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Comprehensive abstract 

Introduction 
Increasing irrigation water productivity is one of the key topics in food production in different 

countries of the world, especially in water-scarce countries such as Iran. Plant growth models, in 

addition to predicting yield, are capable of evaluating diversity and risks of different management 

scenarios. Plants modeling can lead to a reduction in the use of production resources by finding 

optimal management scenarios. The objective of this study was to simulate the physical water 

productivity, leaf area index and evapotranspiration of three rice genotypes under different irrigation 

and nitrogen fertilizer managements using the CERES-Rice model. 

Materials and methods 
This experiment was conducted with 36 treatments in a split-plot design based on randomized 

complete block design with three replications in the Rice Research Institute of Iran, Rasht, Guilan 

province, Iran, during two cropping years, 2017 and 2018. Irrigation management at four levels 

including permanent flood irrigation and intermittent irrigation with irrigation intervals of 7, 14, and 

21 days was considered as the main factor, rice genotypes at three levels including the certified local 

variety Hashemi, line M5 and M12 line as the sub-factor, and nitrogen fertilizer at three levels 

including 60, 80 and, 100 kg/ha net nitrogen fertilizer as the sub-sub-factor. After harvest, grain yield 

was measured in kg/ha and then irrigation water productivity was calculated from the ratio of grain 

yield to water volume used. In this study, the plant growth model of CERES-Rice version 4.7.5 was 

used for modeling, and data from 2017 and 2018 were used to validate and calibrate the model, 

respectively. Graphical comparative methods and statistical indicators including root mean square 

error (RMSE), normalized root mean square error (NRMSE) and model efficiency (EF) were also used 

to evaluate the model performance. 

Research findings 
The results of this study showed that the predicted yields of the CERES-Rice model had a similar 

trend to the actual yields and the response to irrigation treatments was the same as the measured 

yields. The results of the simulation of water productivity under different irrigation and nitrogen 

fertilizer managements for data from 2005 to 2016 with the aim of evaluating water productivity in a 

long-term meteorological period revealed that the irrigation intervals of seven days at 100 kg/ha 

nitrogen fertilizer level was the best irrigation management for the studied years. The irrigation 
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intervals of 14 and 21 days at the level of 100 kg/ha nitrogen fertilizer also had more appropriate 

physical water productivity. 

Conclusion 
The results of water productivity modeling showed that a seven days irrigation interval at 100 

kg/ha nitrogen fertilizer was the best irrigation interval. Therefore, the development of seven days 

intermittent irrigation and education and promotion of proper utilization by farmers are recommended 

to increase water productivity. Therefore, in order to increase water productivity, it is recommended to 

develop seven days intermittent irrigation and educate and promote proper utilization by farmers. 
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Table 1. Total monthly rainfall, average sunshine hours and temperature during the plant growth period in 2017 

and 2018 years 

Sunshine 

(hour) 

Rainfall 

(mm) 

Average 

temprature (°C) 

Minimum 

temprature (°C) 

Maximum 

temprature (°C) 
  

6.38 13.61 21.4 16.56 26.25 May 2017 

7.7 20.3 24.41 19.57 29.25 Jun 

8.30 2.4 26.68 21.42 31.94 July 

9.16 0.01 28.18 22.35 34.01 August 

6.29 34.4 21.47 16.14 26.8 May 2018 

9.38 20.5 24.4 19.15 29.3 Jun 

7.86 32.62 28.75 24.12 33.38 July 

5.27 55 25.79 21.46 30.13 August 
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Figure 1. Daily solar radiation measured at the Agricultural Meteorological Research Station, Rasht, Iran 
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Table 2. Physical characteristics of the soil layers of the experimental field 

θ��� 
(cm3/cm3) 

K���  
(cm/day) 

θ��  

(cm3/cm3) 
θ�	�  

(cm3/cm3) 

Bulk density 

(gr/cm3) 

Sand  

(%) 

Silt 

(%) 

Clay 

(%) 

Depth 

(cm) 

0.65 57.54 0.4 0.27 1.1 14 39 47 0-10 

0.62 30.8 0.4 0.3 1.2 17 39 44 10-20 

0.62 0.4 0.41 0.3 1.32 9 44 47 20-30 

0.6 11.4 0.42 0.3 1.31 11 42 47 30-40 

θ���, moisture at saturation point; K���, saturated hydraulic conductivity; θ��, moisture at field capasity; θ�	�, 

moisture at permanent wilting point. 
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Table 3. Chemical characteristics of the studied soil up to 15 cm depth 

pH Organic carbon 
Cation exchange 

capacity (meq/100g) 

Total nitrogen 

(%) 

Potassium 

(mg.kg-1) 

Phosphorus 

(mg.kg-1) 

7.34 1.36 35 0.137 311 10.6 
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Table 4. Genetic coefficients for the certified Hashemi variety and M5 and M12 rice lines 
† 

Rice cultivar 
P1  

(°C day) 

P5  

(°C day) 

P2R  

(°C day) 

P2O  

(hour) 
G1 G2 (g) G3 G4 

Hashemi 350 355 34 13.5 65 0.026 1 1 

M5 351 355 34 13.5 67 0.025 1 1 

M12 349 355 34 13.5 70 0.024 1 1 
† P1, GDD (growth degree day) at the vegetative stage; P5, GDD from the grain filling stage to physiological maturity;  

P2R, photoperiod sensitivity coefficient (response to day length),; P2O, flowering period length; G1, number of grains 

per spike; G2, grain weight; G3, tillering coefficient; G4, heat tolerance coefficient. 
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Table 5. Irrigation water volume in cubic meters per hectare in different irrigation treatments in 2017 and 2018 

Irrigation treatment 2017 2018 

Permanent flood irrigation 6300 6700 

Intermittent irrigation with 7 days intervals 4680 5350 

Intermittent irrigation with 14 days intervals 3180 3850 

Intermittent irrigation with 21 days intervals 2180 2850 
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Table 6. Statistical comparison of the CERES-Rice model calibration and validation results for the Hashemi 

variety and the studied lines  

Statistical indicator 
Calibration 2018 Validation 2017 

Average 
Hashemi M5 M12 Hashemi M5 M12 

RMSE (kg/ha) 473 717 572 466 254 276 489 

NRMSE (%) 12.70 20.7 16.5 11.9 6.80 7.90 13.50 

EF 0.77 0.66 0.49 0.55 0.67 0.57 0.64 

R2 0.90 0.80 0.81 0.82 0.78 0.56 0.83 
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Figure 2. Comparison of the observed and simulated yield of the studied rice genotypes in the two stages of 

calibration and validation by the CERES-Rice model 
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Figure 3. Measured and simulated values of leaf area index (LAI) of Hashemi variety in different irrigation 

regimes, including flooded irrigation and intermittent irrigation with intervals of 7, 14, and 21 days 
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Figure 4. Measured and simulated values of leaf area index (LAI) of M5 Line in different irrigation regimes, 

including flooded irrigation and intermittent irrigation with intervals of 7, 14, and 21 days 
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Figure 5. Simulated water productivity of Hashemi variety by the CERES-Rice model under different irrigation 

(flooding, and 7, 14 and 21 days) and nitrogen fertilizer (60, 80 and 100 kg/ha) managements for 2005 to 2016 
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Figure 6. Simulated evapotranspiration of Hashemi variety by the CERES-Rice model under different irrigation 

(flooding, and 7, 14 and 21 days) and nitrogen fertilizer (60, 80 and 100 kg/ha) managements for 2005 to 2016 
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Figure 7. Simulated water productivity of M5 Line by the CERES-Rice model under different irrigation 

(flooding, and 7, 14 and 21 days) and nitrogen fertilizer (60, 80 and 100 kg/ha) managements for 2005 to 2016 
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Figure 8. Simulated evapotranspiration of M5 Line by the CERES-Rice model under different irrigation 

(flooding, and 7, 14 and 21 days) and nitrogen fertilizer (60, 80 and 100 kg/ha) managements for 2005 to 2016  
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Figure 9. Simulated water productivity of M12 Line by the CERES-Rice model under different irrigation 

(flooding, and 7, 14 and 21 days interval) and nitrogen fertilizer (60, 80 and 100 kg/ha) managements during 

2005 to 2016 
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Figure 10. Simulated evapotranspiration of M12 Line by the CERES-Rice model under different irrigation 

(flooding, and 7, 14 and 21 days interval) and nitrogen fertilizer (60, 80 and 100 kg/ha) managements during 

2005 to 2016 
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