OPERATION MANUAL AND
DESCRIPTION OF THE NITIRSOIL
MODEL

Nltlrmll

NITIRSOIL: A simulation model for Nitrogen
monthly balance estimation in imgation crops.

Jose Miguel de Paz

This model was developed in the Instituto
Valendano de Investigaciones Agrarias{\VIA (GV)
(Spain)

Author: José Miguel de Paz

Affiliation: Centre for the development of the sustainable
agriculture-CDAS. Valencian Institute of agricultural
Research-1VIA. Carretera CV-315, km 10,7, 46113 Moncada-
Valencia (SPAIN)

Web: https://ivia.gva.es/
Email: depaz_jos@gva.es



https://ivia.gva.es/

Table of contents
I) NITIRSOIL model operation manual

IO L0 [0 Tox o] o ISP 1

2. Objective OF the MOUEI ..o 2

3. Model general deSCHPLION .........coviiiriieie s 2

4. Model MaNAgEMENT ..........ociiiieee e sre e sre e 5

4.1, WINAOWS VEISION ....ouiiiieiieeiiesie ettt sttt staesaessee st e sbeeneesneesteeneesseesseeneeas 5

4.1.1. Guidelines for data INPUL .........c.cccveiieie e 6

4.1.0.1. GENEIAL UALA......ccueeieiiieeiiieieeie ettt e e ae s 7

4.1.1.2. Crop management and nitrogen fertilization.............ccccceeviveiieiv s 8

4.1.1.3. Climate and irrigatiON........c.coveiuiriiiiirieee e 9

O T | SRRSO PSSRSO 11
4,115, TrTIQATION WALET ..ottt 12
4.1.2. Model run and rESUILS .......c.eeiiieieiece e s 12
4.1.2.1. Results of the nitrogen balance...........cocooieieiin 13
4.1.2.2. Nitrogen management recommendation............cccoocveveieeiieiesieese e 14
4.1.2.3. Results of the water DalanCe ...........cccooviieiiiei e 15
4.2. BALCN VEISION ...ttt bbbttt et st 17
4.2.1. Guidelines for data INPUL ..o s 17
4.2.1.1. GENEIaAl JatA......ccue i 18
4.2.1.2. Trrigation Water qQUAITTY ........coveiiriiiiiiieeeeee s 21
4.2.1.3. CHIMALE 1.ttt sttt sttt e e bt benbenreens 22
O T | S 22
4.2.1.5. 1rrigation ManagemeNt..........c.ccieiieiieiieie et be e sre e sra e e e 24
4.2.1.6. Nitrogen fertilization Management............cccooeierininenenieeee s 25
4.2.2. Model run and reSUILS ........ooviiiiiieie e s 26
4.2.2.1. Results of the water DalancCe ............ccoovviieiiiei e 26
4.2.2.2. Results of the nitrogen balancCe............c.ccovevviieiicie e 27
5. Data required by the Model ..........cooiiiiiie 28
5.1. General Model data.........c.oovoiieiiii e 28
ST O [T (=3 I - SR 29
5.3. Crop management Gata.........ccueiuieirieiieeiie e 29
ST | I - - SR 30
5.5. Nitrate concentration in the irrigation Water............ccceeveeiieiie e 31

B. INTEIrNAI PATAMETEIS ......eieiieieeee e bbb 31



6.1, General PAramELEIS ......couiiie ettt nr e 31

6.2. Volatilization COBTFICIENTS.........coeiiiiiiiiee e 33
6.3. Denitrification COBTFICIENTS .......cvviieiiee e 34
6.4, CrOP PAIAMEIEIS. ...eiiitiieiiie st stee et et ettt e e e e sbb e e e nab e e e nbb e e s bn e e e beee e e 35
B.4. 1. ANNUAL CIOPS....c.viitiiiiitieiie ettt sn b bbb ene s 35
6.4.2. MUIIANNUAL CrOPS ....c.veivie e 37
7. MOAEILADIES ... e et 39
7.1. Irrigation water qUality data ...........cccceeeeiieiieie e 39
7.2. CHMALE ALA.......iiiiieieiecie et sre et e 40
7.3 SOOI TAIA ..ot 42
7.4, MINEral TErtilIZErS ..ccveeeee e e 44
7.5. OrganiC fRITIIZErS ......ccue e 46
8. Tables that are updated with each SIMUIALION............cceeviieiiieie i 48
8.1. General INPUL data..........ccecieiiee e 48
8.1, CrOP GIOWEN ...ttt 48
8.2. Irrigation MaNAQEMENL..........ciiveie et re e 49
9. Format of the user-created input data tables............ccooiiiiiiiiiicici e 49
0.1, CHIMALE ..ot et bbbt e ettt bbb nre s 49
9.1.1. Fields of the climate table...........cccooveiirieie e 50
0.2, SOl ettt 50
9.2.1. Fields of the SOl tabIe..........coooeiieeeeece e 50

10. Installation of the NITIRSOIL MOAEI ......eeeeeeeeeeeeee e 51



I1) Algorithms of the NITIRSOIL model

1. Module for the water balance asseSSMENt ..........ccccveivriieriierieiie e 54
2. Module for the crop development asseSSMEeNt..........cccevvrveerieveiiese e 54
3. Module for the nitrogen balance asseSSMENt ..........cccccveveieenieereiin e 56
3.1. Assessment of previous factors for the nitrogen balance estimation.................. 56
3.1.1. Stress factor due to the Soil teMPErature ...........cocooveieieienencneseeeeeees 56
3.1.2. Stress factor due to the soil water CONtENt ...........covvieriiiienc s 57
3.2. Assessment of the input terms of the nitrogen balance ...........ccccooeviiieiiennenn. 58
3.2.1. Mineralization of the soil organic Matter ............ccccoevvievieeie e 58
3.2.2. Mineralization of manure, sludges and other organic materials ..................... 59
3.2.3. Nitrification of the soil ammMONIUM ..o 62
3.3. Assessment of the output terms of the nitrogen balance...............cccoovviieieenn, 63
3.3.1. Crop Nitrogen UPLAKE ........cccviiiiieeie e 63
3.3.2. DENIITICAIION. ....eeitieii ettt re e e 64
3.3.3. N2O emission to the atmOSPhEre ........c.coveiieiieiie e 66
3.3.4. AmMmOonium VOIatiliZatioN..........ccceviiii i 66
3.3.5. Nitrate [€aChING........ccviiiiieiece e 68
REFERENGCES .......ootii ittt et 70

Annex |. How to import tables from MsEXcel to MSACCESS ........ccccovevvveveireennenn, 72



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.
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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.



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 (Stockle 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.



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 Ny, iv) by
nitrification and denitrification in the form of the greenhouse gas N,O, and v) by
ammonium volatilization in the form of NHs.

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 N,O greenhouse gas emissions.
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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).



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.
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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




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.
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Figure 4. Graphical user interface of the NITIRSOIL windows version
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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



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.
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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



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.
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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



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% 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



furrows, and 0.85 by drip. Then, after pressing the [lIrrigation 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.

™ NmRSOIL - m]

Database access Results  Load simulation

General Crop  Climate irrigation Soil  Irrigation water
Weather station ‘Aﬂkov V| Load climate data Irrigation management Surface
Irrigation system Wetted soil (%) Max. dose (mm) Trrigation
Year Rainfall NO3 (mg/1) |Furr'uws V| ‘75 | Trrig. Effic estimation
Menthly data (mm/month)

Weather station Mont ;rcrnaan ?;2) EEmT;) E;ff;lf Year Kc ETe Irrigation m:’;::;s:

» 1 |29 (1327 65 18 1994 091 59 00 0
Askov 2 -11 708 9.1 u 1994 013 12 0.0 0
Askov 3 32 19,2 291 20 1994 0,00 0.0 0.0 0
Askov 4 71 328 514 7 1994 0,00 0.0 0.0 0
Askov 5 10,8 416 834 6 1994 0,00 0.0 0.0 0
Askov 6 12,6 895 99.1 u 1994 0,00 0.0 0.0 0
Askov 7 19,2 130 1288 3 1994 0,00 0.0 0.0 0
Askov 8 16,3 136,3 80.3 u 1994 0,00 0.0 0.0 0
Askov 9 10,9 1222 353 10 1993 017 6.0 10,0 1
Askov 10 6.8 86.8 200 13 1993 0,44 87 200 1
Askov 11 19 60,8 59 7 1993 0,70 4,1 0,0 o]
Askov 12 20 153,4 38 22 1993 10,95 36 0,0 o]

#* | Total 7.7 1059,1 5527 139 29,5 30,0 2

Annual Rainfall = 1059 mm Annual ETo = 553 mm

Run NITIRSOIL Cancel

Figure 9. Input menu for the climate and irrigation data

™ Edit Imigation management - a >

Dose (I/m2) MNumber ofirmgations

January | D| | I}|
February | Dl | Dl
March | | | o]
April 0 0
May | 0| 0
June | of | J
July Lo [ 9

o [0 [y
September 10 |—1‘
Octaber 20 |—1‘
Movember 0 I—D‘

December | E'| | I}l

Total irrigation (I/m2): 30 Total number of irrigation: 2
Load wngatu
Update plan

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.

™ NTRSOIL - O X

Database access Resulls  Load simulation

General Crop  Climate irrigation Soil Irrigation water

EUIE RN ER VTP R DU oamy sand; Profile: Eutric Cambisoll ~| Hydrologic group Load soil database
Tnitial simulation month: September )
Soil parameters by depths
Bottom Rock Bulk Water at soil
soil_id Texture Top depth depth Fragments density saturation organic Relation
(cm) (cm) (%) (gr/cm3) (%) matter(%) C/N pH Clay (%)
b Loamy Sand 0 29 0,0 1,50 0,43 2,69 6,1 5,00

11 Sand 29 56 0,0 1,58 0,40 0,67 51 3,00
11 Sandy Loam 56 80 0,0 1,83 0,31 0,50 5,5 6,00

< >

N mineral initial (kg N/ha)

[ Do you know the initial soil water content?

20 20 20 20

Run NITIRSOIL Cancel

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/I

- Very High: 150 mg/I

The user can change the concentration value in the text box “Nitrate (mg/1)”. 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.

Database access Resulls  Load simulation

Generol Crop Climate irrigation Soil  Lrrigationwater

Name Moderate Source: Wel

MNitrate (mg/T) 25 Date 0L/01/2021

Run NITIRSOIL Cancel

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 wuser 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.
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M NmRsOIL — O b

The input data is saved in tables:

'‘Batch_crops_growth', '‘Batch_Crops_lrrigat’, 'Batch_Crops_N', 'Input_Table_main'

with the name of: test cauliflower

OK

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.

™ Nitrogen Balance - o X
Nitrogen Balance - i
(kg Niha)
Nmin
N uptake - N Initial  End  N-NO3 N-NO3  Soil N-NO3 N-NH4 NNO3 N Nmin N min .
Month o tent  Nuptake Ndenitrif Nvolal , . .4 Nmin Nmin input nitrified Org imigat fertmin fertmin rainfall manure resid N20_emission
Matt

e F 406 18 0 4 5 275 698 191 36 0 504 50.1 063 0 0 a5
2 30.7 139 7 7 0 275 (254 125 122 20 0 0 0 034 0 0 a7
3 0 0 18 14 0 254 (438 202 196 38 0 0 0 057 0 0 46
4 0 0 11 & 7 438 [541 121 118 36 0 0 0 016 .0 0 27
5 0 0 14 2 0 541 |575 48 |46 48 0 0 0 020 0 0 34
6 0 0 33 3 37 575 |571 66 |62 65 0 0 0 042 0 0 83
7 0 0 16 4 0 571 (634 79 |79 83 0 0 0 006 0 0 4
8 0 0 55 4 1.2 634 (558 9.1 |84 89 0 0 0 065 .0 0 1.37
9 15 115 36 4 163 600 658 372 361 54 6 1200 0 058 0 0 a1
0 516 315 21 19 156 658 446 281 (266 43 11 0 0 0.41 0 0 54
11 970 73 0 0 95 46 (312 674 170 23 0 504 501 029 0 0 0
12 1002 255 0 0 237 32 5 184 177 37 Ik 0 0 073 0 0 0

* | Total 3722 1883 229 63 81.1 2941 |187.3 573 17 2208 1002 504 0 0 575

Simulation name: Output_Nbal_test_cauliflower_07_04_2022_8:30:47 Total dry matter = 10.84 tha
Nitrogen Use Efficiency (NUE)= jin soil inil in fert+N irrig+N manur)= 54.9 % Dry matter yield = 2.71 t/ha Cancel Water balance | Recommendation

N surplus = Ninput - Nuptake = 159.6 Kg N/ha/year N residue end = 145.73 Kg N/ha

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 N, by denitrification,
- N volat: nitrogen lost as NHj3 to the atmosphere by ammonium volatilization,
- N leached: N-NOj 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-NOj" that is generated by
nitrification, contributed by the mineral and organic fertilization, irrigation, rainfall, and
crop residues is added,

- N-NO3 nitrified: the N-NOj3™ generated by nitrification of the soil ammonium,
- Nmin Soil Org Matt: the nitrogen mineralized from the soil organic matter,

- N-NO3 irrigat: the N-NOj3" 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

- N20_emission: nitrogen lost in the form of N,O 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 [CtrI+C], and then go to an Excel worksheet and paste them
[CtrI+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.

a5l EVALUATION — O X
NUE
(%) CLASIFICATION RECOMMEMNDATION
2 High risk of soil loss fertility Increase ferilizer and./or apply organic fertilizer
930-100 | Moderate risk of soil loss ferdility Increase fertilizer doses
< 50 High risk of nitrogen losses Reduce fertilizer doses

M uptake efficiency =69.4 (%)
Recommended management Right fertilizer management

Excess of N
ka
MN/hadyear) CLASIFICATION RECOMMENDATION
=120 Very high Reduce fertilizer dose and split better
R0 - 30 Momal Right ferilization
20-50 Low Loaok MUE recommendation
<20 Very low Look MUE recommendation

L
Excess of N = 81.9 Kg N/ha/crop

Fertilizer management Reduce fertilizer dose

Potential loss of N uptake = 18,7 %, Review ferilizer management

Dosis N in org. fert. = 105.06 Kg N/ha Cancel

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 (ETy), 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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T Water results — [m|

WATER BALANCE (mm)

N morin Mo R won DO G B e S G e
3 Jan L |1327 o 65 62 62 1265 52,0 0.00

2 Feb ... |70.8 o 51 36 36 62,2 52.0 0.00

3 Mar . |113.2 o 231 254 234 833 92,0 0.00

4 Apr .. [328 0 514 13 N3 15 92.0 0.00

5 May .. 416 o 834 421 421 0 516 -0.40

6 Jun . |885 o 99,1 79.6 796 54 52,0 0.40

7 Jul . |130 o 128.8 325 325 A 726 -15.40

3 Aug 1363 o 803 62,4 624 544 92,0 1940

] Sep .. |1222 10,0 353 01 01 1021 92.0 0.00 m 0.23

10 Oct 86.8 200 200 176 176 832 52.0 0.00 0.88 0.17

1 Nov ... |60.8 0 59 47 47 56,1 52,0 0.00

12 Dec .. 1534 0 38 a7 a7 1497 52,0 0.00
* Total 1059.1 30 552.7 348.2 348.2 740.9

Simulation name: Output_Wbal_test_cauliflower_07_04_2022_%39:47

Saltirsail Cancel Nitrogen balance Export to excel
ripmrr
H Water balance assessed by SALTIRSOIL mode!

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.xIs” (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 ). 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”.

Ay A s mEW

L’

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.xIs 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.

- lrrigat_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_Huvol: 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
A B c D E F G H | J K L M N [s] ® ~
1 FID W user W davap_cmw dsplh_cmw Iaysrsw padutransfarw yield W Initial_month |pl[Initial month for Iing_day Soil_id 7 Water_id Wclimala_icﬂ Crup_idw Irrigal_iﬂ FertiN_id L
2 1 fac_alc N3_1 15 60 4 0 19,58 7 [the simulation I 26 1 1 46101 29 1 1|:
B 2 fac_alc_N2 1 15 60 4 o 20,63 7 26 1 1 46101 39 2 2
1 3 fac_alc_N1_1 15 60 1 0 2058 7 3 26 1 1 46101 39 3 3
2 4 fac_alc_NO_L 15 60 4 0 19,82 7 8 26 1 1 46101 39 4 4
6 5 fac_alc_N3_2 15 60 a 0 2435 7 8 22 1 2 46101 40 5 5
7 6 fac_alc_N2_2 15 60 4 0 2466 7 3 22 1 2 46101 a0 6 6
8 7 fac_alc_N1_2 15 60 a 0 21,9 7 8 22 1 2 46101 40 7 7
9 8 fac_alc_ND_2 15 60 a 0 20,00 7 3 22 1 2 46101 a0 3 8
10 9 llor_alc_N3_1 15 60 4 0 23,80 7 8 26 2 3 46101 39 9 El
11 10 llor_alc_N2_1 15 60 1 0 23,33 7 3 26 2 3 46101 39 10 10
12 11 llor_alc_N1_1 15 60 4 o 20,57 7 8 26 2 3 46101 39 11 11
13 12 llor_ale_NO_1 15 60 1 0 2016 7 3 26 2 3 46101 39 12 12
14 13 llor_alc_N3_2 15 60 4 0 22,40 7 7 4 2 4 46101 40 13 13
15 14 llor_alc_N2_2 15 60 a 0 23,29 7 7 a 2 4 46101 40 14 14
16 15 llor_alc_N1_2 15 60 4 0 19,74 7 7 a 2 4 46101 a0 15 15
17 16 llor_alc_NO_2 15 60 a 0 17,79 7 7 a 2 4 46101 40 16 16
18 17 mass_alc_N3_1 15 60 a 0 1456 8 3 13 3 5 46101 39 17 17
19 18 mass_alc N2 1 15 60 4 0 14,74 8 8 13 3 3 46101 39 18 18
20 19 mass_alc_N1_1 15 60 1 0 1511 8 3 13 3 5 46101 39 19 19
21 20 mass_alc_NO_1 15 60 4 o 10,61 8 8 13 3 3 46101 39 20 20
22 21 mass_alc_N3_2 15 60 1 0 2097 9 9 13 3 6 46101 40 21 21
23 22 mass_alc_N2_2 15 60 4 0 20,51 El 9 13 3 6 46101 40 22 22
24 23 mass_alc_N1_2 15 60 1 0 18,75 9 9 13 3 6 46101 40 23 23
25 24 mass_alc_ND_2 15 60 4 0 1345 9 9 13 3 6 46101 a0 24 pL I
{4 » M| Input_table_main ~ batch_crops_irrigat Batch_crops_N annual_crops_growth tree_craps_growth Water_nitrate_ soil_gen soil_parameters cdimate_year_month parameter [I] 4 v

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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fertiN_id, user Batch N
atch_crops
=R Manure
Fertilizer
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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/I)]: nitrate concentration in the irrigation water (mg/I).

Table 2. “Water nitrate” table where the irrigation Table 3. “Soil _gen” table where the soil
water quality data are saved hydrologic group data are saved

A G J A K

1 water_id | Nitrate (mg/l) o

2 number number 1 SDI|_Id | GH

3 1 95.83 2 1 B

4 2 39.1

5 3 91 3 2 B

6 4 31.68 4 3 B

7 5 59.6

8 6 33 3 4 C

9 7 9.2 5 5 B

10 8 9.2

1 3 5.7 7 6 B

12 10 106

13 11 19.2 8 7 8

14 12 19.2. 9 3 B

15 13 17.35

16 14 14.7 10 3 B

17 15 18.5 11 10 B

18 16 22.45

19 17 22.45 12 11 c

20 18 22.45 13 12 B

21 19 33.11

2 20 20 14 13 C

23 21 10 15 14 c

24 22 63.09

AP manure fertilizer parameter_de 16 15 C

Listo (N=N 1T Er= ~
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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 °C,

- 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 climaticos mensuales distribuidos por
estaciones meteorologicas

A B C D E F G H | J K L M N o ;
1 L climate_id f:z‘:;ﬁ:::f_:mt:f } W Month ‘I Tmean w Tmax ‘ Tmin ‘ Rain ‘IDays of rainfall ETo W
2 26101 M|the Input_main_table 1 7,58 13,14 2,02 0,00 0 36,00
3 :'lﬁl[ll Moncada IVIA 1992 2 9,03 15,85 2,21 58,40 4 54,20
4 '46101 Moncada IVIA 1992 3 13,23 18,76 7,71 5,90 3 109,40
5 :'16101 Moncada IVIA 1992 4 14,68 20,88 8,48 0,00 0 134,10
6 :'lﬁl[ll Moncada IVIA 1992 3 18,92 24,77 13,06 78,80 1 155,80
7 :'lﬁl[ll Moncada IVIA 1992 6 18,87 24,35 13,38 68,70 7 154,90
8 '46101 Moncada IVIA 1992 7 22,65 28,97 16,34 0,00 0 210,40
9 :'16101 Moncada IVIA 1992 8 24,72 30,76 18,68 0,00 0 206,60
10 :'lﬁl[ll Moncada IVIA 1992 9 21,12 26,10 16,13 73,70 3 124,70
1 '46101 Moncada IVIA 1992 10 17,35 23,02 11,69 66,50 8 83,80
12 :'16101 Moncada IVIA 1992 11 14,67 22,13 7.20 0,00 0 71,80
13 :'lﬁl[ll Moncada IVIA 1992 12 11,19 15,98 6,39 57,20 1 55,90
14 flﬁl[ll Moncada IVIA 1993 1 9,20 15,70 2,28 6,60 1 51,40
15 '46101 Moncada IVIA 1993 2 9,41 14,38 445 90,10 10 62,10
16 :'16101 Moncada IVIA 1993 3 10,59 16,81 4,37 27,00 3 98,10
17 :'lﬁl[ll Moncada IVIA 1993 4 14,13 20,72 7,53 63,20 4 147,30
18 _46101 Moncada IVIA 1993 3 17,75 23,40 12,09 24,60 9 172,40 -
W 4> v| Input table_rain batch_crops_irrigat Batch_crops N annual_crops_growth tree_crops_growth Water_nitrate soil_gen_tm soi_paramefers | climate_year_month . paramfi] 4 ’m,

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

Sandy texture and very good drainage

Loam texture and good drainage

Clay-loam texture and moderate drainage
Clay and/or silt texture and restricted drainage

o0 >

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_cma3: 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 (& > 0.050 mm) of the soil layer according to
the USDA textural classification,

- Clay: percentage of clay-sized soil particles (@ < 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

B - ax | sun_iu
A B C D E F G H 1 ) K L M N o P
1 |soil_id|_|Soil cede. Same the| Top_cm WEu“um_cmw ED_gr_cmﬂH_sa(uraliurq sand 1 silt | Clay W texture_USDA ‘ ph | oM T C_N T FC_cm_cmTWP_cm_cmTCarbonales_a CF 1
2 1 al|the soilid of 0 30 1,45 0,420 46,0 32,0 22,0 Loam 7,90 1,37 10,00 0,270 0,120 20,30 0,00
input_table_main

£ 1jall r— 30 60 1,63 0,380 23,0 42,0 35,0 Clay Loam 7,80 103 10,00 0,330 0,230 20,00 0,00
4 1 alcachofa_facundo 60 90 1,72 0,350 39,00 33,0 28,0 Clay Loam 7,90 0,51 10,00 0,310 0,200 20,00 0,00
5 2 alcachofa_lloris 0 30 1,48 0,410 52,0 29,0 19,0 loam 8,00 1,88 10,00 0,240 0,100 20,80 0,00
6 2 alcachofa_llaris 30 60 1,64 0,380 26,0 42,0 32,0 Clay Loam 8,10 1,03 10,00 0,320 0,220 20,00 0,00
7 2 alcachofa_lloris 60 90 1,67 0,360 39,0 340 27,0 loam 510 0,51 10,00 0,300 0,190 20,00 0,00
8 3 alcachofa_massanasa 0 30 1,41 0,430 52,0 30,0 18,0 Clay-loam 8,00 1,20 10,00 0,270 0,100 20,00 0,00
9 3 alcachofa_massanasa 30 60 1,69 0,400 28,0 42,0 30,0 Clay-loam 7,80 1,03 10,00 0,310 0,210 20,00 0,00
10 3 alcachofa_massanasa 60 90 1,67 0,360 38,0 34,0 28,0 Clay-loam 7,90 0,68 10,00 0,300 0,190 20,00 0,00
1 4 VILLENA_Puntal3 0 30 1,36 0,498 19,7 41,5 38,8 Silty Clay Loam 340 2,50 10,00 0,383 0,238 20,00 0,00
12 4 VILLENA_Puntal3 30 60 1,41 0,505 15,0, 40,4 44,6 Silty Clay 850 1,70 10,00 0,407 0,268 20,00 0,00
13 5 VILLENA_Puntal2 0 15 1,36 0,453 30,4 43,6 26,0 Loam 324 1,66 10,00 0,320 0,165 20,00 0,00
14 5|VILLENA_Puntal2 15 30 1,36 0,445 324 41,4 26,3 Loam 830 1,48 10,00 0,311 0,165 20,00 0,00
15 5 VILLENA_Puntal2 30 60 1,41 0,433 355 357 28,8 Clay Loam 340 0,93 10,00 0,314 0,179 20,00 0,00
16 6/ VILLENA_Puntall 0 30 141 0,472 21,0 44,7 34,4 Clay Loam 8,30 L49 10,00 0,361 0,210 20,00 0,00
17 6 VILLENA_Puntall 30 60 1,48 0,481 11,5 52,0 36,5 Silty Clay Loam 8,35 1,12 10,00 0,372 0,221 20,00 0,00
18 6/ VILLENA_Puntall 60 90 1,64 0,427 38,6 30,5 30,9 Clay Loam 8,27 0,58 10,00 0,306 0,188 20,00 0,00
19 7 Espinosa_1 0 30 1,54 0,425 52,0 282 19,9 Loam 8,05 1,65 10,00 0,350 0,120 20,00 0,00
20 7 Espinosa_1 30 60 1,70 0,441 30,6 39,1 30,3 Clay Loam 8,27 1,01 10,00 0,350 0,210 20,00 0,00
21 7 Espinosa_1 60 90 1,78 0,420 41,00 31,0 28,1 Clay Loam 8,37 0,64 10,00 0,320 0,190 20,00 0,00
22 8 Espinosa_2 0 30 1,47 0,420 63,7 21,4 14,9 Sandy Loam 8,20 155 10,00 0,350 0,080 20,00 0,00
23 8 Espinosa_2 30 60 1,57 0,47 28,8 40,5 30,7 Clay Loam 8,30 1,04 10,00 0,380 0,210 20,00 0,00
W« » M| Input_table_main batch_crops_irrigat Batch_crops_N annual_crops_growth tree_crops_growth \Water_nitrate sol_gen_tm | soil_parameters -~ climate_year_month param{i] 4

S ————— I Rl T annae /) r

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 (ljan_mm, Ifeb_mm, Imar_mm, lapr_mm,
Imay_mm, ljun_mm, ljul_mm, laug_mm, Isep_mm, loct mm, Inov_mm, Idec_mm),
and

- If... day: number of irrigation days per month (ljan_day, Ifeb_day, Imar_day,
lapr_day, Imay day, ljun_day, ljul_day, laug_day, Isep_day, loct 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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A B C D E F G H | J K L L N o P ;
1 Irrigat_id W user 1 ljan_mm 1 Ifeb_mm 1 Imarﬁmm1 lapr_mm 1 Imavimnﬂ Ijun_mm Total irrigation dose I Isep_mm W loct_mm W Innvimmw Idec_mm W Ifjan_day W Iﬁebidayw
z 1 fac_alc_N3_1 0 60 115 62 0 g |(mm orl/m2) in june I 5 0 36 0 0 1
3 2 fac_alc_N2_1 0 60 115 62 0 0 203 220 35 0 86 0 0 1
4 3/fac alc N1 1 0 60 115 62 0 0 203 220 35 0 86 0 0 1
5 4 fac_alc_ NO_1 0 60 115 62 0 0 203 220 35 0 86 0 0 1
6 5 fac_alc_N3_2 150 35 30 87 0 0 0 101 70 80 138 56 3 1
7 6 fac_alc_N2_2 150 35 30 87 0 0 0 101 70 80 138 56! 3 1
8 7/fac_alc_N1_2 150 35 30 87 0 0 0 101 70 80 138 56 3 1
9 8/fac_alc_NO_2 150! 35 30 87 0 0 0 101 70 80 138 56 3 1
10 9/llor_alc_N3_1 0 54 102 57 0 0 143 167 27 81 0 0 0 1
11 10 llor_alc_N2_1 0 54 102 57 0 0 143 167 27 81 0 0 0 1
12 11 llor_ale N1_1 0 54/ 102 57 0 0 143 167 27 81 0 0 0 1
13 12 llor_alc_NO_1 0 54 102 57 0 0 143 167 27 81 0 0 0 1
14 13 llor_alc_N3_2 96 41 80 69 0 0 0 0 99 93 132 0 2 1
15 14 llor_alc_N2_2 96 41 80 69 0 0 0 0 99 93 132 0 2 1
16 15 llor_alc_N1_2 96 41 80 69 0 0 0 0 99 93 132 0 2 1
17 16 llor_alc_N0_2 96 41 80 69 0 0 0 0 99 93 132 0 2 1
18 17 mass_alc N3 1 0 121 114 71 0 29 128 169 133 91 0 0 0 2
19 18 mass_alc_N2_1 0 121 114 71 0 29 128 169 133 91 0 0 0 2
20 19 mass_alc_N1_1 0 121 114 71 0 29 128 169 133 91 0 0 0 2
21 20 mass_alc_NO_1 0 121 114 71 0 29 128 169 133 91 0 0 0 2
22 21 mass_alc N3 2 86 119 86 0 0 0 0 0 107 115 99 96 1 2
23 22 mass_alc_N2_2 86 119 86 0 0 0 0 0 107 115 99 96 1 2
24 23 mass_alc_N1_2 86 119 86 0 0 0 0 0 107 115 99 96 1 2
25 24 mass_ale ND 2 26 119 26 0 ) ) ) ) 107 115 99 96 1 bllnd
M 4 » ¥ | Input_table_main batch_crops_irrigat . Batch_crops_N annual_crops_growth tree_crops_growth Water_nitrate soil_gen soi_parameters dlimate_year_month parameter[]] 4 (a0

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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A B = D E F G H 1 J K L M N (o] P

1=

-
1 Fertin_id | user ©  cop  month code fert fertilizer_name Dosis_fm' N-NO3 = N-NH&' Tipo_fmin Faplic_fmin Code_tipo_apl_fm - |Code for the type | * tipo_forg " Faplic_forg ' Code_=
of mineral
2 1fac_alc N3_1  alcachofa_1 1 | P
3 1fac_alc_N3_1  alcachofa_1 2 7 Nitrato amonico 128 22,5 22,5 solid incorporated 2 application:
a 1facalo N3_1 alcachofa_1 3 gl
ac_alc_N3_: alcachofa_ Incorporated: 2
5 1fac_alc_N3_1  alcachofa_1 4 Drip: 3
Injected: 4
6 1fac_alc N3_1  alcachofa_1 5
7 1fac_alc N3_1  alcachofa_1 6
8 1fac_alc N3_1  alcachofa_1 7
9 1fac_alc_N3_1  alcachofa_1 8
10 1fac_alc_N3_1  alcachofa_1 9
r

11 1fac_alc_N3_1  alcachofa_1 10 7 Nitrato amonico 180 30 30 solid incorporated 2
12 1fac_alc_N3_1  alcachofa_1 11
13 1fac_alc_N3_1  alcachofa_1 12
14 2 fac_alc_N2_1  alcachofa_1 1
15 2 fac_alc_N2_1  alcachofa_1 2
16 2 fac_alc_N2_1  alcachofa_1 3
17 2 fac_alc_N2_1  alcachofa_1 4
18 2 fac_alc_N2_1  alcachofa_1 5
19 2 fac_alc_N2_1  alcachofa_1 6

N2 1 7 .

an 2 far_ale alearhnfa 1
W 4+ M| Input table_main batch_crops irigat | Batch_crops N annual_crops_growth tree_crops growth Water_nitrate -~ soil_gen soil_parameters climate_year_month parameter [I] 4

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

A B C D H [F G H I 1 K
1| sim_id ] user ] month_number] R/mm Monthly rainfall (mm)] ETc/mm | Erta/mm ] 0/mm ] soiLwaTeR/mm ]  month
2 1 fac_alc_N3_1 1 22,60 Ry o 24,64 24,53 0,00 178,07 Jan
3f1 fac_ale_N3_1 2 0,00 60,00 58,02 44,00 44,00 14,07 180,00 Feb
2 fac_alc_N3_1 3 30,10 115,00 74,26 66,76 66,76 78,34 180,00 Mar
51 fac alc N3 1 a 63,00 62,00 94,67 81,43 81,43 48,57 130,00 Apr
5 1 fac_alc N3 1 5 96,10 0,00 122,34 90,43 90,43 5,67 180,00 May
7N fac_alc_N3_1 6 35,30 0,00 154,82 40,35 40,35 0,00 174,95 Jun
81 fac_ale_N3_1 7 0,00 203,00 163,97 13,79 13,79 184,16 180,00 Jul
5 1 fac_alc_N3_1 8 1,80 220,00 142,19 56,11 56,11 165,69 180,00 Aug
101 fac alc N3 1 9 167,30 35,00 91,39 66,76 66,76 135,54 130,00 Sep
11 fac alc N3 1 10 36,20 0,00 71,97 51,63 50,14 0,00 166,06 Oct
121 fac_alc_N3_1 11 57,30 86,00 37,74 30,84 30,84 98,51 180,00 Nov
131 fac_ale_N3_1 12 43,90 0,00 27,74 24,95 24,95 18,95 180,00 Dec
14 [10 llor_ale_N2_1 1 22,60 0,00 30,08 24,64 24,52 0,00 166,08 Jan
15 10 llor_ale_N2_1 2 0,00 53,90 58,02 44,00 44,00 7,98 168,00 Feb
16 (10 llor alc M2 1 3 30,10 101,50 74,26 66,76 66,76 54,34 168,00 Mar
17 10 llor_alc_N2_1 1 68,00 57,20 94,67 81,43 81,43 43,77 168,00 Apr
18 10 llor_ale_N2_1 5 96,10 0,00 122,34 90,43 90,43 5,67 163,00 May
13 10 llor_ale_N2_1 6 35,30 0,00 154,82 40,35 40,35 0,00 162,95 Jun
20 10 llor_ale_N2_1 7 0,00 143,00 163,97 13,79 13,79 124,16 168,00 Jul
21 10 llor alc M2 1 3 1,80 167,40 142,19 56,11 56,11 113,09 168,00 Aug
22 o llor_alc_N2_1 9 167,30 26,50 91,39 66,76 66,76 127,04 168,00 Sep
23 o llor_alc_N2_1 10 36,20 81,00 71,97 54,89 54,89 62,31 168,00 Oct
21 10 llor_ale_N2_1 1 57,30 0,00 37,74 29,42 29,42 27,88 168,00 Nov
25 10 llor_ale_N2_1 12 43,90 0,00 27,74 24,95 24,95 18,95 168,00 Dec
26 (100 SAND BUR ES 1 49,30 0,00 30,49 7,69 7,69 42,11 217,99 Jan
27 (100 SANMD RIR FS ? an 10 nnn 53 9 251 ] 497 17 99/Fah
L Water_nitrate soil_gen soll_parameters climate_year_month parameter_gener parameter_desni Kvol_ferti - manure | Output_table_Whal

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 N, by denitrification in kg N/ha,

- Nvolat: N-NH," lost as NH; by volatilization in kg N/ha,
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- Nleached: N-NOj' 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-NOg3™ 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-NH," with the mineral fertilization,
- N_NO3fm: applied N-NOj3" with the mineral fertilization,
- N prec: contributed N-NOj3™ 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 N,O 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

A B C D E F G H 1 1 K L M N (o] P Q R S
1 sim_id T user W month‘| Ndemand ﬂ" crop potential Ivolat TNIeachadW Drain T Nmin_iniwNmin_endWN_ND!inpuqN_ND!nitriﬂ NminSOMT N_N03irrigw N_NdemT N_NDEme N precfimin_m{=
2 fac_alc_N3_1 7 0,00 Ide_mwll 0,57 66,52 184,16 296,00/ 276,85 54,69 10,73 11,31 43,96 0,00 0,00 0,00
3 1 fac_alc_N3_1 8 1,79 1,79 17,63 0,69 65,83 165,69 276,85 252,42 60,82 13,16 13,88 47,65 0,00 0,00 0,01
2 fac_ale_N3_1 9 12,90 12,90 7,75 0,58 71,00 13554 252,42 180,12 19,36 10,99 11,58 7,58 0,00 0,00 0,79
= '1 fac_alc_N3_1 10 27,35 27,35 2,43 0,12 0,00 0,00 180,13 130,22 39,93 9,76 9,88 0,00 30,00 3000 017
5 1 fac_alc_N3_1 11 33,53 30,49 1,06 0,16 96,05 98,51 190,22 86,12 23,88 4,98 5,25 18,63 0,00 0,00 0,27
71 fac_alc_N3_1 12 34,94 27,33 0,28 0,09 18,58 18,95 86,12 44,25 4,31 4,11 4,32 0,00 0,00 0,00 0,21
g 1 fac_ale_N3_1 1 35,22 11,11 0,00 0,00 0,00 0,00 44,95 34,97 3,98 3,88 4,08 0,00 0,00 0,00 0,11
El '1 fac_alc_N3_1 2 34,43 17,25 0,30 0,03 7,93 14,07 34,97 48,60 39,17 3,67 3,72 12,39 22,50 22,50 0,00
w1 fac_alc_N3_1 3 27,58 22,06 2,28 0,31 16,70 78,34 48,60 38,43 30,86 5,81 6,12 24,91 0,00 0,00 0,14
n1 fac_alc_N3_1 4 24,22 20,19 2,16 0,34 2,59 48,57 38,43 29,97 20,30 6,55 6,90 13,43 0,00 0,00 0,32
12 '1 fac_alc_N3_1 5 16,49 10,64 1,11 0,17 0,17 5,67 29,97 26,42 8,37 7,91 8,33 0,00 0,00 0,00 046
181 fac_alc_N3_1 6 0,00 0,00 1,21 0,53 0,00 0,00 26,42 35,35 10,14 9,97 10,51 0,00 0,00 0,00 0,17
142 fac_alc_N2_1 7 0,00 0,00 5,58 0,57 4549 184,16 202,00 205,62 54,69 10,73 11,31 43,96 0,00 0,00 0,00
152 fac_alc_N2_1 8 1,36 1,36 15,28 0,69 45,01 165,69 205,62 204,29 60,82 13,16 13,88 47,65 0,00 0,00 0,01
16 'Z fac_alc_N2_1 3 13,40 13,40 7,46 0,58 48,38 135,54 204,23 154,41 19,36 10,99 11,58 7,58 0,00 0,00 0,79
172 fac_alc_N2_1 10 28,41 18,82 0,58 0,20 0,00 0,00 154,41 144,56 9,55 9,38 9,38 0,00 0,00 0,00 0,17
182 fac_alc_N2_1 11 34,83 30,14 0,00 0,00 76,83 98,51 144,56 61,47 23,88 4,98 5,25 18,63 0,00 0,00 0,27
192 fac_alc_N2_1 12 36,30 14,41 0,00 0,00 16,72 18,95 61,47 34,65 4,31 4,11 4,32 0,00 0,00 0,00 0,21
20 'Z fac_alc_N2_1 1 36,38 7,64 0,00 0,00 0,00 0,00 34,65 31,00 3,98 3,88 4,08 0,00 0,00 0,00 0,11
21 :2 fac_alc_N2_1 2 35,84 17,92 0,03 0,11 695 14,07 31,00 22,63 16,53 3,53 3,72 12,99 0,00 0,00 0,00 =
4 Water_nitrate soil_gen soil_parameters climate_year_month parameter_gener parameter_desni Kvol ferti ~ manure Output_table_whal | Output_table Nbal /%1 |I|4 » m
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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, solil, 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 (°C),

- 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-NH," 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.

- lrrigation:
o Month of the irrigation application,
o lrrigation rate per month (I/m?),
o Number of irrigation days per month,
o lrrigation 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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- le
- 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®),
- Coarse fragments percentage (& > 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
(L1u),

- 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,

- KN20nitrif: N,O emission coefficient from nitrification. By default, it is 0.002, and
- KN20Odesn: N,O 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

A | 8 [ ¢ [ o | € ] F [ 6 | Hu ] | [0 T « [ v T m N[ o [ » | a
1D ﬂ\iomrﬁs\owl Komr_fast ‘ CN_fast ‘NJlOJ;OO\|\:(V-ZSJT\JI|UFE| \’.cr-:sjeg|\1<r-:sioth|Pcr-:ananl.lr-:|Pcr-:si-,-:g‘ P(r-:siothl Knitrif ‘I’.imhu]imf‘ Elix |I’.‘;0I750M |I'.N2fjuntr| KN20_dn |
number number  number  number  number number number  number number number  number number number wmbe number number  number
1 0.00037 0.0059 17 5 0.03 0.06 0.003 037 0.6 03 3346 1 0.30 0.05 0.00 0.20

wln]e

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.

™ General model parameters - O *
Soil organic matter Mineralization
Kmin slow (1/day)
Kimin fast (1/day)
C/N fast mineralization 17

MN-pool fast mineralization (%) |5

Wastes and residues mineralization

Kmin animal waste {1/day) Carbon in animal waste dm (1/u)
Kmin vegetal residues (1/day) Carbon in veg. residue dm (1/u)
Kmin ather matters (1/day) 0.003 Carbon in other matters dm (1/u)
K nitrfication (Kg N/ha/day) K volatilization sail {1/4)
Kinhibition {1/u) K N20 emission nitrific {1/u) 0.002
K leaching K N20 emission desnitr. (1/u)
Update Cancel

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-NH," 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),

33



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

A | B ] c I D I 3 [ F ] G [ v ] |

1| code | W NHAT] Fettilizante | Fartilizer |Forma_aplicacion| Code apl | Application | pH | mes_humeado | mas subhumeds | mes seco |
| 2 htonumeric number text text text number text text number number number
3 46 Urea Urea Superficie 1 Surface =7 10.0 16.0 210
4| 45 Urea Urea Incorporado 2 Incorporated =7 5.0 6.0 7.0
5 | 3 46 Urea Urea Goteo 3 Drip 7 7.0 12.0 15.0
6| 4 46 Urea Urea Inyectado 4 Injected 7 1.0 2.0 3.0
[7] 5 20 Sulfato amenico  Ammonium sulfate  Superficie 1 Surface 7 20.0 25.0 35.0
2] [ 20 Sulfato ameonico  Ammonium sulfate Incorporade 2 Incorporated 7 5.0 10.0 15.0
9 7 20 Sulfato amenico  Ammonium sulfate  Goteo 3 Drip =7 10.0 18.0 25.0
|10 3 20|Sulfato amonico  Ammoenium sulfate  Inyectado 4 Injected »7 2.0 3.0 40
[1L] 9 17|Mitrato Amonico  Ammonium Nitrate  superficie 1 surface 7 10.0 13.0 15.0
[12] 10 17 NMitrato Amonice  Ammonium Nitrate Incorporado 2 Incorporated 7 2.0 3.0 4.0
[13] 11 17|Nitrato Amonico  Ammonium Nitrate  Goteo 3 Drip 7 7.0 5.0 12,0
|14 12 17 |Mitrato Ameonico  Ammoenium Nitrate Inyectado 4 Injected 7 1o 2.0 30
15 13 5 Otrofertilizante  Any fertilizer Superficie L Surface =7 13.3 17.6 21.6
|16 | 14 5 Otro fertilizante  Any fertilizer Incorporado 2 Incorporated =7 1.0 2.0 30
[17] 15 5 Otro fertilizante Any fertilizer Goteo 3 Drip »7 3.0 11.6 15.0
| 18] 1 5 Otro fertilizante  Any fertilizer Inyectado 4 Injected 7 0.5 0.3 1.0
[19] 17 46 Urea Urea Superficie 1 Surface <7 2.5 10.0 15.0
E 18 46 Urea Urea Incorporado 2 Incorporated <7 13 38 5.0
|21 ] 19 46 Urea Urea Goteo 3 Drip <7 18 7.5 10.7
22 20 46|Urea Urea Inyectado 4 Injected <7 0.3 L3 21
23] 21 20/Sulfato amonico  Ammonium sulfate  Superficie 1 Surface <7 5.0 15.6 25.0
| 2a] 22 20 sulfato amenico  Ammonium sulfate Incorporado 2 Incorporated <7 1.3 6.3 10.7
|25 23 20| Sulfato amonico  Ammonium sulfate  Goteo 3 Drip <7 2.5 113 179
E 24 20/Sulfato amonico  Ammoenium sulfate  Inyectado 4 Injected =7 0.5 L3 29
127 25 17 Nitrato Amonico  Ammonium Nitrate Superficie 1 Surface <7 2.5 8.1 107
28 26 17 Nitrato Amonico  Ammonium Nitrate Incerporade 2 Incorporated <7 0.5 L9 2.9
[29] 27 17|Nitrato Amonico  Ammonium Nitrate  Goteo 3 Drip <7 1.8 31 8.6
[30] 23 17 Mitrato Amonice  Ammonium Nitrate Inyectado 4 Injected <7 0.3 L3 21
[3L] 29 5 Otro fertilizante  Any fertilizer Superficie 1 Surface <7 3.3 110 15.4
[32] 30 5 Otrofertilizante  Any fertilizer Incorporado 2 Incorporated =7 0.3 L3 21
E 3l 5 Otrofertilizante  Any fertilizer Goteo 3 Drip <7 2.0 7.3 10.7
34 32 5 Otrofertilizante  Any fertilizer Inyectado 4 Injected <7 0.1 0.5 07
[35] 33 0 Organico Organic Superficie 1 Surface =7 10.0 15.0 25.0
|36 34 0|0rganico Organic Incorporada 2 Incorporated 7 5.0 5.0 5.0
[37] 35 0 Organico Organic Goteo 3 Drip 7 7.0 12.0 15.0
|33 3 0 Organico Organic Inyectado 4 Injected 7 1o 2.0 3.0
E 37 0 Organico Organic Superficie 1 Surface <7 5.0 7.0 10.0
40 38 0 Organico Organic Incorporado 2 Incorporated <7 1.0 Lo 10
|aL | 39 0 Organico Organic Goteo 3 Drip <7 3.0 5.0 8.0
[42] 40 0 Organico organic Inyectado 4 Injected <7 0.0 0.0 0.0
|43
[aa]
[a5|

a6

H 4 » M \ Campos_clave X annual_crops_growth / free_crops_growth ,[ parameter_gener \Kvul,ferti ,[ manure / fertilizer ,( parameter_desni ,[ Input_table_r | <

6.3. Denitrification coefficients

The denitrification is a process by means of which the soil NO3" is reduced up to N,O
and N, 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

A B C D E F

1 D SOM A B C D
| 2| number number number number number number
|3 | 1 2 0.03 0.04 0.06 0.1
K3 5 0.04 0.06 0.1 0.15
15 | 3 S0 0.06 0.1 0.15 0.25

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 Kchd: 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.

0.9
0.8 -
0.7 1
0.6 -
0.5
0.4 1
0.3 1
0.2 1

Kcb

Initial

0.1

Development

Mid-season

Senescence

0.0

0.0 0.1

02 03 04 05 06 07 08 09 10

Fraction of crop development elapsed time

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

E F G H J K L ™M N o P Q S T u v ?
1 crop_id | CROP | om | c | W | 2 | kcbi | kebd | kcom | Kebs |Li_Ltotal |Ld_Ltotal|Lm_Ltotal|Ls Ltotal|shaded_area_max| rd_cm |Moisture_perc| N_percent_dm
2 number text number number number number number number number number number number number number number number  number number
3 1 Broad_beans 0.136 4.50 0.48 0.27 0.15 0.63 1.10 0.68 0.158 0.263 0.368 0.211 0.75 60 87 3
a4 2 Brussels_Sprouts 0.200 4.90 0.60 0.10 0.15 0.55 0.95 0.85 0.240 0.360 0.300 0.100 0.75 45 91! 44 |-
5 3|Dutch_White_Cabbage  0.033 477 0.65 010 0.5 055 095 085 0263 0368  0.263  0.105 0.8 15 g1 2.8
6 4/Cabbage_Summer 0078 433 075 015 015 055 085 085 0263 0368  0.263 0105 0.8 15 91 2.8
7 5/ Cabbage_Wint/Spring 0120 439 054 015 015 055 095 085 0263 0368  0.263 0105 0.8 a5 91 2.8
8 6 Broccoli 0.120 4.50 0.28 0.40 0.15 0.50 1.40 0.85 0.100 0.170 0.520 0.210 0.75 45 90! 3
9 7 Carrot 0.101 2.60 0.69 0.22 0.15 0.55 0.95 0.90 0.188 0.250 0.375 0.188 0.75 45 88 15
10 8|Cauliflower 0064 535 025 021 03 063 085 030 0240 0250 0300 0210 0.75 0 g1 3.5
1 9/Chinese_Cabbage 0037 470 047 011 015 053 113 050 0160 0330 0500  0.010 0.98 60 93.7 2.01
12 10 French_beans 0.122 4.50 0.49 0.40 0.15 0.58 1.00 0.90 0.222. 0.333 0.333 0.111 0.75 60 87 3
13 11|Leeks 0.110 3.50 1.00 0.10 0.15 0.52 0.90 0.90 0.100 0.170 0.520 0.210 0.75 50 87 3
14 12|Lettuce_Butterhead 0036 430 062 006 015 053 050 050 0181 0282 0270 0260 0.74 15 95 2.1
15 13 Lettuce_Crisp 0040 451 080 011 015 053 080 050 0181 0282 0270 0260 0.74 15 ES 2.1
16 14 Maize_grain 0.800 1.30 0.80 0.26 0.15 0.65 115 0.50 0.200 0.267 0.333 0.200 0.85 150 70! 125
17 15/Onion 0.078 240 0.98 0.12 0.15 0.55 0.95 0.80 0.100 0.167 0.467 0.267 0.5 35 92.3 159
18 16/ Parsnip 0170 250 085 020 045 058 100 085 0170 0250 0420 0170 0.5 20 82 15
19 17/peas 0180 385 025 020 015 063 110 108 0200 0300 0350 0150 0.75 75 80 2.2
20 18|Potato_Early 0220 370 084 020 015 063 110 088 0192 0231 0346 0231 0.65 50 75 16
21 19 Potato_Late 0.226 5.01 0.95 0.42 0.15 0.63 1.10 0.88 0.210 0.240 0.340 0.210 0.65 60 75 1.6
22 20|Radish 0.056 3.09 0.50 0.13 0.15 0.50 0.85 0.80 0.143 0.286 0.429 0.143 0.55 40 88 15
23 21 Red_Beet 0.140 0.76
% 22/Spinach 0083 410 061 013 015 053 100 100 0300 0400 0290  0.010 1 15 19 4.7
25 23|Sugar_Beat 0.230 3.69 0.70 0.27 0.15 0.65 115 0.83 0.196 0.326 0.348 0.130 0.55 80 82/ 2.1 o
H 4 M| campos_clave | annual_crops_growth ~ tree_crops_growth parameter_gener .~ Kvol ferti . manura  fertizer - parameter_desni Input_table_main Water_nitfl] 4 (30

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.

M Annual crops = E s
CROP  [Artichokel ~| Codecrop: 39
Yield Water demand parameters
Keb initial 043 Initial length (1/u) 028
pieci(the) 182 & 2.5 Kcb develop 0.665 Develop length (1/u) 0.1
Dry matter yield 0.143 c2 03 Kcb madurity 0.98 Madurity length (1/u) 05

(Dry matter yield / fresh yield) Kcb senescence 0.5 Senescence length (1/u) 0.12

Crop duration (days) 280
Max. Shaded Area (1/u) 0.75
Max. Rooting Depth (cm) 60

Edit options
\*‘ Show Remove
o Edit Add new
Cancel

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

Harvest Index (Dry matter yield / Total Dry Matter) ~ 0.132

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 Kchbjan: basal coefficient for January,
o Kcbfeb: basal coefficient for February,
o Kcbmar: basal coefficient for March,
o Kchbapr: 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 Kchbdec: 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
B E F G H J K L M N a P Q R S T u v w ;
1 cropid | crop | om | m | e | c2 | rd cm |kebjan| Kebfeb |Kcomar| kcbapr [kcbmay|kebjun| Kebjul |Kchaug [kebsep| keboct | Kebnov| Kcbdec|shaded_area_max
2 number text number number number number number number number number number number number number numbernumbelnumber number number number
3 201 Orange > 15 year, surface irrig. 0.200 0.43 168 0.015 80 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.81
4 202 Qrange 5-15 year, surface irrig. 0.200 047 1.68 0.015 60 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.49
5 202 Orange <5 year, surface irrig. 0.200 0.10 168 0.015 40 0.63 0.62 0.63 0.59 0.52 0.58 0.65 0.75 0.70 0.80 0.69 0.60 0.14
6 204 Orange > 15 year, drip irrig. 0.200 0.64 168 0.015 80 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.81
7 205 Orange 5-15 year, drip irfig. 0.200 0.64 168 0.015 60 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.43
8 206 Qrange <5 year, drip irrig. 0.200 0.64 1.68 0.015 40 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.14
9 207 Mandarine > 15 year, surface irrig.  0.190 0.79 2.83 0.015 20 0.63 0.62 0.63 0.59 0.52 0.58 0.65 0.75 0.70 0.80 0.69 0.60 0.81
10 208 Mandarine 5-15 year, surface 0.190 0.79 283 0.015 60 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.49
11 209 Mandarine <5 year, surface irrig. 0.190 0.79 283 0.015 40 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.14
12 210 Mandarine > 15 year, drip irrig. 0.130 0.79 2.83 0.015 20 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.81
13 211 Mandarine 5-15 year, drip irrig. 0.130 0.79 2.83 0.015 60 0.63 0.62 0.63 0.59 0.52 0.58 0.65 0.75 0.70 0.80 0.69 0.60 0.49
14 212 Mandarine <5 year, drip irrig. 0.190 0.79 283 0.015 a0 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.14
15 213 Lemon > 15 year, surface irrig. 0.180 0.43 1.60 0.015 80 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.81
16 214 Lemon 5-15 year, surface irrig. 0.180 047 1.60 0.015 60 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.49
17 215 Lemon <5 year, surface irrig. 0.180 0.10 1.60 0.015 40 0.63 0.62 0.63 0.59 0.52 0.58 0.65 0.75 0.70 0.80 0.69 0.60 0.14
18 216 Lemon > 15 year, drip irrig. 0.180 0.49 1.60 0.015 80 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.81
19 217 Lemon 5-15 year, drip irrig. 0.180 0.47 1.60 0.015 60 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.43
20 218 Lemon <5 year, drip irrig. 0.180 0.10 1.60 0.015 40 0.63 0.62 0.63 0.59 0.52 0.59 0.65 0.75 0.70 0.80 0.69 0.60 0.14
21 219 Grape fruit 0.200 0.49 1.60 0.015 20 0.63 0.62 0.63 0.59 0.52 0.58 0.65 0.75 0.70 0.80 0.69 0.60 0.81
22 220 Figtree 80 0.00 0.15 0.16 0.45 0.58 0.63 0.65 0.65 0.65 0.53 0.22 0.00 0.70
23 221 Apple tree 80 0.00 0.00 0.22 0.39 0.54 0.66 0.68 0.68 0.66 0.57 0.00 0.00 0.70
24 222 Peach tree 0.104 0.57 20 0.00 0.00 0.36 0.43 0.50 0.64 0.86 0.57 0.57 0.57 0.00 0.00 0.70
25 223 Medlar tree 90 0.58 0.65 0.63 0.55 0.46 0.16 0.16 0.42 0.55 0.67 0.73 0.60 0.60 3
W 4+ W[ campos clave annual_crops growth | tree crops growth . parameter_gener . Kvol ferti . manure . fertiizer .~ parameter_desni Input_table_main Water_nit]] 4 (|
Listo =N |[Emm 100 (=) Lk ()

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.

[m Multianual edited crops =HECH X =
CROP [Mandarine > 15 year, surface irrig. v Code: 207
Yield Crop coefficients: Kc
c1 283
Yield (tha) 336 Jan 063
Feb 0.62
Dry matter yield (1/u) 0.19 c2 0.015 "
(Dry matteryield Fresh yield) a 0.63
Apr 0.59
HI (Dry matter yield/Total Dry matter) 0.791 May 050
Other crop parameters Jun 0.59
Max. Shaded Area (m2) 0.8125 Jul 0.65
Max. Rooting depth (cm) 90 Aug 0.75
" y Sep 0.7
Edit options
Oct 08
OK
Show Remove Nov 0.69
o Edit Add new Dec 06
Cancel

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/I,

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

A | B | c | D | E | F | G | H | I |
1 water_id | Municipio ‘CODE_PROV\NC\A| codigo Municipio | Mame | Date | Mitrate {mg/l} | Source ‘ Procedencia |
| 2 | number text text text text data number text text
| 3 | 232 Xativa '46 '46145 WELLES 00-03-07 79.0 well Pozo
| 4 | 232|Xativa '46 '461-15 WELLES 13-09-06 720 Well Pozo
| 5 | 168 Canals '-'16 '46081 COMANDANTA 12-09-06 26.0 well Pozo
| 6 | 168 Canals '46 '46081 COMAMNDANTA 15-03-07 30.0 well Pozo
| 7 | 210 Aspe '03 '03019 NE 6 30-05-07 14.0 Well Pozo
| 8 | 210 Aspe '03 '03019 NE & 17-10-0& 2.0 well Pozo
R 212 Villena 'UR '03140 PATOIO 2 10-07-0a 13.0 well Pozo
| 10 | 212 |Villena '03 '031-10 PATOIC 2 15-01-07 14.0 Well Pozo
|11 215 Villena '03 '031-10 BARRANCO 25-03-07 4.0 well Pozo
|12 | 215 Villena 'UR '03140 BARRANCO 19-09-0a 2.0 well Pozo
| 13 | 216 Villena '03 '031-10 ALHORINES 20-02-07 11.0 well Pozo
| 14| 216 Villena '03 '031-10 ALHOP’.INE_S 01-08-0& 2.0 well Pozo
| 15 | 217 Crevillent '03 '03059 STA. BERTA DEL 06-11-06 39.0 Well Pozo
| 16 | 217 Crevillent '03 '03059 STA. BERTA DEL 19-07-07 59.0 well Pozo
|17 | 218 Crevillent '03 '03059 (LA 19-07-07 68.0 well Pozo
|18 218 Crevillent '03 '03059 (LA 24-01-08 0.0 Well Pozo
| 19| 218 Crevillent '03 '03059 (LA 06-11-06 10&.0 well Pozo
| 20 | 225 Albatera 'UR 'URUUS {5.A.T. N2 3569) 25-01-07 7.0 well Pozo
| 21 | 225 Albatera '03 '03005 (S.A.T. N2 3569) 23-05-07 8.0 well Pozo
| 22 | 228 Horadada '03 '03902 (JOSE MTNEZ. 14-11-06 1.0 well Pozo
| 23 | 228 Horadada 'UR 'UR‘JUZ (JOSE MTNEZ 20-06-07 1.0 well Pozo
| 24 | 229 Horadada '03 '03902 MARTINEZ 23-10-04 1.0 Well Pozo
| 25 | 229 Horadada '03 '03902 MARTINEZ 17-05-07 1.0 well Pozo
| 26 | 208 Elda 'UR 'URUGG MARTINEZ 06-11-0a 5L.0 well Pozo
| 27 | 208 Elda '03 '03066 MARTINEZ 12-09-07 7.0 Well Pozo
| 28 | 231 Alzira '-'16 '4601? LA COMA 11-09-06 67.0 well Pozo
| 29 | 231 Alzira '46 '46017 LA COMA 22-03-07 72.0 well Pozo
| 30 | 207 Elda '03 '03066 GARRIGOS 12-09-07 91.0 Well Pozo
|31 207 Elda '03 '03066 GARRIGOS 06-11-06 86.0 well Pozo
|32 | 230 Algemesi '46 '46029 POZO BRUGADA 23-05-07 134.0 well Pozo
| 33 | 236 Algemesi '46 '46029 POZO BRUGADA 16-10-06 126.0 Well Pozo
34 237 valldigna '-'16 '46238 P. ULLAL TERME 29-08-07 99.0 well Pozo

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, ltaly, 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 °C,

40



- 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

A B C D E F G H I J K L

1 | climate id |ldProvincia| ldEstacion | weather station Year Manth Tmean Tmax Tmin Rain Days of rainfall ETo
LV number number  number text number number number number number number number number
ir 46101 a6 101 Moncada IVIA 1992 1 13.14 2.02 7.58 0.0 0 36.0
ir 46101 46 101/ Moncada IVIA 1992 2 15.85 2.21 9.03 58.4 4 54.2
ir 46101 a6 101 Moncada IVIA 1992 3 18.76 7.71 13.23 5.9 3 109.4
L' 46101 46 101/ Moncada IVIA 1992 4 20.88 8.48 14.68 0.0 0 1341
L' 46101 a6 101/ Moncada IVIA 1992 5 24.77 13.06 18.92 78.8 1 155.8
ir 46101 46 101/ Moncada IVIA 1392 [ 2435 13.38 18.87 68.7 7 1549
ir 46101 a6 101 Moncada IVIA 1992 7 28.97 16.34 22.65 0.0 0 210.4
ir 45101 46 101/ Moncada IVIA 1992 3 30.76 18.68 2472 0.0 0 206.6
ir 46101 46 101 Moncada IVIA 1992 9 26.10 16.13 2112 73.7 3 124.7
ir 46101 46 101 Moncada IVIA 1992 10 23.02 11.69 17.35 66.5 8 83.8
ir Jol0l 46 101 Moncada IVIA 1992 11 22,13 7.20 14.67 0.0 0 718
| 14] 46101 a6 101 Moncada IVIA 1992 12 15.98 6.39 11.19 57.2 1 55.9
ir 46101 46 101/ Moncada IVIA 1993 1 15.70 2.28 9.20 6.6 1 514
ir 46101 a6 101 Moncada IVIA 1993 2 14.338 4.45 9.41 90.1 10 62.1
ir 46101 46 101/ Moncada IVIA 1993 3 16.81 4.37 10.59 27.0 3 5.1
i' 46101 a6 101/ Moncada IVIA 1993 4 20.72 7.53 1413 63.2 4 147.3
ir 46101 46 101/ Moncada IVIA 1993 5 23.40 12.09 17.75 24.6 9 1724
|20 46101 a6 101 Moncada IVIA 1993 @ 27.44 15.32 21.38 12 2 200.5
ir 45101 46 101/ Moncada IVIA 1993 7 28.01 18.12 23.07 10.2 1 222.1
ir 46101 46 101 Moncada IVIA 1993 3 29.74 18.62 2418 5.9 3 199.3
AV 46101 46 101 Moncada IVIA 1993 9 27.06 14.08 20,57 29.0 7 175.6
AV Jol0l 46 101 Moncada IVIA 1993 10 2L.55 10.92 16.24 06.6 8 1211
| 25| 46101 a6 101 Moncada IVIA 1993 11 17.26 7.09 12.18 58.1 7 64.9
ﬂr 46101 46 101/ Moncada IVIA 1993 12 17.52 451 1101 3.0 1 58.7
| 27| 46101 a6 101 Moncada IVIA 1994 1 16.31 3.79 10.05 0.6 1 67.9

LT r ARTAY AR 101 mnancada nna 1aan ’ 1728 Aan 11 89 12 2 a2 7

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 “nitirsoilmdb”  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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7.3. Soil data

Figure 24. Dialog box for the climate data edition

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

A | B I C I 3 I E | F [ e ] H
1 soil_id ‘ NAME ‘ id_provincia ‘ Province ‘ Municipality | CODE_PROV_TM ‘ chZ‘DEiTHl GH
| 2 | number text texto text text text text text
13| 1 Alcachofa_facundo 45 valencia moncada 46126 26 B
|4 2 Alcachofa_lloris 46 Valencia moncada 46126 26 B
15| 3 alcachofa_massanasa 46 Walencia Massanassa 46165 65 B
|6 | 4 VILLENA_Puntal3 3 Alicante villena 3140 "L40 c
17 | 5 VILLENA Puntal2 3 Alicante villena 3140 "L40 B
| 8| [ VILLENA_Puntall 3 Alicante Villena ’3140 '1-10 B
9] 7 Col_china_esp 1 16 valencia moncada 46171 71 B
|10 8 Col_china_esp_2 46 valendia moncada 46171 71 B
[11] 9 Col_china_esp_3 16 valencia moncada 46171 71 B
[12] 10 Col_china_barat 16 valencia moncada 46171 171 B
|13 | 11 coliflor_matadero 46 Walencia burjassot '-16078 '7'8 C
| 14| 12 coliflor_paterna 46 Walencia Paterna 46980 980 B
|15 | 13 puerro_villena 3 Alicante villena ’3140 'l.m C
| 16 | 14 zanahoria_villena_ant_1 3 Alicante Villena ’3140 '140 C
| 17 | 15 zanahoria_villena_ant_3 3 Alicanta villena 3140 "a0 C
| 18 | 16 romanesco_carpesa 45 valencia carpesa "a6016 5 C
|19 17 romanesco_poble_nou 46 Valencia poble nou “asozs 25 B
| 20| 13 lechuga_poble_nou 46 Walencia poble nou '-16025 '25 B
|21 | 13 cebolla_vinalesa 46 Walencia Vinalesa '-1611-1 '11-1 C
|22 | 20 cebolla_poble_nou 46 Walencia poble nou ’-16025 '25 C
|23 | 21 patata_rafa_ros_92 46 valencia moncada ’JGUL '1?1 C
| 24 22 patata_antonio_castello_94 f 45 valencia moncada 46171 71 C
125 23 sandia_tavernes_07 45 valencia tavernes blanques:'lﬁﬂlﬁ 15 B
| 26 | 24 sandia_moncada_07 46 Valencia moncada 46171 171 B
| 27 | 25 sandia_burjassot_07 46 Walencia burjassot '-16100 VNU B
| 28 | 26 Col_china_carpesa 46 Walencia carpesa '-16016 '16 B
|29 | 27 Col_lom_carpesa 46 Walencia carpesa '-16016 '16 B
| 30 23 Col_lom_meoncada 46 valencia moncada ’-'lGUlG '16 B
|31 29 Col_lom_tavernes_o7 45 valencia tavernes blanques’:lﬁﬂlﬁ i B
32

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_cma3: bulk density of the soil layer in g/cm?,

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

- Sand: percent of sand-sized particles (@ > 0.050 mm) of the soil layer according to the
USDA textural classification,

- Clay: percent of clay-sized particles (@ < 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

- FC_cm_cm: water content of the soil layer at field capacity in cm*/cm?,
- WP_cm_cm: water content of the soil layer at permanent wilting point in cm*/cm?,
- CF: percent of coarse fragments (@ > 2 mm) in the soil layer.

by default,

43



Table 20. Table “Soil_parameters” where the physicochemical data of the soils arranged by depths are
saved

B b E F " | ) K L M N o P e} R s |
1 _soil_id | Top_cm |Bottom_om| BD_gr_cm3 |H_saturation| sand | st | Clay |texture USDA| ph | OM | CMN |FC.om_om |WP_om_om hrbonates perce{  EG B
2 number number number number number number number number texto number number number number number number number
3 1 30 50 163 0.38 23.00 42.00 35.00 Clay Loam 7.80 1.03 10.00 0.33 0.23 200 0.00
4 1 60 %0 172 0.35 39.00 33.00 28.00 Clay Loam 7.0 0.51 10.00 0.31 0.20 200 0.00
5 1 0 30 145 0.2 26.00 32.00 22.00 Loam 7.90 137 10.00 0.27 0.12 208 0.00
5 2 0 30 148 0.41 52.00 29.00 19.00 loam 8.00 1.88 10.00 0.4 0.10 208 0.00
7 2 30 0 162 0.38 26.00 42.00 32.00 Clay Loam 8.10 1.03 10.00 0.32 0.22 200 0.00
8 2 50 %0 167 0.36 39.00 34.00 27.00 loam 8.10 0.51 10.00 0.30 0.19 200 0.00
E 3 0 30 141 0.43 52.00 30.00 18.00 Clay-loam £.00 1.20 10.00 0.27 0.10 200 0.00
10 3 30 0 1.69 0.40 28.00 42.00 30.00 Clay-loam 7.80 1.03 10.00 0.31 0.21 200 0.00
il 3 60 %0 167 0.36 33.00 34.00 28.00 Clay-loam 7.9 0.68 10.00 0.30 0.19 200 0.00
2 2 0 30 136 0.50 19.70 4150 38.80 Silty Clay 8.40 2.50 10.00 0.38 0.22 200 0.00
3 a 30 50 141 0.51 15.00 40.40 44.60 Silty Clay 8.50 1.70 10.00 0.61 0.27 200 0.00
1 5 0 15 136 0.45 30.36 42.63 26.01 Loam 8.24 1.66 10.00 0.32 0.7 200 0.00
15 5 15 30 136 0.45 32.37 4137 26.25 Loam 8.30 148 10.00 0.31 0.17 200 0.00
16 5 30 0 141 0.43 35.51 35.65 28.30 Clay Loam 8.40 0.93 10.00 0.31 0.18 200 0.00
17 6 0 30 141 0.47 20.97 2168 34.35 Clay Loam 8.30 149 10.00 0.36 0.21 200 0.00
18 5 30 0 148 0.48 1146 52.00 36.53 silty Clay 8.35 112 10.00 0.37 0.22 200 0.00
19 6 60 %0 164 0.43 38.58 30.50 30.92 Clay Loam 8.27 0.58 10.00 0.31 0.19 200 0.00
20 7 0 30 158 0.43 5138 28.16. 19.86 Loam 8.05 1.65 10.00 0.35 0.12 200 0.00
2 7 20 0 170 0.44 30.57 39.11 30.32 Clay Loam .27 101 10.00 0.35 0.21 200 0.00
2 7 60 %0 178 0.42 2039 30.96. 28.06 Clay Loam 8.37 0.64 10.00 0.32 0.19 200 0.00
5 8 0 30 147 0.42 63.66 2145 14.89 Sandy Loam 8.20 155 10.00 0.35 0.08 200 0.00
2 8 30 60 157 0.45 28.79 40.50 30.71 Clay Loam 8.30 104 10.00 0.38 0.21 200 0.00
2 8 60 %0 183 0.44 29.47 2021 30.33 Clay Loam 8.50 0.78 10.00 0.31 0.21 200 0.00
2% 9 0 20 150 0.43 45.37 28.63 26.01 Loam 8.05 139 10.00 0.29 0.16 200 0.00
27 3 30 0 168 0.48 18.91 4178 39.31 Silty Clay 8.27 1.08 10.00 0.38 0.2 200 0.00
23 3 60 20 175 0.50 13.02 4131 45.67 Silty Clay 8.37 0.93 10.00 0.41 0.27 200 0.00
29 10 0 30 153 0.42 62.13 24.91 12.90 Sandy Loam 8.13 152 10.00 0.19 0.09 200 0.00
30 10 30 50 162 044 33.82 37.02 29.16 Clav Loam 7.70 1.07 10.00 0.32 0.18 200 000 ¥
4 4> W] _“manure  fertizer . parameter desni . Input_table_main _ Water nitrate . soi gen_tm | soil_parameters / batch_crops imigat . Batch _crops N batch_annuall] 4| 0]
Lste | 23 | [EEER S, L (x)

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.

M Soil edited data o | B S
Soil profile Facundo - Hydrologic group Bl :
A
Average texture (USDA) Sandy clay loam B |
Cc
D :
Top Bottom Rock Bulk Water at - Soil 2
ID code Texture depth depth Fragments density saturation Sand Sit Cay organic  Relation
(cm) (cm) (%) (gr/cm3) (%) (%) (%) (%) pH matter(%) C/N
» 4 |1 Loam clay 0 45 10.0 1.45 0.45 46.00 | 32.00 |22.... | 7.9 1.38 10 3
5 |1 Clay Loam 45 60 0.0 1.63 0.38 23.00 | 42.00 |35.... | 8.1 1.03 9.5
6 |1 Clay loam 60 120 0.0 | 172 0.35 39.00 | 33.00 [28....| 8 0.51 9.8
X =
<[ ... )

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
A

| B | C | D | E | F | G | H | | |

1 id ‘ code_id ‘ Fertilizante ‘ Fertilizer | forma | form ‘ N_TOT | MN_NH4 | N_MO3 ‘ F
| 2 |autonumere  numero Texto Texto Texto Texto numero numero numero
| 3 | 1 1 sulfate aménico Ammonium sulfate solido solid 20.5 20.6 ol
| 4| 2 2 Fosfato diaménico Diammonium Phosphate solido solid 18 18 0
| 5 | E] 3 Fosfato monoaménico Moncammenium solido solid 12 12 0
| 6 | 4 4/ Cleruro amonice Ammaonium Chloride solido solid 24 24 0
| 7 | 5 5 Nitrato potasico Posatium Nitrate solide solid 13.5 0 13.5
| 8 | 6 6 Nitrato calcico Calcium Nitrate solido solid 15.5 0 15.5
1 9 | 7 7 Nitrato Aménico Ammaonium Nitrate solide solid 335 16.8 1a.7
| 10 | 8 8 Nitrato aménico caldico  Calcium ammeonium solido solid 27 13.5 13.5
| 11| 9 9 Nitremagnesio Magnesium nitrate solide solid 22 11 11

12 10 10 Nitro-Sulfato Amonico Ammonium nitrate- solido solid 26 19.5 &5
| 13 | 11 11 15-15-15 15-15-15 solide solid 15 8 7
[1a] 12 1220105 "20-105 solido solid 20 14.75 5.75
|15 13 13 Urea Urea solido solid 45 a5 0"
| 18 | 14 14 ENTEC-20 ENTEC-20 solido solid 20 11 a"
| 17 | 15 15 Ameniaco Liguid ammonia liguido liquid 32 82 0
| 18 | 16 16 Solucion nitrato aménico  Ammonium Nitrate + liquido liquid 32 24 8
| 19| 17 17 Solucion Nitrogenada 20 Nitrogen solution 20 liquido liquid 20 10 10
| 20 | 18 18 Solucion Nitrogenada 32 Nitrogen solution 32 liquido liquid 32 24 8
|21 | 139 19 Solucion Nitrato calcio 8 Nitrogen solution liquido liguid 8 0 8
| 22 | 20 20 Solucion Nitrato calcioy  Mitrogen solution liguido liquid 7 0 7
| 23 | 21 21 Acido nitrico Mitric Acid liquido liquid 13 1} 13
| 24 | 22 22 15-15-15 15-15-15 solido solid 15 15 0
| 25 | 23 23 10-20-10 10-20-10 solide solid 10 10 0
| 26 | 24 24 12-15-15 12-15-15 solide solid 12 12 0
| 27 | 25 25 12-23-12 12-24-12 solide solid 12 12 0
| 28 | 26 26 8-24-16 §-24-16 solide solid 3 8 0
| 29 | 27 27 8-24-3 8-24-8 solido solid 3 8 0
| 30| 28 28 8-18-8 8-18-8 solide solid 3 8 0
| 31| 29 29 8-15-15 8-15-15 solide solid 3 8 0
|32 | 30 30 7-18-10 7-13-10 solide solid 7 7 0
|33 | 31 31 7-14-14 7-14-14 solide solid 7 7 0
34 32 32[7-127 7127 solido solid 7 7 0
135 33 33/5-10-15 5-10-15 solido solid 5 5 0
|36 | 34 34 Nitrofoska 20-5-10 Mitrofoska 20-5-10 solido solid 20 10.5 9.5
137 35 35/12-12-17 "12-12-17 solido solid 12 7 5
| 38 | 36 36 NITROFOSKA-18 NITROFOSKA-15 solide solid 13 2.1 5.9

=1) 37 37/ Potasa Ruby Potasa Ruby solido solid 2 0 2

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.

™ Mineral fertilizer =aEEs X

Fertilizer Ammonium Nitrate - Codeid: 7

Fertilizer parameters

Form solid v

N-TOT (%) 335
N-NH4 (%) 16.8
N-NO3 (%) 16.7

————————— Edit options
OK ’

Show © Remove

Cancel ’ o Edit Add new

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
A B B D E F G H | 1

1 code type tipo Form Total N WM O3 M -MHA oM CN IMoisturs
| 2 | number text text text number  number number number number number
13 | 1 Beef Vacuno Solid 3 0.03 1.05 75 11.00 45
| 4| 2 Dairy vacuno_lechero solid 4.4 0.02 L.0a 86 13.00 40
15 | 3 Horse Caballo Solid 2 0 0 a0 12.00 40
1 6 | 4 Municipal sludge Lodos_depuradora Slurry 4.1 0.002 1.238 58.8 8.28 a0
| 7| 5 Poultry Gallinaza Solid 25 0.03 1.05 75 11.00 45
| 8 | 6 Sheep Oveja Solid 45 0.01 1.44 44,2 12.00 30
1 9 | 7 Swine Cerdo Solid 7.5 0.01 3.2 80 10.00 30
| 10| 8 Beef Vacuno_lodo Slurry 10 0.26 3.8 80 15.00 85
|11 | 9 Dairy vacuno_lechero_lodo Slurry 18 0.133 7 86 13.00 a5
|12 | 10 Swine Cerdo_lodo Slurry 6.66 0.12 4.26 80 10.00 85
113 | 11 Beef YVacuno_liquido Liquid 7.5 0.25 5 3.75 15.00 96
| 14| 12 Dairy Vacuno_lechero_liquido |Liquid 7.25 0.25 4.75 3.25 13.00 96
115 | 13 Poultry Gallinaza_liquido Liquid 8.5 0.25 7.25 3 11.00 90
| 16 | 14 Swine Cerdo_liquido Liquid 7 0.25 5.75 3.5 10.00 96

17

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.

CANCEL

8 Manure edited data =HECET X
Select manure
Manure type | Poultry ; Solid *|  Code: 5

Manure parameters

Form: Solid v

Total N (% dm) 6.2 Moisture (%) 20

Organic N (% dm) 412 N-NO3 (% dm) 0.03

Organic Matter (% dm)  77.7 N-NH4 (% dm) 2.05

CIN relation 1

OK Edit options

Show Remove
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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

[T -
\ B [ c [ o [ € [ F ] G \

1 Id ‘ Crop_id | Crop/s | moenth | Kch | rd_cm | shaded area
| 2 | 1 200 Melon_N1 1 0.00 0.0 0.00
| 3| 2 200 Melon_N1 2 0.00 0.0 0.00
| 4] 3 200 Melon_N1 3 0.00 0.0 0.00
|3 | 4 200 Melon_N1 4 0.00 0.0 0.00
| 6| 5 200 Melon_N1 5 0.23 18.6 0.17
| 7] 6 200 Melon_N1 (] 0.59 47.1 0.44
| 8 | 7 200 Melon_N1 7 L.oo 80.0 0.75
19 8 200 Melon_N1 3 0.81 583 0.55
| 10 El 200 Melon_N1 3 0.00 0.0 0.00
| 11| 10 200 Melon_N1 10 0.00 0.0 0.00
|12 ] 11 200 Melon_N1 11 0.00 0.0 0.00
1z 12 200 Melon_N1 12 0.00 0.0 0.00
E 13 258 artichoke_N3 1 0.93 60.0 0.75
| 15| 14 258 artichoke_N3 2 0.93 60.0 0.75
| 16 | 15 258 artichoke_N3 3 0.98 60.0 075
| 17| 16 258 artichoke_N3 4 0.69 42.4 053
| 18] 17 258 artichoke_N3 5 0.28 8.2 0.10
|19 | 18 258 artichoke_N3 [ 0.00 0.0 0.00
| 20| 19 258 artichoke_N3 7 0.00 0.0 0.00
|21 20 258 artichoke_N3 3 031 13.3 0.17
| 22 | 21 258 artichoke_N3 9 0.43 26.3 033
|23 | 22 258 artichoke_N32 10 0.47 28.6 0.36
| 24 | 23 258 artichoke_N3 11 0.74 45.2 057
25 29 258 artichoke_N3 12 0.98 60.0 0.75
26 25 259 artichoke_N1 1 0.93 60.0 0.75
27 bl 759 artichoke N1 2 093 a0.n 0.7s
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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: ljan_mm, Ifeb_mm, Imar_mm,
lapr_mm, Imay_mm, ljun_mm, ljul_mm, laug_mm, Isep_mm, loct_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

7A|yrs [c [ o [ & T ¢ [ & [ w [ o [ 0 T« [t [ m [ w [ o [ » | ax

1 | imigat id | Irrigation [tjan_mm | iteb_mm | imar_mm [1apr_mm | imay_mm | o mm | o mm [ 1aug mm] sep_mm | oct_mm [inov_mm|idsc mm | ifjan_day [iffeb_day] ifmar_
L 200 Melon_N1 0 0 o 0 137 64 58 52 o o 0 0 o o
3] 253 artichoke _N3 0 2 2 17 0 0 0 35 o 0 0 0 0 1
i 259 artichoke N1 0 21 22 17 0 o 0 35 o o 0 0 o 1
i 260 artichoke _facundo_N3 150 35 30 87 0 o 0 101 70 a0 138 56 3 1
6| 261 artichoke_facunda_N3 150 B 30 B 0 0 0 101 70 30 133 56 3 1
L 262 artichoke_facundo_N3 150 35 30 87 0 o 0 101 70 a0 138 56 3 1
i 263 artichoke_facundo_N3 150 35 30 87 0 o 0 101 70 a0 138 56 3 1
9] 264 artichoke_facunda_N3 150 35 0 7 0 0 0 101 70 50 138 56 E] 1
£ 265 artichoke_facundo_N3 150 35 30 87 0 o 0 101 70 a0 138 56 3 1
L 266 artichoke_facundo_N3 150 35 30 87 0 o 0 101 70 a0 138 56 3 1
|12] 267|artichoke_facunda_z 150 35 0 7 0 0 0 101 70 50 138 56 E] 1
£ 2638 artichoke_facundo_N3 150 35 30 87 0 o 0 101 70 a0 138 56 3 1

14 269 artichoke _facundo_N3 150 35 30 87 0 o 0 101 70 a0 138 56 3 1
[15] 270/facundo_organice 150 35 0 7 0 0 0 101 70 50 138 56 E] 1
i 315 alcachofa_F3_manure 150 35 30 87 0 o 0 101 70 a0 138 56 3 1
i 316 alcachofa_F3_manure 150 35 30 87 0 o 0 101 70 a0 138 56 3 1
18] 317|alcachofa_F3_manure 150 35 0 7 0 0 0 101 70 50 138 56 E] 1
i 318 alcachofa_F3_manure 150 35 30 87 0 o 0 101 70 a0 138 56 3 1
[ 20| 319 alcachofa_F3_manure 150 35 30 87 0 o 0 101 70 a0 138 56 3 1
[21] 320 alcachofa_F3_manure 150 35 0 57 0 0 0 101 70 50 138 56 E] 1
i 321 CEBOLLA_POBLE_NOU a9 19 a7 81 0 o 0 0 o o 73 30 2 1
[23] 322 ONION_POBLE_NOU 49 19 47 81 0 o 0 0 o o 73 30 2 1
| 24] 323/ ONION_POBLE_NOU a9 13 ¥ E 0 0 0 0 0 0 73 30 2 1
E 324 ONION_POBLE_NOU a9 19 47 81 0 o 0 0 o o 73 30 2 1
[ 26 | 325 ONION_POBLE_NOU 49 19 47 81 0 o 0 0 o o 73 30 2 1
[27] 326/ ONION_POBLE_NOU a9 13 ¥ E 0 0 0 0 0 0 73 30 2 1
| 28| 327/ onion_peble_nou_org a9 19 a7 31 0 0 0 0 o 0 73 30 2 1
|29 328/ onien_peble_nou_org ag 19 a7 81 0 0 0 0 i 0 73 30 2 1
|30] 329 onion_poble_nou_org a9 13 ¥ E 0 0 0 0 0 0 I 30 2 1
|31 330 onion_peble_nou_org a9 19 a7 31 0 0 0 0 o 0 73 30 2 1
[32] 331 prueba 48 0 115 93 0 o 0 46 o o 38 10 1 o
|33 332 prusba 17 36 7 33 27 0 0 5 0 0 0 5 1 1
ﬁ 333 MINERALIZACION 0 51 o 26 38 101 143 167 a2 a5 0 19 o 2
[35] 334 MINERALIZACION 0 51 o 26 38 1ol 143 167 42 a5 0 19 0 2
|36 335 prusba 0 21 2 2 0 0 0 29 0 0 0 0 0 1
i 336 prusha 0 21 22 25 0 o 0 26 o o 0 0 o 1
[38] 337 prueba 0 21 22 27 0 0 0 23 0 0 0 0 0 1

39 338 prusba 0 2 2 37 0 0 0 1n 0 0 0 0 0 1 v
s w [ L S Y SEVH I S S U S TR R T N R A IR G L |- I

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.xIs” and then
imported into the database in MS Access© (see Annex 1).

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 (°C),

- 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®),

- 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*/cm?),

- WP_cm_cm: soil water content at permanent wilting point (cm*/cm?),
- CF: percent of soil coarse (@ > 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).

ﬁ MITIRSOIL _esp - InstallShield Wizard x

Welcome to the InstallShield Wizard for
ﬂ NITIRSOIL_esp

A

The InstallShield(R) Wizard will install MITIRSOIL_esp on your
computer. To continue, did: Mext.

WARMING: This program is protected by copyright law and
international treaties.

< Back Cancel
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
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database (nitirsoil.mdb or nitirsoil_batch.mdb) as well as the Excel spreadsheets
“Clima_suelo usuario.xls” or “tables run .xIs” 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).

TEPNMRSOI esp - InstallShield Wizard % | | i emimen o oowieon v 1m M
i Destination Folder . ﬁ MITIRSOIL _esp - InstallShield Wizard X
Click Mext to ingtall to this folder, or dick Change to install to & different folder. - ~| Change Current Destination Folder 4“
) Browse to the destination folder, Q
Install NITIRSOIL_esp to: {
,,-/ C:'\Users\PEPEY Change... 1 Look in:
( | D Documents v| IfF
InstalShield Eolder name:
< Back Cancel |C: Wsers\PubliciDocuments’,
InstaliShield
cance
Figura 29. Segundo cuadro de di&logo para la Figura 30. Cuadro para la seleccion del directorio donde
instalacion del modelo NITIRSOIL. instalar el modelo.

Una vez seleccionado el directorio donde se instalara el modelo, aparecera un cuadro de
dialogo con el que se iniciara la instalacion apretando el boton [Install] (Fig. 32). En la
instalacion se crearan los accesos directos al modelo que se ubicaran en el menu 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.

aon - -

ﬁ MNITIRSOIL_esp - InstallShield Wizard *

Ready to Install the Program
The wizard is ready to begin installation.

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit the wizard.

Current Settings:

Setup Type:
Typical

Destination Folder:
C:\Wsers\Public\Documents,

User Information:
MName: PEPE

Comparny:

InstallShield

< Back oy Install Cancel

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.

15 NITIRSOIL ESPARIOL - InstallShield Wizard X

InstallShield Wizard Completed

S

The InstallShield Wizard has successfully installed NITIRSOIL
ESPAMOL. Click Finish to exit the wizard,

Launch the program

Figura 32. Cuadro final de confirmacién de la instalacion 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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I1) 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— to)/(th — to) D,
where t, to, and t,, 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*85-8792] (),
whereas, in case of vegetables the following fourth-degree polynomial is used:
FTDM = 0.143 x + 1.876 x* — 0.467 x* — 0.552 x* (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 Eqg. 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:

Hl = 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 (Ksyess,i), Which is calculated for each month i as:

Kstress,i = ETr/ETc; (6)1

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:
TDM; = FTDM; x PY X DM/HI X Kgtress.i (7),

and furthermore, the dry matter yield of the harvested (DMY) and non-harvested
(DMNY) crop parts is calculated as:

DMY; = FTDM; X PY x DM X Kstress i (8),
DMNY; = TDM; — DMY; 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 °C:

Kmax — e(A/(T +273))+B (10),

where A stands for the ratio of activation energy at constant pressure and e® 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 °C until 35 °C, and then, it is divided
by two every 10 °C. Therefore, the equation takes the following form:
TFAC — e(A/(Tmod +273))+B (11)’
where A = 6532.7 and B = 21.24 and Toq iS:

if T<35°C > Thoa=T

if T>35°C > Tma=70-T (12),

where T is the soil temperature in Celsius degrees, which is considered equal to the
atmospheric temperature.

The Teac stress factor ranges between 0 and 1. It presents a value almost null at
temperatures near 0 °C, and increases as temperature climbs up to 35 °C, 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
Trac. In the NITIRSOIL model it is followed the one in the NLEAP model.
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Figure 34. Values of the Tgac 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 (Wraca) 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 % > Weaca = 0.0075 WFP
if 20 < WFP <59 % > Weaca = - 0.253 + 0.0203 WFP
if WFP > 59 % > Weaca = 41.1 g000BWFP (13),

where WFP is the percent of water-filled pore space (%).

For the anaerobic processes such as denitrification another stress factor (Weacan) 1S
used, which considers that these processes are only produced with WFP values over
59%, according to the following expressions:

if WFP <59 % > Wracan=0
if WEP >59 % > Weacan = 0.000304 0815 WP (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 Weac 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 (Wgac) 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:

WEFP =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® 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 Weac factor is very sensitive to the point of field capacity (FC) and
saturation (SAT). The closer the FC and SAT are, the larger the Weac
values will be, since the WFP values are generally higher. This Weac
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:

SOM o0 CF
_172 xilgo % Komr_slow X BDgyp X sup

X LT xTeac x Weac,a X ITIME x 100 - N_no_pool (18),

N .. =
min_slow (C/N) slow 100

whereas for the organic matter of fast mineralization the equation is this other:

SOM,

X
N _1.72x100
min_fast =

100-CF,

Komrﬁfast xBDy x

X LT xTeac X Weae x ITIMEX T ) N_no_pool (19)

(C/N)ag 100

where

SOMyy, is the percent of soil organic matter in the surface soil layer (%),

BDsyp s the bulk density in the soil surface layer (glcm®),

CFsyp is the percent of coarse fragments (@ > 2 mm) in the soil surface layer (%),

L Tsup is the thickness of the soil surface layer (cm). In NITIRSOIL is taken as 30 cm,
Teac is the temperature stress factor (0 - 1),

WEeac a IS the water content stress factor (0 - 1),

(C/N)siow 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)¢ast is the carbon-to-nitrogen ratio in the soil organic matter of fast mineralization.
Itis 17 by default,

Komr slow 1S the mineralization coefficient for the soil organic matter of slow
mineralization. It is 0.00037 ud/day by default,

Komr fast 1S 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? 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 x 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:

NRESR = CRESR (i ~ 0.042] (212),
C/N

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.
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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 = K¢res X CRES X Teac X Weaca X ITIME (22),
where the Trac, Weac.a and ITIME factors have been previously defined,
Keres 1S the mineralization coefficient of the applied organic material, which

o ifitis animal manure is worth 0.03 1/day,

o ifitis crop residue is worth 0.06 1/day, and

o ifitis 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 x 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 ifitis manure then 0.37,
o ifitis crop residue then 0.4, and
o ifitis other residues then 0.30.

Besides, the CRES value, or amount of total carbon contributed with the organic
material, is calculated as:

RES = 10 x DOSE x (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 x Pc x DOSE x (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:

CRES; = CRES;.; - CRESR @7),

on the condition that CRES; > 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];) by means of:

[C/N]i = CRES//NRES; (28).
Therefore, the NRES value will be updated each month i as follows:
NRES; = NRES;; — NRESR (29),

on the condition that NRESR > — (N-NH," + N-NO3)super, Which means that it cannot
be immobilized (negative mineralization) more nitrogen than the mineral nitrogen that
exists in the soil (N-NH;" + N-NO3). If this is not the case, NRESR is calculated
through the following equation:

NRESR = — (N-NH," + N-NO3)sypert (30),
and NRESi is calculated by means of:
NRES; = NRES;.; + (N-NH;" + N-NO3)sypert (31).
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3.2.3. Nitrification of soil ammonium

The nitrification is the transformation of N-NH," into N-NOs™ 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 NH," 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:

Np = Ky X Kinhi X Trac X Weaca X ITIME (32),

where ITIME is the month length in days, which would be 30 days for a normal month
with the nitrification coefficient K, expressed in kgn/ha/day. The K, 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-NH,", 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, Kinni 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., Ny < N-NHg;, where N-NHg; is the N-NH,4" content in the superficial soil layer.
For the calculation of the amount of ammonium which is liable to nitrification the
following balance is calculated:

I\l'NH4,i = I\l'NH4,i—1 + N'NH4fert,i + I\l'NH4min_som,i + I\l'NH4min_est,i - I\l'NH4voI,i (33),
where

N-NH,; is the ammonium nitrogen content in the superficial soil layer (0-30 cm) at the
end of the ith month,

N-NHg,; - 1 is the ammonium nitrogen content in the superficial soil layer at the end of
the previous month,

N-NHoagert,i 1S the ammonium nitrogen contributed by the mineral fertilization in the ith
month,

N-NHamin somi 1S the ammonium nitrogen content contributed by the mineralization of
the organic matter in the ith month,

N-NHamin esti IS the ammonium nitrogen contributed by the mineralization of manure in
the ith month, and

62



N-NHayo1i 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(Ndemand1 Navailable) (34)1
where the crop N demand each month i is calculated with the following equation:
Ndemand,i (ng/ha) =10 x TDM; x %N; (35),

where TDM,; is the crop total dry matter production in t/ha accumulated until the ith
month, calculated according to equation 7, %N; 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:

%N; =a x TDM;® (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.
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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:
ZNdemand,i (ng/ha) =10 x TDM; x %N,; (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 Ngemang in a certain month i (Ngemang,i) the following formula is applied:

Ndemand,i (ng/ha) = szemand,i - szemand,i—l (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-NH," plus N-NOg:

Navailable,s = N-NHa 1 + N-NO3 1 (39)a
Navailable,2 = N-NHa 2 + N'NO3,2 (40),
Navailable,3 = N-NHa 3 + N-NO3 3 (4l)a

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:

Nuptakej = min(NavaiIabIe,iy 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):

N
NUE (%) =100 uptake

43).

min_initial_sal + Nl’ert_min + |\Iirrig + Nfert_org ( )
The NUE values between 50-90% are considered efficient as long as the nitrogen excess
(Nuptake - I\Imin_initial_soil - Nfert_min - Nirrig - Nfert_org) is below 90 ng/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-
NOj at the end of the month (Ngn) is calculated as the addition of three values:

Nan = I\Idn_irrig + I\ldn_rain + I\ldn_dry (44).

where Nan_irrig 1S the denitrified N-NO; the irrigation days, Nan rain iS the denitrified N-
NOs the rainfall days, and Ng ay in the denitrified N-NOs™ the days with neither
rainfall nor irrigation.

For the rainfall days it is considered that Weacan = 1 in the area moistened by the
irrigation, and Weacan # 1 in the non-moistened one, and the following denitrification
calculation is reached:

Nan_irrig = Kan X N-NOgzsyp X Trac % Irrig_days x
[wetted_soil + Weac.an % (1 — wetted_soil)] (45),
where
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Kan 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 Ky, 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 (Kg,) used in the NITIRSOIL model

Soil type according to its drainage capacity

Somewhat
Soil organic matter (%0) Very good Good Moderate 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-NOgs,, is the nitrogen in nitrate form in the surface soil layer (0-30 cm). This is taken
as the existent N-NOg3" 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-NO;" 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

Teac and Weac 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 (Wrac * (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 Weac an = 1 as for irrigation ones, and denitrification is
calculated as:

Nan rain = Kdn X N-NOgzgsyp X Trac X 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:

Nan_dry = Kdn X N-NOssyp X Trac X Wracan X (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 Ngn ary < O,
and when the model detects this it makes Ngn_ary = O.

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-NOj3" content in the soil surface layer (0-30 cm). That
Is to say, the condition that Ng, < N-NOsg,, must hold.

3.3.3. Emission of N,O to the atmosphere

The N,O emissions are produced in both the nitrification and denitrification processes.
The NITIRSOIL model uses an equation to estimate the N,O emissions that are
produced in the nitrification, and another to estimate the N,O 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 N,O emission produced in the nitrification is calculated as follows:
Nn2on= Kn2o_nitrif X Np % fy x (48),
where
Knzo nitrif 1S the N2O emission coefficient in the nitrification which is equal to 0.002,
N, is the nitrified N-NH,4" according to what has been previously calculated,
f; is temperature factor calculated as:
f=0.9 x T /(T +e®%0312Ty 4 g1 (49),
and fy, is a soil moisture factor which depends on the soil water content (SWC) so that:
if SWC < SWCys > fn = max(0, (SWC — PWP)/(SWCys — PWP))

iIf SWCy»s <SWC <FC > fo=1

if SWC > FC > f,=1- (SWC - FC)/(POR - FC)  (50),
where
SWCys is the soil water content corresponding to 25% of usable water according to:
SWCy = PWP + 0.25 x (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 N,O emission produced in the denitrification is calculated using the
equations from the NOE model according to:

Nnz2odn = Kannzo X Nan X fanzo (52),
where
Kannzo 1S the N2O emission coefficient in the denitrification equal to 0.2, and
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fhnzo 1S the moisture factor in the N,O emission by denitrification which is calculated
as:

fhnzo = max(0, 1 —2.056 x (max(0, SWC/SAT - 0.5))) (53).

3.3.4. Ammonium volatilization

The NITIRSOIL model calculates three ways of N-NH," volatilization as NHa:
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-NH,".

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 X N-NHy4 X Teac X ITIME (54),
considering that Nyoi < N-NHasypert

where

N-NHj, is the ammonium N rate of the organic or mineral fertilization, and

Kvor 1S 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 Ky according to the values the aforementioned factors
take.

Table 26. Value of the ammonium volatilization coefficient in Eq. 54 (K,,) according to the fertilizer and
its way of application, the probability of rainfall after the application and the soil pH

Type of month according to its humidity

Fertilizer Type of application Humid month Sub-humid month Dry month
pH>7
Superficial 10 15 25
Urea Incorporated 7 12 15
Injected 1 2 2
Ammonium Superficial 20 25 25
sulphate In_corporated 1 2 0-32
Injected 1 11 1
Ammonium Superficial 0-20 (10) 2-25 (12) 5-30 (15)
nitrate Incorporated 0-10 (3) 0-15 0-20
Ammonia Injected 0-2 0-3 0-5
Superficial 18 20 23
Organic Incorporated 4 4 4
Injected 0.1 0.1 0.1
pH<7
Superficial 0-5 5-30 5-40
Urea Blt-a-k_)lt_ applied 0-5 2-20 2-30
superficial
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Incorporated 0 0-2 0-2

Superficial 0-5 2-15 2-20
N 32% solution Bit-a-bit applied i i i
(NUA) 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 Ko
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 K, 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 (meqg/100 g) feee
<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 x SOM (%) + 0.28 x Clay (%) (55).

For the case of a month in which no fertilization has been applied, the ammonium
volatilization is calculated as follows:

Nyor = 0.05 x N'NH4superficiaI (56),
where N-NHgsyperficiar is the N-NH," 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 = Nao x (1— a(-Kleax drainage/POR)) (57),
where

N 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 (I/m?),
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POR is the soil porosity of the previously defined soil layer, and
Kiea 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-NOsfert + N-NOsprec + N-NOspitrit + N-NOsiy
+ N-NOszmin — N-NOgypt — N-NO3qp (58),
where
N-NOssert IS the applied N-NOg3™ as mineral fertilizer,
N-NOgzyre is the contributed N-NOj3™ by rainfall,
N-NOg3pitis is the contributed N-NO3™ by soil ammonium nitrification,
N-NOgs; is the applied N-NOj3™ with the irrigation water,
N-NOspmin is the mineral N-NOj" of the soil layer at the beginning of the month,
N-NOgyp is the crop N-NO3” uptake, and
N-NOgzqn is the denitrified N-NOs 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 wuser 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.

(B3 Microsoft Excel - Tables NITIRSOIL_BATCH esp.xls (=] ]

PN (3 OGSV . S - R8s AL [ e

(] pchivo  Edicién  Yer Insertar  Formato mientas Datos Vemtana 2 Adobe POF Escbaunapregunta v o @ X
§ Caltri o N&LsISESEHM% mE B FEE GO AC] i EiIGIHie 0 seanded | Mkl ol (o FHE
A2 - A1
A B [ c [ o [ E ] F | & | w ] ] | [ [ m [ v [ o [ ¢ | a | &

1 FID user 1 prcfevap_cm‘\ Pr i de suelo transfeﬂprcducciolﬂ Mes_iniciaqMeSJJ\antaciorﬂdia)\antaciol‘ $ci|_id1‘-.-‘water_i(ﬂt:limate_iﬂ Crop_idw Irrigat_idw farti
2 1ffac_alc n3_t 15 |considerada para la 0 1958 7 3 26 1 1 46101 39 1
|3 2/fac_ale N2 1 15 |evaporacion (cm) 0 20,63 7 3 26 1 1 46101 39 2
| 4| 3/fac_alc N1 1 15 60 4 0 20.58 7 ] 26 1 1 46101 39 3
|5 | 4fac_alc_NO_L 15 50 4 0 19.82 7 3 26 1 1 46101 39 4
| 6 | 5/fac_alc N3 2 15 60 4 0 2435 7 3 2 1 2 46101 40 5
L 7| 6 fac_alc N2 2 15 60 4 0 24.66 7 ] 22 1 2 46101 40 6
| 8| 7 fac_alc_N1_2 15 50 4 0 21.90 7 3 2 1 2 46101 40 7
| 9| 3/fac_alc ND_2 15 60 4 0 20.00 7 3 2 1 2 46101 40 3
| 10| 9/llor_alc N3 1 15 60 4 0 23.80 7 8 26 2 3 46101 39 a
| 11| 10|llor_alc_N2_1 15 60 4 0 2333 7 8 26 2 3 46101 39 10
|12 | 11|llor_alc N1 1 15 60 4 0 20.57 7 3 26 2 3 46101 39 11

13 12|llor_ale_NO_L 15 60 4 0 20.16 7 8 26 2 3 46101 39 12
| 14| 13|llor_alc_N3_2 15 60 4 0 22.40 7 7 4 2 4 46101 a0 13
[ 15 | 14]llor_alc N2 2 15 60 4 0 23.29 7 7 4 2 4 46101 40 14
| 16 | 15|llor_ale N1 2 15 60 4 0 19.74 7 7 4 2 4 46101 40 15
|17 | 16/llor_alc_N0_2 15 60 4 0 17.79 7 7 4 2 4 46101 40 16
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[2a] 23|mass_alc_N1_2 15 50 4 0 18.75 9 9 13 3 5 46101 40 23
|25 | 24/mass_alc_N0_2 15 60 4 0 13.45 9 9 13 3 6 46101 40 24
| 26| 25/ESP3 VILL T4 15 60 4 0 43.87 2 2 23 4 7 319 22 25
| 27| 26|ESP3_VILL_T3 15 60 4 0 42,08 2 2 23 4 7 319 22 26
| 28| 27|ESP3_VILL T2 15 60 4 0 40.97 2 2 23 4 7 319 22 27
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|35 | 34/ESPL_VILL T3 15 60 4 0 26,05 9 9 10 6 9 319 22 34
| 36| 35|ESPL_VILL_T2 15 60 4 0 26,34 9 a 10 6 a 319 22 35
[ 37 36/ESP1_VILL_T1 15 60 4 0 26.91 9 9 10 6 9 319 22 36
| 38| 37/COL_CH_ESPL_T1 15 60 4 0 69.58 10 10 13 7 0 46101 9 37

39 38/COL_CH_ESPL T2 15 60 4 0 69.79 10 10 13 7 0 46101 a 38 v
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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 célculo. A continuacion, ir al menu 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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)] - Nitirsoil_batch : Base de datos (Formato de archivo de Access 2002 - 2003) - Microsoft Access
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Figure A02. First dialog box Primer cuadro de dialogo 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).

[55] Asistente para importacién de hojas de caleulo X

El archiv de hoja de calculo contiens més de una hoja o rango. £Qué hosa o rango desea?

e e
batch_crops_irrigat

Batch_crops_N

annual_crops_growth

O Mostrar rangos con nombre

tree_crops_gronth

Water _nitrate v

atos de ejemplo para la hoja de trabajo Tnput_table_main'
1 FID pser evap / cm Hepth / cm layers jpedotransfer FT0 assessment [soil solut|=~
[z |fac_alc w3 1 [is €0 fe pefaulc praturation
3P |fac_alc N2 1 5 €0 e Default lsaturation
[2p [fac_alcwi 1 [15 €0 fa Default lsaturation
[sk |fac_alc wo 1 [15 €0 fa Pefaulc lsaturation
[65 [fac_alc w3z [is €0 fe pefaulc praturation
7l6 |fac_alc N2 2 s €0 e Default lsaturation
87 [fac_ale N1 2 [is €0 fa Default lsaturation

ffac_alc NO_2 15 €0 fa Pefaulc lsaturation

[llor_alc N3 1 s €0 fe pefaulc praturation
11)10 Plor_alc W2 1 s €0 e Default lsaturation
[f211 flor_alc N1 1 15 €0 fa Default lsaturation
[13fz plor_alc wo_1 fis €0 fa Pefaulc lsaturation
[tal3s pior aic w3 z s 6o ¢ pefaulc ppaturation|
T B

Cancelar Siguiente > Einalizar

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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(5] Asistente para importacién de hojas de calculo b

Microsoft Access puede usar los encabezados de columna como nombres de campo para la
tabla. iContiene |a primera fla especificada los encabezados de las columnas?

[Primera fila contiene encabezados de columna

FID [user devap / om|depth / cm[layers [pedotzansfer [ETO assessment [soil solut)
1 [ec_alc N3 1 [ €0 k Defaulc lratuzation|
[2p ffec_alc Nz 1 s 6o fe pefaulc
5P ffec_alc Nl 1 s 6o fe pefaulc
[af ffec_alc No 1 5 6o fe pefaulc
[EF ffac_alc N3 z 5 €0 e Defaulc
[6ff ffac_alc Nz z s €0 e Defaulc
[77 |eac_alc N1z |5 6o e pefaulc

ffac_alc No 2 [15 6o s pefaulc
lllor_alc N3_1 5 6o s pefaulc
lllor_alc Nz_1 15 6o s pefaulc
lllor_alc NI_1 15 6o s pefaulc
lllor_alc NO_1 5 6o s pefaulc
lllor_alc N3 2 5 eo s pefault
lllor_alc N2 2 5 eo ks pefaulc baturation| -
»

Cancelar < Atrés Finalizar

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. A0S5). In this dialog select “No” in the “Indexed” drop-down list box,

and then press [Next >] button,

(5] Asistente para impertacién de hojas de caleulo X

Puede especificar la informacién sobre cada campo que esté importando. Seleccone los campas en el drea que aparece
continuacién. Despus puede modificar la informacién en e érea ‘Opciones de campo'.

Opciones de campo
Nombre de campo:  [FID Tipg de dato:

Indexado: o o] [ONoimportar el campo (Saltar)

devap / cm[depth / cm[layers |[pedocransfer [ETO [s0il solut
s 60 3 pefault [paturation| &
s 60 3 pefault jsaturation
s 60 3 pefault jsaturation
s €0 3 Pefault aturation
s €0 3 Pefault aturation
s €0 3 Pefault aturation
[Ls €0 f Default raturation
s €0 e Default raturation
s €0 e Default raturation
s €0 e Default paturation
s 60 3 pefault jsaturation
s 60 3 pefault jsaturation
s 3] 3 Pefault baturation
s €0 3 Pefault paturation| v
»
Cancelar < Atrds Finalizar

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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=5] Asistente para importacién de hojas de calculo X

Microsoft Access recomienda que defina una dave principal para la nueva tabla. Una dawve principal se usa

= para identificar de forma unica cada registro de |a tabla v permite recuperar los datos mas rapidamente.
| EREE
2wk Han
3 e s v (7 Permitr a Access agregar la dave prindpal.
2 e v
A i s v () Elegic la dave principal. ~

(@ 5in dave princpal.

FID juser devap / cm |depth / cm |layers |[pedotransfer ET0 assessment |soil solut
|1p fac_alc N3 1 Q5 e 14 Default [Faturation| «
|12 g fac_alc N2 1 Q05 e 14 Default Faturation
|13 P fac_alc N1 1 Q05 e 14 Default Faturation
|44 fac_alc NO 1 Q05 e 14 Default Faturation
|5 F fac_alc N3 2 Q5 e 14 Default Faturation
| €18 fac_alc N2 2 Q5 e 14 Default Faturation
el fac_alc N1 2 Q5 e 14 Default [paturation
|18 B fac_alc NO 2 Q5 e 14 Default Faturation
=R llor alc N3 _1 05 e 14 Default Faturation
|Lof0 fllor alc N2 1 15 e 14 Default Faturation
|11l flor alc N1 1 [15 e 14 Default Faturation
|12fi2 fllor alc NO 1 [15 e 14 Default Faturation
|1313 f[lor alc N3 2 |15 e 14 Default Faturation
1404 fllor alc N2 2 [I5 g0 i Pefault Faturation| -
T ,

Cancelar < Atrds Einalizar
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.

5] Asistente para importacion de hojas de calculo X

Esta es toda la informacién que el asistente necesita para importar los datos.
3

Importar ala tabla:

[ Desearia gue el asistente analizara la estructura de la tabla después de importar los datos.

e AT

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.
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