Iranian Journal of Irrigation and Drainage
No.1, Vol. 18, Apr.-May. 2024, p. 173-184

1D

BRI X VS PRPS W PYgeX
YA . IF+T gl — 52059,8 A ol Nolosds

w&'“}j?,_g;“'x’ Jlas

"o asedie T el W sl ol Ol

AEAANADECE T

CXVCCS

Sla sl g o Gl Gl b (eriuns dally & canl olS 0y Sldllae o bl (o ere 3l (So (LA Sy aw (a3 ls

ek )y Cilises ol ) asdllas (ul 53 29500 (A wre 50l ©ldgs Jelse ol 0T (gl B8 5 331 08 5 3 ,Shos olS (S5
Olgisan) 285 je5ma)d (elul (atasly it lgieas) (sladgle ©)3 Sy aw (a3ld (gjlodie sl Sstwad g Jbogicds cmwsS yass
Foghe Voo )l MAD graws dus )3 oS 1 g (65lol g (ol ()bl oo 93 Jolis dulllas 590 (sl jloss s o3\l (Jime yuiio
Jie slke ;o EF g NRMSE R? cladsinlyp olol p a8 sl olis ol 0,8 Jlesl (ool JolS slacSoh 7 )b & yq0ds 45 39 duoyd
St o ey 2390 Jao sl oo 120351 15,08 5 (2L €8> 5 Cono 1 ) 0)93 Jobo )3 S o (a3l 355150 )3 conlitil 3,90
2 el 5 dimsy ol Lo 93 50 0 3 (e cul - oniman 0l (L5 55 1 aom e ol e gl 5 g e o 5
2 il ey e byl g Jpae 18) ok Ca (oulel g 4l Sl oo adllae cpl @l .ty 1) Gl VL o3 Ve e ol MAD

il ole Cueldy s can (ginpaely 5 Cute gl i ()3 Lulgs 5 olS 5 S5 ol 6,555

S Jao 0l (il Jio (o) llnS (sladgle )3 JolS o)Ll 1 glS (sWdajlg

Gilwans ly & o Jae win » S)lea (et al, 2021
95 S)ledd ((Shzme plds elgs ¢ Jpazme 3 Slos g 1)
I3 oolatwl 3)50 yieS 4SS o Cuw (£35)5 (slaodld 35S 55
bug olS ad) olw i JShe ol Js gy 8,8
DAl ]y (39)9 sodl> 5 (St U ol 0 &) o Sk
by s (SVgame Giludiody lgie diges plyisa & cind
Yu et al, 2002) x, 4Sepaskhah et al., 2006)
Lizaso et al., ) &> 4 (Pirmoradian and Sepaskhah, 2006
3,90 slod Joe 3905 o,lil (Sepaskhah et al., 2011 2003
&y g5 5l 5 ssbar (LS wd;y g Caz eslitul
TS 5 il e wiilen (sl ge
(Knizetova et al., 1985; Nahashon et al., 2006) sl o
Sass (rizras 9 O (S 0 St 2 @lly el &S
a5 ,be 45 Wghi g e S 03,5 35 & Jao slaasls
cilae adai crils o)l GobSgeSw &S > a5 ulgs (I )

Wsdoe ol 2l s 3l e Dige 5 Sub byl

4- Gompertz
5- Richards
6- Logistic

LYRUFY

(_'ﬂ S &S Wb e (oL Lgbz’.\.lﬂ)é ol g oauzmy oS 0,

" B Sp9re el Jpare Jeaily 8ley S 4 gl
Girog &y 51355 3] S acsilodio o2l 3 51 g5
“ el Sy nl g ogMe oS e Clusds olS 9o g A2,
slos ) ol >t oo gk il 1y e gl
glgl dbiwly opl y> (Meade et al., 2013; Mello et al., 2023)
S al o aS ool Hlws gl e 51wyl dgng b Jde 5 ol
Iy ob; Yoles &S aidyiin Hlows (sl Jdo U st lgiwl alolee
IS Jb ol Lo (Hoogenboom, 2000) g o Jolis
~o3l> dgg i i dxlge 5] b I Jae 5l )lS 4 S
Hunt and Boote, 1998; Wu ) ol byl 5L 3590 (63959 (slo

2l 5 (gj)slis” HEaSisly ‘uﬂ)u 9 Lg)\,g] (swiige 09,5 (65 (gormiiily )
"Jl)?" ‘E)—g‘d])‘@' olXusls ‘L;-.Mlo

csrb @lio g (65)5liS” Basisly ‘Lr'»bbj 9 d)t,,j owdige 09,5 yboliwl =Y
Ol)i‘ ‘C)f ‘Olﬂ; oKy

srb @lis g (65 )aliS” Basiisl ‘@‘ﬂfi 9 L;)Lg-\ (swiige 09,5 dliwl =Y
QI)-.’.‘ ‘E/S ‘Ql).ej o Kisly

(Email: khahmadauli@ut.ac.ir 1 s 00y g3 — )



mailto:khahmadauli@ut.ac.ir

VPo¥ Caligus o)l 0399398 A alor ) o )lods oyl ) (iaSp) g gyl 4ot V¥

iz polie 5 (o)l cilise (o)) cov Saawad Juo
Jee o g ol 5l (Sl s oy 8 ey 250 039
b 3Sles 5 olon cloplyl Kt oolo ag e St
(Mahbob et al., 2014) 5,5 ¢ilwdnd o5> & 1) paS Jgamo
oS sl Setead Jae 5l Lol 55y JlS pinen
odliul (35555 9 (2l hlite bulyd o widjatin o Sles
Cobll S Jow a5 ol las et ol s s S
Kamali ) 5l o8 0z Jeamme o,Slas uass [0 29>
5 Oyl s anllle ;o (and Zand-Parsa, 2017
08 4w Sy p 2D b e sladee 2l L ol ke
Stz Jow 4 aidl o o olyy Jad anw (b oo ol SLél
MoysEp YL cds lan, Gl ol gileand o
.(etal., 2023Anderson) -l

oobo g (LAD TGSy s bl iy gl ey WJg (sl
9 .\Ju,o Clusdy M) Coxdg pho el des 5 Sas
o balys o)l Kis eole W b (Soop bl lal polas
Lecoeur and ) wb o gals olS 0 Sp ad, 5 o
Judodi g &350 ¢ plplo (Guilioni, 1998; Mello et al., 2023
by sldse dll s 05 ad) cadls Gl b Sk
wor &l mbe S5 gl Wl olaleS kulyd
e ooy pia bl 5 o 38hee i 5 ol e
roles 9 4y Syl Spogdaw 6pSojlul ke ald S
ool Slan as Jae Sl o) 0es s Glgal @ 5l g cwl
Ci b Aby g0y jlolgmds Slojojl ya g alaxd o 31y jasls
Gl Jre Gan b addlas ol 5l sde (oylpl S 3,0, YU
e jl ool b (sladgle @05 Jpame Sy gaw adls (5L,
Jcd)S pbonl ad) 0)93 Jsbo )3 Ldymjgaryd g ploj Jdies
VRN ST SN ST WY LA JR
oS ()5l S5 )0 S o (eSS (AE g oy oSy e
28 Sbls SaS Wl e 3,8kes 3,9 Lol g ame Sl |
A8k sdnbo Il asyze 3 Ol Cupte 39

L 95 9 319

ddbie D mpeyie Wer Colue & ) 0 Sibjl ol
woor 5o SByled Al pbsl WA Jlo )5 oelyy (glady
5 T T )
Slsies (C) atogm )lel 5 (P) " coully (sl s 5 ol
Feoghe Voo ply MAD gmow dw o plaS" ja o Lol a5l

4- Leaf Area Index
5- Pulse Irrigation
6- Continuous Irrigation

S sl & s (o s (S 5 FesS)
m0 5 oo yeite Lagl e Al ooy gy (S9S5eS
e gy b gxmbe oL B oggyd Il e 0wl
2l sl Jie (Rogers et al., 1987; Guo et al., 2023)
Gl Ll Jgug 9 3pmesS 53)om eStacd S¥olas il o3l
Colue (low J5yS umen i) A3y obgy oo ol
Arazi Berger, 1981) ugi o 03laiwl olS yologs oo 5 S p
Yu et al.,, 2002 «Kage and Stutzel 1999 <t al., 1993
Sawed J4e (Sepaskhah et al., 2011 <Lizaso et al., 2003
358 odlatwl (6)ysliS SV gaze A5 W) (gilwdnd > K5 e
Gl sl o Sygo ol & (Fer Ghen 5 JleS)
(Slon oyl uner glB)) dtunly 13y oyl ot
o sligy @ a2y b (ol ologn zoa 5 Sy colus
ool 85 Sid o Jae Wb o odlisl (DAP) “eusls’
o g ol bulyd 5 (ol adlaie Sy 0 cllS Sl slas,
5l g O lulyd b gblio ) cusl (Sos citun gzl (yne
ol 395 ) Jod BB oot collB glite e )l
2ok Saed gl Jie (JSie ol ol alply ey
392 DAP (sls & (GDD) "o > sbassly ol
L3S )8 ool
@ il &S Wlodges @) g gorke e L Kimgd Sy
buwg &S gladlas ol Jlo jobds )l (65508 (60959 CleMbl
st 2 03as 9 2l B sy dixej 3 S 5 olygnls
Jdo culps &8 o ol s plul Gy sl (Saiwed Jde Ay
~o e 85 o 5 Ly Slacsdgyg b Cos S
Oisr 28 E5 9 ol Il @b K plsisar ]y calys ol o
O 5 KL3KL5 (Sepaskhah et al., 2011) wsly 1)
5 S gdaw a3l e (gl Sytwad Jao oS L labslas
ols glasy] I odlatwl b ailinej puS Jpaze (2lon 093 )
B cds ) Sl mls 45 15,5 @) oolol calises polas (ol
3l Sk 9 (o2, (Xiangxiang et al., 2014) > Jao oyl Jod
bylys cod glradl Suts osle e 3,0 (gl Situcd Jso
05 g bl Sl (9 Cilies zslans 5 (glas s g (SIS
bl Sinsd Jao a5 ol ol o)l oo guls 5,8 eolatul
obredl S ol 5 Mg Jpame (i it 29t
5 dame ;50 (slaslllae > (Rafiee and Mahbod, 2020) )l
5 ookl b 1y diliune) paiS S o3l g 3,8des 3y9l 0 o)) Ken

1- Weibull
2- Day After Planting
3- Effective accumulated temperature


https://scholar.google.com/citations?user=SDtOEbAAAAAJ&hl=nl&oi=sra
https://link.springer.com/article/10.1007/s00344-023-11009-9#auth-Anderson-Mello-Aff1

WO Sy a3l dinogi 0 by (s pilgi (b5

o b5 5 5L0 5550 (slaoaly 5 0 483 Jlas > adls lgie
SB S5 Slasuin Dy yio Ve cudS bglad Job .ai cuily
sl osd 1) (V) Jgaa )3 Gialejl 3590 oo

IS5 2 105 plol 3ol LS oS b g 4 o
—d ()lS ks g aS gy S add) 90 bt dw Jold Hlo ya

Main Line (110 mm)

. ‘Water
Sub-Main Line (75 mm)
MAD 100% O l Head. S;“l:‘tﬁ =
M ping
o T : % : Head Unit
R ¢l 120m Fl |20m S(r:
3ilm ilm _* Manual Valve
MAD 80% O-H
\ H . * R; = Replicate 1
l | — A .
ol l20m el l20m ¢ C = Continuous drip
l l # P = Pulszed drip
e - —————————
3ilm 3lm
MAD 60% % O\—\%

Alm

Flow meter

adllae 3,90 (5o ylowi Seilaw .Y JS

NEXRE

(o sBilus) ST Glos!
e Fe FeTe Te_Yeo

WIY /e \a/y
Y5 ¥\ ve

VEL /o) VDY
£y £y I3

yY Yy vs

) ) ¥

YA Y5 i)

(o> 22 ) o (Fyey alais
(o> 2o )3) (£l b
(coo ooy p5) symls JSe
(%) o
() oy

A5 pbol PR2/6 Jis " ogp gy oliws bawgy SB cusbs,
Feghe Voo oy MAD polie 4 456 b o)lol (cjya0bp
bocashy Ol @ a9 b glel Ol Gos g Al ol aop
Jsl g dusbeo (V) abaly 5 odlizl b g gy liligy oSt
.(Mohammadi et al., 2023 ¥+ |)Ken 4 o)) 2b) 355
d, = MAD X (Oz¢c — 6;) X D,, (V)
Casby Opc (yahe) olel LAl Gos dn YU daly 5
J8 S iy Cash) O; (aep) (o ced )b s 0 SB Gy
4 p3Y sl (o k) k) dngi Bos Dy g (1op) o)l |

1. Profile Probe

2w el b3y 55l (S jlews (Byre Y Jgar

Skl o pe s Jles] Of g
Wwgy by

cwW, PW, (Ve e7l) JolS ol
CW, PW, (A7) & llas
CW, PW, (F7) & olles

ol » & 1l pbdl g roge el gy oS k]
yio il Yo o 5l ] alold g celo po il +/Y sk 0o
Sl b aBS s g 90 bjled aes iy )l



VPo ¥ ol d )l c33939,,8 IA alor ) 6 )lous oyl ] (iaSB ) g (55T 49 i

\v#

ol 0205 L 363 3l 6LS g0d g by b gyt (Siuwenr GDD
Tollenaar et al., 1979; Coelho and Dale, 1980; Kiniry )
Lolul Jgame Sy jl 3y90 2025 (slos .(and Keener, 1982
Cglite L) 0)93 5 (e dx ST el Hluly L) 090 JS Jobo 1
g Jw 4 baye oot Wiy o 05 slod plply .l
(Russelle et al., 1984) ua> il |) Jpaxe Aby oK
25 Cpgon I slod (1le 5l a4l glos (9,5 o5 L GDD

:(McMaster and Wilhelm, 1997) 545 .o duolxo

n
Trax: — Tmin:
GDD = 2(7’”“"1 T, v)
i=1
Windn glod )§’L-’ Cud Py T, 9 Tonin Tnax O‘ ) «
mo Ve OC plp )3 olS (el bl glod el wl (glod g aieS
5 045 dwlxe GDD ¥ K5 5 .(GUO et al., 2023) sl
R P d.il)l sl u;i»ho

(V) gtz 52 -8 plosl Glojon Iajles S (g)lo] &5l 53

S5 m iagk pbel e b 5 o 54 o3

3 bl pglie Sygots Ol wingn Copte b bl ol g,

S50 dw 4 okd Ao (gylol Bes (adl Cupte b o)l

DP9l g odgy Oloj e b e e dw (b )3 g el (g9lne
28)5 518 ol Hldl > LSy 3

iy B Jde uwogi
(GDD) w9743, (gdiadgw | Sl calisee cildllas
ol drwg 5 3y Gople Gl S e S plyea
w8l bl b by 5 by LS el sanail
Blackman, ) slesls olis olS olb copte slacuS s slp

1919; Cross and Zuber, 1972; Tscheschke and Gilley,
(52035 oloj b duslis j3 oS oy Lo calisee cliiss (1979

- - VA-
YO -
‘. L Vo -
Yo - 2
2 - \Y-. . 9
._:59 v. o I
.
& vo A L .. I‘Q
~ D
0 v 1 o
V0 A i O
o
Voo L v..
o
TR PR D S YU T PO CEE P
clls 5o slajg,
My Juad Jgb )3 (ladgle )3 0l —59,m42 )3 9 Lod ylaged - JS
D9d e (sgiil @y b Sy e a3l GilesS Gln piagk ol W
LAI(GDD) = # (\”) FesS w30l (sla Jde jl =59 D Jatue puiie 4

14+ eB+CxGDD
—j942 GDD Sy phaw a3ls Sl LAI 1] > &
Al oo dblee slayialyl € g B A s
4y ool bl dw oplie SIS b Sy oS Joo
ohlSed 5 ol al) cwl sud edlatel il Jre gl @l
:(Jonsson and Eklundh, 2002 «\¥-Y

_l((GDD—B)>2 (¥)
LAI(GDD) = Ae” 2\ ¢

i) > &S oo yiSTus lade 308 i A yiolyb 2ol (o o

555 o Jae Vol 5 4 odlit] Sgtucd 5 Jogioly ccomssS
ol oL 03)yg) g 4D ok
S (sl 5 e baogi Sl oy Sitad Jas
Cusaz A8y Cnogh slp Jho cpl 05 e Cundyng ol
-4 b il g 298 0 odlitul Jaame Ab) 9 (Coleman, 1981)
(Loss et al.,, 1989) sgi 0 adlis 35 Ad,  gowe les
23 T8 4 e (xe8 slod plul 1) Sstaod Jaeo oplple

1. Verhulst



WY S a3l dinogi 50 by (s g (b3,

¢35 NRMSE >Y+ Sl g Jo5 L Joo cd> ¥+ NRMSE <
S U ol o e 3 EF (adlis edgamme adl o cains e
osly JolS" gillay sxmdlis il S ply EF ST .00 o0
odgdzme jd adld cpl 51 Cunl odd (g uSo3lul g 0d o i
BB Jae By oS cunl cpl onmdlis bl asly H,E VL.
Sl ) Sy a3l oo ) 5SS 35 ) 51 5 ol g
339 odd (£ pSojlul g 0l e (sbedly o L ailley gus &S
ool a5 35y 1 5 eIV Cops ol ke Hlade Cpismen )l
ot lied Cond 1) oy (oS 0l (650l ol

(Guo et al., 2023) x> o &3l o0

A5y 0y93 Jobo > Sy haw adld Clyes (V) S8
el g oy el Cupe 9> Cov ladgle )b Jpae
0L (3l 515 el 2o Vov g Ar 82) (gilol o 4o 4l
Ll 00 02l

s sl Sl o 33,5 0 indle 1) S & 05 |
S T 8y 51 gl 5 gy (b Jlosd 53 8 slp Sy
dady U A5 )=jeymdapd llifl b &5 ©jg0 cpl 4 WS 0 g9
s 315 03,5 g Gl 5 o il i e
559,y 455 &y o (55508 s b 5 1 s 3l ] e
@5 oo 53 Sy o (el S e g o5 ) <
L (GDD > 1000) sy 395 jlde ,iSlsa b jus 5 o
“oe Ao ilul Gl sl > Sy g (aSls duglie
2 0l gl ol g atogy lol Copde 93 3 a5 08
ool 5l i oa ol g o A )bl 5l i woyd Ve )bl
Lol dopd £+

Aby oAy A Cund Sy g adll (giloJse o
g awgn )bl Cupie 93 cov cladgle @) olS ¢l (GDD)
Py A o ) 6l o8 o (] s a5 ol
sl 01 03,91 (V) Jgaz 13 (1S ol 3L (s 0>

Sge bl sbpadls 4 slal 5 (V) Joio @ @y b
0233 35005 53 I Jae don 3 Sles &S 33,5 o dan Mo codlitl
@Y e oyl mls 5 il )13 gl maw )3 Sy e
aon 3 EF g NRMSE (R? ,,5lie oS clasoS e caiily s 13,95
Y VY SRS B JASYY iy i s OW,y e (sl i o
O ey CWy jlos gl +/AFRA L /550 o \WWAM L
VAT S IRYA s u YANPIRYA PN S SRVERVAR & AAPTYA VAL SN VERYVORA
B ATV /AN b JAPYR o i CWy sles ol
O ewh PW, sl R0V b o/5A0V 5 -/YVE

o el Gloj Jolao B sl S gy gl sl S1is | (83las
oS yonnd (ne Gyl € g widl o M1 ()] jd oonie Sy
Wl g5 (Swb oy b (S S Oliee

&l 2 e 9 Sy 5 ap Slp Il FiesS e
ol Gilises ST 1 51 ey sl 438,815 ookl 390 Slus]
Sisler Gl gy len (65,5l Sl Elgil o dal,
Steppuhn, et al., ) cul ouds salitwl olS g g iy s s 5 44
(2005

LAI(GDD) = A x e(-e77€PP=9) (0)

oxmd L Cops B oSy paw asls ySlis A il 3 oS
oS cal Sloj Sl 53 € € 3 Sy o sl aljl ¢
Jo Bb ey 358 e Slie 4 Jpase Ay Gy
cupd e b plp Jyase 4y Copu jlade € (loj )3 (55 yagS
Gompertz, 1825; Yin et al., 2003; Meade et al., ) cwl B
(2013

Jhesich bl Sl Jae s oslizul & Juo 3]
-2 B) 3500 iy 05 Do 4y ol IS p 3 48 sl s 4y
:(Abramowitz et al, 1988 \¥-Y (I, San 4 3,

LAI(GDD) = a, + a,(GDD) + a,(GDD)? )

+ a;(GDD)3

Ll oS il dblee syl a3 g ay @y @, ol &S
aw (a3 ls codly p odlawl 5y5e (gl o il 2005 digy
buze )3 (pungisS bbby jomdr )y 5 ladgle @) olS S p
A5 pbsl MATLAB

byl s ylre

upo sboadls ookl 3)50 s Jas (2Ll slated;
5 (NRMSE) o1 Jloy o laye (pSile adyy (R?) oy
Homaee et al., 2002; Shiri et ) ai oozl (EF) Jao o))
:(al., 2014, Guo et al., 2023
1(0; — P)?
1—1(;1 l) (V)
NRMSE = =
2 [Xii(o; —0) (i —P)I°

== — = s (A)
Zi=1 (Oi 0) x2i=1(pi p)
()

_ Yiei(0; —0)? = XL (p; — 0))°

- (0 — 0)? _
0wl g pilie P; (Slaalie polie 0; ol 5 A
M N g odd Sy i pdlie (1SSl D ¢ Slialie pilie 1 SSle
st Gl adyy Sl NRMSE 23ls il o edl
(e Jdo 83 NRMSE < Vo 81 &5 (gysbdy cunl oiis Jloy
<ve Sl oy Ja cd Ve < NRMSE <y. 3

EF




VPo¥ Caligus o)l 03993938 IA alor ) 6 )lods oyl ) (iaSp) g gslol 4ot VYA

oo /RO B +/AVYY 5 +/¥VVe b /N YA /A%00 b 4[5V

Cw!

GDD wlwly gladgle O3 S maw

<IREYe B IVEY 5 /YRR b o/AVAY /ASYY 5 -/AdAY
B AYYY </AVYE B JANYS e cspa PWy ks ol
O ewiyd PWe jlas sl g </AFEY b </OVA. o +/YAAY

TR WO KV F1ve R gR PRES

Jxe o A B C EF NRMSE R?
CW, fAYa-A  —./-Y\A¥ 50 /F5A¥5 /550 NARLE <JASY
CWy  YIAYAYY  —[-\YAY SYNOYAAS JEEYD VYRS JAeeF
CWy  YHAYY  —./Aimvay SOV/YYYO. N2 ING NALYS <IASYA

Gompertz

PW, o/sYAMS  —+/-YYYA soviovsss <IVe5¥ <IVA-5 <[AAY
PWy  f/s0aya —./-1vaa SOV/OYYYD < [OYA- ARV <IAOYE
PWy  YIVAYSA —]--¥e¥ YYA/A-Y¥Y [oYYY XYY /5.y

a, a, a, as EF NRMSE R?

CW,  .arsf  —./--AMOF  Y/FAAX)-
CW;y  Whed —+/--A%8 Y/VAAX) -
Polynomial CWy /755 —+/--¥as)  \/FAOX) -
PW, VY —o[-2QAVY YIYVAX)Y -
PW; VY —/+-QFNY Y/FAYX) -
PWy < /¥8YY  —o/ee¥odY V- VAX)Y -

-0

SANYEXY TN LAYy AYASA S/AFYY

DY) ARV GAVYY /a0NF

-0

SVYXY TN ARV SAYAY /YD

DyraAx) -t AR AAD /AFYA

-0

SVAOEXY TN L JAFE XYY LJAFFY

DAY R0RE VYA -/20%0

A B C EF NRMSE R?
CW, f/aavya VV/OFFYY A < /a¥aA NARNAL <[AS¥D
CW;  y/a.ry A -vay —[AYYE - /AYAY </¥¥Y- <JAY-A
. CWy  Y/v-M¥ a/ar¥E —/N0eY SJABYY NAYA APV
Logistic
PW, o/sosf \WYISASVY —[-\Aos - [asY ANAN{ ISRN%
PW,  ¥/sAvya V- /OVY LY —+/+YO0A - [A¥sY <INV < [AOSY
PW;  y/vevsy \ZRard —+/+ YA [avay <IYENY <IVEYY
A B C EF NRMSE R?
Ccw, FIVEY No- OIYW/¥ -/avon YA AsAs
CW, ¥/a.5 g oY <[AYA <IYAYY <[AAVY
. CWy YA ¥ OYA JAYNE /YVE. NAVAN
Gaussian
PW, £/aA \Wai ovY/s AV AYA +/Y23A < [AsYE
PW, O/AYY yVay d-AIY <[AYED < [YARY -[avys
PW, Y/ 1V-0 Ny -/avay XYY ALRYA

Lol & amd &l dly ()bl Copte b awglis 3 gy @l
39l o b))l @l S Slgen (2022) Su et al., b
IS ) polailen cul oni @) (F) US55 S daw (sl
A5y Juad Jgbo 53 00 (6505000 g 55l pdlie pw canliy (¥)
gl 3 Jlosi s Sl & (yobd D) 352y (e Ciillas
oy s ol A5l e pasuie B te e bls) (bl cilie
o3l Jod B chy b slg 0 Siuod oSy Jho &S

duslis ;0 Spwad Jdo &S 2505 by olgi o (IS sy

ao by ol g dtwgn 6)lol Cupte 9 By eesS Jae b
5 CWy 5 CWy CW, cojlos iy 4 m )l g
Sy aw asls 3)51).3 P Cye 5s PWy 4 PW, PW,
Wwgn 5 ol Ol Copre Glo)led o & 2 a3
slyles o &S ob Gl wls isren b sdalie (oS OS]

Sl e dwgn (el Copde (lol O ses Jial b ()]s



WA S (a8 ld dpogi 5o ady syl @ilgi (9L

Rafiee and Mahbod (2020) Hammad et al., (2021) ol & WS (lednd ot Wby 0yed Jsb 1) Sy paw
Sewed Jdo 3 Sles i 51 (2023) Chang et al., 4 (2020) {(2014) Shanani et al., (2023) GUO et al., cllas b a4
Db cislles Wu et al., (2014) Mahbod et al., (2023) Mello et al.,
A -
v 4 m60C  m60P
. @80C  m80P

@100C ©100P

[>4
1

—

‘6

YY) AN £0f AF¥ Ve F  NVEY O AYYY TR0 VoYY
(OC) S SRttt

ol Aliseo (gl lon (gl dwdy — jo, -, e yd Sy b et (Suoliyd Ol pudd - JSUS

Y g losalie odls ===s Jeost b v - ol oanline asls ===== Jiess L
3 g .‘ o
'Q)?- - QD?' =T FaesS
%a- ‘i,a 1

X %

\\;\f ] \f_J\f ]
3 4,
;\“- 5 Y -
} 2
Ny 4 A\
1
1 :
Ny D) T
2 5
Voo €. . Yoo Voo VYo - \;l.. \ s \4 \ Y \#

(GDD) w5974 0 (GDD) aisy 55,45



VPo¥ ol 3yl c33939,,8 IA alor ) o lous oyl ol (inSB) 9 gyl 49 pid VAR

Y -
s | &l osalin ools ====- Jbess b
Bl =7 S

— -
L L

(Broye p 2oy yw) S p o axls
-

(Broye y goyoyn) S p o 2lo
-

(GDD;) Ay ig A

Clises gladse 15 (5 )lel Bl ok 13 S 2 g pad L o (g5 Lwded 9 0 (St g3l (o alally - € JSCS

FrosS 5 gl oms Joo b & Comd o) Jao
b oS ad obal ot Jao plyiedr g il (s pogllas 3 Slos
chl 5l Sy ya 1y Sy e adli Glge o] 1 ool
LUA‘QL.O))&L;)}‘OQJ)‘.}QPﬁMd.‘O)‘)LOD9(5)J@4w
Olaa GEl il Loy b pisred g dalgs 0SS A,
olej 9 aujp Gyo ook g () 4 Mg i) ol 53 3L
Sy aw (adls odow Ll 1 edlaiwl 4 jlo el g (8L

g (esS Giogy ol 53 0ad Ll kg Sl 595 ylai 500

(rorme 3 goyoyn) S p o 2l
-

<
)

~o
1

>4
1

—=
1

—
1

—
1

Voo €. [V [ V.. [T
(GDD) Ay ig Ao

6‘ oulive ool

o
1

t>4
X
X

— —
L L

—
1

(Eroye p goyyn) Sy phw (a3l
-
I
I
-
%4
£,

(GDD) ST Tt SO

& 5 4o

Sy ogaw padld 5 G el ldgle )3 Ay

a5 03 Jgamme 15 lalph odliS uSale g Al e lus
sibodde Gimgk cpl o )35 oo 8T ] 3Sles  paitne i
Je s 3l oozl b slabole @3 5y o Lals b,
ODD e i 33 00 $posS 5 Jhongids Sl s
s NRMSE R? (clo sl olulyy (sl Jto gl 3,8 plosi
30 g gy o ol (Silol Cupte 9 a0 a5 0 ol EF
Lol asls )8 oglae pdaw 45 i Jte ded 5 Shas ¢ g)lol pdaw dw



AV S a3l dinogi oy (s pilgi (b3,

Hammad, H. M., Abbas, F., Ahmad, A., Bakhat, H. F.,
Farhad, W., Wilkerson, C. J. and Hoogenboom, G.
2020. Predicting kernel growth of maize under
controlled water and nitrogen applications.
International Journal of Plant Production. 14: 609-
620.

Hocaoglu, O., & Coskun, Y. 2018. Evaluation of dry
matter accumulation in triticale by different
sigmoidal growth models in west anatolia of Turkey.
Genetika, 50(2): 561-574.

Homaee, M., Dirksen, C. and Feddes, R. A. 2002 .

Simulation of root water uptake: 1. Non-uniform
transient salinity using different macroscopic
reduction functions. Agricultural water management.
57(2): 89-109.

Hoogenboom, G. 2000. Contribution of
agrometeorology to the simulation of crop
production and its applications. Agricultural and
forest meteorology. 103(1-2): 137-157.

Hunt, L. A. and Boote, K. J. 1998. Data for model
operation, calibration, and evaluation.
Understanding options for agricultural production.
9-39.

Jonsson, P. and Eklundh, L. 2002. Seasonality
extraction by function fitting to time-series of
satellite sensor data. IEEE transactions on
Geoscience and Remote Sensing. 40(8): 1824-1832.

Kage, H., and Stutzel, H. 1999. A simple empirical
model for predicting development and dry matter
partitioning in cauliflower (Brassica oleracea L.
botrytis). Scientia horticulturae, 80(1-2): 19-38.

Kamali, H., and Zand-Parsa, S.2017. Estimation of
sugar beet yield and its dry matter partitioning under
different irrigation and nitrogen levels. Modern
Applied Science, 11(1): 141-156.

Kiniry, J. R., and Keener, M. E. 1982. An Enzyme
Kinetic Equation to Estimate Maize Development
Rates 1. Agronomy Journal, 74(1): 115-119.

KniZzetova, H., Hyanek, J., Hajkova, H., KniZe, B. and
Sller, R. 1985. Growth curves of chickens with
different type of performance. Journal of Animal
Breeding and Genetics. 102(1-5): 256-270.

Lecoeur, J., and Guilioni, L. 1998. Rate of leaf
production in response to soil water deficits in field
pea. Field Crops Research, 57(3): 319-328.

Lizaso, J. I., Batchelor, W. D. and Westgate, M. E.
2003. A leaf area model to simulate cultivar-specific
expansion and senescence of maize leaves. Field
crops research. 80(1): 1-17.

Loss, S. P., Kirby, E. J. M., Siddique, K. H. M. and

&l
LS_ADL}) d)‘bJAﬁ .\\"Y .J c.\...?.:.o.”.\.)& 9 .é sL;ﬂ.\@l 5.‘ ‘Jl)@b

b glags e » el OYsame §)05 —
SN0V (N L glpl O plie Cligis . jguS Calisee

AFee e sdae 5 . il iR cp il ol o) 2

Sladgle ©)d iy laasls p syll Copte g5 93 Wl

(OO . iSaj g o)l 4t SiiSaes g SiS pall
AYOA-VFYY

JA_A .\\c" £ ¢)9_’ua_m> 9 1 cu.i)_aol.ﬁ [ ‘UL"AP c.c ‘L;l_as
‘_’Jb'_.»l 5 o)...sl_s KL PRV J9_.a.'>u )l.\_blo 3)91)_3 M
AA-AY VRV a8y iss oyl o

Abramowitz, M., Stegun, I. A. and Romer, R. H. 1988.
Handbook of mathematical functions with formulas,
graphs, and mathematical tables.

Berger, R. D. 1981. Comparison of the Gompertz and
Logistic Equations to Describe Plant Disease
Progress. Phytopathology. 71(7): 716-719.

Blackman, V. H. 1919. The compound interest law and
plant growth. Annals of botany, 33(131): 353-360.

Chang, H., Cai, J., Zhang, B., Wei, Z. and Xu, D. 2023.
Early yield forecasting of maize by combining
remote sensing images and field data with logistic
models. Remote Sensing. 15(4): 1025.

Coelho, D. T. and Dale, R. F.1980. An Energy-Crop
Growth Variable and Temperature Function for
Predicting Corn Growth and Development: Planting
to Silking 1. Agronomy Journal, 72(3): 503-510.

Coleman, B. D. 1981. On optimal intrinsic growth rates
for  populations in  periodically  changing
environments. Journal of Mathematical Biology.
12(3): 343-354.

Cross, H. Z. and Zuber, M. S.1972. Prediction of
flowering dates in maize based on different methods
of estimating thermal units 1. Agronomy Journal.
64(3): 351-355.

Gompertz, B. 1825. XXIV. On the nature of the
function expressive of the law of human mortality,
and on a new mode of determining the value of life
contingencies. In a letter to Francis Baily, Esq. FRS
&c. Philosophical transactions of the Royal Society
of London. (115): 513-583.

Guo, Y., Wang, Q. J., Zhang, J. H. and Wei, K. 2023.
PREDICTION OF DRY MATTER AND YIELD
OF SPRING MAIZE (ZEA MAYS L.) IN
NORTHWEST CHINA BASED ON LOGISTIC
MODEL. Applied Ecology & Environmental
Research. 21(1).



VPo¥ ol 3yl c33939,,8 IA alor ) 0 lous oyl (inSB) g gyl a9 pii  VAY

under variable seasonal rainfall and planning
scenarios for consequent crops in a semi-arid region.
Agricultural water management. 84(1-2): 113-122.

Sepaskhah, A. R., Fahandezh-Saadi, S., and Zand-Parsa,
S. 2011. Logistic model application for prediction of
maize yield under water and nitrogen management.
Agricultural Water Management. 99(1): 51-57.

Shabani, A., Sepaskhah, A. R. and Kamgar-Haghighi,
A. A. 2014. Estimation of yield and dry matter of
rapeseed using logistic model under water salinity
and deficit irrigation. Archives of Agronomy and
Soil Science. 60(7): 951-969.

Shiri, J., Nazemi, A. H., Sadraddini, A. A., Landeras,
G., Kisi, O., Fard, A. F., and Marti, P. 2014.
Comparison of heuristic and empirical approaches
for estimating reference evapotranspiration from
limited inputs in Iran. Computers and Electronics in
Agriculture. 108: 230-241.

Steppuhn, H. A. R. O. L. D., Van Genuchten, M. T. and
Grieve, C. M. 2005. Root-zone salinity: I. Selecting
a product—yield index and response function for crop
tolerance. Crop Science. 45(1): 209-220.

Su, L., Tao, W., Sun, Y., Shan, Y. and Wang, Q. 2022.
Mathematical Models of Leaf Area Index and Yield
for Grapevines Grown in the Turpan Area, Xinjiang,
China. Agronomy. 12(5): 988.

Tollenaar, M., Daynard, T. B. and Hunter, R. B. 1979.
Effect of temperature on rate of leaf appearance and
flowering date in maize 1. Crop Science. 19(3): 363-
366.

Tscheschke, P. D., and Gilley, J. R. 1979. Status and
verification of Nebraska's corn growth model—
CORNGRO. Transactions of the ASAE. 22(6):
1329-1337.

Wang, X. L. 1986. Logistic simulating model on crop
dry matter accumulating dynamics. Agric. Meteorol,
7:14-19.

Wardhani, W. S., and Kusumastuti, P. 2014. Describing
the height growth of corn using Logistic and
Gompertz  model. AGRIVITA, Journal of
Agricultural Science. 35(3): 237-241.

Weibull, W.1951. A statistical distribution function of
wide applicability. Journal of applied mechanics.

Wu, Y., Yan, S, Fan, J., Zhang, F., Xiang, Y., Zheng, J.
and Guo, J. 2021. Responses of growth, fruit yield,
and quality and water productivity of greenhouse
tomato to deficit drip irrigation. Scientia
Horticulturae. 275: 109710.

Xiangxiang, W., Quanjiu, W., Jun, F., Lijun, S. and
Xinlei, S. 2014. Logistic model analysis of winter
wheat growth on China's Loess Plateau. Canadian
Journal of Plant Science. 94(8): 1471-1479.

Perry, M. W. 1989. Grain growth and development
of old and modern Australian wheats. Field Crops
Research. 21(2): 131-146.

Mahbod, M., Sepaskhah, A. R. and Zand-Parsa, S.
2014. Estimation of yield and dry matter of winter
wheat using logistic model under different irrigation
water regimes and nitrogen application rates.
Archives of Agronomy and Soil Science. 60(12):
1661-1676.

McMaster, G. S. and Wilhelm, W. W. 1997. Growing
degree-days: one equation, two interpretations.
Agricultural and forest meteorology. 87(4): 291-300.

Meade, K. A., Cooper, M. and Beavis, W. D. 2013.
Modeling biomass accumulation in maize kernels.
Field Crops Research. 151: 92-100.

Mello, A., Toebe, M., Marchioro, V. S., De Souza, R.
R., Paraginski, J. A., Somavilla, J. C. and da Rocha
Borges, M. E. 2023. Nonlinear Models in the
Description of Sunflower Cultivars  Growth
Considering Heteroscedasticity. Journal of Plant
Growth Regulation. 42(11): 7215-7228.

Mohammadi, S., Mirlatifi, S. M., Homaee, M.,
Dehghanisanij, H. and Hajirad, I. 2023. Evaluation
of silage maize production under pulsed drip
irrigation in a semi-arid region. Irrigation Science. 1-
15.

Nahashon, S. N., Aggrey, S. E., Adefope, N. A. and
Amenyenu, A.  2006. Modeling  growth
characteristics of meat-type guinea fowl. Poultry
science. 85(5): 943-946.

Pirmoradian, N. and Sepaskhah, A. R. 2006. A very
simple model for yield prediction of rice under
different water and nitrogen applications.
Biosystems Engineering. 93(1): 25-34.

Rafiee, M. R. and Mahbod, M. 2020. Application of
logistic model to estimate eggplant yield and dry
matter under different levels of salinity and water
deficit in greenhouse and outdoor conditions. Water
SA. 46(3): 419-428.

Rogers, S. R., Pesti, G. M. and Marks, H. L. 1987.
Comparison of three nonlinear regression models for
describing broiler growth curves. Growth. 51(2):
229-239.

Russelle, M. P., Wilhelm, W. W., Olson, R. A. and
Power, J. F. 1984. Growth analysis based on degree
days 1. Crop science. 24(1): 28-32.

Sahoo, U. K., Nath, A. J. and Lalnunpuii, K. 2021.
Biomass estimation models, biomass storage and
ecosystem carbon stock in sweet orange orchards:
Implications for land use management. Acta
Ecologica Sinica. 41(1): 57-63.

Sepaskhah, A. R., Azizian, A. and Tavakoli, A. R. 2006.
Optimal applied water and nitrogen for winter wheat



VAY S s (a3l o gi 0 sy (s algi (b3

rice biomass accumulation by an extended logistic
model including influence of meteorological factors.
International Journal of Biometeorology. 46: 185-
191.

Zand-Parsa, S., Sepaskhah, A. R. and Ronaghi, A. 2006.
Development and evaluation of integrated water and
nitrogen model for maize. Agricultural Water
Management. 81(3): 227-256.

Yin, Xinyou, J. A. N. Goudriaan, Egbert A. Lantinga, J.
A. N. Vos, and Huub J. Spiertz. 2003. A flexible
sigmoid function of determinate growth. Annals of
botany. 91: 361-371.

Yu, Q., Fu, B. P., and Yao, K. M. 1995. A universal
growth model on rice LAI. Agric. Meteorol, 16: 6-8.

Yu, Q., Liu, J., Zhang, Y. and Li, J. 2002. Simulation of



BRI X VS PUPS W PIgeX
YA . AP+ T gl = 52059,8 A ol Nojlosds

Iranian Journal of Irrigation and Drainage !
No.1, Vol. 18, Apr.-May. 2024, p. 173-184 !

Evaluation of Nonlinear Growth Functions in the Description of Leaf Area
Index

I. Hajirad’, K. Ahmadaali**, A. Liaghat®
Recived: Mar.10, 2024 Accepted: Apr.13, 2024

Abstract

Leaf area index (LAI) is one of the most important parameters in plant growth studies, which has a direct
relationship with the amount of light absorption, photosynthesis, plant physiological indicators, yield, etc. to be
In this study, different growth functions such as Gompertz, Gaussian, polynomial and logistic were used to
model silage maize leaf area index (as a dependent variable) based on growth degree days (as an independent
variable). The studied treatments included pulse irrigation and continuous irrigation, each at three levels of MAD
equal to 100, 80 and 60%, which were applied as a completely randomized block design. The results showed that
based on R?>, NRMSE and EF parameters, all four used models were highly accurate and precise in estimating
the leaf area index during the growth period. Among the four investigated models, the logistic model showed the
best result among different irrigation managements and levels. Also, this model had the highest efficiency among
both continuous and pulse irrigation treatments, in MAD equal to 100%. The results of this study can be a basis
for monitoring crop growth and evaluating different managements in the water, soil and plant chain, and finally a
useful tool for management and planning to achieve food security.
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