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I) NITIRSOIL model operation manual 

1. Introduction 

To date, many models have been developed to evaluate the effects of agricultural 

nitrogen management on crop production, and on N losses to the environment. These 

models can range from very complex, which have the objective of accurately 

quantifying the movement and transformation of N, to simple indices that serve to 

qualitatively evaluate the management that is being carried out. 

Within all the complexity gradation of the models, the user must select one according to 

the objectives for which they want to use the simulation model. 

To select a simulation model, Shaffer and Delgado (2001) propose the idea of 

confronting the theoretical points of view with the practical ones. In this way, they 

suggest selecting as more likely, a model of intermediate complexity for its application 

in the field as shown in Figure 1. 

 

 
Figure 1. Selection of the best model for its application in the field (adapted from Shaffer and Delgado 

2001) 

 

This idea has led them to classify the models in a system of three levels of complexity 

in terms of processes that are considered, and information requirements, and therefore, 

to help choosing the most appropriate according to the simulation objectives. 

At a first level of complexity, the objective is a qualitative evaluation of management 

practices, for which models such as the Nitrogen Index are suitable (Delgado et al. 

2006, 2008, Delgado 2020, De Paz et al. 2009). These simple models are adequate for 

establishing indicators that alert us about some risk.  
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At a second level of complexity there are models that quantitatively evaluate the 

dynamics of N, such as el NLEAP (Shaffer et al. 1991, 2001, 2010), EU_ROTATE-N 

for european vegetable crops (Rahn et al. 2010), VEGSYST mainly focus in modelling 

greenhouses conditions (Gallardo et al 2014), or the Italian model GesCoN (Elia and 

Conversa 2015) also focused on vegetable crops. 

At a third level of complexity there are models that require a large number of 

parameters and input data and algorithms, such as LEACHM-N (Wagenet and Hutson 

1989), CERES (Ritchie et al 1989), DSSAT (Jones et al 2003), CROPSYST (Stöckle et al 

1994) STICS (Brisson et al 1998), ANIMO (Berghuijs et al 1985), DNDC (Li 2012) etc. 

These models are best suited for research and the study of the N dynamic in the 

agricultural ecosystems. 

When choosing a model that can be used to make recommendations of nitrogen 

fertilizer management, Shaffer and Delgado (2001) suggest choosing models with 

intermediate complexity such as level 2. These models should have the sufficient 

precision in its predictions, and at the same time use the minimum number of 

parameters within the model, and input data to meet the proposed objectives. 

 

2. Objective of the model  

The main objective of the NITIRSOIL model is to carry out monthly estimations of 

nitrogen balance in soils under irrigation with horticultural and citrus crops, using for 

that the least possible number of data and parameters, but without losing excessive 

precision, so that the estimations serve as a basis for giving management 

recommendations of nitrogen fertilization.  

With the objective of improving the model applicability and to ease the data input, 

along with the model a database of climate, soil, crops, fertilizers has been 

implemented. The model is distributed along with this database, which by default 

contains information about some European countries (Denmark, Germany, Italy, 

Norway, Spain, and United Kingdom), so that the users from this territory can directly 

select the data that best fit their case simply knowing the location of the fields of their 

interest. Notwithstanding this, the users not from these European countries can also 

benefit from the use of the model. For this they can easily include the adequate 

information for their case in the database, and carry out the simulations of the crop 

fields of their interest.  

 

3. Model general description 

The NITIRSOIL model is made of three main modules. Firstly, a module of water 

balance which uses the algorithms of the SALTIRSOIL_M model so as to simulate the 

water dynamics in the soil-water-plant-atmosphere system (Visconti and de Paz 2012, 

Visconti et al. 2014). Secondly, a module of crop development so as to simulate the dry 

matter production, both harvested and total. Finally, a nitrogen module so as to simulate 

the N dynamics in the soil-water-plant-atmosphere system. 

The main N contributions the NITIRSOIL considers are: i) the mineral fertilization, ii) 

the organic fertilization, iii) the nitrate dissolved in the irrigation water, iv) the nitrate 

yielded by the soil organic matter mineralization, v) the nitrate yielded by the crop 

residues mineralization, vi) the nitrate dissolved in the rainfall water, and vii) the soil 

mineral nitrogen at the onset of the crop or fertilization season.     
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The main N transformations the NITIRSOIL considers are: i) mineralization, ii) 

nitrification, iii) denitrification, and iv) ammonium volatilization (Fig. 2).  

The main N outputs the NITIRSOIL considers are: i) the crop N uptake, ii) the nitrate 

losses by leaching, iii) the nitrogen losses by denitrification in the form of N2, iv) by 

nitrification and denitrification in the form of the greenhouse gas N2O, and v) by 

ammonium volatilization in the form of NH3.  

The codification of the nitrogen module is based on the algorithms used by the NLEAP 

model (Nitrate Loss and Environmental Assessment Package) (Shaffer et al. 1991, 

2010), including also the algorithms of the EU-ROTATE_N model (Rhan et al. 2010) 

regarding the crop nitrogen uptake assessment, and the WNMM model (Water and 

Nitrogen Management Model) (Li et al. 2007), and NOE (Nitrous Oxide Emission) 

(Hénault et al. 2005) for the estimation of the N2O greenhouse gas emissions.  

 
Figure 2. Nitrogen cycle processes considered by the NITIRSOIL model 

 

The model consists of three different parts: i) data input, ii) modeling and iii) data 

output (figure 3). The user can directly enter the specific data of his field by interacting 

with a graphical user interface or directly entering the data in a series of tables stored in 

a database in MsAccess format. For a better and easy management of the model, 

several databases have been implemented where the information on soils, waters, crops 

and climate are stored. Specifically, these databases have included data from the main 

crop areas of several European countries: 

- Soils: data from 83 sampling points located in the main cultivation areas of the 

european countries 

- Weather: data from 90 weather stations split in some European countries 

- Crop: parameters of 41 horticultural crops and 10 multiannual crops (citrus). 

The modelling part is where all the calculations are made to estimate the main terms of 

the water and nitrogen balance and the dry matter production of the crop on a monthly 

basis. These calculations are carried out in 3 different modules (Water, production and 

nitrogen) that are interrelated with each other (figure 3). 
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The data output part presents the results of the monthly balances of water and nitrogen 

considering the depth selected by the user at the beginning of the simulation. In base on 

the nitrogen balance, the model calculates 2 indicators related with the efficiency, one is 

the of nitrogen use efficiency (NUE) by the crop, and another on the excess of nitrogen 

application (Nexcess). Additionally, it also makes an estimation of the potential losses 

production due to a poor management of the nitrogen fertilizer. This last indicator is 

assessed comparing the nitrogen potential uptake with the real one. If the nitrogen 

uptake by the crop is lower than 90% of that potentially uptake, the model indicates a 

potential nutritional deficiency. The model also calculates 2 indicators for the water use 

efficiency by the crop, one for irrigation water management, and another related with 

the crop evapotranspiration efficiency. 

 

 

Figure 3. Structural scheme of NITIRSOIL model 

 

NITIRSOIL is a model that has been developed in a standard programming language 

such as the Visual Basic.NET with access to MS Access© databases, and thus it can be 

installed in whichever personal computer with the MS Windows© operating system.   

Two versions of the NITIRSOIL model have been developed. In the first one, of the 

windows kind, the user interacts with a graphical interface that has been especially 

designed for the model, and which includes various menus for data input and database 

access, etc., (Fig. 4). In the second one, of the batch kind, the user must operate the MS 

Access© so as to directly enter the simulation data into several tables in the 
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nitirsoil_batch.mdb database (Fig. 5). This version allows the model to be batch run and 

therefore many simulations can be carried out, one after another, taking the input data 

from the nitirsoil_batch.mdb database and, writing and saving the results directly in the 

same database. This batch version has been created with the objective of easily 

implementing the model in an on-line system with database access. 

 

 
Figure 4. Graphical user interface of the NITIRSOIL windows version 

 

 
Figure 5. In the batch version of the NITIRSOIL model the user enters the data directly in the 

nitirsoil_batch.mdb database  

 

 

4. Model management 

4.1. Windows version 
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The graphical user interface is structured by means of a menu bar and a working area. 

The software menu bar presents three drop-down menu options. 

The first menu option is [Database access]. As described in detail in sections 5 and 6, 

from this menu option the user can access various dialog boxes through which to view 

data, modify it, and delete and add records to the tables of model parameters, and of 

data on soil, climate, crop, as well as mineral and organic fertilizers. 

The second menu option is [Results]. From this menu option the user can access some 

dialog boxes, which allow them make use of a series of tools that ease the retrieval of 

the results from the nitirsoil.mdb database, and their visualization in table and graph 

formats, and to erase those tables of results that are not of their interest any more. 

The third menu option is [Load simulations]. From this option the user can choose the 

previous simulations performed and load to the system easily. 

 

4.1.1. Guidelines for data input 

The simulations are performed from the software working area, which is arranged 

according to several tabs, which are sequentially activated as the user completes the data 

required for the simulation, and which can be of general kind, crop and fertilization, 

irrigation, soil and water quality (Fig. 6). These tabs contain the dialog boxes, which 

with the user interacts to enter and select the data that are required to perform the 

simulations. 

 

 

Figure 6. Tabs in which the software working area is arranged, and which are sequentially filled to input the 

data  

 

4.1.1.1. General data 
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In this general input menu, the user must enter (Fig. 7):  

- The name of the simulation in the text box “Simulation name”. The user can enter 

whatever name for the simulation. Afterwards the model will add to that name the date 

and time where the simulation was performed so as to save the results in the database.  

- The soil depth down to which the simulation is intended in the box “Simulation depth 

(cm)”. In case the user wants to simulate depths below the maximum soil depth (in the 

soil data table), the model, due to an integrity constraint, will choose the soil depth as 

the simulation depth. Besides, if the maximum rooting depth is further below the 

simulation depth, the model will take the maximum rooting depth as the simulation 

depth.  

- The depth from which the model considers that water can be evaporated in the box 

“Soil Evaporation depth (cm)”. By default the model takes the value of 15 cm 

- The number of layers in which the simulation depth is conceptually split in order to 

perform the calculation in the box “Number of layers”. By default, they are 4 layers, 

enough to perform the simulation in the rooting depth of most crops. The more layers 

the model will take longer doing the simulations.  

Also, an option has been added to enable the user to activate that the dry matter 

production be diminished in case the model detects that a water stress has occurred.  

 

 

Figure 7. Tab of the general data menu of the NITIRSOIL model 

 

In case the user is located in some european country in which the model has 

information, an option has been implemented to enable them to select the country and 

region where the plot is going to be simulated. With this information the model is able 

to select the soil and climate data of the chosen region from the database. This 

information comes from the results of the project “Development of a model based 
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decision support system to optimise nitrogen use in horticultural crop rotations across 

Europe”, EU-ROTATE_N. QLRT-2001-01100. 

In this menu the user can also select the initial month of the simulation. This value 

could be changed when the plantation date is selected afterwards. In this case the month 

when the plantation takes place will be selected. Later, this simulation initial month can 

be changed by the user themselves.    

Once the input data has finished in this menu, the [Check initial data >>>] button is 

pressed for the model to check if all the input data in this menu are right. If so, it will 

enable the next tab for the crop data input.   

 

4.1.1.2. Crop management and nitrogen fertilization 

In the input menu for the crop management data, which is shown in Fig. 8, the user 

must select, firstly, the crop that they are going to simulate. For this regard they must 

unfold the list of crops and select the appropriate. Once the crop has been selected, the 

model offers a production value, and a crop length by default, which the user can 

change for adaptation to the actual situation of their interest. In this list are included 

several horticultural and citrus crops. The next step consists in selecting in the crop 

calendar bar the plantation day. To do this, the user must move the mouse pointer over 

the calendar bar and click on the day that has been selected for the plantation. For the 

woody crops, which are multiannual, the growth length is considered to be 365 days, 

and the beginning of the season is considered to be 1
st
 January. 

Afterwards, by means of the dialog box in the group “Mineral fertilizer” the user can 

add to the simulation the nitrogen fertilizer that will apply each month. This will be 

done by selecting the month, the rate, and the type of fertilizer, and the method through 

which is incorporated to the soil. Later, by means of the [Add Fertilization] button they 

will add the fertilizer to the fertilizers table, and the fertilizing data will appear on the 

mineral fertilizer table. In case the user wants to delete some fertilization, this will be 

achieved simply by selecting with the mouse the record from the table, and pressing the 

[Supr] key on the computer keyboard. Since the model is monthly based, just one 

fertilizer application per moth is allowed in the model, so in case of several fertilizations 

in one month, the user should group in just one application.  

In the same way in the dialog box within the group “Organic fertilizer”, the user can add 

a single organic fertilizer a year by selecting the application month, the rate in t/ha, the 

type of application (surface, incorporated, etc.), and the type of organic fertilizer 

(poultry droppings, beef manure, etc.). 

In this menu the user can also enter the data of the incorporated residues from the 

previous crop (group “Residues previous crop”). This way, the model can estimate the 

nitrogen contributions due to the mineralization of these residues during the 

development of the actual crop. For this purpose, the user must enter the data from the 

previous crop, its production, the percent of residues that have been incorporated to the 

soil and the incorporation month (in general the month of the present plantation itself or 

some previous month, but never before the beginning of the simulation).  

If one user wants to select another management and/or crop, the [Clean form] button is 

clicked on the top right. As a consequence, all the input data will be deleted from this 

menu, and another crop data input can begin. 
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Figure 8. Input menu for the crop management data 

 

Once the filling of this menu has finished the [Check crop data] button is pressed. The 

model will check if all the data are right and, if so, it will enable the following tab for 

the climate and irrigation data input.  

 

4.1.1.3. Climate and irrigation 

The menu for the climate and irrigation management data input is shown in Fig. 9. For 

the input of the climate date the user has two options. 

The first option is to use the climate data from the database that has been implemented 

with all the weather stations from some countries of Europe. In this case, the model 

interface will offer the weather stations for the selected regions in the general input 

menu. Once the weather station has been selected, the year that one wants to simulate 

can be selected, and the appropriate climate data will be shown on the window. The user 

can directly modify these data on the table that is shown. 

Another option is to load a particular climate data table through the [Load climate data] 

button. In order to use this option, the user must have previously prepared their own 

table with the climate data from the weather stations and years they intend to use in the 

simulations. This table must be located in the “nitirsoil.mdb” database, and its name 

must begin by “Climate_”, and then the name the user wants, e.g., “Climate_user”. 

Once the climate table has been loaded, and the weather station and year to simulate 

have been selected, the climate data will be shown on screen, which can also be directly 

edited on the table that is shown.  

Next, the irrigation scheduling of the simulation comes, for which the model can make 

an estimation. Therefore, firstly, the user must enter the maximum irrigation rate in each 

application in mm, as well as the application efficiency, which takes by default the 

following values depending on the type of irrigation technique: 0.65 by flood, 0.75 by 
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furrows, and 0.85 by drip. Then, after pressing the [Irrigation estimation] button the 

model will make an initial irrigation recommendation, and simultaneously will enable 

the [Edit irrigation] button. If the user presses this last button they will access a dialog 

box (Fig. 10), where they will be able to enter their own irrigation data or load some 

irrigation scheduling from other simulations already performed with the model from the 

“Batch_crops_irrigat” table within the “nitirsoil.mdb” database. Once the data in this 

dialog box has been fulfilled, the next tab for the input of soil data will be enabled. 

 

 
Figure 9. Input menu for the climate and irrigation data 

 

 
Figure 10. Menu for the edition of the irrigation management  
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4.1.1.4. Soil 

The menu for soil data input is shown in Fig. 11. In this menu the user can enter the soil 

data by means of two options. 

The first option consists in selecting the soil data from some European countries, which 

are saved in the database for the region that the user has selected in the general input 

menu of the model. The second option consists in loading a table with soil data that has 

been previously created by the user. This is the adequate option for the user who has 

specific data for the plots of their interest. In order to use this last option, the user must 

press the [Load soil database] button, and select the soil table which they have 

previously created. The table the user can load must have a specific structure (section 

7.3), be included in the “nitrisoil.mdb” database, and with a name that begins with 

“Soil_”, e.g., “Soil_user”. 

The user can edit and change the data that are shown on the table itself in this menu. 

These edited data will be used in the simulation but the soil table in the database will 

not be modified. In order to change the soil data in the database, the user must open the 

appropriate dialog box from the drop-down menu [Database access  Soil]. 

Next, the user must enter the values of the soil mineral nitrogen content (kg N/ha) at the 

onset of the crop for the soil layers of 0-30, 30-60, 60-90, and > 90 cm. If the simulation 

depth is less or equal to 60 cm, the mineral N of the 60-90 and > 90 cm can be zero 

since they will not be considered for the simulation. 

If the user has information about the initial soil water content, they can also enter it in 

volumetric percentage units for the 0-30, 30-60, 60-90, and > 90 cm layers. If they do 

not have this information they have to uncheck the appropriate checkbox, and the model 

will make an estimation of the initial soil water content by means of a previous 

simulation. Once the soil data input is finished, the following tab of irrigation water 

quality will be enabled. 

 

 
Figure 11. Menu for the soil data input 
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4.1.1.5. Irrigation water 

In the menu for irrigation water quality data input, which is shown in Fig. 12, the user 

can select the irrigation water according to its nitrate concentration. A database structure 

is included in the model proposing 5 types of waters, depending on the nitrate 

concentrations (mg/L).  

- Low: 10 mg/l  

- Moderate: 25 mg/l 

- High: 50 mg/l 

- Very High: 150 mg/l 

The user can change the concentration value in the text box “Nitrate (mg/l)”. The model 

does not allow using different nitrate concentrations for the different months of the year 

to simulate. It only allows using one single irrigation water quality per simulation.  

 
Figure 12. Menu for the irrigation water data input 

 

4.1.2. Model run and results 

Once all the input data have been entered, the user must click the [Run NITIRSOIL] 

button, and a dialog box (Fig. 13) will pop-up, that indicates the name of the simulation 

with which the model will write the input data tables in 4 tables of the “nitirsoil.mdb” 

database: 

- General data in “Input_table_main”,  

- Basal crop coefficients and rooting depth in the “Batch_Crops_Growth” 

- Irrigation rates and frequency in the “Batch_Crops_Irrigat”  

- Nitrogen fertilization management in the “Batch_crops_N” 

 

The irrigation scheduling data can be retrieved by the user from the 

“Batch_Crops_Irrigat” table by using the name of the simulation in the irrigation editing 

button (button [Load irrigation plan]) on the “Climate irrigation” tab, and the whole 

simulation with the drop-down menu “Load simulations” included in the interface of the 

model.  



 

 13 

 
Figure 13. Dialog box that warns the user to save the simulation data input 

 

Next, the [OK] button is pressed, and the model will perform the simulation, and a 

dialog box will appear with the nitrogen balance table that has been simulated by the 

model.  

4.1.2.2. Results of the nitrogen balance 

 

In the first dialog box appeared (Fig. 14) are showed the main terms of the nitrogen 

balance simulated by the model month by month in kg N/ha units in the simulated depth 

input by the user.  

 

 

Figure 14. Dialog box with the table where the terms of the monthly nitrogen balance that results from 

the simulation are presented 

 

The columns of the nitrogen balance table contain the information that is described 

below: 

- Month: month in number format from 1 to 12, 

- N uptake potent: potential plant N uptake, this is the one that would occur if there 

were not soil N deficit. Besides, if the option to diminish the dry matter production due 

to water stress is checked, the potential plant N uptake is decreased too, 
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- N uptake: actual plant N uptake. If the soil mineral N cannot meet the crop 

requirements this N uptake value will be less than the N uptake potent,  

- N denitrif: nitrogen lost to the atmosphere as N2 by denitrification,  

- N volat: nitrogen lost as NH3 to the atmosphere by ammonium volatilization,  

- N leached: N-NO3
-
 lost to the underground waters by leaching, 

- Initial Nmin: soil mineral nitrogen at the onset of each month within the simulation 

depth, 

- End Nmin: soil mineral nitrogen at the end of each month within the simulation depth,  

- N-NO3 input: total N-NO3
-
 input each month. Here the N-NO3

-
 that is generated by 

nitrification, contributed by the mineral and organic fertilization, irrigation, rainfall, and 

crop residues is added,  

- N-NO3 nitrified: the N-NO3
-
 generated by nitrification of the soil ammonium,  

- Nmin Soil Org Matt: the nitrogen mineralized from the soil organic matter,  

- N-NO3 irrigat: the N-NO3
-
 contributed by the irrigation water,  

- N-NH4 fert min: ammonium nitrogen contributed by the mineral fertilization,  

- N-NO3 fert min: nitric nitrogen contributed by the mineral fertilization, 

- N rainfall: nitrogen contributed by rainfall,  

- Nmin manure: the N contributed from the mineralization of the organic N coming 

from the organic fertilization, and 

- N2O_emission: nitrogen lost in the form of N2O to the atmosphere in the nitrification 

and denitrification processes.  

To the bottom of the dialog box it is included information regarding the dry matter 

production, both total and harvested, the nitrogen use efficiency (NUE) calculation, the 

N contained of crop residues, and the excess of nitrogen. The user can access to a more 

detailed recommendations in the N management, pressing the [Recommendation] 

button. 

Additionally, the user can access to the information of the water balance activating the 

button [Water balance]. 

This table of the N balance can be exported to an MS Excel© format by clicking the 

[Export to excel] button. This tool only works if the Microsoft Office version installed 

is 2003 or higher. In case this tool does not work, all the rows and columns of the table 

can be selected, copied [Ctrl+C], and then go to an Excel worksheet and paste them 

[Ctrl+V]. Another tool the model has is the visualization of results from the nitrogen 

balance in graphical form. For this the [Plot] button must be pressed. 

 

4.1.2.3 Nitrogen management Recommendation  

The model show to the user a dialog box (Fig. 15) with some management 

recommendations based on three indicators; the nitrogen use efficiency, the excess of 

nitrogen applied and the potential loss of N uptake by the crop. In case of the nitrogen 

use efficiency was < 50% and the excess was > 80 kg N/ha, the recommendation is to 

reduce the fertilizer dose (thresholds set by the European panel of N experts, Oenema et 

al 2016). On the other hand, if the model simulates an extraction of N lower than 90% 
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of the potential extraction by the crop, a warning is activated so that the management of 

the nitrogen fertilizer should be reviewed, since at some month the crop has suffered a 

N deficiency. In this menu, the amount of N mineralized from the of organic matter 

application in the form of manure, slurry etc. is also calculated. In this regard, if this N 

mineralized by manures is greater than 170 kg N/ha (maximum limit for vulnerable 

areas in Europe), the model will provide you a warning to reduce the dose of organic 

fertilizer. 

Figure. 15. Dialog box with the main nitrogen management recommendations 

 

4.1.2.1. Results of the water balance 

In the nitrogen balance dialog box is included a button [water balance] to open a dialog 

box with the table of the main terms of the water monthly balance simulated by the 

model: rainfall, irrigation, reference evapotranspiration (ET0), crop evapotranspiration 

(ETc), and actual (ETr) evapotranspiration, as well as drainage in mm units. Along with 

some indicators of irrigation and evapotranspiration efficiency that the model calculates 

for the months with irrigation (Fig. 16). Based in this table the user can modify the 

irrigation management to increase the water use efficiency saving water. 
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Figure 16. Table with the main terms of the simulated water balance 

 

 

The columns of the water balance table contain the information that is described below:  

- N month: month in number format from 1 to 12,  

- Month: month in three-letter-abbreviated text format from Jan to Dec, 

- Rainfall: cumulated rainfall (mm), 

- Irrigation: irrigation rate (mm),  

- Reference Evapot: The monthly reference evapotranspiration  (mm)  

- Crop Evapot: The montly crop evapotranspiration (mm), 

- Real Evapot: actual evapotranspiration. If there is any month with water stress the 

actual evapotranspiration will be less than the crop evapotranspiration (mm),  

- Percolation: water drainage or deep percolation away from the roots (mm),  

- Soil Water: water content within the soil profile (mm), 

- Delta soil water: soil water content increase regarding the previous month (mm), 

- Irrigation Efficiency: irrigation efficiency calculated as actual evapotranspiration 

divided by irrigation (Irr. Eff. = Actual Evapotranspiration / Irrigation), and 

- Evapotranspiration Efficiency: evapotranspiration efficiency calculated as actual 

evapotranspiration divided by irrigation plus rainfall (ET. Eff. = Actual 

Evapotranspiration/(Irrigation + Rainfall)). 

 

 

4.2. Batch version 

The NITIRSOIL model can be run to perform multiple simulations in a simple and easy 

way, one after another or by batches (“batch mode”). For this type of running, the data 

input and output is done on the “nitirsoil_batch.mdb” database itself. Another advantage 
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of this version of the model is that any user from outside the European countries 

included in the databases can generate their own input data tables and run the model so 

as to obtain the results of the nitrogen and water balance. In fact, this version has been 

used to validate the model against data observed in the field for 110 different scenarios 

(de Paz et al., 2022a).  

 

4.2.1. Guidelines for data input 

The user must enter the model input data directly on the various tables of the 

“nitirsoil_batch.mdb” database (Fig. 17). In order to ease the data input, this can be 

performed previously in an Excel workbook called “nitirsoil_batch_eng.xls” (Fig. 18). 

This book accompanies the model and contains the tables with the adequate structure. 

This way, the data from the workbook can be copied and pasted in the tables of the 

“nitirsoil_batch.mdb” or, directly, to import the tables to the database using the tools 

that exist for this regard in MS Access© (see Annex I). In any case, special care must be 

taken with the codes of the simulations, which must correspond to the codes in the 

several tables associated with the main table “Input_table_main”.    

 

 
Figure 17. Look of the nitirsoil_batch.mdb database that manages the data input and output of the NITIRSOIL model in its 

batch version 
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Figure 18. Workbook nitirsoil_batch.xls where to enter the simulation data before its input in the 

nitrisoil_batch.mdb database 

 

The input data the user has to enter in the model for the batch run are described below: 

 

4.2.1.1. General data 

 

In the “Input_table_main” (table 1) table the initial and general data of each simulation 

are entered. The tables where the different data the model requires to perform the 

simulations, as those of climate, soil, irrigation water, fertilizers, etc., are saved, are 

associated to this table. Each table record corresponds to one different simulation and 

their fields are: 

- SIM: simulation code, 

- User: user or simulation name,  

- devap/cm: maximum soil depth down to which water can evaporate in cm, 

- depth/cm: maximum simulation depth in cm,  

- Layers: number of layers in which the soil is conceptually split, and which is 4 by 

default,  

- pedotransfer: code to select the method through which the soil water holding capacity 

points, can be estimated with pedotransfer functions (code 1), or directly they are taken 

from the soil table (code 0), In this model version is just activated the option of direct 

input (code 0). 

- yield: expected crop yield in t/ha,  
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- Initial_month: initial month of the simulation as an integer number from 1 to 12, 

- planting_month: planting month as an integer number from 1 to 12,  

- planting_day: day of the month when the crop is planted as an integer number,  

- Soil_id: soil code that is related to the tables “Soil_gen_TM” and “Soil_parameters” 

where the soil data are saved,  

- Water_id: water code that is related to the table “Water_nitrate” where the nitrate data 

in water are saved,  

- Climate_id: climate code that is related to the table “Climate_year_month” where the 

climate data are saved, 

- Crop_id: crop code that is related to the tables where the crop parameters, either 

annual “Annual_crops_growth” or woody “Tree_crops_growth”, are saved. If the code 

is between 0 and 200 it codifies for an annual crop, if it is over 200 it codifies for a 

woody crop.  

- Irrigat_id: irrigation management code that is related with the table where the 

irrigation management data “Batch_crops_irrigat” are saved.  

- Year: simulation year. This datum is used to retrieve the climate data saved in the 

“Climate_year_month” table, where the data is arranged according to weather station, 

year and month, 

- Crop_duration: days the crop lasts from plantation until crop end, 

- N-NO3_0-30: initial mineral nitrogen in the soil layer of 0-30 cm depth in kgN/ha, 

- N-NO3_30-60: initial mineral nitrogen in the soil layer of 30-60 cm depth in kgN/ha, 

- N-NO3_60-90: initial mineral nitrogen in the soil layer of 60-90 cm depth in kgN/ha, 

and 

- N-NO3_>90: initial mineral nitrogen in the soil layer below 90 cm depth in kgN/ha. 

Then, the initial soil water content, if the user has this information they can enter these 

data at different depths. So as for this, they must check the checkbox “Check_hvol” (see 

below). In case this checkbox is unchecked the model will estimate the initial soil water 

content. The soil water contents are: 

- Hvol_0-30: percent of soil water content (%) in the 0-30 cm depth soil layer, 

- Hvol_30-60: percent of soil water content (%) in the 30-60 cm depth soil layer, 

- Hvol_60-90: percent of soil water content (%) in the 60-90 cm depth soil layer, and 

- Hvol_>90: percent of soil water content (%) in the soil layer below 90 cm, 

and the rest of the fields: 

- Cropres_id: code of the crop from which the crop residues have been incorporated 

before the plantation of the crop to simulate, and which is related to the crop tables 

“Annual_crops_growth” and “Tree_crops_growth”. If the code is between 0 and 200 it 

codifies for an annual crop, and if it is over 200 it codifies for a woody crop, 

- Yield_res: yield of the crop from which the residues have been incorporated in t/ha,  

- mes_apl_res: month in which the residues have been incorporated. In general, it must 

match the initial simulation month or before this, 
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- Incorp_perc: percent of the residues produced by the crop that have been incorporated 

to the soil (%), 

- Check_estres_hidric: checkbox. If it is checked the dry matter yield is diminished 

proportionally to the likely water stress, and if it is unchecked the yield is not 

diminished, 

- Check_Hvol: checkbox to consider that the user enters the initial soil water content, or 

if it is unchecked, the model estimates the initial soil water content, and  

- Drip_irrig: checkbox to tell the model that the irrigation is localized. If it is checked it 

means the irrigation is localized. 

 

Table 1. Table “Input_table_main” where the input data to the NITIRSOIL model in the batch version are 

saved  

 

 

From the “Input_table_main” table, the model takes the information saved in the other 

tables in the “nitirsoil_batch.mdb” database in order to generate the dataset that is 

required by the model run and perform the simulation. In color red are represented the 

fields required by the model from each of the tables are indicated. The other columns 

are purely informative. 

The codes and relationships established between this initial table and the other tables are 

indicated in Fig. 19.  
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Figure 19. Scheme of the input, run, and output of the NITIRSOIL model in batch version 

 

4.2.1.2. Irrigation water quality 

In the “Water_nitrate” table the nitrate concentration data in the irrigation water are 

entered. The fields the user must fill in this table are (Table 2):  

- water_id: identification number code of the irrigation water for each simulation. This 

code must match the “water_id” table from the initial “Input_table_main” table, and  

- [Nitrate (mg/l)]: nitrate concentration in the irrigation water (mg/l). 

 

Table 2. “Water nitrate” table where the irrigation 

water quality data are saved  

Table 3. “Soil_gen” table where the soil 

hydrologic group data are saved  
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4.2.1.3. Climate 

In the “Climate_year_month” table the monthly climate data from the various weather 

stations are saved. This table is the same used in the windows version.  

 

Monthly climate information is stored in the [climate_year_month] table. In this version 

of the model, the user must enter the specific climatic data of his area following the 

structure of "climate_year_month" (Table 4). The fields of this table that the batch 

version needs are: 

- Climate_id: numerical identification code that must correspond to the climate_id 

included in the input_table_main table, 

- Year: year of the simulation. You must have complete information of the years that 

the crop development occupies 

- Month: month in numeric format from 1 to 12, 

- Tmean: monthly mean temperature in ºC, 

- Rain: monthly precipitation in mm, 

- Rainy days: number of days per month with rain above 0.1 mm, and 

- ETo: reference evapotranspiration for each month in mm. 

 

Tabla 4. Tabla “climate_year_month” donde se guardan los datos climáticos mensuales distribuidos por 

estaciones meteorológicas 

 

 

4.2.1.4. Soil  

 

The soil data  os datos de suelos se introducen en dos tablas. are entered in two tables. 

In the table “soil_gen” (Table 3) the hydrologic group is saved, and in the table 

“soil_parameters” the soil parameters so are arranged by depths. The “Soil_gen” table is 

very similar to the one used for the windows version but without the information 

regarding the geographical location of the soil data. As a consequence, in the 

“Soil_gen” table the fields to use are only: 
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- soil_id: soil type code, and 

- GH: hydrologic group, which is classified into A, B, C, and D as a function of its 

hydrologic characteristics (Table 5). 

 

Table 5.  Soil and drainage characteristics for each hydrologic Group 

Hydrologic group Soil and drainage characteristics 

A Sandy texture and very good drainage 

B Loam texture and good drainage 

C Clay-loam texture and moderate drainage 

D Clay and/or silt texture and restricted drainage 

 

Besides, in the “Soil_parameters” table stores the soil parameters differentiated by 

depths. The columns of this table for this batch version of the model are:  

 

- Soil_id: soil code that is related to the previous table "soil_gen", in relation from 1 to 

n, and that must correspond to the "soil_id" code included in the table 

"Input_table_main" where the general information of the simulation is stored. 

- Top_cm: depth of the upper limit of the soil layer in cm, 

- Bottom_cm: depth of the lower limit of the soil layer in cm, 

- BD_gr_cm3: bulk density of the soil layer in g/cm3, 

- H_saturation: saturation volumetric humidity of the soil layer expressed in 1/u, 

- Sand: percentage of sand-sized particles (Ø > 0.050 mm) of the soil layer according to 

the USDA textural classification, 

- Clay: percentage of clay-sized soil particles (Ø < 0.002 mm) of the soil layer 

according to the USDA textural classification, 

- pH: pH value of the soil layer, 

- OM: percentage of organic matter in the soil layer, 

- C_N: carbon/nitrogen ratio of the soil layer, if this information is not available, the 

model takes 10 by default, 

- FC_cm_cm: volumetric humidity of the soil layer at the field capacity point in 

cm3/cm3, 

- WP_cm_cm: volumetric humidity of the soil layer at the permanent wilting point in 

cm3/cm3, 

- Carbonates_percent: percentage of calcium carbonate equivalent of the soil layer. This 

parameter is only necessary if you want to use the pedotransfer functions to calculate 

the field capacity and the permanent wilting point, and 

- CF: percentage of coarse elements of the soil layer. 
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Tabla 6. -Table "Soil_parameters" where the data of physicochemical characteristics of the soils by depths 

are stored 

 

 

4.2.1.5. Irrigation management 

In the “Batch_crops_irrigat” table the irrigation data management must be entered for 

each simulation (Table 7), where each identification code (sim_id, user) is unique for 

each irrigation management. These codes must correspond to the ones entered by the 

user in the “Input_table_main” table. The fields in this table are: 

- Sim_id: relational code with the “Input_table_main” table, 

- User: user or simulation name. It is related to the “Input_table_main” table, 

- I…_mm: irrigation rate per month in mm (Ijan_mm, Ifeb_mm, Imar_mm, Iapr_mm, 

Imay_mm, Ijun_mm, Ijul_mm, Iaug_mm, Isep_mm, Ioct_mm, Inov_mm, Idec_mm), 

and 

- If…_day: number of irrigation days per month (Ijan_day, Ifeb_day, Imar_day, 

Iapr_day, Imay_day, Ijun_day, Ijul_day, Iaug_day, Isep_day, Ioct_day, Inov_day, 

Idec_day).  

 

Table 7. “Batch_crops_irrigat” table where the irrigation management data are saved for each simulation 
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4.2.1.6. Nitrogen fertilization management 

In the “Batch_crops_N” table the user must enter the data regarding the mineral and 

organic nitrogen fertilization (Table 8). This way, 12 records with the input data of 

mineral and organic fertilizers per month correspond to each simulation. The table has 

the following fields:  

- FertiN_id: relational code with the “Input_table_main” table, 

- User: user or simulation name. It is related with the “Input_table_main” table, 

- Month: month in which the fertilizer is applied in number format from 1 to 12, 

- Dosis_fm: monthly rate of the fertilizer in its trade formulation in kg/ha, 

- N-NO3: nitric N rate applied with the mineral fertilizer in kgN/ha,  

- N-NH4: ammonium N rate applied with the mineral fertilizer in kgN/ha,  

- Faplic_fmin: way of application of the mineral fertilizer (surface, incorporated, drip, 

injected), 

- Code_tipo_apl_fm: number that codifies for the way of application of the mineral 

fertilizer according to Table 9,  

- Code_fo: number that codifies for the type of organic fertilizer. It is related with the 

“manure” table where the characteristics of each organic fertilizer are saved,  

- Dosis_fo: application rate of each organic fertilizer in t/ha,  

- Code_tipo_apl_fo: number that codifies for the way of application of the organic 

fertilizer. They are the same as in the case of the mineral fertilizer (Table 20), 

 Table 8. “Batch_crops_N” table where the mineral and organic nitrogen fertilizer data are saved 
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Table 9. Codes of the types of fertilizer application 

Code Type of fertilizer application 

1 Surface 

2 Incorporated 

3 Drip irrigation 

4 Injected 

 

4.2.2. Model run and results 

For running the model, one must simply look for the nitirsoil_batch.exe application and 

click on such executable file. In addition to the input data tables, the nitirsoil_batch.mdb 

also contains the output data tables. This database should be located in the subdirectory 

…/database/ where the executable is installed. These must not be erased nor its structure 

modified since the model recognizes them and fills them with the results of the new 

simulations. In each run, the model does erase the contents of the output tables 

Output_table_Nbal” and “Output_table_Wbal” before filling them with the results of 

the new simulation. Specifically, for each combination of the “sim_id” plus “User” 

codes the model runs one simulation and generates, as a consequence, 12 records with 

the results that correspond to each of the 12 months of the year of water balance in the 

“Output_table_Wbal”, and of nitrogen balance in the “Output_table_Nbal” table.     

 

4.2.2.1. Results of the water balance 

In the “Output_table_Wbal” table the results from the water balance for all the 

simulations performed by means of the model run in batch mode are saved (Table 10). 

In order to visualize the results of the water balance the nitirsoil_batch.mdb database 

must be opened and this table looked for. Its structure is similar to the one generated by 

the model in windows mode, but in this case all the results are saved in only one table. 

The fields are:  

- Sim_id: simulation code, 

- User: user or simulation name, 

- R/mm: monthly rainfall in mm,  

- I/mm: monthly irrigation rate in mm,  
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- ETo/mm: monthly reference evapotranspiration in mm, 

- ETc/mm: monthly crop evapotranspiration in mm,  

- ETa/nmm: monthly actual evapotranspiration in mm. It considers if there is enough 

water in the soil to evapotranspirate, 

- D/mm: monthly drainage in mm, 

- Month: month in three-letter-abbreviated text format,  

- Mes: month in number format from 1 to 12, and  

- Soil_water: soil water content at the end of the month in the simulation depth in mm. 

 

Table 10. “Output_table_Wbal” table where the results of the water balance simulated by the 

NITIRSOIL model in batch mode are saved 

 

4.2.2.2. Results of the nitrogen balance 

In the “Output_table_Nbal” table the nitrogen balance results are saved for all the 

simulations performed by means of the model run in batch mode (Table 11). In order to 

visualize the nitrogen balance results, the nitirsoil_batch.mdb database must be open 

and this table looked for. Its structure is similar to the one generated by the model run in 

windows mode, but in this case all the results are saved in only one table. The fields are: 

- Sim_id: identification simulation code. This code is taken from the 

“Input_table_main” table, 

- User: user or simulation name. This code is taken from the “Input_table_main” table, 

- Month: simulation month in number format from 1 to 12, 

- Ndemand: crop nitrogen potential demand in kg N/ha,  

- Nuptake: crop nitrogen actual uptake simulated by the model in kg N/ha, 

- Ndenitrif: nitrogen lost as N2 by denitrification in kg N/ha,  

- Nvolat: N-NH4
+
 lost as NH3 by volatilization in kg N/ha, 
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- Nleached: N-NO3
-
 lost by leaching in kg N/ha,  

- Drain: percolated water below the rooting depth in mm, 

- Nmin_ini: soil mineral nitrogen content within the simulation depth the first day of the 

month,  

- Nmin_end: soil mineral nitrogen content within the simulation depth at the end of the 

month,  

- N-NO3input: N-NO3
-
 input as the addition of the contributions from the mineral and 

organic fertilizers, the nitrification, the irrigation water and the rainfall,  

- NO3nitrif: produced N-NO3
-
 by the nitrification process, 

- NminSOM: mineral nitrogen contributed from the mineralization of the soil organic 

matter, 

- N_NO3_irrig: applied N-NO3
-
 with the irrigation water, 

- N_NH4fm: applied N-NH4
+
 with the mineral fertilization, 

- N_NO3fm: applied N-NO3
-
 with the mineral fertilization, 

- N prec: contributed N-NO3
-
 by the rainfall, 

- Nmin_man: mineral nitrogen contributed from the mineralization of the applied 

manure, 

- Total Dry Matter: crop total dry matter production in t/ha, 

- Dry matter yield: crop harvested dry matter production in t/ha,  

- NN2O: emission of N2O to the atmosphere in kg N/ha, 

- N residue: nitrogen content of the crop residues at the crop end in kg N/ha,  

- N apl Resid: mineral nitrogen contributed from the mineralization of the residues of 

the previous crop during the development of the crop to simulate in kg N/ha, and  

- Order: consecutive order of the simulated months in which the crop is growing.  

 

Table 11. “Output_table_Nbal” table with the results of N balance simulated by the NITIRSOIL model in batch 

version 
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5. Data required by the model 

The NITIRSOIL model has been designed to require the minimum number of data and 

parameters in order to achieve optimal applicability and thus be able to be used by the 

maximum number of users (Fig. 1). In order to boost this simple operation, a database 

of climate, soil, irrigation water, crop, etc., has been implemented along with the model.  

 

5.1. General model data 

The general data the model requires to be run are: 

- Name of the simulation (character string), 

- Simulation initial month (from January to December),  

- In the case of being in the Valencian Community (Spain), province and municipality 

where the plot is located. This option is not included in the batch version,  

- Simulation depth (cm), 

- Number of layers in which the user wants the soil profile to be conceptually split to 

carry out the simulation and which is taken as 4 by default, 

- Depth down to which the soil is thought to be able to evaporate water (cm),  

- For the soil water holding characteristic points a choice between the following:  

 to assess them by using pedotransfer functions implemented within the model, or  

 to enter them as experimental data, and 

- For the dry matter production, a choice between the following:  

 to activate the application of a water stress factor, or  

 to not activate it. 

 

5.2. Climate data 

The main climate data the model requires are: 

- Monthly average temperature (ºC), 

- Monthly reference evapotranspiration (mm), 

- Monthly rainfall (mm), 

- Monthly number of days with rainfall (ud). 

 

5.3. Crop management data 

These data must be directly entered by the user using the menus that have been 

designed. 

- Crop: 

o Crop species: artichoke, tomato, cauliflower, citrus, etc., 

o Plantation date: plantation day and month, 

o Crop length in days, and 
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o Yield in t/ha. 

- Fertilization: 

o Mineral: 

 Application month, 

 Dose (kg fertilizer/ha), 

 Type of fertilizer: ammonium nitrate, 15-15-15, ammonium 

sulphate, etc., 

 Contents of N-NO3
-
 and N-NH4

+
 applied with the fertilization, 

 In the windows version, it is directly calculated from the 

dose and type of fertilizer, 

 In the batch version it must be entered as datum. 

 Type of application: surface, incorporated, drip, injected.  

The NITIRSOIL model requires the total amount of mineral fertilizer each 

month 

o Organic: 

 Application month, 

 Dose (t/ha), 

 Type of manure: chicken droppings, pig-slurry, cow-slurry, etc., 

 Type of application: surface, incorporation, drip, injected, 

The NITIRSOIL model allows only one application throughout the 

cropping season.  

- Irrigation: 

o Month of the irrigation application, 

o Irrigation rate per month (l/m
2
), 

o Number of irrigation days per month,  

o Irrigation technique: surface, furrows, drip. 

 

- Crop residue:  

o Crop species: artichoke, tomato, cauliflower, etc.  

o Yield of the crop that generates the residue (t/ha). 

o Percentage of residue incorporation to the soil (%). Which percentage of 

the non-harvested plant part is left on the field and incorporated into the 

soil.  

 

5.4. Soil data 

The NITIRSOIL model requires for its calculations the following data arranged per soil 

layer: 
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- pH, 

- Soil organic matter percent (OM), 

- C/N ratio, which, in case this datum is not available it is taken 10 by default, 

- Texture, weight percent of sand and clay according to the USDA particle-size classes 

(%), 

- Bulk density (g/cm
3
),  

- Coarse fragments percentage (Ø > 2 mm) (%), 

- Calcium carbonate equivalent percent (%), this datum is only required for using the 

pedotransfer function that calculates the soil water content at field capacity. 

- Soil water content at field capacity and at the permanent wilting point (1/ud). In case 

this information is not available the model is furnished with pedotransfer functions for 

their calculation from texture, calcium carbonate equivalent, and organic matter 

contents,   

- Hydrologic group. Soils can be classified into 4 hydrologic groups called A, B, C, and 

D depending on their soil and drainage characteristics (Table 5),  

- Initial soil mineral nitrogen content for the 0-30, 30-60, 60-90, and below 90 cm depth 

intervals,  

- Initial soil water content for the 0-30, 30-60, 60-90, and below 90 cm depth intervals. 

In case these data are not entered, the model simulates the initial conditions from the 

climate and irrigation data.  

 

5.5. Nitrate concentration in the irrigation water 

The model uses the nitrate concentration in the irrigation water to calculate the amount 

of nitrogen contributed to the crop by this way. This value must be entered in units of 

mg/L of nitrate. Only one water quality is allowed in each simulation. The nitrate 

concentration cannot be changed throughout the crop development. Therefore, in case 

several water qualities are used in the exploitation, an average nitrate value should be 

entered.  

 

6. Internal parameters 

The internal parameters of the model are those that regulate the processes that occur in 

the N dynamics such as volatilization, denitrification, etc., as well as all the parameters 

that define the plant N uptake, etc. Both versions of the model, windows and batch, 

share the structure and content of the tables where these parameters are housed in the 

nitirsoil.mdb and nitirsoil_batch.mdb databases. The parameters can be easily modified 

by accessing the tables where they are stored, as well as, for the windows version 

through the menus that have been designed for the graphical user interface. 

 

6.1. General parameters 

The general parameters that regulate some of the transformations that occur in the 

nitrogen dynamics define the model internal working. Processes such as mineralization, 

denitrification, nitrification, leaching, etc., are regulated by means of coefficients that 
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are stored in the “parameter_gener” table (Table 12) in the “nitirsoil.mdb” database. 

These coefficients are described below.  

- Komr_slow: rate coefficient for the soil organic matter of slow mineralization. By 

default, it is 0.00037 ud/day,  

- Komr_fast: rate coefficient of the soil organic matter of fast mineralization. By 

default, it is 0.0059 ud/day, 

- CN_fast: carbon-to-nitrogen ratio in the soil organic matter of fast mineralization rate 

By default, it is 17, 

- N_no_pool: percent of soil organic N in the pool of fast mineralization rate. By 

default, it is 10%, 

- Kcres_manure: rate coefficient for the mineralization of manure. By default, it is 0.03 

ud/day, 

- Pcres_manure: carbon-to-dry-matter ratio for manure. By default, it is 0.37 (1/u), 

- Kcres_veg: rate coefficient for the mineralization of the crop residues. By default it is 

0.06 ud/day, 

- PCres_vegetal: carbon-to-dry-matter ratio for the crop residues. By default, it is 0.6 

(1/u), 

- Knitrif: nitrification coefficient. By default, it is 33.6 kgN/ha, 

- Klix: nitrate leaching coefficient. It is factor related to the soil nitrate leaching 

efficiency. By default, it is 0.8, 

- Kvol_soil: soil ammonium volatilization coefficient in the months when there are no 

contributions of organic or ammonium fertilizers. By default, it is 0.05,  

- KN2Onitrif: N2O emission coefficient from nitrification. By default, it is 0.002, and 

- KN2Odesn: N2O emission coefficient from denitrification. By default, it is 0.2.  

 

Table 12. Table “parameter_gener” of the NITIRSOIL model where the various internal parameters of 

the model are saved 

 
 

In the windows version, a dialog box entitled “General model parameters” (Fig. 130), 

where the user can change the coefficients that the model uses for the N dynamics 

simulation, has been designed. This dialog box can be accessed from the drop-down 

menu [Database access  Model parameters]. The user can change all the general 

parameters and then, by pressing the [Update] button the “parameter_gener” table is 

updated in the “nitirsoil.mdb” database while, simultaneously, the original table is 

preserved by renaming to “parameter_gener_” plus the date and time when the updating 

was performed (e.g.: parameter_gener_03_12_2012_14:26:34).  

This way the original tables are kept, so as in case one wants to retrieve the original 

table, this can be done by simply opening the “nitirsoil.mdb” database and changing the 

name “parameter_gener_03_12_2012_14:26:34” by “parameter_gener”. 

Another way to modify these parameters is by directly editing the “parameter_gener” 

table in the “nitirsoil.mdb” database. In fact, in the model batch version there have not 
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been included tools to help edit these values and hence this should be done by directly 

editing the table.  

 

 
Figure 20. Dialog box for the editing and updating of the model table of general parameters 

 

6.2. Volatilization coefficients 

The nitrogen losses by ammonium volatilization to the atmosphere mainly occur from 

the application of ammonium and organic fertilizers. This process is regulated through 

the volatilization coefficient, which depends on the soil pH, the fertilizer type 

(ammonium sulphate, urea, etc.), the application method (surface, incorporated, etc.) 

and the type of month according to its humidity when it is applied (humid, sub-humid or 

dry), in addition to the soil cation exchange capacity. Therefore, the basal volatilization 

coefficients proposed by Meisinger and Randall (1991), which depend on the first four 

properties, have been adapted and they are housed in the “Kvol_ferti” table with the 

following fields (Table 13). 

- code: identification code of the volatilization coefficient,  

- N-NH4: content of N-NH4
+
 in the fertilizer (%). 

- Fertilizer: name of the fertilizer. In case it is organic it is simply called organic,  

- Application: method of fertilizer application. The options are surface, incorporated, 

drip and injected,  

- pH: soil pH value. There are two options: “< 7” or “> 7”. On the basis of the soil pH 

one option or another is chosen, 

- humid_month: volatilization coefficient for a humid month (%). A humid month is 

that in which the addition of rainfall plus irrigation days is over 15 (Table 25),  

- Subhumid_month: volatilization coefficient for a sub-humid month (%). A sub-humid 

month is that in which the addition of rainfall plus irrigation days is between 10 and 15 

(Table 25),  

- Dry_month: volatilization coefficient for a dry month (%). A dry month is that in 

which the addition of rainfall plus irrigation days is under 10 (Table 25), 
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In order to modify the values of the volatilization coefficients, the user should access 

the NITIRSOIL databases and edit the table “Kvol_ferti” and change these values 

directly, both in the windows and batch versions.  

 

Table 13. Table “Kvol_ferti” where the basal volatilization coefficients are saved as a function of the 

type of fertilizer, way of fertilization, soil pH and type of month depending on its humidity 

 
 

6.3. Denitrification coefficients 

The denitrification is a process by means of which the soil NO3
-
 is reduced up to N2O 

and N2, and it is thus lost to the atmosphere. The algorithm the NITIRSOIL model uses 

to represent this process is regulated by means of the denitrification coefficient. This 

coefficient changes mainly as a function of the type of soil (hydrologic group), the soil 

organic matter content in the surface layer (0-30 cm), the irrigation method, and the 

application of organic fertilizers. The denitrification coefficients the model uses are 

stored in the “parameter_desni” table (Table 14) with the following fields:  

- ID: autonumber code, 

- SOM: soil organic matter content. It may be: < 2%, 2-5%, > 5%, 

- A: daily denitrification coefficient for a soil from the hydrologic group A (1/u/day), 

- B: daily denitrification coefficient for a soil from the hydrologic group B (1/u/day),  

- C: daily denitrification coefficient for a soil from the hydrologic group C (1/u/day), 

- D: daily denitrification coefficient for a soil from the hydrologic group D (1/u/day), 

From the calculation of this coefficient, the model increases its value in 20% if an 

organic fertilization occurs, and in 10 % if the irrigation method is trickle.  

In order to change these values, the user must access the NITIRSOIL databases and edit 

the “parameter_desni” table both for the windows and the batch versions.  
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Table 14. Structure of the “parameter_desni” table where the denitrification coefficients are saved as a 

function of the hydrologic group and the soil organic matter content 

 
 

6.4. Crop parameters 

The parameters that define the characteristics of the dry matter production, as well as 

the water and nitrogen crop uptake are found in two tables, one for the annual crops and 

another for the woody crops (multiannual). 

 

6.4.1. Annual crops 

The parameters that define the annual crops are in the “Annual_crops_growth” table 

(Table 15), which presents the following fields:  

- ID: autonumber code, 

- Crop_id: crop identification code, 

- Crop: crop name, 

- Potential_yield_t_ha: potential crop fresh yield at the season end in t/ha, 

- DM: dry-to-fresh matter index (1/u). Dry-to-fresh harvested matter ratio, 

- HI: harvest index. Harvested-to-total dry matter ratio, 

- C1: coefficient “a” in the nitrogen dilution curve throughout the crop development 

(Equation 36), which is used to calculate the potential crop N uptake, 

- C2: coefficient “b” in the nitrogen dilution curve throughout the crop development 

(Equation 36), which is used to calculate the potential crop N uptake, 

- Kcb…: basal crop coefficient for each of the four development stages of annual crops 

(Fig. 21): 

o Kcbi: initial, 

o Kcbd: development, 

o Kcbm: maturing, and 

o Kcbs: senescence,  

-L…: relative length of each of the four development stages of annual crops expressed 

as a ratio to the total season length: 

o Li_Ltotal: initial, 

o Ld_Ltotal: development, 

o Lm_Ltotal: maturing, and 
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o Ls_Ltotal: senescence, 

- Ltotal: length of the crop growing season in days, 

- rd_cm: maximum rooting depth in cm, 

- Shaded_area_max: maximum canopy covered area (1/u). 

And additionally, the following parameters which are needed in case the incorporation 

of crop residues is considered: 

- Moisture_perc: crop water content in percentage, 

- N_percent_dm: crop nitrogen content on a dry matter basis. 

 

 
Figure 21. Basal crop coefficients (Kcb) for the various stages of crop development of annual crops 

 

Table 15. Table “Annual_Crops_Growth” where the parameters that define the development and water 

and nitrogen uptake of annual crops are saved  

 
 

In the windows version, a dialog box (Fig. 22), where the user can modify the 

parameters that the NITIRSOIL model uses in its simulations, has been designed. It can 

be accessed from the drop-down menu [Database access  Crop  Annual]. In this 

dialog box the user can simply visualize the parameters for each of the annual crops that 

have been included in the “Annual_crops_growth” table, as well as, delete, modify 

parameters and add new crops.  
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In order to visualize and select a crop to modify, the list (“CROP”) must be unfolded. 

Once a crop has been selected, in the group “Edit Options” the action the user wants to 

perform must be selected:  

- Show: the data are shown but they cannot be edited,  

- Edit: the data are shown and they can be edited and modified,  

- Remove: the selected crop can be deleted, 

- Add new: add a new crop to the table of annual crops,  

For the action chosen by the user to take effect, the [OK] button must subsequently be 

pressed. 

 

 
Figure 22. Dialog box for the visualization, edition, deletion and addition of parameters of annual crops  

 

In case the batch version is used, the user can modify the parameters of the annual crops 

by accessing to the database and editing the “Annual_crops_growth” table. 

 

6.4.2. Multiannual crops 

The parameters defining the woody crops (multiannual) are in the “Tree_crops_growth” 

table (Table 16), which presents the following fields: 

- ID: autonumber code, 

- Crop_id: identification code, in the case of woody crops the code_id is over 200,  

- Crop: crop name, 

- Potential_yield_t_ha: potential crop fresh yield at the season end in t/ha, 

- DM: dry-to-fresh matter index (1/u) calculated as the dry-to-fresh harvested matter 

ratio and expressed in 1/ud, 

- HI: harvest index calculated as the harvested-to-total dry matter ratio and expressed in 

1/ud, 

- C1: coefficient “a” in the nitrogen dilution curve throughout the crop development 

(Equation 36), which is used to calculate the potential crop N uptake, 

- C2: coefficient “b” in the nitrogen dilution curve throughout the crop development 

(Equation 36), which is used to calculate the potential crop N uptake, 
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- Kcb…: basal crop coefficients for each of the year months:  

o Kcbjan: basal coefficient for January, 

o Kcbfeb: basal coefficient for February,  

o Kcbmar: basal coefficient for March,  

o Kcbapr: basal coefficient for April,  

o Kcbmay: basal coefficient for May,  

o Kcbjun: basal coefficient for June,  

o Kcbjul: basal coefficient for July, 

o Kcbaug: basal coefficient for August,  

o Kcbsep: basal coefficient for September,  

o Kcboct: basal coefficient for October,  

o Kcbnov: basal coefficient for November,  

o Kcbdec: basal coefficient for December,  

- rd_cm: maximum rooting depth in cm, 

- Shaded_area_max: maximum canopy covered area expressed in 1/u,  

 

Table 16. Table “Tree_crops_growth” where the parameters defining the development, and water and 

nitrogen uptake of the woody crops (multiannual) are 

saved

 

 

Similar to the previous menu for the edition of the annual crops, a dialog box (Fig. 23) 

has been designed for the user to be able to modify the crop parameters the NITIRSOIL 

model requires in the simulation of woody crops. This menu can be accessed through 

the general drop-down menu [Database access  Crop  Perennial]. In this dialog box 

the user can simply visualize the values for each of the multiannual crops that have been 

included in the “Tree_crops_growth” table, or either, delete, modify parameters or add 

new crops.  

In order to visualize and select the crop to modify, the drop-down list “CROP” must be 

unfolded. Once a crop has been selected, in the group “Edit Options” the user can select 

the action they want to perform:  
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- Show: the crop data are shown but they cannot be edited,  

- Edit: the crop data are shown and they can be edited and modified,  

- Remove: the selected crop can be deleted, 

- Add new: add a new crop to the table of multiannual crops,  

For the action chosen by the user to take effect, the [OK] button must subsequently be 

pressed. 

 

 
Figure 23. Dialog box for the edition of the woody crops parameters 

 

In case the batch version is used, the user can modify the woody crops parameters by 

accessing the nitirsoil_batch.mdb database, and directly editing the 

“Tree_crops_growth” table.  

 

7. Model tables 

These tables store the information regarding the data on climate, soil, and nitrate content 

of the irrigation water, which the model in both versions, windows and batch, uses to 

perform the simulations. These tables are for supporting the user so that they has the 

information more accessible through the graphical interface. All these tables are saved 

with a specific format and structure in the model databases as is detailed below. 

 

7.1. Irrigation water quality data 

In the [Water_nitrate] table the data on the nitrate concentration of the irrigation water is 

saved (Table 17). In the version that is distributed this table contains data from the 

Valencian Community (Spain). In case the user does not use any of the waters included 

in this table, they will be able to enter this datum in the input menu of the irrigation 

water for the windows version, or build a new table for the batch version.  

In the [Water_nitrate] table it is saved, in addition to the nitrate concentration, the 

information regarding the location of the waters (province and municipality), if it is 

surface or groundwater, and also the sample taking date. The fields in this table are:  
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water_id: identification code of the water,  

Name: name of the well, irrigation channel, river, etc., where the water comes from,  

Nitrate (mg/l): nitrate concentration in the water in mg/l,  

Date: date when the sample was taken for analysis (date/time), 

source: origin of the water: well, irrigation channel, spring, desalination plant, etc.,  

For the batch version, only the fields [water_id] and [Nitrate (mg/l)] are required.  

 

Table 17. Table “Water_nitrate” where the nitrate content in the irrigation waters is saved 

 
 

7.2. Climate data 

In the [climate_year_month] table the monthly climate information is saved. In the 

distributed version of the model these data refer to some european countries (Denmark, 

Germany, Norway, Italy, Spain and United Kingdom). In case the user wants to use 

climate data from outside these countries they can create their own climate table with 

specific data from their area on the basis of the structure of the “climate_year_month” 

table (Table 18). The fields of this table are: 

- Climate_id: numeric identification code of each weather station, 

- Weather station: name of the weather station,  

- Year: the year of the sampling date, 

- Month: the month of the sampling date in number format from 1 to 12,  

- Tmean: average temperature of each month in ºC, 
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- Rain: cumulative rainfall of each month in mm,  

- Days_of_rainfall: number of days of each month with rainfall over 0.1 mm, and  

- ETo: cumulative reference evapotranspiration of each month in mm. 

 

 

Table 18. Table “climate_year_month” where the climate data of each month arranged by weather 

station is saved  

 
 

In the windows version of the model a dialog box has been created (Fig. 24) where the 

user can modify the table where the climate data are saved (e.g., “Climate_user”). This 

box can be accessed from the drop-down menu [Database  Climate], and once there, 

pressing the [Edit] button the user can modify all the data that are shown in the table.  

Once the data have been modified the [OK] button must be pressed, so that the changes 

take effect and the system updates the table to “Climate_” plus the name the user has 

chosen in the “nitirsoil.mdb” database. At the same time, the original table is preserved 

by renaming it to: “Climate_” plus the name the user has chosen plus the date and time 

of the modification with the following format “_dd_mm_aaaa_hh:mm:ss”. This way the 

original table is kept, so as in case the user wants to retrieve it, this can be done simply 

by opening the “nitirsoil.mdb” database and changing the name 

“Climate_user_03_12_2012_14:26:34” to the name “Climate_user”. This way the old 

table would be ready to be used by the model.     
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Figure 24. Dialog box for the climate data edition 

 

7.3. Soil data 

The model saves the soil data in two separate tables which are linked to one another by 

means of a code. In the first table (soil_gen_def) the soil location and hydrologic group 

are saved, and in the second one (soil_parameters) the data with the physicochemical 

characteristics of the soil are saved arranged by depths.  

In the distributed version of the model, data from 83 soil points distributed throughout 

the main irrigation areas of several European countries have been included. In those 

areas from this territory where there is no available information, the system will offer 

six soil types with differentiated hydrological characteristics, from a sandy to a clay 

soil. Besides, there are also tools available so as to create user-own soil data tables.   

The “Soil_gen_def” table saves the basic data from the soil location (Country and 

region) as well as the hydrologic group (Table 19). The fields of this table are:  

- soil_id: soil type code,  

- Name: profile or field name where the soil is located,  

- Country_name: country name where the soil is located, 

- Region: Region name where the soil is located, 

- Code_region: Unique code for each region of the European countries, 

- GH: hidrologic group, which is classified into A, B, C, and D depending on the soil 

and drainage characteristics (Table 1).  

In the batch version of the model only the “soil_id”, for soil identification, and GH, for 

the hydrologic group, are considered.  
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Table 19. Table “soil_gen_def” where the location and hydrologic group data are saved 

 
 

The table “Soil_parameters” store the soil parameters differentiated by depths or layers 

(Table 20). The fields of this table are: 

- Soil_id: soil code that links this table with the other one “soil_gen_def” with numbers 

from 1 to n,  

- Top_cm: depth of the top boundary of the soil layer in cm,  

- Bottom_cm: depth of the bottom boundary of the soil layer in cm,  

- BD_gr_cm3: bulk density of the soil layer in g/cm
3
,  

- H_saturation: water content at saturation of the soil layer expressed in 1/u,  

- Sand: percent of sand-sized particles (Ø > 0.050 mm) of the soil layer according to the 

USDA textural classification,  

- Clay: percent of clay-sized particles (Ø < 0.002 mm) of the soil layer according to the 

USDA textural classification, 

- pH: pH value of the soil layer, 

- OM: percent of organic matter of the soil layer, 

- C_N: carbon-to-nitrogen ratio of the soil layer, in case this information is not available 

the model takes 10 by default,  

- FC_cm_cm: water content of the soil layer at field capacity in cm
3
/cm

3
, 

- WP_cm_cm: water content of the soil layer at permanent wilting point in cm
3
/cm

3
, 

- CF: percent of coarse fragments (Ø > 2 mm) in the soil layer.  
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Table 20. Table “Soil_parameters” where the physicochemical data of the soils arranged by depths are 

saved  

 

 

In the same way that a dialog box has been designed to edit the climate table, another 

dialog box has been designed to help the user modify the table where the soil data is 

saved (e.g., “Soil_user”, figure 25). This box is accessed from the drop-down menu 

[Database access  Soil], and pressing the [Edit] button the user can edit all the data 

that are shown in the table.  

Once modified, the [OK] button must be pressed for the changes to take effect, and the 

system to update the table to “Soil_” plus the name the user has chosen in the 

“nitirsoil.mdb” database. At the same time the original table is preserved by renaming it 

to “Soil_” plus the name the user has chosen, and plus the date and time of modification 

with the format “_dd_mm_aaaa_hh:mm:ss“ (e.g., Soil_user_03_12_2021_14:26:34). 

This way the original table is always kept, so in case the user wants to retrieve it, this 

can be done by simply opening the “nitirsoil.mdb” database and changing the name 

“Soil_user_03_12_2021_14:26:34” by the name “Soil_user”. This way the old table 

would be ready to be used by the model.   

 

 
Figure 25. Dialog box for the edition of the soil data 

 

7.4. Mineral fertilizers 
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The characteristics of the mineral nitrogen fertilizers are saved in the “Fertilizer” table 

(Table 21). The model in its windows version unfolds this table from the mineral 

fertilizer management menu so the user can easily include the fertilizers in their 

schedule.   

Table 21. Table “Fertilizer” where the nitrogen mineral fertilizers characteristics are saved 

 
 

Specifically, in the [Fertilizer] table, the data about the physical state and nitric and 

ammonium composition of the nitrogen fertilizers are saved. The fields that make up 

this table are the following:  

- code_id: identification code of each fertilizer,  

- Fertilizer: name of the fertilizer, 

- forma: physical state (solid or liquid) in which the fertilizer is found,  

- N_TOT: total N percent of the fertilizer, 

- N_NH4: ammonium N percent of the fertilizer, and  

- N_NO3: nitric N percent of the fertilizer. 

The addition of N_NO3 plus N_NH4 must match N_TOT. 

This table can be edited by using a dialog box that has been designed for this purpose 

(Fig. 26). This box is accessed by means of the drop-down menu [Database access  

Mineral fertilizer]. 

In order to visualize and select the fertilizer to modify, the list of fertilizers “Fertilizer” 

must be unfolded. Once the fertilizer has been selected, in the group “Edit Options” the 

action the user wants to perform is selected:  

- Show: the fertilizer data are shown but they cannot be edited,  
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- Edit: the fertilizer data are shown and they can be edited and modified,  

- Remove: the selected fertilizer can be deleted, 

- Add new: add a new fertilizer to the table of fertilizers,  

For the action chosen by the user to take effect, the [OK] button must subsequently be 

pressed. 

 

 
Figure 26. Dialog box for the edition of the mineral fertilizers 

 

 

7.5. Organic fertilizers 

The characteristics of the organic fertilizers are saved in the “Manure” table (Table 22). 

This table is the one that the model unfolds from the organic fertilizer management 

menu.  

Specifically, in the [Manure] table the characteristics of the organic fertilizers are saved 

according to the following fields: 

- Code: organic fertilizer identification number code, 

- Type: name of the organic fertilizer: poultry droppings, beef manure, etc., 

- Form: physical state of the fertilizer (solid, liquid, slurry),  

- Total N: total-N-to-dry-matter ratio in percentage,  

- N-NO3: nitric-N-to-dry-matter ratio in percentage,  

- N-NH4: ammonium-N-to-dry-matter ratio in percentage, 

- OM: percent of oxidizable organic matter of the fertilizer on a dry matter basis, 

- CN: carbon-to-nitrogen ratio of the fertilizer, and 

- Moisture: fertilizer water content in percentage. 
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Table 22. “Manure” table where the data about the characteristics of the nitrogen organic fertilizers are 

saved 

 

 

This table can be edited by means of a dialog box that has been designed for this 

purpose (Fig. 27). This dialog box can be accessed through the drop-down menu 

[Database access  Manures].  

In order to visualize and select the fertilizer to modify, the list of organic fertilizers 

“Manure type” must be unfolded. Once the fertilizer has been selected, in the group 

“Edit Options” the action the user wants to perform must be selected: 

- Show: the fertilizer data are shown but they cannot be edited,  

- Edit: the fertilizer data are shown and they can be edited and modified,  

- Remove: the selected fertilizer can be deleted, 

- Add new: add a new fertilizer to the table of fertilizers,  

For the action chosen by the user to take effect, the [OK] button must subsequently be 

pressed. 
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Figure 27. Dialog box for the edition of the organic fertilizers 

 

 

8. Tables that are updated with each simulation 

In each run of the model in its windows version, the tables "Batch_crops_growth" 

where the data that characterize the growth of the crop is added (Table 23), the 

"Batch_crops_irrigat" table (Table 24) where the data featuring the irrigation 

management, the “Batch_crops_N” table where the nitrogen fertilization management 

data is added (Table 8), and the “Input_table_main” table where the general data is 

stored (Table 1) are updated, according to the data entered by the user in each 

simulation. 

8.1.- General input data 

In the [Input_table_main] table, the general input data in the model is stored, such as the 

relational codes with other tables (irrigation, soil, crop, climate, etc.), the name of the 

simulation, the planting dates, simulation initial day, production yield, initial crop 

conditions, etc. according to the structure described in section 4.2.1.1. (general 

simulation data) of the NITIRSOIL model in its "Batch" version. 

8.1. Crop growth 

In the [Batch_crops_growth] table the values of the basal crop coefficients (Kcb), the 

rooting depth, and the canopy cover percentage for each of the natural months during 

which the crop has developed, are saved. The fields of the table are the following:  

- Crop_id: identification code of the simulated crop,  

- Month: month in number format, 

- Kcb: basal crop coefficients for each month, 

- rd_cm: rooting depth for each month in cm, and  

- shaded_area: canopy cover area for each month expressed in 1/u. 

 

Table 23. Table “Batch_crops_growth” where the monthly crop growth data of each simulation are 

saved 
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8.2. Irrigation management 

In the [Batch_crops_irrigat] table the data on irrigation rate and frequency, and percent 

of soil moistened area are saved once the day of plantation and growing length have 

been decided (table 24). The fields of this table are the following: 

- Irrigat_id: identification code of the irrigation schedule, 

- Irrigation: name of the simulation, 

- I…_mm: irrigation rate for each month in mm: Ijan_mm, Ifeb_mm, Imar_mm, 

Iapr_mm, Imay_mm, Ijun_mm, Ijul_mm, Iaug_mm, Isep_mm, Ioct_mm, Inov_mm, 

Idec_mm, and 

- If..._day: number of days a month with irrigation: Ifjan_day, Iffeb_day, Ifmar_day, 

Ifapr_day, Ifmay_day, Ifjun_day, Ifjul_day, Ifaug_day, Ifsep_day, Ifoct_day, 

Ifnov_day, Ifdec_day.  

 

Table 24: Table “·Batch_crops_irrigat” where the data about the irrigation management of each 

simulation is saved 

 

From the [Edit irrigation management] button the user can access to the content of this 

table “Batch_crops_irrigat” where the irrigation management plans are stored from 

other simulations. In order to load a specific irrigation management the user can select 

the plan and then pres the [load irrigation plan] button. 

 

9. Format of the user-created input data tables 

9.1. Climate 

The table in the “nitirsoil_batch.mdb” in MS Access© where the local climate data are 

stored must start by “Climate_” and then whatever character string chosen by the user, 

for example “Climate_user”. In this table all the climate data from all the weather 

stations and years the user wants to use in the simulations, will be saved. The setting up 
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of this table can be made in the MS Excel© workbook “nitirsoil_batch.xls” and then 

imported into the database in MS Access© (see Annex I).   

 

9.1.1. Fields of the climate table 

- ID: autonumber value that increases in one unit each time a new record is entered into 

the table. It has been generated previously and matches the one in the table 

“Input_table_main”,  

- Climate_id: number code of the weather station,  

- Weather_station: name of the weather station. This field can be used to include 

whichever name that identifies the plot, area, etc.,  

- Month: month number from 1 to 12, 

- Tmean: monthly mean temperature (ºC), 

- Rain: monthly rainfall (mm),  

- ETo: monthly reference evapotranspiration (mm),  

- Days of rainfall: number of days a month with rainfall, and  

- Year: the year of data registered. 

 

9.2. Soil 

The table in the “nitirsoil.mdb” database in MS Access© where the soil data are stored 

must start with “Soil_”, and then whichever character string chosen by the user, for 

example: “Soil_user”. In this table all the soil data, arranged by layers or horizons from 

all locations and/or plots the user wants to use in the simulations, will be stored.  

 

9.2.1. Fields of the soil table 

- ID: autonumber code of the soil table. It is a field that increases in one unit each time a 

new record is entered into the table,  

- Code: numeric identification code of each soil profile that it is included in the soil 

table,  

- Perfil: name of the soil profile,  

- Top_cm: higher boundary of each soil layer (cm),  

- Botton_cm: lower boundary of each soil layer (cm),  

- BD_gr_cm3: soil bulk density of each soil layer (g/cm
3
), 

- H_saturation: soil water content at saturation (1/ud), 

- Sand: percent of sand-sized particles according to the USDA classification, 

- Silt: percent of silt-sized particles according to the USDA classification, 

- Clay: percent of clay-sized particles according to the USDA classification, 

- Texture_USDA: USDA soil textural classification, 

- pH: soil pH value, 
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- OM: percent of soil organic matter (%), 

- C_N: carbon-to-nitrogen ratio, by default it is taken as 10, 

- FC_cm_cm: soil water content at field capacity (cm
3
/cm

3
), 

- WP_cm_cm: soil water content at permanent wilting point (cm
3
/cm

3
), 

- CF: percent of soil coarse (Ø > 2 mm) fragments (%), 

- GH: general hydrologic group of the soil profile (Table 1). This value is repeated as 

many times as layers are in the soil profile, and  

- Text_USDA: soil average texture of the soil profile according to the USDA 

classification. This value is repeated as many times as layers are in the soil profile.  

The same procedure that has been followed to create the table with the climate data can 

be followed to create the soil table.  

 

10. Installation of the NITIRSOIL model 

In order to installate the NITIRSOIL model the computer must have:  

- An MS Windows© operating system: XP, Vista, 7, 10 etc.  

- The MS Access© program, it is recommended the 2003 version or higher.  

Next, how to proceed to carry out the installation of the NITIRSOIL is indicated.  

Run the “setup.exe” file, a setup wizard will open, which will guide the user to correctly 

install the model (Fig. 28).   

 

 
Figura 28. First dialogo box  for NITIRSOIL model instalation 

 

 

Press the [Next >] button, and the second dialog box of the installation wizard will pop-

up (Fig. 29). In this dialog box you can select the folder where to install the model. The 



 

 52 

database (nitirsoil.mdb or nitirsoil_batch.mdb) as well as the Excel spreadsheets 

“Clima_suelo_usuario.xls” or “tables_run_.xls” will be installed inside the [database] 

folder that will be generated from the installation directory [NITIRSOIL]. To do this, 

press the [Change] button, which will open another dialog box in which you can search 

and select, or create, the folder where the application will be installed (Fig. 30). 

 

 

 

Figura 29. Segundo cuadro de diálogo para la 

instalación del modelo NITIRSOIL. 
Figura 30. Cuadro para la selección del directorio donde 

instalar el modelo. 

 

Una vez seleccionado el directorio donde se instalará el modelo, aparecerá un cuadro de 

dialogo con el que se iniciará la instalación apretando el botón [Install] (Fig. 32). En la 

instalación se crearán los accesos directos al modelo que se ubicaran en el menú de 

programas. 

Once the directory, where the model will be installed, has been selected, a dialog box 

will appear for starting the installation by pressing the [Install] button (Fig. 31). In the 

installation, a direct access to the model will be created, and located in the programs 

menu. 

 

Figura 31. Dialog box for starting the model installation 
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In order to confirm the correct installation of the model, a final dialog box will appear 

confirming it (Fig. 33). This box gives the option to run the model once installed. The 

installation will be finished by pressing the [Finish] button. 

 

 

Figura 32. Cuadro final de confirmación de la instalación del modelo NITIRSOIL 

 

 

If the NITIRSOIL model is already installed on the computer, and you 

need to install it again, you must first uninstall it before to start the new 

installation. 
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II) Algorithms of the NITIRSOIL model 

 

1. Module for the water balance assessment 

The module that simulates the water movement in the soil-plant-atmosphere system has 

been taken from the SALTIRSOIL_M model, which was made for the monthly 

simulation of soil salinity in well-drained irrigated areas (Visconti and de Paz, 2012; 

Visconti et al., 2014). 

In this module a transient-state approach is followed to the simulation of the water 

movement in the soil, which is based on a tipping-bucket algorithm from one soil layer 

to the underlying one. According to this algorithm, each of the soil layers in which its 

depth is conceptually split, firstly, can hold water only until its field capacity, releasing 

the surplus to the underlying layer and, secondly, can release water to the plant roots 

from its field capacity until its permanent wilting point.  

Regarding the ability of the plant roots to extract water, the crop evapotranspiration 

calculation is based on the Penman-Monteith equation, and the dual crop coefficient 

(Allen et al., 2006). As a consequence, in case of water shortage for meeting the crop 

evapotranspiration, the model calculates an actual evapotranspiration. From these 

values, a water stress coefficient as a function of the available plant water, which is 

adapted from the one proposed by Martin Santa Olalla and de Juan (1993).  

 

2. Module for the crop development assessment 

The crop development is simulated in a very simple way following a sigmoidal curve, 

which can be approached with a sigmoid function or a polynomial. By means of this 

sigmoidal curve the cumulated fraction of total dry matter (FTDM) as a function of the 

crop season elapsed time fraction (x) is calculated:  

x = (t – t0)/(th – t0)          (1),  

where t, t0, and th, are, respectively, the elapsed time, the plantation and the harvest date.  

In case of citrus the following sigmoid function is used:  

FTDM = 1.02/[1 + e
(4.85 – 8.79 x)

]       (2), 

whereas, in case of vegetables the following fourth-degree polynomial is used:  

FTDM = 0.143 x + 1.876 x
2
 – 0.467 x

3
 – 0.552 x

4
   (3). 

According to this sigmoidal development model, there is a slow initial growth, which 

gradually accelerates and then, it slows more and more as ripening closes in as it is 

shown in Fig. 33.  
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Figure 33. Estimation of the cumulated fraction of total dry matter as a function of the crop development 

elapsed time for a vegetable crop and a citrus where x is the crop development elapsed time fraction 

according to Eq. 1 

 

Next, the total produced dry matter (TDM), and its distribution between harvest and 

residue is estimated using classical parameters such as fresh harvest yield (FY) in t/ha, 

as well as harvest index, which is calculated as:  

HI = DMY/TDM          (4),  

and the dry-matter-to-fresh-yield calculated as:  

DM = DMY/FY          (5). 

Besides, the model makes the total produced dry matter (TDM) to depend on the 

existence or absence of some water stress throughout the crop development months by 

means of the water stress coefficient (Kstress,i), which is calculated for each month i as:  

Kstress,i = ETri/ETci         (6),  

i.e., as the ratio of actual evapotranspiration (ETri) to crop evapotranspiration (ETci), 

which ranges between 0 and 1, and whose application for the total produced and 

harvested dry matter only will occur when the user activates it on the general input data 

menu.  

As a consequence, the total crop dry matter produced each month i (TDMi) is:   

TDMi = FTDMi × PY × DM/HI × Kstress,i      (7), 

and furthermore, the dry matter yield of the harvested (DMY) and non-harvested 

(DMNY) crop parts is calculated as:  

DMYi = FTDMi × PY × DM × Kstress,i      (8), 

DMNYi = TDMi – DMYi         (9), 

The values of HI and DM have been determined from field trials of the main 

horticultural crops on the Valencian Community (de Paz et al., 2022b), and they have 

been completed with other values found in the literature for the case of those crops for 

which information from local studies was not available.  
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3. Module for the nitrogen balance assessment 

3.1. Assessment of factors before the estimation of the nitrogen balance  

3.1.1. Stress factor due to soil temperature  

In the NITIRSOIL model a stress factor due to soil temperature is calculated, and it is 

used to regulate several processes which occur in the soil such as mineralization, both of 

the organic matter and the contributions from the organic fertilizers, the denitrification, 

volatilization and nitrification.  

The calculation of this temperature stress factor is based on the equation from the 

Arrhenius theory which was calibrated with data from Gilmour (1984) and Marion and 

Black (1987). This Arrhenius equation is applied to T values below 35 ºC:  

Kmax = e
(A/(T + 273)) + B

         (10),  

where A stands for the ratio of activation energy at constant pressure and e
B
 stands for a 

frequency factor.  

This Arrhenius equation it taken as a basis for the establishment of the one in the model, 

according to which the factor is doubled every 10 ºC until 35 ºC, and then, it is divided 

by two every 10 ºC. Therefore, the equation takes the following form:   

TFAC = e
(A/(Tmod + 273)) + B

        (11), 

where A = 6532.7 and B = 21.24 and Tmod is: 

if T ≤ 35 ºC   Tmod = T 

if T > 35 ºC  Tmod = 70 – T      (12),  

where T is the soil temperature in Celsius degrees, which is considered equal to the 

atmospheric temperature.  

The TFAC stress factor ranges between 0 and 1. It presents a value almost null at 

temperatures near 0 ºC, and increases as temperature climbs up to 35 ºC, value from 

which it decreases matching the decline the microbial soil life activity experiences.  

In Fig. 34 it is shown the comparison among different equations for the estimation of 

TFAC. In the NITIRSOIL model it is followed the one in the NLEAP model.  
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Figure 34. Values of the TFAC stress factor for the NLEAP, GLEAMS and HERMES models as a 

function of temperature 

 

3.1.2. Stress factors due to soil water content 

In the NITIRSOIL model it is used a soil water content stress factor so as to regulate the 

aerobic processes (WFAC,a) such as nitrification and the soil organic matter and the 

organic fertilizers mineralization, which is based on the one implemented in the NLEAP 

model according to the following expressions: 

if WFP ≤ 20 %   WFAC,a = 0.0075 WFP 

if 20 < WFP < 59 %   WFAC,a = - 0.253 + 0.0203 WFP  

if WFP ≥ 59 %   WFAC,a = 41.1 e
-0.0625 WFP

  (13), 

where WFP is the percent of water-filled pore space (%). 

For the anaerobic processes such as denitrification another stress factor (WFAC,an) is 

used, which considers that these processes are only produced with WFP values over 

59%, according to the following expressions: 

if WFP < 59 %    WFAC,an = 0 

if WFP ≥ 59 %   WFAC,an = 0.000304 e
0.0815 WFP

 (14). 

The WFP value of 59% corresponds to approximately the soil water content at field 

capacity in which the micropores and mesopores are filled with water, but not the 

macropores. 

The value of the WFAC coefficients according to the equations 6 and 7 has been graphed 

in Fig. 35 by comparing them to the ones implemented in the GLEAMS model (Knisel 

1993).   
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Figure 35. Variation of the soil water content stress factor (WFAC) as a function of the percent of water-

filled pore space (WFP) for the NLEAP and NITIRSOIL and GLEAMS models, which affect the 

processes of mineralization and denitrification (Linn and Doran 1984)  

 

For the assessment of the percent of water-filled pore space (WFP) the following 

expression is used: 

WFP = 100 SWC/POR        (15), 

where SWC is the soil water content and POR its porosity. The porosity is calculated 

from the bulk density (BD) expressed in units of g/cm
3
 by means of the following 

equation: 

POR = 1 – BD/2.65         (16), 

or either, it is taken equal to the soil water content at saturation (SAT) if it is known: 

POR = SAT          (17).  

The soil water content of each month is calculated from the water balance that is 

performed by the corresponding module within the model itself.  

 

The WFAC factor is very sensitive to the point of field capacity (FC) and 

saturation (SAT). The closer the FC and SAT are, the larger the WFAC 

values will be, since the WFP values are generally higher. This WFAC 

factor is calculated each month before the drainage to the underlying 

layers occurs.  

 

3.2. Assessment of the input terms of the nitrogen balance 

3.2.1. Mineralization of the soil organic matter 

The process of mineralization of the soil organic matter is considered limited to the soil 

surface layer, which is taken from 0 to 30 cm depth in the model. Besides, it is 
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considered that 5% of the fast-mineralized N goes to the slow mineralization pool 

(immobilization).  

The equations that determine the soil organic matter mineralization are two, one for the 

organic matter of slow mineralization and another for the one of fast mineralization.  

For the organic matter of slow mineralization the equation is the following: 

100

N_no_pool100

(C/N)

fITIMEWTLT
100

CF100
BDK

1001.72

SOM

N
slow

FAC,aFAC
sup

supomr_slow
sup

min_slow








  (18), 

whereas for the organic matter of fast mineralization the equation is this other: 

100

N_no_pool

(C/N)

fITIMEWTLT
100

CF100
BDK

1001.72

SOM

N
fast

FACFAC
1

1omr_fast
1

min_fast 







   (19). 

where 

SOMsup is the percent of soil organic matter in the surface soil layer (%),  

BDsup is the bulk density in the soil surface layer (g/cm
3
), 

CFsup is the percent of coarse fragments (Ø > 2 mm) in the soil surface layer (%), 

LTsup is the thickness of the soil surface layer (cm). In NITIRSOIL is taken as 30 cm,  

TFAC is the temperature stress factor (0 - 1), 

WFAC,a is the water content stress factor (0 - 1), 

(C/N)slow is the carbon-to-nitrogen ratio in the soil organic matter of slow 

mineralization. It is taken equal to the soil C/N ratio, which is 10 by default,  

 (C/N)fast is the carbon-to-nitrogen ratio in the soil organic matter of fast mineralization. 

It is 17 by default,  

Komr_slow is the mineralization coefficient for the soil organic matter of slow 

mineralization. It is 0.00037 ud/day by default, 

Komr_fast is the mineralization coefficient for the soil organic matter of fast 

mineralization. It is 0.0059 ud/day by default, 

ITIME is the number of days of the month (ud), 

f is the factor to change units from gN/cm
2
 to kgN/ha, which is 100000, and  

N_no_pool is the percent of organic matter of fast mineralization. By default we can say 

it is 10% for horticultural soils since many crop residues are of fast mineralization, and 

5% for woody crop including citrus, since the produced residues are of slower 

mineralization rate.  

It can be given a percent of organic N of fast mineralization that will be between 5-10% 

of the soil organic matter.  

 

3.2.2. Mineralization of manures, sludges and other organic materials  

The net mineralized nitrogen from the organic materials added to the soil as crop 

residues, manure, etc., in a certain time, e.g., one month, are calculated according to this 

equation:  

NRESR = CRESR × FVAL        (20), 
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where 

NRESR is the net mineralized nitrogen from the material added each month in 

kgN/ha/day, 

FVAL in the nitrogen mineralization-immobilization factor, and 

CRESR is the mineralized carbon from the material contributed each month in 

kgC/ha/day. 

The nitrogen mineralization-immobilization factor (FVAL) is calculated according to: 









 0.042

C/N

1
CRESRNRESR        (21), 

where C/N is updated each month. In Fig. 36 it is shown how FVAL varies with the 

C/N ratio. This factor continually decreases with the C/N ratio, but remarkably at high 

values and less and less as C/N increases. 

High C/N values are observed in poorly evolved organic materials, from which there is 

hardly any mineralization (FVAL ≈ 0) or, even, there is immobilization of the mineral 

soil N (FVAL < 0). Low C/N values are observed in fairly evolved organic materials, 

from which there is net nitrogen mineralization (FVAL > 0). At a C/N of 23.8, it goes 

from nitrogen mineralization to immobilization.   

 
Figure 36. Variation of the FVAL value as a function of the evolution of the C/N ratio of the organic 

matter 

 

The net mineralized carbon (CRESR) from the organic materials is calculated as 

follows:  

CRESR = Kcres × CRES × TFAC × WFAC,a × ITIME     (22), 

where the TFAC, WFAC,a and ITIME factors have been previously defined,  

Kcres is the mineralization coefficient of the applied organic material, which 

o if it is animal manure is worth 0.03 1/day, 

o if it is crop residue is worth 0.06 1/day, and 

o if it is another type or residue is worth 0.003 1/day. 
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CRES is the C content of the organic material expressed in kgC/ha which is calculated 

as:  

CRES = Pc × RES         (23), 

where RES is the rate of organic material expressed as weight of dry matter per hectare 

(kg/ha), and 

Pc is the percent of carbon in the residues on a dry matter basis, which is calculated as: 

Pc = OM (%)/172         (24), 

where it has been supposed that the carbon percentage of the oxidizable organic matter 

(OM) from the residues is 58%. In case of having an organic material, from which its 

percentage of oxidizable organic matter is not known, the model will take by default the 

following values for Pc:    

o if it is manure then 0.37, 

o if it is crop residue then 0.4, and 

o if it is other residues then 0.30. 

Besides, the CRES value, or amount of total carbon contributed with the organic 

material, is calculated as: 

RES = 10 × DOSE × (100 – RESWC)        (25), 

where DOSE is the residues rate in t/ha, RESWC is the percent of water content of the 

residues, and 10 is a factor of units conversion. 

Therefore, the calculation of CRES is finally: 

CRES = 10 × Pc × DOSE × (100 – RESWC)     (26).  

The CRES value is updated each month (i) regarding the previous (i – 1) by subtracting 

the amount mineralized during the month from the carbon that there was at the 

beginning:   

CRESi = CRESi-1 – CRESR        (27), 

on the condition that CRESi ≥ 0, which means that carbon cannot present negative 

values. 

Once the ith month CRES has been calculated (CRESi) the nitrogen value in the 

residues that month is estimated (NRESi) by previously updating the C/N value for the 

ith month ([C/N]i) by means of:  

[C/N]i = CRESi/NRESi        (28). 

Therefore, the NRES value will be updated each month i as follows: 

NRESi = NRESi-1 – NRESR        (29), 

on the condition that NRESR ≥ – (N-NH4
+
 + N-NO3

-
)superf, which means that it cannot 

be immobilized (negative mineralization) more nitrogen than the mineral nitrogen that 

exists in the soil (N-NH4
+
 + N-NO3

-
). If this is not the case, NRESR is calculated 

through the following equation: 

NRESR = – (N-NH4
+
 + N-NO3

-
)superf       (30), 

and NRESi is calculated by means of: 

NRESi = NRESi-1 + (N-NH4
+
 + N-NO3

-
)superf     (31). 
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3.2.3. Nitrification of soil ammonium 

The nitrification is the transformation of N-NH4
+
 into N-NO3

-
 by the action of aerobic 

chemolithoautotrophs microorganisms. The nitrification usually lasts few days, unless 

there are some moisture and temperature conditions that delay it, or if a fertilizer with a 

nitrification inhibitor is applied (ENTEC type).  

There are several proposals to model nitrification, from zero-order and Monod to first-

order kinetics. Because the mineralization process is much slower than nitrification, it is 

considered that the transformation of NH4
+
 to NO3

-
 is almost immediate although it has 

been observed in the field that it can last several days or even weeks (Hansen et al. 

1995). In the case of monthly models such as NITIRSOIL, the nitrification process is 

produced in a time scale one order of magnitude shorter than the model step. 

Accordingly, nitrification can be simulated by means of simple kinetics. Moreover, 

other models, such as RZWQM initially used more complex first-order kinetics, but it 

was noted that it did not affect the C and N dynamics, and as a result, zero-order 

kinetics has been implemented.  

The NITIRSOIL model follows the algorithms of the NLEAP model, which considers 

zero-order kinetics that is modified by the water content and stress factors previously 

presented:  

Nn = Kn × Kinhi × TFAC × WFAC,a × ITIME       (32), 

where ITIME is the month length in days, which would be 30 days for a normal month 

with the nitrification coefficient Kn expressed in kgN/ha/day. The Kn value in 

NITIRSOIL is by default 33.6 kg N/ha/day. With this nitrification coefficient, if a 30-

day month is considered, and with no restrictions regarding soil N-NH4
+
, and neither to 

water content and temperature, the maximum nitrification would be 1008 kg 

N/ha/month. This amount is high for one month, which exposes the nitrification speed. 

Finally, Kinhi is the coefficient of nitrification inhibition, which varies between 0 and 1, 

being 0 for the total inhibition, and 1 for the absence of inhibition.   

The condition must always be met that no more ammonium is nitrified than exists in the 

soil, i.e., Nn ≤ N-NH4i, where N-NH4i is the N-NH4
+
 content in the superficial soil layer. 

For the calculation of the amount of ammonium which is liable to nitrification the 

following balance is calculated: 

N-NH4,i = N-NH4,i-1 + N-NH4fert,i + N-NH4min_som,i + N-NH4min_est,i – N-NH4vol,i (33), 

where 

N-NH4,i is the ammonium nitrogen content in the superficial soil layer (0-30 cm) at the 

end of the ith month,  

N-NH4,i – 1 is the ammonium nitrogen content in the superficial soil layer at the end of 

the previous month,  

N-NH4fert,i is the ammonium nitrogen contributed by the mineral fertilization in the ith 

month,  

N-NH4min som,i is the ammonium nitrogen content contributed by the mineralization of 

the organic matter in the ith month, 

N-NH4min est,i is the ammonium nitrogen contributed by the mineralization of manure in 

the ith month, and 
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N-NH4vol,i is the volatilized ammonium nitrogen in the ith month. 

 

3.3. Assessment of the output terms of the nitrogen balance 

3.3.1. Crop nitrogen uptake 

The crop N uptake is calculated in NITIRSOIL as the minimum between the crop N 

demand, and the available-for-crop-extraction soil N:  

Nuptake = min(Ndemand, Navailable)       (34), 

where the crop N demand each month i is calculated with the following equation: 

Ndemand,i (kgN/ha) = 10 × TDMi × %Ni      (35),  

where TDMi is the crop total dry matter production in t/ha accumulated until the ith 

month, calculated according to equation 7, %Ni is the percent of crop nitrogen in the ith 

month, and 10 is a factor for units conversion.   

The calculation of the percent of crop N for each month is based on a potential-type 

equation called crop N dilution curve, which is shown below: 

%Ni = a × TDMi
-b

         (36), 

where “a” and “b” are coefficients that depend on the crop type. In Fig. 37 it is graphed 

the evolution of the N content (%) as a function of the cumulated fraction of total dry 

matter for several crops during their development. 

 
Figure 37. Variation of %N content of several vegetables crops as a function of the total dry 

matter. 
The calculation of the cumulated crop N demand until the ith month is:  

Ndemand,i (kgN/ha) = 10 × TDMi × %Ni      (37). 

Since this is the cumulated demand until the ith month, in order to calculate the N 

demand the ith month, the cumulated demand until the previous month (i – 1) must be 

subtracted from the cumulated demand until the present month (i). Therefore, to 

calculate the Ndemand in a certain month i (Ndemand,i) the following formula is applied:     

Ndemand,i (kgN/ha) = Ndemand,i   –  Ndemand,i-1      (38). 
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Once the N the crop potentially demand is calculated, this demand is distributed to the 

soil layers the root explores (1, 2, 3, …), and it is compared with the available soil N in 

those layers, which is the addition of N-NH4
+
 plus N-NO3

-
:  

Navailable,1 = N-NH4,1 + N-NO3,1       (39), 

Navailable,2 = N-NH4,2 + N-NO3,2       (40), 

Navailable,3 = N-NH4,3 + N-NO3,3       (41), 

... 

Finally, the actual crop N uptake the ith month is calculated as the minimum of the 

values between the soil available N, and the crop N demand the month of interest:  

Nuptake,i = min(Navailable,i, Ndemand,i)       (42). 

In case the crop potential demand can be met by the soil available N, the actual crop N 

uptake matches the potential crop N uptake. In the opposite case, in which the crop 

potential demand cannot be met by the soil nitrogen, the model simulates an actual 

uptake that matches the soil availability. This calculation is performed month by month, 

and soil layer by layer.  

Besides, the model adds all the crop N uptake during the crop months, and divide them 

by the nitrogen inputs to calculate the nitrogen uptake efficiency (NUE): 

fert_orgirrigfert_minilinitial_somin_

uptake

NNNN

N
100(%)NUE


    (43). 

The NUE values between 50-90% are considered efficient as long as the nitrogen excess 

(Nuptake – Nmin_initial_soil – Nfert_min – Nirrig – Nfert_org) is below 90 kgN/ha, according to the 

European panel of N experts (Oenema et al. 2011). 

 

3.3.2. Denitrification 

The denitrification calculation in NITIRSOIL is performed similarly to how is done in 

the NLEAP model, in which a first-order kinetics is adopted to simulate this process. 

Besides, the denitrification is decomposed in three terms, one for the days with 

irrigation, another for the days with rainfall, and another one for the days with neither 

irrigation nor rainfall that occur during the month. This way, the total denitrified N-

NO3
-
 at the end of the month (Ndn) is calculated as the addition of three values:   

Ndn = Ndn_irrig + Ndn_rain + Ndn_dry       (44). 

where Ndn_irrig is the denitrified N-NO3
-
 the irrigation days, Ndn_rain is the denitrified N-

NO3
-
 the rainfall days, and Ndn_dry in the denitrified N-NO3

-
 the days with neither 

rainfall nor irrigation.  

For the rainfall days it is considered that WFAC,an = 1 in the area moistened by the 

irrigation, and WFAC,an ≠ 1 in the non-moistened one, and the following denitrification 

calculation is reached:  

Ndn_irrig = Kdn × N-NO3sup × TFAC × Irrig_days ×  

[wetted_soil + WFAC,an × (1 – wetted_soil)]   (45),  

where 
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Kdn is the denitrification coefficient (table 25), which can vary as a function of several 

factors: i) the percent of soil organic matter, ii) the soil drainage, iii) the type of tillage, 

iv) the existence of manure contributions, v) climate, and vi) the possibility of 

waterlogging. The year average Kdn is estimated using the following table (Meisinger 

and Randall 1991) with double entry (percent of soil organic matter and hydrologic 

group). This “parameter_desni” table can be accessed in the model database. 

 

Table 25. Daily denitrification coefficients (Kdn) used in the NITIRSOIL model 

Soil organic matter (%) 

Soil type according to its drainage capacity 

Very good Good Moderate 
Somewhat 

restricted 
Poor 

Hydrologic group 

AA A B  C D 

< 2 0.02 0.03 0.04 0.06 0.10 

2-5 0.03 0.04 0.06 0.1 0.15 

> 5 0.04 0.06 0.1 0.15 0.25 

 

In case of performing some manure application, the model increases the denitrification 

coefficients in 10%. Besides, if the irrigation management is by drip, the model 

increases the denitrification coefficient in 20% since the soil water content is kept 

uniform in values close to the field capacity.  

N-NO3sup is the nitrogen in nitrate form in the surface soil layer (0-30 cm). This is taken 

as the existent N-NO3
-
 in the soil at the beginning of the month (and which can be 

considered as the residual one from the previous month), plus the N-NO3
-
 added with 

the irrigation and fertilization, and once that lost by volatilization during the ongoing 

month has been subtracted,  

Irrig_days is the number of irrigation days a month,  

wetted_soil is the soil fraction that is moistened with the irrigation (0 - 1), and  

TFAC and WFAC,an are the temperature and water content stress coefficients in anaerobic 

processes that have been previously defined.  

According to Eq. 45, for irrigation days it is considered a different denitrification in the 

irrigation-moistened (wetted_soil) and in the non-moistened area (WFAC × (1 – 

wetted_soil)). This is the most adequate way to simulate the denitrification in plots with 

drip irrigation in which only a little soil percent in moistened with each water 

application.  

For rainfall days it is considered WFAC,an = 1 as for irrigation ones, and denitrification is 

calculated as:  

Ndn_rain = Kdn × N-NO3sup × TFAC × Rain_days     (46), 

where Rain_days is the number of rainfall days a month. It is considered as a rainfall 

day that with a cumulated rainfall over 0.4 mm. Besides, the rainfall days it is 

considered that the whole plot is moistened.  

Finally, for the days with neither irrigation nor rainfall the denitrification is calculated 

as:  

Ndn_dry = Kdn × N-NO3sup × TFAC × WFAC,an × (ITIME – Rain_days – Irrig_days) (47). 
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For the case in which there are more irrigation and rainfall days that days in the month 

(Rain_days + Irrig_days > ITIME), then according to Eq. 47 it would result Ndn_dry < 0, 

and when the model detects this it makes Ndn_dry = 0. 

According to the presented calculations, denitrification is considered maximum during 

wet days, either because of rainfall or irrigation. Anyway, it can never occur that 

denitrification is over the total N-NO3
-
 content in the soil surface layer (0-30 cm). That 

is to say, the condition that Ndn ≤ N-NO3sup must hold.  

 

3.3.3. Emission of N2O to the atmosphere 

The N2O emissions are produced in both the nitrification and denitrification processes. 

The NITIRSOIL model uses an equation to estimate the N2O emissions that are 

produced in the nitrification, and another to estimate the N2O emissions that are 

produced in the denitrification. 

It distinguishes between rainfall, irrigation and dry days, and the calculations are 

reassessed as a function of the moistened area. This way drip, furrow and flood 

irrigation can be simulated.   

The N2O emission produced in the nitrification is calculated as follows: 

NN2On= Kn2o_nitrif × Nn × ft × fh       (48), 

where  

Kn2o_nitrif is the N2O emission coefficient in the nitrification which is equal to 0.002,  

Nn is the nitrified N-NH4
+
 according to what has been previously calculated,  

ft is temperature factor calculated as:  

ft = 0.9 × T /(T + e
(9.93- 0.312 T)

) + 0.1       (49),  

and fh is a soil moisture factor which depends on the soil water content (SWC) so that: 

if SWC < SWC25    fh = max(0, (SWC – PWP)/(SWC25 – PWP)) 

  

if SWC25 ≤ SWC ≤ FC    fh = 1   

if SWC > FC      fh = 1 – (SWC – FC)/(POR – FC)  (50),  

where  

SWC25 is the soil water content corresponding to 25% of usable water according to: 

SWC25 = PWP + 0.25 × (FC – PWP)      (51),  

PWP is the soil water content corresponding to the permanent wilting point, and 

FC is the soil water content corresponding to the field capacity. 

Besides, the N2O emission produced in the denitrification is calculated using the 

equations from the NOE model according to: 

NN2Odn = KdnN2O × Ndn × fhN2O       (52), 

where  

KdnN2O is the N2O emission coefficient in the denitrification equal to 0.2, and 
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fhN2O is the moisture factor in the N2O emission by denitrification which is calculated 

as:  

fhN2O = max(0, 1 – 2.056 × (max(0, SWC/SAT – 0.5)))    (53). 

 

3.3.4. Ammonium volatilization 

The NITIRSOIL model calculates three ways of N-NH4
+
 volatilization as NH3: 

 1. From a mineral ammonium fertilization.  

 2. From an organic fertilization. 

 3. From the ammonium of the soil superficial layer itself the months in which 

there is not any fertilization that contributes N-NH4
+
.  

According to this, the volatilization coefficient is calculated differently, since a short-

term volatilization is considered, i.e., immediately after a fertilization, and another a 

long-term one, i.e., the months when there is no fertilization.  

1. For the application of a mineral and/or organic fertilization: 

Nvol = Kvol × N-NH4 × TFAC × ITIME      (54),  

considering that Nvol ≤ N-NH4superf  

where 

N-NH4 is the ammonium N rate of the organic or mineral fertilization, and  

Kvol is the volatilization coefficient which depends on the fertilization type (organic, 

mineral ammonium, etc.), on the way of application (superficial, incorporated, injected, 

etc.), on the soil water content, on the soil pH, on the soil cation exchange capacity, and 

on the percent of crop residues that exist on the surface. Specifically, NITIRSOIL uses 

the Table 26 for choosing the Kvol according to the values the aforementioned factors 

take.  

 

Table 26. Value of the ammonium volatilization coefficient in Eq. 54 (Kvol) according to the fertilizer and 

its way of application, the probability of rainfall after the application and the soil pH 

Fertilizer Type of application 
Type of month according to its humidity 

Humid month Sub-humid month Dry month 

  pH > 7 

Urea 

Superficial 10 15 25 

Incorporated 7 12 15 

Injected 1 2 2 

Ammonium 

sulphate 

Superficial 20 25 25 

Incorporated 1 2 0-32 

Injected 1 11 1 

Ammonium 

nitrate 

Superficial 0-20 (10) 2-25 (12) 5-30 (15) 

Incorporated 0-10 (3) 0-15 0-20 

Ammonia Injected 0-2 0-3 0-5 

Organic 

Superficial 18 20 23 

Incorporated 4 4 4 

Injected 0.1 0.1 0.1 

  pH < 7 

Urea 

Superficial 0-5 5-30 5-40 

Bit-a-bit applied 

superficial 
0-5 2-20 2-30 
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Incorporated 0 0-2 0-2 

N 32% solution 

(NUA) 

Superficial 0-5 2-15 2-20 

Bit-a-bit applied 

superficial 
0-5 2-10 2-15 

Incorporated 0 0-2 0-2 

 

In order to classify the months according to their humidity and select the adequate Kvol 

in Table 27 the number of humid days is calculated, where a humid day is that with a 

cumulated rainfall or irrigation over 0.4 mm. Next, according to Table 25 the type of 

month according to its humidity is determined. 

  

Table 27. Type of month according to its humidity as a function of the number of humid days of the 

month  

Number of humid days a month Type of month 

< 10 Dry month 

10-15 Sub-humid month 

> 15 Humid month 

 

The Kvol value found in Table 26 is next multiplied by a factor (fCEC) that depends on 

the soil cation exchange capacity according to the following table 28: 

 

Table 28. Cation exchange capacity depending factor (fCEC) by which the ammonium volatilization 

coefficient found in Table 24 is multiplied 

Cation exchange capacity (meq/100 g) fCEC 

< 10 1.2 

10-25 1.0 

> 25 0.7 

 

The model previously calculates the CEC using the following equation which was 

established for the agricultural soils to the southern area of Alicante (Visconti, 2009): 

CIC (meq/100g) = – 1.2 + 2.3 × SOM (%) + 0.28 × Clay (%)   (55). 

For the case of a month in which no fertilization has been applied, the ammonium 

volatilization is calculated as follows: 

Nvol = 0.05 × N-NH4superficial        (56), 

where N-NH4superficial is the N-NH4
+
 content of the 0-30 cm depth soil layer 

 

3.3.5. Nitrate leaching 

The nitrate lost by leaching is calculated using the following equation: 

NL = NAL × (1 – e
(-Klea × drainage/POR)

)       (57), 

where 

NL is the leached N-NO3
-
 from the soil layer (kgN/ha), 

NAL is the available nitrogen for leaching from the soil layer, 

drainage is the drainage from the soil layer (l/m
2
),  
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POR is the soil porosity of the previously defined soil layer, and 

Klea is the leaching coefficient, which by default it taken equal to 0.5. 

Equation 57 is applied soil layer by layer to simulate the nitrate movement through it. In 

the end, the model assesses the nitrate leached from the simulation depth the user has 

selected.  

The nitrogen available for leaching (NAL) is calculated by N balance in each month and 

for each soil layer, according to the equation: 

NAL = N-NO3fert + N-NO3prec + N-NO3nitrif + N-NO3irr  

+ N-NO3min – N-NO3upt – N-NO3dn   (58), 

where 

N-NO3fert is the applied N-NO3
-
 as mineral fertilizer, 

N-NO3prec is the contributed N-NO3
-
 by rainfall, 

N-NO3nitrif is the contributed N-NO3
-
 by soil ammonium nitrification, 

N-NO3irr is the applied N-NO3
-
 with the irrigation water, 

N-NO3min is the mineral N-NO3
-
 of the soil layer at the beginning of the month,  

N-NO3upt is the crop N-NO3
-
 uptake, and 

N-NO3dn is the denitrified N-NO3
-
 in the soil. 
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Annex I. How to import tables from create MSexcel© to MSAccess©  

 

The step-by-step procedure is as follows: 

1. Fill with the data defined by the user in the MS Excel© book 

“Tables_Nitirsoil_batch.xls. To do this, the user must open the spreadsheet and 

complete the tables that make up the book with the user's data. Only the data in the 

columns with red headers is required by the model. Comments have been inserted in 

each header with explanatory information on the data that must be added to each field. 

These tables have the same format as is required in MS Access, that is, with the same 

columns and headers as the “nitirsoil_batch.mdb”. (Fig. A01). This structure should not 

be changed. 

 
Figure A01. Data structure for the table “Input_table_main” in MS Excel© 

 

2. Una vez terminado de rellenar los datos en la hoja de calculo y guardado los cambios 

se debe abrir la base de datos “nitirsoil_batch.mdb” desde donde se quiere importar la 

hoja de cálculo. A continuación, ir al menú desplegable [Datos externos]  Excel, 

como se muestra en la Figura A02. Posteriormente se busca el libro de Excel que se 

quiere importar. 

 

2. Once you have finished of filling the data in the spreadsheet and saved the changes, 

you must open the “nitirsoil_batch.mdb” database where you want to import the 

spreadsheet. Next, go to [External Data] drop-down menu Excel, as shown in Figure 

A02. Subsequently, the Excel workbook that you want to import is searched for. 
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Figure A02. First dialog box Primer cuadro de diálogo para importar tablas desde MS Excel© a MS Access© 

 

3. Next, a spreadsheet import wizard is open and asking which sheet of Excel workbook 

is the one you want to import. Select it and press the [Next >] button (Fig. A03). 

 

 
Figure A03. Second dialog box to import tables from MS Excel© to MS Access© 

 

4. Once the sheet has been selected, press the [Next >] button, which will take us to the 

following dialog box, in which the box must be activated: "First row contains column 

titles" so that it recognizes that in the first row there are column headers (Fig. A04). 
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Figure A04. Third dialog box to import tables from MS Excel© to MS Access© 

 

5. Once the [Next >] button has been pressed, the following dialog box will be 

displayed (Fig. A05). In this dialog select “No” in the “Indexed” drop-down list box, 

and then press [Next >] button, 

 
Figure A05. Fourth dialog box to import tables from MS Excel© to MS Access© 

 

6.- In this dialog box, (Fig. A06)., the option “No primary key” must be selected. This 

way MSAccess will not add an AutoNumber (ID) field to the table imported from 

Excel. Then press the [Next >] button. 
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Figure A06. Fifth dialog box to import tables from MS Excel© to MS Access© 

 

7. In this dialog the user must let the MS Excel sheet name be the same name than the 

MS Access table. In order to finish the process of importing data from MS Excel© into 

MS Access©, press the [Finish] button. Do not change the table name as the Excel 

tables already have the names the model needs in the “Nitirsoil_batch.mdb” database. 

 

 
Figure A07. Sixth dialog box to import tables from MS Excel© to MS Access© 

 

Finally, check that the table has been properly created in MS Access© and the data 

structure is the correct one. 


