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Gakee 5 LS jhdl gl ol dpeS lefinl IS iy 3al) S ¢ e ol Ay JS i JanaS Ao lufp Slaagy )
Jaal) 8 IDirichlet asa (3akai 4 seaal |ylas 63 slaall oluall daeS lagia & i Mckeering (2004) Whal dul)
.(Bethune ef al., 2008)

HA SRES (E :a 88 <Blaae Lnpaal) Cag)lall 038 e :Evaporation/Transpiration (ET) =/ a8 -
Sl Jeadll gy el JS) lilal) 38 J) &5 885 ¢(lginpad o ) hygop (RATOP (RABOT (L, T,
o2 8 oliiel (Say sy ETo ampall i Al (o 52Vl cualindl 8 Ldla) J8 T,y 00l iy By (a0
dgsad) Ao )Y ddans (e lgle Jseanll & s (aadd JUai) Simunek, 2015) el mum Al 4 e Al
:(Simunek et al., 2009) 4t Uolaally Laghind 23 285 delu JSI 4fial de )y jall daylil)

E,(das) = (1 — Cp(das)) ET, (11)

T,(das) = Cp(das) ET, (12)
A Alalaall (e sy ulasd o Bl 5 ¢ asy uladd e Adasal ) Juadll Julas Cp(das) s

Cp(das) = 1 — e~xL4l(das) (13)
Mailhol ef al., 4es Ml zigall s Llaa & Ay ¢ asall 48) ) daliddl Jids LAI(das) bl Jalae o€ Cua
2(1997)

2 )

LAI(das) = LAl (M) exp 2 (1 _ (W> )l -(1- (stress(das))y\ (14)
T ] T
k=das
TT(das) = Z (T(das) — Ty) (15)

k=1
Tg «thermal time (C°.days) s ool e hall goill TT(das) « o) 45l daludl dils LALy gy tdus

T(das) LAl Faie dsay buSe Gl dalaw § LALpgy S Sl dsas die (ghall gl Ty «biidld (ghall ol
oY) aall Gl ccrop base temperature (C°) Jsasall Lulu) 5hal) days Tjy C° Lpasdll s)lall ds s Jaugic
alee U0 sl 38500 Aalisddl b oln a3 a5 L) Al Giapes o) L) Slea¥l Al samy (1 — (stress(das))y
Auliall Lgagall Byl Aays Jassgin il wBly (e Ty 5 Ty (e Glua o5 Ca 1 JUI i) o lpiall al W5 00a o
dayn 1220 5 96.8 sl Cus (L5 dalue padl ) Jpadll iy bV s 2L 23e) Joasall gai Alaadlay
Ly A dalid) e culall 48,500 dalid) daud PIA (e Tlus & a1 485500 dald) Jias ¢ Dl e agndisia
ia 10 = 6 G Comglp a8 aied a3 8 aaball e LK) Cailin) a8 T dedl Dol L coas e dlalae JSI bl
Auhall oda 3 dagl) o3a slaie) 5 38 13l claye s (Yang ef alk, 2004) Jie 8 C° dadll cuyysl aalyal) lel o815 cdygia
Dliie) &5 285 <0.85 = 0.55 G 4ied Cngliis AT ) aage (e Aled gl 388 o¢ bl Jalae Al Al Jlal) Gl
bylicl & 88 § ded i ¢(Mailhol ef al, 1997; Schmitz ef al., 2007) Jie clubdll (e S 3 LS 0.70 4ied

(Lappala et al., 1987) cx 3l ae &yl o (358 elall Tatlia (b sl Jana 0oy (g pagaall o Sl (e g 55 sa st
) puiall (yamy add ety ALl 3 A deading bl Hall e K =T Aand Il 5 Al Ll A ) ol Aalisdl by Al Ll pda 3 gaill 2
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Jidy e (2) JSAN sedays oo e Alalae JS) el A5l dalid) Qs Gl 155 ¢(Mailhol et al,, 1997) 1.75
g yaall i lalaall 46l dalisall

Loglie Ll cpsll G ol Lelas oy aall Gl 8 Lead Capuiny Gl S0 Gl il pal€D) il Clua Gll3 any
pamil) (yo A J5f i bl e diladd) o 2 (ggl sty Cum 200 M gsls lly 4%ed lua 5 SRES mhadl
L) e 52V ¢ SA) Aills (9) Ablaall DA (e el JS) allia 28 AA ) b il e W a8 ol
sl Bac Ay e W@l 77Z,0) Hshall Llis Ay Wl (Lappala ef al, 1997) dlabed) & A2l duliall dalid)
Simunek et al (2009), & 35 ¢V z3sall oy el & UK L Hsdall Gee lua 5 285 ¢ 50l Ll dllag
: JulK Tafteh and Sepaskhah (2012)

Lo

"L+ Ly — Ly)e ™t (16)

Lo cpu 100 5\Saal) Gand Lsbua ojliicl & s [an] Lsdall Gae ouadl Ly cfond t 00y 32 s3all Gae Ly (£) 2us

Tafteh ) 4ulil) 8,0 agyfas 0.07 (gslons Hsdall sai Jara 7 cam 5 I0 Bae (ol s [an] Jsdall SIY) Gaall
Ol e sl Bee Jaia (3) JSE) edays asdl el £ ¢(@nd Sepaskhah, 2012
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0 L3
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3 > |
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2 ]
0.6 v
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Ao 30 2y oLy o150 2y ALY
Cra il aa sdad) gee Ao 3 S Aabidal) cdlalaall (e 31 aa 438 ) ol Aalucall Jala 2 JSAl)

Lappala ef al., ) del)3ll dualadl alied o 150= @skass hpgpr osiall 8 belal) dad of jaliadll o S s
D gAlg) dall Lalis Cimy peaals z3sad 20 old (RATOP (RABOT  liuly (gslall sdall Llis (ady Lady ¢(1987
oo S lgad B 5 (OlAly glaill & AIS (M2 32a5 Root Length Density RLD )saall 43l glal) 4361, 4ie
Sluball e S e g MY) a5 ail LS L (Zhuang ef al, 2001) (AfbesSs A8L58) Ll Jabsey 4 peanall Jalsal
o ESD 36 G (lSally Glesl) 8 AU cglan Alal 5,3 il RLD ded of aag a8 paamsd) 1 cilln Al
Zhuang ef al., 2001; Peng ) > 2 1000 — 200 o mslsii G el b urill has J& 408 RLD e o il
Sy oyl G Ll e daBse Caungy el ge IS Cogliig (g5lall RLD dag Wl 70 600 Lawssias (€ @k, 2012
Gl e 2 1000 m™2 5 bl Jisd 12000 m™2 L) daa o) (G L adih & awssall 43y 3 2000 m™2 e
& ol slall RLD ad of ) ciluhydll (e i€ iy L(Peng ef alk, 2012) gablill b fay 5 ausdl) Chsiie b
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saill Aaye oaall s (ail) ae 6000 mT2 L 2000 M2 (e ki ooy WlSe Aliliie dyskell RLD dad of Gaalsitl
600 M™% sty GSally Gledll e S 8 Al Ll (il 5 i el RLD e Lol cdad i ) iy o

f Sl anadili-4-1

i oty L Wl ta5ee 655 caa 100 @l 0585 Cumy (o 1X1) slagl 3 Bppn Slagye Y 5Saal) Jlas i
Initial 1Y) Lal solaall AU clalaey) 385 8y die) il N SN il RP 40 558 JS sl 5 288 0
i) 358 ail (1.2 = Time step multiplier (TMLT)iae}ll 5shdll dicliae el 10719 = time step (DELT)
Minimum  4pie) 558 jraal ¢ jhadll o @ 55l dels 1 omam_al 55l dels 12 = Maximum time step (DLTMX)
.0.1 = Time step reduction factor (TRED) Zuiajll 3shaall (msas Jale ddela 1072 = time step (DLTMIN)
Al 5 sy 5)0ally Al skl sgina) ad A3lhe Gyl Glldy amall gkl gginall il Glisll (e el T S
) e 12 4 e 3l 2 a8y Adhall Ll die byl sgiaadl Aliae 00 duay dilide (SLls GBleel e il
s3aldl cliall dae Caly G angal) Ll S (Al Apl) cDlelaad) Gadai oy G Conglii a6 lld WK Lo sy
e 720 g sanes ilalas J< due 120

:ahadl) Ales

Ailad) olall 4 fae Lo CDLelaall 480 (A (oamy syplae 20 DR ui aladin) S sleall Dlee lad) day
Gilsill sae e oSall Gph e z3selll daia o a5 ¢(Aal Guedl) COLlaall) 5lSlas cillee (ued ehaly Sl
<D«CRM «(NRMSE RMSE (R? 4 Jux _dly dglasy) uleall dauls bydially dulial)l skl sginal a8 o
Asie A€ abuay malinll o584 (535 Mass Balance Error (MBE) slSlaall dilaal LI (jaall 4 Laall ) dalayl
Clasaall Gany Ay & g isall daa o Sally adll G5 o @l 2ayy ¢ JalSll 3Saall dlaaly e 35had JS
G-l Jlae b Al A gy dyie) Aaad 6F 8 s Ll 305 Janes de s Ayl Aysha S zalipll (g lgale Joasiall
SISy LV ama s ApaSIll (Gpae Capuiis e ¢ i) Aalalls (LUaels (gyll) sl el 8 Jucid) d0 W el
elall gl b el ke

1 ABliallg aladl

15 laal) dles

b om Gilg Juadl e Jeanll @ in Undlly Alglaall diplay 50 allesy i pans Jid Splaal) ddee Citansd
Ofialas ylae o 85 VS2DTI iy 5Slaall cillee (g Aludis Sty EFTT Alalaal @lld g 50l duslial) okl (s5inll
JSall yekays .0, aiall skl gsisall Kzz/Khh @Y ) ) Sdned) rasd) o dall L 350 alles (ge
(R?) yaaill Jalas 4o cualy 385 3a G55 9ny ey 3 cdalially 58l sha)ll (ssinall o o SLd) G815 (4a)
cily 2 MBE D «CRM (NRMSE (RMSE i lidid) ayiill b dexiisdll (9AY) 4ilasy) juled) SlX <0.91
as zhgall daiay ooan ) sam Cydine il odag (4 Jsaa) Jsl e 0.003 <0.966 0.061 0.097 0.02
Al S el allaall af a8 3 dgas

s ahadl) dles
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CBLebaall (o Alalae 0 4lin) 51Slae Cililee ued sha) & 28 el 5SLal) Adee el 5 i EFIT dlilas ) 8Lyl
e JAy 3 dy 3plad) dlee (A Lnlee s A alladly <l paiall g AFI3 (AFI2 (AFIT (EFI3 EFI2 4 yadl)
cagylall EOAA hae Bypladdl Adee (A A LS Gaadd) Bl Glblee aead Leadi GlalacY )y AN alledly < paial)
Gl (530 (4F-db) JISEY) s oan e Alele JS (it A o3gh i aglly (o)l daleny dileiall Llal) 43350
Caly 8y I Sl DA e a5 el an o Alelas S 50805 Aulall sl ssinadl o8 o Sl
e AFI3 (AFI2 (AFI1 EFI3 EFI2 cdledl e U< 0.69 <0.88 <0.89 0.68 0.76 R? vl Jalza af
Lo gn ladde Uloan all o) oy o)) e (8 oumye (3155 onis g Lsin R? o8 s 0l ple UKy 850
a8 Caslyig (Ebrahimian et al., (2012b)Jtall Juw A=d Ay Wajliie) &3 85 cluhall e 5 8 gle Jpaall S
S ade dian Lo e A il s2ay (4 Jsoa) sl e 0.153-0.097 5 0.020 -0.018 o NRMSE (RMSE
zolaill dBy adll 538 1y ué Mg cRitter ef al., (2003); Fghire ef al., (2015); Tafteh and Sepaskhah (2012 ¢
Fghire ef al., (i cluhall (asy =5 ae adl) oda )liny (7 Jsaa) 0.103-0.034 o cangly 28 CRM G L
pl) o3a yiixis 0.82 —0.97 (G 4ied Cingli 2 z3sail 5oL Wlal Lawy o D 3850 Jalas iy Lad Ll ((2015)
Tafteh and Sepaskhah, ) 0.99 las dadiy ad e ofialll o IS ool Hlaall 3o a Coiglds My (Jgiall 2al)
@A MBE Uaall Slsia DA (a5 .(Georgiou ef al., 2010) 0.80 asay lede Ulias dad jaal coylis 8 ) (2012
0o dange Lol sl cillee A8y o oSal) (Ko s QA Aal Aflany) ubedly A3l Dle e el ag0a 4 jad

G2y PAPIA|| b\&&j 3Saall llee 4835 Aniay 7\)“1}“ L;b"ﬂ Jaa 5 ¢3)a8ally duliall <;’JL)M Gyinall ?735 O 8l G
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R2 :plslaall 43les 483 o 93 jahall g dllall 4 i) Ay ghay oy (3815301 (520 o aSall B daadiiall Apiliaa¥) sulaal) ad 4 Jgand)
dila D diall Lail) Jalaa CRM ¢srhal) Undd) oy Jau gia jia NRMSE (Uil Jans gia g 30 i RMSE epaail) Jalas
Sl O Spall B Uadl) MBE (381 63

MBE % D CRM NRMSE RMSE R Alalzall
-0.30 70.9 0.061 0.097 0.020 0.91 EFI'1
-0.02 90.8 0.086 0.139 0.019 0.76 EFI 2
-0.01 20.8 0.103 0.148 80.01 0.68 EFI 3
-0.13 70.9 0.034 0.102 0.019 0.89 AFI 1
-0.01 0.95 0.062 0.121 0.018 0.89 AFI1 2
-0.01 0.86 0.088 0.153 0.020 0.69 AFI 3

Al Lgh) anisi bl o cOlalaall ik
paal) e i oyen 13ay cJualaall Lalily gai o 5i5all Jalsall pal e sl dusla)l Slaily (SIS ajsill Jasi iing
Al dashy aysi daas Ay iixdy Lol Adas Bylaly (Bl Le gty Ayl Bl Le lgiag o Liadly (Blaty La Lgie Jalsal) (e
Alal) Sl Julig (gl BliS ool (Biat Chngs Gl clgelsl A () Al Bs maenai Bl Lad B8 Lpaal il
s G sl cilile ga lele Jeasiall lajaal o) el dali) o Jpasll jodall dilaia 4 e S5k sy
clidally slSlaall Jlae o clall dejus 3ha5 agally 4 dash) o Jsandl (S Cum lan 5558 malinll 1ags L
S Ll Janial) o sbeallé 1] 318l () DA Gyt Aaad gl slSlaad) Jlae 3 4plSa A (g 8 daylally Alal)
3) Bl Al Las clgniliog Leadls (mpmd ity JUES) 5 a8 Al Ayl aysil Aanlly I €L Lose ity o)y s
Uassgial) Japall Jial cpialy Al Al cculall sad e (V) dabpall il coyidl a5 (Led O llaall Gadai &5 4y
sk gisi et 5 S s A paal bl ges 2 A Aushy ai daes bl ellds ol sai e 833
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hgale JSa 35l A5k Laiay asiy AFT Lghally o) ol of Laad Jaadlys ol ik SIS) A3lad) ) sl 308
@M Dlaleay &ylia AFIT, AFI2, AFI3 cBlalas 8 el 06 skl gsimad) o cpiy 5 0S80 ) 5l dmay dus
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3 sty S gl Lyghay agys daal b CBlalaall Juadl AFIT, AFI2 Galabeal) Jiaiy cigsill &gyl a5 Tousd Jiss EFI3
EFI1, AFIT galieddl 3 lendi o Ziladl ) olue 2 of gy bl sail o Ayshy Usiine 4yl g lkd (g
A Sy Al gl e eia 8 el cnlS Jalall gyl cdlalae 8 Ayl Ayshay o gy 43 Y) EFI2, AFI2 (yilalaalls
Jabe oty Lad Ll .81 (e %75 Jia V) 8 dilad) gl ol 40S o sy EFIT (o Juail AFI2 dlelas <y
A LSy agall Coaiia Ji gaill Jalye (B Gaa Lo G a8 (6 JRA) Al Al Ll Al auisall Coialiio day gadll
i i) b sl e GuSall Chang @ eyl ans JY) asil amy AFTT (e duadl oy EFIT dlalas (of lae 138 e aniilic
B3 Al o Joandly saill 3o dushy 5 Ao Jery 2 glad (e ea 8 A5l dysh) o8 o) LA Al) ac 50
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Abstract

An experiment was conducted at Northern Highlands Agricultural Research
Regional Station in Sana'a, Yemen, to simulate distribution of soil moisture
under alternative furrow irrigation, and soil water balance. Six treatments
applied, namely: EFI1, EFI2, EFI3, AFI1, AFI2 and AFI3; which EFI means
conventional (or full) furrow irrigation, and AFI alternative furrow irrigation,
and the numbers 1,2,3 related to levels of irrigation water 100%, 75% and 50%
respectively, which the treatment EFI1 was the farmer practice. VS2DI model
was used to simulate water movement in soil for all treatments. EFI1 treatment
used for calibration process to calibrate some parameters related to soil and
transpiration, and the rest 5 treatments for verification. Results showed that
there was satisfactory agreement between measured and estimated soil water
content, and there was goodness of fit in the statistical values of (R?), (RMSE),
and (D) in all cases. The results also showed that the pattern of soil moisture
distribution plays an important role in benefit of alternative furrow irrigation
over conventional irrigation, which has been found that the soil moisture in
parts of soil profile (under irrigated furrow) maintain high, and suitable for
plant in AFI treatments compared with EFI at the same level of irrigation water,
generally compared with AFI, the deep percolation was higher in EFI, the
cumulative evaporation and transpiration didn't affected by irrigation method,
but the evaporation and transpiration rates are affected; In the first stages after
irrigation the evaporation and transpiration rates was higher in EFI than AFI,
and vice versa in the late stages after irrigation, then at a certain time after
irrigation, the transpiration rate dramatically decreased in EFI, but that wasn't
noticeable effect in AFI; this explain the slightly effects on yield in AFI with
decrease in irrigation water compared with EFIl. The study concluded that
another studies concerned in the physiological response of plant in transpiration
to partial root zone drying and soil moisture distribution must be conducted,
and the root activity function must be improved in VS2D model. Also
concluded that the AFI technique is practicable and useful in arid areas where
the water is cost.

Key words: Alternate furrow irrigation, Soil moisture distribution, Simulation,
VS2DI module.
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