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*D1, D2, D3: planting date of April, 21", May, 11" and May, 31™ 11, 12, I3, 14: flooding, 5, 10 and 15 days irrigation cycle, respectively.
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Figure 1. The plan of implemented experimental design in 2016 and 2017.
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Table 1. Physical characteristics and Van Genuchten components of soil layers of experiment farm.

o o (’fj o2 OsaT Ksat Orc Opwp a
depth silt loam clay &) (cm/day) ©) ©) n (cm™)
(cm) (%) (%) (%)
0-10 14 39 47 0.65 57.54 0.4 0.27 1.23 0.03
10-20 17 39 44 0.62 30.8 0.4 0.3 1.2 0.03
20-30 9 44 47 0.62 0.4 0.41 0.3 2.99 0.06
30-40 11 42 47 0.6 124 0.42 0.3 1.17 0.26
slaol gl el s a sl (Sgoden Solds Ksar il So s abd Bpwp ((slas e b b Orc sl dats > o, Bsar”
8805 dsles

*Osar: Saturation Moisture, Ogc: Farm Capacity, Opwp: Permanent Wilting Point, KSAT: Saturated Hydraulic Conduct,
a and n: Hydrologic Indicators of the Van Genuchten Equation.
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Table 2. Meteorological information from year 2016 and 2017 at the site of the project.

J':JJLE [BY sles Ji.gl.’. 5L G ,‘:S\.» sl JEU> sl L Je
Rainfall ~ Vapor pressure Radia_%iop1 Wind s_eeed Maximumotemperature Minimumotemperature Month Year
(mm) (kPa) (Kim<d™) (ms™) (°C) °C)
127.4 1.20 343778 154 18.80 9.67 April
26.5 1.84 428218 177 24.66 14.92 May
48.3 2.27 595321 1.59 28.75 18.44 June 2016
144.8 2.63 609381 147 31.28 20.98 July
51.2 2.73 592162 1.34 33.09 2143 August
164.7 2.59 459063 1.29 3142 20.12 September
894 1.25 383139 241 17.96 8.75 April
271 1.81 481220 2.00 2391 14.34 May
9.0 2.28 610828 1.82 28.27 18.88 June 2017
14.7 2.59 607252 1.59 31.08 20.68 July
0 2.70 672293 1.61 32.85 2214 August
60.5 2.76 527633 1.62 32.20 2131 September

el o3 8 S5 alasa 53 b gsasme el r 0L 5 Jle sl ole 25 3 lale oSk el 1 L 5 (6 b o e ST
*The temperature, wind speed, irradiance and air pressure are based on the monthly average in the first six months of the
year and precipitation based on the total rainfall in each month.
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Table 3. Vegetation information. Plant allocation coefficients, specific surface and leaf death rate in the model.

I S ol o S el S Jole S sl aas
i s s Sl olp Sya als Sl el e Spois o Sp S o oS gt dlo e
aerial organs aerial organs aerial organs Allocation of dry  Special leaf area De"ith rate of Plant growth
separation separation separation matter to the SLA(ha/kg) DRLes)/'I?(Sd'l) g‘i/gg
factor to panicle factor to shoot factor to leaf aerial organs
FSOTB FSTTB FLVTB FSHTB
0.000 0.500 0.500 0.500 0.0032 0.000 0.000
0.0025 0.330
0.750 0.430
0.400 0.600 0.500
0.005 0.600
0.002 0.650
0.000 0.550 0.450 0.700
0.200 0.700 0.100 1.000 0.045 1.000
1.000 0.000 0.000 0.050 1.600
0.001 0.050 2.100
1.000 0.000 0.000 1.000 0.001 0.050 2.500

sl (€5 50588 Shey 4l DVS=2 5 S5l i 0 DVS=0 0y >l e 55"
* In the growth stages, DVS = 0 is germination stage and DVS = 2 is the physiological maturity stage.
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Table 4. Results of simulation of plant components of ORYZA2000 model (in two years of 2016-2017).
Oren P R P(t) RMSE  RMSE, (%)

4 el 3l
(\¥40) a5

Samples number
Validation (2016)

s s K
3569 3627 0.71 0.49 310 8 12 (kg/ha) s > Sles
Grain yield (kg/ha)

9986 9797 0.74 0.19 492 5 12 (kg/ha) s 2 S
Biological yield (kg/ha)

OYA) s slzel
Calibration (2017)

3688 3771 091 0.72 248 7 12 (kg/ha) 1> > Slos
Grain yield (kg/ha)

kg/ha) e s Shee
9999 10423 0.90 0.3 615 6 12 (kg/ha) 2 >
Biological yield (kg/ha)

slie Prean ms wurs RT A 0505 P) wdd Jby s Slayye Sk aly; RMSEp o Sley o o Sike 4y, RMSE”

o ldedalie Ji:uu :Omean A:Mdj\.ﬂ%ﬁ

*RMSE: root mean square error, RMSEn: root mean square error normalized, P (t): t test, R% explanatory factor, Pmean:
simulated values, Omean: observed values.
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Table 5. Simulated and observed grain yield values and relative error of simulation by model.

2017 2016
s gl okd(gsluans sdkdedalis o sl e ligiluand okdodalis Treatment
Relative eror simulated Observed Relative eror simulated Observed
(%) (kg/ha) (kg/ha) (%) (kg/ha) (kg/ha)
-0.11 4766 4761 1.58 4134 4200 11D1
-0.88 4338 4300 0.12 4095 4100 11D2
-1.66 4498 4424 -2.02 3928 3850 11D3
-2.33 4298 4200 -1.41 3529 3480 12D1
-0.02 4301 4300 -0.02 4091 4090 12D2
3.29 3431 3548 -12.81 3892 3450 12D3
6.50 3693 3950 18.29 2467 3019 13D1
-0.13 3404 3400 17.37 3022 3657 13D2
-5.50 2216 2100 -0.76 3575 3548 13D3
-19.51 4482 3750 12.23 2633 3000 14D1
-9.15 3602 3300 1.73 3754 3820 14D2
0.30 2219 2226 -9.24 3714 3400 14D3
-2.4 3771 3688 21 3570 3 Average

033330 5V @ olal o3 (b2 ol s MAIB12,1T eals = Ve y i Y s SO S8 b e :D3,D2,D1°

*D1, D2, D3: planting date of April, 21", May, 11" and May, 31™ 11, 12, 13, 14: flooding, 5, 10 and 15 days irrigation cycle,
respectively.
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Figure 2. Comparison of simulated and measured grain yields compared to 15% confidence lines.
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Table 6. Simulated and observed biological yield values and relative error of simulation by model.

2017 2016
o sla 0 (S5 lwdncs cddodaline s sl ol (S5 lwdncds oddodalin s
Relative eror simulated Observed Relative eror simulated Observed Treatment
(%) (kg/ha) (kg/ha) (%) (kg/ha) (kg/ha)
-7.62 12376 11500 1.22 10812 10945 11D1
4.66 11107 11650 3.32 10950 11326 11D2
-2.30 10741 10500 0.87 9756 9841 11D3
-6.07 11880 11200 -2.22 10758 10524 12D1
-12.45 11020 9800 0.54 10941 11000 12D2
-3.65 9743 9400 0.76 9656 9730 12D3
-0.80 11290 11200 6.76 8382 8990 13D1
-4.87 9963 9500 13.47 8653 10000 13D2
-1.67 7900 7770 0.71 9214 9280 13D3
-7.82 11827 10969 3.20 8809 9100 14D1
-1.29 9724 9600 0.86 10211 10300 14D2
-8.77 7505 6900 -7.14 9428 8800 14D3
-4.4 10423 9999 1.9 9797 9986 Average

033330 5V @ olal ossn (ol g ol i S AIB12,1T eals = Ve p i Y gl SO oS Fob S D3,D2,D1*
*D1, D2, D3: planting date of April, 21", May, 11" and May, 31" I1, 12, 13, I4: flooding, 5, 10 and 15 days irrigation cycle,

respectively.
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Figure 3. Comparison of simulated and measured biological yields compared to 15% confidence lines.
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Table 7. Value of water balance variables in the root development zone for irrigation management and planting dates.

s b s 35 sl S5 5 o P S5 A J
(ﬁvr:]l) r?::rf:)ll Deep E);rg;ratlon Irr(lr%?:]l)on Evapot(rr?]r:ig)lratlon Eva(;r)]fl)r:i\)tlon Trar};prl]:itlon Treatment  Year
12 220 175 512 569 255 314 11D1
84 220 198 450 556 246 310 12D1
117 220 159 255 433 189 244 13D1
120 220 167 270 443 184 254 14D1
22 246 223 580 625 294 331 11D2
96 246 237 505 610 282 328 12D2
66 246 194 402 520 254 266 13D2 2016
98 246 195 410 559 255 304 14D2
63 242 208 530 627 312 315 11D3
121 242 201 430 592 283 309 12D3
151 242 184 315 524 232 292 13D3
119 242 182 340 519 219 300 14D3
180 51 223 630 638 287 351 11D1
182 51 222 595 606 269 337 12D1
192 51 225 575 593 272 321 13D1
198 51 169 460 540 237 303 14D1
153 30 229 630 584 252 332 11D2
151 30 205 575 551 223 328 12D2
2017
174 30 169 460 495 192 303 13D2
170 30 152 415 463 167 296 14D2
123 23 204 601 543 204 339 11D3
116 23 176 567 530 203 327 12D3
172 23 154 395 436 174 262 13D3
155 23 128 355 405 154 251 14D3

033530 5V @ olal oss3 (b2 (olal s s 4131211 eals = Ve y i Y sl SO oS b S :D3,D2,D1°
*D1, D2, D3: planting date of April, 21", May, 11" and May, 31™; 11, 12, I3, 14: flooding, 5, 10 and 15 days irrigation cycle,

respectively.
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Table 8. Variance analysis of effect of irrigation and planting date on grain and biomass yield and water
productivity of rice (Hashemi cultivar).

MS
WP(Y), WP(Y)ir “.};‘;M.Q é& m.}& Sour;:e\z?vsi};tion
(kg/m?) (kg/m?) Biological yield Grain yield
(kg/ha) (kg/ha)

2017 2016 2017 2016 2017 2016 2017 2016 year
0.01® 0.01™ 0.002® 0.01% 2417470.00™ 190806.22"™ 325519.11™ 57987.11" Block
0.02"™ 0.23** 0.026™ 0.01**  7408792.01**  3905980.22"  4681437.12**  840990.22** Irrigation
0.01®  0.01™ 0.005® 0.01% 18321190.3™  2397164.11"  130174.22"™ 36540.14"™ Block*irrigation
0.02" 0.05**  0.01™ 0.02"™  20060877.01**  4800681.42" 3613327.23**  775419.22** Planting date

0.01™ 0.01™ 0.011™ 0.02™ 1825623.04™ 299125.40™ 488431.12™ 180647.32" Irrigation*planting date
0.01 0.01 0.0096 0.02 948575.13 1557750.14 325930.11 114193.41 Error

15.33 9.11 14.82 8.51 10.13 13.15 15.11 9.16 C.V (%)
s S ;'J Sosere WP(Y)ir S SN P Solel &J Sosee WP(B)) s sl s Sles e ol gf s :WP(Y){*'

w3 3 S des gz IS T (5500 WP(Y )R oS 2k 5 Shas
WP(Y);: Irrigation productivity based on paddy yield; WP(B), : Irrigation productivity based on biological yield;
WP(Y):r: Total water productivity based on paddy yield WP(Y).r: Total water productivity based on biological yield.

‘_;U:JLA BL w.ih vj) c',_t %Ji o904 9 AA‘,SC,..‘.:J'} P ;ﬂuﬁwls @)U‘, ‘5)\:.31 ,;it; O.:iﬂ._w 4...1&» -4 d}-k?.'
ATAT 5 \¥e0

Table 9. Variance analysis of effect of irrigation and planting date on grain and biomass yield and water
productivity of rice (Hashemi cultivar).

Biological  Biological Grain Grain

yield yield vield  yield WP WP(Y) o WP(Y)er  WP(Y)yer

3: 3 3 3
(kg/ha) (kgha)  (kgha) (kgha) OM) (kg (kg/m) (kg/m’)
2017 2016 2017 2016 2017 2016 2017 2016
Irrigation
112172 10704? 4497°  4050° 0.72% 0.75° 0.69* 0.52° 11
10113% 10418 4016" 3673° 0.73° 0.79° 0.69° 0.52° 12
9490° 9423° 3150° 3408° 0.62° 1.05% 0.58° 0.60% 13
9156" 9400° 3091°  3406° 0.74° 1.042 0.69° 0.60% 14
Planting date
112172 9890 4167°  3425° 0.74% 0.97% 0.68% 0.58° D1
10137° 10656 3825°  3917° 0.72° 0.84° 0.68° 0.55° D2
8643° 9413° 3074° 3562° 0.66% 0.92% 0.63* 0.56% D3

w35, V0 5\ 0 6)14 093 b o LSJL.‘.'.’T s S 14,13,12,11 ols 2 Ve g Sl Ve cligus) K el @JU S S :D3,D2,D:|.ﬁs
WPB) Sk s Slee e bl Ol (5550, WP(Y)™ L sy S gl 53 b gme M) S xie By sl Sl

B N DY Bl sose e WP(Y)ir S ks 5 Slas s S ol Gose WP(Y)ir (s 3, e ae bl Of (590
* D1, D2 and D3: planting date of April 21%, May, 11" and May, 31%; I1, 12, I3 and 14: full flooding, 5, 10 and 15 days
irrigation periods.
The means of the common alphabets do not have a significant difference at 1%.
WP(Y):: Irrigation productivity based on paddy yield; WP(B), : Irrigation productivity based on biological yield; WP(Y):x:
Total water productivity based on paddy yield WP(Y):r: Total water productivity based on biological yield.
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Table 10. Seed yield and water productivity of irrigation treatments and planting dates.

[ NC SRR ] BT Nt SR ] S Sose e BT Nt SR ]

o o 3 A ) als s Shes gmzts-@)ujé,g;%.u
s O T Skl ks sk Grain yield Irrigation and planting date
WP; WPer WP, WPLz
L/ sles
1396 1395 1396 1395 1396 1395 1396 1395 1396 1395
Year/treatment
1.36 1.34 0.75 0.74 0.76 0.81 0.70 0.57 4761 4200 11*D1
1.25 1.12 0.69 0.63 0.68 0.71 0.65 0.50 4300 4100 11*D2
1.23 1.24 0.67 0.70 0.74 0.73 0.71 0.50 4424 3850 11*D3
1.24 1.18 0.69 0.68 0.71 0.77 0.65 0.52 4200 3480 12*D1
1.30 1.24 0.74 0.66 0.75 0.81 0.71 0.54 4300 4090 12*D2
131 125 0.78 0.67 0.62 0.80 0.60 0.51 3548 3450 12*D3
1.12 1.37 0.69 0.70 0.69 1.18 0.63 0.64 3950 3019 13*D1
111 1.26 0.71 0.68 0.65 0.91 0.61 0.56 3400 3657 13*D2
131 1.22 0.81 0.61 0.53 1.13 0.50 0.64 2100 3548 13*D3
1.09 112 0.67 0.58 0.82 1.11 0.73 0.61 3750 3000 14*D1
0.80 1.22 0.48 0.68 0.80 0.93 0.74 0.58 3300 3820 14*D2
0.89 1.16 0.55 0.67 0.63 1.00 0.59 0.59 2226 3490 14*D3

10 510 @ bl oy «ob,e bl cw e d4,13,12,11 eals 2 Ve 5 g ) Y cciiens,l S ocis b s S D3,D2,D1*
B 5 G = b b 5 bl e i Sos0 e WPT 5 WPEr WP WPLR s,

*D1, D2, D3: planting date of April, 21", May, 11" and May, 31™ 11, 12, I3, 14: flooding, 5, 10 and 15 days irrigation cycle,
respectively; WP.r, WP, WPer and WPr: Water productivity based on irrigation and rainfall, Rain, Evapotranspiration and
transpiration, respectively.
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*D1, D2, D3: planting date of April, 21" May, 11" and May, 31™ 11, 12, 13, 14: flooding, 5, 10 and 15 days irrigation cycle,
respectively; WP.r, WP, WPer and WPr: Water productivity based on irrigation and rainfall, Rain, Evapotranspiration and
transpiration.
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Figure 4. The average amount of water productivity components in irrigation treatments and planting dates.
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1.Agricultural Statistics 2017. Volume I:
Crop products. 2015-16. Office of
Statistics and Information -Technology,
Deputy Director of Planning and
Economic Affairs. Ministry of Agricultural
Jihad. 90p. (In Persian)

2.Amiri Larijani, B., Sarvestani, Z.T.,
Nematzadeh, G., Manschadi, A.M., and
Amiri, E. 2011. Simulating phenology,
growth and vyield of transplanted rice
at different seedling ages in northern
Iran using ORYZA2000. Rice Sci.
18: 4. 321-334.
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Abstract

Background and Objectives: The unceasing growth in demand for water in the industrial sector,
drinking water and reduction in the amount of water available for agricultural sector has led to a
reduction of water usage in rice, which threatens its production. Crops simulation models can be
used to carry out various studies such as selection of suitable cultivar and plant, determining the
best agricultural management and production capacity of the area. The purpose of this study was
to investigate the ORYZA2000 accuracy in simulating grain and biomass yields, and studying
water balance and productivity of rice affected by irrigation and planting dates.

Materials and Methods: In order to evaluate the ORYZA2000 model and investigate the
productivity of rice production under irrigation management and planting date, a split plot
experiment based on a complete randomized block design with three replications was carried
out on a local (Hashemi) cultivar in the years of 2016 and 2017 in the Rice Research Institute of
Iran, Rasht. Irrigation interval was considered as the main factor at 4 levels including full
flooding, 5, 10 and 15 days irrigation intervals and transplanting date was assigned to subplot at
three levels (April 21", May 11" and May 31™). Evaluation of simulated and observed values of
grain yield and biological yield was conducted based on coefficient of determination, T-test,
root mean square error (RMSE) and normalized root mean square error (RMSEn). In this
research, the water balance equation throughout the growing season was considered which
its components included irrigation, rainfall, actual evaporation, actual transpiration, leakage
and deep penetration and changes in the water stored in the root development zone.
Water productivity was investigated based on the grain yield of rice for transpiration,
evapotranspiration, irrigation and total precipitation and irrigation.

Results: The results of this study revealed that normalized root means square error of the grain
yield and biological yield were determined 8% and 6%, respectively. Also, the results showed
that among water managements, flooding irrigation and 15-day irrigation interval had the
highest water productivity regarding transpiration and evapotranspiration and the amount of
input water and irrigation, respectively. Among the planting dates, the planting date of May, 11"
had the highest water productivity based on transpiration, evapotranspiration and planting date
of April, 21" had the highest water productivity based on irrigation and irrigation and rainfall.
In these conditions, the planting date of April, 11" and May, 21", with an average of 136 and
116 millimeters, had the highest and lowest water reserves, respectively. The highest amount
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of water saving during the two years of experiment was observed in irrigation intervals of
10 and 15 days (145 and 143 mm, respectively) and the lowest was recorded in the flood
treatment (92 mm).

Conclusion: Considering paddy and biomass yield of rice, water productivity and water
consumption, five days irrigation treatment had the best paddy and biomass yield in April 21"
planting date. This treatment was the best treatment in terms of productivity and rice production,
with 9% reduction in water use and 6% reduction in paddy yield of rice. According to the
present study, the ORYZA2000 model can be used to support the results of experiments under
irrigation management conditions and planting dates.
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