1.041 0.995 0.991
80 1.077 1.068 1.031 1.021

3.2 IR L8k S S RE RN

TV B 18 35 IR0 T (A RICR AT AR G
Wi, P S5 ONBE K EE RN 4.1 Lo~ Vi Sk B AR 3%
THZIE HH 0 3K 0 A g 0. B ] RLAR
th, ANB T BRI AR S X 14 #6IEDE | i
T L3, B 7K Fi e BEE 2528 K, 1
T AT A AR N AR K

BV Eb S, T AR P e 1 K X (7K >
0.410 cm’® » em ™) A2t B, 491 4N 1B TR o
40% I, B S K IX R E 2420 13 om, 17 24 53R IE
Lo 80% B, 5 B 7K X R JZ A2 IAF 16 em; TR
I LU TS R, Y A P 7 38 5 KR AR TR 3
K, 43 R 0.251.,0. 256, 0. 262, 0. 268, 0. 272
em® - em ™3 XA TR A TR HL B OK, BOARFE K &
AR AR ARt S AH R 3G K, S BRI AR N A
KIS ARAAR A /N, I, X 2 K SR TG R R B R

I 0T, 38 2 s/ N T R I HL , o] AR 305 7K AL
e ST E W1 7 s A AT [ N S R R R S A Y
3.3 EkRENLTEASSHIEME

T S T S A Y AR 1 SR/ T AR - 3K 4y
O A AN SRR s xR AR K A T
6 AT K 45 B T EL S 609% AN [ iR Sk 3 A
VR P B AR ARG B, B ORI AR 1/4
T

Hr I 6 w] LA H i =k I B A RS S A
W7k S T B 1 KA /IR S 3. AT Sk T 40 )
K22 Leh 'R 4.1 Lohm UL Sk E R 2.2
L-h™ "M S2BRIgE o 53.87% , iRk il 4.1
Lo h™ VI S BRI R 57, 45% , 36K g BE AR
6.65% ; MR PR PN 1R 25 7K X 36 J2 2 42 B i Sk T i 4
RN A T S T S S VA A, i A PN 7K 3
F0.410 em’ - em P AR IE AR 5300 0 11.13.15.16
em, 12 P A BETT T LA TR] B 37 Sk 9 R Ak,
KBS [, b B 3 TR /K TE I ) R 38 T BT
K DX 3 B 2578 K, Y T A R A s 5 K X A 3 R
ARG A 5 pR T T AR /)N B Sk S 4 KT
R, B AR S R EL AR TR 50T i Sk 00 2 rry 34
PRI EE ZANITA LN SR S i SN T S I i
P K L S AT, Y (R P ) 7% KR TE 1 R A
AR TR .

4 4 e

AR SCAR SR AR AR R K 3l 77 2% 30 R e R
TR T EHOK 2 B ARAE , 4% B0 A5 (e i
TN T BRI SRR R K Ay a8 B
A 3 FHRDAL HYDRUS — 3D B0E R 34T T 8%
ESR A o @t X 3 AT b 2 Al ST
THTE 130K 43 B R 8] 228 Ak R P R ADL B 5 S (B
ATXF L AT

1) FEKGE AT, W S AR 55 S 5 7K e 1
AT R ZZIIFE 10% LA 5 S0 5 A FUE 1 B 1 4 X
PREASME R 4.75% ~ 11.78% , MK F A LS FLaf L)
ARG AR R S 25 S, 2% By A 78 AT %o 5 B
AB R BIT

2) Sk X R A KT 38 RS I B A R T
R BETHE I b = B 5 e Y T 4 A T B W s
PE B s AH IR SR A (4 Leh DI, B 0 ok,
AL NS B B ) ¥ iy N E RT3 1Y I NS =iy P Gy
TR >0.410 cm®+om ™) P AR K5 BT FLAH
] (60% ) , i Sk 37 B0 AN [ s, Y2 T A A /DN i 7 Sk ¥



54 FOPEE ORI LT R A B R R AR Y 11
x/cm

(a) P=40%

(d) P=70%

5 RIHEE X TRk S S HEIRIE

(b) P=50%

(¢) P=60%

30 L K # (cm® « cm”)

Fig.5 Effects of designed wetting ratio on soil water distribution

(a) 0=22L+h’ (b) O=3L +h"

(¢) O=4.1L +h’

Soil moisture
-
I
0.410
0.375
0.340
0.306
. 0.271
0.236
0.201
0.166
A E
0.096
(e) P=80%
x/cm x/cm
0 10 20 30 hBEEEHAKE
/(em® * cm™)
Soil moisture
mm 0.480
mmm 0.445
mmm 0410
0.375
0306
= 0271
02
0166
40 0.131
0.096

(d) O=5L +h"

B o6 iEkimERT LKL RN (L)

Fig.6 Effects of dripper discharge on soil water distribution (simulation)

SHKAS /IR ST, S A K 3 5 T 0,410
e’ = em ™ PP AR B Sk U H A 1 R T R (U
SVt e 1 BT 22 B AR R A P 1 K

STprda T REBENS , BAS SRR X At O, &
P PR Sk U i A BRI L, (K AN T i
TGS R AN IR B T , B AN HE 2% 1F R B AE |
B 2 VTR, R AR AR BT 18] A TE 0 ~
30 em )=, 7EK - J7 [ S AR RE R AL 1) 7 ) 22
TR/ 8RR /N B BT BG AR A4 K
T, B R Z B T , AT LUS BIAR G R
BOR

2 % X #k:

(1] kIR, ZEMA, SRR, 55 7 0 0 i 5 ) ] 3% 119 52 3
W5 [)]. Al TAR =, 2002, 18(2) : 17-20.

(2] Z=5E P, AR/ VI, A5 3 Sk UL et R K X o 4K
GBI LT] . KRR, 2012, (2) 1 13-15.

[3] Cote CM, Bristow K L, Charlesworth P B, et al. Analysis of soil wet-
ting and solute transport in subsurface trickle irrigation[ J]. Trrigation
Science, 2003,22(3/4) :143-156.

[4] A. A. Siyal, T. H. Skaggs. Measured and simulated soil wetting pat-
terns under porous clay pipe sub-surface irrigation [ J]. Agricultural
water Management, 2008,96(6) :893-904.

[5] ik Ak, R¥EHR, RAESF . 2 RS T TR s R
BEBURIGRTIE )] HEEHLIR LA 4R ,2012,30(2) :237-243.

(FHZ1TR)



55 4 1 S RS e b P L 8 2 e A QRS T 2 @ w031 17
2010,31(4) :90-95. [16] # .2 %, 5k4bher, 55 8 s R IE R LT R4

6] MBI, w\ WS, ESIRAL, A5 N & g i il 2 7 A7 8 4275 FHIE ()] Al T4z ,2012,28(15) : 72-79.
SRR AR TR R0 A2 0 52 0w [ 9] . R 27 34 Jig , 2008, (17] 5k SCPRA RT3 e A v A DI T = 2R el 4 4K
23(4):382-389. SIRHESIHTL] . 3, 2011,43(2) :293-298.

[7] Tianming Huang, Zhonghe Pang. Groundwater recharge and dynamics (18] ST, XUSCIK . 3 45 X A 497K 4343 A RRAE B AR ] 4 i
in northern China: implications for sustainable utilization of groundwa- R =2 vz [T Al TR 244K ,2011,27(9) : 203-207 .
ter[ J]. Proceedings of the Fourteenth International Symposium on Wa- [19]  FKAR, B8 3, THnas , 55 3 RV BB 4 by 1+ 37K
ter-Rock Interaction, Wri 14, 2013,7:369-372. Iy SASWEFELT]. Bl o, 2008, 53 (4 1) 2) :89-95.

[8]  Changbin Li, Jiaguo Qi, Shuaibing Wang, et al. A Holistic system [20] 8Kk By, XISk . g R B R A3 A K iR X bR 7K K Az
approach to understanding underground water dynamics in the loess TS ARERE [ T] . 7K £ AR F53F5T ,2010,17(3) : 22-27.
tableland: a case study of the dongzhi loess tableland in northwest Chi- [21] Liping Cheng, Wenzhao Liu, Zhi Li, et al. Study of Soil water
nalJ]. Water Resources Management, 2014,28(10):2937-2951 . movement and groundwater recharge for the Loess Tableland using en-

[9] Gutierrez-Lopez J, Asbjomsen H, Helmers M, et al. Regulation of soil vironmental tracers| J] . Transactions of the Asabe, 2014,57(1):23-
moisture dynamics in agricultural fields using strips of native prairie 30.
vegetation[ J]. Geoderma, 2014,226:238-249. [22] gkater, 2 FE, F£5%E, % EICREERE R R)E

[10] Huihui Feng, Yuanbo Liu. Trajectory based detection of forest- JEK ARO[ T] . A= 25244 , 2011, 31(13) : 3767-3777.

change impacts on surface soil moisture at a basin scale [ Poyang (23]  EEZE,XIEMR, 5. 2+ EB XN bR =00+
Lake Basin, China][J]. Journal of Hydrology, 2014,514:337-346. B KRB (1] 40k TR, 2009,25(2) :31-35.
(1] Be)f . LHOKBIRAER A S —K s e i/ R S [24] FEIEF,FEEIE, JbER, % PG L v )0 AR B 3K O3 o)
Jri ()] HbERARE P 2, 2008,23(7) :682-684. SFHAEL)] Mol R, 2013,49(7) :16-25.
[12]  JESRK WP 3207 Ml i Jo A A T B o SRR AL LT ] Il P 2R [25] #  Z EATE, BRI 3 + BRI AES R G HHIRZEK
H,2015, (1) :30-31. SHEFES R AEASIRETAE [ 1] Al TR 2441, 2004, 20(1) :
[13] Lei Yang, Wei Wei, Liding Chen, et al. Response of deep soil mois- 61-64.
ture to land use and afforestation in the semi-arid Loess Plateau, Chi- [26] ZEiL.BEAfEmr=mr=g i shEm T [ 7], £3E2ER,
nalJ]. Journal of Hydrology, 2012,475:111-122. 2001,38(3):353-356.
[14] RSP, X300, 2 3& 8 RIRXORRE A 77 R iR2 (271 gl o 4 X K R BRARRAE B X Bl b K 23406 B4 1 52
L ORI AAAFAELT] . AR5, 2014, 34(8) : 1975-1983. mi[J]. A4, 1983,3(2) :91-101.
(15] £ 8x300k,2 & EHIRX 10 m RE| T - 5093 v 5 (28] ZEF 1l B b AR AR O i MoK IR B i 52 (7. A
WFFE0)]. d32 40, 2008,45(3) :550-554. SRYEIRAAR 2001, 16(5) :427-432.

(L% 11 1)

(6] B Hf, 2% R4 RS TAB LHOK T IB S BT [13] 5K bk, REHF, JEDRL . 2 R IR 5 10 T LK Z 3
(3] TR AR, 2012, (21) :7-10,15. UL T] A TAEZ4R ,2010,26(9) :40-45.

(7] 1 3k, SO KO SL . Ol CARE R SE R [M] . AL mT . KA (14]  ZE/E SREH, DRl . TV bt AT THE TR 1) /K A8 RS B B A
J1 R4, 1988:96-100. FBARBT AR LI] KA 2440, 2005,36(8) : 932-938.

[8] Keller J, Karmeli D. Trickle irrigation design parameters[] 1. Trans- [15] Liping Pang, Murray E Close, James P.C Watt, et al. Simulation of
action of the ASAE, 1974,17(4) :678-684. picloram, atrazine, and simazine leaching through two New Zealand

(9] EIEE, APMEIR , SoGHE . IR L n A BRI O vk N A soils and into ground water using HYDRUS — 2D[J]. Journal of Con-
[T]. Al T A4, 1992,8(1) :23-34. taminant Hydrology, 2000,44(1) :19-46.

(10]  TEAER RN LL AT T[] KR4, 1994, (1) : 1-9. [16] Prit Pal Singh Lubana, N.K. Narda. Soil water dynamics model for

(1] 2958, E i ARAEHT, 55 T R Lo B R R ) A5 AR trickle irrigated tomatoes[ J]. Agricultural Water Management, 1998,

KRR )] T R K AR AT, 2011,29(1) - 7-13. 37(2):145-161.
[12] 2ok, MR IR , S ke, 45 . b3 SO VRl A - 387K 20 1 4 (17]  ZEWLE BREADE. , PNAEFHE . o DAL 300 W Sk U it 5 TV 1 O R

AL T] . KR 2248, 1996,27(11) :47-56.

G174l TARZE4R ,2006,22(4) :32-35.



