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Introduction

Due to the increased water consumption and the depletion of water resources, deficit irrigation is an
optimal strategy for cultivation, which is usually applied by utilizing the methods of Deficit Irrigation
(DI), Regulated Deficit Irrigation (PRD), and Partial Root-zone Drying Irrigation (PRD). In the PRD
method, just one side of the plant is irrigated in each irrigation interval. Under these conditions, in the
part of the irrigated plant, the roots absorb enough water and grow, so that there is no change in the
amount of the plan’s photosynthesis. There are some models, including WOFOST (Van Diepen et al.,
1989; Boogaard et al., 1998), EPIC (Jones et al., 1991), AquoCrop (Steduto et al., 2009), and STICS
(Brisson et al., 2003), that can simulate crop yield under different soil conditions, Climates, irrigation
schedule, and agricultural managements (Hashemi et al., 2018). These models simulate PRD irrigation,
such as the DI method. Daisy is the first model, differentiating the gained results between the two
methods (Hansen et al., 1990; Hansen et al., 1991); a semi-experimental model that considers the
Richards equation (Richards, 1931) to simulate the soil water content and the experimental equations
to simulate crop yield parameters. The PRD sub-model in the Daisy was developed and upgraded based
on the data gained from potato cultivation under PRD irrigation (Liu et al., 2008; Plauborg et al., 2010).
Since this sub-model was developed only for the potato, the aim of the present study was calibration
and validation of two parameters; stomatal slop factor (m) and specific leaf weight modifier
(LeafAlMod) in the PRD sub-model, to run the Daisy model to simulate sunflower under the PRD
irrigation.
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Methodology

To calibrate and validate m and LeafAIMod in the PRD sub-model of Daisy, the data gained from
the field experiments for cultivating Sunflower under PRD irrigation in 2013 (Ghadami Firouzabadi,
2015) and 2016 (Cheraghizadeh, 2018) was utilized, respectively. Two treatments of PRD75-2013 and
PRD55-2013 for calibration and six treatments of PRD20-75, PRD75-35, PRD75-50, PRD55-20,
PRD55-35, and PRD75-50 for validation were considered. The numbers of 20, 35, and 50 at the end
of naming the treatments of 2016, were indicated the different irrigation intervals. It means that the
following irrigation schedule was applied after 20, 35, and 50 mm evaporation from the class A
evaporation pan. According to the result of the field experiments of 2013 and 2016, the physiological
indicators, including Dry Matter (DM), plant height (H), and Leaf Area Index (LAI) was measured in
six stages at the end of the growth period, which was considered as the measured data in the study. For
trial and error of m and LeafAlMod, each time, after running the Daisy model, the simulated and
measured values of DM, H, and LAI were compared by the statistical indices including, R2, RMSE,
NRMSE, EF and efficiency of the model was evaluated. In order to evaluate the differences between
the simulated and measured values statistically in both calibration and validation conditions, the paired-
sample t-test was run by SPSS.

Results and Discussion

To simulate PRD conditions, the required parameters in the PRD sub-model were defined according
to the measured values of sunflower and the default values presented in Daisy Program Reference
Manual (Abrahamsen, 2014). Due to this, the only meter parameters, m (which is an experimental
value), and the LeafAlMod were calibrated manually for sunflower under PRD irrigation. The value
of m was defined as 8.84 + 3.77 based on the investigation of Miner and Bauerle (2017), the final value
of m in this study was obtained 12, and the function of LeafAlMod parameters was modified as
follows:

(LeafAIMod (0.0 2.5) (0.4 2.1) (1.5 1.7) (2.0 0.8)) 1)

The results of statistical indices in calibration indicated that the values of RMSE and NRMSE were
located in the acceptable limits and the high correlation between the simulated and measured
parameters according to R2 was observed (0.890-989). The paired samples t-test showed that no
significant difference was observed between the simulated and measured parameters according to the
final value of m and LeafAlMod, which needs validation. To validate and evaluate the two calibrated
parameters, m and LeafAlMod, two levels of 75 and 55 percent of six PRD irrigation treatments
applied in 2016, were considered. The result of validation showed that two calibrated parameters were
acceptable based on the average RMSE, NRMSE, and EF for LAI being equal to 0.465 cm2/cm2,
0.090 and 93.5%, for H being equal to 5.437 cm, 0.032, and 92%, and for DM being equal to 0.286
Ton/ha, 0.078, and 93%, respectively and there was no significant difference between simulated and
observed data. The distribution of simulated and observed points according to one to one line showed
that the Daisy model simulated the physiological indices of PRD condition more acceptable under less
water stress. Based on the average of the statistical indices obtained from treatments; PRD75s and
PRD55s, it can be concluded that although the result of both groups was in the acceptable range, the
accuracy of results obtained from PRD75 treatments are more. The result of field experiments utilized
in the present study and other investigations (Sepaskhah & Ahmadi, 2010) stated that reducting of
water requirement in the PRD irrigation can partially the yield, so that there is no significant difference
with full irrigation. But in some investigations presented that if the lack of irrigation is applied less
than a specific limit, even in PRD irrigation, the plant will face a severe reduction in yield (Shahnazari
et al., 2008). The optimal amount of water reduction for different plants under the PRD method varies
according to the sensitivity of plants to water stress (Sepaskhah & Ahmadi, 2010). Totally, the results
showed that the Daisy model was able to simulate the yield reduction proportional to the decrease of
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water applied in both PRD75 and PRD55 treatments, and considering that the Daisy model is the only
model that can simulate the PRD conditions, it can be utilized for simulating the cultivation of
sunflower under PRD irrigation according to the two calibrated parameters in PRD sub-model; m and
LeafAlMod.

Conclusions

Simulating physiological indices in PRD indicated that both factors of irrigation interval and the
level of water stress are effective in simulating by Daisy model. Charts related to the water content in
the PRD condition represented that the correlation of points in PRD75s was more than PRD55s.
Generally, the results related to the charts related to the water contents of PRDs showed that the model
overestimated the water content values in more interval irrigation. It is suggested that the two calibrated
parameters in the PRD sub-model be evaluated for the other varieties of sunflower and under different
climatic conditions. This method can also be utilized to define the PRD sub-models for simulating the
yields of other plants
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Table 1- Physical properties of the soil in study area

Soil Layers Soil Texture Bulk density (pp) Mineral Carbon PWP FC *Ks
cm gricm? % % % cm/day
0-20 Sandy Loam 1.35 0.65 9.5 22 120
20-40 Sandy Clay 1.66 0.6 9 27 18.75
40-80 Sandy Clay 1.66 0.58 8.8 27 18.75

* Soil hydraulic conductivity (Ks) estimated by RETC.
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Table 2- Comparison of the simulated and measured physiological indices (leaf area index (LAI), plant
height (H) and dry matter (DM)) by the statistical indices in 2013

R? EF (%) NRMSE RMSE
Treatment DM H LAI
DM H LAl DM H LAl DM H LAl
(Ton/ha)  (cm)  (cm?cm?)
PRD75-2013 0989 0979 0966 94 98 96 0008 0019 0039 0046 3641 0.236
PRD55-2013 0.890 0959 0917 87 92 90 0021 0032 00s0 2120 6055 0.320
Average 0939 00969 0941 90 95 93 0014 0025 0049 0083 488 0278
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Fig. 1- Simulated and measured value of the physiological parameters including leaf area index (LAI),
plant height (H) and dry matter (DM) in 2012 according to the one-to-on line.
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Table 3- Results of the statistical analysis based on the paired samples t-test (6 pairs of data per
treatment) in calibration.

Treatment Dry Matter (DM) Height (H) Leaf Area Index (LAI)
PRD75-2013 0.980 "¢ 0.771ns 0.872ns
PRD55-2013 0.789 ns 0.230 "s 0.675"s

* and **: Significant at 1% and 5% probability level respectively and n.s.: not significant.
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Table 4- Comparison of the simulated and measured physiological indices (leaf area index (LAI), plant

height (H) and dry matter (DM)) by the statistical indices in 2016.
RZ

EF (%) NRMSE RMSE

Treatment DM H LAl

DM H LAl DM H LAl DM H LAl (Ton/ (cm?

ha)y O™ cm
PRD7520 0929 0989 0962 92 98 94 0047 0016 0083 0276 2890  0.448
PRD75-35 0963 0979 0968 96 96 96 0050 0024 0061 0275 4439  0.313
PRD75-50 0.967 0908 0918 92 91 91 0065 0041 0098 0351 7.113  0.541
?\I/?eg;gse 0953 0957 0949 93 95 94 0054 0027 0081 0301 4814  0.434
PRD5520 0973 0981 0947 94 98 95 0043 0022 0092 0236 3911 0446
PRD55-35 0980 0997 0961 96 97 95 0045 0025 0092 0238 4455  0.456
PRD55-50 0966 0985 0927 90 71 90  0.065 0065 0116 0342 9816  0.587
'g‘éelgigse 0973 0988 0945 93 89 93 0103 0037 0100 0272 6.061  0.496
Toal 5963 0972 0947 93 92 935 0078 0032 0090 0286 5415  0.465

average
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Fig. 2- - Simulated and measured value of the physiological parameters including leaf area index (LAI),
plant height (H) and dry matter (DM) for the treatment of PRD75-50, PRD55-35 and PRD55-50
according to the one-to-on line.
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Table 5- Results of the statistical analysis based on the paired samples t-test (6 pairs of data per
treatment) in validation.

Treatment Leaf Area Index (LAI) Height (H) Dry Matter (DM)
PRD75-20 0.629 s 0.969 "s 0.785"
PRD75-35 0.372"s 0.249 ns 0.784 s
PRD75-20 0.789 s 0.340"s 0.113"
PRD55-20 0.911 "% 0.880 "+ 0.411"s
PRD55-35 0.614 s 0.986 " 0.507 s
PRD55-20 0.717 "s 0.134 s 0.260 "s

* and **: Significant at 1% and 5% probability level respectively and n.s.: not significant.
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