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Table 1- Physical properties and components of van Genuchten the soil layers of the experimental field

e o Py el OsaT Ksar Orc Opwp o
Depth Sand Loam Clay (_) (Cm.day'l) (_) (_) N (cm'l)
(cm) (%) (%) (%)

0-10 14 39 47 0.65 57.54 0.40 0.27 1.23 0.03
10-20 17 39 44 0.62 30.80 0.40 0.30 1.20 0.03
20-30 9 44 47 0.62 0.40 0.41 0.30 2.99 0.06
30-40 11 42 47 0.60 12.40 0.42 0.30 1.17 0.26
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Osat: Saturation Moisture, 0rc: Farm Capacity, Opywp: 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

Jlas by Slas gbod 2L G G lg L 50
Jw slo Minimum Maximum Wind R o vapor oo
Year Month temperature temperature speed adla}tlop ressure Rainfall
P P pee (KIm2dY P (mm)
(°C) (°C) (ms™) (KPa)
April 9.67 18.80 1.54 343778 1.20 127.4
May 14.92 24.66 1.77 428218 1.84 26.5
2016 June 18.44 28.75 1.59 595321 2.27 48.3
July 20.98 31.28 1.47 609381 2.63 144.8
August 21.43 33.09 1.34 592162 2.73 51.2
September 20.12 31.42 1.29 459063 2.59 164.7
April 8.75 17.96 2.41 383139 1.25 89.4
May 14.34 23.91 2.00 481220 1.81 27.1
2017 June 18.88 28.27 1.82 610828 2.28 9.0
July 20.68 31.08 1.59 607252 2.59 14.7
August 22.14 32.85 1.61 672293 2.70 0
September 21.31 32.20 1.62 527633 2.76 60.5
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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 ORYZA2000 model
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Plant Death rate of Special Allocation of dry aerial organs aerial organs aerial organs
growth leaves . leaf area matter to the aerial ~ separation factor to  separation factor to  separation factor to
stage DRLVT (d7) SLA organs leaf shoot panicle
DVS (ha.kg™) FSHTB FLVTB FSTTB FSOTB
0.000 0.000 0.0032 0.500 0.500 0.500 0.000
0.330 0.0025
0.430 0.750
0.500 0.600 0.400
0.600 0.005
0.650 0.002
0.700 0.450 0.550 0.000
1.000 0.045 1.000 0.100 0.700 0.200
1.600 0.050 0.000 0.000 1.000
2.100 0.050 0.001
2.500 0.050 0.001 1.000 0.000 0.000 1.000
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In the growth stages, DVS = 0 is germination stage and DVS = 2 is the physiological maturity stage.
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1- Root Mean Square Error
2- Root Mean Square Error Normalized
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Table 4- Results of simulation of plant components of AquaCrop and ORYZA2000 model (in two years of 2016 -2017)

Saw NRMSE 2 RMD
Number (%) RMSE P(t) R Pmean Omean EF (%)
AquaCrop
ab > Slos
Grain yield 24 9 327 0.31 0.75 3575 3661 0.74 -1.9
(kg.ha'™)
s 3)Sles
Biomass yield 24 5 1038 0.63 0.78 10039 9992 0.77 0.55
(kg-ha™)
ORYZA2000
&l 5, Slos
Grain yield 24 7 275 0.86 0.83 3670 3661 0.81 0.26
(kg.ha")
) 3 Sas
Biomass yield 24 6 580 0.44 0.78 10050 9992 0.74 0.93
(kg-ha™)

w01 0snbis yylie :Omean 00 (&jlodend y23lio Prnean <ot wyd R & 903 P(L) 0ad Jloys Ut Slagyo 3:Sls sy INRMSE s ey o ke 4y RMSE
Jie sylisls Blpsl :RMD (Jue ) :EF
RMSE: root mean square error, NRMSE: root mean square error normalized, P (t): t test, R% explanatory factor, Pmean: simulated
values, Omean: observed values; EF: calculated model efficiency; RMD: Structural deviation of the model.
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Figure 1- Comparison of simulated and measured grain yields compared to 15% confidence lines
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Figure 2- Observed and simulated grain yield values by AquaCrop and ORY ZA2000 models in combined treatment of

plantin
D1, D2, D3: planting date of April, 21

gd

ate and irrigation cycle in rice (Hashemi cultivar).
May, 11™ and May, 31" 11, 12, 13, 14: flooding, 5, 10 and 15 days irrigation cycle,

respectively.



¥4 gy 05 dos (g 3lwands ;0 ORYZA2000 9 AquaCrop ol s Juw b3l ooyl od g (LS50 o2l

AquaCrop ety (! O 8 ol polie B gl duus olie
15000 A) AquaCrop calibration OMeasured valuesO Simulated values

-M0nnAnanand

11D1 11D2 11D3 12D1 12D2 12D3 13D1 13D2 13D3 14D1 14D2 14D3

59,5es

Biomass yield (kg ha )

]

AQUaCrop (oxw,lisl (¢ O (5 ojl polie O gjlo dees olis

&~ 15000 B) AquaCrop validation OMeasured valuesd Simulated valies
&
i 2 10000 i Iz T3
~ T
e
33 > 5000
3
IS
S 0
m
11D1 11D2 11D3 12D1 12D2 12D3 13D1 13D2 13D3 14D1 14D2 14D3
— ORYZA2000 _sxwls (& O )5 ojlul olie O 5l s polie
_ccts 15000 C) ORYZA2000 calibration OMeasured valuesd Simulated values
% o
é/ T
A S 10000 T + IE T I e
o2
}3 =
h @ 5000
©
S
2
o 0

11D1 11D2 11D3 12D1 12D2 12D3 13D1 I13D2 13D3 14D1 14D2 14D3

ORYZA2000 v Lis! (5 oS ojuil palie Biglo and olie

15000 D) ORYZA2000 validation OMeasured valuesO Simulated values

=INnda0aadag

11D1 11D2 11D3 12D1 12D2 12D3 13D1 I3D2 13D3 14D1 14D2 14D3
(Treatments) W Lo

g CailS &)U oS 55 s ylow ;3 ORYZA2000 9 AQUACTOP Juo Jamrgi duuid (¢ 5Lwdan g bowd Lo (cws § 3,50os 10l —Y JSUS

(il 08,) @551 55 )bl 590
059y V0 9 Vo ()bl 0,95 BByt ()bl s t14,13,12,11 155 5 Ve 5 cip)) Yo ccdiqs)) K s Go)b sy :D3,D2,D1
Figure 3- Observed and simulated biomass yield values by AquaCrop and ORYZA2000 models in combined treatment of
planting date and irrigation cycle in rice (Hashemi cultivar)
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.

3 9,5os

Biomass yield (kg ha 1)

(s,




IYAQ ¢ylino oF oylods A al ol pl 2155 sliugfy aspd ¥V

AquaCrop Jue (4!

£~ 13000 -
[5+ .
K= . O
o 12000 o)

% 5 11000 | O

2 2 10000 |

L~ O

- £ ] o

FIS s00 | ).~~~ NRMSE =5
o 2 .

3 2 O RMSE = 1038]

D g 7000 P(t)=0.63
— 2:
g 6000 ‘ 2
& 6000 8000 10000 12000

SrSolsl g > Slos

Measured biomass yield (kg.ha™)

Silotrd w3 3 Sas

ORYZA2000 Juo (o

__ 13000 -

" 12000 |

£ 11000 - .

) /,/ @/,f

S 10000 | P OQ o

S L O,’,

% 9000 |

£ | . RMSE=580

g 8000 NRMSE=6

= 7000 ¢4 e P(t)=0.44

& /Q R?=0.78

S 6000 : : ‘

.:,E) 6000.00 8000.00 10000.00 12000.00
S50l gy > Slos

Measured biomass yield (kg.ha™)

2o ;3 10 laob! balad dy Cound 00l (655031051 g 00 ¢ 5 lwdandd g 3 3 yShos duny o — £ S
Figure 4- Comparison of simulated and measured biomass yields compared to 15% confidence lines

S b L IV g IV cw i Jae ol g e Gl
S (Fewly 9 Jae > SB g olS llid g oy e
ORYZA2000 Juo o >ySloe 5y9lp cdd iol38] cunw o i3
Je pd osel cossay Jod B s & dog b peiomed A
Sogdy lyusd joShe Jhe &S €T 4t e o AquaCrop
190 5 caslS Gyl blite 5l 8l cov ol T Lalgy > ol

(8 35 4o
ady) pilie ulul p Jao 93 2 a8 ol LS @S )y
5 Jde ol g oy Vel 5S ond Sy sl Sl e (1xSke
8 o Vil S o)lidle Bl o /Y YL s co
g Fly (b oodgiun; g w5 Sles (Giludnd )3 (agllas

4 &g L ORYZA2000 Jio .slawsh b i o)l
cE ((JAY g I cwpa) YU Jae ol s e Gl
L AquaCrop Jae & caws aib 3Slee (gilwand 3 55Vl

Gl 03505 (gilwdund 55 ) d)l,..ﬂ

References

1.

10.

Abdul-Ganiyu, S., Kyei-Baffour, N., Agyare, W. A., and Dogbe, W. 2018. Evaluating the Effect of Irrigation on
Paddy Rice Yield by Applying the AquaCrop Model in Northern Ghana. In Strategies for Building Resilience
against Climate and Ecosystem Changes in Sub-Saharan Africa (pp. 93-116). Springer, Singapore.

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. 90 p. (in Persian).

Amiri Larijani, B., Tahmasebi, S. Z., and Nematzade, G. A. 2013. Simulation of leaf area index, biomass and grain
yield of rice cultivars at different seedling ages using ORYZA2000 model. Seed and Plant Production 29: 3. 283-
302.

Amiri, E., and Rezaei, M. 2010. Evaluation of water—nitrogen schemes for rice in Iran, using ORYZA2000 model.
Communications in Soil Science and Plant Analysis 41: 2459-2477.

Amiri, E., Kavosi, M., and Kaveh, F. 2009. Evaluation of ORYZA2000, SWAP and WOFOST plant models in
different irrigation management. Agricultural Engineering Research 10 (3): 13-28. (in Persian with English
abstract).

Amiri, E., Razavipour, T., Farid, A., and Bannayan, M. 2011. Effects of crop density and irrigation management
on water productivity of rice production in Northern Iran: Field and Modeling Approach. Communications in Soil
Science and Plant Analysis 42 (17): 2085-2099.

Amiri, E., Rezaei, M., Rezaei, E. E., and Bannayan, M. 2014. Evaluation of Ceres-Rice, Aquacrop and Oryza 2000
models in simulation of rice yield response to different irrigation and nitrogen management strategies. Journal of
Plant Nutrition 37 (11): 1749-17609.

Bouman, B. A. M., and Van Laar, H. H. 2006. Description and evaluation of the rice growth model ORYZA2000
under nitrogen-limited conditions. Agricultural Systems (87): 249-273.

Bouman, B. A. M., Kropff, M. J., Tuong, T. P., Wopereis, M. C. S., Ten Berge, H. F. M., and Van Laar H. H.
2001. ORYZA2000: modeling lowland rice. International Rice Research Institute, Los Banos.
FAO. 2020. Food and Agricultural Organization of the United Nations
http://www,fao.org/index_en.htm/, 1/1/2020.

(sited in:



¥\

3 é)ﬂn.c G)L»M BT ORYZA2000 3AquaCrop GQLS GLBJM ‘svb))l ‘obl&m 9 svl..f)b sy)&d

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

Guo, D., Zhao, R., Xing, X., and Ma, X. 2019. Global sensitivity and uncertainty analysis of the AquaCrop model
for maize under different irrigation and fertilizer management conditions. Archives of Agronomy and Soil Science
1-19.

IRRI. 2013. Standard Evaluation System (SES) for Rice.

Jin, X., Li, Z., Nie, C., Xu, X., Feng, H., Guo, W., and Wang, J. 2018. Parameter sensitivity analysis of the
AquaCrop model based on extended fourier amplitude sensitivity under different agro-meteorological conditions
and application. Field Crops Research 226: 1-15.

Leng, G. 2017. Recent changes in county-level corn yield variability in the United States from observations and
crop models. Science of The Total Environment 607: 683-690.

Li, T., Angeles, O., Marcaida Ill, M., Manalo, E., Manalili, M. P., Radanielson, A., and Mohanty, S. 2017. From
ORYZA2000 to ORYZA (v3): An improved simulation model for rice in drought and nitrogen-deficient
environments. Agricultural and Forest Meteorology 237: 246-256.

Matthews, R. B., Rivington, M., Muhammed, S., Newton, A. C., and Hallett, P. D. 2013. Adapting crops and
cropping systems to future climates to ensure food security: The role of crop modelling. Global Food Security 2
(1): 24-28.

Mueller, N. D., Gerber, J. S., Johnston, M., Ray, D. K., Ramankutty, N., and Foley, J. A. 2012. Closing yield gaps
through nutrient and water management. Nature 490 (7419): 254-257.

Nash, J. E., and Sutcliffe, J. V. 1970. River flow forecasting through conceptual models. Partl: A discussion of
principles. Journal of Hydrology 10: 282-290.

Neumann, K., Verburg, P. H., Stehfest, E., and Miller, C. 2010. The yield gap of global grain production: A
spatial analysis. Agricultural Systems 103 (5): 316-326.

Nisar, S., and Arora, V. K. 2018. Analysing Dry-Seeded Rice Responses to Planting Time and Irrigation Regimes
in a Subtropical Environment Using ORYZA2000 Model. Agricultural Research 7 (4): 424-431.

Pazoki, A. R. Karimi Nejad, M. and Foladi Toroghi, A. R. 2010. Effect of planting dates on yield of ecotypes of
saffron (Crocus sativus L.) in Natanz region. Crop Physiology 8 (2): 3-12. (in Persian).

Raes, D., Steduto, P., Hsiao, T. C., and Fereres, E. 2012. Reference manual AquaCrop, FAO, Land and Water
Division, Rome, Italy.

Rinaldi, M., Losavio, N., and Flagella. Z. 2003. Evaluation of OIL CROP-SUN model for sun flower in southern
Italy. Agricultural Systems 78:17-30.

Rosegrant, M. W., and Cline, S. A. 2003. Global food security: challenges and policies. Science 302 (5652): 1917-
1919.

Tari, D. B., Amiri, E., and Daneshian, J. 2017. Simulating the Impact of Nitrogen Management on Rice Yield and
Nitrogen Uptake in Irrigated Lowland by ORYZA2000 Model. Communications in Soil Science and Plant
Analysis 48 (2): 201-213.

Van Oort, P. A. J., Balde, A., Diagne, M., Dingkuhn, M., Manneh, B., Muller, B., Sow, A., and Stuerz, S. 2016.
Intensification of an irrigated rice system in Senegal: Crop rotations, climate risks, sowing dates and varietal
adaptation options. European Journal of Agronomy 80: 168-181.

Wopereis, M. C. S. 1993. Quantifying the impact of soil and climate variability on rainfed rice production. PhD
thesis. Wageningen (Netherlands): Wageningen Agricultural University. 188 p.

Xu, J., Bai, W, Li, Y., Wang, H., Yang, S., and Wei, Z. 2019. Modeling rice development and field water balance
using AquaCrop model under drying-wetting cycle condition in eastern China. Agricultural Water
Management 213: 289-297.

Zhai, B., Fu, Q., Li, T., Liu, D., Ji, Y., Li, M., and Cui, S. 2019. Rice Irrigation Schedule Optimization Based on
the AquaCrop Model: Study of the Longtougiao Irrigation District. Water 11 (9): 1799.



Iranian Journal of Field Crops Research Olnl =) Gty 4 i
Vol. 18, No. 4, Winter. 2021, p. 401-412 ,;_g‘_jg;';,;éi;, FA-FIY o IYRA b oF oyl IA b

Evaluation of Plant Models in Simulating Rice Yield under Crop Management
in Rasht

P. Aalaee Bazkiaei', B. Kamkar?, E. Amiri*", H. Kazemi*, M. Rezaei®

Received: 06-05-2020
Accepted: 02-11-2020

Introduction

Nowadays, food production systems need to be explored for supplying the needs of the world's growing population,
as well as sustainable production in the face of global climate change. In this regard, Cereal's yield has played a
significant role in supporting global food security. The unceasing growth in demand for water in the industrial sector,
drinking water, and reduction in the amount of water available for the 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
the 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 and AquaCrop accuracy in simulating grain and
biomass yields of rice affected by irrigation and planting dates.
Materials and Methods

To evaluate the ORYZA2000 and AquaCrop models for 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 four levels including full flooding, 5, 10, and 15 days irrigation intervals, and
transplanting date was assigned to subplot at three levels (April 21st, May 11th, and May 31th). Simulated and observed
values of grain yield and biomass yield were evaluated based on the coefficient of determination, T-test, root mean
square error (RMSE), Model efficiency (EF), Structural deviation of the model (RMD), and normalized root mean
square error (NRMSE).
Results and Discussion

The results showed that normalized root mean square error of the grain yield and biomass yield were 9% and 5%, in
the Aquacrop model and were 7% and 6% in the ORYZA2000 model, respectively. Evaluation of the results showed
that the efficiency of the model and the coefficient of the explanation were above 0.7 and structural deviations were less
than 2% that showed good accuracy in simulating the grain yield and biomass yield during calibration and validation of
models. Evaluation of the amplitude of actual grain yield (3000 to 4761 kg.ha™) and simulated by AquaCrop model
(1741 to 4231 kg.ha®) and ORYZA2000 model (with 2215 to 4766 kg.ha™ range) showed simulated values had
between -15 and 20 percent of error. The results showed that with increasing irrigation intervals, the actual grain yield
decreases. The planting date of April 21% and May 11" (with an average of 3795 and 3820 kg.ha™, respectively) had the
highest yield of grain in two years, and the models also had a predicting of changes in grain yield during calibration and
validation. ORYZA2000 model, due to the high coefficient of explanation and efficiency (0.83 and 0.81, respectively),
has higher accuracy in simulating the grain yield than the AquaCrop model. The results showed that based on the
mentioned equations, the ORYZA2000 model is well able to simulate the effect of environmental conditions including
water shortage, air temperature, time, and intensity of stress during the growth cycle under the influence of irrigation
and planting date on yield production. It seems that due to the better description of plant and soil conditions in the
model and better genetic evaluation, it increased the accuracy of yield estimation in the ORYZA2000 model. Also,
according to the acceptable results obtained in the AquaCrop model, it can be concluded that the mentioned model has a
good simulation of the changes in the plant's water relations under the influence of the interaction effect of planting date
and irrigation intervals.
Conclusions

According to the present study, the ORYZA2000 and Aquacrop models can be used to support the results of
experiments under irrigation management conditions and planting dates.
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