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Table 1- Weather data in Sari region
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MIm™d b 2 L b ke
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C iljy) slod aiseS (ke

.. 134 129
Minimum temperature, C
Cesliy sl i (e 236 229
Maximum temperature, C
(30,) (o Cughy (pSile 75 75
Early morning vapour pressure (%)
MMVl 1146 1222
Annual evaporation, mm
e L 5907 568
Precipitation, mm
km/hr ob ce po (ke 5 2
Mean wind speed, mm
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1- Crop Growth Monitoring System
2- Regulated Deficit Irrigation
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Table 2- Soil characteristic of research region in rooting depth

(em)Gos edl =105 Cudsb s 53 Cugby 12 (53,05 dlalli ) Cogb, SR pogate o
Depth (cm) Texture Field Capacity (%) Permanent Wilting Point (%) Bulk Density (gr/cm3)
0-20 Sandy- Loam 30.3 15.4 1.46
20-40 Clay- loam 325 15.6 1.36
40-60 Clay- loam 32 14 1.35
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Table 3- Data about Sowing and harvesting
Jlw Sl @b Syl &b ISR (Rided Sl (S,
year Sowing date emergence date Flowering date Maturity date
AARN M35 pow A5 prd VY 250t ¥
2012 24 May 30 May 14 July 25 August
2dhee Jo J s, 151 157 206 244
day number of the year
way Culigasdyl YO Cudigardyl T JRAR! ddye VY
2013 15 May 21 May 12 July 15 August
w23hes Jbo J5) 150 156 202 235

day number of the year
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1- Extinction coefficient for diffuse visiblelight [-] as
function of DVS
2- Maximum leaf CO2 assimilation as functionof DVS
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Table 4-Plant coefficient of Sunflower calibrated by model

ol S )
Parameter Value Unit
TSUM1 JQ’AK G ) ‘\3]9? )I 45]}9) Lo Eyoore 1300 oCday
temperature sum from emergence to anthesis
TSUM?2 Oy B (2551 il Lo &y 1000 Cday®
temperature sum from anthesis to maturity
initial DVS
DVSEND ety dnagt dloye 2
development stage at harvest
KT e . 0, 0.0025
SLATB 255 Jolye J  Spgots Sp oy o 0.002,1 hake!
specific leaf area as a function of DVS 0.002, 2X
SPAN 2 Jo 2 S e I 85 day
life span of leaves growing
RDI e 4gl e 10 cm
initial rooting depth
RRI ) Gos 53 Aljg) Gl Ay 12 cm/day
maximum daily increase in rooting depth )
RDMCR Esh ol ey Goe 55> 150 em
maximum rooting depth
0,0.85
0,091
0355 cplil &) (o) s eVl Ss oolo S 0,1 4
FOTB I SIS o) ; kg k
fraction of above-gr. DM to storage organs 0,1.22 gxe
1,1.55
1,2
0,05
0.8.0.5
. . 0.91,0.51
FSTB Bl & e o SV S5 02l o5 1,08  kgke'
fraction of above-gr. DM to stems 1221
1.55,0
0,2
LAIEM (3wl 2 S e eSS 0.0053  haha'
leaf area index at emergence
TSUMEM el U el Sl ol ol 130 °Cday"

temperature sum from sowing to emergence
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1- Initial light-use efficiency of CO2 assimilation of single leaves as
function of daily temperature
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Figure 1- Crop Coefficient of each treatments
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Table 5- Result of evaluation of WOFOST Model

Jlw Jows RMSE nRMSE CRM RE ME EF .
g Year Treatment (tha') (%) (%) (%) (%) (%) '
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£ o1y DTS 037 28 137 003 -0.09 9.63 0053
& PRD55 033 27 317 001 -008 9.1 .052
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5 FI 0.09 412 <185 002 001 061 0079
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3 ¥ PRD55 001 0.95 0 0 0 017 0426
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EE ¢ FI 0.1 38  -1.95 003 001 123 0321
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Figure 2- 1:1 figures of evaluated parameters
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Table 6- Simulated and Observed values of crop parameters by WOFOST

5w o sadliico
Simulated Observed
3 Slos .
Jw Sl begie ComgjdyShos o8l o bogta Congj 02U 5“’“5’”
Year Treatment a)SL:c (t ha') 0395 ol 1 Jﬁ(ﬁ:aﬁ;’u’ -’;SJT" o393 il g . sSh).g-l)
il TWSO (%) LAI (ha ha™) il (tha') (%) 2
TAGP (tha™) HI (%) TAGP Hi(vy LAT(aha)
(tha™) (tha™y TWSO
(tha™)
FI 20.74 530 0.26 7.99 2074 531 025 76
iy, _ PRDTS 16.45 527 032 7.08 1656  4.96 03 6.9
DI 75 14.09 43 031 574 1407 414 0.29 6.1
2012 "pRp 55 12.33 34 028 5.47 1247 328 0.26 6
DI 55 10.21 3.05 03 438 1011 293 0.29 52
FI 18.52 431 023 7.95 1824  5.14 028 72
\yay _ PRDTS 14.61 4.07 028 7 15.60 47 03 71
DI 75 12.38 316 0.26 5.65 1376 442 032 6.5
2013 " pRp 55 10.92 2.47 023 532 1179 3.62 03 6.64
DI 55 9.56 232 0.24 423 9.96 3.18 032 57
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Table 7- T in 95% level in simulated parameters in FI and PRD 75 treatments
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Table 8- Water bilan and TAGP in simulated of WOFOST

Jlw slow (mm) 5,5 (mm) o (mm) G5 — ped (mm) OUL (mm) (5,but+ (33,1
Year Treatment Transpiration Evaporation ET Loss Precipitation and irrigation
FI 220 83 303 284 530
\¥4y PRD 75 167 94 261 229 418
DI 75 180 97 277 231 430
2012 ""pRp 55 168 93 261 170 353
DI 55 158 108 226 164 354
FI 227 75 302 150 319
\Yay PRD 75 174 109 283 135 290
DI 75 187 101 288 129 286
2013 "pRp 55 108 174 282 103 253
DI 55 164 116 280 100 246

WOFOST Juo b )lal O (bl 32 (559850 5 (S35t 9 )bl O bl 32 (5590 70 845 (5 jLuvinsd 9 (g0 Lo 3l -4 Jguta
Table 9- Simulated and observed productivity of irrigation and precipitation and productivity of irrigation by WOFOST

9 8ol @ ol 52 (5590 5 Syl ST bl 3 (6590 R0 (300 3) Lorund sl
Jw slosd (kg. m™)(WP(I+R)) 5%, (kg. m)(WP(D)) Relative error
Year Treatment Llosalin & }uw Llosalin & }uw WP(+R) WP
Observed Simulated Observed Simulated
FI 3.54 4.1 4.32 4.3 13 -46
¥ PRD 75 3.26 3.95 4.12 4.1 17 -0.48
DI 75 2.77 3.26 3.49 34 15 -2.6
2012 PRD 55 2.79 3.52 3.65 3.63 20 -0.55
DI 55 2.27 3.10 2.9 3.21 26 9.65
FI 3.82 5.8 4.26 432 34 -7.07
\¥ay PRD 75 3.86 5.03 4.39 4.1 23 -7.07
DI 75 3.39 4.3 3.86 3.47 21 -11.23
2013 PRD 55 3.38 431 3.95 3.64 21 8.51
DI 55 2.86 38 3.34 32 24 -4.37
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Introduction: This research as reported issimulation study by WOFOST and was focused on traditional
methods of deficit irrigation such as terms of percentage in full irrigation conditions or as evaluation of growth
and development in certain days after irrigation. WOFOST is the crop growth simulation model was originally
developed to simulate crop yield for a single location where weather, soil and crop data are assumed
homogeneous and is a member of the family of Wageningen crop models.

Materials and Methods: This research was conducted at the research farm of Sari Agriculture Sciences and
Natural Resources University, in 2012 and 2013, with 5 treatments. The experiments were arranged as
randomized complete block design with three replications. The irrigation treatments consisted of full irrigation
(FD), regulated deficit (DI75, DI5S5) and partial root zone drying irrigation (PRD75, PRD55). The WOFOST
software was also used to determine the growth and development of crops in compare with measured data on
sunflower of Azargol variety. The crop input parameters of the selected models were based on previous field
experiments. The soil condition were ranging from sandy loam to clay loam. By this specification FC, PWP and
p could be calculated. To ensure an accurate simulation of crop growth, phenological parameters for each crop
model were adjusted according to the anthesis and maturity dates in the field experiment. In this study,
WOFOST model was used to simulate performance under deficit irrigation (50, 75% water requirement compare
with full irrigation) and FI. Also, in this research the ability of the last version of WOFOST in simulating of
sunflower in DI and PRD in %75 and %55 levels is carried out in contrast to FI so that crop coefficient of
sunflower could be calculated and by this, the productivity of yield in Sari agricultural and natural resources
research field could be achieved.

Results and Discussion: The results showed that the application of DI75 and PRD75 treatments relative to
full irrigation reduced the whole growth period in the years 2012 and 2013, respectively. LAI showed that the
model relatively was able to adjust the observed and simulated parameter in contrast to the other parameter (HI,
TAGP and TWSO). Also it should be noted that the results of simulation of WOFOST in 2013 is more close to
measured data. Totally it could be concluded that DI 55 in 2013 has the best correspondence among observed
and simulation data. The results of calibrations showed that the most significant coefficients in WOFOST could
be divided into 2 categories: First crop coefficient which depends on weather, coordinates of region and
physiologic and phenologicof plant that is fixed among the simulation and second coefficient is irrigation
coefficient that is depends on irrigation treatment and their response in development of growth. Also the results
showed that by decreasing the volume of water which given to plant, AMAXTB and KDIFTB decreased and
adversely EFFTB increased. By using the measured and simulated water balance components of model, with
increasing water stress, water productivity base on total irrigation and rainfall (WPI+R) and the water
productivity base on irrigated (WPI) of both cultivars decreased and FI water productivity was higher than the
treatment under drought stress. Simulated seed yield and total biomass had normalized root mean square error
(nRMSE) index less than 10%, coefficient of residual mass (CRM) index near zero, modeling efficiency (ME)
about 0.98 and coefficient of determination (R?) about 0.93.The Effect of different treatments on seed yield,
biomass yield, leaf area index and water productivity was highly significant (P<0.05).Also the results showed
that FI has the highest ET among 2 years cultivating and PRD 55 in 2012 has the lowest ET. The maximum of
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crop yield in both years 2012 and 2013 belong to FI with 5313 and 5148 kg. ha-1 respectively, which showed no
significant difference relative to PRD75 treatment. This trend could be seen in the other parameter.

Conclusions: Generally our findings showed the WOFOST model provides reasonable accuracy in
simulating growth and yield under water limited conditions. It seems that we can use this model for determining
optimal strategies in water management and on water scarcity conditions for sunflower cultivation.

Keywords: Extinction Coefficient, Growth Simulation Model, Grain Yield, Water use efficiency



