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Fig. 1- Irrigated canola production share in different provinces of Iran (percent)
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Fig. 2- Rainfed canola production share in different provinces of Iran (percent)
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Table 1- Experiments used for parameterization and evaluation of SSM-iCrop

oo lsT e 5 Ol g (Olzl
Province, location and year

s las

Treatments

oA
Reference

Jde U el 3k (61 oslinal 3y 50 Siliola3T
Experiments used for parameter estimation

AWAD ¢ s 5l cOolio
Moghan, Ardebil, 2006
WAL (sl colie
Moghan, Ardebil, 2010
WAV (5550 ST
Arak, Markazi, 2008
VA (8 Ol l)3T o)l
Orumieh, West Azarbaijan, 2000
VAT AYAD- VYA (sl g5t o) 5ol
Ahwaz, Khozestan, 2005-2006-2007
WWAB colile S elT 3l
Eslamabad, Kermanshah. 2006
WAY Ol o 8
Gorgan,Golestan, 2003
WAS Ol o 8
Gorgan,Golestan, 2007
WA Ol o 8
Gonbad, Golestan, 2000
AAA Oyl gl
Sari, Mazandaran, 2009
AYAS Ol 5k 55
Neka, Mazandaran, 2007
YA (Ol cosls
Baye, Mazandaran, 2006

cusls g )b
Planting date
YT LOTT
Phenology, physiology
S5
Genotype
S5
Genotype
cusls g )b
Planting date
S5
Genotype
cusls g )b
Planting date
cusls g )b
Planting date
>y dlols ails Hluae
Seed quantity, Row spacing
f)}}):-:; :; sl ‘Cu\?
planting date, Nitrogen fertilizer
f)}}):-:; :; sl ‘Cu\?
Planting date, Nitrogen fertilizer
cusls g )b
Planting date

Razmi et al., 2009
Soleymanzade et al., 2012
Khatamian et al., 2011
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Table 2- Required weather, soil and crop management input to run SSM-iCrop
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Fig. 3- Simulated versus measured days to harvest by SSM-iCrop model based on data used in model parameterization
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Table 3- Estimation of phenological parameters for early, Medium and late maturity cultivars

PR o8, PR
SiPeS b iol,b i s Y093 vy ey w3 ¥R
Definition of phenological parameters Abbreviation Early Medium Late References
maturity  maturity  maturity
(51)3 Ll 4 y3) 903 (sl b (slod Soltani,
TBD 0 0 0
Base temperature for development (°C) 2009
(318 il 4 13) 9o (sly Sl gllas (slod Soltani,
TP1D 25 25 25
Lower optimum temperature for development ("C) 2009
(31,3 Bl 4 13) 905 sl (B gllan (slod Soltani,
TP2D 28 28 28
Upper optimum temperature for development ("C) 2009
(31,3 5l @ )3) 9o (gl i (glod Soltani,
. TCD 40 40 40
Ceiling temperature for development ("C) 2009
(595 3,35 ol ) (13m0 sl (5l ol Soltani,
tuEMR 160 200 216
Temperature unit for emergence (°C) . 2009
(595 2,5 ol anyd) &by 05y g9 sl )l S0l Soltani,
tuBSG 1200 1500 1620
Temperature unit for beginning of tuber growth ("C) Y 2009
(595 3,5 5l 4 d) &by (b bl ly 5yl 3ol Soltani,
. tuTSG 1800 2250 2430
Temperature unit for termination of tuber growth ("C) Y 2009
(595 2,5 5l doy3) Cudlyyy Sty sly ()l 1y Soltani,
tuHAR 2000 2500 2700
Temperature unit for beginning leaf senescence (°C) . 2009
(39 35 Blo 42)3) S A5 g 950 Sl Gl g uBLS 1200 1500 1620 Soltani,

Temperature unit for harvest (‘C)

2009
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Table4- Estimation of the parameters of development and senescence leaf

#ol5k Sl o3 o3
Parameter Abbreviation Values References
Relative LAT at emergence stage ' 2009
(595 23 ol d2y3) (b o b cadlS” 51 ol sl AEMR 04 Soltani,
Fraction of temperature unit from sowing to emergence ("C) ' 2009
aw (als 1Sl 5l o3 A8 4 olS (] 3 &S s go5 dlnye 3 Sy praw adlis Soltani
dy 0 3¢5 Sy RLAIL 0.99 2009 ’
Relative LAI from sowing to 96% of maximum LAI
395 Sy pdaw adls gl jl o A8 4 ol ] 1 45 s ges dlaje 3 oled sl
(555 31,5 ols dy3) duwy o0 FMLAIT 0.65 Soltani,
Fraction of temperature unit from sowing to 96% of maximum 2009
LAI(°C)
. . Early maturity=2.2
X Ls 1
,ﬁ ghe o> ﬁsfb Medium maturity=3.2
Maximum leaf area index Late maturity=5
Sy s g o Soltani,
SRATE 1
Leaf senescence rate coefficient 2009
((C) 2980 Sy S yo g 3Loel el a8 glos / Lo JBlus alzeo] FrzTh 10 Table 1
Low temperature/freezing threshold for leaf death (°C)
(em2"C 1 sbesul / Jslas (Lo dsuti b ey pay S Sy Jlg5 ey Frrl DR 0.01 Table 1
Leaf death rate per “C below FrzTh (cm2.°C™")
(C) Sy sy sy Lo Sl il
HeatTH 30 Table 1
Heat threshold temperature for leaf death (°C)
(em2C) wliad (slod 51 5Vl 42,3 52 &0 S S 6 SIS et HLDR o1 Table 1

Leaf death rate per “C above HeatTh (cm?."C™")
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Fig. 4- Simulated versus measured yield by SSM-iCrop model based on data used in model parameterization
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TableS- Estimation of the parameters of dry matter production and partitioning

Pl Jaisl o3 o R
References Abbreviation Values Parameter
(C) i ol gy lp aly sloo TBRUE 0  Soltani, 2009
Base temperature for dry matter production ("C)
(C) 523 osbe sy (sl S ogllao slod TPIRUE 10 Soltani, 2009

Lower optimum temperature for dry matter production (‘C)

(€) 52 03le 255 g2 8 oglon (slod TP2RUE 25 Soltani, 2009

Upper optimum temperature for dry matter production(’C) ’
(C) Stz o3lo g5 (gl s (slod

- e TCRUE 35 Soltani, 2009
Ceiling temperature for dry matter production (" C)
o - PAR (gl cayd o KPAR 0.65  Soltani, 2009
Extinction coefficient for photosynthetically active radiation
(& MIY) sy aigo bl yd 53 (5imgnd Jlad autiats 51 oolisol ol)l8 IRUE ) Soltani. 2009
Radiation use efficiency under optimal growth conditions (g.MJ") ’
, iy pabl g5l , HImax 0.5 Table 1
Maximum harvest index/linear increase in harvest index
by padl Blo Himin 025  Table1
Minimum harvest index
(dS.m) 3,800 sl 555 sl SaltTH 1 Table 2
Salinity threshold for yield (dS.m™!)
-1\ e ] o & PP
(AS.1m7) il 5Vl 698 s 3,5bes o 06 SaltSlope 13 Table 3
Slope of yield decrease per dS.m™! above SaltTh
800
CV=18 %
700 { 1=0.87 }p=0/0001)
RMSE=67.04 g.m? i P
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fig. 5- Simulated versus measured yield by SSM-iCrop model based on data used in model evaluation
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fig. 6- Simulated versus measured days to harvest by SSM-iCrop model based on data used in model evaluation
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Table 6- Parameter estimates relating to plant in canola that is used in soil water balance.

PER o8, PR
&% i o995 oy bwgie (W
Description Abbreviation Early Medium Late
maturity  maturity  maturity
oM e gl ey yl Gos iDEPOR 200 200 200
Initial depth of roots at emergence (mm)
i Eard a5 ol p S Dl el tuBRG 160 200 216
Temperature unit for beginning root growth ("C)
. e L 50 .
i g iy 15, 0l S Sl el wTRG 1200 1500 1620
Temperature unit for termination root growth (°C)
aisy bug S 5l O glpaal e s Sl
. . . MEED 1 1 1
Effective depth of water extraction from soil (mm) 000 000 000
5 W
. TEC 4.5 4.5 4.5
Transpiration efficiency coefficient (Pa)
sl Sl g ol 5l S o & SB s BB O 8
. . WSSG 0.3 0.3 0.3
FTSW threshold when dry matter production starts to decline
Moo 8IS S s yin o J a2 88 S5 ogis B T oS
. L 4 4 4
FTSW threshold when leaf area development starts to decline WSS 0 0 0
SIS QIS 4 (A gy g 905 Sl oy
A coefficient that specifies acceleration or retardation in WSSD 0.5 0.5 0.5

development in response to water deficit
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Fig. 7- Simulated versus measured evaporation and transpiration by SSM-iCrop model
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9 38) gilwand gly Jao (bl g 2Ll Job s
A ) o) San 5 6ol Bogs 015 G558 s b 158 5 Slas
Canddy ol b b du i Cpiomes .Cubld Slgden (et al., 2018
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Introduction

Due to limitation of water and soil resources resulted from geological and climatic conditions of Iran as well as
necessity of self-reliance in infrastructural issues, efficient usage of water and soil resources available in Iran is
inevitable. Climatic changes, reduced biodiversity in the region and concerns about food security are regarded as
important issues; hence, evaluation of conditions to attain improved crop production seems essential. To investigate
yield improvement methods, yield potential and yield limiting factors (climate, soil, water, and genetic factors)
should be determined and evaluated in the first step. Simulation models may be used as scaled-up designs of field
experiments to overcome limitations such as time and costs. Crop simulation models are mathematical
representations of plant growth processes as influenced by interactions among genotype, environment and
crop management. Using crop simulation models can be an efficient complement to experimental research.
Models are being used to understand the response of crops to possible changes in crop, cultural management, and
environmental variables. Crop models use various plant and environmental parameters to simulate crop growth and
should be calibrated and evaluated before usage.

Materials and Methods

SSM-iCrop model predicts phenological stages as a function of temperature, day length. Calculation of
phenological development in the model is based on the biological day concept. A biological day is a day with
optimal temperature, photoperiod, and moisture conditions for plant development. Leaf area development and
senescence is a function of temperature, provide nitrogen for leaf growth, plant density and nitrogen
remobilization. To simulate leaf area expansion, the first step is to determine on each day the increase in leaf
number on the main stem using the phyllochron (temperature unit between emergences of successive leaves)
concept. In this model biomass is estimated as a function of the received radiation and temperature. Daily increase
of crop mass is estimated as the product of incident photosynthetic active radiation (PAR, MJ m2d'), the
fraction of that radiation

intercepted by the crop (FINT) and efficiency with which the intercepted PAR is used to produce crop
dry mass, i.e., radiation use efficiency (RUE, g MJ-!). Yield formation in the model is simply simulated as total
dry matter production during seed filling period plus a fraction of crop dry mass at BSG (as mobilized dry
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matter). Modeling seed growth rate and yield formation in the current model is based on a modified linear
increase in harvest index concept as described by Soltani and Sinclair (2011).

The model needs daily weather data, i.e. maximum and minimum temperatures, rainfall, and solar radiation.
The model can be run under multiple scenarios/treatments over many years.

Results

As a result of the SSM-iCrop model parameterization, three early, medium and late maturing cultivars were
determined for canola, which their cumulative degree days (GDD) for growth period completion were estimated as
2000, 2500 and 2700 °C days. After determination of the required parameters, the model was run based on sowing
date, management, and meteorological statistics of the region using the data from the papers which were not used
for parameterization, so as to validate the model. The average of the simulated data for days to maturity and yield
were 222 (days) and 383 (g.m?), respectively, whereas observed values for this traits were 223 (days) and 359
(gm?).

Conclusion:

Based on the 1:1 line and statistics of r=0.87, CV=18% and RMSE=67.04 (g.m?) for grain yield and r=0.97,
CV=5% and RMSE=10.68 (days) for days to maturity, it may be concluded that simulation canola growth using
SSM-iCrop model has been satisfactory and indicates accurate estimation of the model parameters, as well as
serving as a verification of the model efficiency in prediction of canola yield under climatic conditions of major
canola production regions of Iran.

Keywords: Evaluation, Parameterization, Plant models, Simulation.



