Iranian Journal of Irrigation and Drainage
No. 6, Vol. 11, Feb.-Mar. 2018, p. 1121-1129

|E

Oln! 523 9 5yl & i
PHI-NTA o A sidasl — cyage M s Fo o

load ol 53 i 550y susby o il el b S Cysb ) esy

v -

¥ - Y - O3 I .
SAL e pie o xS Wkl gl dee

\WAP/YN 3l 5 b

2SS

55 9 ROSEa by, 45y (sla s 1 (63,50 ok (iovie calps Jlosl b S Cugby (gm0 @58 (ilodnd €83 cadllas ol
OB 95 0 e calpd 3yl 8 (i B e (sloskad ()bl s S (sl HYATUS-2D Lo 5 (glabaiigs o wsSae J> (o)
gl sla e diwly en ;5 .ol 3lad RMSE=+/AY L U3, 4ol 0 Jao 4 ¢8> 0y 565 g RMSE=+/+5 | slalaisi 5> jbg, &
RMSE=-/++A cm’em™® L a1 (s ,Sojlasl gl sioxie 4 (glabaiigd 5 ogSime J> (sl by, ol cnleds o 5 st sk 56 639l
D9y CaBy aS ol L SB Ldgy 50 Cugby (samgd i85 (Sjlwdnd ulS Cmioren (ol (gldaigy by gly /YT 5 usSxe 39y (sly
2l 5l 568 RMSE=+/-vem3em® L bj, asbiyy ¥ 5 ) Jow 85 o b gy plo jl i R%=+/2Y g RMSE=+/-¥5 cm’cm™® | ldlaisgs
Jie (Sgpin colys 390y Jod b s 4y argi b )5 ol o st Cugb)y (sangd s (Sjlwdnd €5 dgr Fyke e o Ss,
99y L dlie )3 ughy dbafs g3 SleMbl s b iy ol 65 ) a5l es el lasl LB (glabafign gy 40 ok (ovie g ek,
ol deogi BB Cugbo (san9d @i (Silodnnd slp <83 )3 1 g (09 polej g o9 AR ia o I Sote SNl L GegSa S

3)8 g5 Hydrus a8 ouss &) Sl Jae 5 ladol s cppe
SB 3 usby Js gilodnd 3 Ll gl i 5l Sy s gl
2 Jde ol OYAY (5535]) sl 5o)ly doles (o33 > asly 5
S )55 o8yl Lasgs (gms dus 5 9 Sy cloaens JB
Simunek et al., ) col 4,5 )3 e i3 )3 5 &1 S 0]
Hydrus Jace 5l slacse 9 (2Kislejl cldlas 5 5> (1998
Lo Sy sSae g maiime 350, 5 Cash giloand Gl
Wang et al., 2006; Abbasi ) cusl oads eslaiwl S Sg)iun
» Hydrus Jus aaily oty 9 Sl (et al., 2003 ab
(sloylad (6Ll s > SB Casb) (shn 93 @i (Silodund
(Patel and Rajput., 2008) 155905 (i)l cuslio Iy (oxdaw 3
3 5 |y by Sloj 5 LS iy 5550 olSon 5 55
Cold g Baoykd (90 (S gy 5 (SIgpan sladasuie
3§ Silded )3 cuslio 5)l3l 1) Hydrus Juo 5 sdls gl
5 bl cleMbl 51 (Cote et al., 2003) Ldge5 (B yme sl
SLej 9 GLSe )9 (K% m sl HydIUS Jae 3 o5
3yglpm el SIS g by dasuino iove o)) Hlade g Cugb,
P 3950 calie gl Jae LB > S b, dasuie e
F S 089509 k) Jie 4S5 coul iy el Hydrus

doddo

105 Gyme S o 958l 59,y Lials g ol wlie 35068

Ol Copie g ,lis cov )bl laalobs Connl (gjy5lis isu
il 4 dag b oS s )lal sla gy o 5ediln S sle sk
105)1y8 5 et Jlisl Sl plals 8T et (ol oo (VL
SLE > Cogb) g Camdg | e (WA (3B 5 (£9)9)
ol LAl piamas oledly 5l gaute SleMbl glo lad &bl cov
slayiehly (nake w30 LI SB Sl Cagbs) j5i5 9 98
gy aai SIS oyl (o)Ll (sl ;5 IS b
P Cagb) Gy Sl @i o dnog g caUd ABls
o=l Gl acwl aas gla g 5l eolatul Wiejls g lausd sy e

oKl (65 )gluS 218l ool awdign 09, ¢ i) g (6)lul HLuils -
Olen s ooy

015l ol (cign 09,5 (o505 5 (o)l M)l (i)l e gal sl —Y
Mo i e gy oSl ¢5 5,9l

«$5y9ltS a8 tily ol wdins 095 (2S5 5 ()Ll (58> (opiily Y
O i oo oKl

(zare@basu.ac.ir 2 e 0din g — )



AP Wil — oot e WY ol ¢ 8 0l ¢ ol (inSB) g gyl ag i VY YY

A00)8 A8 e e VF Jlabay (dldlg) (69, o S Cua dlold
o eslel ol 05l g ol (93905 9 B g 9 SB Cagh,
Aol Ccwday Lo, bab o (ol diges Y sl 4 (e b9,
s 31 ia o ¥ 5 o b B 53l e 5k B Sl

Wb iy ) SS gilae S Ges g

M- o Q&" ; X
S e 5 (Bos (5,1 pdiged (53908 9 (B 2567 —) S

ool Hydrus Lo )3 cogb) (sin 93 @i silodend
Vo)) llas dgazee MBS yogy4 j3,bu, dolee (gdas o
il glusl e s 4

00 0 oh| 0 ch
—=—|k(h)—[+—|k(h)—+k(h \
ot w{()ax} 62{()62 ()} 0)
cola K(h) [T] oloj t LPL°] oo gl O ¢1 55 &S
ey Z g X L] Sl yiSe h JLTM glilype
U ool p3¥ Y dboleo > (gl .ol [L] (63505 5 (88l Claises
OB oS Hgplee (Sdgyin Colin o (V daly) (5595 g ©Yolke
J(van Genuchten., 1980) s 48,5 Sy (V dlasl,)
(6s—6,) (v)

2+ (an) |

K(S,)= Ksss{1—(1—sﬂm} (v)

gLl cosgby B L] oassle 3L cugbs, O; gy oul 5o
e JSei culps o g m L] Gl Jewsly b [LPLT]
ol K LT glsl ;e (Sgpaen culan K(Se) susb,
L) 39 el 42 Se 5 [] glosel )5 L LT glustl
'c‘“"](a_gr)/(es —0,-) ﬁ‘)‘f
O Jobs (5595 g (sogb) (ot culp bl cadlllan oyl >
By sl Jse g slabai 93 (gSas > sy, jlo 9N 6
i (55555 gy Jaoe 53 Jlasl Ly s 5 3,515 B 4ol
L gk (ot culpd cpusSan > B9y ) 8 e (Ssb)

0=06,+

2 ol (Sign (595 05 Jae Caje ddlioe bl o) 5
sl e Lanccsl 81 oy s (S50 alais b gls] alais ol
b dden (B S 0g Jie culpd e (VAR (ule)
oS Cnl jmglbej g sl ia oo (s Sojlul (b (i
Ol Gl e b g (agSnn Jo gl 90 alox Sl ol by,
Uil 5 o lS ol U5y Aoy ol o Sloniy
Sbie 2 (gl (ot calys (e ald (059 6l
.(Schaap et al., 2001) cul osds &) e guns mas sbaasss
VL (Sen (W) o )lSen 5 (alisilex Ladl )15
1y U3y el b (lojhad (o] it )3 Coglo) @295 (3lodansd
93150 eelol oo (S ol i Slhwelie polie b duslds )
J3e calps 3590 3 15, asbip o5 s 5l (Sl (VWA) ol Ko
blod pae 5 S b Gledbl 4 o (St Jdoes 5935 9
0 ohLSen 5 oS dlizel & g SB leid b cleMbl 3505
laplSo 4 3930 o] 0,8 g 0392 (225 Jl il ke
2 ohlSen 9 4, (Gimenez et al., 1997) cwl .55 5,90
Jioe (Sgpden culyd G 3 1) GosSan o (g, 393 adlllas
(Ritter et al., 2003) x> y0iy; -850 (N 1 OS) (3545 y9
@ a2 by ldai g3 g, jleslinel (VAY) oen 5 (Slas,
Jo o Gl igb) (el adai g3 4y o Sl 5L
GBS 0y Jhe iyl g Sl Sote SN L pesSas
b9 iz oz 2 (YY) hlSen 5 (6 BLs 3905 pogs
Jo=d BB ) sleas g3 gy 8> (3595 (9 Jdo ulpd (s
ol 3ygl s by (V taalllae ol Gan cplply L3965 b))
k) lazia 2yl (V il (slagsy) 51 595 g Je
2 i Cagly Giloand (Vg calpd 350 sla by b ble

ol Hydrus-2D Jae ;5 (gloyhad ¢ )lol piaw cov S

g, 9 dlge

b Lo oy ol (65,5l 0u8ils (gl e 5o adlllas ()
L FYoRY 5 et oy TOOFAT B YYOTT Lilis clatses
A plosl gloylad ()Ll wiuw S (gl b (By8 Job FROYS
ol JLSe (gyiegyin gy 4 <l Jold SB Cluogas
P Cagby g @IS (bgya gludl (Sgyan colia il (Bg)4
5 ot (6)lid Olius olSiwd dbusg 4 5L V0 o /Y ola iSe
ol 0 &Sl Y Jado 5o

39 by sl pSojlul (1 Ske I S Cusby slaosly
& clo p ¥ ol (3 b ol o2igdelats olSao,ks ¥l

1- Rosetta
2- Netafim



VAYY loyhad (g5lal 50 (PS5 95 yg (ogby (oo ]y ol b S Caghy (ppnsis

2

=3, 30, [0 (2.4,) -0, 2.8,b)] (f)

j=1 i=l

FYe Fe Fe FVe N Gla i1 3 6 S0jlul usb,y bla Jlel
ilw Jilis 5, JIRETC asby o e golo VOeee g Verr
Bas pls mllas a5 g 65505l slaoald oy VS

13,5 35900 o by 13 0(q,b)

il Sy pd Colun ‘_;,.a:lbquSa (cm cms)u.w»w,b) (/)‘Sbul)a

(cm/min) (gricm?®)

KRYS

SKBocdl
LYY ey S o

o[AS VoY

A

JOY YYD BVIS )y b ey

15518 g Ks=+/-Asem min™ Llsd o sk slabs, 5l 63,9l
Hydrus-2D Lo (5 o) Ken g 0ld adlas 3llas /0 zlogel
e Sl ol @i JSb 9 SB g Clastie e
opio (Schaap et al., 2005) 453,5 (gjluwans (glojhs ¢,L]
g slahail 93 (gSae Jo sl by, Sl gl (Gxie ¥ i
9 5595 9 Jio 50 ol Jlasl b Uy aslBmy sl o
Hydrus Lo, s o (gdm 93 ok @js8 JSb Y bl & jawmay
el slajly o La e cculys €85 .00)5 (gjlwdnd
T i s (RMSE) 'Las clayyo (ks jgione (oo Lol
3,5 oy (CRM) Toslo 3L oy 5 (EF) e ol (RY)
sl yiuo CRM 5 RMSE 4 S EF g R? Lo oyt
CRM cigo g (i polio g ba jhgy (> gliad (¢l RMSE

sl 3591008 5 05500t 4 Jdo Blod

’Z(P -0,)

RMSE = "
R? [ZZZOP)/ZZZO sz o
(-0 -Lm-or)/Ba-of
CRM —Z‘Oi _inglpi
3o
= (")

)J.)Lo.n e Sda N g 0 P; O; du).mbb c]a_g‘j) L)—" 2
Sl 9 d)_,.fo)'L\_‘o\ )ile,o u&l_m ¢u_wu.u_s ‘d)_,fo)'b_'s\
sily_o s ySojlul

1- Root mean square error

2- Determination coefficient
3- Modeling efficiency

4- Coefficient of residual mass

¢J9_Q;;.o dasuin J_n|9.c )].)).3 b(er, 0, a, N, m) ‘O] 5O oS
Y 5B ioleiti 2 Gos > cogby 5 Sojlasl olie g (2,1)
@y gy pp (gl oads 318 g (5 pSojlul glaosld dlasd iy
Fsrw 29l pn i Gig calpd i 55 Wij 9V,
Sl o (605050l (glaedly
S2p) Bs=h 0,20 clsyd Jlael U (slaads o5 g, 4o
Cagby palde o N=V/(V-M) 5 (S Jodbss L gloisl ol
90 (¥ 05 g Jdo y0 yio Blw YO+ o YV gla yiSo L blis
by e 3 dolee 90 opl Jo b biad Juols £ 50 s e dble
slaodly p AU (g5le Bl LM 5 o ol ps < ST Solver
& daly Bus 2 5l gy Sove aest slrodld g (S 0jlul

o] Cawddy
Os ()
& = Tm
1+ af‘hl+m
_ s (v)
O = T
1+ ah21+m

o> Cugby e cuiga Gy G daly) ool
hp=V0eee 5 Ni=Ye iSe o (em’em™®) oud (5 pSojlul
bl e Bl
oS 15y aeby V Jas j> (Simunek et al., 2006) s
SIY Jae 0 g Sl ojlasl i 1Y Jae o (S il
Opody WA ool SB ool JBs 5 SB ) ojlul wsys
Cagby jlde 51V Jae (635)5 Cledbl 4y 09Me ¥ Juo 0 iy
SleMbl 510 Jae )3 5 (430 cadpb) pio Blo YY- iSe )
alads) ;o 0l VO 5 S jd Caygby dopd olpen & B o
A 9 n «Gs ‘Hr L.,u‘)_;.o JLA.CI l_t ‘WL@‘) ) A oolaswl ((.55'3)"0)"



QS Wil — oot e W ol ¢ 8 0l ¢ oyl (SR g gyl @ pid VY

OB 9509 Jao calpd dyglp o8 205 o Mo ¥ S
) e85 (YL RMSE (p 568 jlio] dawlyas sleais 95 (o)
=S RMSE=+/AY L, b}, 4l & Jao <> oS Jbs j5 30
L L)y dalyp 4B cla e 29l o JS jobay .ol
RMSE=-/-5 | (dlalaiig sy 4 s RMSE=+ /¥4 1, Silio
slad 5 Laodh comle j3 aslgh o yol cpl cde ol ang5 LB
4ol 28l gleals 93 9 (woSine J> (Bg) 93 4 S B aal
S lei e Jas SB el o oM Jlil gls eluly 3,
Sidly sl pas Sl (6 Gl St s cusl (S
adllas 53 g 2l JUl @lys (392 (275 9 S (g (e
sl 01a] o Ko 5 a5 (WWR0) S 5 315 Luela!
(CRM) 015lo 3Ly p > o)lel 3,k 5| .(Gimenez et al., 1997)
Mo cp S Sl a8 290 =+ /¥R glaaBios (b9, (1
2 ol s Eto g oyl ol ke (S5 bl sl 3,05 St
o el pd 5t 050108 Sk b5y sl ¥ 5 ¥ (sl Jus
5l mote AL 65,0 5 F glaJae )3 ol (o5 it 5 g
odad s 35 Y Jos 0 EF R? olie iy ey Ll
9 b9y SoS sl (e calyd 25l e Cundy
Jie b3y aeliy caliseo s e O 9D 4\5&] (oo Lol glalads
b 1y SB Sgpun colps 3,9l p i ¥

055 09 Jae Sl oysl i aslo) sl oo F IS5
P lagl B g ey ¥ Jods (Sdopin culys b (¥ dal))
Gl 030l ¥ Jgds 10 (6 3503l] yoolie b duslds

3 gy sl ioxie gl oS 2,5 o Mo ¥ S
bli aly (S35 (nysute slahaiigd 9 (woSne Jo sl by,
iy Slakai g 5 s Sas gy RMSE .ceusls (5ol
S L bgy plo 4 Cus 45 Caul +/+YY 4 +/++A cm’em’®
{F Jgaz) conl

hlieo (sla 19, (635911 gk (sla godie By - Jua
CRM EF R? RMSE

O @) O @wemy I
YRV \ Jeeh egSaa
RN O AV g
YRS =[5 SAY L /MIA 65,0
JEN =AY LAY N b3, ¥
JEeSs =AY LAY IYe¥ G5, ¥
NS IBY AR oYY L, ¥
AN SRR 2 SRV SRRVAL 7\ b5, 0

ol 036 Y Jgdn )3 55395 9 Je (Sgyhed ol

Bliseo (s g, 3 (95 (19 Je il S T Jga
0, 0 a n .
(cmcm™®) m?) ()

JOAE N VAVEY g

JE e NSY NRASE laaiigs
SJEEY IYAYY  o[eVNY O AFYAA L)
SBED /YAYA o[eWVD AT L, Y
BN FAY VY ARY LY
SNYEREEY feA VY b, ¥
SNYYJFE [eeeY Y/0A2 L0

Sy S @29l @ g N oo F Jgio @lis Gillae
Jolas U Blize Y5 Jolea 1 e yiSls 5 claigSay il o
Sl U BLisa WYY Jslas 1 jlaie ol g a=e /e +¥ e
S (WYAY) loyed 9 bige dallae ol g a=+/- YV Hlude
S 8L oIS A 30 LN St Al (392 e
ool ol iagiy @l glivl) 3 a5 35 (1K 5 bhwgie
Or 505 @ N ol yiolyl s Sl dield 39 5 i S0 IS
r9Sae J> by, 93 4 s U5y 9By (sla e 53 015 340
aleMbl jl oolawl cnlas pae (Sl yol cpl wcunl (glalads g 4
by oS S g5t 3 S b5 s oy S5 2l
sbadis (olod Gizmen (WA (Kot 5 (omidd) 28 oe B,
9 ogSme gy Sl Sk ) Or ylade 5 508 1, 05 ylade U5 el
ol ugby pieS akeld oaimyLis 45 153403 dy9l  (clalads g3
k) (e bLE (old jl ugSan (g a4 ple b
alyd ety el Ll L5 ] 5L B> 5 adges odlit
9 s5-bate (gl (e (aBly cul)S Glyied S ()
delome gl s Gt sl ) colpd slas (sloolo]

ol 03l ¥ Jgan )3 48 w35

gk (el p 39l ilites glady,) ©E3 - Jgua
CRM (-) EF (%) R*(-) RMSE(-) s,

—/¥a NECERLC .5 Slabaisgy
<Yy JJAd e Aav -I¥a G, )
<Iyvy JJAd e Aav e b, ¥
< I¥YA AR oAav e b, ¥
A JAY A VA b, ¥

—I5A - fass <IAY 63,0




VYO (loyhad (g5lal 50 (ris 9559 (Sagby (oo ]y ol b S Cagly (yunsis

Al
Oy "i?..,,\_’\
T,

>,

(emiem?) oo Coyb,
=

— v dets,
— T o dasl;,

- - \JAAL';)‘) e Grees ‘.d»u})
TR b,
-=-0--- ‘5‘ A.hEJJ.!
sk ¢ oS

R i

\e

Voo
(M) K 5o Jouitny

Yoew Yeans

ol (S 9 (5850311 (Sgby (Sl Sodie - JSLS

oy g cdl e S (S5 Gledbl ) Baes &S cul U,
5 wssae > hgy 30 aS Jb 10 05 e ool Sl o5lul
Dy o odlaiwl gl ioxie SleMbl I glalads g3 i,
o3 bl sl 93 g pegSan (o) Cunle iz en
ool s B3 by g it odlizsl L5 S5 581 gl g ol
S JB 5 USDA' LedMbl SOl clasLs ela S
Oy @)yt )5 00 53 9 b g Olei Y S b (ras
g Sludoy AYAF ( wle) cowl o dlon! Jas 0 olod (sl
Comd 4 63, 0 5 ¥ sl Jas 5VL €8s e (WA Ko
wly 5 Jote SN @ g 65 YoV A gladas
biye @3> (5305 5 (#)) Cud)bo blE )3 Cugby plie 4 (392
sLagngy b od 2505 5 (s ySoilul gk jl coles ) cuild
WU A Llgy 5 odel gbaoylol olwlp o) s ol jarndy Calises
A 1Y USG50 g dewlbre

6l ©B3 VL ams e Gl ¥ SS oS WsS lon
L sladais 93 (g 4 S Sy 55 Coby im 90 @98
5 ) Jdo 4y €85 oS 9 R%=+/AY g RMSE=-/-fscm’cm’®
8> g1 $Yb .l 3l RMSE=+/-vem®em™ | b5, 4ol ¥
S5 Bilas Casb (giloand )3 ugSan b9y 9 ldla 53 (9,
JSKB) b9y 93 cnl )3 gk (e s <8 dawlyay Kl o ¥
Jae sl gy (i el w3500 VL o g (F Josa o ¥
M Lt ¥ Jgdo gl a5 (e 8L (17 Joia) (595 0
Solis b gl (i (Sdgpen calpd 3yl €85 58 &S
cdyaydagbas oy slo b alpy ¥ o) sl i 4 isld
sl e 3yl )3 Jao 93 ol il )8, 5 caslio plaiz e
Vo) Jae gl ¥ USS 0 ileand @l (F Joia 5 ¥ JS)
ol sl L bjy aely

1- United States Department of Agriculture

99 9 g Clallae sliwly 2 ¥ Joao 5V S5 5l ol ol
U9y lie €85 (e (hlSen 5 CgeY g (e 5 <)
(Y7AF) ohlsen 5 630 5 OhlSen 5 Jg S @l § ogSne
2003; Pan and Wu., 1999; Lambot et al., 2002,
SleMbl 5l jweSas J> &8 ool 51 (Cresswell et al., 2006
038 el pgl it sl sl (i (S 031l LG plos
il 1y (RMSE) s gy 508 el g5 o oyl ol 5,5 o
W1y e 9o S 09y 1> RMSE (i jio 3929 cnl L
By ] il spSoilul glas Ylanl b g e (sl alis
S35 9 05 Sl i ) pogada U)) Bz e 5eS
e o S ol Jale 35 yige 5 o5b gLl dlais
S0 LIYAY (60y525L) cunl doliyy 4o Oi bld pae g b,
laais 93 9 ogSae J> 09y 93 5| ol gk (slo i
by (v L aiwlie o Uiy aslBmiy sl Joo 4 cuns
il oaal 35 F Jods 0a duwlxe (slaolol 4> (6,505l
a5, ¥ 5 ¥ ) Jue (sladjol s amo o Lt ¥ JS5 ()1
alitio Lo iSe (alos )3 (Y Jgaz) gyl (Slg)dem (ol s aolis
aolip B g F Jie alino cladyglp O g Cpends .l (S0

g Gl Jan 93,0 0y 905 colyis polae S5 gl cleay
0394 Lmo] G Colpd Ogles & L ye Lm"j 53)9]).3 RN
slao)lel Glhao ;15 ke ¥ Jod s @ollas .ol N oy
il 93 9 wsSas J> B9, 53 3 CRM 4 EF R* RMSE
LUy asbp YoV o) Joodw 0 eo/ovfD gV ) o/ VD oy
0¥ Jao g3y 9 +/¥ 5 +/V /8 VY Cipa LSy ()8,
yol oyl cle sl </VD g </5F /AN VY wlie (o)ls, L b,
iy (o Jao ST L5 canle 3 13 ol S o 55 sl



AP sl — cyot 1) Al o % ojleud ¢ ol PSRy 9 gobel 4 pis VY YF

0.20

Sl 3 oy oy (Flanliie g ouwd (g 5lwdmmi (Sgb; jly Y JSW

odoas aS a2 o L ¥ e ol S ol i ouwllas
29l 5 o Sgo,lad Jome 13 3,50 ,008" ol (gl sllas
Glsby ¥ g3 5l Ve YD emem o s b, LS
LUy aelip 0 Jdo by ety Cunl (Slanline gl 4 o
P oS o) Jed ol cds  suwlas laolel bl 4]
B oy SB Ldgy olas Jio opl o Slialie polis b dulis
4 o3g-a (gjlwdn s /Yo—+ /YO CMEM® g b, o5 SO
Silwdud ) (8395 SleMb oJ._..SU.M.& Dblite 31 onims L
gl ledMbl ol cdlBy (Sos jledy ol ¥ e &
pie &Sl o ol 0398 jralCudbge s WSIs (S pe} dlais
SIS o gyta Bl Voo iSe b gludl alals jl Casbo) yos
shasby (50 53 45 o b o @y GBS g 9 o Js ol
sl o ol b (63510 gl (IS (s (¥ S
So S by aygl 3 (WAY) o LsSen o (gdae 5
P UGy by d Jho a5 Ny a5 opl 4 gloyhad (g ylol pianes
390 Blg oo Cans (o yiwd > S SJgyaun SleMbl aS” Sloj
a S aoab Hlas (WAY) (dd 5 (gioome )5 1,3 ool
ol aald )3 S cagbo) (055 )3 Bj) asliyy & Jao (slbd
Ol & 8> &S 39y +/Ve cmPem’® Ll +/NO—+ /Y0 cmem®
4ol yd oolatwl 3y50 Jdo g5 3 §518 .l oo cpl (gl ool

st jledud sla jiay oled ;3 (CRM) p > ssle 8L o)LoT

3l 4 i (giluwdnis polae 3,901 i ailis oS col
9 Lg‘i.‘a.a) 90 9ydm ))51)_4& B Ll 00D Lg);oj‘.).ﬂ
Jo e 53 Canl bgyo U5y aclipy & Jao 359l b (508
So @ bjy acln Vo) sy Jie g ogSan B9y 39l pir polie
Y 9 ) dL.bJAa O e dl.huw))g J.»’Jb@ «\Y J.)Lw 9 b)'lJJ‘
RMSE oLl wlwly Jie 93 cds a5 smd o L by asly
Y Jde oS a3 o Lis (RY) e oy obel (S ol oluss
o=l b T eadlas Cundy )b et ©ygo b)) aslip
B > (90959 WleMbl ay Caws Uy aoly dod oo i doms
)L}’é)‘l JA_A )J ESL_& u‘).) b)‘A_Jl _\_AD).) 9 ) JAA ).) Jl> k./.BlJ
aa wlgdy (gilwdn b Cundg b)) 4ol ¥ Jo 10 05l ol
s oios Lol .l osds gy S JBs cleMbl us a8l
2 gy e 3,90y ke 4 e ) 4abp ¥ g ¥ ) (sla e
Gl Ly gl S0 oo il \+ (s gl
a3 /+0=+/Ve emPem® 55l 0 S 65U 5l b yol s caliols
olwg S e, /Yo /¥O emPem™® 55l o U oo
S aS 65 alip 05 ¥ ladse )3 siloand gl )b
oSl V0 e g YV glo 1S 3 S cugb, (LSS cle b
laoylal ;Lo 5l LS b a8 aad o s o odliwl 5



WYY Gloyhad g5lal 50 (ris 9559 (Sogby (oo ]y rutd b S Caghy (ppnsis

oyt WY Lo oMl g zessi cetill g5 epeaalisles Ll

&9 = oleSe Gl b 8 0)had cuad Bos 93 53l

b ol (53l A g (om0 (sl oykd (5ol osas ) gl

ool O g oyl wiige 4ol Las HYDRUS-2D s
AN e

B> gy p AT L9 8l g el Bl czadill )5 czecs 8L
9 gk (e A cul s e il gl b,
OY-FV ALl O wlio i 4ol fuad . 35935

AYRY ol 5 peiarstSas epenbd IS ooy 5 15500

O SB > (et ple S Cod Cugb) @8 gilwdnd

c859liS 50 Ol Limgis L cdmgd woyhale i 5l edlatul b
QAA=YAFNLY

Ls.gl_‘)‘).)‘ .\Yli\ .E‘M 9 u»)“.’))l»’.a{ "C“_{.’.Lo.) 5.0‘&)&7&0&[&
oobsly gloy b gyl 3 SLS usboy didgn (siloand
5 ool e slogsySoilul 5 SB L Sgynn Elasuie
AVe VS Lol S
ladass g3 (6,5 e5lal Sl eolatwl L S sk, dasuin
Aasuie oue (e jelate 4 JES] e 390, YA
aq
S )3 Oipyi 3 by 5kt > HYDRUS-LD s
g ol cblis (claiagiy oyl (o)l cov jly 405
Ay .Sk

ch,\_wj.)c\_bjo5 9 ch)sl.) ‘u‘ul_a.m ‘U‘UL")-@(Q cﬁsts’.».n_w
5l oalazwl L SWAP Jus cuslad pae Judoo 5 (oxiwls IYAY
VY Y. YA L 65,0l > Ol imgin 4 yis GLUE g,
SAA

oSy il Jg) Ol b iy S5 S50 WYAS e lie
RS RS

paS d)L:..sT gj Ay (Bas s VAV .I.&UJ:B g W £9,8

il sy )y 4l I oolio bt Sllllas (S 5> &,
AYAY LS g olg 5 5 50) Cunl sl (555 S cuob,
ol aS sl 5l Lal (WYAY ()05l AYAY (o) o g bl &)
S5 ses 00 slomy] 59 S il S SBL ol Lo,

oy 4y Jd riscomo 5 2l g ) ol @l

8 5 4ol

> P9y b (535S 09 (b (e alps g cnl
3o g 0me b)) aaby A2 slae g (slalas 93 wgSiae
5 dmlio )50 L (6,91, by slom oo o L)
iz (sl gy (S culps @l )5 )3 (rwcons
csladati 93 (hgy (65 J) Lt ugSxe o) L o] duylie
Jdoau b Jio g €8sy in ¥ Jse ) sl Jao o yo bl
) el a3 53 €8> ) TS N s 35 025l e
Sl (650l L ooyglp gy (sla soxie dulio .cuily
bl olos 5l osliiwl dhawly 4 (pwoSne S 09y e ©83
Oz sl (glakas 93 gy ol 5l ey 9 gy (e
By ¥ sladiw g alidel) gugb) oo U5, ¥ o V) la s
Ol 23 45 w3903 39 ]2 o 4 S (B by gl (e )
s S g by sl ol o 09 yipo By ¥ Jde By oy
L soy9l = gy slongiomio ol pd a8 L glojlad (sl
A gjlwans Hydrus-2D l58ls 5 e )3 calisee (sla jig,
9 0h9) 4t Gl Sl sy Silwdnd ) CB> e
O g2 bl Bl 65y Y g ) sl Jaa 0 B3 0 S g slabais
P ey ey pyS e ¥ Jae Uy delp el sla o
Jacki | i 1y SLS gl il L ol 45 J>
) el 9 (g plien sggarme 1 e ygl 2 65031
O LSS pae (ug by oo 5 cul s 0yglp 0 YU cdd dlawlg
J= gy b aglie 3 58 Sl Sl panss sla)ljEle
Sl e85 7 ai g 39 mplej g diie o I weSae
D905 o ((Susk) jlo) Cughy (smgd @iy (il

&l

bl g 33 S )3 Casho) @38 (ilodend IYAY 2ecs 0]
5 &5ysiS pole HYDRUS-2D s jl oslisl L glo a3
AAAEA NN L anbs milie

ARYEARA SR W P NS 118



AP Wil — oo« W o ¢ 8 0l ¢ ol ol (SR g gsbel o pid VVYA

of California, Riverside. 769-782.

PateLN and Rajput,T.B.S. 2008. Dynamics and
modeling of soil water under subsurface drip
irrigated onion. Agricultural Water Management. 95:
1335-1345,

Ritter,A., Hupet,F., Monuz-Carpena,R., Lambot,S. And
Vanclooster,M. 2003. Using inverse methods for
estimating soil hydraulic properties from field data
as an alternative to direct methods. Agricultural
Water Management. 59: 77-96.

Schaap,M.G and van Genuchten,M.Th. 2005. A
modified Mualem-van Genuchten formulation for
improved description of the hydraulic conductivity
near saturation. Vadose Zone Journal. 5:27-34.

Schaap,M.G., Leij,F.J and van Genuchten,M.Th. 2001.
Rosetta: A computer program for estimating soil
hydraulic parameters with hierarchical pedotransfer
functions. Journal of Hydrology. 251: 163-176.

Simunek,J., Huang,K., Senjna,M and van
Genuchten,M.Th. 1998. The Hydrus-1D software
package for simulating the one-dimensional
movement of water, heat and multiple solutes in
variability-saturated media. Version
1.01GWMCTPS-70. International Ground Water
Modeling Center, Colorado School of Mines,
Golden, Colorado.

Simunek,J., Sejna,M and Van Genuchten,M.Th. 2006.
The HYDRUS Soft ware package for simulating
two- and three-dimensional movement of water,
heat, and multiple solutes in variably-saturated
media. Technical Manual, Version 1.0. PC Progress,
Prague, Czech Republic.

Van Genuchten,M.Th. 1980. A closed-form equation for
predicting the hydraulic conductivity of unsaturated
soils. Soil Science Society of America Journal.
44:892-898.

Vrugt,J.A.,, Gupta,H.V., Buten,W and Sorooshian,sS.
2003. A shuffled complex evolution metropolis
algorithm  for  optimization and uncertainty
assessment of hydrologic model parameters. Water
Resources Research. 39.8:1-14.

Wang,F.X., Kang,Y and Liu,S.P. 2006. Effects of drip
irrigation frequency on soil wetting pattern and
potato growth in north China Plain. Agricultural
Water Management. 79: 248-264.

N0V VAL b mlie 5 (5509l (1938 5 pole sl s
S S g ol eS8 (giloams IYAF pspdd g ki gdome
AYD .S 5 Ll HYDRUS-2D 38l 5 5l eslizsl |

SY-VA

5 Seis s o 020 daly AYAY Loelosgd 5 oepecbiee
DYA-OVY FVY (O] g S pgle) S cla yimg

Abbasi,F., Jacques,D., Simunek,J., Feyen,J and Van
Genuchten,M.Th. 2003a. Inverse estimation of the
soil hydraulic and solute transport parameters from
transient field experiments: Heterogeneous soil.
Transactions of the ASAE. 46.4: 1097-1111.

Abbasi,F., Simunek,J., Van Genuchten,M.Th., Feyen,J.,
Adamsen,F.J., Hunsaker,D.J., Strelkoff, T.S and
Shouse,P. 2003b. Overland water flow and solute
transport: Model development and field data
analysis. Irrigation and Drainage Engineering.
129.2: 71-81.

Cote,C.M., Bristow,K.L., Charlesworth,P.B., Cook,F.J
and Thorburn,P.J. 2003. Analysis of soil wetting and
solute transport in subsurface trickle irrigation.
Irrigation Science. 22: 143-156.

Cresswell,H.P., Coquet,Y., Bruan,A and McKenzi,N.J.
2006. The transferability of Australian pedotransfer
functions  for  predicting  water  retention
characteristics of French soils. Soil Use
Management. 22: 62-70.

Gimenez,D., Perfect,E., Rawls,W.J and Pachepsky,Y.
1997. Fractal models for predicting soil hydraulic
properties: A review. Engineering Geology. 48:161-
183.

Lambot,S., Javaux,M., Hupet,F and Vanclooster,M.
2002. A global multilevel coordinate search
procedure for estimating the unsaturated soil
hydraulic properties. Water Resources Research.
38.11: 1-15.

Pan,L and Wu,L. 1999. Inverse estimation of hydraulic
parameters by using simulated annealing and
downhill simplex method. In Proc. Int. Workshop on
Characterization and Measurements of the Hydraulic
Properties of Unsaturated Porous Media, Eds. Van
Genuchten, M.TH., Leij, F. and Wu, L., University



RIS X VS PUPS W PIgeX
IFI-NYA o AFAS sl =yt M s Fo e

Iranian Journal of Irrigation and Drainage ':
No. 6, Vol. 11, Feb.-Mar. 2018, p. 1121-1129 !

Soil Moisture Estimation by Determining of van Genuchten Retention-Curve
Coefficients in Drip Irrigation

H. Zare Abyaneh*!, N. Mahdavi Moghadam? and H. Bagheri®
Recived: May.09, 2016 Accepted: Jan.17, 2017

Abstract

The accuracy of two-dimensional soil moisture simulation was studied with using retention curve coefficients
that was estimated by five models of Rosetta program and inverse solution and two-point methods in Hydrus-2D
for a drip irrigation system. The high accuracy was for the two-point method with RMSE=0.06 and low accuracy
was for model 5 of Rosetta with RMSE=0.87 in estimating retention-curve coefficients. In this regard,
determined retention curves with inverse and two-point methods were very similar to measured retention curve
with RMSE=0.008 cm® cm™ for inverse method and RMSE=0.022 for two-point method. Results of two-
dimensional moisture simulation in soil profile also showed the accuracy of two-point method with
RMSE=0.046 cm® cm™ and R?=0.97 which was higher than the accuracies of other methods, and models 1 and 2
of Rosetta program with RMSE=0.07 cm® cm™ had lower accuracy than the other methods. It is acceptable that
the two-point had higher accuracy because of high accuracy in determining retention curve and its hydraulic
coefficients. In addition, this method is recommendable from the standpoint of being costly, time-consuming and
needing to two-point of retention curve in comparison to inverse method that needs more point and because of
accuracy for simulating two-dimensional moisture distribution.
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