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2- Effective extraction depth
3- Radiation use efficiency
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Table 1. Required parameters inputs for running the SSM_iCrop2 model
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Water relations Fraction of tuHAR for beginning root growth (frBRG)
Sgd so hbyie diyy hes Ay Gl )0 4 sadojlley sles o>y
Fraction of tuHAR for termination root growth (frTRG)
Srab,; g0 b (Gialez plie ) laady ) asl Ges Sk
Initial depth of roots at emergence or beginning leaf growth (iDEPORT) mm
SB 5l ol gl e Gos Sl Sk
Maximum effective depth of water extraction from soil (MEED) mm
35 S ey ISl 5k
Transpiration efficiency coefficient (TEC) kPa
oy sl FTSW wlad
FTSW threshold when biomass production starts to decline (WSSG)
S 5 g 503 gl FTSW wiles]
FTSW threshold when leaf area development starts to decline (WSSL)
S3slgid goi Sy (sl ol 35S 25 POl gy ke
A coefficient that specifies acceleration or retardation in development in response to water deficit -
(WSSD)
eolslsn Sl ailysy sloos 2Slas o )5 sle ax o
Meteorology data Maximum temperature (TMAX) °C
alye, sles Jolos RS gt P ey
°C

Minimum temperature (TMIN)
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P 9
Solar radiation (SRAD) MJ m2 gt
alig, S5k Fegke
Daily precipitation (RAIN) mm
S oleds! ldli> o FESN
Spatial data Latitude (Latitude) degree (0)
Sl p S oS ligs il Joe 2 JsessSes
Atmosphere CO, concentration (CO,) pmol mol*
o )Lid SgeS alons cupo
Vapor pressure deficit calculation coefficient (VPDF) i
[PRYUUES ARV RS gt pEsy
Temperature change (tchng) °C
S Sl R IRow. o ) yie
Soil data Land slope (SLOPE) mm!
S e oo ~
Precipitation coefficient of variation (pchng)
SE es Fohe
Soil depth (SOLDEP) mm
SE ool
Soil albedo (SALB) )
S piSa 5isle .
Soil drainage factor (DRAINF)
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Surface drainage factor (SDRAINF)
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Soil water after release of gravitational water (DUL) mm mm-*
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Lowest level of soil water (LL) mm mm*
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Soil water at saturation (SAT) mm mm-?
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mm mm-*

Volumetric soil water content available for extraction by crop roots (EXTR)
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Termination of plant growth date (StopDoy) day
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Table 2. Water-plant relationships parameters in SSM_iCrop2 model for bean (Soltani, 2009; Amir & Sinclair, 1991)

Fobhl Jlade
Parameter Value
Sl £9y0 b (e al>pe 53 ady; gl Bee 200
Initial depth of roots at emergence (iDEPOR, mm)
adyy 05 £9,5 ly (2les 92y 0.04

Temperature unit for growth of roots start (tuBRG, °C)

Aoy ab, a8gs gl s,_Lw >y

0.55
Temperature unit for growth of roots stop (tuTRG, °C)
Sl Ol zlysul fse es yiSla> 1000
Effective depth of water extraction from soil (MEED, mm)
6% @bl ey 5
Transpiration efficiency coefficient (TEC, Pa)
a6l FTSW sitead 03
FTSW threshold when dry matter production starts to decline (WSSG) '
5 s 503 sl FTSW il 04

FTSW threshold when leaf area development starts to decline (WSSL)
3l gad oy sl Ol 09eaS (5 3ol eyl
A coefficient that specifies acceleration or retardation in development in response to water deficit (WSSD)
FTSW: Fraction transportable soil water

(Koo & Dimes, 2013) IFPRI cuisls g zebaw ool (wlw!l 0 ol 50 Lugd suicSuudsd Gble jo LI sl -F Jgus
Table 3. Dominant soils in bean producing areas in Iran based on harvest area selection IFPRI (Koo & Dimes, 2013)

Soil code Soc SOLDEP SALB CN DRAINF SAT DUL LL
HC16-Clay MF060 0.7-1.2 600 0.05 85 0.2 0.458 0.405 0.233
HC19-Clay LF060 0-0.7 600 0.05 85 0.2 0.458 0.405 0.233
HC22-Loam HF060 >1.2 600 0.10 75 0.5 0.41 0.307 0.180
HC25-Loam MF060 0.7-1.2 600 0.10 75 0.5 0.41 0.307 0.180
HC28Loam LF060 0-0.7 600 0.10 75 0.5 0.41 0.307 0.180

bl Cll> 0 S Ol oz S SAT ¢ iSa; 4556 DRAINF ¢S5 i o,leis CN ¢S5 5501 SALB « 515 3as SOLDEP S JT - 5 :Soc
ol 0o 3 S Ol e S iLL s Sy YL o 0 S Ol e S DUL
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Table 4. Experiments used for parameterization and evaluation of SSM_iCrop2 model for bean in Iran

ol | cndgn
Jbeg Joe i ol &l (Latitude) =
Province, Location and Year Treatments Reference .
(Longitude) Jgb
Experiments used for model parameterization Jow b yolyly 1y ool 5590 s inlo T
VWAASYYAY (STl 555 e R CERETUR WA ) Ken 5 plio 34.07
Arak, Markazi, 2008-2009 Genotype, Drought stress Safapour et al, 2012 49.78
IR ITAR W5LS (55 e sacale S8 sla ss, IAF (e 5 (5 o> 33.55
Shazand, Markazi, 2010-2011 Weed control methods Hydari et al, 2015 49.24
VWAPSYYAD (e o555 5o R CE L I WA o Kes 5 gol 33.39
Khomain, Markazi, 2006-2007 Genotype, Drought stress Assady et al, 2011 50.04
VWWAY-AYAY s, ool oS o515 cnss) VAT (o)) San 5 50 Solo 35.24
Rey, Tehran, 2002-2003 Genotype, Plant density Sadeghipour et al, 2005 52.36
AWAFAYAY cailoo o 3,5 olul,d] lS o ,b iy WWAY o) Sen 5 ol 37.45
Miane, East Azarbaijan, 2004-2005 Genotype, Planting date Salehi et al, 2008 477
WWASSVYVA s, ol ASle 5 g e S (;Mr:.‘w;éf ??ﬁ“ﬁ o 35.24
Rey, Tehran, 1999-2001 Genotype, Weeding and herbicide adeghipur atariknaligh,
2002 52.36
VAPSATAY copop 5 olni Poms) e WAl Gt s ol e 36.2
Khoramdare, Zanjan, 2005-2007 Genotype, Rhizobium Mehrpoyan & Shirani rad, 2011 49.92
TATITAT 0t sl s Jlm’l?;". Sl sl IARIERULSL PRI 32.3
Shahrekord, Chaharmahalvabakhtiari, Genotype, Low irrigation Karimzadeh et al,2017
2013-2014 yPe, 9 ' 50.8
Experiments used for model evaluation Joo b3l 5y ool 5590 s lo3T
VWAASYYAY 5,005 ¢yl ) lS o ,b iy W o Kes 5 Sle>, 33.24
Aligudarz, Lorestan , 2008-2009 Genotype, Planting date Rahmani et al, 2012 49.42
MM AT L i S U N 0595 955 el WWAY ) Sen g plodl oiile o 29.57
Shiraz, Fars, 2011-2012 Genotype, Nitrogen fertilizer Mirhashemi Aghdam et al, 2014 526
VWWAASVYAY oz S o551 Ol 5900 g VYAV ) San 5 (g8 35.78
Karaj, Alborz, 2008-2010 Genotype, Water deficit Ghanbari et al, 2014 50.83
VATV FAY (STl s 5S e okl cogss L TAPRANL SV [PR IS 34.07
Arak, Markazi, 2013-2014 Genotype, Irrigation Mohajerani et al, 2016 49.78
VWARIYAA @05 30ed e )iz g Jlomoslozr S GRS el VA0 ol e 5 (sonia 323
Shahrekord,, Chaharmahalvabakhtiari Genotype, Drought stress Jamshidi et al, 2016 50.8
VWAV-VYAS w0, p,5 ool s Tls “’;; Tls Cd‘): %I;Ty;t' VWAL (o) Ken 5 Gbgs e 36.2
. X enotype, Planting date, Planting
Khoramdare, Zanjan, 2007-2008 method Mehrpouyan et al, 2010 49.92
VWWAASYYAY (ol ooyl calS g b oaiss WA e 5 lae (5,03 36.67
Zanjan, Zanjan, 2008-2009 Genotype, Planting date Ghanbari Motlag et al, 2012 4853
AYARNTAY oS 5,0 O 05eS s VWAF (5,03 35.78
Karaj, Alborz, 2008-2010 Genotype, Water deficit Ghanbari, 2015 50.83
WA laen ooloen I RYWA RN 7 WA (6 o § (sl 34.87
Hamedan, Hamedan, 2011-2012 Genotype , Water deficit Omidi & Sepehri, 2015 '
VWAF-AYAD Gy o 5 ooloub 3 oS oS15 cagi WA oo Kan 5 S 38.12
Tabriz, East Azarbaijan, 2006-2007 Genotype, Plant density Parvizi et al, 2011 46.23

Y



FY-OF amivo 1P Jlo 16l Y (0599) Jlw /o)1 30 U g SBGIBYH /... 2l 51 9 (b yiolyb 1], Ko 3 koo

40°00"F 45°00"F 50°0'0"F 55°0'0"F 60°0'0"E 65°0'0"
1 ) L 1 1 L

& &
g N S

A Ardabil Caspian sea

East Azarbaijan
North Khorasan
Guilan | Golestan
West Azarbaijarf iy
Zanjano,, Mazandaran
) Ghazvin Alborz o
z Kordestan Tehran G Razavi Khorasan z
g 1 i : Hamedap G E 4
o Kem Markass -
Lorestan
Tlar Esfahan
P v South Khorasan
Chaharmabal-Bakhiari
Khoozestan
z . Kohkilooye-Boyer "
1 Ken s
& 2
Percentage of total production

0-1 o Sistan and Baluchestan

2-5

6-15 Persian gulf
z || I 1627 z
G o 125 250 500 ]

Km
T T T T T T

40°00"E 45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E 65°0'0"E

Y A=IYAD) (5555l @ ylh9 slol bl youisS 3o Lugd udgi Lol bl Y JSi
Fig. 1. Major regions of bean production in the country according to the Ministry of Agriculture figures (2001-2016)
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Table 5. Phenology parameters in SSM_iCrop2 model for bean in Iran
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Parameter Value References
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Base temperature for development (TBD, °C) Soltani & Sinclair (2012)
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Lower optimum temperature for development (TP1D, °C) Soltani & Sinclair (2012)
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Upper optimum temperature for development (TP2D, °C) Soltani & Sinclair (2012)
g0 gy s (sloo 45 V) s g Gl
Ceiling temperature for development (TCD, °C) Soltani & Sinclair (2012)
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Temperature unit for harvest index (tuHAR, °C) Table 4
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Temperature unit for emergence (tUEMR, °C) Table 4
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als o,y bl lp sles a>lg 12592228 ¥ Jgo
Temperature unit for termination seed growth occurs (tuTSG, °C) Table 4
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Table 6. Parameters related to the changes in leaf area in SSM_iCrop2 model for bean in Iran
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Parameter Value  References
Sy aw el iSTas ws 30 U culs jl ples axly 001 ¥ Joux
Temperature unit from sowing to 5% of maximum LAI (x1) ' Table 4
O 0o )3 (g S s (23l 0.15 ¥ Jsa
Relative LAl at emergence (y1) Table 4
Sy phw m3ls gl 0s )00 b el 5l obs axly 050 ¥ Jsox
Temperature unit from sowing to 95% of maximum LAI (x2) ' Table 4
Al iy £9,0 53 (oond Sy praw sl 0.95 ¥ Jsox
Relative LAl at beginning seed growth occurs (y2) Table 4
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Maximum leaf area index (LAIMX) ' Table 4
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Leaf senescence rate coefficient (SRATE) Table 4
S5 S e sy sless! Alial [emly sloo 8 VWAA (Glale
Low temperature/freezing threshold for leaf death (°C) FrzTh Soltani, (2009)
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Heat threshold temperature for leaf death (°C) HeatTH Soltani, (2009)
HeatTh ;| 5L ol 5 il az )0 ,8 10 S5 Fpe e 01 VWAA o Sllales
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Table 7. Parameters of dry matter production and yield formation in SSM_iCrop2 model for bean in Iran

Fobil Sladio &b
Parameter Value References
Szd oole adgi lp b sles 5 (Vo) S 5 Slales
Base temperature for dry matter production (TBRUE, °C) Soltani & Sinclair (2012)
Sz osle g sl wslhae slos Bl 25 V) s 5 Glals
Lower optimum temperature for dry matter production (TP1RUE, °C) Soltani & Sinclair (2012)
Szs oole adgs sl gl slos STlas 37 (YY) S 5 sllale
Upper optimum temperature for dry matter production (TP2RUE, °C) Soltani & Sinclair (2012)
S oole adgi gl i sles 5 (VV) IS 5 Sl
Ceiling temperature for dry matter production (TCRUE, °C) Soltani & Sinclair (2012)
PAR (gl o350l s 065 (VoY) IS g Sl
Extinction coefficient for PAR (KPAR) Soltani & Sinclair (2012)
Ay oglhas byl i cos il ) ool 118 2 (Vo) S 5 Slales
Radiation use efficiency under optimal growth conditions (IRUE, g MJ%) Soltani & Sinclair (2012)
ciloy pasls as (il cudledls y el iSlas 0.25-05 F Jsor
The slope of linear increase in harvest index/maximum harvest index (HImax, g g* d%) ' ' Table 4
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Fig. 2. Simulated versus observed grain yield (a) and days to maturity (b) 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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Fig. 3. Simulated versus observed grain yield (a) and days to maturity (b) 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. 4. Observed VS simulated evapotranspiration (ET) obtained from NETWAT software using SSM_iCrop2 model

in major bean production regions in Iran
The +20% discrepancy lines are indicated by dashed lines. Solid line is 1:1 line.
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Introduction

Common bean (Phaseolus vulgaris L.) with 20-25% protein and 50-56% carbohydrate content, has a
crucial role in supplying the required proteins and maintenance of food security of the community. Among
the Asian countries, China, Iran, Japan and Turkey are the major producers of common bean. According to
the figures provided by the Ministry of Agriculture, cultivation area and production of bean in Iran in 2016
were 114593 ha and 222705 tones, respectively. In recent years, due to the increase in the population and in
order to rapidly meet the demand for more food as well as decision making at micro and macro-levels,
simulation of crop growth and yield using the models has gained attention due to rapid preparation of the
results, lowering the execution costs and the possibility of simulation under various climatic and
management conditions. In order to model the growth stages and yield of bean using the figures of Iranian
meteorology organization (minimum and maximum temperatures, radiation and rainfall), a study was
conducted at Gorgan University of Agricultural Sciences and Natural Resources. The simple SSM_iCrop2
model was used for this study. This model has been tested and proved for a wide range of plant species. This
model requires easily available and limited input information. The aim of this study was to parameterize and
evaluate the SSM_iCrop2 model for simulation of growth and yield of common bean in order to investigate
the effect of climatic, soil and crop management factors as well as determination of genetic coefficients
under Iran conditions using the sub-models associated with phenology, dry matter production and
distribution and the changes in leaf area.

Materials and Methods

SSM_iCrop2 model was used as the base of this study. Observed and simulated yield and days to
maturity values were compared for parameterization and evaluation of the model. For this purpose, a series
of experimental data (data associated with the growth and production of bean and reports from the published
and unpublished papers) in major bean cultivation areas of the country were used. First, parameters related to
phenology, leaf area, dry matter production, yield formation and water relations were estimated. Then, the
model was evaluated using a series of data which were independent from the experimental data used for
parameterization. Crop management inputs were also entered according to the experiment reports. For
statistical analysis and investigation of model precision in comparison of the data recorded in the previous
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studies with the data simulated by the model, correlation coefficient (r), root mean square error (RMSE) and
coefficient of variation (CV) were calculated and 1:1 diagram was also drawn.

Results and Discussion

In parameterization of SSM_iCrop2 model for bean, the comparison of observed and simulated days to
maturity with RMSE, CV and r values of respectively 14 days, 13 percent and 0.76 and comparison of
observed and simulated grain yield with RMSE, CV and r values of 62 g m?, 20 percent and 0.84 indicated
the accuracy of the used parameters. Furthermore, in the evaluation stage, RMSE, CV and r values for days
to maturity were 8 days, 8 percent and 0.74 and for grain yield were 53 g m?2, 19 percent and 0.77,
respectively, which confirms the precision of the model simulation. The model simulated the
evapotranspiration of been in a good manner. The values for RMSE, CV and r for the comparison of the
observed and simulated evapotranspiration were 63 mm, 11 percent and 0.85, respectively. Application of
SSM_iCrop2 model is simple and acceptably precise simulation is possible with minimal parameters and
inputs. This model was able to simulate the growth period and yield of bean cultivars in a good manner
despite high variations using thermal unit parameters form sowing to harvest, maximum leaf area and
maximum harvest index.

Conclusion

Growth and yield of bean was successfully simulated using SSM_iCrop2 model using minimal and
available parameters despite different growth habits and high phenotypic and genotypic variations among the
cultivars. The results of the model evaluation performed using RMSE, r and CV showed that this model is
able to simulate maturity time and grain yield of bean sown in various dates under Iran climatic conditions
with a high precision. Thus, due to suitable precision of SSM_iCrop2 model in simulation of bean phenology
and yield, it may be used as a suitable tool for investigation of crop systems and interpretation of results
under various environmental and management conditions for planning and improving the management of
bean fields in the country.
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