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Article Info ABSTRACT
Article type: Background and Obijectives: In order to identify the possibility of
Full Length Research Paper  supplying food to the world's population, given the need for continued
production in sustainable agriculture, it is necessary to correctly predict the
i ) yield of crops. For this purpose, modeling of growth stages and yield of
Article history: . . A, s
S rice based on meteorological statistics of Iran, was studied in Gorgan
Received: 05.03.2021 . . . .
Revised: 07.12.2021 Umversny of Agrlcultural_ Sciences and Natu_ral Resourc_es. The purpose of
Accepted: 08.05.2021 this study was to use the simple model SSM-iCrop2 to simulate rice growth
and vyield to investigate the effects of climatic factors, soil, agronomic
management and to determine the genetic coefficients of rice in Iran.

Keywords: Due to the appropriate ability of the model in rice simulation, it can be
Grain yield, used as a suitable tool for better planning and management of rice fields
Leaf area, in the country.

Phenology,

Simulation,

Materials and Methods: In this study, the SSM-iCrop2 model was used to
simulate the potential yield. In this model, the amount of potential yield is
calculated based on meteorological data, soil conditions, management and
plant parameters. The model needs a series of inputs to run, which is made
to perform the simulation of the collected model. The most important
processes to be simulated in the model are plant phenology, leaf area
changes, dry matter production and distribution, and soil water balance. For
parameterization and evaluation of the model, the values of performance
and day to maturity of the simulated were compared with those observed.
According to the statistics of the Ministry of Agriculture, 2001-2016, the
main areas of rice cultivation and production in Iran were identified. In this
study, to compare the deviation of the simulated values from the observed
squared error mean (RMSE), coefficient of variation (CV), correlation
coefficient (r) and the deviation of the simulated results from line 1:1 with
a range of 20% difference. Between the simulated and observed values was
used to test the model results.

Soil water

Results: In parameterization of SSM-iCrop2 model for rice, the
comparison of observed and simulated days to maturity with RMSE, CV
and r values of respectively 12 days, 11 percent and 0.61, respectively,
and for grain yield of 56 g m™, 21 percent and 0.80 indicated the accuracy
of the used parameters. Furthermore, in evaluation the model, RMSE, CV
and r values for days to maturity were 9 days, 10 percent and 0.95 and for
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grain yield were 43 g m?, 14 percent and 0.77 and in simulation
evapotranspiration were 44 mm, 9 percent and 0.79 respectively,
which confirms the precision of the model simulation. Application of
SSM-iCrop2 model is simple and acceptably precise simulation is possible
with minimal parameters and inputs.

Conclusion: The results of parameterization and evaluation of SSM-iCrop2
model, which was (RMSE), (r) and (CV), showed that this model includes
phenological stages and grain yield in the history of different plantings in
the climatic conditions of Iran simulates with great accuracy, which
indicates the appropriate structure of the model in the simulation.
Therefore, considering the appropriate accuracy of SSM-iCrop2 model in
simulating rice phenology and yield, it can be used as a suitable tool to
study cropping systems and interpret the results in different environmental
and management conditions to plan and improve the management of rice
fields in the country.
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Table 1. Required parameters inputs for running the SSM-iCrop2 model.

Bl Al
Parameter Unit
338 o Sl Aty ee 43, 0F 3 oS edd o pdle 5 oles uoly
Fraction of tuHAR for beginning root growth (frBRG)
:jﬁid»_ﬁj:ﬁ‘\.i:_l)diwJJ)Ql)AASaJ,La}:SLAJ.}&LubU
Fraction of tuHAR for termination root growth (frTRG)
L parn bsli o 53 4y 4yl Ges Foghe
Initial depth of roots at transplanting or beginning of growth (iDTPORT) mm
Skl gl e Ges Sl oW
R Maximum effective depth of water extraction from soil (MEED) mm
Water relations e S ks
Transpiration efficiency coefficient (TEC) KPa
i, gl FTSW wled
FTSW threshold when biomass production starts to decline (WSSG)
S o 5oi 5l FTSW siled ]
FTSW threshold when leaf area development starts to decline (WSSL)
S35 o S sl 2508 G5 Ol Sl
A coefficient that specifies acceleration or retardation in development in B
response to water deficit (WSSD)
alys, sles Sl o8 Sl ax s
Maximum temperature (TMAX) °C
“lss gles Jl- 318 sl s
el S Minimum temperaire (TMIN) °C
Met%C;I;gIOgy alisy el b 390 03 B I3
Solar radiation (SRAD) MJm?d?
sy S0 e dhe
Daily precipitation (RAIN) mm
SBlAx 5 e w3
Latitude degree
3| ShSliss ke e p ey S
S Sledibl Atmosphere CO, concentration (CO,) pmol mol™
Spatial data Sl SLES 35S sl o o )
Vapor pressure deficit calculation coefficient (VPDF)
Loy a5 )lds zljfs':.]t.., 4
Temperature change (tchng) °C
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Parameter Unit
el e S 3 e
Land slope (SLOPE) mm*
Sk ¥ 2 }
Precipitation coefficient of variation (pchng)
Sk Ges Fee
Soil depth (SOLDEP) mm
S sl
Soil albedo (SALB)
S 285 Jele
Soil drainage factor (DRAINF)
Sl e b 2S5 lele
Soil data Surface drainage factor (SDRAINF)
Sl sl e S s O e edas 55 e s
Soil water after release of gravitational water (DUL) mm mm™
Sl O s il edas 55 e s
Lowest level of soil water (LL) mm mm™
gLal Oles s St s O ltde Stk 3 e s
Soil water at saturation (SAT) mm mm’™*
S s JB T e Faishes 53 e
Volumetric soil water content available for extraction by crop roots (EXTR) mm mm™*
S L;M aJLa.fv
Curve number (CN)
sl & By BES)
Planting date (PDOY) day
St O il g3 2 35
Start of soil water simulation date (SimDoy) day
S b sl gt 4 gt U 8
Start of searching for planting date (FPDoy) day
Sl gl e Ol Jsb 390
eyl Duration of searching for planting (SearchDur) day
13 L pte Sl ol o ;
Management Irrigation threshold level (IRGLVL)
operations data oS L e it s o)
Termination of plant growth date (StopDoy) day
gl sl R
Minimum water height (mnWH) mm
<l gl Bl R
Maximum water height (mxWH) mm
bt g5 53 Sk Ol sl e
Initial soil water at start of simulation (ISW) mm
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Table 2. Experiments used for parameterization and evaluation of SSM-iCrop2 model for Rice.

Jl 5 Jous Oliud Laslos ol
Province, Location and Year Treatments Reference

oslaal 540 L;Lhui.ibﬂ
Experiments used for parameter estimation
e b2l sl

WA A TAR Ol ¢l Sl 55 ,a cile (*v)
Amol, Mazandaran, 2010-2011 Weeding and herbicide (32)
IFAY-IYAY (Ol SO Sl e o 85 (YA)
Neka, Mazandaran, 2012-2013 Genotype, Cropping Systems (28)
IWAY-AYAY (Gl ¢ el 0354 355 Olsn (5,86l o6 (v)
Amol, Mazandaran, 2012-2013 Transplanting date, nitrogen fertilizer rate (33)
AWAYATAY (ol el Gl =06 (f)
Amol, Mazandaran, 2013-2014 Transplanting Date (34)
VWAP=AYAD (Ol 5 555l S8 b e 55 o)
Shavour, Khouzestan, 2006-2007 Genotype, planting date (35)
b Ol (s S SR ()

Khui, Azarbaijangharbi, 2011-2012 Planting method (36)

oslizal 5550 glailesl
Experiments used for model evaluation
dbe ooty

VWA AYAY (ol 5e ¢ Jol S5 (*v)
Amol,Mazandaran, 2005-2006 Genotype (37)
VFAFATAY (S ook, bl s (¥A)
Rasht, Gilan, 2003-2005 Genotype, Irrigation (38)
YFAANYAA OIS oos Sl e (555 (ra)
Rasht, Gilan, 2009-2010 Genotype, Bacteria coexist (39)
AFAO- VYAV (S oo 35550 355 Ol el (f+)
Rasht, Gilan, 2006-2008 Irrigation, nitrogen fertilizer rate (40)
VFAO-\TAS (S ook, 6ol sl (f+)
Rasht, Gilan, 2006-2007 Genotype, Irrigation (40)

oslizal 5550 lailesl
Experiments used for evapotranspiration A
SR s s sl

AFVO-VTVY (S coos, Jpas ol o 55 (YY)
Rasht, Gilan, 1994-1996 Genotype, crop coefficients (41)
WA VYA ONS d pdine 0 Jgeams ol oo 0 535 (fY)
Soumeesara, Gilan, 2010-2011 Genotype, crop coefficients (42)
NI (GOS wes, Jyams ol o (555 (fY)
Rasht, Gilan, 2011-2012 Genotype, crop coefficients (43)
WAL DLk ¢ el G5 5 s SS el e i, ()
Amol, Mazandaran, 2011 Evapotranspiration measurement methods (44)
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Fig. 3. Major rice production regions of Iran according to the ministry of Agriculture statistical data (2001-2016).
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Table 3. Water-Soil relationships Parameters in SSM-iCrop2 model for rice (9 and 32).

bk Sldee
Parameter Value
QL s alo= o p5 adyy 4yl Gas 200
Initial depth of roots at emergence (iDEPORT, mm)
ale) LS pu s sl mles A 0.001
Temperature unit for growth of roots start (tuBRG, °C)
@)J}SC}JJ&U{&\A:J}b 0.65
Temperature unit for growth of roots stop (tuTRG, °C)
Sl gl S5 Gas Sl 250
Effective depth of water extraction from soil (MEED, mm)
O 2L e 58
Transpiration efficiency coefficient (TEC, Pa)
Ly ) FTSW slea 06
FTSW threshold when dry matter production starts to decline (WSSG) '
S 5 o 503 8l FTSW wled 05
FTSW threshold when leaf area development starts to decline (WSSL) '
S35 smd L Sl Dl 3 a8 S5 Ol e 0

A coefficient that specifies acceleration or retardation in development in response to water deficit (WSSD)

FTSW: Fraction transportable soil water
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Table 4. Dominant soils in rice production area in Iran based on harvest selection IFPRI (48).

Soil code Soc SOLDEP SALB CN DRAINF SAT DUL LL
Silt clay MF 25 0.7-1.2 250 0.11 78 0.03 0.756 0.677 0.517
Silt loam MF 25 0.7-1.2 250 0.12 79 0.03 0.361 0.261 0.110
HC12-Clay HF 25 >1.2 250 0.05 85 0.035 0.458 0.405 0.233
HC15-Clay MF 25 0.7-1.2 250 0.05 85 0.035 0.458 0.405 0.233
HC18-Clay LF 25 0-0.7 250 0.5 85 0.038 0.458 0.405 0.233
HC24-Loam MF 25  0.7-1.2 250 0.1 75 0.035 0.41 0.307 0.180
HC27-Loam LF 25 0-0.7 250 0.1 75 0.035 0.41 0.307 0.180

o1 o> SAT 285 556 DRAINF  Siax o)las CN Skt (5501 SALB Sl es SOLDEP sl= Ji .5 Soc

ol A 53 Sb Ol e glgme LL (2805 oV A s St O e gl DUL gLl s Sbt o

e e YOO Gas cawste (6500b (e = 10 e e YOO Gas ol ol ey = VY (IFPRE cils e St S gleas

ok YO Gos (oS (S550k e = TV e s YO s

chgis 50k 0 =T e s YOO Gas (oS 600k (e =VA

.D|ﬁ| BE @'ﬁ 6‘,3 SSM-ICrOpZ Jd BL) ‘53}‘}'5 4 byjd ‘_;U:JZA‘JE -0 J}-\P,'
Table 5. Phenology parameters in SSM-iCrop2 model for rice in Iran.

AL Sl b
Parameter Value References
s lp 4.1L; s 8 (¥o)
Base temperature for development (TBD, °C) (25)
Lower optimum temperature for development (TP1D, °C) (25)
j,«..‘ d‘)‘f r}) v)l.hﬂ L§LA> 37 (¥o)
Upper optimum temperature for development (TP2D, °C) (25)
oo | i gles 45 (Y0)
Ceiling temperature for development (TCD, °C) (25)
% | L | Y
S 1200-2200 S
Temperature unit for harvest index (tuHAR, °C) Table 2
O lp 2l | Y
S Sl 1222 S
Temperature unit for emergence (tuUEMR, °C) Table 2
&ls Ly Fors Sl ebes aly 783-1435 Y Jgd
Temperature unit for beginning seed growth occurs (tuBSG, °C) Table 2
s ws, 0L ¢l ol | Y
L GRE Sl e 1143-2095 S
Temperature unit for termination seed growth occurs (tuTSG, °C) Table 2
LS, ous e Slp gbes a1 783-1435 Y Jsds
Temperature unit for maturity that leaves start senescence (tuBLS, °C) Table 2

YA
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Fig. 4. Grain yield (a) and days to maturity (b) Simulated versus measured rice by SSM-iCrop2 model based
on data used in model parameterization. The £20% for yield and £10% for days to maturity discrepancy lines
are indicated by dashed lines. Solid line is 1:1 line.
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Table 6. Parameters related to the changes in leaf area in SSM-iCrop2 model for rice in Iran.

A0k Sl &b
Parameter Value References
S gl s Sl 403 0 b i 1 ey 21 0.01 Y gl
Temperature unit from sowing to 5% of maximum LAI (x1) ' Table 2
O o O3 33 (o Sy o 2 0.15 ANSERCS
Relative LAI at emergence (y1) Table 2
S p b arls Sl 00300 b i 1 gles 21y 0.70 Y Jdr
Temperature unit from sowing to 95% of maximum LAI (x2) ' Table 2
alaﬁjcjﬁ);&@fﬂc\aﬂyu 0.95 Y Jsd
Relative LAI at beginning seed growth occurs (y2) Table 2
Sy g 2 ls Sl 2.3 Y Jsdr
Maximum leaf area index (LAIMX) Table 2
S p S T b 1 ANOERE
Leaf senescence rate coefficient (SRATE) Table 2
S S e sl sleasl wlial /0l sles 8 @
Low temperature/freezing threshold for leaf death (°C) FrzTh 9)
FrzThﬂp\;@uv_ﬁﬁﬁjﬂﬁfgw 0.01 @A)
Leaf death rate per °C below FrzTh (cm?°C 1) FrzLDR ' 9)
S S il bl ol skl 37 )
Heat threshold temperature for leaf death (°C) HeatTH 9)
(cm2 °C _l) HeatTh 31 YL 51 S sle ax s 0 55 S 5 S 0 Oljes 01 )
death rate per °C above HeatTh (cm? °C ) HtLDR ' 9)
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Table 7. parameters of dry matter production and yield formation in SSM-iCrop2 model for rice in Iran.
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Parameter Value References
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Base temperature for dry matter production (TBRUE, °C) (25)
Sist osle A 5 gl o shlae glos sl 15 (¥0)
Lower optimum temperature for dry matter production (TP1RUE, °C) (25)
i osle J:Jf LS‘)'! u}.Ua.» sbes ):SHJ» 35 Y0)
Upper optimum temperature for dry matter production (TP2RUE, °C) (25)
St esle W5 (gl cai sles 50 (Yo)
Ceiling temperature for dry matter production (TCRUE, °C) (25)
PAR Gl 53l 2 0.60 (o)
Extinction coefficient for PAR (KPAR) ' (25)
Ly sllas Ll pd Lo pials 5l eslinad QLS 292 (¥0)
Radiation use efficiency under optimal growth conditions (IRUE, g MJ™) (25)
Clsy yasls e 1l Cld /ol e ls Sl 0.25-050 ANFRCS
The slope of linear increase in harvest index/maximum harvest index (HImax, g g d™) ' ' Table 3
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Fig. 5. Grain yield (a) and days to maturity (b) Simulated versus measured rice by SSM-iCrop2 model based
on data used in model evaluation. The £20% for yield and £10% for days to maturity discrepancy lines are
indicated by dashed lines. Solid line is 1:1 line.
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Fig. 6. Observed VS simulated evapotranspiration (ET) using SSM-iCrop2 model in major rice production
regions in Iran. The £20% discrepancy lines are indicated by dashed lines. Solid line is 1:1 line.
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