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Introduction

Lentil is the third most important legume in the cold-season legume family. Legumes, as the second most important food
source after cereals, account for about 613000 hectares of the annual cultivated area of crops in Iran. In terms of cultivated
area, lentil is in third place among legumes after chickpeas and beans, and the provinces of Hamedan, Lorestan, Kerman, Fars
and Bushehr are the main centers of production of this plant. Crop growth simulation models can play an important role in
allowing farmers and planners to make decisions about the feasibility of systems (crops and technologies). These useful tools
greatly facilitate the optimization of crop production and management strategies. Crop growth models also provide a useful
tool in researches to simulate potential growth and yield. The aim of this study was to calibrate and validate the SSM-iCrop2
model for simulation of growth and yield of lentil in order to investigate the effect of sowing date and different irrigation
under Kermanshah and Azna regions using the sub models associated with phenology, dry matter production and distribution
and the changes in leaf area.

Materials and Methods

This study was conducted at Campus of Agricultural and Natural Resources, Razi University and in a leading farmer's farm
in the Azna region. The SSM-iCrop2 model was used. This model has been tested and proved for a wide range of crops. This
model requires limited and easily available input information. In order to collect the necessary information for model
calibration and evaluation, experiments were conducted using a split factorial design with three replications in 2022 and 2023.
In this way, one experiment was conducted to extract the parameters required for model calibration under the Kermanshah
region in 2022, and then two other experiments were conducted to extract the information required to model validation under
the Kermanshah and Azna regions in 2023. Treatments included supplementary irrigation (no irrigation, one irrigation at
flowering stage, and two irrigations at flowering and seed filling stages) as the main factor, sowing date (February 17, March
21, March 20 for Kermanshah, March 6, 16, and 24 for Azna), and cultivar (Bile Savar, Kimia, and Gachsaran) as secondary
factors. Measured data of phenological development stages and grain yield were used to evaluate the model. Model evaluation
indices included linear regression fitting between observed and simulated data and their comparison with the slope of the 1:1
line, root mean square error (RMSE), normalized root mean square error (nRMSE), mean error of approximation (MBE), and
Wilmot's agreement index (d).

Results and Discussion

The model calibration results indicated appropriate accuracy of the plant parameter values used in the model structure, which
led to very accurate prediction of growth and yield characteristics. The evaluation results showed acceptable accuracy of
SSM-iCrop2 in simulating the process of changes in developmental stages and grain yield of cultivars in the studied
treatments. The RMSE value of the developmental stage from sowing to physiological maturity in Kermanshah for the
cultivars Bileh Savar, Kimia and Gachsaran was 2.5, 2.5 and 3.4 days, respectively, and in Azna it was 12.9, 12.5 and 11.8
days, respectively. The RMSE value of grain yield in Kermanshah ranged from 1.4 to 2.15 and from 4 to 7 g/m? in Azna.

Several studies have been conducted on the evaluation of the SSM-iCrop2 model in simulating grain yield in different crops.
Among them is the research on soybean by Nehbandani et al. (2015), who reported satisfactory results regarding the model
evaluation. They stated that this model can be used to determine the most suitable sowing and harvesting dates, grain yield,
and other phenological stages of soybean.

Conclusion
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The results indicated that the parameters related to phenology and grain yield of lentil cultivars were estimated with high
accuracy. The model was able to successfully simulate the growth and yield of lentil despite different sowing dates and
irrigation regimes, with a small number of available parameters. The results of the evaluation of the SSM-iCrop2 model
showed that this model can simulate the development stages and grain yield of lentil in the Kermanshah and Azna regions
with high accuracy. Therefore, according to these evaluation results, the SSM-iCrop2 model can be used to predict the growth
and yield of lentil. This model can be used in studies simulating the yield of lentil in different climates and under different
management conditions.
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Table 1. Soil physical and chemical traits in the region of experiment
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Figure 1- Average of minimum and maximum monthly temperatures and cumulative precipitation during the lentil growing season in
Kermanshah and Azna
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Table 2. Characteristics of the studied cultivars
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Cultivar Growth period Yield potential (kg.h™") 100-seed weight (gr)
(Day)
LWS 90-110 1263 5
Kimiya
lgus als
g7 90-110 1196 5.7
Bilehsavar
chluzs 90-110 1200 5
Gachsaran
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Table 3- Irrigation water amount and time of supplementary irrigation consumed for Kermanshah and Azna regions
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Irrigation timing (day after planting) Irrigation volume (mm)
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region Sowing Date Single-irrigation Double-irrigation Single-irrigation ~ Double-irrigation
ete VY 75 80 46.4 62.2
February 16
bL.wLa; Ll 4 79 85 46.7 64
Kermanshah February 28
Ll ¥ 64 72 44.6 66.7
March 12
Ll £ 80 93 35 57.6
February 25
by Ll V2 81 91 37 59.3
Azna March 6
Lol VY 68 81 41 59.3
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Table 4. Attributes used in model calibration
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d)Lﬁ" o9
No 2.2 2.5 23 0.28 0.28 0.27 1417 1405 1444
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o -
T = el LS
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' _% irrigation
- Sl sl
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Je jliel cmni
03l i V) bbb ol duglio g 0ad (giloand g 0ad odnliio (slaodls cy (b (gm0 )S) B3l Jols odlitsl 3,90 (o)) (slopadli
Gl 1 45 392 (d) Togebg 817 (R3S o (MBE)T (o5 (sllad (3550ke (nRMSE) "o Jloji e o (1:50lis )i (RMSE) "l by e
Pl o Slas 5 (Seigersd (Sdww) 9 (2S) Silsd 9o Jolye 0ad gySojlul slaodls JI Jue (obj)) slp W0 dnule £ LY Laly,

A o3kl V¥ o) b j0 B3l g olisle S ol oyl s w0 1] (sl i o]

RMSE=V Y7 (SjT")z (¥) o,

1. Root mean square error

2. Normalized root mean squared error
3. Mean bias error

4. Willmott indrx of Agreement



d:1 Zi:o(si—oi)z (\‘) d.la.g‘)

Xo(Isi-oD)+l0i-oD2

nRMSE(%)—=V Y™, CELN 10@ (8) ala,

S1-0,
MBE=S, no) () o)

(Willmott, 1982) Cuwl pl i sdalin (gly oad ssalin jlade 1Slo O g oid (g5lwdud 0lie Si s sdalin ydlie Of culinliv dlasi n daylg) )
oSl Hda ol s odaliie g odd (gilwand slaodly o JolS 3815 SLi ) jlde Wil st V g ¢ oy Mlg e Giselig sl yolde
glas (%) o Jloyi sllas Slasyo (1uSkeo > o Bl)) 0 o liie g 00 (g5lwdudd polio o (S CBlyol 5)50 jo  SleMbl 50 sllad lxyyo
Sbe Cute polie .l o il 8l Jde (g5ludud €8 o a4 b 005 b g dad oo i 1y eddiodalie lie )3 oud (gilwdind (slaodld (aus
ot pdlie a8 ol opl Sl ol ke polie o Bly pdlie I 5t Jhe bawed o i pdlie a5 sl pl odimd L5 oo, clas
LS Gy oYL B L) Jain s Cuto dudly Jdo a5 amd o i VY ks pallad opl p egMe Ll (sBlg dlds I S e bawss o

Coy g g bs

Jo (Pwly
S 53 6ok Cuenl (Glsd b lasye slapiehl 355 (e (JW (ren g Bl S Copie e ) liee (I Glgs e
Joe 5ld b )0 (F Jade) 0add 03 (e (gl yioby oS oy yLis SSM-iCrop2  Juo (sxiwly gols (Nehbandani et al., 2015) 5, (¢5lwdud
oo (¥ JS8) ol Jloyss ool (slasloss 3 oy 2 3550 e pB &l 3 Shes 5 Su3glsid gai Jole (siloanns (slp Jod B s
iy @ besS 08 (IS U Sl ggei Unlye (sl (o) sl (:0ke g 0l Jloyi (slbd Slappe (10ke pda bt Slaype (1 ke Hi
iy d ol 18y 9 VIV g Clialie (:0ke 00> ¥IV (o) ¥/0 L ply 5 4y Jlgws aliy 08) VB g Clanliio (1 0ke 0o )> ¥ g, Y b il
o e gy /A L plp (d) ey a3l (bl (clajleas balyd 5 w8y dw yo y3 e YIY g Slialie pwSSke do )y FIY Gg) /0 L ply
08 Sy il b Sy b CllS 5l gy s905 Ualye slyy (o) oS (1S0he g 0l Jloy sllad Slaype (:Ske Hio dlad Slayje (:5Le
FIA= g Clialie 1Slhe 1oy ¥V oy ¥I¥ L plp s Hlow alo o8, sl F 5 Clialin (1Sle 1oy 0/Y oy OV bl s 5 4 LS
Sy B Bl 5l 55 s905 e (sl (d) gabig (adls gy —0/Y 5 lialie (1 SSle 20> ¥I5 o) YA L plyy i 4 gl o)
ol (ilwdnd g odd odnlie (claodly o oS e, (B3l gols g /AR L plp Giales] olasless bl pd )3 awyp D90 pB8,1 SO5g)g0 54
CilS ) 595 9 (AU cslS o,y g0 ol pe oas oamlite Ol yuis o pd Al o Canl 2B Jae a8 0l Ui 55 V) s s b o awlie

(Y JS8) 88 it ) Sl ged (S 5 (256



1 5 ,5hS WA BN (s sl dles o8y a1 p)SskS AF B A (s S o8, 0l 3,5has 05 (4 5lodunsd g 045 (£ 55051 (glmodly e B

b&&lfcacm JLo); sl CJls.g).o u&’L")—b s «;:L:g)o O&L.o)»)bm .394).,;1»)‘:5@)3 9)551,.53~ i3 \\"w&l)bqué)9)t&m

PSS FA Ly @ jlaw dly 168y (gl FAA g Clialin 1SSke 0o )d VT lSa 13 p)S6lS VA (i 5 d) LauS o8, ild 3 ,Sloe (glyy )&

(Y JS5) 09 V40 g cliaalive (1ho duoyd FIA liSa 15 £ SolS VIV i 4y lhluaS 88, (sl 9 VO 5 Slialin (ke o jd AIY (LS

)‘u‘“’w‘ )3l§ J.\ndfab ulw).u VoY s MLJ Mlﬁpgo_\.& d}bw9o.\a.ﬁ olaline dhcbboﬁu\a&c)wﬁ) uis)‘lﬁ @b e

Sle 5008 Jloys sllas Slape 5:Sibo s dlas Slayye 3xSle pi e (Y US5) 05 it |y 4615 3,5 kes o osnlite i 4oy A0

50 VY8 5 lialine 1uSlo doyd YA LS (3 p S6lS ¥ Cuiy 4 s 08, sl 9 V) 5 Glialie (ke do)d F/A S 15 p,55LS

(B8 50 (o 9] 805 sl |l Ui S 51 59,

(550 3 2,84L8) 005 uml b aifs 3,5kas.

Observed flowering (Day after planting)

Observed grain yield (kg h-1)

(S5 o o) 2 sadlis Sl (Faogy 0S5 g,

(Day after planting) Observed physiology maturity 2
30 60 70 80 o0 e 110 120 "?
120 —— 120 4
o
wl?* Flowering 11w j‘?
; . . v E
Physiology maturity 28
ol * . {0 4%
£y
. 24
90 1 90 \?'r P
RMSE pyysor 5.1 g
50 1RMSE piciS1 | gp B
MBE pyypig: -6 jE
- d piysiot 0.99 n T E
A RMSE Fiomer: 2 9 E‘i
60 WRMSE power:3 | o0 32
MBE Figer: 15 3E
50 . . . d Flower : 0.99 50 11%
30 60 ik 80 20 e 110 120 - E
vz
i1 o o) o sl e BT 11y H
Simulated flowering (Day after planting) =
(18 53 A8 o asalis J€ 28 s
Observed total dry weight (kg.h-1)
1000 2000 3000 4000 35000 G000 7000 S000
8000 T T T T T T 8000 o
* Grain yield :J
7000 - ?DDEq .
P =
Totaldry weight < v, g
goo | @ T e o 6000, &
¢ ¥
e )
]DDD r - iDDDj 5
S
RSE o0 ameid 1%
4000 | DRMSE reo 4203 7 40003 3
MBE Tout trye: 479 -
3000 4 2 gt 097 30005 T
RMSE ya 78 T
DRMSE pq 0 74 - E
2000 - MBE 13 : 78.8 EDDD& -
) i yiar: 0.9 3
1000 & L - L L - - 1000
1000 2000 3000 4000 3000 6000 7000 8000
(5588 45 0,55L8) 0ad 55l duns dily 5, Slas
Simulated grain vield (kg.h-1)
A4
. * (A
1
q} "
u
-1
i3]
o
&
T8
K
ER-! »
S of RMSE 1413
. B 3
Y2 nRMSE 14114
kE MBE 14:-0.01
] d 14r:0.99
a
1 1 I
1 4

2 3
o il s Sy s (e
Simulated leaf area index

B (331 g jog) s paaline Syjgpid (Fay Weililyy, o
Observed physiology maturity (Day after planting) -
50 70 %0 110 130 "i
.1 . . . 1202
- :
S & Flowering l‘ »
o w1 { 102
2 [ W §
:-i g o Physiology maturity o
2 2w | IRLER
y & . &S
& 32
HE0r ROSE i 4 0 E
ié JE
3 Swp ! w7 E
a4 1 gyt 0.9 3£
IEqnl N RMSE poerd5 | 70 9 B
szt nR\[SE,,,,,,, 18
22 o1 =3
17 60 i 22 | 0RE
£ d prer 1 099 TE
=0 . . . 50 5F
f—"j 5 W 7 %0 110 -
R (00l 51 g ) 2 (g3 i 0I5 6 il 51 35, 3E
Simulated flowering (Day after planting) ==
E (555 43 8,58 o ssnlie €S54 s
Ohbserved total dry weight (kg.h-1)
1000 2000 3000 4000 3000 6000 7000 800D
8000 ; : : T . — 8000
=
# Grain yield 3
3 ot 1 70004
=Y o Totaldry weight =
ER v 8
T 5600 4 6000 E
1% 15
2 3
3 so00 . 1{ so00 4 &
e
14 RMSE 117051 iz
o 000 | NRMSE 1y et 1 400077 E
B MBE 7out crpmyt 161 o3
< @ Toual drywer 04 1 H
o £ 300 RVMSE s 80 3000 3
g ° ARMSE v : 82 T E
5, 200 MBE y : 1151 zooo\ﬁ‘"’
a1 099 Y
1000 . . . . . 1000
1000 2000 3000 4000 35000 6000 7000 8000
(158 35 5,5alS) 4 55l dpd ity 5,Slas
Simulated grain vield (kg.h-1}
I - C
.
‘ e LAl !
1 9
] o
=
g,
H j
&
% E 7
Ny " " kY
Ly o :
iz o 3
o e
mElr L RMSE 141:0 a
Mi_. -4 ‘. “'i;
b BRMSE 1470 H
:}g ] '.,.-" MBE 1451:0 :i
a - 3 doyel a
1 . I I
1 1 3 4

Simulated leaf area index

(i 5 g joy) 00l samlie walf 15 LU 50 5y

(51560 ;5 05F5L5) sl aual s aifs a,,(lu

Measuredleafarea index

Observed flowering (Day after planting)

.

b

Observed grain yield (kgh-1)

(Y Jsa)

(L3850 g o) 04 panlie Sysglpsd (Sas, 5 0630 2
(Day after ]ll:ultulg) Ollsemrd physiology maturi 5;
50 0 110 130 ]
120 . . . 120,
4 Flowering IE
10 F 10 g
o Physiology maturity 12
00t { kg
R
e 9o
%0 | {90v§
&
80 f 1 1807 E
d sy 099 EX
70 b " RMSE gyt 45 4 703 E‘
nR_\[SE Fiewer a3
80 \BE a2 ] 803E
d e 199 1=
30 s . s Rl
50 70 90 110 "j |
(38 31 o Jy) 230 gl el AL Ul 3155, D
Simulated flowering (Day after planting)
(555 43 8,558 oh sl € K24 1
Ohbserved total dry weight (kg.h-1)
1000 2000 3000 4000 3000 6000 7000 8000
8000 T T T T T T = 8000
* Grain yield ?3
7000 g Totaldry weight 1009\] =
=
5
6000 | 6000 2 &
I8
5000 | 3000 7 E
B
K]
RMSE rout drywei 4 =
4000 ARMSE ron 38 ] 4000 k! 3
MBE 101 gy’ 226 '\1 3
3000 | 4 g gyt 0,99 3000 7 2
RMSE g 72 >E
BRMSE gy : 68 + £
2000 | MEE vy : 105 2000 4
. d a2 0.99 5
1000 K . . . . . 1000
1000 2000 3000 4000 35000 6000 7000 8000
(5150 32 #F8) 50 il sl il 2,80k
Simulated grain yield (lkg.h-1}
¢ 1Al
'
L o
L .'.#" RMSE 141:0
oF nRMSE pa:0
"...' MBE L_u:ﬂ
. dparl
K
1 I
1 4

2 3
sud gl b F bl
Simulated leafarea index



A JS) S 5elgn e (S 9 (BB Sl Sl 5oy (5905 T yo 8 (555 05151 9 8 (g sl 23l eyl 1 ianly gl Y JSC
Yo dly 8y iE UK oS’ 181D JSS) (was plB,] JS SS9 g 4l 3 Ses ¢ (o )l w8 :C IS ¢ ylgww aly 18 1B IS dbouS o3
Cusls ilio (g )b g (5l gLyl baal i 5 (o3]S o8 iF JSCd
Figure 2- The results of calibration: comparison of simulated and measured values of number of days from sowing

to anthesis date and to physiological maturity (A: Kimiya, B: Bilehsavar, C: Gachsaran), grain yield and total dry
weight of lentil cultivars (D: Kimiya, E: Bilehsavar, F: Gachsaran) in different sowing dates and different irrigation
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Figure 3 — Regression analysis between simulated and measured values of phenological stages (days from planting to flowering
and days from planting to physiological maturity), as well as the evaluation results of the SSM-iCrop2 model indices under
different planting dates and irrigation treatments in the climatic conditions of Kermanshah.
A: Kimiya cultivar, B: Bilihsavar cultivar and C: Gachsaran cultivar.



Sy mAIS 5 SIS 5l 55, sllad laryo 5l i yhsme olitilo S oaslil Lyl s & sl L5 SSMACIOP2 e b)) sl el guls
Lo VIV g VIV DI i &y 5 00l Jloy (slad Slaype (51:0ko ydar 9 5y VIV 9 YV IV L ol i ohluaS 5 boeS g aliy p6))
3 595 g0 A po sl g (i GhleaS 08y 53 Ll (A5 B S ) g, s5e5 Al ye sl 38 o) lad 0k (1 JS) 35 Claalie
Sy B 5l 59y 9 (S BBl ) 5o (sg0d aloye (sl (d) Dgebg 38157 o pd g (it UL oS ) Sifglasd (S U el
olisle S ouldl boyl s o e pBB)l (g505 Jolye (g5lmdini j> SSM-ICrop2 Jio (Vb jluww cds jI Sl aS 0oy </ 51 in SS5gle 348
e 5l i sl B Joe a8 5l (L5 35 30) bas s b o dunlie g o (gjlwdnd 5 00 odmlie (claodly oo (Jad aaw Sy Lbil e gl Lol
NS ot oliile)S” (ol Ll yd v 1) Sujglgned (S B S 5l gy 9 (IS Bl 5l 5oy (05 Jolye 0ad osmliie Ol yss 0
(¥ Js)

390 w8y 4wy sl o (5 ySojlul (BAS T S Sl 59, s9e5 0)93 Jsb (530S 9 r0te Bl (el Ll 53 45Tl (LS eionen ol
BB sl gy 590 0y93 Jobo (pieS 9 e A8 edalide oy FA g A Plae 5 4 Wl VF 5 £ glacils )by adllas
asyio bulyd 53 (¥ JS3) 352 Jlgw alo 08) sl jo) YV 5 59y A0 Ples i & 8dul VY o 7 Sl @)l & baape 35 0ad (gjlwdnd
Ol S 5590 W& (liee s o 0590 p)) o (el dtdol £ )6 & bogsjo Sofglsn i (S B S 5l 5oy sg0d 0y Jgbo e
@ bgye 5 oAb (Giludnd Siglejed (S U cudlS 5oy 5903 0093 Job (ke 09 59y WO (e 4 Ll VY S &)l 4 b je
{F US3) 351 59) O Joleo Jlsus s o8 9 Athusl V¥ S )b 4 bgupo (5] 032505 9 LosS 9 lgws alir pB)] el 59) WY (e 2 ksl £ )
OSle 9392 5oy VIR g VIR VIV s ay hlacrS 5 boaS g aly pB1 (gl (0I5 S 5l 59, (903 Al jo sllad Slaypo (ke )i
(¥ US) 0y lasline aoyd V42 g Vo /A NV i 5 4 oid Jloy gllad Ol o

sllad Slape (1o Hd2 959 WIA BNVA I ()2 3)90 pB)] S0 5glg2 528 (S b el 5l 59 (g905 Al jo (gllad Slaypo (1o )y e
Ao ly g Cuto (2T L Sl ) o) 5900 A pe sl i o) sl (6S0ke gyt Clialie (350 20> WY B load Jloy
S35 508 Sy B Bl 59, 9 (2 b clS Sl gy o sl (d) gaby 815 b g0 (ke Sufelgnud (S B a8 51 595 555
B3l ol Lyl 33 wyp 3y50 (e Bl S55)eid ge0 Jolyo (gilundud )3 SSM-ICrop2 Jao (sYL jluww <ds jl (Sl &S dg /2 51 iy
e 5l L Candly Jae a8 ol (L5 55 V1) bad s b o)) dulio g odds (gjlwand g osd oanlie (claodly o (Jod ygm,S ) (550 oS .ol
b gilwannd gl ¥ JS0) AT i ) Sglgnsed (S B el 5l gy 5 (2S5 cullS 1 59, (g908 Jolye 00l odnliie Sy b0y
Jae S g ssaplie 335 oy domes 9 ol elie S 5 aw) bajlol oo S g 5 ) CadsS b 03959 sloodls & Yl coiS

asllas opl 0 wie 5058 sed ol po (gilwdnd > SSM-iCrop2 Jue (oYL cds LYo 5l (SO ol 5l bl odd ol el )by 585 &5 2]y



093 21 (b Cuenl olS Sigleid ged im0, 5D Jbe byl 9 bayiell 30l ol (Seles cilisee alpe cud > €y g e

e g ) o3 jloeed AU IS5y

w

(8831 o jagh ol ot 86 06 5,

8]

(G 1 g ) 05 gl AU LS5,

J(Soltani et al., 2006) cusl 5558 Jolyo £3589 o 1l Cov ely; lS (gilwans sbo Jae ;3 s odlo xj55 9 Mo

300

300
v=009662x +3 7139
= 250 ] B* =0.9003
=
'g.
E ‘IDD ]
o 2
-8
E
= 150
=
=
E 100 | RMSE=7.69
g nRMSE=10.67
o MBE=2.5
£ 501 D=0.99
g
=
E_0
£ ? 0 s0 100 150 200 250 300
EE (518 31 g Jg5) 00 sanlie (IS 15 G383 5y,
= RC Days from planting to Observed flowering (days after planting)
oo 300
5
=
g v=0.0508x + 30528
B 250 R*=0.8944
£
,'_E' 200 1
=0
£
£ 150
S
= RMSE=7.87
= 100 nRMSE=1092
E o MBE=1.33
2 s D=0.99
=0
=
=
=
= o T T T T T
5 0 50 100 150 200 250
2 (218 50 s 395) 2% ouslia (AAF 15 S NS 30 55,
é' Days from planting to Observed flowering (days after planting)
300
= v=0.0702x + 3.0306
Bosp | R*=0.8983
£
_'_E:oo -
an
-2
= 150
5 =
=
=
=100
= o RMSE—7.87
2 nRMSE=10.91
';!n 50 MBE=2.11
E D=0.90
g
= 0 T T T T T
il =0 100 150 200 250

(o3 5 (g G9) 00 oudlie ol 15 CLHS 30 59,

Days from

Days from planting to Observed flowering (days after planting)

300

i

el

HJ""I’ \Jf“t'-"'!

. S e b R B 1 N S Y et ) el gl Sdaly g Fle L8 . . \
et 3t ot 0] 2 gl Sjalyerd Sy 0 008505 (61 ) o 5l Sl Sy § €361y (sl 31 g g, 0 il Sy

Days from

physiologiv maturity(Day after planting)

Days to simulated

£ 3w
=
& ¥=0.8075x + 1.3226
e . R =10.9306
E 250 4
E
=
5 200
2
S
E. 150 4
=
=
=
= 1001 [ RMSE=12.9
E nRMSE=11.35
= 50 MBE=-9.6
So
5 D=0.99
E
= 0
H 0 50 100 150 200 250 300
T, I 5 ey 5ay) sad anlie Sofalaid (Fier; T Sl 3 5g,
= Daysfrom planting to observed physiologiy maturity(Day after planting)
& 300
=) ¥=10.9102x + 1.421
R*=0.833
% 250 4
=
£
g 200
2
€ _1s0
0 = T
=5
T E
== 100 (=) RMSE=12.57
H nRMSE=11
= ] MBE=-9.22
W 0 D=0.99
=
E
= o T T T T T
0 50 100 150 200 250 300

(=31 50 (g 95) 005 sl Sujalpnid (S, 7 SO0 30 59,
Days from planting to observed physiologiy maturity(Day after planting)

300
w=00151x + 1.2800
F*=09423
250 4
200 1
150 1
100 4 © RMSE=11.82
nRMSE=10.35
- MBE=-8.77
50+
D=0.99
1]
o S0 100 150 200 250 300

(=31 51 (e 5a5) 8 sadloe Sujalanind Sy 15 S 30 5,y
Days from planting to observed physiologiv maturity(Day after planting)

T (e 9 S5elgnjud (Sdwsy U CdlS 31 59, 9 (25 B CudlS' 1 59, (5905 Ul o 0 (552505151 g 0 (5 5Ll y23lie (ot (o5 5 5IUT -E JSU5
Ol 135 2C 5 koS 63, B oyl ol o A 31 conlBl bl 0 (5l iz (51 i 9 WSS G5 13 SSM-ICTOP2 Jio o3, sla s L
Figure 4 — Regression analysis between simulated and measured values of phenological stages (days from planting to flowering
and days from planting to physiological maturity), as well as the evaluation results of the SSM-iCrop2 model indices under
different planting dates and irrigation treatments in the climatic conditions of Azna.

A: Belehsavar cultivar, B: Kimiya cultivar and C: Gachsaran cultivar.
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Figure 5- Regression analysis between simulated and measured values of lentil grain yield and the results of SSM iCrop2 model
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sowing dates. D, E and F: Kimiya cultivar under different irrigation treatment conditions and sowing dates. G, H and I:
Gachsaran cultivar under different irrigation treatment conditions and sowing dates.
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Figure 6- Regression analysis between simulated and measured values of lentil grain yield and the results of SSM iCrop2 model
evaluation indices in Azna climatic conditions. A, B and C: Belehsavar cultivar under different irrigation treatment conditions
and sowing dates. D, E and F: Kimiya cultivar under different irrigation treatment conditions and sowing dates. G, H and I:

Gachsaran cultivar under different irrigation treatment conditions and sowing dates.
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