Y

oly! ‘?’T 9 c.S)l'.‘.“.’T (WA (R (oods A il
Voo iml s 9 ez ojlous o0 3l90 Jlu

HYDRUS-2D Juo b (slo ylad (g Lal j0 S ugby Judgy (5lwamss

"5 8L > T aill 15 dn T pukiio (S9aen x5 <" 5592 G0
VWAA/A/YA bl e
VAR5 oY 15h iy U

odS
ol o ] a4l S s Cush, gger 5 il g5 5] cslie Sledlbl bl wiajls (gloyk (g kol i
P9y 4w 5l 6350 Shsb dastin i calpe elaly loyhad Lol 5l e el YY B S5 cosby mass e
oosSan o sl ig, 5l susb, dasiine e o)ﬂﬁ Jols gy dw opl i o3lwans Hydrus-2D Jow o oglie

O 8l 050 3 5 «1S2) ()l 5l g S Cshy sloosls b ugSan Jo «(IS1) (g, dasio imis slaosls L
oy g RMSE) s Sl Sl atn, sbvo,lol 5l oo (65 05lasl polie b oo (65lwdcds Cogb, polie cds
Sy, 5o Susb, dasie ote 3yl slp R 5 RMSE sleolel ols ojlis Juol> mls .o solatwl (R?) (ps
Sl a4 IS (sl by, B0 ] Cemods +[AYY g +/)YD = [ABA 4 +/VO /38 5 +/ - A o iy b3, 5 IS2 ST
e 33 iy ] ]t S g, 1 12 5 S g Sloayas 5y 4 5, ks, e i
S YA <[AREY 5 FIF s sa b, 5 dS2 IS sla by, sl sk, il 5 (s jlodunts ;0 R2 3 RMSE (glao L]
b0 53 Slabs, Sy Cusb, 390t qgF 8 ldnnd 3 55 oLl il Solee ad Lols /2348 4 /0 /430
S a5 5 olog oty 1ST Log, 9,05 bl o el Cawads < [AAYY 5 OF +AYA 5 F/F o [AAY - 5 FIF i

2 apogi gloykd (gl s (b 5 S T sl el 5 b gluans

gk y dasuivn (S (i g8 (49 Joo « Sl s ol o weSae Jo () 4ol i gunls sroslg

(38 sy 5 Ghiel «Bliins lojls coliile S il (xeebs qlie 5 (55)5LaS Shjsel 5 Dliio 3550 o0l 5 S Sliis Sy st
E-mail: jovzimehdill@yahoo.com; m.jovzi@areeo.aC.ir (Jsiwe sdiums g5 ) ¢yl coliilo S

E-mail: n_m_calm1990@yah00.com ..l 5l ;jloes i  degs olStils ¢(65,9LiS 0aSitils «ol (cwiige 09,8 sl (wliis)lS ¥

E-mail: zare@basu.ac.ir ., 5l jloes b Jeg olKiils (6),5LiS saSitils «ol pwiige 09,5 oliw! ™

E-mail: bagheri.hossein@live.com .o 1« jloes b  degs olSiils «(g5,9LiS suSiiils «ol cwaige 09,5 (55 *



Sl o e (YL B L ) S gusb) Lalyn
Goe 30 20 myn L OTAY) (e 5 oaliilex
sloykd okl o Cush qiy n OSzerkd
ol HYDRUS-2D Jaw b o (s3lwannd 5 (oelav
Gos 0 YL laoygly s Gl Jaw ol wols
5 Sy 09y ble YO 4 cons e il Ve sl
odd e S (@9 Sl o)z b OTAY) l)Sen
oo bgloand 5 (b loykd g)lal o
ooyl Jae cds wsls e HYDRUS-2D
Olee 4752 9 0o i Jomlb slaes ;o omgd
Joe cdo wil i Uy, Jow 4 oad ool slagog,s
b delgs Sl g ynle
Sy Bislejl ) sush, aatine gvie (e
Gl @l 2 0g Joe 5l Ygese 5 Sl Sl paise
Sgier colpe eesS 6l 2gdie odlitul o
oS J> hey 9 By sl g0 (B eS0s Jue
OYAF Les 5 65l)  Cal sl avog
5,51, 5l Jed L w35 Chotpantarat et al. (2011)
9y 3l oS J> SR B eS0y Joe e
Cugby ilwand lp ) (susb, (o sleesls
Joe colpe Xu and Xueyi (2013) .oges @1l S
Ot wgSae J> by, g B3, aslip 5l (5598
osSae Jo g,y YL 88 Sole pligmls o ws s
usb, Goie mess o etal. (2015) Okamoto.sy,
aog 1) Uy by SB pom> Zugb; ileand 5
Hydrus- Joo o,Slee €t al. (2018) Autovino.sges
o 90 Cow S o o oS > wr o 2D

G ) og) DL o wsSae J> Ghgya k]
<ilwars L Karandish Et al (2017) .oxcasls
b ooy (5505 4 jeome lac)pe 0 Of o5 >
Dol liad egSae > ybg,4 Hydrus-2D/3D Jow
S > 0yl ez sleiel BB g 598 )lp Jae
ol mls Ko 5l cwd o1 Gilodowe 3 S o O
calpo e 0 wsSee o by, YL Cde

293 U35 dali 4y G S g 000

Ol 2! O 5 6okl (owiipen (Lidgh (ool 4 pid

YFY
VFoo il gy 9 o oyl . o05l90 Jlw
400

Ol Copde 5 @loykad )lol cavys 2k pg3)

©o50e 9 Bl @s 5l canlie DML (pals el
Gilwand oo ol aly ) axl SB o Cusb,
@i Gileamd 4 0B S s Ol e 665
Gl g ey axl S 50 (hsb) sy slul g Cogh,
L Lso jo goumine oladss aiue Sy pas sl Sl
Cusb) @95 8l et At slaJoe 5l oolina
OF) Ll 5 ol oo ol amily ol
HYDRUS-) sox 90 wg,nle Jow oy o,Sles
Oyd et A, 4l S Cugb, gilwans 0 2D
5 bk 58 Nels = leykd glal Lhgya
Oher 5 (L), ioged dnogi 6kl pras sy
Siloderd 5 503l Cugh; @y alio L (VYR0)
coyo sk oLz HYDRUS2D Jas L ous
(RMSE) "z Slayype (oKke ady, 5 (N ¥ Ko
ol P locad Y 0 g s 4Y 0 S S o
el 550 5 el e il oY IV 5 Y/EA o IAY
Lloces sl cusb, Foms i @l U]
Siyal and .5 )Ll Goe Gl b mawe slasS
L1y om 90wyl Jaw o Skee Skaggs (2009)
Slaye ady) (5ol 9 00y AV G pd 4 gl
ok der Gileand o ey VT I s gl
98 idged ()55 gl xan s (slo skl o)kl
3 Susb) @y s alie L (T GlSes 4
celo VY 5 jio ooy 50 b olSeykd ULl Sls
wols plis gan 93 wgpmle Joe b syl 5 ey
Sl 3l o &gl glagle; azgie iy Joo slas
FeleSs ddoa s plie oy <3S L g ol
bge a5 Cush) suzme @je 9 Cagh) e b
Hydrus- Jos 5,5 (\YAA) o Ken 5 il Slias
e b 1) S Cugby Slpess gileand 5o 2D
ol ol s bl aisges (g (Feam s loslad
5 Sl S Cosb) Ol ileand 4 0B o

' Tape
2 Correlation coefficient
* Root mean square error



YYY

ol 2! ST 5 6kl (cwaign (i ghy (ooke 4 pid
VFeo 3l g o o)los .20 3190 JLw

b9y dw 4 SB hsb) dasiine Jovie culps 8l
9 9k (ke 00l (S 93 b ugSae Jo ) 4sli
..\.le‘SA ‘_g)L..’T )l o Sk w}b) oolo

3, 9 Slge
Gkl b S e ey ankid )3 addllas oyl
oxigd relas (Szoykad Vg yie oo VP kS L (glolad
oBiils jo el p id F 00 g s ) aloliay (8L

(o g Y US8) 0 Lzl s ey

Slakie axg LB 50 cxmonlis b gw)y

s Sl SBCosh) mjes 09 0 S (g e
el o 359l Sl oy plas sla, Sl )
Joe el ol Giledae g S sugb, dasie
LS o Cogb; ae (lwands oLl HYDRUS
Q)‘O ‘) S é...lj)..\.ab 9 é.iﬁﬁ uL...oa..a} )‘ oolaw!
&8 S5 5l Olgiee reiee Djge )0 s
5hdae oalply o gl bl 0y50 Job 5o Cush,
& e 4830 50 S Cogb ) m588 et GhRgS ()
e miwiall g oyl (gl g)lal wlbels
oobely s ol 3lwans ;o HYDRUS-2D

S by 5 shhes 9 0655 (Shasb)y 5310 paiged o 9 ok )bl sl i el oy Ll (1Y) Y

Gregle & b8 s e ol 4 axy
olax (gogec g (B aAlols (g pSuges slojuilew
S bl 5l e g e il 0505 5 byl
Sly boe uZ8 SB gy b paiges )b b
2 oS gkel (e ks sae G Glas 5l ploy e
05 a5 e
Joe 5l S b o cosb, iledae Gl
) HYDRUS-2D Jae & oolizu! HYDRUS
ol S o Of gam 90 &8 > sluad slodas
szl Ghosa so)bm, hedlis dslas gove >
B e S oglnl e g glanl Lyls o Yogame
(Simunek et al., 1999) el \ aolas
o8 0 oh 0 oh
E:g[k(h)&}a{k(h)a—w(h)}

z M)

2 Finite element method

Gl L oS 0g 20w py) S Cdl

S gl JEz el Cwsss (5yTeg,0n by
Bl (Sl en clan 5 aSe a1 0,5 VIO
b oS ol akds e il +[-AS GIS bg e
WS cusb, datie Jmie 0,5] Cewda gly
FFO £ Ko Ve N e S [0 baiges Cugb,
2o e ol b e il VOeee g Yoo
S S )3 5 lad Slis oliws 5 ol sl iSe
O i b o)lel ooy Do ad g pSeslul YL
Cagh, msi Sledbl gkl plasl jlan 5 00g el
XA - Glagley jo (Bzeskad Joue jo S ¢ )0
Yo gled g e cilo Fr o gas b el VY 5 FA YE 5
Joe 5l mpe seesle Vex) e gunasn b e il
L@ ) U5 el cavsy (njs Gogsde lSzo sk

! Sand box



Jae Coled o ol oyl wSae Sjgods
5 Lol e, 4 s 5l Jol> b L HYDRUS-2D
S ) ileaiste w8 eloly Cugb s @5 55X
Jobs gilwad jo adgl Lys ol gluand lss )l
Ll (ae)s YO) bl 5l 8 S cugh, lade
sy slel oley o o (slalaii g5 50 Julis (555
SBs8 50 50y cdeas gylol 5l an ate oL
0% Sy oz g Cewly oo, S (B0 k3 Joxe)
A iy a5 o5l S (55ye by S 5ye 5 Ol
o &y Doyeds Glokd g)lel o Sush, an
A3 b 4 g) (Sog9e 5 (Bl Sz 90 )3 i)l
s HYDRUS-2D s o Slae b, sl b 4z 5
0dds (6,5 o3ll polae Lot cio s polae anglas
) (R e o pd Slogatll 5 (qorm i g
Slas o (xSl 20,0 5 RMSE) s Glas o (05le

a8 oolizel (NRMSE) Lo (sllas

9]

)
NRMSE=100-RMSE/ O *)
polie P pSoslail polae O Ly, cpl o
Sl P pSoilail polie 5uSlke O« min
om RE il g pSojlasl slass Ny o ies polie
St ailis o o] (Soop a5 cel SO b yao
SrSoill @l b Joe i mls Gkl 5 i
> » RMSE (Kozak et al., 2008) el oo
Sedp 5 Mlee S el ceSe yeile
Ll Joo oS glaz Gilis oo 4 )l

o g s

Slr Shsb) aatin Sove sla il s @ls
Sl b weSae Jo b3, aolip & Jow gy dw ,»

Ol 2! O 5 6okl (owiipen (Lidgh (ool 4 pid

YF¥
WWeosml g 9 Jer oslosd 05190 Jlw

Van Genuchten alul, 5l s 54 k(h) 40 polis
ooty (¥ abal)) 2555 5-plee 5 (V alul,) (1980)

Al

+M’ m:l-l’ n>1 )

[1+(aw) | n
1 m
k(h):KSSe{l—[l—Sem] ] 5,270
es_gr

Casb, O [LPL7] o> Casb, 0 ailg, cnl o

Sl 0 ([L3LF] elusl cugb, 05 JL3L3 oxile 8L
LT gl (Sdgyoen colaa k(h) L] 5k
Foeo glslaz 0 Se JLTY] bl (Sdgyane colaa Ks
T oS T sl 10 Jslas \glosel 1525 L 5[]
[L] soges Slaise Z L] a8l claise X [T] olejt

0=06r

REIg
sask, aatio goe lanl VAol o sl

b ooSne J 53, adlin B Jaa g, w5l S
L wsSae Jo 5 (IS1) g, dascin Joue slaosls
by 0 Jow el cavsas (1IS2) S cogh, slacsls
oololp |y ugb) dasie gmie I gz U,
aoys g ol JBs S ool sy olasis
5 =hy Cedb ahii g0 0 S s Zugb,
IST (i) 10 iy oy 000 o &l (3o (5o 0%
bl RETC il 51 cogh ) duastine owie 4]
Shwlie sugb, aaie gmie b OS! J8las
5| susby datiine sove 55 IS2 hg) 50 ael Cawsy
5 25 Jdon ond pFolul Cosb) polis Jleel
by o Glal 5l om by oelsl 0 S hes
Qo0 g man .o w‘)..a olfo] ..\.n))f o)a—‘)..v RETC
5L S 08) glusl Cosb, 9 @) oaile 3L cughb,
el Cawdds g, dw ,o 5l Jol> sladasie e
GrSoll Jlade Sos g, 50 alie IS2 b, 5o
Sass Gl S| 5 eSskr i gLt Selg e olan
2ol & e oal cenles 5 Jseme byl
o oolaiuwl <5*"5‘|°) olpo s S8 oli8l sl

1 Tortosity factor



YYo

oly! ‘?’T 9 L.S)l'.‘.“.’T (WA (R (oods A il
Voo iml s 9 ez ojlous o0 3l90 Jlu

b ,50 by, 99 4 Cawd Os Hlade g a0 N colyo
oraf) e

6AL oy oglas goga
Joo 208 50 6051205 5 0r 9N alyd 69,1 st
Al sl (69955 Yy Cledbl og o5 1, U3, O
Cusb, «l)d ojlail as o (S JBs Jols b, asly
ras 4h Ll (Sopen Sugb, g ol bl
slaws a1 slas gl 5 B aS sl jgme o0ls (glaali p
S el Ll pae and Astaraei (2012)
L 0s oyl o ol xSz 536 5 b3, asly JLsbe
b i o sl wslaidls Uy, aely cans Lo
2 8l cusb, datie sl gse N Jgax
olyords (6,5 03lwl cugh) dasin goue b odwslis

Lol odal Y S 50 (R?) (s

SN b osSian S 5 (SD) iigh, amsnin sito
» (U82) (glojd (g)lal s Coii S ogh,
B g0 polie wlulp Jgaz cpl sl sel Voo
s b oyl Os i oglis woye 5 sl
V Jge el ool mulail (g A o sl (6550l
o 5 192 55, dSL slabs, 51N Jlade was so oLiS
el e el ) s o Jlake /OO X/F NAY
180 55 05 g [ YD VoY ofo v Jolas Br e fe o)
Zhang et al. (2018) aslllas 5.bo 0ty 3,51 /85 o /¥
S YIFA VY N ey e S il g9 s atay
et el 009y pxio /e YA-o[e o NE o0 e
!, Carsel and Parrish (1988) _ledb! b &b
A g N ol polie (G (o) (og S 23
Rawls et al. ools acgome llao g V/IFA g </ 0
GlS VYD 5 1o YF gl olie oo e (1982)
alllae ) 4o onsl Ceway polie 5l sl a5 eu
IS g, ,0 OF 500N (68,915 polie s 5 s .ol

S5l 0 B3y gy 50 5 &z e (gt polie atels 15 IS2 4

Lol o)l s S (Sdgyond culpd (1) Jsux

0s(cmicm’®) Or(cmicm’3) o n
(o p) Oglis gpSojlail gyl (oyd) el @pSeill  oysln oyslx woyin
i 7. EARR < [+Y0 ofee R \IAY IS1
-Yv 4 </f¥ Yy [0 ARAS ofeee¥ Y/g-. s,
\ Qi idd [0 <10 ofe e AN 1S2
0.8
0.7 A
-~ \
433\ 0.6 1 — S~
gﬂ- 0.5 - ~
----------....t..‘.'.“."..‘.
r\-’|l1 0.4 4 — .
g 0.3 _i_Sl‘_’;.j Loa =
ME ’ - [S2 T
g 0.2 o soseool;, Joligloa s
Rosetta: RMSE=0.125 cmem, R2=0.977
0.1 - IS1: EMSE=0.008 coiem, R2=0.99%
I82: RMSE=0.153 cmiem, R2=0.938
0

10 100
(cm) s

1000 10000

(5ol gingle (it b dmmplio 3 535 9 1S2 AST gy dus yo 31 (5391 3 (sitgb s (518 sizxo :(Y) JSb



e ST gy e slooysln Sole &5 adlige
02 1y orise ol IS1 by, el S iushs,) asie
Ol g Moo Jee susb, s Sledbl b as s )ls
s Szl 5 Aok 5l 5 oRaalesT o oMbl
sl 4181 (g, (Silear ool Sboans LB (s L]
g akje Hhai 5l g e atnly (sloylad (6 b0l s
2ol @b iy col Caglyl ;312 by, 4 e (e

285 0y plgise sloskd (55l pias S (il
o908 9 B @5 o) (giluancd CE Y Jguzr o
sl 5 (0 sz Slyion cls Jlosl b sl
HYDRUS-2D Lo ;5 (5550 Ll 5 g Ll
polie oo R?2 g NRMSE RMSE o Ll aw B o
Okl 5l o Bl glagle; jo g pSoslul 5 5250
Oyge slaloand ©lp Jouzr (ol el ol 6L
Jro ) gopee 5 Bl Gl Lol s S
odd s Slaslie polie b awslae jo S50,k
Oyge lagiluans s v go (Lid ¥ Jgoe ool
SV o glale; 1o 152 by yds o305 lazal 5 a4t 5
el YE 55 X lagle) 10 5 sylol §) i el FA
S B3y gy b dummlia 50 IST (hg540 s lal 51
G @ir 50 Gileand CEy Ll eent g
Celo A 92X A0 o Loy 0 ;0 1S2 g4 Cugh,
g emslio U5, 5 IST hg) 500 s (g kol 51 ey
Bl g sogee sl g5 3 b3, Ay, slagleans
Sisy b amlie )5 glal 1 G celo VY o g5
592 1,55 2 6 yeS NRMSE s RMSE ;1 1S2 , IS1
SE oS slacusb, 5o b)) oy, <8 Alis wilg oo a5
5 Slae) wil S il S coeal daula
Aol s <o liwl) jo ases (VYY) K
2 SE elyy cadb akais 5l YL sla iS5 o B,
Joo sl 53 ¥ IS ) (g dasine piomie 35
3 ao,0 ADIG ;0 RMSE (jog i 4 axg L b3,
SIS2 g IS1 o9y 99 4y G (g ksl 51 o slole;
5 RMSE Sl caws Jo,e5, YL Zéo
om sl el 5o b3, b, sl NRMSE

5 00 oo 5 Cugby mus 88l (5lwancd sl sk

Ol 2! O 5 6okl (owiipen (Lidgh (ool 4 pid

Y¥#
Weosml .z g e oolods . p005l90 Jlw

ok, datie Goie 008 o il ¥ S

cm3cm-3 s R?2 g RMSE L IST 3, 5 alol>
aascin gz b g odgs Uas e (slyls +/48 5/ A
Py ol YL S8 o ls g9t Bl Slalin Sush,
v by sled Sledbl (6,554 51 5U wilgs o
5 Sugb, yiSlas aly o Slelie ueb, aasic
W S0y 5 cosh il b ltl alis Koo
sk, aatie gowe Jlie o a0l @il (S ek
cmiem?® 5 54 R2 g RMSE L 1S2 i, 5l alol>
aaie e & |y Si05 OymeS JADA /)0
dasin Sove 182 gy culs Slelie ueb,
Shalie usb, aasie goe 51 YL ) Jugb,
Jade 182 hg, ,0 (Y JS2) el oogei 090y
=y bl abi 5l YL slaiSe 50 (6359 it
55 =hy edb gl Sl i oy i
31 eolazwl ol lii Hopmans et al. (2002) .col
Gl ol 4 S Cush, end (g Sesul ledl
51y S 984 yamis 5 Ghelas gl 4 plicews
e wibeed (S S Spb; datie Jo
shlo By asbip & Joo by, 5l abol> (usb) aasis
45 5 +[AVY 5 R? 5 +/\YA cm3cm-3 ,,l,, RMSE

i 12 gy 5l s S IST (g pa cad o] 8o
Gl iSe j0 (hgb, danie dxie oyln .l
5 53, i 1 ol byl i 1 ol 2l
SlaiSe 5o 5 laalis sb, asiis x|
U S VLUV I o S GGV N - L S S I
S b abais 3| 12aS Gla iS55 (5950 polie Sglis
S ESe ;o 5 i 192 by, S S £l
O S 28l el a8 (el cod )b aladi I VL
S £33 5 Sl o5 Glacugh; ) 286 (e o0
7S (IS F Jdoay Y G 5le slo iSe 50 b, e
Sl OYAY LKes 5 lasy) cul S cdl
Cdbogy Sledbl aly 1 aS el ceac a0 U5, asli
JTooke 5 S lasle Ll pae g aidly e Sk
sl (ol o5 Sde OYA (Ko 5 Slae))
Vs ol b den ¥ S gl pyama 55 ool



YYY

oly! ‘?’T 9 L.S)l'.‘.“.’T (WA (R (oods A il
Voo iml s 9 ez ojlous o0 3l90 Jlu

& X e sbylk; 0 HYDRUS-2D lxe o b,
sl 00al ¥ S 15 syl 5l s el VY 5 FA YF
G S algS 0 8okl da S (pl elad yo
YOS o)l hEwd (e ) @b e
Cugb, gogee 9 (B Glojea Dlpis osimolis
ISl oSl oyl e el VY b oz
ol el 5 5 ady) ket o s, il
By Sy YO S s adyl Cogb, Sl
FONY ()l 5 g abolddly sl ke i
P ey D (6 S ojlal (8o k8 Joe )0 wo
Joe bug ao,e YHA Jolee cogh, Jlade o yiion
5las as gsleans by, 4w ,» ,0 HYDRUS-2D
oS Qo yd PO e a4y Cugby 0uld (6,805l lade
Jade Ol wb o aSaSoles s, 0,6l
g <db Gl bl Jdoa ey mhaw 5o Cugh,

ol 5l e el 5 B T &l 51

Cogby @iy o ilwad lp g we)s YVA
s RMSE (. Sils 51 45 ol soys YV 5 O/F oo iy
e 1y By, aly OYAY) o) Ken 5 glas, L,
L Skl UL aw 51 oolaul alawlsas Lyl slasS>
Glp g atdl sl byl S 5l aises DOY
Ailaiasls cusgame ghls bl Ko S
5 RMSE R? slao)lel (oSile iy oo
Iom sbagle; plos o (Bl & sl» NRMSE
VOIYY 5 YIA /330 oolga 1S2 igpa o,k
9 TIF /YA Cugb, sogee mjs lp 9 ey
< /29FY 88l m g5 gl IS1 ig, y0 5 dusyo VA/AY
dlin ggome ;o (¥ Jgoaz) ol Jol> a0 YA/
» slp ¥ Jgo= ,0 NRMSE 4 RMSE R2 ,0lis
i g, 5 ol 038 gl 51 g slacle; 5 S
oy Olalie il giluans slaghs, sl
9 1S2 ST () aws jo 4y 48,5 O 50 slag;luands



L Taalice prolio b dulio )5 (69550 1 (w03 o ) Cusby A8l 5 (6390 24395 polio :(Y) Jgur

Ol 2! O 5 6okl (owiipen (Lidgh (ool 4 pid
Vool .y 9 ez 0 lous . o0 3l90 Jlw

Y¥A

69391 » Cagh)
G;, 1S2 ISl
Yy Y¥/A Yf/-¥
YY/N YV/§ Y#leY
YYIYYYN YY/O
YY/b \VIY Va/vyY
<[A88% < [AAAD < /AAAR
an o/ (VA
YIXY PPN VYIPA
Y-/A YYIA YY/YA
Ye/¥Y  Y4/a¥  YY/e¥
YeIY  YYAY  YVYY
Y-IY  YOIYA Y-/#
<AAVY +/A9¥Y - /AABA
AA YIY vIf
YVIVO  YIAD Yo/t
YN Yo/ Y-/AQ
YN Y#IN \R¥ia
AT YeIY Y.IvE
Va0 YAN Va/7 ¥
+/44£4 -/4949 -/A9067
\7R AN #IV
Yoy VY Y¥IAN
V40 YYAY  Y4/AD
4/ YY/AA V4/vA
Va/7  YOIfN \RVidd
V4/f YY/fA ARV

«[A9AY +/24Y)Y -/49AF
710 L ARS #I\
YOINY - /OF YY/i#Y
\YIY O YYNY YA
YA YYIY AR
YA YVIYY V4
«/44YH +/24YY -/44YY
Y/t YIY \/f
\Y/Y- AYIVY Y Y
\ENE YLIYY VYYD
VEINE YCIYY YYD
VPP YLIYY VYYD
«/49A+ +/29A +/39A-
YIv \VIY Yy
V4/-4 #A VV/AY

GSojluil cugb,

YONY
YEIvY
YViay
YY/ON

R2

RMSE

A8l alold

(cm)

Ya

NRMSE (%)

YY/VY
ARYARA
YAIRY
ARIAY4

RZ

RMSE

A
Yf

NRMSE (%)

\\li2d
Y#ITY
YV/-A
YAIAY

R2

RMSE

ya

NRMSE (%)

YF/AA

YVIFE
YoIf

YoIvs

RZ

RMSE

ya

NRMSE (%)

VAIY'?
YV
ARVING

RZ

RMSE

A

NRMSE (%)

14/30
Yelox
YANY

RZ

RMSE

!

NRMSE (%)

69391 » Cagb)
G;, I1S2 1Sl
YYN Y¥/A f.
YV\/IY YA A\
Y-/A YOIb Y#IA
Y-v Y¥/a Y¥
+/29+F /3909 +/AAOA
v/a YIY YIvY
A\ AN \Y/S5
Yof YVA YY/YA
Yo/#  Ya/Pa YY/-vY
Y.IY  YAAY  YY/eY
Y-/Ad Y#/AQ YV/f4
Y.IAd YOIVE  Ye/AA
+/320% +/AAY +/24fA
VY- \{R Y
YOIYA AYIAY YV
Y0 Y-IFF Y-/AQ
Yl YN YV 0
Y./¥Y Y4/YY  Y-QY
Ye/A YPIAY O Y</AA
<JAAY - ANV < [AAFD
Y/ YIY Y
YONY YFIYY  AYIVA
V4/9  YA\Y Y- /AD
AR VA VS YA Y\/-Y
Y. YAIOS YA\ F
ARYA! Yvi/Aa YVYY
Y.IY  YPIYY YVYY
/a4Y4 -/49fFfF -/449f)
fIA A7AN Y/a
V4/0F VYO VO/AA
YA YYNY YAIOO
YAIA - YYIOA YAIAN
Va/8 YVIVO Y-
YelsA YVYIYY  YNY
4/ YRIY V4/YY
«/AaY. +/29fA -/24YY
Yo 1o Yy
\o/A. Ye/fY VY F/aq
VEIY YIYY AN
VIO YO/ \ViOY
YA Yoet VIV
YAIY  YOIVO \VIYA
«/49%Y -/44£7 -/44¥F
¥4 YIY WA
YV/AZ  A/MY YY/IVO

Gogos abols (g,Lal 31 s o}

GrSojlail cugb,
YONY
YAIAY
Yo/fs
Ya/vo
RZ
RMSE
NRMSE (%)
YYIVY
YA
v4/44
\R7ARA!
Yoy
RZ
RMSE
NRMSE (%)
Yo/r#
YARY
YV/SY
¥/
RZ
RMSE
NRMSE (%)
Y¥/AA
YYIAY
oy
Y£IAA
YA/f0
RZ
RMSE
NRMSE (%)
VAITS
YY/f#
YOIV
YYIFY
Y/0
RZ
RMSE
NRMSE (%)
V440
YYIVA
YONY
YY/IY
RZ
RMSE
NRMSE (%)

(cm)

\F
Yy

\F
AR
\
Y

AR

AR

AR
Yy
AR4

AR
Yy
v

'Y
AR
Yy

(hr)

Vo

Y¥

A




Y¥a

oly! ‘?’T 9 c.S)l'.‘.“.’T (WA (R (oods A il
Voo iml s 9 ez ojlous o0 3l90 Jlu

(Floline yolin b aumlio 10 (6931 2 (9030 o ) Curghy (Al 5 (3908 @1598 p3lio :(Y) Jgur aslol

69391 » Cagh) 5ol Cosh, Sl alols 93 32 Cagb, a5l Casloy $og0e abold (glul 51 my oylo
Gy, 182 1S1 (cm) Gy, 1S2 I1S1 (cm) (hr)
VEIY O YVYY  V#-A VE/EA . VEY O YVYY VgeQ VE/EA . \At
VEN O YVYY  V#-A \Y/Of N VEIA O YEIVA VSIBY Va/a- \Y
VEN O YVYY V#/eA \Y/EA Yo \WIY O YSIA VEIYA YAYO Yo
+/390) -/49¥F -/A9FF R? </A95F /290 < /AAYY R?
N Al Y/ RMSE YIf oF Y RMSE
AYY 84N YYIOF NRMSE (%) AYAY Y-/YO \VAY NRMSE (%)
-/39-0 +/290)  +/A9%) R? S[RYY +/AaYA  +/AAY. R? don  nSiles
ol YA \li2 RMSE of  fIf \iid RMSE sk
YVAY NO/NY VANF NRMSE (%) YV-F VAAY  VA/E- NRMSE (%) Skl 5

Bl 5 (50508 anwsi )kl 5l o csls jho loj @
Gilhe s o Jaled g% 1, S Ldgy 5o Casb,
5 o Sl i 9 Cagh, oo g51as ¥ S5 guls
20 OB8zeykd Jowe jo ol 5l ey sl VB 5 ()L
o alie o5 cal sanlie LB 1S2 4 IS1 g, 4o
18 a5 azmil gllas Cogb, JBlas g sl sns (6 S0 lusl
Cowly Cooms adl piie j0 005 oo ovalin ¥ JSS
JKiay 182 2g) 50 euds g)lal jaS amb il e
F UGl Colue 5 il go sl Cons 45T 10 moye
Fle o cwl colb Loy glol 3l e cele
Al Colue w20 olas IS igya (ojlwacs
5 51 ol 55555 s S5 003 5l S
o celo VIO 5 i g pSojuil mbs b IS
O Gy g S8 S ojls Jlesen LosE )kl
3om cele Y HISL g4 glowans mls ilae
e Sypo kel 5l el VY 0LL U e
Sl e Caawdy o 50 G o a5l S
0y (655 3lil ks b aS el il damsgs 5o kad
Susby  polie )l (pelie SloFer (oo
o el VY aoo oo L ¥V Jga (0 0als (5,503l
3gr 2oyd VEIPA (Szo,kd e o Cusb; (o)Ll
Gyl YO ;0 ao,0 VYIPA o 38l slaisl jo a5
YVYO 4 (gogee slaial jo g 8l jialS roe) plaw
O b 8L Gl (6 e Lo YO Bes j3 s
sasas Hlas aS sanel 5 YO USE jo Sl W,
L opSoslil polie 51 Jol> copm i SO Sl
el YV g FA 55 05500 IST (bg; 4y (glwaned JSS

Sgiluand 05 Slicy Bos )0 Zugh) 5l o)lsen

Casby 5l oloy S b ols Hlas ¥ S 4o ends aloul
5% Sagby Hlade (Jg ek atulS s Joar mhas
5 Bl @i GBS oyt el ol Lo sl
Al O Jaw 10 gylol 3 g el £ U Cosby (s0g0e
g &b gilednd doyo Y/ 0 o bl sled o Uy,
@l s Jdsay (e e Cush, 51 0T ) o
Slp Dygets CSlESy jsbay Loyl Cusb, elS
GreS SB Gee g £9p0 S gl IS L
VE S Jdgn casb, e o Solear 28l
el FA (oc o ,0 Yo dg0 40 s ol 5w el
o el VY g Gee a0 )0 £ sga 50 kol 5l e
YEA 51 byl 9yge 4l duope Voo LoLEs gLl )
S o sl Gals as,e VWY osgus 4 ws e
bl J0 ¥ s 0 cad plxil slag uSojlul
L a3 Joo ailias 5, Jae slos gl
Ol O8zeykad 5l calise Jolgd )0 Cagh; I Sl
56 OYAE) s 5 dame adllas b ol
cm3cm-3 L bj, by ool cds esmosplis
cm3cm- « /YO L +/\0 usb, aiels ;0 RMSE=:/) -
5 Sk soges g (B Dlyss g, blae 0 003
Ssbar g K0Sy wlie Loyis 152 5 ISL 3,
Goges g (B olael g0 ya o Zush, Sl W)
Joee po e Sl o)kl pley 5o 9 Zdb anwgs
Casby Slpds kel 5l g S8l anwg e L
Cagb) polie prw i Og G3ges Cu2 dxgie i
S 5okl 5l e el VO Loy 0 00l (6 S 03l



Ol 2! O 5 6okl (owiipen (Lidgh (ool 4 pid

Yo-
Veiml o 9 K o)lods o205l90 JLw
el sl e
ookl 5l o el YY 5 FAYE 8 oles Lz lecl oololyy sy S8 b 3 el il 5 e
(V7 JS8) ol i 3 Cagby Gl was co lid Cugby (6T 05l polis
& xS0l G5, (bss 1S2 s, ISL (s, el 5l o
(celo)
35 [ro— 0.343
925 10 — 0
- = 0282
30 0.260
Pt
—
L BrRP)
25 0.150
0127
225 0.105
-0 Max : 0349

Min  : 0.105




ol 2! ST 5 6kl pwaign (i ghy (ooke 4 pid
Voo il .z 9 o ol o0 3190 Jlw

YO

.HYDRUS-2D Lo jo cagb) a397 Glboj 5ol (g 5lwanis (V) JS&

ﬁl.?u‘ﬁ ‘571).‘4 Le ISZ k}uj) GL.: (5‘5 ol solazul ‘)413

Lol paiie golaidl b5l Sedy Sl Lk

L 052980 (Sheb) (oo walrd Gagh o0l o

bl 3l o9 o U, 0 Joe 9 1S2 ST i,
5 dmalie y5e lagl g0yl b, sla e
Loawlie o0 g N polis 85 18 ouwcoms
Soysln os BHlieli 5l (Sl ez ye 5 polie
Solds o yien o) g oogdle g o g N polie gl b,
g1 gy 5y sy 4 5 6503l 05 g (69,61 O
pas Wl 0 08 5915 o U,y aslipy s LYo 51 S
@l sl S b ) gt syl bl
2ds Soly aalae ol oyl (sb, slo s
bl oles 5l oolatuwl alwlgas IST g, oYL
6550 Joe fiien S35 5 (Shgb, (v (xS0l
b iSe solos ;o IS2 o, 09 I1S2 igy b awslio
SLiSe 5o 5, B Jao g 9500 35515 ydy 1) Cugh,
O 1) Sagby ol gl S jo g STl Cush) oS
Silodd @l 0y e spSojlul Cagh,
Solel cov S Cogh, oye g (hee sladidy
boosd e Sgymed alpe SeSa sloykd
8o ol plas Hydrus-2D Lo o 5653 slabs,
e Jolse 51 og B3, 5 IST (g, 51 (i 192 (s
O LS 050 slrosls £ g o5 olaws b, asliy ans
sl s ST ool s SB Slaisle gl Sy Ll pac
@ axgi b .og USDA S Sledbl S ol 5 o
i lyea S Cagb, ileand i Coesl

okl Cod S cushy a5 L IS2 g, aslllae

32 0l 2ame wig doar Gee jo Cusb Ll
Orepay 5 S Bas 0 yi anld a8 506 g Ges
S oos e dedoa e gl 5o Cash, alS s s
w38 wnl 5l ey mhe gpdipl s e ks
IS ¥ USE 0 capmy ol auglio wil o
e Ssiluoand b (gowm 5 slags pSojlul Slo>en
2l skl 5l m S Ysb slegley ;o efisa IS1
5 Bl s loel )3 (g 99 58 )8 Cusb) jlade o yieS
anlin LB oy b 5o ofSrod Jous |y il
Celw £ 6 ISL iy, ,0 Cugb, (s9gee b s ol
Cagby 38 Cawd 5 (e o g L ol 5l ey
@ ghe 0 (2,0 O i leEl I s daslsa
15 sl Sggion Ml Sz ] e Ceans
el YU IS2 (g, jo Cusb) (9908 S Llae
el b 5l casby (28, cews 5l 05 skl 51 oy
J 50 181 (g, 4 o (gt Sy b g o
Gl drwgs
HYDRUS-2D Juo aoo o olis mls awslio
ilie ilizes slo oo 5 agle yo Cush 9515 sl
s RMSE R? &l eais o ol plis w365 Lol s
L ssy o )bl 5l o il glaplo; .o NRMSE
a4 azg eae 5l A0 Wlg e el cpl olad s
CS o e dBdly) e 0 ez Glagl
Jdgn s g2 g U= 50 bz g 65SE olsils
I, &>y ob,> Simunek et al. (2003) .asl S
JEsl &8s slagsmyinn 00) o2 Suld et
Slaal 5l S a5 Sll jlailaiusls S o 2l 5 ol
il Copde 5 meme (Phb Sl Gox
Sl o 1T by, 13 sl (glopld (gl gumpus
San ol Gl sk, (e (olilel laools 4,



Ol 2! O 5 6okl (owiipen (Lidgh (ool 4 pid
Vool .y 9 ez 0 lous . o0 3l90 Jlw

YOy

S g ol a ks cas 5l Jy anals g5V cds
IS1 59, «Cush) @i il amd ;o 59 yieS auja

&b

OleSs o oo b 850 ka8 cal Bos 90 ;iU gy AVAY L oDl ] g (g9 0 ilal )5 7 ap o oliiles Ludl
5 Gkl (swige aslilad HYDRUS-2D Jus L ()1 (s3lwaned 5 (oo o) sloyld g )lal pinns ;0 Cusb; a555 5
A=Y o e oles F Lo ol

syl Sy @lss Jleel 31,0 HYDRUS-2D Jow ol,l5 ogge AYAY Ladls o g o wolgsylos e
AFF PR o F o)l FF ul> (S g Ol dle S (S5 00

S Cogb, Ol s wyp ;0 HYDRUS-2D Jas 5,5 AYAA . SliS |y 5,5068] b 7z oz qmole Slias
NOYA-YOFA 8 o o)Lo.C;} 'Y \.\.L> ‘u‘f‘ 6..5@) 9 ‘_g)l.ui 44)...»; L;‘z]a.w).a) Lg‘o).L:S (i Lv Ay UL">)‘> 53]

ST Al ol po el )0 B s i, B0 gy ITAT 65558l e g Clwl Bl o ilal £l ez 5,8l
FV-0F Lo VF ojles A ol 0] ol cwaige e 35535 09 Jush,

& slwdands g 6?:]4‘.4 &lolad G)L:.‘%T o 00l pu> LSBiH 2 Sl oy YAY Obold g su.ul)s e Sy
AYYEE o XY o)leis A Jlo 0l g 5,lo] (cwoige asliliad HYDRUS-2D o L

STy jelaie 4y Ll ailgs 359l VAL L g0g S5 dle g cBld g wammale b8 o up (Slae,

LS susb, darin sove 3,900 A YAY (B9 St e o g CBL g g0, dlo b ep o slas,
FYV-vfse e & o)Lo..i‘J FY o> “5)')5&2‘.5 3 u_;‘ U9 PIE .6|4.E.BJ 99 6)-35"}“'\3‘ )‘l oslazul

Sils aloes HYDRUS-1D |J38la 5 51 ooliiasl b S 50 S g ol &8 > (65boannds AYAF cds o 5 | csiamo
.?V—VA f c\ O)Lo.w ‘YO n.\l? cJB 9 ATJ]

5 Cugby 398 ilwad )0 HYDRUS-2D Jos oUlss AR ccangailpl o g s00,S -0 b dow> o 00 (5485
BA-F o £ o)les VF .\l.?‘JL‘}agT r:}l.cd.l:mo:;b.w);) 6‘0}145 L;)Luiwmﬁb

Gl 30 S Cush, mis 639 5 2 eopp VA0 LS e o 5 (WBU T udlhas g ) ol
AY-YY Lo oY o)leds Y8 al> (S g O 2l ls ool g lane 1Y slaSs jo xaw 5 (o b

Autovino, D., G. Rallo and G. Provenzano. 2018. Predicting soil and plant water status dynamic in
olive orchards under different irrigation systems with hydrus-2d model performance and scenario
analysis. Agricultural Water Management, 203: 225-235.

Carsel, R.F. and R.S. Parrish. 1988. Developing joint probability distributions of soil water
retention characteristics. Water Resources Research, 24 (5): 755-7609.

Chotpantarat, S., Ch. Limpakanwech, W. Siriwong, S. Siripattanakul and Ch. Sutthirat. 2011.
Effects of soil water characteristic curves on simulation of nitrate vertical transport in a thai
agricultural soil. Sustainable Environment Research, 21 (3):187-193.

Emami, H., and A.R. Astaraei. 2012. Effect of organic and inorganic amendments on parameters
of water retention curve, bulk density and aggregate diameter of a saline-sodic soil. Journal of
Agricultural Science and Technology, 14:1625-1636.

Hopmans, JW., J. Simunek, N. Romano, and W. Durner. 2002. Simultaneous determination of
water transmission and retention properties: inverse model. In J.H. Dane and G.C. Topp. Eds.,



YOY

oly! ‘.—’T 9 c.S)l'.‘.“.’T (WA (R (oods A il
Voo iml s 9 ez ojlous o0 3l90 Jlu

Methods of soil analysis, Part 4 - Physical Methods, Soil Science Society of America, WI, pp. 963-
1004.

Karandish, F., A. Darzi and J. Simunek. 2017. Application of HYDRUS (2D/3D) for Predicting the
Influence of Subsurface Drainage on Soil Water Dynamics in a Rainfed-Canola Cropping System.
Irrigation and Drainage, 67 (2): 29-39.

Kozak, E., Y. Pachepsky, C. Slawinski and R.T. Walszak. 2008. Using support vector machines to
develop pedotransfer functions for water retention of soils in Poland. Soil Science Society of America
Journal, 72:1243-1247.

Okamoto, K., K. Sakai, Sh. Nakamura, H. Cho, T. Nakandakari and Sh. Ootani. 2015. Optimal
choice of soil hydraulic parameters for simulating the unsaturated flow: a case study on the island of
miyakojima, japan. Journal of Water, 7(10): 5676-5688.

Rawls, W. J., D. L. Brakensiek and K.E. Saxton. 1982. Estimation of soil water properties.
Transactions of the ASAE, 25(5): 1316-1320.

Simunek, J., M. Sejna and M.Th. Van Genuchten. 1999. The HYDRUS-2D software package for
simulating the two dimensional movement of water, heat, and multiple solutes in variably saturated
media. Version 2.0, IGWMCTPS70, Int. Ground Water Modeling Center, Colorado School of Mines,
Golden, Co.

Simunek, j., N.J. Jarris, M.Th. Van Genuchten and A. Gardenas. 2003. Review and comparison of
model for describing non-equilibrium and preferential flow and transport in the vadose zone. Journal
of Hydrology, 213: 14-35.

Siyal, A.A. and T.H. Skaggs. 2009. Measured and simulated soil wetting patterns under porous
clay pipe sub-surface irrigation. Agricultural Water Management, 96 (6):893-904.
unsaturated soils. Soil Science Society of America Journal, 44:892-898.

Xu, Y. and Y. Xueyi. 2013. Estimating parameters of Van Genuchten model for soil water
retention curve by intelligent algorithms. Applied Mathematics and Information Sciences, 5:1977-
1983.

Zhang, J., Z. Wang and X. Luo. 2018. Parameter Estimation for Soil Water Retention Curve Using
the Salp Swarm Algorithm.Water, 10: 1-11.



Ol 2! O 5 6okl (owiipen (Lidgh (ool 4 pid
Vool .y 9 ez 0 lous . o0 3l90 Jlw

Yof

Simulation of Soil Moisture Profile in Drip Irrigation with HYDRUS-2D
Model

Mehdi Jovzi*!, Narjes Mahdavi Moghaddam?, Hamid Zare Abyaneh’, Hossein Bagheri*

Abstract

Drip irrigation management requires proper information on the horizontal and vertical distribution of
moisture in the soil of the root zone. In this study, soil moisture distribution was simulated up to 72
hours after drip irrigation by coefficients of soil water characteristic curve with three different methods
in the Hydrus-2D model. These methods were included estimating the soil water characteristic curve
of inverse solution methods with soil water characteristic curve data (1S1), inverse solution with soil
moisture data after irrigation (1S2), and Rosetta. To determine the accuracy of the simulated moisture
values with the measured values, RMSE and R2 were used. The results showed that RMSE and R2 for
estimating the soil water characteristic curve in 1S1, 1S2, and Rosetta methods were obtained 0.008
and 0.999, 0.153 and 0.958, 0.125 and 0.977, respectively. The accuracy of IS1 methods depended on
the information of the soil water characteristic curve, Rosetta depended on some early soil properties,
and 1S2 depended on soil moisture after irrigation. Average RMSE and R2 in the simulation of
horizontal moisture distribution for 1S1, 1S2, and Rosetta were obtained 4.6 and 0.9941, 2.8 and
0.9951, 5.5, and 0.9905, respectively. Also, the mean of these statistics in simulating the vertical
distribution of moisture for the mentioned methods were 4.6 and 0.9830, 4.4 and 0.9928, 5.4 and
0.9932, respectively. Finally, the use of IS1 method was recommended due to the shorter time and cost
of simulations and the possibility of performing it before the design of the drip irrigation system.

Keywords: Hydraulic coefficients, Inverse solution, Rosetta program, Soil water characteristic
curve, Van Genutchen model.
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Simulation of Soil Moisture Profile in Drip Irrigation with HYDRUS-2D
Model

Mehdi Jovzi*!, Narjes Mahdavi Moghaddam?, Hamid Zare Abyaneh’, Hossein Bagheri*

Introduction

Drip irrigation management requires proper information on the horizontal and vertical distribution of
moisture in the soil of the root zone, which is related to soil water retention curve. The soil retention
curve is one of soil hydraulic properties that have many applications in water and soil studies. The
need for more time and high cost in measurement of retention curve were caused to using various
strategies such as the inverse solution method and Rosetta program for its estimating and its
coefficients determining. Determining of retention curve coefficients and using it in soil moisture
simulating program including Hydrus-2D provide simulating of soil moisture profile. Therefore, the
aim of this study is determining and evaluating soil hydraulic coefficients, retention curve and
simulating of cross section and depth profile of soil moisture using Rosetta program and the inverse
solution methods.

Methodology

The 5-hour irrigation operation was conducted by the drip irrigation system contains 7 emitters with
one-meter distance on the main pipe after measuring of soil retention curve and some of soil physical
properties. The soil profile was created in the center of wetting front at the 0, 1.5, 3, 6, 24, 48, 72
hours after end of irrigation, and soil moisture measuring was done by weight method in specific
distances of cross section and depth profile. In this study, soil moisture distribution was simulated up
to 72 hours after drip irrigation by coefficients of soil water characteristic curve determined using
three different methods in the Hydrus-2D model.

The HYDRUS-2D model is one of the simulation models of two-dimensional movement of water in
soil based on the numerical solution of Richards’s differential equation by finite element method in
soil saturated and unsaturated conditions (Simunek et al., 1999).

Hydrus-2D required to soil retention curve coefficients, irrigation rate and time, soil profile
dimensions, soil hydraulic conductivity and drainage condition to solve water movement through soil
profile. The coefficients of soil water characteristic curve were 0s (cm3 cm-3), 6r (cm3 ¢cm-3), a and n.
Hydraulic conductivity and bulk density were measured using Guelph permeameter and cylindrical
core, respectively. The simulation methods were included estimating the soil water characteristic curve
of inverse solution methods with soil water characteristic curve data (1S1), inverse solution with soil
moisture data after irrigation (1S2), and Model 5 of Rosetta. This model of Rosetta required to
amounts of sand, silt and clay content, soil bulk density and soil moisture at field capacity and
permanent wilting point. To determine the accuracy of the simulated moisture values with the
measured values, RMSE and R2 were used.

Discussion and Conclusion
The results showed that RMSE and R2 for estimating the soil water characteristic curve in 1S1, 1S2,
and Rosetta methods were obtained 0.008 and 0.999, 0.153 and 0.958, 0.125 and 0.977, respectively.
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The weakness of model 5 of Rosetta is due to the high overestimation of n and underestimated of 0s
and o coefficients. The results of Mohammadi and Delbari (2015) showed low accuracy of Rosetta
model for simulation of soil moisture profile. The accuracy of IS1 methods depended on the
information of the soil water characteristic curve, Rosetta depended on some early soil properties, and
IS2 depended on soil moisture after irrigation. Average RMSE and R2 in the simulation of horizontal
moisture distribution for 1S1, 1S2, and Rosetta were obtained 4.6 and 0.9941, 2.8 and 0.9951, 5.5, and
0.9905, respectively. Also, the mean of these statistics in simulating the vertical distribution of
moisture for the mentioned methods were 4.6 and 0.9830, 4.4 and 0.9928, 5.4 and 0.9932,
respectively.

Comparison of the results shows that the HYDRUS-2D model is suitable for estimating moisture at
different times and places, but there is no specific order in the changes of R2, RMSE and NRMSE at
different times after irrigation between methods. This can be due to not paying attention to the
preferential flows in the root path, the path of soil animals and the flow in the large pores of the soil
profile. Simunek et al. (2003) considered preferential flow as the most important process that disrupts
accurate predictions of water and solute transport in soil.

Finally, the use of 1S1 method was recommended due to the shorter time and cost of simulations and
the possibility of performing it before the design of the drip irrigation system.
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