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Modelling soil water flow in plastic-mulched ridges in humid areas using HYDRUS

Teruhito MIYAMOTO!, Yukiyoshi IWATA! and Koji KAMEYAMA!

Abstract: Dryland crops are planted in plastic-mulched
ridges to suppress weed growth and support early plant
emergence because of increased soil temperatures in the
ridges. However, effects of plastic-mulched ridges on soil
water dynamics in humid areas have not yet well inves-
tigated. This study aimed to evaluate soil water flow in
a field covered with plastic mulch using the HYDRUS
(2D/3D) model. Observed soil water contents in an egg-
plant (Solanum melongena L.) filed with plastic-mulched
ridges in the summer of 2012 were validated with the wa-
ter flow model. Boundary conditions and two parameters
of the root water extraction model were investigated for
several simulation scenarios. A reasonably good agree-
ment between the model-predicted and observed soil wa-
ter contents in plastic-mulched ridges was found. Simu-
lation results revealed the water flows in plastic-mulched
ridges during rainfalls. Soil water contents were higher in
ridges without mulch than in ridges with mulch. Moreover,
soil water contents fluctuate greater in bare ridges than in
mulch covered ridges. We concluded plastic mulch at the
soil surface could moderate the water content increase in
the soil profile during the rainfall in the humid area.

Key Words : mulch, soil water, irrigation, HYDRUS
(2D/3D), humid areas
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528 (BI5,2000) 7 1V LYETIZH DAREE~
DRERRIC X 2 KRR D J7 [0 D 7K 55 D B fid oy
WZIRAFT 5 Z ENBRICHRE SN TWD (B/)115, 2000; %
dEL 2014) . F 72, AT T 4 LV AZBRT BT RE
AL OBERRENAE T, O TEKSBEMT 52 &
HE G TWD (B8R, 1998; K, 2009). T i b OfER
1L~ VT HEE N O LHOKSENREICI, W& MO T O
THAKGEEPHAICEBEL TSI EE2RLTND.
DI, < VFHFEET TOLHOKSEREIZIX 2 RITHY
TRIRET LB L 72 5.

EH, K-EEBHNA TR 7T AREHFINTET
WS, ZOXRPAT v T AR U BUERITIX
BHEZRHIE RO 2 BRGSO RIS TE D720, it
DK - FEEEERIZ B &N T&E T3 (Nakamura et
al., 2004; Bastiaanssen et al., 2007; Subbaiah, 2013). %
DORFEW YL 7 1 25 5d—>78 HYDRUS (2D/3D)
THY, HFRFEPES AR, MR X D 2 oo
7K - EEhREMIATICZ < i S C& 7= (Abbasiet al.,
2004; Girdenis et al., 2005; El-Nesr et al., 2014). #iTF T
I+, HYDRUS (2D/3D) i1 & L CHlfttilk %4 & L
T THE T TOK - IWEBIEMAITICLIGH S s
Tw2% (Wangetal.,2014; Lietal., 2015). L2>L, 1@i¥
HUIEIZ 1 2 < VTG T ToK - iEBRE O FIX
72 < (Ruidisch et al., 2013), JEE#kicB T 5~ F
WROMEIZOWVWTIER LT b O b7, 5%, bR
[ O JHHIEEEE N b BT 2 05 LT BT, &
RO EERROBBIIERELHETH 5.

T, ABETIE, BEAS (2013) 12X 0 v T HdE
T S Ky EEY S & 1Z, HYDRUS (2D/3D)
ZRWT VTR T o LK SEIEZ T L, 1EiEH
BB TN THBONREBERT L2 HME
L7, $EMHTCHA WD 2 TOHESRM 2 FHRNRET
L2 EMEELWED, BEREMCROWAKIZE D 58T
A =R EBZIHEETD, RTA—FERELZ. £
7o, BRGME2EZ BT RE b LI~ VTS
DENFNTHONTER LT,
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21 ESHBOME

2012 400 B Z= T A HAR A TR 2850 P PN 00 2R
5T, FTAKEREO LEKSEOREEITo72 (BER
5,2013). #AlE 100 cm, ®AM 180 cm TEAZEXE L7z,
EE S 20 cm, Ei 80 cm OB TH S (Fig. 1
SHR) . WM EBGOD T 4 N A LT TEWNF AR
To7-. 6 A RAICMoOFIIZ 1 m Bl EORHIFETRRIT 72
WAL (ER 10cm) ICFADOEEEMLE. 7 AND
B 1 ARIZx LT 3 AROIAEE ST L, BT 60
cm I CEBLLZ. F7o, #ESHIME, S AOE TS
KE2TEBY L REETH-7=. THAND 10 HE TORM,
BT 1~ 2 [EIOBERE TULHE LTz,

EERESGO BT aRR 7 L ThD. BN EE-
THEMEEZBEL-E 25, BIORENDHIES 40 cm
AP IE BN, TNEERICERE & VElcahn.
FO, EITEGT (0~20cm %), #E (20 ~ 40
em %), FE1 @HEE, 40 ~60cm %), F/E2 (60
cm PUER) @ 4 BITK4y Lz, SRERIT@E O EE
ETEHIE LV BEVWEOBHENTORTWA ), TE
DAY TR < feo T e, £z, RESITHEAE
MEL, HERRNAS 1L.5m > TH M FKIIBE I R
moiz.

FHOKSBEOWEE, T AREEXEPNO 2 #T (loca-
tion 1 3 X W location 2) (2B W T, BADRENHIES 5,
15, 25, 35, 50, 70 cm @ 6 {EEICF v /v & L Ak

#— (Decagon t+#4, EC-5) %#F&E L Cfr>7z (Fig. 1
ZH).

THOKSRER, 7P —RMEREIIRO A DONT
BREEATo T2, BRITIIBICZ < A L, $hE AT
DRENHES 65 cm E TRBHRTN Z L3RS
iz, Fio, KEFMIZTITMOH .05 40 cm Rl O
PHE THRA M LT e,

2.2 TILFHIET O LIEKS ENREDRIERET

221 KABBEIEAT HAXEAER

~ VFHEE PSRBT 2 HEOK S BRE O BEF R HY-
DRUS (2D/3D) (Simiinek et al., 2008) % AN TIF- 7.
FhIE 2 T TIROW K A B JE L 7o Rk L oK 5%
#hi3 Richards N CER I 5.

26(h) _
ot

2 o (2)] -

ey

2T, 0 RARRIE AR (cm® em ™), 1 IXHHE (),
K(h) 13 REZE KRR (cmd™!), hidHHEKDE K
86 (em), x [3UKFPERE (em), z (ZEAEEEE (cm), S(h)

RO AEE (cm®em3d™ D) Ths. (1) XFo
S(h) 1Z Feddes €7 V& W THETX 5.
S(h) = o(h)b(x,2) TyLe (2)
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BHEHKER
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80 cm

Fig. 1 9 —fREAE L BRI ORRIE « BTN E T OICEAIHFTH D, EEROBIER
MHEORSIIEOME 2D, Fio, BEENS S5, 15em IO —iF, MREBEEZ KNS
RE L0, hoRSow I —fr@E s i3 Lanrk.

Observation points and boundary conditions used in the numerical analysis. Note that actual lengths
of ridge and furrow are two times as long as boundary lengths because of symmetry of computational
domain. Sensors did not lie on a straight line because sensors at 5 and 15 cm depths were installed from

the side after the ridge-formed.
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% LAI = 2 DA,

Precipitation and estimated evaporation and transpiration rates

during the growing season. Solid and dashed lines indicate es-
timated results with LAl = 4 and 2, respectively.

ZZC, T, IXATREAS OGRS (emd ™), a(h) (3B D
BRI - & 72 5 EKBEDK A b L ATSERE, b(x,2)
FIESUL SHARBIE AT (cm™2) Th Y, WEHZ %
SHIANCRES T2 & 11270 5. L IR B D 5 ik im
£ (m) TH2. ok, 2RLOHE, MELE» LK
BCRDNLD BT T,L IRV, TREARBES O AT TH
H128 b(x,z) T em 2 OHAIZ L O L LR 5.
THEZE R ORI (ET,, cmd™!) (ZbFHHE R AT T2
FFZEERFI PN DR SBIT — # 7> 5 Penman 3% F VN CHE
LTz, ET, [J3EmBEE (LA ZF|H L7 Campbell
(1987) OFEIZ X0 ATREARFEHE (E,, cmd™!) & T,
B4y TRE & RGE L CHEE L (Fig. 2).

E, = ET, [exp(—0.82LAI)) 3
T, = ET, [1 —exp(—0.82LAI)] 4)

TR OREFIIAR & REFNE KRS A R TR BB
PEET ML, HRETom@AIZEN TV 5 Durner £
T V% 7= (Durner, 1994; Priesack and Durner, 2006;
I - B, 2007).

Se =wi[l+ (au [A)"]™™ + w1+ (g [2])2] ™ (5)

K(Se) = ks[w1Se, +w2Se, ]’

X {wlm [1 *(I*Sél/m')ml} T [lf(lfsgz/mz)mz]}z (6)

(Wl o +wo O{z)z

ZIT, Se=(0-6)/(6,—6) ThHV, O IITFEEAKH

GA%E (cm?em™3), 6, IFAFAREE AL (cm’ cm™3)
THD. LIFBEEARET05S &L w ((=1,2) 1%
AT, widwa=1Th5. o (em™), n; (—),
m;i (=1—1/n) WFKGRFFIBREDOIERE 52 5 /37 A —
2 ThHD.

222HELIER LU - BREN

T ARRBE X E N O KD BB ORFEEZEE L, FHHE L
JE XA e S R E T & Lz, WAEESY 50 cm, WA
M90cm &7V, FHE TEORIILMOERE N5 100 cm
L L7 (Fig 1).

FAEfRAT 21T > 7= W 201287 H 1 B2 5 9 A 30
HETO3 »HTHD. 6 HFHIZ3Tmm OREFRMNH -
ez Enn, LEANOENKENS—HIZ —100cm & L
TG 5 2 7.

< VFCEBONIE e 7T v 7 2855/ L Lz (Fig.
. F£7-, AL (EZ 10cm) IIREERE L. K
RERGMTIE, BN ETREARBELY 5.2, LEOwy
PRI HI R KIS R A B/ NE T 2 L T B C
JES—ERMPICETIND. L, BHFICET 5
FREEE LM E A TR D 2 LR, < TR OME
NDAMICRET 2 bE26N5.

AT VA A S < BRHIRRE T o 727200, ATREZR R
EPMEED D HHE NS D (3) NiTk D E, L3S
LEZOND. ZODH, HEDD DM S DRI L
PRHURAE DO i 2> & D785 & RIRIZ ] X D D R A L B
Thd. MHEOFREAFEEEEZRD 3) RTLDE, &
Penman XiZ X2 ET,(=E,+T,) O2FfHEHTH AL
T ORKEEN G CTEE LTV, @R O FREZEFEHE D
B2 HuEHi Lz, 2h oMo RRERSEEE 5 2
%7-%, HYDRUS (2D/3D) OE®)7 7 v 7 ZAFEROA
TrarvERALE.

Fi2, AT TEDLNIZIZE S 72O — ISR AL
SN D BEPICRET LB LND. wLTTE
PN > T RAMICIRET A Z L 2BET S
L, WAE A, MRALOESE B LT, (- AR 4 ki
) + (R + L) (140-95=1.47) 2EE L
T, BENEAZBUIED 1.47 5 U7 fE & i & iEfLIc 5
ZDHFERZEZBND. 22T, BRIV TR
AR &R ALIC G- 2 DR E (R) ICEWOBRKEL S
z2 %6 (1.OR) & 14715 LTtz 5 % 5846 (1.47R)
D2 FHDOHAEZITV, KEEAFMHICET 2 %NRE
DN EREt Uiz, FERORK T Fig. 2 1IZR L7z,

TR SRR R R 2 18 U CHU TR KA AS
CIRELTCHREKE LTEX 2. sl oxt gt %
ZELTMEOBERSGMII e 75 v 7 2BRE LTS
ZIz.

223 /IXTA—FDEFE

KRB IE TR AR R A b &I, MO E )
5 20cm (#AEB), 20 ~40cm (@), 40 ~60cm (T
1), 60cm UiE (FE2) 4o T EhETh
D +J& D Durner €5 )V D/NT A —Z [IFLEEEE TH D
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Table 1 AHF5E TRV /= Durner &5 /L0 HHKSBE ST A —5.
Soil water hydraulic parameters of Durner model used in this study.

6, 6; o ni (0% ny wy K [cm dfl]
0- 20cm 0.0 0.753 0.789 1.05 0.061 2.89 0.338 517.0
20— 40 cm 0.0 0.741 0.167 1.04 0.041 4.29 0.291 128.2
40 - 60 cm 0.0 0.694 0.051 1.58 0.0005 1.12 0.726 11.8
60 — 100 cm 0.0 0.741 0.0001 1.12 0.053 2.15 0.367 80.3

iz LK Rtk 0 SERME % VTR b 7=. Durner €57
NDFEPUE~D T 4 v T 14 ZIIIKRB BRI RS O fig
¥r7wv 277 5 (RETC) %HMHwi= (Fig. 3). HiRMy7e<
Z A—H OfEIX Table 1 12”7, 7ok, AHFFETIEE R
TUVRFIEBELRNZEE LT

RORAKEEZKD D (2) D a(h) 121 Feddes
ETINDNRTG A =R e 52 D0ERH 5. AR THEG
& L72F A1Z HYDRUS (2D/3D) OHF DT — X N—2R
WZITEEW 2, FLTARD b~ FDs8T 2 —F %2R
L7z, ThHDRITA—=F%HS5 L, —800 cm %721
—1500 cm X W JEFIKEAD T35 & Alge A #BuEE (0.5
emd! F7213 0.1 em d™Y) Sk L CARRGRIE 23
LA RBITE S, £z, Q) Ko T, 2H T 57
Do (4) XX LAl oOFfERETHSH. Lal,
BRI LAl OFREZATD R0 > T2 l2 D BARR 72
BUEIX ) o 7-. £ 2T, HERFOREEENS T AN
59 AIZF CHFARH AR L TN Z L2 #RT S
LB, ko (B E, Mgk, 2001; F)1 6, 2013; 3
- ZARTE, 1996) #BBICEHEMMY O LAl % 4 LRE
L7z, 72720, LAI DX E, & T, \CEHERNIC R EL 5
Z, KOBEBEAFG ORIV EHEIND., D
W, LAI=2, 4 & L= L& OFEEITV, HHKSAH)
W52 5B e L (Fig. 2). 8512, (2) XFo
L bIROWAGEE A RO D L CHER AT A—ZTHD
T DEREORF 21T o 7. FIEHET, T A ORI %
BOXIORRETHS7-2 LD, Liix50cm 3%y L
Ex b, LaL, L ©BENREEFEIIRARES
bdHHD, Li=30cm, 40 cm, 50 cm O 3 fE¥H % 5-
TG E OHEEITY, fERE R L.

B AITBERRE2 D L1, SEFMICITES 10
cm TR, EE 65cm TERIZARD X ) ICHBHN L
ThHZ27=. £, KEFEIZITEOFOLE TR, Fi
25 40 cm IR TE R/ 5 X9 ITHIBHIH L T5
Z7-.

224 2 VFHEBEMNENGE OHIEREN

TR T D vV TFHBONREBET L0,
~ VT RBEN NG S OB 21T o 2. v AT O
bhiBEaicte 75 v 7 2R E L THRo RS
(Fig. 1 O#GH) %, RREFICEELCEHELEZ. 20
728, WMIBICY E, BNE2 HILD.

0.4

O 0-20 cmdepth

fitted curve (0-20 cm)
@ 20-40 cmdepth

————— fitted curve (20-40 cm)

40-60 cm depth

————s fitted curve (40-60 cm)
A 60-100 cm depth

= - fitted curve (60-100 cm)
10° 10! 10° 10°

Pressure head, h (-cm)

0.2

Volumetric water content (cm®cm™)

10* 10°
Fig. 3 THIK RO ER]IME & Durner E7 /L CTHD Y o4 v
T TRER.

Measured and estimated retention curves for an Andisol using
Durner (1994) model.

7 065
§ o ©
E 0.60
L
S 0.55-
5
S 0.50+
>
T 0451
o Simulated (1.0 Rain)
% o404 Simulated (1.47 Rain)
O Observed (location 1)
E 0.35 35cm depth o Observed (location 2)
o 0. T T T T T T
> 71 7/16 8/1 8/16 9N 9/16  10/2
Days
Fig. 4 WA 2 D BN G ANRIELRE AT ] T T 5

(35 cm PR HIEAK Sy EORIFZEA) - 7r y MIEREY
WO 2 EFTCEI S Lo ERME, ER, BRI E T
KREOBHIE, 1.47 (5 L7 B2 V7= FHEE.
Comparisons between observed and simulated volumetric
water contents applied either original or 1.47 times rainfall
data to the bare soil between ridges (35 cm depth): open
and filled circles are the observed data at two locations in
the experimental field, and solid and dashed lines indicate
simulated results with original and 1.47 times rainfall data,
respectively.
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3. BREBE

3.1 HEEHOKE

~ VT HEEE NSRBI AHEIEO EEER D 6 OBER
BRBOFTNF G 570, WM & REskfLIC s LTEl
HENBKEE R 2522546 (1L.OR) LEAERIZKE:-
FHREZMA TKREZ2EREEZ 5 2556 (1.47R) Okt
a{To72. Fig. 4 13w LA %2 E, ORKERS
e LT, Li=50cm, LAl =4 DL X DOFHEKE
ThD. LM Lic LT 1.47R 2 5.2 12154 (X
), TEOKSENFICSZSHEIN, BREO L
K EOBEMNI Y 2R tRnonrd. £,
B5emETIE1I4TIREZE5 27 ZDIEHS>N10R LV b
R RN IRE D 3K Ay ZE B A) & $EEL L T 5. HYDRUS
(2D/3D) TIiX HYDRUSID & #7020 K ZFFA L T
R KR EAET D LD RS H o T BREFIZHIK
DWERTHELTEHASND. 20k, v LFoLiC
Mo 7S BN THEK DA T 2 54121E, #HHE L
DO LTRNVIENZ/2 5. Ruidisch et al. (2013) HEARIC &

—~
[
~

)

o
13y
S

— Atmospheric B.C. with Ep
***** Atmospheric B.C. with ET,
O Observed (location 1)
e Observed (location 2)

0.45

0.40

Volumetric water content (cm®cm™3

0.35 1
5 cm depth

0.30 T T T T T T

71 716 81 8/16 9 9/16  10/2

Days
(c)
0.65
o o]

0.604

0.55+

0.50

Volumetric water content (cm3®cm)

0.454
—— Atmospheric B.C. with Ep
i Atmospheric B.C. with ET,
0.40 o Observed (location 1)
035 ® Observed (location 2) 35cm depth
7TM 716 811 8116 911 9/16 102

Days

D% OBKEEG 252 L2k 0 HEKSEBOHR
PERB ET2ZLEE2MELTND. ZRLDFERND,
~ VTR TR T B LK BN RO BT T, WA
EHOE SIS T, MBS 2 2 BmRE 4 NS &
TRERELTEXDHENEITHDLEEZ LN,
LR, WARNZ 1.47R 25 2 THE LR E R LT,

I OB Gl 2 a4 572012, #AR o ATREZK
FHE AL FERIC E, & LIBE L ET, & Lichs
OFER R % Fig. 51277, Fig. 5 T &L
147R g% LCHEZ, Li=50cm, LAI=4 DL %
OHEMETH D, M OKRKEER SO v R I E S
w Ep & Lcde (MPoE), wrRekfedlE 4 ET, & L
A (PR EHNTHEEASENZ S AL S
, BENIFO LK EE b RELS 2ot (Flx1E, 25
cm %X 35 cm 1) . WA O WTREA S EIE X ET, & L=
By, WSROI D OKSREN T, 1217 % < FHA
ENp7HThs. ERHEE ORI Y, MEOKRKEE
RGO TREARFIHE L E, & L72IT 5 2 HHKSEH
I HBRTEHZ N0 (Sem ER 35 cm %, 50
em ). TOZEE, BEAEDIC LY BHRER S

(b)
0.60

0.55-
0.50-
0.45] ¢

0.40+

Atmospheric B.C. with Ep

Volumetric water content (cm?® cm®)

0.354{ Atmospheric B.C. with ET,
0 Observed (location 1)
0.30° Observed <|§§ZJZE 2) 25 cm depth
. 7 7116 8/1 8/16 91 9/16  10/2
Days
(d)

o> 0.65
£
G
E 0.601 o o N
S, e NG
E 0.55q o R
c
§ 0501 %%M%m% O
@
© o}
= 0.454
L —— Atmospheric B.C. with E;
g 0.404 Atmospheric B.C. with ET,

’ o Observed (location 1)
;33 035 ® Observed (location 2) 50 cm depth

M 7116 81 8/16 9N 9/16  10/2

Days

Fig. 5 MO FTREARFBEEL Ey L LIcb &L ET, L Lo O RMAER L EMEO L (2, Scm % ; b, 25cm
Wic, 35ecmiE;d, 5S0cm i) : 7'u v MIEBREISGNO 2 EET CEMN X2 320ME, 2R, R 2l gesRss

WEX Ey L LTl & & ET, & Liz & & OF5E.

Comparisons between observed and simulated volumetric water contents with two kinds of atmospheric boundary condition
(a, 5 cm depth; b, 25 cm depth; ¢, 35 cm depth; d, 50 cm depth): open and filled circles are the observed data at two locations
in the experimental field, and solid and dashed lines indicate simulated results when evaporation rates from soil surface are

E, and ET,, respectively.
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o Observed (location 1)
® Observed (location 2)

5 cm depth

0.30 \ ‘ ‘ ‘ ‘ ‘
7" 7/16 8/ 8/16 9N 9/16  10/2

Volumetric water content (cm?® cm3)

Days

Fig. 6 LAl OERFHERERICKTTHE (S om Eo i
Koy EORKFEA) « 7my MIERELANO 2 &7 C#
M ST FMME, FEM, MT LAI=4 L LAI=2 %52
7oL OFEME.

Comparisons between observed and simulated volumetric
water contents with different LA/ values (5 cm depth): open
and filled circles are the observed data at two locations in the
experimental field, and solid and dashed lines indicate simu-
lated results with LAl = 4 and 2, respectively.

0.50

0.45

0.40 7

0.35 1

Volumetric water content (cm® cm )

5 cm depth

0.30 ‘ ‘ ‘ ‘ ‘
71 716 81 8/16  9/1 9/16  10/2

Days
£ 050
o
£
(8]
= 0.45]
c
o
IS =
5] /-...w
S 40T ===
Q
®
i — L,=30cm
£ 0.354 ——L,=40cm
(0]

L =50

5 15 cm depth (zomem
£ o030

71 716 81 816 91 916 10/
Days

Fig. 7 ZKBcBb 2 MEE (L) OEASFEFRICKIES

23
Simulated volumetric water contents with three different soil
surfaces associated with transpiration.

P, HEMRBIIIMAEDDH D L& O HEEARE LR
BRICH D Z L NARECTH D L ERIB LTS, ZDT
O, AWFIETITIAR T ATREA T HEE &2 WA &[RRI Ep &
L CRHEZIT- 7.

EBITEMIRIC L DK BB A KT T A—X
DL, LAl & LIZOWTHEEEZ CHEE2IT- 7=
Fig. 6 13 LAl =2 & LAl =4 O ¥ X OFEFHE ([h%
B, OBGRR) THDH. SemiIETIZLAI =215 LAl =4
L0 b HEKSGENESHEE L TND. LEREE LT
W BFETIE, LAI =4 O1E 9 S HHK D % & < HHL
TELZEeNbD. MMOBEETIE, LAI=2 & LAI=4
DOFBEBEROBENMI/NIEN., ZASORFHERLY, K
R CICMRESE 2 28 1250 L 72 LAI = 4 13 Lhiery 24
RO TholbYllraivsd. F7=, Fig. 71X L, = 30,
40, 50cm & Lo = 0HERRTHD (MR FER,
B, —RZER) . Lol KD HHOKGEOENE, 5 em E
EISem BETHEICHNE., LVBEVWETITIL ICLD
BTN E o7z, (2) RTHEE I DROWAKERE L,
R FESAT OIS CTH 5. ARBFIE TITIRE B340 % WA5E
TEVRELLRDEIOBRE L. 2O, @ET L IZ
KD BRHEE N EEZOND. Li=50cm & L
7oA OFERRIL 5 cm O HHKS R ERE X <
BELTERY, Eo, HEHET, T ADEIREED
rFoRREETH-7-Z &S Li=50cm & L TEfifig
WratT o7z,

3.2 TEKDEEDOER M

3 HoORRENLELNFHRESEEZEAVTE LN
RS R % Fig. 8 1 d (MH MY . ABFE CITENZE
BT DN TR BEN ST A — % & T NEfENT 217 -
7o, 201, BAOFEREICHAEMEZ GDEL X572
KB N T A —Z OWENTIFAT 72 > T/, Fig. 8
RS E, MAEREND 35 cm EE Tl R < B8k
SEOEHERNZFR TSNS, 2L, 5,
15 cm %%, < AFICEBDNTZMNICALE LERRE D
RN HHEK O B OFHRARIT R & o723, K
I IZERIRE S H - - EME & T2 4T T 5.
F72, 25 cm B CIFFHAMED 2 SOERMEIC TR K
PR & Fp o 72 AY, EEMEEILEA LT\, Zhbick
LT, 50cm % & 70 cm RIZB ) 5 FE{EI location 1
OFERUENSIFERE AN THDS. TREITIEEAEH )
ANENTRNT=D, TEOYBRMED LRI 72 /NT Y F K
T KOBEN ST A —F B HEE LT AR A B EL
U7= i, KD BEORIEZIT - 7oA & 13RI o
MThoTiz, HSR OO ERMEDE DS K S
nizboltEx2Nn5.

Fig. 9(2 9 A 23 BIZ 37.5mm OFHNH o2 L & D
Mer4 B & BN 1 B H o HEEWTE N O K5 5010 % 5
. BRNEFBEEO 147 oL xofRTchbd. ~
VT TN EIIR O WK LBAERFIZ < LV FIZH T 72
KD DOBEFRRAZIZLY 3 RTMZRKSIA E e D
(#H 7K, 1998; Haraguchi et al., 2003). 4 [m] 0D 35k F13,
MEAFLO L2 Y BT AN L CIREICY) - 72 1R
AN DK AT D, Fig. 9 275 &, BAFREHNS
DONECRE D TRMTIEEK PR RELSEBTLZ &
Nbond. F0O7=%, Fig. 8 128 LIZFERIHE & FHEMEO
EWORKE, Bz T 2K BEI/NT A —F LEN
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S 0.30 T T T T T T o 0.30 T T T T T T
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[ c
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C3 C
§ 0551 5 0551
& 5
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% 0.45 4 % 0.45 | — Simulated
5 : s . o Observed (location 1) o
2 — Simulated L2 o Observed (location 2)
o 0.40 ® Observed (location 1) g 0.40 4
g 50 cm depth o Observed (location 2) g 70 cm depth
o 035 T T T T T T o 0.35 T T T T T T
> 77 7116 8/1 8/16 9 9/16 1072 = 7 7/16 8/1 8/16 I 9/16  10/2
Days Days

Fig. 8 & ¥ —RENMEICET 2 LHERSROFFEME L EMEOKE: (20124F 7 A~9 A) : 7'vy MIERBSHN

0> 2 FEFTCHIN S A7 FHAME,  FERRITE L.

Simulated and observed volumetric water contents at different locations sensor installed (from July to September in 2012):
open and filled circles are the observed data at two locations in the experimental field, and solid line describes simulated

results.

EBRTHEOLNTE LD L DOENOM, ¥ —REME L
HEMBEODTNRENLLEOE Y FRENRZ X L
nas.

33 VI FHET TOLIEKSBEDEHY

Fig. 10129 A 23 HIZ 37.5 mm OBERNH 7= L =
OFERY A L FER% 1 B HOERmANo 8K %)
BERY MV T, B Y BT ERy &l
AN SRERRFANE LD Z Ebond (Fig. 10 ().
FEFL LD B OREIRAIZ X B THEK BB~ 0 284
WA EN D 15em iR CTh-o72. TNETICH <L
FHEE T CTOLHKGBREICE 2 DHERRILOEN KX
WZ SRR ENTERY, —ODWIC 2 FIOREHFLIE
FIENTWBIEA, WL D OBRRRE AL L > T
ROKGPIEIEH TR D ERMEINTND (8K,
1998 ; J5 [, 2009) . ARHFFE TG & LzmkidTEI L3+

WERIZ 1 FIEFI SN T2, FEEILD b OBERR A
T BIEITIZIEN S otz b E2 b, £, BW
WH OB NS ORBKIL, HEBRIPEBL TND D
Ebbn. kRO FATEOKSBE T 17 b B
THE25 45° OFMERLTWBESNEL, LER
RIEBIREE TCH -T2 Z LIC L DB/ S o Tz,
FEZIE, MAICIRE LB 3 & LT 20 ~40 cm
BotE (FE) #ECTHRBICBE L. £/, BW
HUFHE Y FAADBERE T E 6 45° O &R LT
A E A OBESRAHED T ClE LB oS R mIc i - TR
BRI 2> THEARGBENE T TWDZ LMD
(Fig. 10 (b)). 2 - FE1L (2014) 1T b R AR S
Tl LHiC I8 1F D THOK S RIEN D, b RVNORER
BT D A ME S em S 15 cm BT b > R ustk
DEROEZENTIEAEEN ST, 50cm HET h o x
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Fig. 9 9 A 23 BIZ 37.5mm OBENMRH o7z & & DO THKGHAOFHFERMFR (a: FBEYA, b: BFBWN%Z 1 BH).

Simulated distribution of volumetric water contents in soil profile during and after 37.5 mm rainfall on 23rd September.

(a, during rainfall; b, 1 day after rain event)

(b) ]

v (cm/d)

Fig. 10 9 A 23 HIZ 37.5 mm OEHRNH o 7= & & O EHIKSIBEREE XY N VoA OFH R R

(a: PER%A, b: W% 1 BH)  RENXEERT MLORE EZRT.

Simulated distributions of water velocity vectors in soil profile during and after 37.5 mm rainfall on 23rd September.
(a, during rainfall; b, 1 day after rain event). Directions of main vector are indicated by arrows.

NAAD FIEASS EFEIC R 5T 2 2 MELTWS. 8
A (1998) &G (2000) (X~ /LT HE Al D 5K
BBV OB 1L, RIZ K B WRAKCHER OERNIZ L B Hz
RO X D AEE O LHKDESIKEDOIKTTH D &
LTW5. RIFFRICKT HHREFER S 2 b OBEFOHF
WHRE L —HLTWS., 20k 9T, HHEKSBEIOEK
B O K SEPHITARBEIE & 2 O JHHIZIB SN D Z &, W
MO TREIRE LZEROZ X T HRE LD, B
B~ DS HF 5T D AR SBEIRENTHD Z &
PR Sz, HHBR IR S TOT—4 &
DD, BT LA EDED Z EICEY, v ATH
B R CoOTHKGBEORMARLX DN TEHZ L
PRSIz,

AW TIEIA L A O LENIZEB T DKy EfEIZE B
LI BEfT 21T > 7-. L, ~ A FITBDOIL- i
O EHOKENRITEME T, B, AT B IN:
5y OHUR AT KX D KZEKBE O~ L FINKr~D K
DOUHE L ~VF FOLIER CTORKOESAIRELAELT
5. wVFICEBDNME O KB RE A XV B
IR T 5 7o DITITEAO KRR T & B L 7 BB AT 3
WEEE IR D, AL ORGHFEL B2 TWeied, 22
F COBMEENT 21T 72 o728, BH%OFEE Lizv,

3.4 TILFWHEIZ &K B TIEKSHIE

Fig. 11 I~V FWEOARIC L D8 o — @0 E
DAY BEECOENERT. 22T, FHEEEN
~OBERRARZFCICT 5728, [<AFHY | TIL
M ERRAISH LT 14TR 2527 L 2 OfEHR (MP*E
W) AT, i, [AFEL] TIXIO0REEX-E
ZORE (KPR 279, < /VFICEbIL TV
&, ST RELS 2D LERA N MBS LT REEK
SENEETHLOICRB. £, BIEICEEKS R
DR LTH, wVFHYOEEOLEKYEE Tl
T5Z 3L, HEADENEVIREN RS 2 bbb
MB. 25ecmiE~35cmiETHLATELOLGEDIED
WEICEOWEEOKR S BEEZR L, TRotEksEITE
BTN TEIRII/ NS W, < L FELOEA, ik
BOR & 72 BRI IR RS IS RS L C Bk 834 &
5. oL, 10ecmiELVIENEETIE, v~V FHED
HEORBEIIT LA LEBEN VAR L 2o T2,

Fig. 12 |\~ )V F 8 O A - K 2 R 72 11 J1 K885y
fizm Lz, 7TH 12 A5 14 BIZHH T 50 mm O
Wb oTz. ~VTFWERDH S & X, KBilitk 1 HHIZIX
R AL B OFEFRIR IS &0 G AT O EK O T 777K
BT 5 (Fig.12 (a)). L»L, BE#% S HBIZIE



#w3C - HYDRUS % H W72 i@k 2 3510 5 < L F38E T o 850K 5 BhigfiR i 11
HROWAKIZ F o THREHR O E S KEEAME T L, RBAA B SRR I ORE R RS B, RERZEECE:, R EEYEK
VAEZIT TS (Fig12 (b)). ZHIZH LT, wvF BBEBIOCHEERGZREZL Table 2 (27T, ZhbHOEIT

WENEN L X, ERIZE Y EEOIZIZ 2R h=—-900
ecm L EEZRD, BOWKIZEH A B L AR E R VER
men (Fig12 (¢) & (d).

HYDRUS (2D/3D) O, 77 v 7 A% BERMH &
REfICRT L TR LTI BILD. 207, KBRS
HEOBERBORE S T L CKEBREME L I TR L.

g 080 t 080
[3) . ) . mo
£ 0751 i | | & 0754
£ 06071V VY P ] Y] E 060y
5 \ ! VN € i
8 050 S e 3 0.501]
S 040 T g o401
2 — with mulch 2 with mulch
§ 0.30 wi = 0304 -
g 5cmdepth 0 no mulch g 0-307 45 ¢m depth no mulch
3 020 x x x x x 12 020 : : : , : ,
> 7M 7116 8/1 8/16  9/1 916 102 = 7 7/16 8/1 8/16 9/ 9/16  10/2
Days Days
& 080 E 080
o o
E 0.70 1 S 0.70 ;;a\
< . € N
2 0.60 N L 0.60
c c
o [e]
o | S
& 0504 & 0.50
© ®© -~
3 3
(o] o
£ 040+ — with mulch S 0.40 — with mulch
g 25cmdepth no mulch g 35cmdepth no mulch
p=}
S 030 , , , , , 73 030 , , , , , ,
> 7M1 716 8/1 8/16 9N 9/16 102 = 7 7/16 8/1 8/16 91 9/16  10/2
Days Days
T 070 Tt 070
o o
e 0.65- £ 0.65-
2 L
:S 0.60 E 0.60
= c
8 0.554 8 0.554
& 8
S 0.50 S 0507
2 —— with mulch 2 with mulch
® 0.451 @ 0.451 -
g 50 cmdepth no mulch g 70cmdepth no mulch
=} >
S 040 . . . . . T S 0.40 . . . . . .
> 7M1 7/16 8/1 8/16  9/1 916 102 = 7 7/16 8/1 8/16 I 9/16  10/2
Days Days
Fig. 11 ~ L FOFMIZ L BRSO LK BOREELO .
A comparison of simulated volumetric water contents with/without mulch at different depths.
Table 2 —~ /LT OH I L 2 EHMEEOKIZZOEN.
Water balance of the model flow domain with/without mulching after the simulation period.
Cumulative Cumulative Cumulative Cumulative Change
Rainfall Evaporation Transpiration ~ Deep Drainage  in Storage (AS)
Ly 6833 cm? 143.8 cm? 505.2 cm? 2596.5 cm? 438.0 cm?
~)
(264 mm) (15.3 mm) (101 mm) (185 mm)
Ll 37848 cm? 219.2 cm? 938.5 cm? 1887.9 cm? 739.2 cm?
~ LT i
(270 mm) (15.7 mm) (188 mm) (135 mm)

¥y ARNOEIFIREE G OBLUR ThR L OKBRIGEEIC L2 b 0.
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Fig. 12 7 A 12 B2»5 14 BIZ2NTF T 50 mm QRS o 72k O~ VT WO F B2 X 25 81K D
g s a, B 1 HEOSATFHEARY ;b, BlE S BEHOSLTFHERY ;c, ik 1 BEO< LT

WemmL ;d, BF%S HEO~ LT HERL.

Comparisons of simulated pressure head distributions with/without mulch after 50 mm rainfall from 12th to
14th July. (a, 1 day after rainfall, with mulch; b, 5 days after rainfall, with mulch; c, 1 day after rainfall, without

mulch; d, 5 days after rainfall, without mulch).

HBMEEHEY DERBEEBEIZLFORE I DL T
FIEE & 7o 7208, HBEENHLRERBITL » Thbivizk
DRI, wATFELOIFEI NKEAEROHBEIEN DS
{lpolz., BRBMEIIATELDOIZI N ALTHY LD
1.8 FIRIE L lo oz, <~ /L F 8L TITRIED A 2 3R E
L 72 iR D 1@ O FHEK S BB BERNIC VNS 5 72
W, ROWAHEERKA L AZL Y EHKE (£
THEKG ) IEKAE L TR T2 2 EidblehotcZ &
2k 5 (Fig12). @Sk EL, #iz, <L FHY OIF
IMNTHLED 1A BRESLL ootz UMM
MO ORFKITEAE FHBER ek U, iE~D Ko it
BICIIRY % 2 EEFB LTS (Fig. 10). %72,
BT CILMEIC 5 2 DRI ST CRER L
LCHRTZD, BEKDOHFETHBEEHA LV 2o
EBEZLND. LEBEAKRTCOEEE(LITZ~LVTE
LOEIBATFHEY LV ol ZORERIT Fig.
11 O TBAKSEOREEIE S —FHT 5. v /LT HHE
TR AVFIELN THRRSER SN TLE O BEICH
725 5cmiE~ 15cm ECORRNRITEN~ /L FE|EL TIX
THEL B lb L EXBN5.

~ VT HBOMR L LT LEE AR OIME R 2T Hh
20, SHROBNIFIIREAKR L RBHEDONNT ALK
DR, R R TR B ARSI & 0
52 LT, O ATFHE L TORWGATIZH AR TE
WEEAOIRBEE R MR T2 Z LoD, Zhicxt L

T, BKENPERBELY LA LM TIX, ~ T8
BLRWIED NEWEEAKPREL 2TV EE R
5% (Table2). 7=, WiMMEIcBITF 5~ LT
WREOMFL LT, BRICL D EEKY EOSE 8N
OHMEIRD D ENVZD. ZDLX D R~ /L FHEBOHIIC
L0, REHIE I ROCRE T L TR 2T 2 &
WED, (ELEOHKRGPHE LT R EE XD
na. Fl, v FHEEINEIE, BRI LS
T 75720, SIVFOTIZHEKKHOTF 22— v
TEHH LU TKDEREITO ZENAITHLIEEZD
iz,

4. B5HYIC

HYDRUS (2D/3D) % AW T~ /L F 3k N LHiK
SN AT L. BASMSBRORKICEDL D 3T
A—H BB ZIBEHEETV, T A= ERE L.
Fio, BRI Lo TR GRHEERBT H0ICHE LT
Durner €7 )V &R OWKFHE % FHLT % Feddes €7 /L
EEA L. HEKRGEHEET A RT A — 2 IR EELA
BLO S % AV =, Feddes 5 /L D/8T A—X|d b~

FDRT A—=Z MR LA, B0 RE TR E K
BOFAMEIIHBRHR S EREE A&7, v AT HIE T
TOTHKGERROEMEMNT 21T o7c L 2 A, BERNYH
WLy E R IL DB ADRE LD Z X0, B
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VT REEOA I X D HHUK S EIRE 2 BUE T L7 &
25, BT O~ L FHEHIBENIC X D Bk &
DR BIN 2T DIRDB DD Z L3 3otz B
MBI TIXR O NI HR TOT — & L7250, BT
LHABEDED Z EITL Y HERNTO K EIEOH
AR LD I ENRESNTZ. 5%, R AR
TEAMEMEAT 21TV, BRx RBROKIZTEZEEH S0
TEHUE, MoK - FEAEE P b A 2 & 1Rt T
LI DEMFEND.

i

ARWFFED — I RMOKPER O SEHERANF A (R AL
A THEIELZLOTHY, T IITHE LTRSS
B#toBEEFT 5. £7-, HYDRUS OFFHICELTH
W72 ZHE B WL W S ERER G AR IR
B, SOt BRI S0 OREHHR L BT S,

51 Rk

Abbasi, F., Feyen, J. and van Genuchten, M.Th. (2004): Two-
dimensional simulation of water flow and solute transport be-
low furrows: model calibration and validation. Journal of Hy-
drology, 290: 63-79.

ZHREE, B 3T (2014): A v U bRV SN A
281 2 LK - WEEE®HO STE £ —%2 HuvHll
. AR LFREE, 610 1-9.

Bastiaanssen, W.G.M., Allen, R.G., Droogers, P., D’Urso, G. and
Steduto, P. (2007): Twenty-five years modeling irrigated and
drained soils: State of the art. Agricultural Water Manage-
ment, 92: 111-125.

Campbell G.S. (' BFEGEE, L BEEER) (1987): /3 a2 THA
T OB, p.192. R IR, HOR.

Durner, W. (1994): Hydraulic conductivity estimation for soils
with heterogeneous pore structure. Water Resource Research,
30: 211-223.

El-Nesr, M.N., Alazba, A.A. and Siméinek, J. (2014): HYDRUS
simulations of the effects of dual-drip subsurface irrigation
and a physical barrier on water movement and solute transport
in soils. Irrigation Science, 33: 111-125.

Giirdenids, A.l.,, Hopmans, J.W., Hanson, B.R. and gimﬁnek, J.
(2005): Two-dimensional modeling of nitrate leaching for var-
ious fertigation scenarios under micro-irrigation. Agricultural
Water Management, 74: 219-242.

BT (2009): 7 4 L L= LF ORERRFILO K E S & +HKs -
BAREE. R, 94: 61-71.

Haraguchi, T., Marui, A., Mori, K. and Nakano, Y. (2003): Move-
ment of water collected by vegetables in plastic-mulching
field. Journal of the Faculty of Agriculture, Kyushu Univer-
sity, 48(1,2): 237-245.

FHAESR (2001): FIEHHZ L DHERBIERBE b~ MEEBEOIL
IR TE AR EAC B D SR, B3 - R 2B AR
W, 16: 329-349.

F)IENT, mHUE 2, 3 % (2013): b~ FORFBEHE FOMIELEE
Ba B 2T AREG BT D & R L OBR. THRE
MARBIFRIF R, 5: 93-99.

Li, X., Shi, H., gimﬁnek, J., Gong X. and Peng, Z. (2015): Model-
ing soil water dynamics in a drip-irrigated intercropping field
under plastic mulch. Irrigation Science, 33: 289-302.

AR, HEEPMEDL, BILsE ], H 0 = A8, Bk —3E, AN, &
BINEZE (2013): JHHERLE Bl IEEERE ST ORE~D ¥ ¥ /3
By A —OEAMEIC OV T, BEEMN TR UE,
288: 99-106.

Nakamura, K., Harter, T., Hirono, Y., Horino, H. and Mitsuno, T.
(2004): Assessment of root zone nitrogen leaching as affected
by irrigation and nutrient management practices. Vadose Zone
Journal, 3: 1353-1366.

Priesack, E. and Durner, W. (2006): Closed-form expression
for the multi-modal unsaturated conductivity function. Vadose
Zone Journal, 5: 121-124.

Ruidisch, M., Kettering, J., Arnhold, S. and Huwe, B. (2013):
Modeling water flow in a plastic mulched ridge cultivation sys-
tem on hillslopes affected by South Korean summer monsoon.
Agricultural Water Management, 116: 204-217.

STt B, U RS (2007): W8 £ & BRI 12539 2 Ky B s
PERIS ORET. oW, 107: 63-77.

gimﬁnek, J., van Genuchten, M.Th. and éejna, M. (2008): De-
velopment and applications of the HYDRUS and STANMOD
software packages and related codes. Vadose Zone Journal, 7:
587-600.

% PR, RRSFAS (1996): THEK RS & LAI % I 127538
TR & EIAREOHETE IE. R DRSS, 185: 15-22.

Subbaiah, R. (2013): A review of models for predicting soil wa-
ter dynamics during trickle irrigation. Irrigation Science, 31:
225-258.

B M (1998): 7 o L L= LT HEFMM DK & 3K 5y D2 ).
RHERS, 54: 23-29.

BN Z, RIFHEE, R —, REBEZ (2000): 7 1 /b DR
B TSI T DR DK/ B HE &K H B R, R TR
25w AR, 210: 103-109.

Wang, Z., Jin, M., Simtinek, J. and van Genuchten, M.Th. (2014):
Evaluation of mulched drip irrigation for cotton in arid North-

west China. Irrigation Science, 32: 15-27.



14

THEEOMIE 136 B (2017)

B =]

~ L F RS TIE EHEE RS O MM O A, R LR FEOMENEISFI NS, AT,
HYDRUS (2D/3D) # H\\ T~ /LT #ts T o LEK S BREZ AT L, IBBHIRIZ BT 2~ T HE O
FIZOWTHFZIT T2, 2TONRTA=F EZHANTRET S 2 LI L2, BRGSO K
WD BT A—=FEEZIZFEEITY, NI A—XERE Lz, BAESCEE TR AREE KROFHE
IR R FFRAME & Aoz, v AT HEE N CORMEMNT NG, BERNIEO HHOKEIREN I & 2o
7o, FEASBEIIATFELDIEIDSATFAEY LV Lol EbIT, HEASEOLEH < /L
FHLDIZINMREL 2oz, ZTREOMNFE R, RIS 2~V FHPEBOMRIT, BEFHIC
£ 2 HHOK S EOSHRIEMOME Th 5 Z Lotz

F—T— k= bTREE, BHOKS, MIERE, HYDRUS (2D/3D), iy



