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Introduction

The rapid growth of the world's population, followed by an increase in the need for water, has put great
pressure on water resources, so it is necessary to plan for the optimal use and increase of efficiency of this vital
resource. Sunflower is one of the most important oilseed crops that is mainly cultivated in Kermanshah province.
Therefore, determining the appropriate sowing time of this crop for maximum production and water use
efficiency is of particular importance. Because field experiments are costly and time-consuming, researchers use
crop growth simulation models to determine the optimal planting time for each crop in a specific environment
and climate. The use of simulation models minimizes the limitations of field experiments and allows the analysis
of plant responses to environmental stresses and management scenarios. The objective of this study was to
determine the optimal planting date of the Farrokh sunflower cultivar in four regions of Kermanshah province
(Kermanshah, Islam Abad, Sarpol Zahab, and Kangavar) in order to maximize yield and water use efficiency
using the AquaCrop model.

Materials and Methods

A field experiment was conducted at the Research Farm of Razi University, Kermanshah, Iran in order to
calibrate and validate the crop parameters in the AquaCrop model. The experiment was performed in a
randomized complete block design with eight irrigation treatments in three replications. The irrigation treatments
were the application of 60, 80, 100, and 120% of irrigation requirement (T1, T2, T3, and T4), 20 and 40% deficit
irrigation in vegetative phase (T5 and T6), and 20 and 40% deficit irrigation in reproductive phase (T7 and T8).
The crop water requirement was calculated based on the daily weather data collected from an automated
meteorological station at the Research Farm using the FAO Penman-Monteith equation. During the growing
season, canopy cover, biomass, and soil moisture were measured weekly. The crop parameters were calibrated
based on the measured data in treatments T1, T3, T6, and T7 and validated with four treatments T2, T4, T6, and
T8. In the calibration and validation stages, the statistical indices including compatibility index (d) and root
mean square error (RMSE) were used to evaluate the model outputs. The calibrated model was used to simulate
crop growth based on daily weather data for 30 years (1988-2017) in four synoptic stations in Kermanshah
province (Kermanshah, Islam Abad, Sarpol Zahab, and Kangavar) and for several different planting dates. The
crop water productivity was calculated based on simulated grain yield and seasonal crop evapotranspiration.
Finally, the model outputs under different planting dates were analyzed to determine the most appropriate
planting time from the perspective of maximum production and maximum water use efficiency.

Results and Discussion
Statistical indicators show that the model has simulated the parameters of biomass, crop canopy, and soil
moisture in the calibration stage with good accuracy. T1 and T6 treatments in biomass simulation, T7, T6, and
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T3 treatments in crop canopy simulation, and T3 and T7 treatments in soil moisture simulation had the highest
accuracy. The accuracy of the model outputs in the validation stage for biomass and canopy cover was as
accurate as in the calibration stage, while the accuracy of the simulated soil moisture in the validation stage was
not high except in T4 treatment. Based on the model results, grain yield, seasonal evapotranspiration and water
productivity were determined. According to the results, it can be said that in the study period (1988 -2017), grain
yield has generally increased with a slight slope. The results showed that the planting date, which maximizes
grain yield and water productivity, varies in the studied regions. According to the model results, planting in the
second decade of May and the second decade of June will lead to the highest grain yield and water productivity
in Kermanshah, respectively. Planting in the third decade of May showed the highest grain yield and crop water
productivity in Islam Abad. In Sarpol Zahab, which has the highest temperature among the studied stations,
planting in the last decade of March and the first decade of April has the highest grain yield and water
productivity, respectively. In Kangavar, which is located in the east of Kermanshah province and has the coldest
climate, by cultivating sunflower in the last decade of May and the first decade of June, respectively, the highest
grain yield and water productivity can be achieved.

Conclusion

Due to the fact that some crop parameters of crop growth simulation models are variety specific, in this
study, the crop parameters of the AquaCrop model for Farrokh sunflower cultivar were calibrated and validated.
The accuracy of the calibrated model for estimating biomass and canopy cover was higher than soil moisture.
The simulation results showed that the values of the studied parameters (grain yield and seasonal
evapotranspiration) have changes according to the planting time in each region. The highest crop yield can be
obtained in Sarpol Zahab, Islam Abad, Kermanshah, and Kangavar regions (west to east of the province) by
cultivation in the last decade of March, last decade of April, the second decade of May, and last decade of May,
respectively. In all study areas except Islamabad, planting date that resulted in maximum water productivity was
different from the planting date that had maximum grain yield station and delayed planting had the highest water
productivity.
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Table 2- Range of studied cultivation date in various stations

JVEY V%] PE A vy L TR PRE DY
Weather Station Cultivation date range
JrIieis 3,5 YO U cigu,l VO
Kangavar 5 May — 15 June
olisle,S A5 YO U Cuiigudyl &
Kermanshah 25 April — 15 June
ol Ml M5 YO b Cuiigudyl &
Eslam Abad Gharb 15 April — 15 June
o3 oo 2299, ¥V b wiawl Y0

Sarpol Zahab

15 March — 20 April
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Table 3- Calibrated crop parameters of AquaCrop model for sunflower (Farokh cultivar)
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Folyb 9 ylaso Y9y
Parameter (Unit)  value Method
o5 Wl B el gl ploj oo GDD 60 (Measured) oii ¢,Sojll
(Duration from sowing to Emergence)
o LB el gl e GDD 1040  (Measured) oxs (g ySojls
(Duration from sowing to start senescence)
S by, dinds & ey B SIS 5] plaj 20 GDD 820 (Measured) ois (s pSejlu
(Duration from sowing to maximum canopy)
L;h_“ (e WM ok e GDD 640 (Measured) o5 ¢ Sojll
(Duration from sowing to flowering)
25 09 J% GDD 200 (Measured) o (¢ 5o}l
(Length of the flowering stage)
Vi gles oC 30 (Default) ,o55 i
(Upper temperature)
b gl °C 4 (Default) o i
(Base temperature)
S8 53 sy Slios Plantsha 100000  (Measured) ess (s Sojls
(Number of plants per ha)
) pop oo Al cm 80 (Measured) o (s So;ll

(Maximum effective rooting depth)

1- Growth Degree day




1Fe) yui — 010,5 ¥ oyleds FF wls (S g ol a5 VAY

Lo jlged (pl s dsgs b canl oads &81)1 Y JSS > calises (gla Sl
o L aihy 5, Slos iVl Gllwg e de 55 Hlo 5 oo
sla o1 e s @ ds g b canl atsly iuli8l gy (Sl
u|)_u.v 5l b b)_ihy.e oldy O‘-’.] ‘5)1391 Cao e g olS SB
55) oolitlyn sl iy et Al o (gulidlyn (slo il
2 (025 25155 5 I (51o> (ETO) o o ity 355 5
oy dw pa ae ol 0 a8 ob L adllas 350 (Sloj o3l
OialS L ady 0y90 0 Lod iuljal lazily iuliel Wey awlidlen
el S S\s> o SIS (o J 5 0352 han 0335 s
Thompson et al., ) 24 0 oS 5,Slos 5 jiwsid ylie yiul3dl
e 5 48 sy oy 4 5, Shee iol8l 4 angi L (2017
e 33U 51 g &l 0)Sles (69) (p)S ST 6> lime yiul3dl
Gl 035 1ot (glod i3l

b asang L ash s She olps Sy uied gls
By 9y il 5y Slae (1 Slie Wl oo Jlo jo 5 cuiS
P ot 290 SLutS ) ly O Bpan 5)50 00 9 b
9 L.JLQ.) J,s)_w ‘L_:)_C .)l.sT ra)'t.u‘ ‘bL.u.sLo)f stL.w]y’b LsLtbaK...w."
ash oy Slos liee oy g WGl 0dd (0)155 0 Jodo jd 5558
5 olad sy coyedllpdul woliile S sloolKiw! j5 o, Kokl
£ g <\_.m3) )L:&m 2 P;SJS\‘AAA l_: )._gl)g e yS Ao )9L.§IS
YOYY (Cigud)yl pod amd) LS ;3 p,55lS FFFY (Cuipu)|
LS 53 )59 LS FIVE 5 ((23)9,8 Jgl ams) LS 5 )55
meiS Fu,6 b acusS oyl ol 45 del Cans 4y (15,3 pgd amd)
1 Rl Yoame a5yl cillas Ly yi5 dilain 5 adly sla
Ol_?qlg)'ﬂ 6Byt Ql—?‘-.‘.l{)j sl biwl ke by Jaize bl
Lol 33,5 o S g5 0 31055 VO L5 (39,8 poww dtd |
Sl o Cadigudyl pod dass cudlS Fu )l oy il

AquaCrop Juas i caus g sy

@35y j 035 (6503103l olde 4y 4¢3 L AquaCrop Jue
sbajles 3 48 0y93 Jo-bo 1> SB Cugb) g (2lS by 26
o ey LS sbyyial)ly 05,5 seily T7 5 T6. T3 (T1
Al ¥ Jodo b 4 Jue

$=503101 polae wlawl yodds  vwls Jdo riwcous
s yo sl 5300 plsgl T8 4 T6 T4 T2 elaylag 5 0
(Bl e (g 0D (e (Prinly o 3 &S LS (gl el
CBd 9 40,5 Iy ol pod sl Jlos sl AquaCrop Jus ¢ ouile
SLE Cgb) g 0395 j (2L by gU sjlodnd 5> Juo
o ahly sl )bl (slopadls polie 285 )8 s 390
9 wly Jolye 3 SB Cugb) 5 (BLS g 2l 035 )
Cowl ool Sl ol cwl odd (5,155 ¥ Jads 3 orwcous
Gilwand s CB b oxiwlg ds g o ) by jles plod ¢ Jie &S
T7 (Lo jlogs 0355 (gilodnd ;> TO 5 T (clojlos g0
PT7 4T3 el las o LS ide 2l gjlodud , T3 5 T6
S (gilwdnd (8> i oyl b S Cagb) (gilwand
Uibe gB g 03gcam sl yiel)l (sl (Priwcous ds e gl
&Sl b g )oy65 0 oYL By 5l orwly dls yo dilen LS
Prmwous Ay )0 SB Cugby (gilwdud 4 basye guls s
295 Vb Gz T4 )l )3 jo 4

CadlS Gyl Guleal y3 dils o ySlas
g calizee sacusS )b gl AQUACTOP ol oxiwly Jde
(Y'\V—\RAA) dlw Y. u_.«.)L.w]?.m @‘)5) dl_mbbl.) u.:l_.,)‘ —
3ySlas palie 1033 |l oliile,S” ] Sityginns (sloolSiun)
CSI)_’ 9 () D)9 LSL‘“"—W-{ C-’)l—’ L)"L"’] » [ W) .))91).3 &

(PR g (Priwly S o (5 lwagd g o (65850511 (S Jolyly (m (5 bl Lo pad L —F Jguo
Table 4- Statistical indicators between measured and simulated parameters for calibration and validation

dl> 5o Slesd SB Cugb, P GiigEl 0395 Lot j

Phase Treatment  Soil moisture Crop Canopy Biomass
d RMSE d RMSE d RMSE

T1 0.80 454 0.91 133 1 0.5

Calibration T3 0.99 8.2 1 2 0.98 0.9

T6 0.94 22.9 0.96 1.2 1 0.3

T7 0.97 15.5 1 1.6 0.98 0.8

T2 0.47 48.4 0.98 17 0.98 0.9

validation T4 0.97 17.3 0.95 10.6 0.97 0.7

T5 0.69 63.8 1 2.3 0.98 0.8

T8 0.49 131.6 1 0.5 0.99 0.4
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Table 5- Average grain yield, seasonal evapotranspiration and water productivity in the studied stations at different sowing

dates
shad 3555 9 e -
S Sl 2, 412 3,8los Seasonal Wat;':' ;?;A:. it
Station Sowing date Grain yield (kg.ha?) Evapotranspiration 3 ﬂc ity
(mm) (mi.kg?)
25 April 4504 674 0.67
5 May 4564 670 0.68
slisle,S 15 May 4585 692 0.66
Kermanshah 25 May 4563 686 0.67
5 June 4495 662 0.68
15 June 4359 630 0.69
15 April 4328 606 0.71
25 April 4441 624 0.71
sl 5 May 4412 630 0.70
Eslam Abad 15 May 4356 626 0.70
25 May 4204 604 0.70
5 June 3986 570 0.70
15 March 4351 656 0.66
R 25 March 4522 644 0.70
) 5 April 4402 624 0.71
Sarpol Zahab 15 April 4146 584 0.71
25 April 3662 520 0.70
25 April 4427 562 0.79
5 May 4408 564 0.78
oS 15 May 4425 556 0.80
Kangavar 25 May 4374 534 0.82
5 June 4221 502 0.84
15 June 3978 490 0.81
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