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Introduction
Crop simulation models are very useful tools for the evaluation of plant growth and development processes.
Crop-simulating models may be used to estimate yield and evaluate climatic, plant, and management parameters on
yield. Also, it may be used to predict crop water requirements under different conditions. Crop models should be
evaluated and parameterized to simulate crop growth and development. Parameterization is used for precise
simulation of crop growth and development and can estimate the best and most appropriate values for model
parameters obtained via observed data or calibration. The objectives of this study were to describe the SSM-iCrop2
model, determine plant parameters, and evaluate alfalfa (Medicago sativa L.) in its major production regions using
the SSM-iCrop2 model in Iran.
Materials and Methods
SSM-iCrop2 crop simulation model is a simplified form of SSM crop models which is suitable for the simulation
of growth, development, and yield of different crops under different environmental conditions and large-scale
estimation of crop production, especially in the evaluation of nutrient availability and climatic effects. This model
includes sub-models of phenology, leaf expansion and senescence, dry matter production and distribution, and soil
water balance. Daily weather data, agronomic management, soil properties, and plant parameters are required for
simulation in this model. The present study investigates the performance of the SSM-iCrop2 model regarding the
prediction of single cuts and overall cuts, phonologic stages, and water requirement of alfalfa under changing climatic
conditions in Iran. To simulate the growth, development and yield of alfalfa using SSM-iCrop2 model in Iran, the
major irrigated alfalfa production provinces, including East Azarbaijan, Hamedan, West Azarbaijan, Sistan and
Baluchestan, Khorasan Razavi, Esfahan, Kordestan, Ghazvin, Ardabil, Markazi, Fars, Zanjan, Chaharmahal and
Bakhtiyari and Tehran were identified based on the data available in Ministry of Agriculture statistics. Then, field
experiment data required for model parameterization and estimation were collected from these provinces.
Results and Discussion
According to the results of the SSM-iCrop2 model parameterization, two cultivars with different leaf area
indices (high-yielding and low-yielding) were identified in major alfalfa production provinces. The model was
evaluated using independent experimental data that had not been used for parameterization. The evaluation results
for alfalfa yield showed that the observed single-cut forage yield ranged from 112 to 640 g.m-2 with an average of
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330 g.m-2; the observed total annual forage yield ranged from 646 to 4042 g.m-2 with an average of 1717 g.m-2;
and the water requirement of alfalfa obtained from the NETWAT software was between 5140 to 12690 m3 ha-1
with an average of 8746 m3 ha-1. The predicted single-cut forage yield, predicted total annual forage yield, and
alfalfa water requirement ranged from 189 to 457 g.m-2 with an average of 351 g.m-2, 693 to 3296 g.m-2 with an
average of 1654 g.m-2, and 4093 to 16874 m3 ha-1 with an average of 10940 m3.ha-1, respectively. Overall, in the
evaluation of observed versus simulated alfalfa forage yield, 31 points were obtained for single-cut yield with a
correlation coefficient (r) of 0.79, root mean square error (RMSE) of 88.3 g.m-2, and coefficient of variation (CV)
of 26.78%; and 21 points were obtained for annual yield with an r of 0.90, RMSE of 344.4 g.m-2, and CV of
20.05%. The evaluation results also showed that the observed versus simulated alfalfa water requirement had an r
of 0.43, RMSE of 3503 m3 ha-1, and CV of 40%.
Conclusion

The results obtained from parameterization and evaluation of the SSM-iCrop2 model show that the mentioned
model presents a logical prediction and accurate estimation of model parameters for yield and water requirement of
alfalfa crops in Iran. Thus, this model may be used for the prediction of alfalfa yield under different climates and
management conditions.
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Table 1- Required weather, soil and crop management input to run SSM-iCrop2
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Table 2- Soils physiochemical profile in alfalfa production areas based on IFPRI Harvest Choice (Koo & Dimes 2013)
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HC2-Clay HF120 >1.2 1200 0.05 85 0.2 0.458 0.405 0.233
HC5-Clay MF120 0.7-1.2 1200 0.05 85 0.2 0.458 0.405 0.233
HC8-Clay LF120 0-0.7 1200 0.05 85 0.2 0.458 0.405 0.233
HC12-Loam HF060 >1.2 600 0.10 75 0.5 0.41 0.307 0.180
HC14-Loam MF120  0.7-1.2 1200 0.10 75 0.5 0.41 0.307 0.180
HC17-Loam LF120 0-0.7 1200 0.10 75 0.5 0.41 0.307 0.180
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Soil codes (IFPRI Harvest Choice): 2= Clay, high fertility, 120 cm depth; 5= Clay, medium fertility, 120 cm depth; 8= Clay,
low fertility, 120 cm depth; 12= Loam, high fertility, 60 cm depth; 14= Loam, medium fertility120cm depth; 17= Loam, low
fertility 120 cm depth.

:(Soltani et al., 2006)

(v) bslso
tempfun =0 if TMP <TBD
tempfun = (TMP — TBD)/(TP1D-TBD)  if TBD<TMP<TP1D
tempfun =1 if TP1D <TMP<TP2D
tempfun = (TCD — TMP)/(TCD-TP2D)  If TP2D<TMP<TCD
tempfun =0 if TMP>TCD

TBD (9,0l (slod (15Lee :TMP (598 W¥oleo jd oS
Sliss Lad TTP2D iy lhae Slins clod TTPID iy (slod
CTU 5 s 505 sy tEMPUN it (slod :TCD «gllas
il oS (gl S5 (Bl 423 sy (r0 (led g
95 (b ) 9e5 J3le 1 S g2 s sl oS
SOME (w35 bl R3S g5y 5 45, 0bl 1S a8,
4 5L (Ul (S 9 Sy £y > (5 £9y8 o2
Olaeds polae pl a8 Wy xezd oled doly jl asuie polde
d>le sibwJie et SSMHICIOP2. Jae (539)5 (sl yielyly
g oo Dgua (LS S jgleid

4 glp Folite slagbyy 1S g g (ad W Ol pud
S gdaw WS b @peie ) Sy gaw jadld Ol gl
a3l )15 Sy ilisee Laulpd )3 (o) WS b @payie o 5
A e pj ddlee L SSM-ICIOP2 Juo 53 joy o 45 Sy o
:(Soltani & Sinclair, 2012) 4. .
LAI; = LAli1 + GLAI; — DLAI; (F) doleo

LAL b 59, 5 Sy pdaw asls e (LA o] 5 oS
13 Bl e :BLAL ¢ 8 595 13 5 1 o Ladls e 11
b 9, 3 LA ;3 ialS uie DLAI o b jo, 5 LAI

oS gjlwans Jio S SSM-ICIop2 Jus s)se oy
s &S sl SSM Jguamo (sla Jio j) s ooles a5 g sl
ilisin Lyl > ciliseo S gamo 3,Slas 5 305 by (53l
Cilies Y g ams S5 gy oliio )3 359l plol 5 laome
9 2 g (90 yid 1 2Ll )3 ojh 2l plalS
= sl Jice Jols 5 conl canlio plongol s o3l
g Sid o3l gajg5 9 My Sy v w9 GBS (S5
o clenly cla bl 5 Joe il ly) 2l SB Ol ajlse
pbxl gly (4sS axslye http://ssm-crop-models.net/ colw 4
Copdee ) Jsiz) lmgol aliyy slaodls (Jao ol (gjlodnd
Sl 5L 2y90 (V Joaz) SIS luasiie 5 (V Jgiz) (21
.(Soltani et al., 2020)

2a-d s (oled asly potde bl 2 (sGelsid 15590988
O yglateds D98 o0 (gl SB Cugb) Jlie plul  (TU)
slaasdgle )3 o)lag daome 23y 9,8 5 Ll (5 5L &6
905 b oailex 0 b &S 39 ol 2 128 oy ile Al
Jol 5l e ol asly a S aad &) olKi o)lps duome Al
Soltani et) yee o 5L g diwp Slyoo Hhade G @ s & agil;
L (CTU) xazs 5 (DTU) ailyy, les sy ylaie (al., 2020
2g 0 dols 4 dloles 3l ool
DTU = (To1 — Tp) x tempfun (V) Wsleo
CTU = X DTU (¥) doleo

b Lod & goi sy yiSTy oxie lens stempfun ¢ 5 &8
g oo a5 claddlae 5l ] Hlade a8 cunl Slod U


http://ssm-crop-models.net/

VWO ... Swiiw 1y SSMHICIOP2 Jao (o3l 9 (2l yol)ly oo )0 g (631 pidy09

D9d o dpsle 5 SYdlao 5l o 0 5
DLAI = (LAli1- - LAI) x WSFDS Q) doleo
LAl; = BLSLAI x (1 — NDS) / (1 — (V+) aJske
frBLS)SRATE

St s Mol e ps WSFDS (358 <Yaleo )3 o5
Crond )3 4S8 Cl Loy (4 5 9 SQJglgid 9o @ yud ol
FIBLS .l 00 03l sy Ol s an LiiSTy (gjlo o8
Sy s 1l g 5 5y ] )3 & Gl 00 03lo 5 a5 Al
S LAL alS 0956 45 Casl > K SRATE 5 53,5 o0 5]
S o saseia |y HAR b BLS

—and sla Jie Lol a1 SWS a3le 293595 9 Mg0
3 7S I ISR YU P S S IPS W S VO LSS K S
Sy Suid odle (pliend ladigy 53 atied (45l A o>
g bl bl Suis oole W55 duwlre (slie g 0 i
Soltani & ) ol oa s o3l g gi |y (s yod adnds b
Lo oy §l 35 pols Jde 45 (; Soltani, 2009Sinclair, 2012
DDMP) alj9, Sid ool sdgs duwles (gly 295 oo o0liiu!
45 oot @i I (6 S Il 39y 53 (e @y sie 3 £35S
72 o 9 )5 (o0 dnolne (FINT) 29800 8L )3 g, loa
Sz o3le py 8 RUE) ainst ) oolisl S pogae (ol
fort sl s (sigs JUsb ptnis 53y sl s
Do o dawbre (gidor Suid ool
FINT = 1 - exp (-KPAR x LAI) (V) dsleo
DDMP = SRAD x 0.48 x FINT x RUE (VY) aolxe

LS s S50l oy KPAR (g3 <Yoles 5 oS
» J53L5e) SRAD sl o (PAR) s jitusid b i sl
S5 3550 9y )3 (e 4 oy (SedysB adindl 59y )0 &yerte
oS Cal o s 5 45 o s PAR 4 1, SRAD jluio «/¥A
RUE 5wl oa s JSCis PAR 51 (g ygd guiiaddd duo pd FA
ol <8l PAR Llae o sudes Sid oole b ol #8lg)o
Soltani ) 2 o dusles 435 &yawds RUE diljy) jlade oS col
setal., 2013
RUE = IRUE x TCFRUE x WSFG (V) dsleo

1 Gy Jlb ainis ) oolizal 5 IRUE (] 5 oS
5 Los gl RUE Mol gy TCFRUE g llas Loyl

ool @yoio p @yeyio (Son doly Aitun
o By 0593 Jobo )3 59y 2 3 LAL > (b (5
OBy 45 (Sged adopo B olS (gilodnnd £y 5l (dm S
Db 0 dwwlns pj Oygod (BLS) 3580 £9y0 LS
GLAI; = (LAl — LAliz) X WSFL (0) ahskeo
o 5y g i oMol s WSFL (] o a8
) yimo gt @ slie o A8l oo (ST 35305 b 351aS) ST 5
LAL jhde ol pusio (G35 G Ll pd 3) o b (5 bl
5 (NDS) oud 03lo s (5903 albspo ay (lod @i Sy S5
Dgd g0 badye cunl 03)5 4y olS &S oo oly 4 s
LAl = NDS/[NDS + exp (AL — BL x  (5) alslus
NDS)] x LAIMX

Liwd Jdo (639y5 yiel)l g col Colps :BL g AL ()] o oS
2959 yebly 9 )lal 3)90 Sy aw yaSls Sl LAIMX 4
Sl Jao 3 (6,5
Cewd o b adls cuwd 3 BL g AL (gl yiol )by o5’ Sy 4o
Loy Lagl Jlike « NDS i p3 LAL abal, jl alads g3 sl
L1y abeds o0 ol dasolis 00)5 o duwloee (S5 &jgods e
Sl Jo L BL 5 AL qund ol (Y2 %) 5 (Y1 201) e

Do oo Ayl g D ygody & dblre

BL = log ((1/y2-1) / (1/x2)) — (V) adslee
log ((1/y1=1) / (1/x1)) / X1 — X2
AL =log ((1/y1) I (1/x1)) + BLx: (A) aslo

odcel Cwday Slislojl ol p Limgs cpl > (Jle olgiea
el V) Sliasuine U abi 90 ol g Y Jods) clidss plo
reog JoB Oygo cpl 4 o) porde ditun (+/A +/20) ¢ (/N
LA S o (o 1y 265 Sl 0y80 5l 0oy V0 oLS 84 &S o]
By 3 2o (LAIMX) 5! LB S1is 10,5 05 o 4 ]
O O LAL S o (b 1) 393 Sl 0y93 5l duoyd i olS oS
Wb e Silidl lanl LB wSTis duoy> A0
Silwded LaS o (Ad o g9y (Fn BLS dlo e jlan
- e g0 slodls gy b (DLAIY LA 5 ailjs, (2als e
(BLSLAI) 5,5 BLS > 45" (5 laiie ) LAI Ubgy oyl 5 555
“o o 4 (HAR) cuilsyy (S ) 9 85 (o0 (30l 4 955
g oo 48,5\ 13 DLAI ials als o caosigy ddsle 1) duw,
LAl g DLAI jlaie (345 g0 cuslsy a3 J5 5l )5 ddgle |;



VFoY L Vo los O wler (6)sbis owlish pg 4y pid Y VF

o5 (SEVP «lly, :RUNOF ol 40 5l iSe5 :DRAINI
o gyl gl 4 48 olS 5 5,5 o TTRI S gebaus |
o gl 550 Gae Ll 5l 8 L aie EWAT ol
g Sl 0ad (yiwd o s Loy & ady) Sois (dn
sty sl T5a) ] Ko wtituad pgd &Y 5l oiSoj DRAIN
bl e wligy wlide 3 9 yia e

G plan b ady) S50 Y 30l Bos g audy
S S (TTSW) S ojiass 6 Ol IS ool gl sl i
1S o (WSATRL) gl el 5 S I (WATRL) S
At yio o sy (Son & (FTSW) SB- (o yiss S8 o
:(Soltani & Sinclair, 2012) 53,5 o duwlbro y35 ¥oleo b
TTSW = DEPORT x EXTR (V) dsles
WATRL = DEPORT x CLL + ATSW (VA) dsleo
WSATRL = DEPORT x SAT (V) ablxe
FTSW = ATSW / TTSW (V) sles

el (o o) Aty 5o 4Y Ges :DEPORT (o 5 o
byl s Ll oyt LB S5 O ez juS EXTR
b an )3 SLS Copsby ICLL (o315 (53503 a5 (25
Aty g A gloil dad o S Cogby SAT g o5l (So0h
0a3Ls FTSW sl o caSagio pr caSayio b yio 2 st o]
Ao CLL 3 ol i &8 4y 5o Y ) SB (gl Cunsdg
S e o5 YL 50 5 S il ol b )b o o
Lol

(PET) 09l 355 jess il jglaie (0 1SS 51y
3 (Bly s plodlyw 9 (EOS) S daw jlogill s (s
(o el gy )3 yiahe cawsy (Sen 5 (SEVP) S o
Ly

by ol Mol jols g (i B9y b ogill 35 y5es
Priestley & TAYLOR, 1972;) 55 s dulro ov,
5 (EEQ) Jsles (355 5 s Il cyd, ol 3 (Ritchie, 1998
2 (ses (5 {515 b 5 515) s (ALBEDO) 51,
2] Cussa; (SRAD) ailjgy (sded s> aiats 5 (TD) g, (b 2
(VY) dsleo

EEQ = SRAD x (0.004876 — 0.004374 x ALBEDO)
x (TD +29)

b e 5 dtn T a5 gl RUE Mol i WSFG

]yt (55 (y9)
230l b Jae > (TCFRUE) Lod (sl RUE g 55

Do o Aoy daleo
(VF) aloleo

TCFRUE=0 if TMP<TBRUE
TCFRUE=(TMP-TBRUE)/(TP1RUE- .
<

TBRUE) if TBRUE<TMP<TP1RUE
TCFRUE=1 if TPIRUE<TMP<TP2RUE
TCFRUE=(TCRUE-TMP)/(TCRUE- .

TP2RUE) if TP2RUE<TMP<TCRUE
TCFRUE=0 if TMP>TCRUE

) yito S5 U yio oy TCFRUE Jlaie o) 5 oS
JLoo,8 L als :TCRUE (TP2RUE TP1RUE .TBRUE
5 S5 s llan (slod (Sl gllas lod carly (slo> i 5e)
A5 (Bl > uns (o 5 28l o RUE (gl (i (Lo
L deyio o SLs O aSjlge pols Jue 1S B Of 4ijlg0
1S o il ) (09b5 b 5 29808) ol 15 I3l 5 el
(; Soltani & Sinclair, 2012; Ritchie, 1998Sinclair, 1986)
Y g3 Oygodsy S S U aslge clwbrs plool oy
L GL8s8 4y S sl asyle aY g0 opl il ond a8 )3 a3y
Jol a0 Jolis 095 &S pgd Y S g yio il £+ VD cuolbes
sl oLS by ol sl S5 Gas bl g ASlie 55
o > dndny adgl Gas byl bl 53 pod &Y Bas (nlpli
(Wlgz (8 5L L ojlee 4y 55 da0me 938 «udlS) olS (g jloannd
oy 35 Sls 4 U b o iolj8l ddy;y ady b oS cul
Jol 4Y 5 ey JolB Ol Jlade (i) s 5oy o
dwlbe i SYalee b (ATSW) pgd a0 5 (0 Juo ATSWI)
Dgud 0
(V0) dsleo
ATSW; = ATSWi1 + RAIN + IRGW — DRAIN 1-
RUNOF - SEVP - TR1
(V) dslas
ATSW; = ATSWi; + RAIN + IRGW + EWAT —
DRAIN1 - RUNOF - SEVP - TR
wis plsl gyl IRGW (iljg, (Sl RAIN (o )5 &S

1-Effective extraction depth



WY S 6152 SSMHICTOPZ Jue (otli3)) 5 ot olly ol 9 (631 oy

SEVP=EOS x [(DYSE + 1)°5 - DYSE®S]  Stage Il

Gl pgd dls o £946 il jgy olaxs :DYSE (] 3 a8

2 (395 2 ;oo TR) olS 5l ailigy (3,05 20U 51 (3 25
(DDMP) & li5, S exlo 15 5 35 (ot (g (ol
Jde ¢ bl opl s (Tanner & Sinclair, 1983) 544 oo duwloxo
oS gl Jobs) aljy) Suid osle jlade b canlite ailjo) (5,25
95 0 J) G 45 e plod im amd e &) i) sk
el Lo )Ltb 5908 VPD) lsn S dny a5 ol (AB3 o
@S G b ol sl Shy o (Sl 5bS cuns
el Y35 55 (JISly b TEC) 3,
TR = (DDMP x VPD) / TEC (VY) aolre

31 (VPDF) (58 & p5amay (VPD) glitl iy )i 39208
5 (VPTMAX) aljg, ,iSlis slod jo gluil )by jlad e M
23] e Cusday (VPTMIN) il Jslis clod
VPD = VPDF ( VPTMAX — VPTMIN) (YA) dsleo

2 ooy il +IV0 4l Loges VPDF jlaia o) 5 &
ol inlS” BB /50 45 Gobo o dos g gb e bl

Gos azplix D90 gyl Jsl Y 5l Gy ol ) sy
3 s ol e il gl &Y ) 5SasS bl 4y 50 4
PS5 ad) foe Y e doplix Bl 0390 0 0l Jol 4Y
2 e8ly actyy 4o 5 Gible 5 Jg) Y 5l Gy Ol 5l s il
S s (RTL) 5 gl Jo 023,50 0l Y () 25
Aol .l ot 00y bLs)l (FTSW1) Jol &Y p> o yiws B
sl oS (45353) 4y s (55 4 51 555, FTSWL
Sl (me (s 9 3980 (28 oyl RTL Jlade (WSSG)
Y ol 5l Gy Ol dam @Yl ) caslio cogby Jday &5
4 FTSWI ialS g ol auY ud 3 Sis b ol 0 Ol
e S & 5y o ) RTL) o ol s WSSG 51 s
My o o & o bl FTSWL j5 45,188
(Va) dsleo

RT1=1 if  FISWI>WSSG
RT1=FTSW1/WSSG if  FTSW<WSSG

asdl 5,05 Ol Jlade (TR) &iljgy sym5 e P RTL Cys b

- 03 (359 (TRL) ol o glyoninl 5 0l Jol Y 5l a8
g

oy ol Ol as ul e 5] Jloj iSe; 1 oS D

039 Ol 23 45 39 o0 dnsle 5 Abolas jllga (sled (Sila
ol 0 00l il (slod yS s & (g i
TD =0.6 x TMAX + 0.4 x TMIN (VY) aoles
oS Lawogi 45 ae)jo o Sl (i 4y (St s 9]
L: (CALB) (£l); oS gacdl 4y 5 )5 osd iy S L (21
ol diwnls 35 (SALB) S
(VY) dsleo

ALBEDO = CALB x (1 — exp (-KET x ETLAI)) +
SALB x (exp (-KET x ETLAI)

9y b bl yd 4 dtay 09l (585 pses EEQ (55 il smy

2] oo Camdey

(VY) aolxe
PET=EEQx1.1 if 5<TMAX<34
PET=EEQ((TMAX-34) % 0.05 + 1.1) if TMAX>34
PET=EEQx0.01xEXP(0.18x(TMAX+20)) if TMAX<5

A5l 459, slod ySlis TMAX (o )3 &

g yn SalS’ S5l 55 o S g Sl 0gilly s
o5 odigy ol Lausss 45 S s 1 (5 pmS 1 PET oy
2] oo Cannddy Canol
EOS = PET x EXP (-KET x ETLAI) (Vo) dsleo

o) 5 S e Canly Ceows 53 oles ©ylie )] 3 &S
U el gels oy KET amd o b |y il 3 o8
a3l ETLAIL g (/0 Jolas) (PAR 5 ) (e ypb autnd
Pty 3550 e Sy pdaw

01 03w o (slies 1 (SEVP) S s 51 s yis
al> o > .(Soltani & Sinclair, 2012) cewl y5us sldls o
9o dgie (o piod B (65l lawgs S paw | s <l
Oyl (i Bl ogb e SB ol 4 o a8l o ] SLej
Ve il ot el b (S5l b SB o (08 ogboye Sl e o)
- o 0303 5 EOS L (s5luwe SEVP e Laylods ol 3 pio i
L g ail Sis Jol Y o8 w8l o 3l Sloj )3 pgd Als po 395
oSy bl AL 59 S ) i S prans 45 oghoye |
s cdlsyo cpl )3 A8l I yeS Ay 5o 4 )3 uyied LB
D9 yieS SB aw Sl (> jS NS Sl Gloj 4
Ao 35 |y S5 b ] i Jslye ) alslas
(V5) dsleo

SEVP=EOS Stage |



VFoY 5l Vo los O wher (6)5bis owlishh pg 4 pid VYA

cloodly (g SOl ool b Jio oL i b3y
A ploul g sais odlitul b yielb )5 &S Jats (odiole)]
Jo—aze 0ad (gilwand (17 Joua) 3,8es 5 (¥ J92) 55999
LA duglio 00d (6yglcen lagialejl o yite ren s a6
NETWAT a5 (F Jsis) aosisy ol Sl e b)) 5o
o Loodly ol aS) 0 solat wl oad oanliv glaodly ylgica
i 4ol ol 53 al S alre (39, (a3loe 25l g0
—ook 039y L L ETO (i (55 s il el S conl 900
By 4 (LS o pd 4 dagi b da g S e e cuiile
e A )l S e s s ETC (imy (85 oS

oo b pite ol (gjluwand > Joo 2Ulg 2b5)) sl
ey 5 (RMSE) s lapye xS i {CV) sl
dolore 005 ()55 9 0ud (iloand ol (e () (Sior
Oliee b lis gl dopd Vo BMBTL Y 2) bad (poiomen 00D
S edlawl oa s odmlie pdlie Jilde p> ol (gjlwdnsd il
sl 003 duals 5 b 4 o)lel sloasls
RMSE = VX(Pi-0i)?/ (n-1) (¥V) e

g 00 odalie pdlie 10 wrd (cilwdnds polie P (] j> oS
i (1 he s RMSE poudi I yizrad Al oo diges dliai N
- o taslons (CV) Sl b s RMSE w013 )38
2,5

SSM- Jio losiahl sl (LS ey YV cgsane 5o
(Jio ool 50 (0 Jod) i eolatwl asdigy Jawams (gl ICrOp2
Sy U ooy asly el aw oS L plB)l oy coglas
HSls 5 (LAIMX) jUasl )50 Sy e iSls (tUHAR)
&S Cawl gme Gl cpl gy angi LB (HIMAX) cuish p e ls
plB,l glas (gl g aiS o ot |y LadisS ciglas s ol )l b
Jaame calisee pB)] jl asid B ol )l dw opl 445 & I3
SSM- Jio loiabl sl Sl (58, (slo Sy b e
L oy 99 sy Jdo ol ielyl doeis 9 u eolanwl iCrop2

29 (Jgpae o5 5 Jgpame ) Sglite Sy paw as L

ol 2 oy S O S iy (ATSW) Y S 0SB

L ey cadyls p Lol Of bulyd cpl o a3l (TTSW) &Y

(Ritchie, 1998) 35 2,5 &Y 5l J& sy 51 > DUL
(v+) daleo

DRAIN=0 if ATSW<ITSW
DRAIN=(ATSW-TTSW)xDRAINF if ATSW>TTSW

Jae lp SB (639y9 9 (S0 cops DRAINF (] j> a8
byl poolile IS sl S Jslee DRAINF lide douls .ol
I Mo o] ace el dgdie ) S g, oy o)
DS Sl ey el polile Ol aops Yo g, pm )5 sl
20,5 oo
odliwl L SSM-ICrop2 Juo (obyiel)ly tdaw (22U Jol )b
J domigy Jgmae g5 g by 4 bgsye 0k (5 pglzen slaodls |
SYls 5 sl p gubate e SleMbl 5 i (¢gles o]
)1 4\_».9; G ygo LSL“L;“’))’. 4 d>gf l.» W ul?:ul ALY 04U ul.u
A Sl Yo cpl oy 5l 48T W bl suiS il phe (sla Lol
o le 5 4909 (383 0)lay ddome ) 9 Gyl (sl Allde
OYlas 5l 3y 50 dlie AD () oy 5l 009y a5 565 R0 Fu b
S (B omlpbis g sy e g Cudld g Fuyb 4
aJlie VY obilo BL Ylhe o 3l 03,5 Bls Cjao opdy &Y e
U)I)_’09M; R ul}u;l LS')L))l > s V- 9 u.)lﬂ)a..dl)l) >
Sl g Soglaer oS ol 3y (ol 10 5l (65,9US gy
45 35 Cyge e S (bl egos d ool Jue 25
lnl_’>u1 s ools ..\_Jy 9 f)_, C.‘aw ;‘_5)9J9a..9 d]); UJL)m])L
0l 03> i 025 (sbeodly | eolainl b W yiel b ol 48" 8 \8
3ysl i slm oyl Como s (gl ol 0ad )5l ¥ Joan
Slagns 2 Sos ggaime g i 3 Slas Jio (2955 01
slajas s jl olaawl b (Y Jgao) Jatue (slajioloil b 4Vl
L yiol )b 55T (a8 aenlpo (chm iso 40) Ab aulio (o)Ll
bign S35 Jiaen il el & Jao



VA

see (ot §lp SSMHICTOP2 Juw (2b3)) 9 (b yelsly ooy 02 5 55l ygn

SSM-iCrop2 Jue Uyl 9 (b yolyl (5ly 03lias] 5,90 (g piulo3l -Y Jou>
Table 3- Experiments used for parameterization and evaluation of SSM-iCrop2
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Table 4- Experiments used for evaluation of the water requirement of SSM-iCrop2
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Fig. 1- Observed versus Simulated single-cut forage yield (a), Observed versus Simulated total annual forage yield (b) (0% mc)

by SSM-iCrop2 model based on data used in model parameterization
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The +20% discrepancy lines are indicated by dashed lines. The solid line is 1:1 line.
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Table 5- SSM-iCrop2 parameter estimates for alfalfa in Iran
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Temperature unit for beginning of seed or fruit growth (°C)
090 L );\i Ay ul’l’ LSI):’ uiL"J 'bl? tuTSG 643.5 *
Temperature unit for termination of seed or fruit growth (°C)
(M o3l rods ulili) i &5l sy olod 3ol tuPM 643.5 *

Temperature unit for physiological maturity (end of dry mass accumulation) (°C)
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Relative leaf death per each degree below low temperature / freezing threshold
LmSﬁ 3y le)g L:)f sl «led
Heat threshold temperature for leaf senescence (°C)
Loy bl glod jlLed ialidl a2 (il S om o po (a1
Relative increase in leaf senescence rate per each degree above heat threshold

Sis oobe Fo ] 5
Dry mass accumulation

Sis odle wdgi gl aly slod
Base temperature for dry matter production (°C)
Suid oo g gl SloS ogllas (slod
Lower optimum temperature for dry matter production (°C)
Suzd ol Mg sl (SBgb Collas (slod>
Upper optimum temperature for dry matter production (°C)
Siis oole wJgi (gly at (slod
Ceiling temperature for dry matter production (°C)
S yrawgd Jlb piads gl (bgals oo
Extinction coefficient for photosyntheticaly active radiation
My ollas baylyd ) aidads 51 eslawl (o),
Radiation use efficiency under optimal growth conditions (g.MJY
CO2 cdale & RUE sl copo
Coefficient for response of RUE to CO2 concentration

Yield formation

cuily asls Sl
Maximum harvest index
Wiy Jb 3 ogse [yl 4 (ngy b3l pbole B SiiS 0395 | (g S
Fraction of dry mass remobilizable from the vegetative tissue to the developing
seeds/fruits (9.g%)
b bis cop
Grain conversion coefficient (g.g™%)

Iy,
Water relations

gy M) g9yd sl (oled 2y
Temperature unit for beginning root growth (°C)

adyy 1) gkl glr 2led 21y
Temperature unit for termination root growth (°C)

tuHAR

x1,yl

X2, y2
LAIMX
tuBLS
SRATE
FrzTh
FrzLDR
HeatTH

HtLDR

TBRUE
TP1IRUE
TP2RUE
TCRUE
KPAR
RUE

C3C4

HImax

FRTRL

GCC

tuBRG

tuTRG

650 *
(0.15, -
0.01)

(0.8, -
0.95)

3-5 *
643.5 v

Table 3
0 *
_7 *

0.01 *

35 *

0.1 *

O *
8 *

25 *

40 *
0.65 Y Jﬁ“\?

Table 3
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Table 3

Soltani et al.
0.8 (2020)
0.9 Y LJ?'\?
Table 3

0.05 *

1 Soltani et al.
(2020)

6.5 *

643.5 *
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DM (loj pd adoy Ges

o "y iDEPORT 1000 *
Initial depth of roots at emergence or beginning leaf growth (mm)

Ay J"‘“?" sk )“ - EI/O.‘:'“’I Poo Gos )‘5‘» MEED 1300 *

Maximum effective depth of water extraction from soil (mm)
35 2 cupe TEC 5 *

Transpiration efficiency coefficient

39800 15 St odle Wg5 (o 51 oS 3 a5 SB o gied BB O yuS WSSG 05 N

FTSW threshold when dry matter production starts to decline

FTSW threshold when leaf area development starts to decline

Developmental susceptibility coefficient and aging to drought stress
23S 48 Jads 50 9w ookl Jao (ol yzel )b 45 5 gyl Coie VLo I yolie *

* Values were extracted from selected articles and used in model parameterization and tabulated.
o3litul (L6 ksl bty (gl pogio y3 olS V) olS oS15 L (59 1 )3 @yosio (Lo OYY PLAMX) Ggllas byl 55 oS 5y pdaw yiShas lgicdy *

D90

" Used as maximum plant leaf area under optimal condition (PLAMX: 571 cm? per plant) product by plant density (70 plants
per m? for irrigated conditions)

) ol €83 e )y S b 355l a3 0)lag e
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JKC5) 33b o ol 33 5y Gl e (Y 3 5o
¥
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s e g 203 ¥o plyy Glped o pd S ) nSo i
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ol I )5 Ve b odgame 53 bl I ew Lyl 295
- o0 ysShe UK 3l Logy) il o Jto 35 NETWAT aoliyy o
i ) e gl 33 U M Gl s S ol
L5 ols imggs > ok odlizl e il ccusls SSM-iCrop2
aoliy a8 1l o SV gamme glul Ol liwe (o iam 4
558 s bls e et )55 |y bl ] NETWAT

Lo i jl S s SSM-ICTOp2 Jae 5 el by slass
Hammer ) APSIM 4 (Hoogenboom et al., 2019) DSSAT
CropSyst Jas > sl el )l slaws b Jg il o (et al., 2010
Pl Jae sl el Luls |6 (Stockle et al., 2003)
5 APSIM DSSAT 5L Jis 5| o o3 SIMPLE
Zhao et) 5l ;L yol)b VY & lads aS” ol s aps CropSyst
2l sl olals 5, Sles g aw, SIMPLE Jao (al., 2019
Sl Jae ol Jg S o (3lotnnds 29000 Ol g Sy bl
5 lwsz plals 5 cowl oad (2bj)l 5 bl (ol); oL
B3 g0d gy 1) ogse (1S5

SSM 4 CropSyst APSIM DSSAT (cla Jus ime}
Sas e oS b L zols b duslde g odlaiwl 3y50 pAiS (ol
- ime bloyl e 3,518 5 ciliseo gyl 8 (sl Jao )5 el
el asgr 4L (Soltani & Sinclair, 2015) 5,li d45 (55l
2 Jie SO a5 il ads 90 gl el )l slasi ag oS &S
(s 5eS STy 5 a1, ol 5 )15 (5508 ey (6,500 L sl
me 301 (il gl (2 Bl S o (gilodnnd o2 1,
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(Soltani, 2009) sl 3 4 ol jgkate bryl )3 a5
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Fig. 2- Observed versus Simulated date of beginning spring regrowth of alfalfa in Iran. Starting after accumulation 180 GDD

since 1st of January
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The £20% confidence level is indicated by dashed lines and the Solid line is1:1line.
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Fig. 3- Calculated with NETWAT versus Simulated irrigation water by SSM model in several locations in Iran
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The £20% confidence level is indicated by dashed lines. The solid line is 1:1 line.
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Fig. 4- Observed versus Simulated single-cut forage yield (a), Observed versus Simulated total annual forage yield (b) (0%
mc) by SSM-iCrop2 model based on data used in model evaluation
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The dotted line represents the 20% confidence level, and the solid line represents the 1: 1 line.
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