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Article Info ABSTRACT

Article type: Research Article Cover plants, among the most commonly used plants in the realm of green spaces, are typically

characterized by shallow roots. In this research, a simple and flexible algorithm has been
introduced for calculating the basal crop coefficient and evaporation coefficient of shallow-
rooted plants without the use of (micro-) lysimeters. The presented algorithm requires
Received: Apr. 15, 2024 measurements of moisture at three depths for short-term calculations and only surface layer

. moisture monitoring for long-term calculations. Using this algorithm, it is possible to calculate
Revised: May. 23, 2024 the potential evaporation and transpiration of the plant. Furthermore, the presented algorithm

Article history:

Accepted: June. 1, 2024 is independent of time steps. To evaluate this algorithm, nine experimental plots were utilized,
. . including six Frankenia plots with full coverage and three bare soil plots during the peak water
Published online: July. 2024 demand period. All experiments were conducted at the educational site of irrigation systems

in the vicinity of the meteorological site of Ferdowsi University of Mashhad (FUM). For this
purpose, the water content and irrigation of these plots was fulfilled (at most) every 48 hr. The

Keywords: results indicated that the presented algorithm has good capabilities for estimating the basal
Evapotranspiration, crop and evaporation coefficients. Additionally, the basal crop coefficient for Frankenia plant
Crop Coefficient, was found to be 1, and the evaporation coefficient was 0.58. Therefore, this method can be
Irrigation, employed for estimating the water requirements of different plants without using (micro-)
Landscape. lysimeters.

Cite this article: Pezeshk, A., Naghedifar, S. M. R., Selahvarzi, M., & Ziaei, A. N., (2024) A simple algorithm for estimation of
water requirement of shallow-rooted landscape cover crops independent of lysimeters. Case study: Frankenia , Iranian
Journal of Soil and Water Research, 55 (5), 833-845. http//doi.org/10.22059/ijswr.2024.375034.669693

© The Author(s). Publisher: The University of Tehran Press.
DOI: http//doi.org/10.22059/ijswr.2024.375034.669693 BY _NC



https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:ap.ahmad72@gmail.com
mailto:m.reza.naghedifar@gmail.com
mailto:mahdi.selahvarzi@gmail.com
mailto:an_ziaei@yahoo.com
https://orcid.org/0009-0005-7367-5732
https://orcid.org/0000-0003-4903-9507
https://orcid.org/0009-0001-7452-5833
https://orcid.org/0000-0001-6477-5719
https://creativecommons.org/licenses/by-nc/4.0/

YAYY-YFYY Ll
Homepage: http://ijswr.ut.ac.ir

455 g Bos e by b o (SLAS (iligy LS (2T 5L 3591 (g1 03Lw 581 G

L1, oL 205390 axllae o

8 0,5lois B0 0,99 ¢yl PI S g ST Wliuions aloxo

Mg 5 o = Yo, Y - wle g . ) a,
R A S 3T Ve L R L Y AP LIV L] A - JRVL T X W IATL SRRV LY
ap.ahmad72@gmail.com :asbll, .l ) coiie chputio (o9, o8l ¢ 659l 018utils el (wdigs g pole 09,5 .)
m.reza.naghedifar@gmail.com :asbLl, . |yl oo cguiio  owrg,8 oKl ¢ ¢5)9LisS oSl (] pwdine g pole 09,5 .Y

mahdi.selahvarzi@gmail.com :asbll, .l ciauio duiio (wgd 3 ol ¢ 5y9lisS 018> col _wdine g pole 09,5 ¥
an_ziaei@yaho0.com :aebll) . )|yl ciauio cdppiio (wgdy3 ol ¢ 65yglisS 0aSuiily «l wdigee g pole 09,5 ¢ Jghme odimy g5 ¥

NS>

g 4

Ao OlNb!

sl 4 45 e Olus @ juo (6lad aitiej ) olisuldyge (slaolS (p 5o p)l8 y dles I Sy (slaolS
P coyd dbre lp pidlasil g osls win)gSI S ngy (il 53 s FesnS ada) LI Jgere
sl oad Wl o2 oSI sl o Gl jropus¥(9,5e) 51 oolial (g BoseS GBLS 35S cups g AL
o Y 3 Cugby il 4l LS Sk Gbagles sl g Besdw ) (Priwcush) 4 jls olisS slaglej
Sl oS comizmed 3505 dpslne i 1) olS iy 355 5y Ol whyoSUl cul Sl oslial b ols |,
b LSl ) i ol & _tolofl 0, 45 ooty ol il byl sl 2,15 oo cslmpls 4y (Sily o
Colo 3 Sliylojl oles i8S 18 oolizulyyse o 55 Aty Jobo )3 by g &5 dw g ol by
Pl?u] Mo @»9))5 SA ) L(A)LM]?—Q Colw uS\»J)J e ui b 9 ru9l.c 03; LS)LJ LSLQA:LAL» w)?ai
ol gl i S )18 )bl s gy il y90 sl FA Sl loj alols b a8l pglai (s 3
GBS s izman ) 5 ol g Al (LS caps 30l i g Ul 0ad L)l p2)eSIl ol
)L.: .))91); L.Sl)’ Ulykﬁo U»ﬁ) U"l )I Juo" Cawd +[OA L )Jl)) )..DL..: w).\o 9 ) L: )Jl)) L.MSQ‘)B bl...s dl).: d.:lg_

Sy 0 sragm (9550) 3l odlisol (ygas iliee lalS

g5y Alie 1o £od

VEYNYY Bl s & U
VYY1 655050 & ,B
VEYIVNY s p g U

VY ol e 1, WS & ,G

(S sleojly
By
(P S
‘d)L:J.i

ew (glad

e glad Lidgey lalS d" b 3)9])9 Sy ool 0206 <SG @l (Ve ¥) o5 e ¢ Slus (gdge (6559 2o dud jlasrodiw €48 (438l o] (S 3 ol

AY-AYD (0) 00 lyl SB 5 of clidx alxe diSilp olS o390 adlas fpenwY a4 L5 Geb BeseS ady)l

http//doi.org/10.22059/ijswr.2024.375034.669693

I o8sils i) Avnsga 1l
DOI: http/doi.org/10.22059/ijswr.2024.375034.669693



mailto:ap.ahmad72@gmail.com
mailto:m.reza.naghedifar@gmail.com
mailto:mahdi.selahvarzi@gmail.com
mailto:an_ziaei@yahoo.com
https://creativecommons.org/licenses/by-nc/4.0/

AYo .. obbl; U.J )lg‘u b)si).g ;S’)-! a5lw 'QJ.;)QQ‘ »S.L 45,), Zo')&.o@ 9 &w).l (u.w.bg)a - ‘soJ.C)

-

400
A5 anlgd 15 Peadg balyd sl GUle (b 3 JWsiis Ky, dell b aS ol Jbs 55 ol sl odi o)l550liS 4 (ool s
Jolis 1) ol wlio B pas odas i lpl H9iS > oy; B)lae 45,5 (Barikani et al., 2011; Ebrahimipak et al., 2023)
(Asgari et al., 2021) swa 5,95 5 (65b; Cuenl jl 55 SB g (650 Bylas cjuw (Lid B)las sile by yidu plw g oo
Caoluao b 3alaie ¢l j (sbad )bl coley jalaiody Cunl S spuiio (g0 s (o leo (Sllos ol y Ry ool y
asliy 30,0 1) Juy sl YYFYYFORM 5 &l oolsel (g od aools b Y=Y=1=0 ¢ V=Y=1=0 F=V=V=0 A=V-V-0 ls
OaalS jolaiedy juw Mo yeS drwgl g (sldlee juw (glad (g jow lad bl amd lad] WYAV-IFe e ol e Slles
(IR ohlSen ¢ ShL) conl oads 5 2 )b cpl ol Glual alas 1 1gn g S oI slaosy, Y]

alad cpl dswgs ooplply ol 35 cnd lobasme (clon (S5Sh 0aiiS poudi 630 2loj ool 3 09Me jaw (sl
Sb 5 cpl (Ahmadaali et al., 2021) ule JLls oS drols o 13 SBad Colid) sbul g Cudure pdaw dgutp 4 Llg5 oo
9039  pasuinl ujl 5L syl Yﬁw sy b g u o B0 sladisS l pel (650w slad ) edlaiwly s lalS &S
LE9s9e So 4 (Niuetal., 2006; Liu, 2022) s yguiS Lo ) 4> ¢ (Pakparvar etal., 2014) ol ) a5 1y bl dsawgs yol oyl
03,5 b5 55080

b oolel 4255 BaseS adyy i 4y g 45 )18 odlisiuldjg0 sy paws o 45 SlaLS lsicds iy lalS 4o ol o
Braun et al., 2022; Nouri et al., 2013; ) wlodg I, 0 ks g laascio o 53 lojig oSSl 1 o)lgen wi)ly oligS™ y93
Frankenia) LusSl s ile Jals 5l eslatl S5eS> o)y 4 Charalambous et al. (2019) ko> ! ;l .(Pooyaetal., 2013
Ol by ol 15l il oS ol s CulligSS oy p ooMe ¢ ok ol zuli ges o)Ll fuw (slaal s (laevis
SasS guwpded gl & Sas lodbizo 3k 5l oo My Sliglef] jslate ity am 0 )8 (wy 2)90 35 1) LU,
s ol ) juw glad alS i eolatwl (SS5elgyun cads (ool 2t e pl b pbool s 5 e 1,8 eolatwld)ge
GBS oy e (8,585 3 U yo g 3903 &l (LS Gy (Seslod slacepSoful dises 3 uels adllas 5 ol
g o Litvak et al. (2017) «jimgss cpl GMS 5 s &) 5 w0 s (sl sladas Mo bl o « G Ll S SO
oaisS ol A4S oS Simgly el )3 bl 1S pel (Gl il )3 o (gl (LS 55 5 s pSojluil g (siludie 4 il
Sl Gl s S0ilal g 593 5l Somis bohs) (228 S e S 5 Jl g s sLad sladose sl (o2 bS5 50 (5
JS 5l ao s Ve b aS oy LS adel s @ ol imgd ol )3 cd)S L5 eoliulyyge jaw (sLad alS I 5 s S s
$295» Saher etal. (2020) -ylos oo Wl (3] cnl 51 §yw5= e 53 (s G385 (o Wilo (g olS s (5L2E (505 pes
(slad (555 29l )3 ol dme gy ol )3 dinged )] (g yed S (sLdb Sl 5y e duslme yy pgusye sla b, 2
ol a1 bglso cuiS b plalias 3 (a3 YU o] (S jow

@l 3 o Caslaingy 5l b cnl gl Slingse Sl d92g pie ol Sl e gl )pS > slsl EMdne 1 S
Cagby (5 pSojlul 5l & Yw b yiowws Y opl.(Pannkuk et al., 2010) 5,5 o Cjgo (0> b g S59 Sd plogmn Y ) ’YW
o yol ol il oYU Jls casd )l byl (Data 10gger) SV 6 g b yguiw Jgoxo job 40 45 03¢ jaome odiga (9
D95 03y 0440 D15 ol e a1y GMStke 35 oy s )lg o8 a5 5l 5l atws ol 5l S claimgd yid 45 45 Canl ol

g3 Wiy s
b SlS 5l oms slp G5 Sl jtonmnY 4 5l gt o0l gy S b)) g Bl gy ol el slags sl g Slual
9 SRS (BUS capd ol Slp oolitel CoblB 5 3 Gos a3 Cash sl 4 b i gy onl el GoseS Ay
b ool 5 onlizel Sl g anily mdly balps b wlio ol Sojud Lo 51 g, ol 50 ediSosle (slajo,8 o)l 35 1) Sz
2 Cagby ik 5k Bro quslio floj cuddS Sl gy (g ol 457 3903 ST Gl o0 ogMay sl w0l )3 55087 55 39250 LIS
7oS 3 45 LiSSld olS (Ji29d (LS Gulyo ae cogMa bloo (Bl i (g 35 9 w5 (o €83 5 ALID |y Bee S



(Loriazs — sole) VE+T olo 313 50 (0 0 Lo 00 093 eyl S g ol Wiligios AT

53,5 &)l S alise claas¥ > idsy obS Cusb gl YU

e s 50511 g Gialejl plonil oo
o8y T wdige 5 pols 05,5 (36° 18’ 24"'N,59° 31" 44"E) " o )bl (sl (odjsel Culs” Jomo 15 yobs ingh
(928 ol Ol codis g pole 09,8 wlidlon oSl (g lo] (Lot (g0l ol ©ygloe 53 b plosl Agtia g9
(SKiss g 5 lod Sl g Jslis (clod) olos leMbl ) pel wlislon SleMbl ol j3 a8 3,05 J1,3 (¢5,9liS” asiisls y> &8l
S35l b b (olidlon oSl o8 abols Lo 43 25 00 b Wljg) ©ygoas (gl Cashy 35 50k S g Cp 8] sl

(Y JS8) 2905 Jols lisabl (S0 93 ol (2lsn g Ol bulyd (S9San 1 ol e (20 V) ()bl (slapiiases

3ol opl cladig cuiS ot V¥ sloe YY o)l 1 2M X 2 &)S i il oS ol Sl ey yolaieds
olo s VF o) 1 iy gl b et 0.2 X 0.2 o5 ol b L3 gy Av 3900 Lasgio yob & )5 0 )3 .5
Oy a8 i ol ogMle s 0siliyy olS (nl bawgi &S e plad B (6 )loSS o)l b g b sl bl baogs VY
Cagby & g b Gillao ol (ol S5 )l ol 5 g 0 485 a5 10 LSOl (slac S L ailiie sladl L (otas pes pslitod 35
Sl g By g s e g o 039 (sdm (sla Sy 4D oad &l edle i yeSUl 5l oolitul b g S Calisee (slaayY
BVFY oloys V0 o) 51 Limgdy ol slas 83l Sloj ojl b 25l (Ke) s oy g (Kep) 4 (2LS oy olyom 4
35 plogl VF-Y oloygr 10e5VY de3ls ol

i9el Colw dold (g) 9 ialojl Joe CupnBge g (owrg3 )3 oSS 1 (alg (uSis () caiulin phend Cuarbigo 9 (ol il (1) Y JSCa
(oliailg ol 9 (5Ll
o3litl (g tasbiles Yo slagy b FieldSCOUL® TDR-350 olius jl S5 Cilisen (sloa¥ ;5 S cashs, jioxius yslatod;
OUY o Slebo jd (6505l b (6,8 05l0] (g piouilo Fo=Fr o FeuVo Fome claa¥ > SB cugb, ¢ yidgh cpl ) 0
Sl 5o 0)l55 13)5 Sbml @) p )3 riegtle T Ve Glesl b s laSaly glaie (py (85 o plxl 1oLl
o3> )18 (Setadly (h2)d « S o 59y 2 5SS ol pslaieds 5 oad ol VY- MM a3 L PVC sladly) bawgs g s



MY LS o 3L 5,01 61 a5Lw wi 5oSIT S &ilyf 1), S0 9 S5 (i3 — (sole)

g Vo) il o 5 g puSojlil £90d 51 L8 Jlo S$ loldl pl (S anb bl s c1esS 5l luebsl (gl i
ool yS als g0 93 b 45 TDR-350 oKiws (13505 0 S s 8l o 38l Cels FA L (6,50 310] Jloj dlold g, (peed |
odos job &y Juols gl B3 |yl pbosl (oriwcogby olSiwd guons 3 Slas 5l 05 Jols luebl cas ol ol il plodl
29 05wy ol bawg odd (6 S 0jlul slacusb, b cou
L lals g0 SB e bl atily ) wLo)‘ oo Colw (g 9900 S <hyls A8 500 SB 0l o ¢ poiomed 0D
e b Jiows g5lp bwg Sjs oS eilul bl e (sl Hlade & Cugby clyuw U ad (6505l TDR-350 olKuws
cm glas)l g VA CM ylad L SB ELE glalginl pSdiges jl oo Cusby & 59 Casby Jas jelaieds .28 )5 pbxl + 0.01 g
Cowd & bdiges iS50 B ad ()aS5 V-0 °C &ylps a3 b o9l 55 sl YF o 4 (gl gl (sladiges .0 odlazwl V¥/0
.(Kirkham, 2023) . L,

S 50 pldl pl (BT Gygeo 03y950Cwd SB (59, w0 g (ON-ield) Joxo 13 &jgods gl pllS i3 pgd dls o 4o
odlaznl b )] (g9, 9 48,5 )5 eluil & ygots pSiw ()bl b s S .83 sl (6,lol b590] Colw e p2m X 2m &S
do dy Cogby U cd )3 plosl cugby ailjg) slagpuSojlil acn S ke cpl )0 .ad il JolS job 4 pusnsd (Sl sladois
TDR-350 &% )‘ oalail l; Lkul 99.‘4..:: P A (w‘ u&')) u..B).Ls BC w9.‘o) )J‘)J )a.?b) S99 plS JJJ & <\§) wb
opl g3 s el Lasuie poe b bl led 63 y956cw SB S ages 5l odlitul b L g 03905 3,905 1y abads G gl
3 gl aiges JEBI L g s 03,9500 diges dw (655051 b 52 )3 c6 il )|S5 ] luebsl jolaieds 45T A aaw dlsyo
Cudyls o Casboy mead (sl o dlo ol gl 51035 (e B iged (oo Cughy (S8 dpe b ailiie Wlo (loj 9 )l 42
OYM )Ken g (gylail) 135 (60505l0) o5 cud b ds il 50l (oS b ks cogby (TDR-350 o&iws (¢ yrasiilo

byl s 4 ey 9 S oby slaodly bl p dilig, &gt 9 et wo b wd ilol 5l edlatul b e (o5l
85 o plxl (2l

FSE Dgs dw Gos » jl g (srtentlo B 9 ¥e N Bos) 4 dw 3 5 Sals dw 1 eldl (Sgyien Colia (o
Gl s e st wgdyd oKl Ol L wdige g pole 05,5 SB 5 ol olKiulojl 4 S cladiges .0 ans 150 dlaki dw
sl b 655 Sile @l 1 g 28 S5 )k Slojl Wises ym (gl g edlisl I L g, Sl ludl (Sgyam Colin s
A plsl 152H jiegyuun bawgi (¢ yiogyhd inlojl b ploul (6 S diges calisce dlats 4w jl g Bos dw 0 35 SB il o
Wy pS diged il oolaiel b calisee bl 51 STB 03550 diges FY ds L SB ool JEs (ian
&8 30 8L (385 pied
A duwl>e ETo Calculator jljsle 5 bawss cuige— o= g5ld alasly 5l odlatnl b g po 0lS 50— puses ¢ yighs oyl 5o

0408 A (R, — G) +y [890 (T + 273)] U (es — €,)

A+y(1+0.34U,)
M]J
9)&@‘)3‘%5140.)]@\»94.0 nc<m2day)u,~o)ajmn).)uajl.>wbR ( )é‘>)“°L5)’°9)*‘>wET0 G4IQJ1)‘)J]).)4.§
kP
Sy Y g) B b e b A (kPa) (s g glis)l )bu )m 39005 €5 — €5 (°C) (oj pdaw 5l syie
kP
033] Cawd . polatod i (2 )L;ws;gu)l)mw,uwwuw( )_su&bw,s,uc og) SragsSala

ge5 oMl u“‘f.f Copd 3l Glg oo ol Jumily (5 ymi— s lade
ETp = K, ET, = (K, + K,) ET, (¥ alas]



(Lonigs — oode) VE T alo 3130 0 5 )loud 00 593 (3l pol S g Ul Coligios  AYA

daly 2 pgd sslus jl aosliy cunl i pd Ko g by (LS cupd Kop o i S (BUS < pd Ko cdlaily ol )3 &5
0%9) O8] 4 45 3900 duslone alha ol 4y 1) Jismly 359 9 Jsl ssgs Ol g 0ol ETp 3505 (ol (Valad)
(Allen et al., 1998) 545 o 485  S3> 9 5,05 ) 57w

52 9 catme S S (b 5 035 Frankeniaceae oy 5l g Ol o (g ypuo S Gblio cuslio g o didpon (S LSSl
ol 3ol 3g3g 4 o] 0SS Bl Jobo 5 a5 Canl (g5 Y 9 SoS Jlw 5y Sygeo b joy8 slaSy chls olS ol !
LS o Sl by g AlS oo e (89 53 Bllasil 2al> s 4 o Akl oo 0dig) o (slaaBl g 03 (5B Ay (gl LIl
5 Sy g oad A8 Loy 3 LiSil3 1) 09 0 il 935 (sladome )3 o CdlS Sl ear 4 G o 128 )8 e 4 Ll
S Sy ) 95 L 0)l9d dny Jlus Jlag 3 9 0392 (Bgo 5y il i g0 S5y e L e 508 ) 4 ol slails
dg3g Jd 4yl ol g S el A5 > SBs Oygods g ok (3 b o (claddle b olS ol cuiS (glp 10,5 o
Shge 4ol ol S g cudls bulyd S o Jitie (Lol o) ]y o s dl> po 50l e pdydllan § S (cladile
LSSl 48 0LS ol 55 5,491 90 Cp 03w Juto
chb SB el 937 S ollas canl ond odlatul LiuSSls olS LI 5L )9l can 4V aw ool Jio K 5l imghs cpl 5
sdebgy (LS g bawgs NalS' (pej & Conl 0dd (28 Jol o )3 098 00 45 Jla5 )3 gy (g SB- 5 (alS (s
SB Sl s (9908 (28 sho b gnlply A8l Jidg (o SB Jold JolS 5k 4y (ej 45 sl 0ad j5al pgd s )3 5 00
gl o5 dnalro dbaly (sl 355 = e Yolao b g (LS sl (gl pousye (0558 45) 2L Si2 b il aw 5
RWGRVAPES

SIS gt w38 Yoo

¥

s

d; =20cm

d; =20cm

(<) (1)
oy 31 030kl (391 ;5 () 9 (3595 () Ao S S Y dw Jadgyy .Y JSCd
D paled ous aldg Mo ddlre liome Cjgods &Y dw S pl (gl axlis
(IR—T, —DP, = A6,
DP, —T,, — DP, = A0, (v alal,
DP, —T,; — DP; = Af;

olS diny 45 395yl Y dw S ol )d assls ] SB 4 ojled oxiad (LS Y oV O gladigy) wiomen Casl [L] (e



A L LS o 3L 50T g1 a3Lw wi 5oSIT S &ilyf 1y, S0 9 S5 (i3 — (sole)

Ol &5 450655 ye3 b s)lel s 4 a5 358 (508 35 5 (Trp, = Try = 0) wleie cuilyyy Jol Y 511y O By g 0390 BospS
e (sluodles (§) dlaly llao () &¥akeo olKd (DPy = 0) el 5135 pous Y | os 3985 o (63l ae

T,, = IR — A6; — DP;

DP1:A02+DP2 (\:4144‘)
|
k DPZ = A93
O 313 L e ] odel s a4 (F) S Volee olKiwd I Jol dolee 3905 o b 1o (F) & Voleo olSKiwd j3 Jol alole
il pabled «Yoleo olSiwd (pl 1 Jol dlales 13 (F) &¥olee olKiwd jl pows g pgd Loy,

Trl = IR — (Ael + AQZ + A93) (a 4]9.3])

e sloaY ) Cagb) Giodw jledliiul b wlgs o (2LS Gide > aw S gl (BLS 35 jlude dilee oyl 5 &5
pae s 4 &S canl opl dasly cpl 3y90 50 Jol BB 4SS T cans 4 (3)b Ges g (ol 3y90 50 ledbl yrilsol yendy S5
Yo g ¥eVe plp o Glagh ol P AT 5 Y V) YL S SSE L Sy glaaY s cosby s gl Ul
oSigl & d295 b By 1l IS 15l ool caws &) 305 ke )3 e o &) (6 S0}l sllas (B) abasly Billas o yrowsle £+
Do oo odlitul (%) dlayly 5l ol ol e O gl sl Jol Y &) dgamm0 olS Ay gl cpl 0 &S A5 (5,8
I=(0pc, —61) dy (& alal,

Jol &Y cugby 01 5 Jol &Y > o)) cudylo o cughy Opc, (¥ JSS) Jol Y Gos dy syl Gos T edlayly ol o &S

3950l (el V¥ gan) (ylol Jolss (3908 15,3 oligS 4 dogi b &S 2900 (i ybls izmen sl (55l 031> le 5

e T 5 oY 3 o, 45 5 455 e F) das 4 4o b 355 0l (MAD) e 4 il 10y
g (gilwodkw (V) dleo (sllas |y () dlolee g5 oo cpl ol diled oo oo yo 4 AB3 9 AB; 5 b Hlade 4y o

b owpiwd aSaly yon 4l e 9 YU SIS S8 b ilgs 0 Ay &S cunl ol 10 (B) alaly & o (V) dlayly o 3o
=Y S5 53 0ads &) egrie Jdo 3l oalatwl bl (5 S 05lil LB (TDR-350 giwcogb dile) 0 433 pe (g pSo3lul 3]
Aol o Cawd A Gibgr g sbs,S gl 5 &Yolee (V) 9 (B) &Yoo gl ySeil glp alie (ola SVl jl o3kl b g o
E, = IR — Af, (A akl,
ksl bbd 4 g oud &) (S Jgl 4Y) SB o 5l joe aplone sl 5 Gy 09 oS sl (V) 5 (A) kg,
2 o s Allenetal. (1998) (sl Josdlygiwd ) dogi b &S sl (5508 4SS () )85 .aiid (V) 5 () Laslgy b Joleo iy

Codgame o &y psls yimghs 10 g oo plos] (VA=Y CM o des L) SB  odow &Y 5l B s S5 90 (2LS cups b,
SS& 5525 5 g dewle ollg pols Jdo 0gMay .0l a8 )5 jlas )5 (¢ iewiile Yo Y pl TDR-350 05wy (slagy o

S g g 3 Al
SB ol glaY (58 e Shgcd)F g Sal> aw jl S L SB (So5d sl She el ) cpl jl i assli>



(W,}’— ‘:D.LG) A\EX3 1% b‘b’e © D)Lo.n:i ©0 2,90 ‘G').ﬂ Jl&’yi UW I3X

225+ 1 ke« 5l)j byl a5 s laiale] @b cusl o3 4l)) Error! Reference source not found.
ol e oY > S5 dgng i Glos! )0 (SJgyiid colin GB)leio e OS] cle b LS

(el (SS9 pi Culan K s (5,0 (JISe 1 b) S gy SIS 4 axlllae 3,90 alliio S (S 508 S5 ) Jgoa

cm 9 . oY\ v - o "

K (Gm) Py (o) (o (77) g (%) e by ol (cm) Gos
YY/A V¥ YV d-/0 VY/A s (oo p3) Yoo
VI i VA ¥a/0 Wis s o) ) Fooye
aUf V¥ L A Wis s o) ) $o¥.

A3 oo Ui 1y (65a503515l 0)90 gl )3 onlil Laliee (glaosly il s ¥ JSLS

== Tmax Tmin =O=ETo u(x)

45
40

)

30
25
20
15

ETo

Tmax & Tmin & u(x

10

O B N W b U1 O N 00 ©

0 10 20 30 40 50 60 70 80 90 100

BED)
Sy 5 2 30 8L (5,25 9 e dtlons (51 LoonlBl sLol> Ol puus .V S5

L1883l oapiy &5 1 53 S syt o FoF g ¥oo¥o Fome Y a5 ) Slis Sl ¥ JSa
9 S5 ) 55 mge 5 sSol o Bl a1y (oF JS6) iy 5 £loS (Y JS)
5 Cad )b o &y s Casb) 350 (65 ) g el 85 s )bl Sl g5l U b slas el 45
2 aply b Jlsl &8 g )3 SIS, S)goa g dusle A1y Oygo &3 a gl il 5590 Ol e e a3 53
22.5 % odguze) elyj cud b ss (S5 50 Ay 0y9d Job (soled )3 (g ptaniilio Yemr &Y (5 Cugboy 9 o0 odaliie alHY S
w0gMas .ol ord Jlael g 3590 cawlio @B b ol 5L inlojl 0)90 Jobo yd 45 dmd o LS Yloged ol b aily 4S5 (12%2
Gk J s Ky @Y 95 nl )3 Cugb) Gl i edalie (sl 3o (LIS gpegtle FoFe 5 TV sy cugb)
03505 wo Ao 3 W jlide 4y o> Cugby &Y g3 (pl 43wl asuine asulis .l odds ool ol 28] Cobre b oeie 5y
b BB s b V¥olee gl ol (3 0uds plosl (gla 16,8 o5 dad o LS jol cpl il oo (o 1) (0l gy joy Vo dgds 5l o g
by b 5 pSeda Silog (Ll (Gul Y ) Cugb) Ll o5Sde Lulyd Cule) pae ©jg0 53 ) sl oad cile,
Cow apol cpl Cde .Gl 00 (6145 diges (g i St 4y (6 youblio Yomr Y 1> Cugby il sl g oo 0dalie LY S )
Olud s 4 dagi b ol (ol &5 sz j2 05 TDR-330 (slacogy 3985 (Sl pas g Cugboy (315 cows 5l s @ ol sloa¥ (05
S5 58 by il ookl b 5ym dslne 13 (6,050 ¥ doles gl el 3 s 1))



ALY LS o 3L 5,0 5 gl a3lw wis 5oSUT S &ilyf 1,180 9 S5y (i3 — (sole)

30
q © @ 0-20cm
28 % © ©020-40cm
26 © ©40-60cm
|
—_ }\e +1% FC
X .
o e i s o ®° FC
S ® oo e ® e o
> 00 o ® -1% FC
e ©
o 8o ~ 17 %
086 80 B ©
14 — T T T T T T T T T T T T T T T I
0 5 10 15 20 25 30 35 40 45 50 55
Time (day)
(<)
30 ©@ @ 0-20cm
_ © ©020-40cm
28 —
i © 0 40-60cm
26 — &
1 o O (@] o
—_ 24 7 ole) %o On o (6] +1% FC
~ 5
s Op go_ ©o° 2 ele8 0c°s. 92 0. @ o % FC
Q 2" 0e O B0 “9%0 e 0,000 8780, 8 o2 ® o & 0N
Iy et D & e o e o © e
S {ee © ¢ s o o 009 -1% FC
20 — @ o o) O
o)
18 v
16 |
14 — 1 T - T  F T ~ T - 1T -~ T T = F " 1
5 10 15 20 25 30 35 40 a5 50 55
Time (day)
(<)

Gyl S5y 5,l5) pued S5 (0) g Wil 3 sLS j1 samigr s ,S (W) 13 SB GY duw 45 oo Cugb, Ol i £ JSU
(w23 00 i 1y (g 5031050 (grodl> Hlro

ol el (b 1y (Goliste Bg) By (g S 5> sy Gl oS 335 (0 odaliie o JSS 13 S5 S)b
¥ IS o ol gl Ll i atsly &S5 ey cud )l v S calisee sladsY jd Cughy a5 3 oo 0l 0 S
oLy 2 Glgiee 1y el cpl ol clde sl (g ptawiils Fe=Fe g Fe=Vr slads¥ (5 Cugby Mgy il |, Sen sanlive pac «dll-¥ L
Cpiaw s C8L b S cladY 3939 5 9w G 5l Jo p)5 Jhad 13 iulos] plosil iy S5 Jlassl slacS 5 g 5,0 50 (w5
Slodcie sl )S 0 oS cuwl Jb o cplaed o il (ides ads slan ST 0 1y e Glys 09y Sl S0s (som
sl (£35S Gl g Jlainl g 035 g3k plomad] (Sh1s S w0l 0uj a9 lilal g 3929 s STl
oL b g 3 1y by 505 5 5555 55 s (Ke) s LS Coys sz yo ol (s yeim e s B JSC3
Slaelsl o5 (B) alasly 51 ool 5oy Yo pd Jawsly 3,05 dwloee slp g a0 S5 )0 &S sl (690 a5 ol S5 e 0
Job plad 3 ol (g)lade 4 awl sl jo cughy b [)Sen pae o & poed duolee (gl Lol cunl o ool (V) alayl



(u‘mﬁ}’_ ‘:D.LG) V€+Y ol b‘b’e © b)w ©0 2,90 ‘G').ﬂ Jbgui oludsy ALY

G5 bl (V) 5 (0) ¥olas Lawgs ol Cusd & 3y ) 8 o)) Cad )bt (S35 10 gy Stalol Jsb (oled )
byl A stk 39 s g0 oL 5y gt i g8 3 (Th) ity 555 iy (D JS8) ol iy
bausgio yobo 4 GaspS ady) L olS S lgis 43 LSSl ol (el b Jobo )3 s ) o0 S5 4y g bl dals
ol SWiloyg Job (olad 0 (2L oy Olyos unl 0 pbsl ol )l jaiel loj 5o ui;ilp)"l Solwasg bcwl VL ply
by e Allen etal. (1998) Loallyszs ;5 45 4155 5l g logs 55101 053 Jsbo 15 oS ales JolS tibgs by epsimads
sainds ol (Ke) (5525 (LS oy bl Wiy (al 3 4l (LS o s 900 ploxl Mot (2500 )3 5 s SB s |l
S Cugb) (18 LR Sl () 59, Tomr gloj 53 slade cul (V) o (8) dholae jloslial b aly (BLS cupd dnlone Sl o)
i 4 (RS o pd 0)93 93wl (sl b dsslone e oo 4y talel 0)93 (Sl U g, Yo e 5l g (b s, 4 S
903905 Joe SleMbl ol s | e Kl o de SVgb bl s (ol (0) Aol cpl (ol plo el Cawd 40 +/A% g V/+F L ol

A0l (g pSada sk 4 gy So il o

14 1 O alolee () V a)olee r 10
12 - | O ET0 ~O Tp O Kcb .
10 - o o |
g8 {1 O ) (e} o | [o) R F 6
(o} o} 2
6l © o lo g - | 0g00—92, o o2 <
b ) M| © F
8o g o -0% o 090\l ¢ °" % g 000 4
4 l o o
2 © 00._| fep — 102
: R e et R T N A —— o-oP%------- .
T T T T T T
0 10 20 30 40 50 60 70
Time (day)
(@)
4 - - 10
2 O ETO O Ep O Ke
- 8
0 -
8 - ? ° 6
o © ol o o ~
Jo o".0 o o
6 6.0 o 00 %00 Ooo o] 0995 Ooo | 4
i O )
o gv R A0 o ° o L2
2 A 0o ° o 00 OK = 0.58
o [0S --000--5-36Q- - 0800 - 0000 - o0 2 = 00g- - - - - ----==- 0-@Bg -Z---=-- .
T T T T T T
0 10 20 30 40 50 60 70
Time (day)
(<)

Sy 9 SRS () 9 WuSSl,d ol 31 auadgy (sLaes )5 (W) 15 S Y dw 45 oz Cugb ) Ol pnis 0 JSW

o) D9 o oamlin asslis .l sdel Cand 4 Lider el S s pSoslul ) eslitil b s s om0 S5 5
LS ol oliul bl Sl o9 oyl Jgb 50 35 o) Slyais 9 0390 </0A L ply ool )90 Jgb 5> bawgie yobo 4 ludo
Al ol gyl (gl lord CutS LaSSl8 oS g & S slagidy b (o3l slp ol s cupd g 4k

Las ud ad)s s 0V bl LisSlhs olS (gly Sia S alS <o s jlade Charalambous et al. (2019) jiagss )
15 et MalS” imgs ol 53 ool Cawd 4y BLS o s lade

Bolgii 9 (s 5 40

ol bl Cajo canl oad Al BasnS ada) b pdidgy sloolS (55 5 pS dnle gl odle 0yl Sy gkl 5

1 Wet and Exposed fraction



ALY LS o 3L 5,0 5 (g1 83Lw wis 5oSIT S &ilyf 1y, 1802 9 S 3 (i3 — (sole)

255y g 4l (LS ol Wilg o v )3l comimen anl (555 g S Sl (S99 e Y @ LS pae o 56Sl
oaelCansty ) Uyl Lol obS (ol al b oy oSl ol 51 ookl L a5 s i iy oyl zolis oles &) s 1,

Casboy A8 [)Sen I ey plgiee Sl g b slocyS ) a8 oy (LS gl opizpen ol BllaS 5 (il slaioiy L oS
530,55 odaliie iy (BUS S ) (owguite i g 0390 odlitul (rdaw 4 (priwush) Jl Bpo (haw pE Y )
LSl oS sile iy ot S (o) Y ) Cugby @y )5S 3e Lialojl ) &S Cunl (5)9p0 4S5 ()l
oS (ol 5L e sl pllioes Loy Slg5 oo 00 Wl By el Cawd a4 DAL il 55 5 cops D98 aSen (il

255 )5 3Ll g0 (gylol ($32)40b 358 polaiods gy

Sl il
degane (plgims (§)Kan 5 Guslus Sl b pY 295 Lhagh cnl (Baieey il plagh gib Jobs iagh o)
Soles (10,08 o (ST dpude (g, oKl (659l 0aSiily Ol wdine g pole (slaolSivle]

3,18 3929 (Mg (o @l 5l WS "

&Qbw

low ( SLel joud e 0l aible ¢ wam @350k 5 oo (Ghtes] e (2lBg Lo )hese (agllae (e Jlox (S
FEO-Y oo AVA-F+ ¥V 18- CSOld ¥+ ITAY e (613,08 Sdolee (Slles asliy ATAY

o A B dle il pages o)lol Slidae g ol (YYAR) 5l cspgls e ipmm clizpd ¢ cypm e85k

REFERENCES

Ahmadaali, K., Rahimi, H., & Etemad, V. (2021). Effect of Soil Texture and Different Levels of Irrigation
Amount on Water Requirement and Crop Coefficient of Melia azedarach L. in Karaj Area. Iranian Journal
of Soil and Water Research, 51(12), 3195-3205.

Allen, R. G, Pereira, L. S., Raes, D., & Smith, M. (1998). Crop evapotranspiration-Guidelines for computing
crop water requirements-FAO Irrigation and drainage paper 56. Fao, Rome, 300(9), D05109.

Ansari, H., Sharifan, H., Davary, K. (2009). General irrigation principles and operations. Jahad Daneshgahi
Publications. (in persian)

Asgari, M., Javanmiri Pour, M., Etemad, V., Liaghat, A., & Zare, S. (2021). Estimation of Water Requierments
of Acer Negundo and Pinus Eldarica Medw. in Field and Green House (Case Study: Robat Karim
Town). Iranian Journal of Soil and Water Research, 52(10), 2581-2594.

Barani, J.H., Mazloomi, M., Vafaei, M., Ahmadian, M., Ghorbanzade, S., Hasani, A., Hosseinzade, M.,
Ghayur Baghbani, S. (2018). Mid-term operational plan of Mashhad Municipality 1397-1400. (in persian)

Barikani, E., Ahmadian, M., & Khaliliyan, S. (2011). Optimal sustainable use of groundwater in agricultural
sector: Case Study Subsector in Qazvin Basin.Journal of Agricultural Economics and
Development, 25(2).

Charalambous, K., Bruggeman, A., Eliades, M., Camera, C., & Vassiliou, L. (2019). Stormwater retention and
reuse at the residential plot level—green roof experiment and water balance computations for long-term
use in cyprus. Water, 11(5), 1055.

Ebrahimipak, N., Tafteh, A., Abbasi, F., & Baghani, J. (2023). Comparing the amount of sugar beet irrigation
water using the NIAZAB system and field measurement.

Braun, R. C., Bremer, D. J., Ebdon, J. S., Fry, J. D., & Patton, A. J. (2022). Review of cool-season turfgrass
water use and requirements: I. Evapotranspiration and responses to deficit irrigation. Crop Science, 62(5),
1661-1684.

Liu, Z. (2022). Estimating land evapotranspiration from potential evapotranspiration constrained by soil water
at daily scale. Science of the Total Environment, 834, 155327

Kirkham, M. (2023). Principles of Soil and Plant Water Relations. Netherlands: Elsevier Science.

Litvak, E., Manago, K. F., Hogue, T. S., & Pataki, D. E. (2017). Evapotranspiration of urban landscapes in L
0s A ngeles, C alifornia at the municipal scale. Water Resources Research, 53(5), 4236-4252.

Niu, G., Rodriguez, D. S., Cabrera, R., McKenney, C., & Mackay, W. (2006). Determining water use and crop



(oig3s — ooke) YET blo 313 50 0 0o 00 593 3l il SB 5 Ol Wliios  ALE

coefficients of five woody landscape plants. Journal of Environmental Horticulture, 24(3), 160-165.

Nouri, H., Beecham, S., Hassanli, A. M., & Kazemi, F. (2013). Water requirements of urban landscape plants:
A comparison of three factor-based approaches. Ecological Engineering, 57, 276-284.

Pakparvar, M., Cornelis, W., Pereira, L. S., Gabriels, D., Hosseinimarandi, H., Edraki, M., & Kowsar, S. A.
(2014). Remote sensing estimation of actual evapotranspiration and crop coefficients for a multiple land
use arid landscape of southern Iran with limited available data. Journal of Hydroinformatics, 16(6), 1441-
1460.

Pannkuk, T. R., White, R. H., Steinke, K., Aitkenhead-Peterson, J. A., Chalmers, D. R., & Thomas, J. C.
(2010). Landscape coefficients for single-and mixed-species landscapes. HortScience, 45(10), 1529-
1533.

Pooya, E. S., Tehranifar, A., Shoor, M., Selahvarzi, Y., & Ansari, H. (2013). The use of native turf mixtures
to approach sustainable lawn in urban landscapes. Urban forestry & urban greening, 12(4), 532-536.
Saher, R., Stephen, H., & Ahmad, S. (2021). Urban evapotranspiration of green spaces in arid regions through
two established approaches: A review of key drivers, advancements, limitations, and potential

opportunities. Urban Water Journal, 18(2), 115-127.

Samieiani, E., Ansari, H., Azizi, M., Hashemi-Nia, S. M., & Salahvarzi, Y. (2013). Effects of drought stress

on some biochemical indices of four groundcovers (Lolium perenne, Potentilla spp, Trifolium repens and

Frankenia spp) with potential usage in landscape. Journal of Soil and Plant Interactions-Isfahan

University of Technology, 4(3), 101-110.



Ao ... obbl; u"i )lg‘u a)si).g ;S’)-! a5lw 'QJ.;)QQ‘ S 45,), Zo')&.o@ 9 «Swv).’ (‘:w.bgf - ‘soJ&)

A simple algorithm for estimation of water requirement of shallow-rooted
landscape cover crops independent of lysimeters. Case study: Frankenia

EXTENDED ABSTRACT

Introduction

Water scarcity presents an acute global challenge, with significant impacts on countries in the arid zone,
where urban green spaces offer essential benefits for air quality and recreation but also exacerbate water
consumption demands. Precise quantification of urban green space water requirement is crucial for optimizing
water management strategies. Conventional approaches for estimating evapotranspiration (ET) of cover crops
frequently necessitate the use of costly and labor-intensive lysimeters. This study proposes a novel, readily
applicable method for ET estimation, requiring solely soil moisture measurements at three distinct depths. This
characteristic makes the presented approach particularly advantageous for researchers and urban green space
managers.

Methods

The study was conducted at the Educational Site for Irrigation Systems at Ferdowsi University of
Mashhad (FUM), Iran. Six experimental plots of 2 m x 2 m size were established and cultivated with Frankenia
laevis, a shallow-rooted cover crop frequently employed in urban landscape design. To obtain the transpiration
component of evapotranspiration, three additional plots, prepared and maintained identically to the planted
plots, served as plots for evaporation monitoring. This allowed for the differentiation between water loss solely
due to evaporation from the soil surface and the combined effect of evaporation and crop transpiration in the
planted plots. Frankenia laevis seedlings were planted at a consistent density across all plots, and a precise
irrigation delivered controlled water amounts based on calculated requirement. Soil moisture measurements,
utilizing a FieldScout® TDR-350 device for accuracy and reliability, were taken at three depths (0-20 cm, 20-
40 cm, and 40-60 cm) in each plot, capturing moisture dynamics within the root zone and deeper layers.
Measurements were conducted at regular intervals throughout the growing season, and the meticulously
collected data was analyzed using established equations and models to estimate evapotranspiration (ET), base
crop coefficient (Kcb), and evaporation coefficient (Ke).

Results

The study observed consistent soil moisture levels near field capacity within the top 0-20 cm layer of the
Frankenia laevis plots throughout the growing season, substantiating the efficacy of the implemented irrigation
regime. These findings highlight the capacity of the method for accurate assessment of shallow-rooted crop
water requirement. At greater depths (20-40 cm and 40-60 cm), soil moisture exhibited initial fluctuations as
the root system adapted. However, following a period of approximately 30 days, both layers exhibited a notable
convergence towards a stable moisture level. This observed convergence aligns with the study's initial
hypothesis, which suggested limited root activity beyond a depth of 20 cm. The observed stabilization of soil
moisture in deeper layers simplifies long-term monitoring and provides further support for the suitability of
the proposed approach for ET estimation in similar shallow-rooted plant systems. Further analysis revealed a
base crop coefficient (Kcb) for Frankenia laevis approaching 1.0. These results align with previous studies on
comparable cover crops, further supporting the method's effectiveness in capturing plant-specific water
utilization patterns. Moreover, the calculated evaporation coefficient (Ke) of 0.58 offers valuable insights into
the relative contributions of soil evaporation and plant transpiration within the overall ET process.

Conclusion

This research effectively presents a straightforward and reliable method for estimating ET in shallow-
rooted cover crops such as Frankenia laevis. Our method offers several key advantages, making it a valuable
tool for researchers and urban green space managers. Unlike traditional approaches that rely on expensive and
time-consuming lysimeters, our method utilizes readily available and affordable soil moisture measurements,
significantly reducing the cost and complexity of water use monitoring. More clearly, the method focuses on
measurements at three key depths, providing a comprehensive understanding of soil moisture dynamics while
maintaining practicality and time efficiency. This investigation, by presenting a reliable and cost-effective
method for ET estimation in urban green spaces, holds the potential to significantly enhance water management
practices within urban environments. Such improvements could contribute to the overall sustainability and
environmental benefits associated with these crucial components of our urban landscapes.

Keywords: Evapotranspiration, Crop Coefficient, Irrigation, Landscape.



