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Summary

This report gives background information about the LINTUL6 model. This is a simple crop growth models which can calculate crop growth and yields under  potential (i.e. optimal), water limited (i.e. rainfed) and nitrogen limited growing conditions. LINTUL6 is a generic model which can be used for simulating rotations of many different annual crop types growing under a large range of soil and weather conditions. 
LINTUL6 is similar to the LINTUL4V  model (with vernalisation effect included in the crop’s phenological development calculation), except that it does  the simulation for several crop types growing after each other in a rotation. LINTUL4V, however, simulates the growth of one crop type over a number of years and does simulations for separate growth periods.
The different model routines in LINTUL6 are subsequently described, next the contents of the input and output files are given, and finally, the use of some additional functions are described and the definitions of the model variables in LINTUL6 are given.
1 Introduction

The LINTUL4V and LINTUL6 models are largely equal to the LINTUL3.fst model, but the computer programme has been converted from FST to FORTRAN. The main reason for this conversion is that the new model structure in FORTRAN allows to do crop growth simulations for many combinations of weather, soil and crop types. For performing land use studies at the regional scale the possibility to do simulations for all these  combinations is essential and is made possible by putting all the input data in separate input files. The approach is generic and can be applied to all annual crops. For about 20 annual crop types,  crop data sets are made available.   This is the main difference with the LINTUL3.fst, in which the main part of the input data (for e.g. one crop type) are in the model itself.  
LINTUL6 simulates the growth of a crop as a function of intercepted radiation, temperature and light use efficiency. Soil water (with free drainage) and  simple nitrogen balances  are simulated and also the effects of water and nitrogen supply on crop growth. LINTUL6 is similar to the LINTUL4V  model, except that it does  the simulation for several crop types growing after each other in a rotation. LINTUL4V, however, simulates the growth of one crop type over a number of years and does simulations for separate growth periods.

The definitions of the variables as used within LINTUL6, are given in Section 15.

Some background information about the LINTUL2 and the LINTUL3 models also applies to the LINTUL6 model and can partly be used as a additional information. For that, see Van Oijen & Leffelaar, 2008 and Shibu et al., 2010. 

Some model parts are derived from the WOFOST model and in that case it is referred to Supit et al (1994, 2003) on 

http://www.treemail.nl/download/treebook7/index.

2 LINTUL6  programme
2.1 Introduction
The LINTUL6 programme consists of three calculation loops (as indicated by resp. the labels 1, 5 and 10) inside each other with respectively a loop for different sites and weather stations,  a loop for the crop rotation over a number of years for this weather station, and finally, a daily loop over the growth period in one year.    
2.2 Loop for different sites and weather stations 
CALL INITP6 results in the specification of a new simulation loop with the weather station name STATR, the numbers for identifying the soil, crop, rotation and management data files (resp. ISOIL, ICROPT, IROT, IMANAT), irrigation (IRRIT) or not, the initial year IIYR and the number of years for this station INYEAR. More information is given in Section 5 about the INITP6 routine. 
If the loop for a number of years (Section 2.3) is completed, finish conditions are reached for the total number of year as indicated by TERMY= .TRUE., a statistical analysis is done in routine STOUT6 (see Section 7), and the programme returns to
 ‘1  CALL INITP6’  to specify a new simulation loop for a new site/station, if CONTIN (as specified in the BATCHR.inp file) is equal to ‘Y ‘. 
2.3 Loop for number of years 
This simulation loop is repeated (by returning to ‘5 CONTINUE’) until the year number IYEAR which is increased by one after the completion of a crop growth period, has become equal to the initial year IIYR plus the number of years INYEAR.   If so, data for  a new weather station etc. are read (see section 2.2).
For the counter (IYRO which increases by 1 at the end of each loop, as mentioned in section 2.4) of the crops in the rotation the numbers for identifying the crop and management data files (resp. ICROP, IMANAG), irrigation type (IRRI), production system (IOPT), dates of planting/sowing and emergence (resp. IDPL, IDEM), growth duration from planting or emergence (IFINIT), and the crop number in the rotation (IYROT) are derived from data sets (e.g. ICROPT), that have been read in the routine INITP6 from the rotation file ROTATX.inp.  This file specifies the characteristics of the crops grown in the rotation.
If the planting date (IDPL) is set to a nil or negative value, the first day (IDSTCR) of the growth simulation is equal to the set day of emergence (IDEM) and planting (PL) is false. Otherwise, the growth simulation  starts at the day of planting/sowing  (IDPL)  and PL is set to true.

At the start of the simulation run for a number of years, INITI is set to true, indicating the initialization of the run, which allows the reading of the soil and crop parameters at the start of that run.   
2.4 Loop for one growth period (year)
This loop of the simulation run is done with a time step of one day (by returning each day to label 10). If the day number is equal to the first day of the growth simulation (IDSTCRP, which may be equal to planting/sowing or emergence date and differs between years), CRP and INITC are set to true. First, the weather data are read by the routine WEATHR  (see Section 11) from e.g. WAGE69.dat, if STATR= ‘WAGE’ and IYEAR= 1969.
For sensitivity analyses it is possible to modify the weather data with factors as given in the BATCHR.inp file. For example for temperature, SENST is added to the original minimum and maximum temperature data (TMIN and TMAX). The other modification factors are multiplied with the original weather data.

Day length is calculated by the routine  ASTRO (see  section 6.2), the potential soil evaporation ES0 and crop transpiration ETC are calculated with the PENMAN routine (section 6.3), and the soil water balance is calculated in WATBALS6 (section 10). 

When the end of the crop growth period is reached at crop maturity or harvest, TERMIN is set to true, the final crop growth results are calculated in the routine CROPV (section 3),  the daily output is produced in routine DAILOUT6 (section 4), and the summary output per growth period/year is produced in routine STOUT6. If TERMIN is true, the programme goes to label 20, the rotation counter (IYRO) is increased by one and is reset to 1 if IYRO exceeds the number of crops in the rotation (INROT),  the year number IYEAR is increased by one, and the programme goes next to label 5 to start a new growth period and year.

If the end of the growth period is not yet reached and TERMIN is not true, the daily crop growth results are calculated in the routine CROPV (if CRP is true and thus growth simulation has started), next, the finish conditions for the total number of  years (INYEAR) and the end date of the simulation ( IDEND which is equal to start day IDSTART) is checked, resulting in TERMY if true, and finally, the daily output is produced in routine DAILOUT6. The day number does increase by one in the routine TIMER (section 9), and the simulation returns to the start of the daily loop at label 10. 
3 CROPV routine
3.1 Introduction

This subroutine simulates the dry matter increase of a  crop as a function of intercepted radiation, temperature, radiation use efficiency, water and nitrogen availability.
3.2 Initialization
First, the variables are declared, being respectively REAL, INTEGER or LOGICAL. The array elements in the tables are specified and COMMON blocks are given that make output from the routine CROPV available to the routine STOUT.
INITC indicates the initialization of the crop growing season and in that case, the crop parameters are read from the file CROPPX.dat and the management parameters from the file MANAGX.dat. If  INITC is set to false, which is done after the first day of the simulation for a growing season (in LINTUL6 programme, see section 2), the reading of crop parameters is skipped by going directly to label 200. 
If INITC is true,  the state variables are initialized and most rate variables are set to zero. Again if INITC is set to false, this initialization is skipped by going directly to label 200.

The reading of integer variables is done with the routine RDSINT, of real variables with the routine RDSREA and of a table with real elements with the routine RDAREA. For each of these tables 30  elements are maximally reserved.  

3.3 Integration
Integrals are given for respectively temperature sums (0C.d) for crop’s phenological development, accumulated vernalisation effect (d), incoming and intercepted solar radiation (MJ m-2), development stage (-), dry weight of living crop organs and of dead crop organs (kg ha-1), rooting depth (cm) and leaf area index (LAI, m2 m-2), soil organic nitrogen potentially available by mineralization (kg N ha-1) and total mineral N directly available (kg N ha-1) from both fertilisers and soil, total N uptake by the crop from both direct uptake and biological fixation (kg N ha-1), N amount in the different living crop organs, and N losses due senescence of the different crop organs (kg N ha-1).    
The function INTGRL contains respectively a state variable (STATE), a rate variables (RATE) and a time step of one day (DELT). The integrals are calculated (according to Euler) as follows: INTGRL= STATE + RATE * DELT. The rate variables are specified in Section 3.4 for each of the integrals and hence, give more information about the function of the different integrals.

3.4 Rate calculations
Photosynthetic radiation is about half of the total incoming radiation and is divided by 106 to change J in MJ.
PUSHPL becomes 1 if the day number (DAY) becomes equal or larger than the planting date DAYPL. If YCH is true which is the case if the year is changed during the growth period, the equation for PUSHPL is slightly different.

If the temperature sum from planting/sowing (TSULP) is equal or larger than the required temperature sum for crop emergence (i.e. TSUMEM) and the crop has not yet emerged (i.e. not EMERG), the emergence day (IDEMERG) is set to the actual day (IDAY) and EMERG is set to true.

The increase in temperature sum from planting or sowing is calculated with DTSULP and is in most cases equal to the difference between the average daily temperature minus a base temperature. If the day number is equal or larger than the day of emergence (DAYEM), PUSHEM is set to 1. 
The increase in the crop’s development from crop emergence to flowering (i.e. DVS< 1 or .NOT. FLOW) may depend on only temperature if IDSL is 0, on both temperature and day length if IDSL is 1, and on both temperature, daylength and vernalisation if IDSL is 2. The reduction of the development rate (RDAYL and DVRED) in dependence of the photoperiodically active daylength (DAYLP, in h) is first calculated. Next, the reduction of the development rate (VERNF1) in dependence of the accumulated vernalisation effect (VERN, in d) is calculated. VERNF1 is generally equal to (VERN-VBASE)/(VERSAT-VBASE) with VERSAT and VBASE being respectively the saturated and base vernalisation requirements (in d). If the development stage (DVS) is greater/equal than 0.3, VERNF1 is set to 1 (i.e., no reduction).     
The increase in temperature sum from emergence (DTSU) is based on the table with the daily increase in temperature sum (DTSMTB) as dependent on the average daily temperature (TMPA). The actual increase in temperature sum is calculated with  and without reductions for both sub-optimal day length (RDAYL) and incomplete vernalisation (VERNF1), resulting in resp. DTSUML and DTSUM. 
The increase in the crop’s development stage (DVR) is calculated as the increase in temperature sum (DTSUML) divided by the temperature sum requirements for the vegetative and the generative periods (resp. TSUM1 and TSUM2).
The plant growth is mainly determined by the radiation use efficiency (RUE) which depends on the crop type and its development stage (DVS). The data in function RUETB have been read from the file CROPPX.dat (see section 3.2) and the function LINT (RUETB,ILRUE,DVS) does a linear interpolation in the table RUETB as dependent on the value for DVS (i.e. X-element). ILRUE indicates the maximally reserved number of X- and Y-elements in the table. The growth rate as calculated in the routine GROWTH, is determined by RUE and correction factors for non-optimal daytime temperatures (via tabel TMPFTB), low minimum temperatures (via table TMNFTB), and atmospheric CO2 concentrations (via table COTB). This results in the overall correction factor RTMCO for both temperature and CO2 effects on RUE and crop growth.
The routine NTRLOC  calculates the amount of translocatable (to storage organs) nitrogen in the leaves, stems and roots (i.e. ATN), which depends on the dry weight per crop organ times the difference between the actual N concentration per crop organs and the residual N concentration per crop organ.

The N concentration in the different crop organs (kg N kg-1 dry matter) is equal to the N amount per crop organ (kg N ha-1) divided by the dry weight per crop organ (kg dry weight ha-1). For example for the stems, NFST= ANST/WST.

The effective fertiliser N application to the crop (FERTNS) is equal to the fertiliser N application (FERTN) times the recovery fraction of the applied fertiliser N (i.e. NRF). Both FERTN and NRF are based on the tables FERTAB and NRFTAB as given in the file MANAGX.dat, and the specified day number.

Relative death rates of stems and roots (RDRRT, RDRST) are derived from the tables RDRRTB and RDRSTB in dependence of the DVS and the relative death rate of leaves due to senescence (RDRTMP) is derived from the table RDRLTB as dependent on the average daily temperature. The three tables have been read from the file  CROPPX.dat (see sections 3.2 and 12.4).

The N supply to the storage organs (NSUPSO) is above zero if DVS is larger than the set DVS for N translocation (i.e. DVSNT as specified in CROPPX.dat) and is equal to the total amount of trasnslocatable nitrogen in leaves, stems and roots (ATN, from routine NTRLOC, see above) divided by a time constant for translocation (TCNT). 

NLIMIT is the N uptake limiting factor which results in a nil value for the crop’s N uptake,  if the transpiration becomes nil or if the DVS is equal or higher than DVSNLT (e.g. 1.3 for wheat).
The partitioning of the biomass increase over the different crop organs (e.g. FLVT, FSTT) is determined by the partitioning tables (as read from CROPPX.dat) and the DVS.

The maximal N concentration in the leaves (NMAXLV) is derived from the table NMXLV in dependence of the DVS. The maximal N concentrations in roots and stems are assumed to be a fixed fraction of the maximal N concentration in the leaves.
Root growth (RR) indicates only the vertical extension. If the rooting depth (RD) is equal to its maximal value (RDM) or the transpiration rate becomes nil, RR becomes nil.

The routine NOPTM (see section 6.8) calculates the optimal N concentrations in stems and leaves (NOPTS, NOPTL) as fraction of the maximal N concentrations via the parameter FRNX (but set to 1.0, so both are identical).

Routine NNINDX (see section 6.9) calculates the Nitrogen Nutrition Index (NNI). NNI affects the growth rate of the crop, leaf death rate, leaf expansion, specific leaf area (SLA) and the biomass partitioning to the crop organs. If the simulation run is done for potential (i.e. IOPT= 1) or water limited conditions (i.e. IOPT= 2), there is no N stress and NNI is set to 1.0.
The routine SUBPAR calculates the modification of the partitioning of the biomass increase over the different crop organs (e.g. FLVT, FSTT, see above) due to water and N stress, as indicated by resp. TRANRF and NNI.

The routine GROWTH (see section 6.6) calculates the daily increase in biomass of the crop (GRT, kg dry matter ha-1 d-1) in dependence of the intercepted radiation by the crop (PARINT), RUE, correction factors for temperature and atmospheric CO2 (RTMCO), and reduction factors for water and N stress (via TRANRF and NNI).
Specifc leaf area (SLA, ha leaf area kg-1dry leaf mass) is based on table SLATB (as read from CROPPX.dat) in dependence of DVS and decreases if NNI becomes lower (i.e. N shortage).
The routine DEATHL (see section 6.10) calculates the relative death rate of leaves which is equal to the highest value from the relative death rates from shadowing, suboptimal temperatures and water stress plus the relative death rate due to N shortage. In a next step the total decrease in leaf mass by senescence (i.e. DLV) and in LAI (i.e. DLAI) are calculated. 
The increase in leaf weight (i.e. GLV, kg dry mass ha-1 d-1) is calculated from the total growth rate GRT (see above the routine GROWTH) and the partitioning factors (1-FRT--> above ground; FLV --> fraction of above ground to leaves).
Routine GLA calculates the daily increase in LAI (i.e. GLAI, m2 leaf area m-2 ground surface d-1) in dependence of the average daily temperature during initial growth and also of  the water and N stress (as based on TRANRF and NNI), and calculates GLAI in dependence of the increase in leaf weight after the initial growth. The change in the leaf area (RLAI) is equal to GLAI minus DLAI (see above).
The routine RNLD calculates the N losses due the death of leaves, stems and roots (i.e. RNLDLV, RNLDST, and RNLDRT, in kg N ha-1 d-1).

The routine RELGR calculates the net growth rates of leaves, stems, roots and storage organs (resp. RWLVG, RWST, RWRT, and RWSO, in kg dry mass ha-1 d-1), being the difference between the growth rate and the death rate per crop organ. 
The routine NDEMND calculates the N demand of the leaves, stems, roots and storage organs (i.e. NDEML, NDEMS, NDEMR and NDEMSO, kg N ha-1). The total N demand of the crop, NDEMTO, is equal to the N demands of leaves, stems and roots.
The rate of N uptake in the storage organs (RNSO, kg N ha-1 d-1) is equal to the lowest value of either NDEMSO (N demand, see above) or NSUPSO (N supply by translocation, about ATN/TCNT).
Total N uptake by the crop (NUPTR, in kg N ha-1 d-1) is equal to the smallest of either total N demand by leaves, stems and roots (NDEMTO, kg N ha-1) or the total mineral N directly available from soil and N fertilisers (NMINT, kg N ha-1) times the N uptake limiting factor (NLIMIT, see above) and divided by the time step of the integration DELT (i.e. 1 day). The biological fixation factor (NFIXF, e.g. 0.8 for legumes) determines which part of NDEMTO is supplied by the crop’s N uptake and which part by biological fixation (i.e. NFIXTR, kg N ha-1 d-1). In case of  a simulation run for potential or water limited conditions (resp. IOPT =1 or =2), N shortage does not occur and hence, NMINT does not limit the total N uptake (NUPTR) by the crop.

The routine NTRANS calculates  the N translocation from leaves, stems and roots (resp. RNTLV, RNTST, and RNTRT, kg N ha-1 d-1) to the storage organs.
The routine RNUSUB does the partitioning of the total N uptake from both the direct N uptake from the soil and the N from biological fixation (resp. NUPTR and NFIXTR) over the leaves, stems and roots, resulting in resp. RNULV, RNUST and RNURT as the N uptake rates for the three organs.
The change in the total directly available mineral N in the soil, RNMINT, is equal to the effective fertiliser N application (FERTNS) minus the crop N uptake (NUPTR) plus the soil N mineralization (-RNMINS). RNMINS is the depletion rate (thus, has a negative value) of the available amount of soil organic N during the crop growth period and is calculated as the initial amount of potentially available soil organic N (NMINI, kg N ha-1) times the fraction of soil organic N coming available per day (RTMINS, d-1).

The rates of change in the amount of N in the stems, leaves and roots (resp. RNST, RNRT and RNLV) are calculated from the N uptake minus the N translocation to the storage organs minus the N loss by senescence. For example for stems,  RNST= RNUST-RNTST-RNLDST
3.5 Summary output

If TERMIN becomes true, the end of the growth period is reached, either by completion of the crop’s phenological development (i.e. maturity) or by a set harvest date. The programma leaves the daily growth loop by going directly to the label 999 CONTINUE and next, a summary output is produced (e.g. TAGB1, WSO1, etc.) which via the COMMON blocks (see Section 3.2) is made available for the routine STOUT6 (Section 7). This results in one line with the final output for the growth period (via STOUT6) in the output file ‘RUNNAME’.sta 
Mean values for the water and nitrogen stress indices NNI and TRANRF during the whole growth period are calculated. Next,  the calculated radiation use efficiency (RUEC, in g dry mass per MJ PAR) is derived from the total above-ground biomass at harvest (TAGB, kg dry mass ha-1) divided by the total intercepted solar radiation during the growth period (TPARINT, MJ PAR m-2). Finally, a number crop variables are set to zero for the subsequent fallow period (as shown in the output in the  ‘RUNNAME’PTS.out file).  
4 DAILOUT6 routine
4.1 Introduction

This routine writes the crop and soil water status to the output file ‘RUNNAME’PTS.out, which is done at the specified time interval IOUT.
4.2 Initialization
The variables are declared, being respectively REAL, INTEGER, LOGICAL or CHARACTER strings. The COMMON block  makes the year number  from  the LINTUL6 programme (section 2) and the summary output from the CROPV routine (section 3.5) available.
4.3 Writing the headings and initial values of variables to output file
First, the output file ‘RUNNAME’PTS.out is opened with the OPEN statement.  ‘RUNNAME’ is specified in the BATCHR.inp file. At the start and initialization (i.e. INITI is true) of the simulation for a number of years, the  information about the simulation run and the headings of the different soil and crop variables are written to the output file. The information about the simulation run consists of the name of output file, name of simulation run (RUNNAME), name of weather station (STATR), numbers that indicate the soil, crop, management and rotation data files, irrigation type, the crop number in the rotation (IYROT) and the total number of crops per rotation (INROT), the number of years of the simulation (INYEAR),  potential, water or N limited production system (IOPT), the fraction of rainfall lost by surface runoff, the atmospheric CO2 concentration, and the start year and start day of the simulation. The headings of the simulated variables start with DAY, YEAR and WLVG and end with NLIV and NLOSS. Next, the initial values for these variables are written to the output file.
If the day number (IDAY) becomes identical to the day of planting/sowing (IDPL) or  to the day of emergence (IDEM), the crop growth simulation is started, the dates for planting/sowing or emergence are made available for the output via IDPL1 and IDEM1, and the  information about the crop growth simulation and the headings of the different soil and crop variables are written to the output file.
4.4 Writing of output for soil and crop variables to file
The components of the water balance are multiplied by 10 to change their units from cm water to mm. The total amounts of soil water are given for three layers: a) WTOT1 for rooted depth, b) WTOTL1 for lower layer between rooted depth and maximal rooted depth per crop type, and c) WTOTLX1 for layer between maximal rooted depth per crop type  and maximally available soil depth.  Next, the output for the different soil and crop variables (from IDAY to NLOSST) is written to the  output file ‘RUNNAME’PTS.out. This is done for the specified output interval IOUT and also at the day of emergence (IDEMERG) and at the end of the total number of years for the crop rotation (when TERMY becomes true). At the end of each crop growth period (when TERMIN becomes true),  the summary output from the CROPV routine, as made available via the COMMON blocks (see section 4.2), is written to the output file ‘RUNNAME’PTS.out.
5 INITP6 routine
5.1 Introduction

This routine reads the data that are required to do a simulation run with the LINTUL6 programme, either interactively from screen or in batch mode from the file BATCHR.inp. The run from screen is mainly for initial testing of the programme. The runs in batch mode are easier to handle and more flexible and hence, this approach is in general to be chosen for large-scale model applications of LINTUL6.  The INITP6 routine is called by the LINTUL6 programme, when a simulation run for new site /weather station is started and the specification of this new run are  required (see section 2.2).
5.2 Initialization 
The variables are declared, being respectively REAL, INTEGER, LOGICAL or CHARACTER strings. Some input data are specified here, such as IGAP (maximal difference in days that is allowed for interpolation between subsequent data in the weather data files), IOUT (time interval for output), ISOIL and WTRDIR (number of soil data files and directory of weather data file), SENSP, SENSV, SENSW, SENSR, SENST (sensitivity parameters for the different weather variables to do sensitivity analyses), CO (atmospheric CO2 concentration) and IROT (number of rotation file). These input data are specified here to limit the number of data that have to be entered from screen. Note that the same input data are specified in the BATCHR.inp file for the simulation run in batch mode.
Via a Do-loop 10 initial values are given to the  tables with the crop file no. (ICROPT), management file no. (IMANAT), production level no. (IOPTT), growth durations, planting dates, and emergence dates in the crop rotation. Further on these values are overwritten (see section 5.5) by the actual values from the  rotation input file ROTATX.inp.
5.3 Choice between batch mode and data input from screen
The question if you want to do the simulation run from a batch file, is sent to the screen. If the answer is Y or y,  BATCH is true. In that case the BATCHR.inp file is opened and one line of data are read from this file with resp. RUNNAME (i.e. output file name of max. 5 characters), IIYEAR (start year for the simulation), IDSTART (start day for the simulation ), INYEAR (total number of years for the simulation), etc.   
5.4 Data input from screen
The WRITE statements arrange the writing to the screen and the READ statements arrange the reading from the screen. First, IIYEAR, the start year for the simulation of the crop rotation, is read, next, INYEAR, and so on until REMARK, which is a text of maximally 80 characters that describes the characteristics of the run and is displayed in the output file ‘RUNNAME’PTS.out  (see section 4.3). If BATCH is true, this section is skipped.
5.5 Reading of data from the rotation file

The rotation file ROTATX.inp is opened. If IROT as specified in the BATCHR.inp file, is, for example, equal to 2, the file ROTAT2.inp is opened. For the total number of crops in the rotation (INROT), as specified in thr BATCHR.inp file, tables with  respectively the rotation years (IYROTA), crop file no. (ICROPT), planting (IDPLT) and emergence dates (IDEMT), maximal growth durations (IFINITT), production systems (IOPTT), irrigation types (IRRIT), and management file no. (IMANAT) are read for the INROT different crops in the rotation. 

6 LINTULSUB routine
6.1 Introduction

This file contains the help routines that are needed for the LINTUL6 simulation. The routines do the calculations of day length, potential soil evaporation and crop transpiration, increase and death of leaves and LAI, total crop growth rate, and N uptake rate, N translocation and N losses for the different  crop organs. The different routines are described in the following. For some information it is referred to the description of the WOFOST model which partly uses similar routines. See Supit et al (1994, 2003) on http://www.treemail.nl/download/treebook7/index.htm.  This will be indicated by for example: Supit-section4.2, if the information can be found in section 4.2 of this website.
6.2 ASTRO routine
This routine calculates both the astronomical day length (DAYL, in h) and the photoperiodically active daylength (DAYLP, in h). For more background information about this day length calculation, see Supit-section4.2.
6.3 PENMAN routine
This routine calculates the atmospheric transmission (ATMTR), the potential evaporation from a free water surface (E0, in cm d-1) and from a bare soil surface, and the potential transpiration of a closed crop canopy (ETC, in cm d-1). The CO2 effect on crop transpiration (table FPENMTB) is included in a rough way but mainly applying to C3 crops and not to C4 crops. 
ATMTR is equal to incoming radiation (AVRAD, in J m-2 d-1) divided by the daily extraterrestrial radiation (ANGOT) and is used to calculate the relative sunshine duration (RELSSD, -). RELSSD is used in the function to calculate the net outgoing long-wave radiation (RB, in J m-2 d-1), with RB becoming lower with a lower RELSSD.
The evapotranspiration calculation according to Penman (Frere & Popov, 1979; Penman 1948, 1956) consists mainly of two parts: a) net absorbed radiation (RNW, RNS, RNC for resp. water, soil and crop), b) evaporative demand of the atmosphere (EA for water and soil, EAC for crop). 

The net absorbed radiation for a crop (RNC, in J m-2 d-1) is equal to the incoming radiation (AVRAD) times (1 – reflection by the canopy) minus the net outgoing radiation (RB). For the soil and water surfaces the approach is the same.

The evaporative demand of the atmosphere for a crop (EAC) is determined by both the vapour pressure deficit (SVAP – VAP) and the windspeed function (1+BU*WIND).

For background information about the applied Penman approach, see Supit-section4.1 and in particular Supit-section4.1.4.
6.4 GLA routine 

This routine calculates the daily increase in leaf area index (GLAI, ha leaf area ha-1 ground area d-1) if the crop has emerged (thus, if EMERG is true). At the date of emergence (when LAI is 0) GLAI is set equal to the initial LAI (i.e. LAII), as calculated in the routine CROPV. During the mature stage of the crop GLAI is calculated from the increase in leaf biomass (GLV, kg dry mass ha-1 d-1) times the specific leaf area (SLA, ha leaf area kg-1 dry leaf biomass). 
During the juvenile stage (when DVS is less than 0.2) GLAI is not limited by the available assimilates for leaf growth (GLV) but by the maximal relative increase in LAI (RGRLAI, ha ha-1 d-1), the effective temperature above the base temperature (DTEFF, 0C) and the reduction factors for water and N stress (i.e. TRANRF and NNI). 
6.5 SUBPAR routine
This routine modifies the dry matter partitioning to leaves, stems, roots and storage organs, in dependence of water and N stress. First, it is determined if the water stress or the N stress is more severe by comparing TRANRF with NNI. 
If water stress is more severe and for example TRANRF  become 0, FRTMOD becomes 2. In that case FRT is doubled but becomes not higher than 0.6 as fraction of the total daily increase in biomass. If FRT increases from 0.3 to 0.6, the fraction of the daily biomass increase that is allocated to the aboveground biomass, decreases from 0.7 to 0.4 and thus, the fractions allocated  to leaves, stems and storage organs decrease to the same extent.  
If N stress is more severe and NNI is, for example, 0.5, FLVMOD becomes (assuming that NPART= 1) equal to 0.61. FLV is calculated as the original FLVT times FLVMOD. FST does increase to the same extent as FLV has decreased (i.e. with FLVT – FLV).
6.6  GROWTH routine 
This routine calculates the total daily growth rate of the crop (GRT, in kg dry mass ha-1 d-1). First, PARINT (MJ PAR m-2),  the amount of  photosynthetically active radiation (PAR) intercepted by the crop canopy, is calculated as the daily amount of incoming PAR times the fractional light interception (FINT). This fraction depends on the LAI and becomes 0 if LAI is 0 and becomes 1 if LAI becomes more than 3 à 5 depending on the crop type. 
GRT is calculated as the radiation use efficiency (RUE, g dry mass MJ-1 PAR) times PARINT times the correction factor for both  atmospheric CO2 and sub-optimal temperatures (RTMCO, as calculated in CROPV routine and described in section 3.4) times a reduction factor for either water stress (TRANRF) or N stress (NREF) times 10 (for conversion from g m-2 to kg ha-1).
6.7  RELGR routine 

This routine calculates the net daily growth rates of roots, leaves, stems and storage organs (kg dry mass ha-1 d-1). For example, the root growth rate (RWRT) is equal to the total growth rate (GRT) times the allocation fraction to roots (FRT) minus the root death rate (DRRT). The total above-ground growth rate (AGRT) is equal to GRT minus the allocation to the roots. AGRT is partitioned over the leaves, stems and storage organs.
6.8 RNUSUB, NOPTM and NDEMND routines 

RNUSUB computes the partitioning of the crop’s total N uptake rate (NUPTR + NFIXTR, kg N ha-1 d-1) over the leaves, stems and roots (resp. RNULV, RNUST, RNURT,  kg N  ha-1 d-1) in dependence of the N demand of these crop organs (resp. NDEML, NDEMS, NDEMR).
NOPTM calculates the optimal N concentrations in leaves and stems (NOPTLV, NOPTST) in dependence of the maximal N concentrations. FRNX is set to 1.0 in the crop data file, so optimal and maximal concentrations are identical. Note that the maximal N concentrations determine the N demand (see routine NDEMND below) and thus often the N uptake by the crop. The optimal N concentrations in leaves and stems are used to calculate (in CROPV routine) the optimal N concentration in both leaves and stems (i.e. NOPTMR, kg N kg-1 dry mass), which is used to calculate the Nitrogen Nutrition Index (NNI) in the NNINDX routine (see section 6.9). 

NDEMND  calculates the nitrogen demand of the different crop organs (NDEML, NDEMS, NDEMR, and NDEMSO). For example, NDEML is calculated as the maximal N concentration in the leaves (NMAXLV) time the dry mass of living leaves (WLVG) minus the actual amount of N in the living leaf mass (ANLV). The storage organs derive their N uptake only through N translocation from the other three crop organs. This N demand of the storage organs and the resulting N  translocation is moderated by dividing this N demand by a time constant of translocation (TCNT, set at 10 days).
6.9 NTRLOC, NTRANS, RNLD and NNINDX routines 
NTRLOC computes the translocatable N in the leaves, stems and roots (resp. ATNLV, ATNST and ATNRT, kg N ha-1). For example, ATNLV is calculated as the actual N amount in the living leaves (ANLV) minus the living leaf mass (WLVG) times the residual N concentration in leaves (RNFLV). Next, the total amount of translocatable N in the three crop organs (ATN, kg N ha-1) is calculated.
NTRANS computes the daily amount of N translocated from the three crop organs to the storage organs (RNTLV, RNTST, and RNTRT, kg N ha-1 d-1). For example, RNTLV is calculated as ATNLV/ATN times the actual N translocation to the storage organs (RNSO, in kg N ha-1 d-1). RNSO is calculated in the CROPV routine as the lowest value of either the N demand of the storage organs (NDEMSO) or the possible N supply by translocation (i.e. NSUPSO, being equal to ATN divided by the time constant for translocation (TCNT) ).
RNLD computes the N losses due to the senescence of leaves, roots and stems. These N losses in the three organs (resp. RNLDLV, RNLDRT, and RNLDST, kg N ha-1 d-1) are calculated as the residual N concentrations in the three organs times their death rates. 
NNINDX computes the  Nitrogen Nutrition Index (NNI) which is an  indicator of  the degree of N shortage. NNI is calculated as the actual N concentration in living leaves and stems (NFGMR, kg N kg-1 dry biomass) minus the residual N concentration in leaves and stems (NRMR) divided by the optimal N concentration in leaves and stems (NOPTMR, see section 6.8) minus the residual N concentration in leaves and stems. If the simulation run is done for potential (i.e. IOPT= 1) or water limited conditions (i.e. IOPT= 2), there is no N stress and NNI is set to 1.0. If  the run is done for N limited conditions (i.e. IOPT =3) and the N-supply from soil N and fertiliser N applications is insufficient for the crop’s N demand, the N supply determines then the level of crop production and the NNI may decrease from 1.0 to 0.0 during the growth period. In such situations the lowered NNI affects the growth rate of the crop, leaf death rate, leaf expansion, specific leaf area (SLA) and the biomass partitioning to the crop organs. 

6.10 DEATHL routine

This routines computes first the relative death rates (RDR, in d-1) of the leaves due to respectively, ageing, shading, drought (as dependent on TRANRF) and N shortage (RDRNS, if  NNI lower than 1.0) and next, the death rate of leaves (DLV, kg ha-1 d-1) and the decrease in LAI (DLAI, d-1) due to these factors. The total leaf death rate (DLV, kg dry matter ha-1 d-1) is equal to the death rate due to N shortage (DLVNS) plus the death rate (DLVS) as based on the highest of the relative leaf death rates (RDR, d-1) due  to ageing, shading, and drought. The decrease in LAI (DLAI, d-1) is calculated in the same way as the  leaf death rate.
7 STOUT6 routine
7.1 Introduction
This routine writes the crop production and yield, the components of the water balance, and the crop’s N uptake and losses  at the end of the growth period to the file ‘RUNNAME’.STA,  next, calculates the means of these variables per number of crops and per number of years, and finally, writes these mean results to the file ‘RUNNAME’.STA
7.2 Initializaton
The variables are declared, being respectively REAL, INTEGER, LOGICAL or CHARACTER strings. The output file for final and mean results, ‘RUNNAME’.STA, is opened. Next, the initial values for the mean  and summarized results are set to zero. Finally, the specifications of the run and the headings for the output are written to file. This is only done if INIT is true and otherwise, is skipped (by GOTO 100).
7.3 Output for each year/growth period
The water and nitrogen use efficiencies (respectively WUE in g dry mass above-ground kg-1 water transpired and NUE in g dry biomass above-ground g-1 N in live and dead above-ground matter) are calculated for the growth period and the components of the water balance are changed from cm to mm. Next, total transpiration and evaporation values are stored (via TTRANSO= TTRANS1 and TESOILO= TESOIL1) for a harvest data and are used for the calculation of WUE for the next period (between the new and this old harvest date). 

Next, one line of output per growth period/year is written to ‘RUNNAME’.STA with respectively, start year of growth period, specification of the crop growth period (numbers for crop type, production system IOPT, irrigation type and management type), dates of phenological stages, yield and total above-ground biomass, harvest index (HI), interception PAR and radiation use efficiency per crop growth period, final rooting depth, available amounts of soil moisture in resp. the rooted zone, the lower zone, and the zone below the lower zone upto the maximal rootable depth (resp. WAVT2, WAVTL2 and WAVTLX2),  the cumulative components of the water balance from the start of the rotation until the harvest date per crop, the WUE as calculated per growth period (see above: calculated for period between new and previous harvest dates), and the crop’s N uptake and N losses at the end of each growth period. Finally, for all these variables the number of crop growth periods  (IWRUN) is counted and their values are summed (e.g. SUMPL and SUMEMER).
7.4 Mean results for growth periods  and years
IF TERMY is true, the equations described in Section 7.3 are skipped (via: GOTO 200), the components of the water balance are changed from cm to mm, and the means for the different variables are calculated first for the total number of crop growth periods (as indicated by IWRUN; e.g. MPL, MEMER) and second, for the number of years of the simulation (i.e. INYEAR as specified in the BATCHR.INP file; e.g. MYPL, MYEMER). Next, the calculated values for the means per crop and per year  are written to the file ‘RUNNAME’.STA.

8 SWEAF function
8.1 Introduction

This function calculates the fraction of easily available soil water, for which crop transpiration is possible at the maximal rate. SWEAF is derived from the WOFOST model. See Supit et al (1994, 2003) on http://www.treemail.nl/download/treebook7/index. Information about actual transpiration and the SWEAF function is given in section 6.1 of Supit et al. (1994, 2003). 

8.2 Calculating the fraction of easily availabe soil water
The fraction of easily available soil water between field capacity and wilting point is a function of the potential evapotranspiration rate (ETC, for a closed canopy, cm d-1) and the crop group number, CGNR (from 1 (=drought-sensitive) to 5 (=drought-resistent). SWEAF describes this relationship, as given in tabular form by Doorenbos & Kassam (1979), Van Keulen & Wolf (1986, Table 20) and Supit et al. (2003, Table 6.1). The available soil water fraction decreases with increasing ETC and decreasing CGNR.
In the routine WATBALS6.for for calculating the soil water balance,  the easily available soil water fraction is calculated via the SWEAF function:  SWDEP= SWEAF(ETC, DEPNR). Next, the critical soil moisture content (SMCR), below which the transpiration is reduced by water stress, is calculated via:  SMCR= (1. - SWDEP) * (SMFC - SMW) + SMW. Finally, the reduction of the crop growth rate and transpiration rate due to drought stress is calculated via: RDRY= (SMACT - SMW)/(SMCR - SMW) (but RDRY always kept between 0.0 and 1.0). 
9 TIMER routine
9.1 Introduction

This routine is applied for updating the time during the crop growth simulation with a time step of one day.
9.2 Updating the day number and the running value for time
The Julian day number (IDAY) increases by one after each calculation loop (see the daily loop in the programme LINTUL6.for in section 2.4), as the time step of the calculation is one day. IRUN is set to zero at INITC (i.e. start of the growth period), also increases by one after each daily calculation loop during the growth period (when CRP is true), and indicates the duration of the growth period from sowing/planting or emergence. 
9.3 End of simulation
The simulation for one crop growth period ends if either  IRUN is equal to IFINIT (i.e. maximal duration of growth period from sowing/planting or emergence) or phenological development stage (DVS) is equal to maturity (=DVSEND). In that case,  TERMIN is set to true, which affects the next steps in the calculation loops (see e.g. section 2.4 about the LINTUL6 programme).
9.4 Change of year
If IDAY is larger than 365, the year number (IYEAR) increases by one and IDAY is set to one. The logical YCH (year change) is set to true and is, for example, used in the CROPV routine (see section 3.4).
10 WATBALS6 routine
10.1 Introduction

This routine simulates the soil water status in the gradually increasing Rooted zone (as related to the rooting depth), in the Lower zone below the rooted zone (which becomes rooted later on), and in the Lowest zone (i.e. zone below Lower zone until the maximal soil-dependent rooting depth). The main considered processes are: soil evaporation, crop transpiration, precipitation and infiltration, surface runoff, irrigation, and drainage to the sub-soil.  
For more information about the water balance, it is refered to  Supit et al (1994, 2003) on http://www.treemail.nl/download/treebook7/index.htm It will be indicated by for example: Supit-section6.1, if the information can be found on section 6.1 of this website.

10.2 Initialization
The variables are declared, being respectively REAL, INTEGER,  and LOGICAL. At the end of the crop growth period when TERMIN becomes TRUE, some output variables are made available via COMMON blocks to the STOUT6 routine.
At initialization of the simulation run (i.e. INITI is true) the soil data file SOILPX.dat is opened (with ISOIL determining which file) and the values for the different soil parameters are read. Next, the management file MANAGX.dat is opened (with IMANAG determining which file) and the dates and amounts of applied irrigation water are read. Next, the crop data file CROPPX.dat (with ICROP determining which file) is opened and the values for the crop parameters related to rooting are read. 

The reading of integer variables is done with the routine RDSINT, of real variables with the routine RDSREA, and of a table with real elements with the routine RDAREA. For each of these tables 30  elements are maximally reserved.  

Finally, the soil moisture contents (SMACT, SMACTL, SMACTX, in cm3 cm-3) and the available and total amounts of water in the initial Rooted, Lower and Lowest zones (WAVT, WTOT, WAVTL, WTOTL, WTOTLX, in cm) are specified and the initial values for the other rate and state variables are set to zero.    
If INITI is true (i.e start of simulation run), the rest of the initialization from ‘200 CONTINUE ‘ is skipped by GOTO  300. IF INITI is not true and INITC is true (i.e. initialization of growing period), the programme reads the code from ‘200 CONTINUE’ to ‘300 CONTINUE’ , the management file MANAGX.dat is then opened and the dates and amounts of applied irrigation water are read. Next, the crop data file CROPPX.dat is opened and the values for the crop parameters related to rooting are read. This means that for a new growth period with a new crop type in the rotation, the parameters for the new crop and its management are reset here. Finally, the soil moisture contents (SMACT, SMACTL, SMACTX, in cm3 cm-3) and the available and total amounts of water in the initial Rooted, Lower and Lowest zones (WAVT, WTOT, WAVTL, WTOTL, WTOTLX, in cm) are reset too. This resetting is mainly needed because of  the change in rooting depth for the new crop.
10.3 Integration

The integrals for drainage, rainfall, surface runoff, irrigation, soil evaporation, crop transpiration, total and available water in rooted, lower (between maximal and actual root zone) and lowest zones, and for the water added to the rooted zone (TWDR) by root growth are calculated with a time step of one day. Note that the water balance does not include the effect of ground water. Next, the total amount of water in the three zones (TWTOT) and the soil moisture contents in the rooted, the lower and the lowest zones are calculated from the total amounts of water in these zones (i.e. WTOT, WTOTL, WTOTLX) divided by respectively the actual rooting depth (RD), the maximal rooting depth (RDM) per crop type minus RD, and RDMSO (maximal rooting depth that depends on the soil characteristics and is not related to the crop’s maximal rooting depth) minus RDM . 
10.4 Rate calculations
Surface runoff is calculated as the specified fraction (RUNFR) times the rainfall. The rest of the rainfall plus the applied irrigation water result in percolation (PERC, in cm d-1) into the soil. Additional water is added to the rooted zone (WDR, in cm d-1) by root growth. The maximal transpiration TRMAX), in cm d-1)  is equal to the potential transpiration (ETC, from PENMAN routine) times the light interception fraction (FINT) times a crop specific correction factor (CFET). 

The actual transpiration rate (TRA, in cm d-1)  is either determined by TRMAX times a reduction factor for drought (RDRY) times a reduction factor for oxygen shortage (RWET) or if lower, by the available amount of water in the rooted zone (WAVT, in cm). For more information about the calculation of RDRY and RWET,  see Supit-section6.1. The water stress reduction factor TRANRF is calculated as TRA divided by TRMAX.
The maximal soil evaporation rate (EVMAX, in cm d-1) is equal to the potential evaporation (ES0, from PENMAN routine) times (1 – FINT). The actual evaporation rate (EVA, in cm d-1) is equal to EVMAX in case the percolation (PERC) is at least 0.5 cm d-1 and otherwise, EVA is equal to the lowest value of either EVMAX or EVMAXT (i.e. actual evaporation rate decreasing in dependence of the days since last rain, being DSLR; see also Supit-section6.3.2 ) + PERC or  the amount of available soil moisture in 10 cm of the rooted depth.
The water capacities (in cm) of the rooted, the lower and the lowest zone are calculated from the actual soil moisture contents (SMACT, SMACTL, SMACTX) for both field capacity (CAP, CAPL, CAPLX) and soil saturation (CAP0, CAPL0).
The potential percolation into the soil (PERC1P, in cm d-1) is calculated as the amount of water available from rainfall and irrigation (PERC) minus soil evaporation and crop transpiration. The actual percolation (PERC1, in cm d-1) is equal to the lowest value of either the water capacity in the rooted zone  (CAP0) plus the percolation rate to lower zones (KSUB) or the potential value PERC1P.
The surface runoff (RUNOF, in cm d-1) is calculated as (PERC1P - PERC1) plus the runoff fraction times the rainfall (RUNOFP, in cm d-1 ). If the water capacity in the rooted zone upto field capacity (CAP) is less than PERC1, the percolation from the rooted zone to the lower zone (PERC2) is the smallest value of either (PERC1 – CAP) or KSUB plus the water capacity in the lower zone (CAPL0). If the water capacity upto field capacity of the lower zone (CAPL) is less than the PERC2,  the percolation from the lower zone to the lowest zone (PERC3, in cm d-1) is equal to the smallest value of either KSUB or (PERC2 – CAPL). If the water capacity upto field capacity of the lowest zone (CAPLX) is less than the PERC3,  the percolation from the lowest zone to the subsoil (PERC4, in cm d-1) is equal to the smallest value of either KSUB or (PERC3 – CAPLX).

Irrigation water can be applied in different ways. If IRRI is 1 and CRP is true (i.e. growth period), 70% of the difference between field capacity and the actual amount of soil moisture is applied (i.e. DIRR, in cm d-1) if needed. If IRRI is 2 and CRP is true (i.e. growth period),  irrigation water is applied (DIRR) on the basis of the data in the table IRRTAB, which has been read from the file MANAGX.dat (see section 10.2). In both cases, DIRR is limited to maximally 1cm d-1 and the excess amount of irrigation is then applied (see DIRR1 in case IRRI= 2) during the next day(s). If IRRI is not 1 or 2, no irrigation water is applied.
The change in the total and the available amounts of water in respectively the rooted (DWOT and DWAT, in cm d-1), the lower (DWOTL and DWATL, in cm d-1) and the lowest zones (DWOTLX, in cm d-1 ) are calculated from the percolation rates between the zones and from the change in total (WDR) and available water (WDRA, in cm d-1) by root growth.

The new amounts of total soil water in the rooted (WTOTN, in cm) and the lower zone (WTOTLN, in cm) are calculated, by integrating the new rate equations (DWOT and DWOTL). These new soil water amounts are used in the soil water balance to check the calculations. The programme is aborted if either the water balance of the rooted zone (WBAL) or the water balance of the lower zone (WBALL) is not zero.
10.5 Summary output

At the end of the crop growth period (TERMIN is true) or the end of the crop rotation (TERMY is true) the integrals of the components of the water balance (i.e. TTRANS1, TDRAIN1, etc.) and the amounts of available soil water in the rooted, the lower and the lowest zones (WAVT1, WAVTL1, WAVTLX1) are made available via COMMON blocks to the routine STOUT6  (see section 10.2).
11 WEATHR  routine

11.1 Introduction

This routine returns weather data from a standard weather data file. Calls to this routine may contain different station names, years or days, for which weather data are to be returned, and no initialization by the calling programme is needed.  
For more information about the applied methods, it is referred to  Supit et al (1994, 2003) on http://www.treemail.nl/download/treebook7/index.htm. It will be indicated by for example: Supit-section6.1, if the information can be found on section 6.1 of this website.

11.2 Initialization
The variables are declared, being respectively REAL, INTEGER, LOGICAL or CHARACTER strings. The day number should always be between 1 and 365 and  hence, data sets for leap years should be corrected.
11.3 Opening of the weather data file
The length of the station name (ISR) is determined with the function LEN_TRIM. The name of the new weather data file (FILE) is constructed from the station name (STATR) and HULP. HULP is made equal to IYEARC and contains for, for example, years as 1998, 1999, 2000 and 2001, the values 98, 99, 00 and 01. STATR is specified in the file BATCHR.inp and if STATR is for example ‘WAGE’ and IYEARR equal to 86, the file to be opened, becomes WAGE86.dat. This opening of the file is only done, if data for a new year (i.e. IYEARO not equal IYEARR) and/or a new station name (i.e. STATO not equal STATR) are requested. The new weather data file is read from the directory WTRDIR, as specified in the BATCHR.inp file.   
11.4 Reading the weather data
For the reading in the weather data file the routine MOFILP is used to skip the comment lines, which start with:  * . Next, the longitude (LONGIE, in degrees), latitude (LATIN, in degrees), altitude (ALTI, in m) and the empirical constants A and B in the Ångström formula (see Supitsection4.1.2 for the applied method to estimate global radiation) are read from the file. If the requested day (IDAYR) for which weather data should be  read, is less than the day where the file pointer is located, the file is rewound (i.e. REWIND).  
The weather data file is read until the requested day is reached (i.e. the read IDAYN is equal to the requested day IDAYR) or exceeded. Each weather variable is saved (via, for example, TMAXO= TMAXN) to allow interpolation later (section 11.5). The read weather data are respectively: station number (ISTN), year number (IYEARN), day number (IDAYN), solar radiation (DTRN, in kJ m-2 d-1), minimum temperature (TMINN, in 0C), maximum temperature (TMAXN, in 0C), vapour pressure (VAPN, in kPa), windspeed (WINDN, in m s-1) and precipitation (RAINN, in mm d-1). 
11.5 Interpolation of weather data and conversion

If the day number for which weather data are available (IDAYN), is higher than the requested day number (IDAYR), the variable FRACT is calculated. FRACT is next applied for the linear interpolation between the nearest available values (e.g. TMINN and TMINO to calculate TMIN) for the different weather variables. For the precipitation (RAIN) this interpolation is, of course not applied. RAIN gets the value from the newly read RAINN and if not available, RAIN is set to zero. 

Next, precipitation (RAIN) is converted from mm d-1 to cm d-1, solar radiation (DTR) from KJ m-2 d-1 to J m-2 d-1, and vapour pressure (VAP) from kPa to mbar.  
12 Input and output files

12.1 Introduction

A simulation with  the LINTUL6 programme uses in general the file BATCHR.inp to read the specifications (in particular, the years, crop rotation, soil, and weather) of the run. For example, ISOIL equal to 2, results in the use of soil data from the file SOILP2.dat  and IROT equal to 3, results in the use of the rotation file ROTAT3.inp. If the original soil file has a different name, it should be copied to a file with such a standardized name. 
The rotation file (ROTATX.inp) gives the order of the crop types (ICROP) in the rotation, their production type (IOPT), irrigation type (IRRI) and management file (IMANAG).  For example, ICROP equal to 2, results in the use of crop data from the file CROPP2.dat  and  IMANAG equal to 3, results in the use of the management file MANAG3.dat.
The weather files have a file name that is composed of the station name  ‘STATR’ (i.e. maximally 5 characters as specified in the file BATCHR.inp) and the last two  digits of the year (e.g. 92 for year 1992), resulting in, for example, the file name WAGE92.dat. For management like fertiliser application and irrigation, management files may be used, if needed, and this may be done in the same way as for the soil and crop data files. 

The rotation, crop, soil and management files should be in the same directory as the executable of LINTUL6. For the weather data files you may specify the directory WTRDIR in the file BATCHR.inp, indicating from where the weather data files can be read.
Two output files are produced from each simulation run. ’RUNNAME’PTS.out gives the soil and crop status at a regular and defined (each IOUT days as given in the file BATCHR.inp) interval for the subsequent crop and fallow periods in the rotation over the specified number of years. ‘RUNNAME’.STA gives mainly the final total biomass production and yield at maturity or harvest, and the cumulative components of the water balance and the cumulated crop’s N uptake and N losses at the end of  the crop growth period for the subsequent crops in the rotation over the specified number of years.    

12.2 BATCHR.inp
The file  BATCHR.inp specifies for each simulation run for a certain crop rotation-soil-weather-years combination (as one line in the file) the following: RUNNAME (=name of run (in maximally 5 characters) which is used for the output files, as mentioned in section 12.1), IYEAR (= IIYEAR, year in which the simulation starts), IDSTART (=start day for the simulation of a rotation),  INYEAR (= number of years of the simulation), INROT (= number of crops in the rotation),  STATR (= name of weather station in maximally 5 characters), SENSP (=sensitivity parameter for precipitation), SENSV (= sensitivity parameter for vapour pressure), SENSW (= sensitivity parameter for windspeed), SENSR (= sensitivity parameter for radiation), SENST (= sensitivity parameter for temperature), CO (= atmospheric CO2 concentration, in ppmv), ISOIL (= number of soil file), IROT (= number of rotation file), IOUT (= time interval for output, in d), WTRDIR (= directory where the weather data files are stored), REMARK (= remark of maximally 80 characters which is printed on top of the output files), CONTIN (= a new line with the specification for a new crop rotation-soil-weather-years combination is to be read and a new simulation run for this combination  is to be performed (if CONTIN= ‘Y’ or ‘y’) or not). The file BATCHR.inp is read in the routine INITP6.for (see section 5.3).   
12.3 ROTATIONX.inp

The rotation file specifies for each crop (on a separate line in the file) in the rotation respectively, the year / growth period number (IYROTA), the number of the crop file (ICROPT),   the day number of planting (IDPLT) ), the day number of crop emergence (IDEMT), the maximal duration or number of days from sowing/planting or emergence until the harvest date (IFINITT), the production system (IOPTT with 1= optimal production, 2= water limited production and 3= water and N limited production), irrigation type (IRRIT with 1= automatic irrigation, 2= actual irrigation from table, and 0= no irrigation), and  the number  of the management file (IMANAT). In the LINTUL6 programme the values for IYROT, ICROP, IDPL, IDEM, IFINIT, IOPT, IRRI, and IMANAG  for the simulation of one crop type in the rotation are read from these tables in dependence of the crop number in the rotation (i.e. IYRO; see section  2.3).
12.4 CROPPX.dat
Crop data files for almost 20 different crop types are available. They should be copied to CROPP1.dat, CROPP2.dat, etc., to be read in the routines CROPV.for and WATBALS6.for (see sections 3.2 and 10.2). The meaning of the different crop variables and their units are given in the crop data files. Note that the tables in the file have always the input data in the left column and the output data in the right column. For intermediate values for the input data, LINTUL6 applies a linear interpolation via the routine LINT. Note that outside of the given X-range for a table the Y-values are linearly extrapolated.
The crop data sets are mainly based on the crop data sets from the WOFOST model for the same crop types, as compiled by Boons-Prins et al. (1993) for European crops and by van Heemst (1988) for tropical crops.  The parameters that determine the N uptake, the N translocation, and the N losses by the crop and the effects of N shortage on the growth rate, the expansion of the leaf area, the death rate of the leaves, and the partitioning of the growth over the crop organs, are derived from the LINTUL3 model  for rice (Shibu et al., 2010) and next, are partly adapted (mainly the N concentrations and the development stages at which senescence of crop organs starts and N uptake stops) for the other crop types. The maximal and residual N concentrations in the different crop organs per crop type are based on those used in the WOFOST model (  http://www.wofost.wur.nl/UK/ ), as compiled by Nijhof (1987).
Crop data files for new crop varieties can be produced by copying the original crop data file for the same crop type and next, changing some parameters in the new data file. For example, based on the observed crop calendar for a new crop variety, the temperature sums from emergence to anthesis (TSUM1) and from anthesis to maturity (TSUM2) may be calibrated and next, changed in the new crop data file.
12.5 SOILPX.dat
Soil data files for different soil types are available and mainly differ with respect to their texture class (from sand to heavy clay). They should be copied to SOILP1.dat, SOILP2.dat, etc., to be read in the routine WATBALS6.for (see section 10.2). The meaning of the different soil variables and their units are given in the soil data files. 

The soil data sets are mainly derived from the soil data files for the WOFOST model (see Boogaard et al., 1998 and see the WOFOST website on  http://www.wofost.wur.nl/UK/  ).  
Soil data files for new soil types can be produced by copying the original soil data file for the same soil texture class and next, changing some parameters in the new data file. For the simulations of the water limited production the maximal water holding capacity of the soil is most important, which capacity is equal to the maximal rooting depth (being either crop or soil limited) times the difference between the soil moisture contents at respectively field capacity and wilting point. For a new soil  type these three parameters are the main ones to be calibrated and next, changed in the new soil data file. 
12.6 MANAGEX.dat

This input file gives the tables with the fertiliser N applications over time, the  recovery fraction of applied N, the soil N mineralization over time (i.e. the total per growth period and the distribution over time), and the irrigation water applications over time. For each simulated crop in a rotation the selected management file can be different (see section 12.3 for rotation file) and hence, the applications can be varied in dependence of the actual applications per crop type.
The input data in the file MANAGX.dat are read by both the CROPV and the WATBALS6 routines (see sections 3.2 and 10.2). The meaning of the different management variables and their units are given in this input file. Note that the tables in the file have always the input data (i.e. day numbers) in the left column and the output data in the right column. For intermediate values for the input data (i.e. X-values), LINTUL6 applies a linear interpolation via the routine LINT and for X-values outside of the given range the Y-values are linearly extrapolated..

12.7 Weather data file ‘STATR-year’.dat

The station name STATR is specified in the file BATCHR.inp. If STATR is for example ‘WAGE’ and IYEARR equal to (19)86, the file to be opened becomes WAGE86.dat. The new weather data file can be read from the directory WTRDIR, as specified in the BATCHR.inp file. The weather data are read by the routine WEATHR, as described in the sections 11.3 and 11.4.

When reading in the weather data file the comment lines which start with  * , are skipped. Next, the longitude (LONGIE, in degrees), latitude (LATIN, in degrees), altitude (ALTI, in m) and the empirical constants A and B in the Ångström  formula are read from the file. Finally, the daily weather data are read for the requested days and are respectively, station number (ISTN), year number (IYEARN), day number (IDAYN), solar radiation (DTRN, in kJ m-2 d-1), minimum temperature (TMINN, in 0C), maximum temperature (TMAXN, in 0C), vapour pressure (VAPN, in kPa), windspeed (WINDN, in m s-1) and precipitation (RAINN, in mm d-1). 

If the day number for which weather data are available, is higher than the requested day number (meaning that weather data are missing for that day), a linear interpolation between the nearest available values is done for the different weather variables. For the precipitation  this interpolation is, of course, not applied, but RAIN is then set to zero (see also section 11.5). 

12.8 Daily output file ‘RUNNAME’PTS.out

The name of the simulation run RUNNAME is specified in the file BATCHR.inp and if RUNNAME is for example ‘WAGI1’, the daily output file (with time interval of IOUT days as specified in BATCHR.inp) becomes WAGI1PTS.out. This output file is produced by the routine DAILOUT6.  For more information about the writing of data to this output file, see sections 4.3 and 4.4.
First, the information about the simulation run and the headings of the different soil and crop variables are written to the output file. The information about the simulation run consists of the name of output file, name of simulation run (RUNNAME), name of weather station (STATR), numbers that indicates soil, management  and crop rotation type (Rotat), growth period/year number (YrRot) in the rotation, number of years of the simulation (NYEAR), number of crops in one rotation (NRot), number of crop file,  irrigation type, and potential, water or N limited production system (IOPT), the fraction of rainfall lost by surface runoff,  the atmospheric CO2 concentration, the start year (StYear) and start day (StDay) of the simulation.  The headings of the simulated crop and soil variables start with DAY, YEAR, WLVG, and WLVD and end with NLIV and NLOSS. The meaning of these variables can be found in the following and also in section 15, where the definitions of all variables are given. At the start of each crop growth period in the rotation  which can be at planting/sowing or crop emergence as defined in the rotation file ROTATX.inp, the planting and crop emergence dates are given and next, the  headings of the simulated crop and soil variables are given again. 
The components of the crop production (from leaf mass WLVG to total above-ground biomass TAGB) are given in kg dry mass ha-1, temperature sum TSUML is given in 0C.d, development stage DVS goes from 0 (at crop emergence) to 1 (anthesis) to 2 (maturity), LAI is in m2 leaf area m-2 surface area, TRANRF is the reduction factor for transpiration and crop growth due to drought/wetness (-), SMACT is the actual soil moisture content (cm3 cm-3), the components of the water balance (from cumulative precipitation TRAIN to cumulative surface runoff TRUNOF) are given in mm, the amounts of total and available soil water in the rooted (WTOT, WAVT), the lower (WTOTL, WAVTL) and the lowest zones (WTOTLX) are also given in mm,  the amounts of intercepted and total incoming PAR (PARAB or PARINT and PAR) are given in MJ PAR m-2 d-1, NNI (Nitrogen nutrition index) is 1 (-) at optimal nitrogen supply and becomes lower with increasing N shortage, NMINT (total directly available N from soil and fertilisers) and NMIN (organic N potentially available by mineralization from the soil) are both given in kg N ha-1, and NUPT (direct N uptake), NFIX (N uptake from biological fixation), NLIV (N in living crop mass) and NLOSS (N losses by crop senescence) are all given in  kg N ha-1. The output for these soil and crop variables (from DAY to NLOSS) is written to  ‘RUNNAME’PTS.out. This is done for the specified output interval IOUT and also at the day of emergence and at the date of crop harvest or maturity. After crop senescence or after harvest the crop variables are set to zero and also the crop’s N variables are reset. The components of the water balance are not reset but are simulated during the subsequent crop and fallow periods and give, for example, at the end of the simulation the total transpiration for the total number of years of the simulation (NYEAR). The amounts of total and available soil water in the rooted (WTOT, WAVT), the lower (WTOTL, WAVTL) and the lowest zones (WTOTLX) are also simulated continuously over the total number of years of the simulation. Note that at the start of a new growth period, the rooting depth (RD) is reset to 10 cm and hence, WAVT and WTOT are strongly reduced, and that WTOTL and WAVTL change due to this change in RD and also due to the change in the maximal rooting depth (RDM) for the new crop type. WTOTLX is the complement of this change in WTOTL. See for more information, the last paragraph of section 10.2.
12.9 Yearly output plus mean output file ‘RUNNAME’.sta

The name of the simulation run RUNNAME is specified in the file BATCHR.inp. If RUNNAME is for example ‘WAGI1’, this output file  becomes WAGI1.sta. This output file is produced by the routine STOUT6.  For more information about the writing of the output per growth period to this output file see section 7.3 and about the calculation of the mean results, see section 7.4.

First, the information about the simulation run and the headings of the different soil and crop variables are written to the output file. The information about the simulation run consists of the name of simulation run (RUNNAME), name of weather station (STATR), numbers that indicate the soil  and crop rotation files, the start year and start day of the simulation run (StYear, StDay),  the number of years (NYEAR) of the total simulation run, the fraction of rainfall lost by surface runoff,  the atmospheric CO2 concentration (in ppmv), and REMARK that may specify the characteristics of the simulation. The headings of the simulated crop and soil variables start with YEAR, CROP and IOPT, and end with TRANRF and NNI. The meaning of these variables can be found in the following and also in section 15, where the definitions of all variables are given.
This output file gives the results at the end of each growth period, covering:  the year at harvest/maturity (YEAR), the numbers for the crop file (CROP), production system (IOPT), irrigation type (IRRI) and management file (MANA),  phenological dates (PL=planting, EMERG= emergence, FLOW= flowering, and HALT= maturity or harvest, all in Julian days), the yield (WSO) and the final total above-ground biomass (TAGB) in both kg dry mass ha-1, the harvest index (HI, -), the absorbed amount of PAR by the canopy during the growth period (PARAB or PARINT,  in MJ PAR ha-1), radiation use efficiency (RUE, in g DM MJ-1 PAR), the amount of available water (for crop growth) in both the rooted (WAV), the lower (WAVL) and the lowest zones (WAVLX, all in mm), the components of the water balance (from precipitation RAIN to applied irrigation water IRR, all cumulative values from the start of the simulated rotation until the harvest date per crop,  in mm),  the water use efficiency (WUE, in g total above-ground dry biomass kg-1 water used by soil evaporation and crop transpiration during the period from the harvest date of the old crop to that of the new crop),  the crop’s N uptake direct (NUPT) and by biological fixation (NFIX for only leguminous crops) in kg N ha-1,  the amount of N in living crop organs (NLIV) and in dead crop organs (NLOSS, both in kg N ha-1), the nitrogen use efficiency (NUE, in kg total above-ground dry biomass kg-1 N in live and dead above-ground biomass), the mean reduction function of transpiration and crop growth due to drought or oxygen shortage over the growth period (TRANRF, -), and the mean nitrogen nutrition index over the growth period (NNI, -). Next, the last line with yearly output gives  the components of the water balance until the end of the simulation run, which end date is identical to the start day (StDay) plus the simulated number of years (NYEAR). Finally, the means of the outputs are calculated in two ways, first for the number of crop growth periods and second,  for the number of years (NYEAR)  in the routine STOUT6 (see section 7.4) and are next written to the output file.
13 Additional functions

13.1 Introduction

A library with functions (LIBPOTAT.lib) is linked when compiling the LINTUL6 programme. This library contains many help functions, which are described in the report about the utility library TTUTIL by Van Kraalingen & Rappoldt (2000). See   for this report:  http://library.wur.nl/way/catalogue/documents/ttutil.pdf  

In section 13.2 only the functions from this library that are used by the LINTUL6 model, are shortly explained. In section 13.3 the used FORTRAN functions are explained.  See for FORTRAN functions: 
http://folk.uio.no/steikr/doc/f77/tutorial/sub.html
13.2 List of library functions
CLS –  function to clear screen of monitor. 
INSW – input switch depending on the value of X1; INSW (X1, X2, X3) with X1 variable on which the switch depends, X2 output value from function if X1 < 0, and X3 output value from function if X1 >= 0.
INTGRL – calculates STATE (new) from STATE (old) + RATE * DELT; INTGRL (STATE, RATE, DELT) with STATE old state, RATE rate of change per unit time, and DELT (time step; in LINTUL6 always 1).
LEN_TRIM – gives the number of characters in a character string;  LEN_TRIM (STRING) with STRING a character string such as STATR (i.e. station name of weather data file, like WAGE).
LIMIT – returns a value which is limited in-between the interval (min, max); LIMIT (MIN, MAX, X) with MIN lower boundary, MAX upper boundary, and X the variable that is to be limited.
LINT – does linear interpolation in table; LINT (TABLE, ILTAB, X) with TABLE one-dimensional array of dimension ILTAB with paired data x1, y1, x2, y2, etc., ILTAB number of elements in the array TABLE, and X the value at which the interpolation should take place. 
MOFILP – is used to skip in a data file the comment lines which start with  *;     MOFILP (IUNIT) with IUNIT free unit number used to open file for I/O.
RDAREA – reads an array of REAL values from a data file; RDAREA (XNAME, X, ILDEC, IFND) with XNAME name of array for which data are in the data file, X the array itself of dimension ILDEC, ILDEC the declared length of X, and IFND the number of values found in the data file. 

RDINIT – does the initialization of a data file for subsequent reading with other routines; RDINIT (IUNIT, IULOG, DATFIL) with IUNIT free unit number used to open file for I/O, IULOG set to 0 (no log file), and DATFIL name of data file to be read.
RDSINT – reads a single INTEGER value from a data file; RDSINT (XNAME, X) with XNAME the name of variable, and X the value of variable.
RDSREA – reads a single REAL value from a data file; RDSREA (XNAME, X) with XNAME the name of variable, and X the value of variable.

13.3 List of used FORTRAN functions

The result of each FORTRAN function is described in the following and is based on the value(s) of the element(s) between the brackets (e.g. MAX(x,y,z) ).
ABS – absolute value
AMAX1 - largest value of two or more elements

AMIN1 – smallest value of two or more elements

ASIN - arcsine

COS – cosine

EXP – exponent (e) 

MIN - smallest value  of two or more elements

MAX -  largest value  of  two or more elements

REAL – changes integer variable into real variable

SIN – sine
SQRT – square root
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15 Definition of the variables as used in LINTUL6 

Name     Description                                                                                       Unit  
AGRT  total above-ground growth rate



kg DM ha-1 d-1
ALTI    altitude of the weather station,              



   m     
ANGOT  daily extra-terrestrial radiation



         J m-2 d-1   
ANLV  amount of N in living leaves 




        kg N ha-1
ANRT  amount of N in living roots 




        kg N ha-1
ANSO  amount of N in storage organs 



        kg N ha-1
ANST  amount of N in living stems




        kg N ha-1
ATMTR  atmospheric transmission





-

ATN  total amount of translocatable N to storage organs

         kg N ha-1

ATNLV  amount of translocatable N from leaves to storage organs
         kg N ha-1
ATNRT  amount of translocatable N from roots to storage organs           kg N ha-1
ATNST  amount of translocatable N from stems to storage organs           kg N ha-1
AVRAD  daily total incoming radiation          

                     J m-2 d-1   
CAP  water capacity in rooted zone upto field capacity


  cm
CAP0  water capacity in rooted zone upto soil saturation


  cm
CAPL  water capacity in lower zone upto field capacity


  cm
CAPL0  water capacity in lower zone upto soil saturation


  cm
CAPLX  water capacity in lowest zone upto field capacity


  cm
CFET    crop-specific correction for transpiration 



     -           

CGNR  crop group number, from 1 (drought-sensitive) to 5 (drought resistent)  -

CO       atmospheric CO2 concentration          



  ppmv        
CONTIN  run for new site/weather station (1 character --> Y or y ) or not
     -                     

COSLD    intermediate variable for daylength calculation


     -     
COTB  table with correction factor of RUE as a function of atmospheric CO2 concentration  








     -
CRP  indicates a crop growth period from sowing/planting or emergence (logical)
 -    
DAY  Julian day number






     d  
DAYEM day of emergence






     d

DAYL     astronomical daylength                       


  
     h      

DAYLP   photoperiodically active daylength    



     h   
DAYPL   planting day







     d     
DELT   time step of integration





     d   
DEPNR   crop group number for soil water depletion 


     -         
DIRR  effective application of irrigation water



   cm d-1
DLAI    decrease in LAI by senescence




    d-1
DLV  decrease in leaf mass by senescence



kg DM ha-1 d-1
DLVNS  leaf death rate due to N shortage 



kg DM ha-1 d-1 

DLVS     leaf death rate due to ageing, shading and drought

kg DM ha-1 d-1

DRRT  decrease in root mass by senescence



kg DM ha-1 d-1
DRST  decrease in stem mass by senescence



kg DM ha-1 d-1
DSLR  counter of the days since last rain




     -


DTEFF  effective temperature (= TMPA – TBASE)



    0C

DTSMTB  increase in temperature sum as dependent on mean daily temperature  0C    
DTR     daily total radiation (output of routine WEATHR)                       J m-2 d-1    
DTRN  daily total radiation as read from weather data file            
        kJ m-2 d-1    
DTSU  increase in temperature sum from emergence



  0C    

DTSULP  increase in temperature sum from planting or sowing
    
   0C    
DTSUM actual increase in  temperature sum  from emergence without reductions (RDAYL, VERNF1)  







   0C    
DTSUML actual increase in  temperature sum  from emergence with reductions for day length and vernalisation (RDAYL, VERNF1)  



   0C   
DVR  rate of phenological development




    d-1 

DVS      development stage of crop (from 0 to 2)            


     -   
DVSNLT DVS stage above which no N uptake by the crop does occur
     -

DVSNT  DVS stage above which N translocation to storage organs does occur  -  
DVRED  reduction of development rate as based on day length

     -      

DVSEND   development stage at maturity (=2) or harvest


     -           

DWAT  change in available water in rooted zone



cm d-1 
DWATL  change in available water in lower zone



cm d-1 
DWAVT  change in the amount of available water in the rooted zone between start and end of the crop growth period





  cm

DWAVT2 change in available water in both rooted and lower zone between start and end of the crop growth period (in routine STOUT6 for yearly output)
mm d-1
DWAVTL  change in the amount of available water in the lower zone between start and end of the crop growth period





  cm

DWOT  change in total water in rooted zone




cm d-1 
DWOTL  change in total water in lower zone




cm d-1 

DWOTLX  change in total water in lowest zone



cm d-1 

EA  evaporative demand of atmosphere from water and soil surface

mm d-1
EAC  evaporative demand of atmosphere from crop canopy


mm d-1
EMERG   indicates that crop emergence has occurred (logical)

     -         
E0      potential evaporation from open water         



cm d-1   
ES0     potential evaporation from soil surface   



 cm d-1       

ETC     potential transpiration of crop (with CO2 correction for C3 crop)    cm d-1      
EVA  actual soil evaporation






cm d-1      
EVMAX  maximal soil evaporation





cm d-1      
EVMAXT  maximal soil evaporation that decreases in dependence of the days since last rain








cm d-1      
FERTAB  table with fertiliser N applications at given days  

        kg ha-1 d-1
FERTN  fertiliser N application  




        kg ha-1 d-1
FERTNS  effective fertiliser N application       


        kg ha-1 d-1
FINT     fractional light interception            



   
     -   
FLOW  indicates that flowering has occurred
 (logical)


     -   
FLV  fraction of above-gr. biomass to leaves under stressed conditions 
     -

FLVMOD  correction factor of FLV in dependence of nitrogen stress
     -

FLVT  fraction of above-gr. biomass to leaves under non-stressed conditions   -

FPENMTB  table with correction factors for Penman evapo-transpiration rate  as function of atmospheric CO2 concentration for C3 crops


      -

FRACT  variable used for linear interpolation of weather data in case the day number for which weather data are available is higher than the requested day number     -

FRNX  optimal N concentration as fraction of maximal N concentration   
     -

FRT  fraction of total biomass to roots under stressed conditions         
     -

FRTMOD  correction factor of FRT in dependence of water stress

     -

FRTWET  fraction of total biomass to roots under non-stressed conditions      -

FSO  fraction of above-gr. biomass to storage organs under stressed conditions  - 

FSOT  fraction of above-gr. biomass to storage organs under non-stressed conditions  








     -

FST  fraction of above-gr. biomass to stems under stressed conditions 
    -  
FSTT    fraction of above-gr. biomass to stems under non-stressed conditions  -  
GLAI  daily increase in LAI






  d-1
GLV  daily increase in leaf mass of the crop  



   kg DM ha-1 d-1
GRT  daily increase in total biomass of the crop 


   kg DM ha-1 d-1
IAIRDU  air ducts in roots present (=1) or not (=0) 



     -      

ICROP   number of crop variety/file                                                                 -           
ICROPT   number of crop varieties/files  per crop no. (IYRO) in rotation
     -           

IDAY   Julian day number                                                                                  d

IDAYN  in a loop the weather data file is read until IDAYN >= IDAYR  
      -
IDAYR  day for which weather data are requested  (1 <= IDAYR <= 365)       d                            
IDEM   day number of emergence                                                                      d

IDEM1   day number of emergence                                                                    d

IDEMT   day numbers of emergenc per crop no. (IYRO) in rotation   
     d

IDEMERG day number of emergence                                                               d

IDEND  end day of the simulation of the rotation, being equal to IDSTART   d

IDFLOW   day number of flowering                              


     d

IDHALT   end date of crop growth                              


     d
IDPL   day number of planting/sowing                          


     d
IDPL1  day number of planting/sowing                          


     d

IDPLT  day numbers of planting/sowing per crop no. (IYRO) in rotation        d

IDSL  development from emergence to flowering depends on temperature (=0),  temperature + day length (=1) or temperature + day length +  vernalisation (=2)  -

IDSTART  start day of the simulation of the rotation



     d

IDSTCR  start day of the simulated growth period being equal to IDPL or IDEM  d

IFINIT  maximum number of days for growth period (from sowing/planting or emergence until harvest) 




        
 
     d      

IFINITT  max. number of growth period days per crop no. (IYRO) in rotation  d      

IGAP    maximally allowed (for interpolation) difference in days between subsequent data  in weather data files (otherwise, IWAR set to 1)  

     
     d         
IHYEAR year in which simulation stops




     -

IIYEAR   year in which simulation starts             


 
     -      
IIYR  year in which simulation starts             




     -
IMANAG number of management file




     -

IMANAT  numbers of management files per crop no. (IYRO) in rotation  
     -

INIT  initialization of routine STOUT6 is done if INIT is true and otherwise, initialization is skipped (logical)  





     -
INITC  indicates start and initialization of the growing season (logical)
     -

INITI   indicates start and initialization of model run for a rotation over a number of years  (logical)




 




 -
INROT  number of crops in the rotation as specified in BATCHR.inp  -              INYEAR  number of years for the simulation run of the rotation      
        -      

IOPT   indicates optimal (= 1), water limited (= 2) or water and N limited production system (= 3)                                                   
                               -          
IOPTT   indicates optimal (= 1), water limited (= 2) or water and N limited   production systems (= 3)  per crop no. (IYRO) in rotation  


        -

IOUT   time interval for output                    

 

    
        d     
IROT  number of crop rotation file





        -     

IRRI  automatic irrigation(=1), actual irrigation from table(=2) or non irrigated(=0) - 
IRRIT  automatic irrigation(=1), actual irrigation from table(=2) or non irrigated(=0) per crop no. (IYRO) in rotation  






- 
IRRTAB  table with effective applications of irrigation water as function of day number








   cm d-1
IRUN  counter in routine TIMER; if IRUN becomes equal to IFINIT, the maximal growth duration is attained and the growth simulation stops (TERMIN is true)  -

ISOIL   number of soil type/file                        



      -         ISTN    number of weather station  





      -        
ISYEAR  running value for year (e.g. 1986)   




      -

IUNIT  unit number that can be used to open weather data file 

      -                              IWAR    warning variable for weather data (set to 1 if IGAP is exceeded)           -      

IWRUN  counter of number of simulated crop growth periods in routine STOUT
 -

IYEAR    running value for year   (not 1986 as year but 86)      
                   -      
IYEARC  year for which weather data are read (idem IYEARR) in routine WEATHR 
       







        -
IYEARN year number read from weather data file



        -

IYEARR  year for which weather data are requested    (do not use 1986 as year but 86)









        -

IYRO  counter in LINTUL6 programme of the number of crops in the rotation   -

IYROT  number to indicate order in crop rotation



         -
IYROTA number to indicate order in crop rotation per crop no.(IYRO) in rotation - 
KSUB  maximal percolation rate from lower zone to deeper soil layers  
  cm d-1
LAI      leaf area index  (leaf area per soil surface)                       

  m2 m-2      

LAII  initial leaf area index (at crop emergence)



  m2 m-2      
LAT      latitude of the weather station (North is positive)           

 degrees                                   

LATIN   latitude of the weather station (North is positive)           

 degrees    
LONGIE   longitude of the weather station (East is positive)        

 degrees    
MEMER  means of emergence dates over the number of crops (IWRUN)    d

MPL  means of planting dates over the number of crops (IWRUN)

 d

MYEMER  means of emergence dates over the number of years (INYEAR)
  d

MYPL  means of planting dates over the number of crops


  d

NDEML  N demand of leaves  




           kg N ha-1
NDEMR  N demand of roots  




           kg N ha-1
NDEMS  N demand of stems  




           kg N ha-1
NDEMSO N demand of storage organs  



           kg N ha-1
NDEMTO  total N demand of leaves, stems and roots 

           kg N ha-1
NFIXF  fraction of crop N uptake by biological fixation


   -

NFIXTR  N uptake rate by crop from biological fixation 

      kg N ha-1 d-1
NFIXTT   total N uptake by crop from biological fixation 

         kg N ha-1 
NFGMR  N concentration in total vegetative living above-gr. biomass  kg N kg-1 DM

NFLV  N concentration in living leaves 



    kg N kg-1 DM

NFRT  N concentration in living roots 



    kg N kg-1 DM 
NFSO  N concentration in storage organs 



    kg N kg-1 DM
NFST   N concentration in living stems 



    kg N kg-1 DM
NLIMIT  factor that stops the N uptake when DVS is higher than DVSNLT or when transpiration is nil






  - 
NLIVT    amount of N in living crop organs        


         kg N ha-1   

NLOSST  amount of N in dead crop organs           


         kg N ha-1  
NMAXLV  maximal N concentration in leaves  


  kg N kg-1 DM

NMAXRT  maximal N concentration in roots  


  kg N kg-1 DM 
NMAXST maximal N concentration in stems  


  kg N kg-1 DM
NMAXSO  maximal N concentration in storage organs

  kg N kg-1 DM

NMIN   amount of organic N potentially available by mineralization from the soil 









         kg N ha-1   
NMINI  initial amount (at crop emergence) of potentially available soil organic N   









         kg N ha-1
NMINT   total mineral N directly available from soil and fertiliser  
        kg N ha-1   
NMXLV  table with maximal N concentration in leaves as function of DVS  









    kg N kg-1 DM
NNI      nitrogen nutrition index                  




    -     
NOPTLV  optimal N concentration in leaves 
  

   kg N kg-1 DM

NOPTL  optimal amount of N in leaves



   kg N ha-1
NOPTMR  optimal N concentration in total vegetative living above-ground biomass








   kg N kg-1 DM

NOPTS  optimal amount of N in stems



   kg N ha-1
NOPTST   optimal N concentration in stems 


   kg N kg-1 DM
NPART coefficient for N stress-effect on leaf biomass reduction

    -

NREF  reduction factor on growth rate (GRT) due to N shortage

    -

NRF  recovery fraction of fertiliser N application



    -

NRFTAB  table with recovery fractions of fertiliser N applications

    -

NRMR  residual N concentration in total living above-gr. biomass
  kg N kg-1 DM
NSUPSO  possible N supply to storage organs by translocation
     kg N ha-1 d-1   
NUE  N use efficiency for the total growth period in above-ground biomass per N taken up in live and dead above-ground biomass


   kg DM kg-1 N
NUPGMR  total N in vegetative living above-gr. biomass

     kg N ha-1 

NUPTR daily N uptake rate by the crop



     kg N ha-1 d-1   

NUPTT    total N uptake by crop from soil          
 

     kg N ha-1   
PAR  daily amount of photosynthetically active radiation

     MJ m-2 d-1
PARINT (or PARAB)  daily amount of PAR as intercepted by the crop canopy









     MJ m-2 d-1

PERC infiltration of water from rainfall and irrigation into the topsoil       cm d-1
PERC1  actual percolation (lowest of PERC1P or KSUB + CAP0)
         cm d-1
PERC1P  effective percolation (= PERC – EVA – TRA) 

         cm d-1
PERC2  percolation from rooted zone to lower zone 

            cm d-1
PERC3  percolation from lower zone to lowest zone
 

            cm d-1
PERC4  percolation from lowest zone to deeper soil layers
 
            cm d-1

PL       indicates planting as start of simulation (logical)

                -
RAIN    precipitation (output of routine WEATHR)                            
cm d-1     

RAINN   precipitation as read from weather data file                            
mm d-1     

RB  net outgoing long-wave radiation (from Brunt, 1932)

          J m-2 d-1
RD      actual rooting depth                     




   cm     
RDAYL  reduction of development rate as based on day length   

    -  

RDM   soil/crop related maximal rooting depth   



   cm          

RDMCR   crop-specific maximum rooting depth       

 
   cm          

RDMSO  soil-related maximum rooting depth    



   cm
RDR  relative death rate of leaves due to water stress, shadowing or high temperatures








    d-1
RDRDRY relative death rate of leaves due to water stress


    d-1
RDRDV  relative death rate of leaves as dependent on mean daily temperature d-1
RDRLTB   table with relative death rate of leaves vs. TMPA


    d-1
RDRNS  relative death rate of leaves due to N shortage


    d-1
RDRRT  relative death rate of roots   





    d-1
RDRRTB  table with relative death rate of roots vs. DVS


    d-1
RDRSH  relative death rate of leaves due to shadowing


    d-1
RDRST  relative death rate of stems 





    d-1
RDRSTB  table with relative death rate of stems vs. DVS


    d-1 
RDRTMP  relative death rate of leaves as dependent on mean daily temperature d-1
RDRY  reduction factor of the transpiration rate due to drought

    -

REFCFC  reflection by crop canopy





    -

REFCFS  reflection by soil surface





    -
REFCFW  reflection by water surface





    -
RELSSD  relative sunshine duration





    -

REMARK   remark, printed on top of output file  (max. 80 characters)              -

RGRLAI  maximal relative increase in LAI




   d-1
RLAI  change in leaf area index





   d-1
RNC  net absorbed radiation by canopy


    
      J m-2 d-1
RNFLV  residual N concentration in leaves



kg N kg-1 DM 

RNFRT  residual N concentration in roots



kg N kg-1 DM

RNFST  residual N concentration in stems



kg N kg-1 DM

RNLDLV  N losses due to death of leaves



kg N ha-1 d-1
RNLDRT  N losses due to death of roots



kg N ha-1 d-1
RNLDST N losses due to death of stems



kg N ha-1 d-1
RNMINS  depletion (thus negative value)/mineralization of the available amount of soil organic N







kg N ha-1 d-1
RNMINT  change in total directly available mineral N in soil 
kg N ha-1 d-1
RNLV  rate of change of N amount in the leaves


kg N ha-1 d-1
RNRT  rate of change of N amount in the roots


kg N ha-1 d-1
RNS  net absorbed radiation by soil surface


       
   J m-2 d-1
RNSO  actual N translocation to storage organs


kg N ha-1 d-1
RNST  rate of change of N amount in the stems


kg N ha-1 d-1
RNTLV  rate of N translocation from leaves to storage organs
kg N ha-1 d-1
RNTRT rate of N translocation from roots to storage organs
kg N ha-1 d-1
RNTST rate of N translocation from stems to storage organs
kg N ha-1 d-1
RNULV  N uptake partitioned to leaves 



kg N ha-1 d-1
RNURT N uptake partitioned to roots 



kg N ha-1 d-1
RNUST  N uptake partitioned to stems 



kg N ha-1 d-1
RNW  net absorbed radiation by water surface


       J m-2 d-1
RR       root growth rate                          

     

        cm d-1  
RTMCO  overall correction factor of RUE in dependence of both CO2 concentration and non-optimal daytime and minimal temperatures

 -    
RTMINS  fraction of available soil organic N coming available 

d-1
RUE  radiation use efficiency




           g DM MJ-1 PAR

RUEC  radiation use efficiency calculated at end of growth period  g DM MJ-1 PAR

RUETB  radiation use efficiency as function of DVS


g DM MJ-1 PAR

RUNFR    fraction of precipitation lost by surface runoff   


 -          

RUNNAME  first 5 characters for name of output files            

 -

RUNOF  water loss by surface runoff




       cm d-1 
RUNOFP  runoff fraction times precipitation


       cm d-1 
RWET  reduction factor of the transpiration rate due to oxygen shortage/wetness  -

RWLVG  change in living leaf biomass  



kg DM ha-1 d-1 
RWRT  change in living root biomass  



kg DM ha-1 d-1 
RWSO  change in storage organ biomass  



kg DM ha-1 d-1 
RWST  change in living stem biomass  



kg DM ha-1 d-1 
SENSP   sensitivity parameter (multiplication) for precipitation       

    -   

SENSR   sensitivity parameter (multiplication) for radiation


    -      

SENST   sensitivity parameter (addition) for temperature                        
    0C      SENSV   sensitivity parameter (multiplication) for vapour pressure                   -      

SENSW  sensitivity parameter (multiplication) for windspeed                      
    -      

SINLD    intermediate variable for daylength calculation      


    -                
SLA   specific leaf area 



           ha leaf area kg-1 leaf DM 
SLATB  table of specific leaf area as dependent on DVS      ha leaf area kg-1 leaf DM 

SMACT    actual soil moisture content  in rooted zone            

cm3 cm-3     

SMACTL    actual soil moisture content in lower zone              

cm3 cm-3  
SMACTX  actual soil moisture content in lowest zone              

cm3 cm-3  
SMCR  critical soil moisture content below which the transpiration is reduced by water stress








cm3 cm-3     
SWDEP  easily available soil moisture fraction



   -

SMFC  soil moisture content at field capacity




cm3 cm-3     
SMW  soil moisture content at wilting point 




cm3 cm-3     
STATR    name of weather station (5 characters)           

 
    -          

SUMEMER  sum of all emergence dates over IWRUN runs (years)

    -

SUMPL  sum of all planting dates over IWRUN runs (years)


    -

SVAP  saturated vapour pressure





mbar

SWDEP  easily available soil water fraction as calculated with SWEAF funct.  -

TAGB     total above-ground biomass               


       kg DM ha-1  
TAGB1  total above-ground biomass   (output for routine STOUT)        kg DM ha-1  
TBASE  lower threshold temperature for LAI increase


0C

TBGMR  total vegetative living above-ground biomass

       kg DM ha-1
TCNT  time constant for N translocation to storage organs


    d TDRAIN   cumulative drainage to the sub-soil      



   cm          

TDRAIN1  cumulative drainage to the sub-soil at the end of growth period (output for routine STOUT) 







   cm          
TDRAIN2  idem TDRAIN1






   mm

TERMIN indicates end for simulated growth period and terminal section (logical)  -     
TERMY indicates that loop for INYEAR years is completed (logical) 
    -   

TESOIL   cumulative soil evaporation               



   cm          

TESOIL1  cumulative soil evaporation at the end of growth period (output for routine STOUT)     







   cm
TESOIL2  idem TESOIL1     






   mm                        

TIRR     cumulative irrigation                     




   cm  
TIRR1   cumulative irrigation at th end of the growth period (output for routine STOUT)


  





   cm

TIRR2   idem TIRR1







   mm        

TMIN minimal air temperature during day (output of routine WEATHR)       0C           

TMINN   minimal air temperature  as read from weather data file                   0C           

TMAX  maximal air temperature during day (output of routine WEATHR)    0C       
TMAXN  maximal air temperature as read from weather data file              
   0C       
TMPA  mean daily temperature





   0C       
TMNFTB reduction factor of RUE as function of low minimum temperature  -
TMPFTB  reduction factor of RUE as function of mean daytime temperature  -
TPAR     total photosynthetically active radiation 



MJ m-2      

TPARINT  total intercepted radiation (PAR)         



MJ m-2      

TRA  actual transpiration rate






cm d-1
TRAIN    cumulative precipitation                   



   cm     
TRAIN1  cumulative precipitation at the end of the growth period (output for routine STOUT)

  





   cm
TRAIN2  idem TRAIN1






   mm

TRANRF   reduction factor for crop growth due to drought/wetness  
     -
TRMAX  maximal transpiration rate





 cm d-1
TRUNOF   cumulative surface runoff                  



   cm          

TRUNOF1  cumulative surface runoff at the end of the growth period (output for routine STOUT)

  





   cm

TRUNOF2  idem TRUNOF1






   mm

TSULP    temperature sum from sowing/planting     



  0C d         

TSUM     temperature sum from emergence            



  0C d   
TSUM1  temperature sum required for vegetative period (from emergence to flowering)





 


  0C d   
TSUM2  temperature sum required for generative period


  0C d   
TSUMEM  required temperature sum for crop emergence


  0C d   

TSUML    temperature sum from emergence incl. day length and vernalisation effects 









  0C.d  

TTRANS   cumulative crop transpiration              



   cm          
TTRANS1  cumulative crop transpiration at the end of growth period (output for routine STOUT)          






   cm          
TTRANS2  idem TTRANS1






   mm

TWDR  cumulative water added to the rooted zone by root growth

   cm

TWTOT  total amount of water in the three zones



   cm

VAP    vapour pressure at 9:00 am (output of routine WEATHR)   

  mbar     
VAPN  vapour pressure at 9:00 am as read from weather data file

   kPa    
VBASE  base vernalisation requirement




    d

VERN  accumulated vernalisation effect




    d

VERNRT increase in vernalisation





    -

VERNF1  reduction of development rate due to vernalisation 

    -
VERSAT  saturated vernalisation requirement



    d
WAVT     total available water in rooted zone 


   
   cm        

WAVT1   total available water in rooted zone (output for routine STOUT)
   cm      
WAVT2  idem WAVT1






   mm  
WAVTL   total available water in lower zone (below rooted zone until maximal rooting depth per crop)       
   





  cm           
WAVTL1   total available water in lower zone (below rooted zone until maximal rooting depth per crop) (output for routine STOUT)      


  cm
WAVTL2  idem WAVTL1






  mm

WAVTLX  total available water in lowest zone (below  lower zone until maximal rooting depth per soil)       
   





  cm           
WAVTLX1  total available water in lowest zone (below  lower zone until maximal rooting depth per soil) (output for routine STOUT)



  cm
WAVTLX2  idem WAVTLX1 





  mm

WBAL  balance for checking soil water balance in rooted zone

cm d-1 

WBALL  balance for checking soil water balance in lower zone

cm d-1
WDR  change in total water in the rooted zone by root growth

cm d-1
WDRA  change in available water in the rooted zone by root growth

cm d-1
WIND    average wind speed (output of routine WEATHR)                         m s-1      

WINDN  average wind speed as read from weather data file                         
m s-1      

WLVD   weight of dead leaves                    



      kg DM ha-1  

WLVG   weight of living leaves                 



      kg DM ha-1  
WRT      weight of roots                           



      kg DM ha-1  

WSO      weight of storage organs                



      kg DM ha-1  

WSO1    weight of storage organs (output for routine STOUT)              kg DM ha-1  

WST       weight of stems                          



      kg DM ha-1  
WTOT   amount of total water in rooted zone          


  
  cm         

WTOT1   amount of total water in rooted zone        


  
  cm         

WTOTL  amount of total water in lower zone (below rooted zone until maximal rooting depth per crop)               





  cm           
WTOTL1  amount of total water in lower zone (below rooted zone until maximal rooting depth per crop)               





  cm           
WTOTLN new amount of total water in lower zone (below rooted zone)
  cm 
WTOTLX  amount of total water in lowest zone (below rooted zone until maximal rooting depth per soil)               





  cm           

WTOTLX1  amount of total water in lowest zone (below rooted zone until maximal rooting depth per soil)               





  cm         
WTOTN  new amount of total water in rooted zone



  cm
WTRDIR directory where weather data are stored (max. 80 characters) 
   -                 
WUE  water use efficiency for total growth period in total above-ground biomass per amount of water used by soil evaporation and crop transpiration       g DM kg-1 water 

YCH       indicates year change   (logical)                 



    -           
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ABSTRACT





Joost Wolf, 2012. User guide for LINTUL6: Simple generic model for simulation of crop growth under potential, water limited and nitrogen limited conditions within rotations


Wageningen UR 





The User guide  gives background information about the LINTUL6 model. This is a simple crop growth model which can calculate crop growth and yields under  potential (i.e. optimal), water limited (i.e. rainfed) and nitrogen limited growing conditions. LINTUL6 is a generic model which can be used for simulating rotations of many different annual crop types growing under a large range of soil and weather conditions.  
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