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Comprehensive abstract 

Introduction 
Rational fertilizer management is crucial in the efficient use of resources that are basically non-

renewable and that can have a great environmental impact when used without scientific basis. The 

availability of scientifically sound decision-making tools for rational fertilization  is scarce. 

FertiliCalc-Fertigate software is a program to determine the consumption of NPK fertilizers during the 

growing season in a cost-effective and sustainable way. Today, the geographic information system is 

widely used in spatial planning by determining the distribution of phenomena and combining maps 

and interpreting ecological data in different stages of planning. Also, the potential yield in an area can 

be estimated using field tests and simulation models. The ORYZA2000 model is one of the efficient 

models in investigating rice potential yield, which simulates the growth and development of rice plants 

under favorable conditions, water limitation and nitrogen limitation. In this study, an attempt was 

made to estimate the potential yield in Guilan province by integrating the ORYZA2000 model and 

geographic information system. Also, after determining the potential yield, the NPK fertilizer 

requirement estimated using FertiliCalc-Fertigate software. 

Materials and methods 
This research was conducted to investigate the potential yield of rice in Guilan province using the 

ORYZA2000 model. After calibrating and validating the model at the field test level, the model was 

used to evaluate the potential yield of rice in 12 synoptic stations of Guilan province. The processing 

of Landsat 8 satellite images was used to separate rice fields in Guilan province and the studied area 

was separated using supervised classification. The estimation of potential yield in Guilan province was 

done by combining GIS environment and ORYZA2000 model. The amount of radiation for the whole 

area was calculated from the Points Solar Radiation function in GIS. Then, from the relationship 

between the amount of radiation received during the rice growing season and the potential yield 

estimated in the ORYZA2000 model, the potential yield was calculated and generalized to the whole 

area based on the agricultural land use of Guilan province. Fertilizer requirement of lands was 

calculated using FertiliCalc-Fertigate 1.0 software. In order to evaluate  the fertilizer requirement at 

the province level, first, 320 points were randomly selected in the rice cultivation area of the province 

and the fertilizer requirement of each point was determined based on the required information, 
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including potential yield and soil information. Then the points were interpolated and the study results 

were presented in the form of fertilizer requirement maps. 

Research findings 
The results showed that the amount of radiation in rice fields in the Guilan area, during the growing 

season, was between 2552 to 6259 MJ/m2 (average 4405 MJ/m2) in 2016 and from 2423 to 5337 

MJ/m2 (average 3880 MJ/m2) in 2017. The lowest amount of received radiation was in the central 

areas of the basin, which can be due to the topographic conditions of the area. Using the regression 

relationship between radiation during the growing season and potential yield, a potential yield map of 

rice fields was prepared. Based on the results, potential yield in rice fields of Guilan province was 

between 4416 to 7038 kg/ha (with an average of 5160 kg/ha) in 2016 and between 4558 to 7180 kg/ha 

(with an average yield of 5302 kg/ha) in 2017. Based on these results, the combined approach of 

ORYZA2000 model and GIS has a good ability to simulate potential yield in the study area. 

Estimation the levels of fertilizer requirements in the rice fields of Gilan province showed that in order 

to achieve the potential yield, 262 to 274 kg/ha of potassium fertilizer, 116 to 171 kg/ha of nitrogen 

fertilizer, and 8 to 12 kg/ha of phosphorus fertilizer are needed. Based on the calculated fertilizer 

requirement, potassium has played the most important role in achieving the potential yield of rice in 

the province. 

Conclusion 
It seems that in many areas of Guilan province, the application of NPK levels in an inappropriate 

amount and time causes a decrease in rice yield. The results of this research can recommend the 

appropriate fertilizer consumption pattern to farmers through rice experts so as to achieve maximum 

yield and avoid problems such as phosphorus leaching due to excessive consumption. 
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 �0�� ���+�F &�
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 8�% �� V�:���@ORYZA2000 E# ��v :�F �T �)�  

 ���� ��# �)Ks �L�$� � 41 �b� � ��)���D% d	� ���

 �D� ���	� �	� � ���� �	T� ����NO� � >#�� ������:� 

X#�� )340 �@�@ (&�+  >C� �%� ����V)��� ��$$�. 

���@ ���'M� ��# 8�% �� X)�#�$#V�:�  ^)�F � 41 ��#

 �)���D% ���# ���3 � �,����� ��#��� ��# � V�:���@

 .�F ���I�+ET	� �#  ��# �ECH$% �� A)� �F�� t)��� E#

��(�:) EM� �F�� t)��� ��20  E�-�� �b� �� ��. )��

 �MF�� Rv� P�� ���I�+ ��	% Rv� .�F�  �� E�	# R���

 "#�%��%25 .�F X����  

  

8��T 1 - 8�% �� ��# ��% ���+ � �?)� aH+ ����� o�SZ� n)�r ����� B��0!  
Table 1. Vegetation information, Plant allocation coefficients, specific surface and leaf death rate in the model 

Plant growth 

stage 

DVS† 

Death rate of 

leaves 

DRLVT(d-1) 

Special leaf area 

SLA (ha/kg) 

Allocation of 

dry matter to the 

aerial organs 

FSHTB 

aerial organs 

separation factor 

to leaf 

FLVTB 

aerial organs 

separation factor 

to shoot 

FSTTB 

aerial organs 

separation factor 

to panicle 

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 
† DVS = 0, germination stage; DVS = 2, physiological maturity stage. 
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V�F 1- �v	%�� -�WT���) )��(�:��� ��	% ���I�+ �� 8�% ORYZA2000  

Figure 1. Geographical location of the stations used in ORYZA2000 model 
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 8��T2 - A)��� ��%1� E�� ���'M� � ��:)��C% �#�# �� ��F �����% ��	��) @>�#�$�  ^+	� ��FORYZA2000 ��  � �
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�
$+�� ��  ��8�+��� 1395  �1396  
Table 2. Statistical summary of observed grain yield and aboveground biomass against ORYZA2000-predicted 

values in 2016 and 2017 for calibration and validation of the model performance, respectively 

Trait 
Number of 

treatment 

Omean
† Pmean R2 P (t) RMSE RMSEn (%) 

Calibration  (2016) 

Grain yield (kg/ha) 12 3569 3627 0.71 0.49 310 8 

Aboveground biomass  

(kg/ha) 
12 9986 9797 0.74 0.19 492 5 

  Validation  (2017) 

Grain yield (kg/ha) 12 3688 3771 0.91 0.72 248 7 

Aboveground biomass  

(kg/ha) 
12 9999 10423 0.90 0.3 615 6 

† Omean, observed mean; Pmean, simulated mean; R2, coefficient of determination; P (t), probability of t-test; RMSE, 

root mean square error; RMSEn, normalized root mean square error. 
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 V�F2- 8�+ �� �0�� ���+ A��# ��� ����D% �� A��# d�P% E# �F� VS- �! ���+� >#�� d	M
% ���1395  �1396 

Figure 2. Total radiation received during the growing season to rice fields in the rice cultivation areas of Guilan 

province in 2016 and 2017 

 

 

 

 
 V�F3-  8�% ^+	� �MF�� Rv� ��# ��F E +�D% V�:���@ ���'M� �P�% � �F� VS- �! ���+� >#�� �P�% X�# ��	�+��� EH#�

ORYZA2000  ��1395  �1396   

Figure 3. Regression relationship between the amount of radiation received during the growing season and the 

amount of potential yield calculated for Hashemi cultivar by ORYZA2000 model in 2016 and 2017 
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Figure 4. Potential yield of detected rice fields in the Guilan province in 2016 and 2017 
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Figure 5. Estimated fertilizer requirement to achievement radiation-limited yield of rice fields in the rice cultivation 

area of Guilan province in 2016 and 2017 
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 8��T3 - ���A) �� �#�)G����� ��	% ���I�+ ��# �����#�) W�%�����  ��	� ����NPK   ��� ���+�0�   
Table 3. Results of evaluation of 33 model-methods used for interpolation of NPK fertilizer requirement variables in 

Guilan province  

Nutritional 

element 
Year 

Interpolation 

method† 
Model Function R2 CV (%) 

Number of 

points 
RMSE 

Potassium 2016 SK Stable 0.2879* x + 192.4530 0.29 0.98 256 3.1271 

Potassium 2017 SK Stable 0.1208*x + 237.5371 0.11 0.92 256 3.1517 

Nitrogen 2016 OK Hole effect 0.9221*x+10.2835 0.0924 8.26 293 3.1184 

Nitrogen 2017 OK Hole effect 0.9224*x+10.4491 0.0925 8.10 293 3.1171 

Phosphorus 2016 OK J-Bessel 0.7632*x+2.2313 0.80 8.02 293 0.3601 

Phosphorus 2017 OK Circular 0.8289*x+1.6650278 0.83 8.07 293 0.3424 
† OK, ordinary; SK, simple; UK, universal; R2, coefficient of determination; CV, coefficient of variation; RMSE, root 

mean square error (RMSE). 

 

 

    

    

    

 V�F6 - ���� � ��F ���1�# ��	� ���� ��	�+��� EH#�G�� � ���I�+ �# ��F �#�) ~$�
)�� ���  
Figure 6. Regression relationship between estimated and interpolated fertilizer requirements by kriging methods  
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