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Introduction: Irrigated rice, as one of the most important cereals worldwide and a crop
with high water requirements, is increasingly exposed to risks of water scarcity, low
nitrogen use efficiency, and environmental impacts resulting from excessive fertilizer
application. In this context, proper management of irrigation and fertilization, as well as the
distinction between green water (soil moisture derived from rainfall) and blue water
(withdrawn from surface and groundwater sources), combined with the application of
process-based models such as ORYZA2000, can play a significant role in enhancing
productivity and reducing pressure on natural resources. The aim of this study was to
evaluate the effects of irrigation and nitrogen management on rice yield and green and blue
water productivity indices using the ORYZA2000 model.

Materials and Methods: The experiment was conducted as split plots in a randomized
complete block design with three replications and 16 treatments over two cropping years at
the Rice Research Institute of Iran, Rasht, Iran. The main factor was four irrigation regimes
(permanent flooding, irrigation 1, 3, and 5 days after surface water disappearance) and the
subfactor was four nitrogen levels (0, 60, 90, and 120 kg.ha™). The hybrid rice ‘Bahar’ was
used, due to its high yield potential and good adaptability to the climatic conditions of
Guilan province, and grain yield, biomass, leaf area index, and nitrogen uptake were
measured. The ORYZA2000 model was used for calibration and validation, and then, the
results of water balance simulation were used to estimate blue and green water productivity
indices as well as the components of the water balance.

Results and Discussion: The results indicated that the highest grain yield (7.2 t.ha) was
obtained with 120 kg.hal nitrogen and irrigation three days after surface water
disappearance. The ORYZA2000 model successfully simulated grain yield, biomass, total
nitrogen, grain nitrogen, and leaf area index with normalized root mean square error
(NRMSE) of 7-12%, 6-12%, 8-15%, 9-10%, and 14-29%, respectively. The model
efficiency for all indices, except leaf area index, was higher than 0.65. The coefficient of
determination (R?) for all indices was also higher than 0.70, indicating a good fit between
the measured and simulated data. The highest two-year average values of simulated water
productivity indices were obtained with the 120 kg.ha™! nitrogen + irrigation three days after
surface water disappearance. Separating the productivity indices into green and blue
components showed that this treatment was the maximum for most blue and green water
productivity indices, but the highest green water productivity and green water transpiration
productivity indices were obtained with the 120 kg.ha™* nitrogen + irrigation five days after
surface water disappearance and 120 kg.ha! nitrogen + permanent flooding, respectively.

Conclusion: Irrigation and nitrogen management plays a key role in improving rice yield
and irrigation water productivity. The ORYZA2000 model demonstrated high accuracy in
simulating management scenarios and analyzing water balance components, and thus can
serve as a valuable decision-support tool in water and fertilizer resource policy-making for
rice-growing regions.
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Figure 1. Changes in grain yield and biomass of hybrid rice Bahar under different water and fertilizer
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Table 2. Simulation results of plant parameters of the ORYZA2000 model in calibration and validation stages

Stage Parameter N Xobs (SD)®  Xeim (SD)*  R2P  P(t)° RMSEY NRMSE(%)® EFf
o Grain yield (kg/ha) 16  5875(875) 5655(1052) 0.9 0.27 418 7 0.77
= Biological yield (kg/ha) 16 13169 (2040) 12654 (1854) 0.93 0.24 758 6 0.86
s—;'; Total nitrogen (kg/ha) 16 135 (35) 131 (31) 093 0.37 10 8 0.91
§' Grain nitrogen (kg/ha) 16 86 (24) 84 (18) 093 0.39 9 10 0.87

Leaf area index 16 347 (1.24) 431(1.17) 0.79 0.03 1 29 0.33

Grain yield (kg/ha) 16 5482 (1110) 6007 (864) 0.92 0.08 644 12 0.66

n<_> Biological yield (kg/ha) 16 12073 (2575) 11844 (1326) 0.86 0.38 1455 12 0.68
g Total nitrogen (kg/ha) 16 124 (35) 139 (39) 089 0.12 19 15 0.71
§' Grain nitrogen (kg/ha) 16 84 (17) 90 (16) 096 0.16 7 9 0.83
Leaf area index 16 3.48(0.86) 3.61(042) 0.9 0.29 049 14 0.67

2 Xobs and Xsim, Average observed and simulated values, respectively, and SD, Standard deviation.

b R2 Coefficient of determination

¢ P(t), t-significant probability level

4 RMSE, Root of error mean square

¢ NRMSE, Normalized root of error mean square
f EF, Model efficiency
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Table 3. Two-year average of water balance components (mm) in the studied treatments

E T ET I D Rain (mm) AW
306.5 310 616.5 654 258 317.5 97
260.5 352 612.5 654 246.5 3175 112.5
256.5 356 612.5 654 246.5 3175 112.5
255 356.5 611.5 654 246.5 3175 1135
259 305.5 564.5 596 238 3175 111
216.5 3485 565 596 239 3175 109.5
213 352.5 565.5 596 239 3175 109
209.5 358 567.5 596 240.5 317.5 105.5
232 307 539 553 2435 3175 88
188.5 349.5 538 553 244 3175 88.5
184.5 353 537.5 553 244 317.5 89
183 355 538 553 244 3175 88.5
236 292.5 528.5 431.5 2245 3175 -4
197 333 530 431.5 224.5 317.5 -5.5
194.5 336.5 531 431.5 2245 3175 -6.5
193 338.5 531.5 431.5 2245 3175 -7

E, Evaporation; T, Transpiration; ET, Evapotranspiration; I, Irrigation; D, Drainage; AW, Changes in water storage in

the root zone.
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Figure 2. Water use efficiency indicators in different irrigation and nitrogen managements
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Low
Treat WP, WPy WPT,  WPT, WPE, WPE; WPET, WPET, )
11IN1 0.30 0.14 1.94 4,04 1.98 4,22 0.96 2.03
11N2 0.44 0.21 2.60 3.50 7.46 1.45 3.05
11IN3 0.47 0.22 2.75 3.82 8.13 1.56 3.26
11N4 0.24 4.08 1.65 3.47
12N1 0.34 0.17 2.13 4.08 2.53 4.88 1.15 2.21
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12N3 0.24 2.70 4.41 1.67 3.17
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Figure 3. Hit point diagram of average water productivity indices of green and blue water in two years (b and g
indices are used for blue and green water, respectively)
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