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Summary (in Dutch)

Resultaten van test-runs met ORYZA_N referentiemodel voor potentigle en stikstof-
gelimiteerde rijst produktie.

Deze handleiding beschrijft het ORYZA_N model. Het model is gebaseerd op MACROS L1D
{Penning de Vries, 1989) en bevat elementen van het SUCROS-model. L1D is eerst aangepast
voor stikstof-gelimiteerde groei en kreeg de naam L3C. In 1992 werd het L3C-model verbeterd,
gelijktijdig met verbeteringen in het vroegere L1D. De basiselementen van deze modellen zijn
consistent met elkaar, wat tot uiting komt in de nieuwe namen van beide modelien, ORYZA1
{voorheen L1D) en ORYZA_N {voorheen L3C). ORYZA_N omvat, naast deze basiselementen,
subroutines die vraag van stikstof, de opname, en de allocatie naar de verschillende plant
organen beschrijven. De opname van stikstof wordt als (gemeten) forcing functie opgelegd,
of, in het geval van potentiéle produktie, gelijkgesteld aan de vraag.

Leden van SARP-teams van verschillende nationale onderzoeksinstellingen en de SARP-IRRI-
groep onder leiding van M.J. Kropff hebben meegewerkt aan de ontwikkeling en de evaluatie
van het model. Zij hebben datasets verzameld voor verbetering en validatie van het model.

In dit rapport worden de verschillen tussen het oorspronkelijk L1D en ORYZA_N beschreven.
Binnen het ORYZA_N model heeft de gebruiker een aantal switches tot zijnfhaar beschikking,
door middel waarvan de gebruiker het model kan definiéren naar eigen behoefte. Delen van
het model kunnen met behulp van switches al of niet worden geactiveerd. Aan de hand van
voorbeelden wordt het gebruik van de switches uitgelegd.

Voor de validatie is gebruik gemaakt van 6 datasets. Drie opties van het model zijn gedraaid
met alle datasets.

Uit de validatie runs is gebleken dat naast bladscheden en stengels, ook wortels en bladeren
een belangrijke bron bij redistributie van koolthydraten zouden kunnen zijn. De uiteindelijke
fractie stikstof in de korrels kan waarschijnlijk beter gedefinieerd worden met behulp van de
fractie stikstof in de plant bij de bloei en de opname van stikstof na de bloei. Door gebruik te
maken van het verband tussen de vraag naar stikstof van de bladeren en van zowel stengels
als wortels zouden twee input-variabelen kunnen komen te vervallen. Het netto-verlies van
stikstof uit de plant is wel in het veld waargenomen, maar nog niet in het model opgenomen.






1. Introduction

This manual describes the model ORYZA_N. The model has been evolved from the earlier
MACROS5-L1D (Penning de Vries, 1989) and contains elements from the SUCROS model.

[t had first been extended to include nitrogen-limited crop growth and was named L3C. Teams
from several national research centres participating in SARP have worked on evaluation and

development of ORYZA_N. They also have collected data sets for improvement and validation
of the model,

In 1992 the model has been updated, simultaneous with improvements in the earlier L1D
which then became the ORYZA1 model. The basic elements of these two models were
therefore made mutually consistent, which is reflected in their new names.

ORYZA_N is a starting point to further development into a structure which connects sub-
models of varying levels of detail, each submode! describing particular components of the
crop-soil system. [t is therefore intended as a research tool, rather than a standardized appli-
cation model. The main use of such a framework is in evaluation and interpretation of experi-
mental data, and development and testing of submodels.

For this purpose, a requirement is that the user can easily make choices between submodels of
different complexity levels, according to particular interests. Similarly, submodels can be
replaced by measured time series, thus reducing the simulated system to a smaller core section.
This user-model interaction is via switches that can be set according to the user's preference.

The main difference between ORYZA1 and the current ORYZA_N version is that the latter
includes nitrogen uptake and allocation to crop organs, via a number of subroutines.
In addition, some processes are described in more detail.






2. Differences between ORYZA_N and L1D

{as described in Penning de Vries, 1989)

2.1. General changes at potential production level

2.1.1. Initial (Section 1. in ORYZA_N)

*  The initial weights of the roots and leaves are not necessarily equal. Initial weight of the

leaves (WLVI) and the roots (WRTI) are both input; in L1D the initial weight of the roots
was set equal to the initial leaf weight.

2.1.2. Phenological development of the crop

(Section 2. in ORYZA_N)

¢ The parameters DRCVY, DRCR, DRER, DREW and the function tables DRVTT, DRDT, and
DRRTT are not used anymore,

e DS has been changed into DVS.

s DRV has been changed into DVR.

*  For the calculation of the development rate in the vegetative as well as the reproductive
stage the procedure PRODVR was developed. In this procedure the DVR is calculated with
the devlopment rate constants {DVRV and DVRR) and the daily heat units for plant
development (HU). The DVRV and DVRR can be calculated with the programs DR1.csm
and DR2.csm in CSMP. For information on the procedure PRODVR see ORYZA1 description
(Kropff et al.,1993).

s A transplanting shock based on seedling age is included in the calculation of the
development stage. The seedling age is expressed in degree days (Kropff et al., 1993).

2.1.3. Photosynthesis, gross and net (Section 3.1 in ORYZA_N)

See Paragraph 2.2.

2.14. Respiration (Section 3.2 in ORYZA_N)

See Paragraph 2.2.



2.1.5. Carbohydrates available for growth
(Section 3.2 in ORYZA_N)

¢  The variables CAG(CR,SS,RT,LV,ST,50) in this part have been removed.

¢  The carbohydrate export (CELY) calculation is changed. it is calculated from the difference
of the gross photosynthesis (DTGA) and the maintenance respiration of the whole crop
(RMCCO2), both expressed in CO,. Maintenance respiration of the roots and storage
organs are now accounted for, contrary to L1D.

2.1.6. Biomass growth and loss rates (Section 3.5 in ORYZA_N)

o  G5TR: the rate calculation for the shielded reserves has changed. In L1D this rate was
calculated within the formula for WIR {weight increment reserves {starch) since start
simulation). In ORYZA_N the growth rate of the shielded reserves GSTR is calculated in a
separate formula. The surplus of dry matter due to limitation (GSOM} in the growth rate
of the storage organs is added to the shielded reserves. This is established with an INSW
function.

¢  Dry matter distribution factors are defined as function of development stage or time. The
growth rates of the shoots and the roots are obtained by multiplying the overall growth
rate with the fraction allocated to these plant parts (FSH and FRT resp.). The shoot
fraction is partitioned over the leaves, stems and storage organs by multiplying the
growth rate of the shoot with the fractions allocated to these organs (FST, FLV, FSO).
Therefore the variables CAG(CR, LV, RT, SO, $S, ST) are not used anymore. Carbohydrate
partitioning is now directly based on observed dry matter yields of crop organs. See
ORYZA1 description {Kropff et al., 1993).

¢ The growth rate of the crop (GCR) is calculated from the carbohydrates available for
growth of the crop (in L1D the variable: CAGCR) and the carbohydrate required for
the growth of the crop (in ORYZA_N: CRGCR). CRGCR is the weight of carbohydrates
required for growth of average crop biomass (kg kg1 crop biomass). This average is
calculated from the requirements for the various organs by a weighing procedure.

»  Within the procedure PARPRO the values of partitioning can either be read versus DVS
(development stage) or DAT (days after transplanting) depending on the format of the
data. With help of the switch SWIPAR a choice can be made.

¢ The tables LLVT and LRTT have been removed. The relative losses of weight of leaves and
roots are calculated in the subroutine SLOSS. This calculation is based on the fraction of
nitrogen in the leaves (FNLV) and the leaf area index (see also Subroutines).

*  Maximum growth rate of grain, GSOM, is introduced from the TIL modules as described in
Penning de Vries et al., 1989.



2.1.7. Weight of the crop component (Section 3.6 in ORYZA_N)

The formula's calculating the weights of the plant organs are the same except for some minor
differences:

WSTS: the correction for the remobilizable fraction of the stem weight is done in the
formula for growth rate of the stems (GSTS), instead of in the equation of WSTS, as in
L1D.

WSTR is the new name for WIR (L1D); weight of the shielded stem reserves. WSTR is the
INTGRL of the difference between the growth rate (dry matter} of the shielded reserves
{GSR) and the loss rate of stem reserves {LSTR)

WSO: instead of WSOI as first argument of the INTGRL, a value of zero is used;
the weight of the storage organs is zero at the start of the growing period.

WRR: rough rice yield; 10% of panicie weight is support structure; and 14% moisture in
grain.

Hi: is the quotient of the weight of rough rice (WRR) and the weight of the total shoot
{WSHT). In L1D the weight of the storage organs (W50) was used instead of WRR.

Suffix G for green and D for dead leaves; L for live and D for dead roots (WLVG, WLVD,
WRTL, WRTD).

2.1.8.  Leaf area (Section 4. in ORYZA_N)

The variables GLA, GSA, LLA, SLN have been removed. Leaf area is not calculated as an
INTGRL anymore but is directly derived from WLV.

Previous name ALV has been replaced by LAl

Leaf area can be calculated in four different ways, selected with the help of switch
SWILAL NOTE: SWILAI in ORYZA_N differs from SWILAI in ORYZAT1.

Leaf area index LAl is now calculated directly from current WLVG and specific ieaf area
(SLA).

Option 1 and 4 are identical with respect to the calculation of the specific leaf area.
The specific leaf area constant is multiplied with a factor (SLAFAC) to adapt the specific
leaf area to the development stage of the plant.

The calculation of LAl Options 1 and 4 depends on the temperature sum of the leaves
{TSLV; calculated in the weather section). Below a temperature sum of 89.7 the LAl is
equal to the initial leaf area index (LAl). If the temperature sum of the leaves is more
than 89.7 the leaf area index is calculated from the weight of the leaves and the specific
leaf weight. In Option 1 the simulated weight of the leaves is used, whereas in Option 4
the measured weight of the leaves is used.



« Options 2 and 3 formulate LAl on the basis of experimental leaf area growth with the
help of relative growth constant (Option 3) or tabulated values observed of In(LAI)
{Option 2).

+  SWISAI is the switch with which you can choose to either include or exclude the stem area
in the LAL

2.1.9, Carbon balance check (Section 6. in ORYZA_N)

See description ORYZA1 (Kropff et al., 1993)

2.1.10.  Weather data (Section 8. in ORYZA_N)

Some names of variables within the weather data section have been changed:

LD ORYZA_N
RDTMT RDTT
TPLT TMINT
TPHT - TMAXT
TPAV TAV
TPAD TAVD

2.2. Additions particular to N-limited production

2.2.1. Initial (Section 1. in ORYZA_N)

« ORYZA_N needs values of initial amounts of nitrogen in the organs. These are calculated
from the initial fraction of nitrogen in the plant organ and the initial weight of that plant
organ.

2.2.2. Photosynthesis, gross and net (Section 3.1 in ORYZA_N)

e The subroutine FUPHOT has been replaced by the subroutine TOTASN. TOTASN calls the
subroutines ASTRO and ASSIM. For a more detailed description of these subroutines see
the description of ORYZA1 (Kropff et al., 1993). The subroutine TOTASN includes the
effect N in the leaves and of N distribution in the crop (KDIFN) on the photosynthesis.

. AMAXT and DTGA are outputs of the subroutine TOTASN. AMAXT is the value of maxi-
mum leaf photosynthesis at the top of the canopy and replaces the PLMX used in L1D.
DTGA is the gross canopy photosynthesis and replaces the PCGW.

e AMAXis calculated within the subroutine as a function of depth in the canopy and
N-profile. It is no longer an input as in L1D.



The variable ANLVPH is the amount of nitrogen in the leaves (kg ha"! ground surface)
used for the calculation of photosynthesis in the subroutine TOTASN (see also Sub-
routines). Via the switch SWINLV either simulated or measured nitrogen content of the
leaves is used.

PARAM PCEW has been removed.

The variable REDFT is a factor accounting for the effect of temperature on AMAX; it is
read from the table REDFTT which expresses AMAX as a function of temperature.

KDF is the extinction coefficient for diffuse light. in FUPHOT this coefficient has the value
of 0.7155. In ORYZA_N KDF is related to [eaf area index; it varies between 0.4 for LA}
below 1.5 to 0.6 for LAl larger than 1.5,

The relation between leaf nitrogen content and AMAX is expressed in two parameters,
NB and ALPHAN. NB is the value of N content (g m;,,¢2)} where AMAX equals zero, and
ALPHAN is the slope of AMAX vs N content (kg CO, hal hr? (gN m.¢2)).

2.2.3. Respiration (Section 3.2 in ORYZA_N)

In general, the more active tissue and the higher the nitrogen concentration, the higher
the rate of maintenance respiration (Penning de Vries et al., 1989). in ORYZA_N the rates
of maintenance respiration of the roots, leaves and stems are partly determined by their
activity. The activity coefficients are based on the protein content of the organs.

The ‘active’ fraction of nitrogen is equal to the actual fraction minus the residual fraction
of nitrogen in the plant organ. The activity coefficient is the ratio of this active fraction to
the potential nitrogen fraction in the plant organ, corrected again for residual nitrogen.
The maintenance respiration rate is determined by the weight of the organ, temperature,
the maintenance respiration coefficient, and the activity of the organ.

TEFF: is the new name for TPEM.

RMSO: the calculation of RMSO remain the same. The factor of 0.015 has been explicitly
named as the parameter MAINSO.

RMMA: the cummulated calculation remains the same. Through multiplication with
30./44. the RMMA is now expressed in CH20 instead of in CO; as in L1D.

RCRT: the cumulated respiration of the crop, is assessed by integration of the total
maintenance respiration (RMCR) plus the total growth respiration (RGCR).
RMCT and RSH {L1D} are not used in ORYZA_N.

RGCR: the calculation of the total growth respiration of the crop has changed compared
to L1D. The calculation is based on the growth rates of the organs and the total amounts
{(kg) CO, respired for growth per kg organ.

The parameters CPG(LV,RT,ST,50) have been removed. Respiration losses associated with
the process of remobilisation and transport are ignored in ORYZA_N (not in L1D).
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2.2.4. Nitrogen uptake rate (Section 5.1 in ORYZA_N)

s With the switch SWINUP the user can choose for nitrogen limited production or potential
production. Within the procedure UPPRO the nitrogen uptake rate is calculated depen-
ding on this switch setting.

For potential production the model maintains the maximum concentration in organs,
corresponding to development stage. (see section nitrogen allocation and loss rates).
The nitrogen uptake rate (NUPT) is the sum of the nitrogen demand NDEMYV and the
demand assaciated with the new growth of the leaves, stems and roots.

For nitrogen limited production the nitrogen uptake rate is calculated within the sub-
routine SNUPT. The subroutine calculates daily nitrogen uptake from values observed in
{ive biomass at sampling dates. The table with the total amount of nitrogen measured
(NTOTMT) should contain the measured cumuliative uptake ( in kg N/ha), at the Julian
days specified in DNOST. The table DNOST should contain the Julian dates at which
NTOTMT was measured. The parameter NS represents the number of sampling dates for
which total nitrogen in the crop is given in NTOTMT. The number of data prints in
NTOTMT should be equal to NS. The number of split nitrogen applicaticns is given as the
parameter NA. The table DNAPT contains the Julian day numbers at which nitrogen was
applied. For seasons across January 1st the daynumbers for DNOST and DNAPT proceed as
365., 366., 367., 368. etc untill the end of the season.

2.2.5. Total nitrogen uptake (Section 5.2 in ORYZA_N)

+ The total nitrogen uptake (cumulative since initial) is obtained by integration of NUPT.
The total amount of nitrogen in the crop (live and dead material) is obtained by inte-
gration of the NUPT starting from the initial value ANTOTI {see initial).

¢ NUPNEG is a variable used to keep track of ‘negative uptake'. It represents, of course,
no real physiological process, but is a numerical 'counter’ to indicate whether losses
through leaf and root dying are properly parameterized. Negative values of NUPNEG
imply that in reality losses were higher than modelled.

2.2.6. Nitrogen allocation and loss rates

(Section 5.3 in ORYZA_N)

¢ The maximum and minimum nitrogen contents in leaves, stems and roots are dependent
on the development stage.

¢ The nitrogen demands of plant organs (NDEML, NDEMS, NDEMR, NDEMG) are calculated
in the subroutine SNDEM. This subroutine currently includes only the component associa-
ted with existing biomass (N demand for new growth is added in the subroutine SNALLC).
N demand of the existing biomass is specified per organ. The demand is calculated from
the the difference between the actual amount of nitrogen in the organs (ANLV, ANST,
ANRT, ANSQ) and the maximum possible amount of nitrogen for a given stage in the plant
organs (NMAXL, NMAXS, NMAXR, MAXSQ), and the time coefficient for nitrogen acquisi-



1"

tion (TCNA). The course of the portential N fraction with development stage is based on
observations from high-N crops. The time coefficient is currently set at a value of 1 d.

+ The nitrogen allocation rates to the different plant organs are calculated in the sub-
routine SNALCC, Within the subroutine the daily available N pool is composed of
N redundant in (some of) the organs, and new uptake by the total crop. Redundant N is
defined as the amount of N present per organ in excess of the maximum value at given
development stage (negative demand). The sum of all negative demands is pooled with
new uptake. When crop N uptake rate is positive (total N in crop increases), the available
N pool is distributed to all organs with positive demand, in proportion to their demands.
If excess N remains, this amoun is allocated to the leaves. When uptake rate is negative
(total crop N decreases), then all organs are supposed to loose N in proportion to their
total N content. All these positive and negative allocations occur, implicitly, with a time
coefficient of 1 d.
For potential production where no N uptake is externally forced, N allocation equals N
demand as defined by the subroutine SNDEM, augmented with the amount of N associa-
ted with N saturated new growth.

¢  Nsupply to the panicle is calculated in the subroutine SNSUPG. All panicle N supply is
derived by translocation from leaves, stems and roots. The translocatable amounts are
determined per organ from the difference between available amount of N in the organ
and the residual amount, and a time coefficient. This entire pool of translocatable N is
transferred to the growing panicle if panicle N demand exceeds the pool size. If this is not
the case, only part of the translocatable pool (equivalent to total panicle N demand) is
maobilized. The relative contributions by translocation from the different organs is in all
cases proportional to the relative sizes of the N pools in those organs.

2.2.7. Nitrogen in biomass (Section 5.4 in ORYZA_N)

e Inthis section the amounts of nitrogen in the plant organs (kg N ha™') is calculated.
The amounts of nitrogen in the various plant organs {ANLV, ANRT, ANST, ANSO, ANLD,
ANRD) are obtained through integration of the respective allocation, translocation and
loss rates. The total amount of nitrogen in the crop is the sum of all the amounts in the
organs.

»  The fractions of nitragen in the plant organs (FNLV, FNST, FNRT, FNSO) are calculated
from the amounts of nitrogen and the weights of the plant organs.

2.2.8. Nitrogen balance check (Section 5.5 in ORYZA_N)

¢ A nitrogen balance check is included, similar to the carbon balance check. It compares the
amount of N in the crop in excess of the initial amount (CKNIN) vs the integral of uptake
{CKNFL).
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2.2.9. Sink limitation: tiller and grain development

(Section 6. in ORYZA_N)

¢  This section in the program is aimost equal to the TiL. module as described by Penning de
Vries et al. (1989). This section is still provisional and needs updating and calibration.

+  The part where the number of florets are caiculated has been removed.

=  The initial number of tillers (NTH) is replaced by the number of plants (PLNUM). The
fraction FADL to adapt time period to account for daylength is not needed here, because
in ORYZA_N time periods of one day are used.

¢ Potential tiller number NTIP is calculated as the minimum of two values: (1) the available
carbohydrates divided by the amount of carbohydrates needed to initiate and maintain
one tiller {CNTI}; (2) the number of plants (PLNUM) multiplied with the maximum number
of tillers per plant (TIL).

¢« The maximum number of tillers per plant {TIL) is dependent on the fraction of nitrogen in
the leaves (FNLV). The function RTILT gives the relation of relative tillering capacity to
nitrogen content of leaves. Multiplication of the maximum number of tillers per plant
(TILMX} with RTILT gives the value of TIL.

¢ To prevent a division by zero, the NOT function is introduced in the formula for grain
filling period (GFP).

¢ The maximum number of grains (NGRMX) is now calculated from the the number of tillers
(NTI) multiplied by 100.

¢  ORYZA_N can run with or without sink limitation. Through the switch SWISIN the user can
make a choice, For SWISIN=2, the maximum growth rate of grains GSOM is calculated on
the basis of tiller and grain development section. For SWISIN=1, GSOM is given an arbi-
trary high value (1000 kg ha™! d-1).



13

3. Philosophy of switches

ORYZA_N requires that the user set a number of switches, which define the model.
By choosing a particular switch value, some parts of the model are activated, others are
skipped. Each of the current switches and the associated options is described in Appendix 1ll.

The idea behind this approach is to provide the researcher with a toolbox for analyzing
experimental data. For example, if differences are found in total grain yield between
treatments, one can evaluate whether that is to be fully attributed to N uptake differences.
The N uptake as measured per treatment is then used as input, and the model predicts grain
yield. If predicted differences are similar to measured differences, N uptake is accepted as the
explanation. Similarly, switches can be used to evaluate whether sink or source size was
limiting the grain production.

As an alternative, switches are used in developing new model sections. For example, if a
tillering module is to be developed and tested with the help of experimental data, some
sections of the model, e.g. on dry matter production, photosynthesis, or leaf area, can be
replaced by observed values of these variables. In this manner, feedbacks between the
‘submodel-in-state-of-development' and other model components are eliminated. In this
example of tillering: if photosynthesis was calculated erroneously, that would result in
erroneous simulated tiller numbers. Yet, the newly developed tillering submodel may have
been correct by itself. Although such feedbacks are necessary in a completed and well tested
model, it may be essential to eliminate them during model development.
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4, Validation

Validation of the ORYZA_N model was carried out with six datasets. The datasets vary in
location, season, variety and nitrogen treatment (Table 4.1) . For the complete sets of data, as
used for validation, see Appendix V. Paragraphs 4.1 to 4.6 give detailed information about the
experiment.,

Tahle 4.1 Basic information on the datasets used for validation of the ORYZA_N model

Paragraph Location Year Season Variety Treatment

(kg nitrogen per ha)
4.1 india Tamil Nadu  1988/1989 ADT 39 0, 100, 200, 300, 400
4.2 India Cuttack 1990 dry IR 36 0, 50, 100, 150
43 india Pantnagar 1987 wet PD 4 0, 60, 120, 180, 240
4.4 Philippines Los Baiios 1990/1992 wet IR 64 130
4.5 Philippines Los Bafios 1991 wet IR72 0, 80, 110
45 Philippines Los Bafios 1991 wet LINE 0, 80, 110
4.6 Philippines Los Bafios 1992 dry IR72 0, 180, 225
45 Philippines Los Baiios 1992 dry LINE 0, 180, 225

For each dataset the model was run for three Options, (1) potential production and nitrogen
limited production using (2) measured nitrogen contents in leaves or (3) simulated nitrogen
contents in leaves {all green leaves averaged) in photosynthesis. In the latter case, measured
total nitrogen uptake was used as forcing function, and leaf nitrogen content was evaluated
by the model.

The switch settings corresponding to these three groups of simulation runs are listed in
Table 4.2. For the potential production runs, dry matter partitioning and crop development
data required to run the model were taken from the treatment that received highest

N application.

Table 4.2  Switch settings used for the validation runs

Switches Potential N-limited production N-limited production
production measured N content simulated N content

SWILAL 1 4 4

SWIMEA * * *

SWINPH 1 0 1

SWINPR 1 1 1

SWINUP 2 1 1

SWIPAR * * *

SWISAI 0 0 0

SWISIN 1 1 1

*) optional
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4.1 TNAU-TNRRI, Tamil Nadu (India), 1988-1989

Experimental data from: T.M. Thiyagarajan & $.N. Mohandass

General information

variety: ADT 39

year: 1988-1989

seading: 1 nov (306)

planting: 10 dec {(345)

N treatment 50% Flowering Harvest

kg N DAT DOY DAT DOY
0 53 32 89 68

100 53 32 89 68

200 58 37 94 73

300 58 37 94 73

400 61 40 97 76

DAT= days after transplanting

Nitrogen application scheme

Calendar date poy DAT Quantity applied

10 Dec 345 0 50% of the treatment level
05 Jan 5 26 16.66% of the treatment level
27 Jan 27 43 16.66% of the treatment level
04 Feb 62 62 16.66% of the treatment [evel

DAT= days after transplanting, DOY= day of the year

Switch setting SWIPAR =0
SWIMEA =1
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4.2 CRRI, Cuttack (India), 1990
Experimental data from: R.N. Dash & K.S, Rao
General information
variety: IR 36
year: 1990

Calendar date DOY DAT
seeding 18 Dec. 89 352
transplanting 25 Jan 25 0
flowering 9 Apr 99 74
harvest 28 Apr 118 a3

DAT= days after transplanting, DOY= day of the year

Nitrogen application scheme

Quantity applied

Calendar date Doy DAT
25 Jan 25 0
14 Feb 45 20
19 Mar 78 53

50% of the treatment level
25% of the treatment level
25% of the treatment level

DAT= days after transplanting, DOY= day of the year

Switch setting SWIPAR =0
SWIMEA =1
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4.3 PUAT, Pantnagar (India), 1987
Experimental data from: B. Mishra and B.P. Dhyani
General information
variety: PD 4
year: 1987

Calendar date DoY DAT
seeding 10 Jun 161
transplanting 9 Jul 190 0
tillering 3 Aug 215 25
panicle initiation 27  Aug 239 49
flowering 19 Sep 263 72
harvest 25 Oct 298 108
DAT= days after transpianting, DOY= day of the year
Nitrogen application scheme
Calendar DOY DAT Treatment (kg N/ha)
date 0 60 120 180 240
9 Jul 190 0 0 30 60 90 120
4 Aug 216 26 0 30 30 45 60
28 Aug 240 50 0 0 30 45 60

DAT= days after transplanting, DOY= day of the year

Switch setting SWIPAR =1
SWIMEA =1
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4.4 IRRI, Los Bafios (Philippines), 1990-1991

Experimental data from: L. Bastiaans
General information

variety: IR 50
year:  1990-1991

Calendar date boy DAT
seeding 23 Nov '90 327
transplanting 5 Dec '90 339 0
flowering 6 Feb '91 402 63
harvest 9 Mar 91 433 93

DAT= days after transplanting, DOY= day of the year

Nitrogen application scheme

Calendar date DoOY DAT Quantity applied (kg N /ha)
S Dec 339 0 80
27 Dec 361 22 30
23  Jan 388 45 20
31 Jan 396 57 20

DAT= days after transplanting, DOY= day of the year

Switch setting SWIPAR =1
SWIMEA =1
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4.5 IRRI, Los Banos (Philippines), 1991
Experimental data from: M.J. Kropff, K.G. Cassman, S. Liboon, R. Torres
General information
year: 1991
Calendar date boy DAT

variety: LINE
seeding 1 182
transplanting 13 194 0
panicle initiation 6 Sep 249 55
flowering 6 Oc 279 85
harvest 20 Oct 302 108
variety: IR72
seeding 1 W 182
transplanting 13 194 0
panicle initiation 28 Aug 241 46
flowering 18 Sep 261 67
harvest 15 Oct 288 94
DAT= days after transplanting, DOY= day of the year
Nitrogen application scheme
Calendar date DoOY DAT N Treatment (kg N/ha)

80 110
12 hul 193 0 50 30
12 Aug 224 30 30 -
06 Aug 218 24 - 30
10 Sept 253 59 - 20
03 Oct 276 82 - 30

DAT= days after transplanting, DOY= day of the year

Switch setting SWIPAR =0
SWIMEA =0



4.6 IRRI, Los Bafos (Philippines), 1992

Experimental data from: M.J. Kropff, K.G. Cassman, S. Liboon, R. Torres

General information
year: 1992
Calendar date a]s) 4 DAT
variety: LINE
seeding 4 Jan 4
transplanting 16 Jan 16 0
panicle initiation 11 Mar 70 54
flowering 8 Apr 98 82
harvest 8 May 128 112
variety: 1IR72
seeding 4 Jan 4
transplanting 16 Jan 16 0
panicle initiation 11  Mar 58 42
flowering 25 Mar 84 68
harvest 24 Apr 114 98
DAT= days after transplanting, DQY= day of the year
Nitrogen application scheme
Calendar date DOY DAT N Treatment (kg N/ha)
180 225
LINE IR72
16 Jan 16 0 120 60 60
3 Feb 24 18 60 60 60
27 Feb 58 42 - - 60
11 Mar 70 54 - 60 -
25 Mar 84 68 - - 45
8 Apr o8 g2 - 45 -

DAT= days after transplanting, DOY= day of the year

Switch setting SWIPAR =0
SWIMEA =0
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4.7 Results of validation

4.7.1. Potential production

For aimost all the potential production runs the weights of the crop and the storage organs
were clearly underestimated {(Appendix Vi, pages: 5, 10, 15, 20, 25, 30, 35, 40). The model
needs to be improved before it can be used for runs with the potential production option.
Including the stem area increased the weights, but not enough. Running without the nitrogen
profile did not lead to satisfactory changes. Running with a nitrogen profile becomes
disadvantageous when extra N in the upper leaves does not lead to extra photosynthesis. In
that case running without a nitrogen profile could have led to more production of dry matter.
The leaf area development had a slow start, by which the dry matter production remains
behind throughout the whole growing season. In potential production run leaf area was
talculated from the simulated weight of the leaves and the specific [eaf area corrected for the
development stage. The specific leaf area constant (SLAC) and the correction factor of specific
leaf area to development stage (SLAFAC) were calculated for a dataset only where leaf area
had been measured. SLAC as well as the SLAFAC did not differ much from the used standards.

4.7.2. Nitrogen-limited production

Weights of the crop

The weights of the crop were well simulated when using measured as well as simulated leaf
nitrogen in the photosynthesis calculation (Figs 4.7.1 and 4.7.2). An extreme underestimation
occured for the PUAT dataset. This singular deviation may indicate erroneous values for ex-
perimentally determined N contents in leaves. Looking into the results of the separate datasets
(Appendix V1) the 300 and 400 kg N per ha treatment of the Tamil Nadu set show a slight
overestimation at the end of the season (Appendix VI, page 1). Overestimation also occurs for
the highest nitrogen application treatment (150 kg N per ha) of the Cuttack dataset, using the
measured amount of nitrogen in the leaves (Appendix VI, page 6). The use of the simulated
amount of nitrogen in the leaves leads to an overestimation of biomass for all treatments of
the Cuttack dataset. This is because the amount of leaf nitrogen is overestimated by the model
{Appendix VI, page 8).

Crop biomass is well simulated for all the IRR! datasets. When using the simulated amount of
nitrogen in the leaves an underestimation occurs after flowering (Appendix VI, pages 21, 26,
31, 36). The amount of nitrogen in the leaves could be too fow due to too much translocation
from the leaves to the storage organs. The value of NMAXSO could be cultivar dependent.

Weights of the storage organs

Apart from the Tamil Nadu dataset there is a tendency to underestimate the weights of the
storage organs (Figure 4.7.3 and 4.7.2). The use of simulated nitrogen in the leaves for photo-
synthesis calculation enlarge this underestimation in the IRR! datasets, whereas for the Cuttack
data this results in less underestimation {(Appendix V), pages 22, 27, 32, 37, 7). Since the
weights of the crops are well simulated the underestimation of the weights of the storage
organs must be due to the redistribution of the carbohydrates to the plant organs. Perhaps
the remobilization of the shielded reserves from the stems to the storage organs is too low
and remobilization from the leaves should also be taken into account.
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Amounts of nitrogen in the plant organs

Figs 4.7.5, 4.7.6, 4.7.7 and 4.7.8 show the simulated amounts of nitrogen in the plant organs,
plotted against the observed values. The total amount of nitrogen uptake is a forcing function
and therefore equal to the cbserved values. Therefore these figures give information about
the the partitioning of nitrogen to all the plant organs.

The amounts of nitrogen in the roots show a lot of scatter. This may be due to errors easily
made with the root sampling. Amounts of nitrogen in the stems are underestimated, espe-
cially at higher levels of nitrogen. increasing of the maximum nitrogen fraction of the stems
{NMAXS) increases the nitrogen demand of stems, which decrease the gap between simulation
and measurements.

The amount of nitrogen in the storage organs seems to be overestimated at higher levels of
nitrogen. The overestimated values however belong to one dataset; Tamil Nadu. Too much
translocation from the {eaves, stems and roots might be the cause of this. Again the demand
of the storage organs might be too high. Adaptation of NMAXSO could be desirable.
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Figure 4.7.1 Weights of the crop (kg ha'?) simulated versus observed for the dataset PUAT (white dot)
and the other datasets (black dot). The simulated values were obtained for simulation runs
using measured leaf nitrogen (kg N ha™') as forcing function.
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Figure 4.7.2 Weights of the crop (kg ha'') simulated versus observed for the dataset PUAT (white dot)
and the other datasets {black dot). The simulated values were obtained for simulation runs
using simulated leaf nitrogen (kg N ha™).
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Figure 4.7.3 Weight of the storage organs (kg ha'') simulated versus observed for the dataset TNAU-
TNRRI (white dot), IRRI-1992 {white triangle) and the other datasets {black dots).
The simulated values were obtained for simulation runs using measured leaf nitrogen
(kg N ha"?) as forcing function,
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Figure 4.7.4 Weight of the storage organs (kg ha™") simulated versus observed for the dataset TNAU-
TNRRI (white dot), IRRI-1992 (white triangle) and the other datasets (black dots).
The simulated values were obtained for simulation runs using simulated leaf nitrogen
(kg N ha'1) in photosynthesis.
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Figure 4.7.5 Amount of leaf nitrogen simulated versus observed for the dataset of Bastiaans (white dot)
and the other datasets (black dots) at sampling dates. The simulated values were obtained
for simulation runs using simulated leaf nitrogen (kg N ha'') in photosynthesis.
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Figure 4.7.6 Amount of stem nitrogen simulated versus observed for all datasets at sampling dates.
The simulated values were obtained for simulation runs using simulated leaf nitrogen
(kg N ha'} in photosynthesis.
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Figure 4.7.7 Amount of root nitrogen simulated versus observed for the datasets PUAT, CRR] and TNAU-
TNRRI at sampling dates. The simulated values were obtained for simulation runs using

simulated leaf nitrogen (kg N ha'") in photosynthesis.
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Figure 4.7.8 Amount of nitrogen in storage organs simulated versus observed for the datasets
TNAU-TNRRI {white dots) and the other datasets (black dots) at sampling dates.
The simulated values were obtained for simulation runs using simulated leaf nitrogen

(kg N ha™") in photosynthesis.
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4.8 Conclusions

From the validation results it is concluded that improvements can be made in various aspects
of the model.

* The carbohydrate sources for panicle growth are at the moment photosynthesis and
shielded reserves stored in the stem. Reallocation from roots and leaves could be an
important additional source under specific conditions.

» The nitrogen demand of the grain is now determined by a maximum possible nitrogen
content (NMAXSO). NMAXSO is set at 0.0175 for all cuitivars and appeared too high. It
may be better to define the final grain N fraction from the availibility of remobilizable N
at flowering in the crop, and post flowering N uptake as a supplementary process. These
may be cultivar and soil dependent.

¢ The minimum and maximum nitrogen fractions in the plant organs can be improved on
the basis of new observations.

¢ [t seems attractive to relate N demand of stem and root directly with leaf N demand, thus
removing two inputs from the model (NMAXRT vs DVS, NMAXST vs DVS, NMINRT vs DV5
NMINST vs DVS).

e Loss of N from the plant has been observed in experiments, but is not taken into account
in the model.
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STORACE RDTT{I66) , TNAXT(366) . THINT (366} , MUANT (364) . WDST ()46}
STORMGE RAINT(166) NTOTHT{15],DNOST{15} . OHAPT{13}
FIXED I, IDOY,IDOYTR NS, HA, SWITR, SWILAI, SWINPR, SWINUP, SWISIN, SWIRES

FIXED SWINPH, SWIPAR. SWISAI SWIMEM

sew g

Inicial Conditichs

IHITIAL

Initial leaf area jndax

Sld = SLACSAFGEN (SLAFAC, INS}
LAII a WLVGI®SLA

TAICLDs LAII

inicial weight of the roots calculsted with FRY/FSK
WRTLI » {WSTSI-WLVGI)*0.5/0.5
Initial amouNts pitTogen organs
ARSYI = FRSTI * WSTSI

ANLVI & FHLVI * WLVGI

ANRTT = FHRTI * WRTLI

ARTOTI= ANLVI+ANSTT+ANRTI

maMIc

PRanclogical Development

s * INTGRL{DVEI, DVR]

PROCESINE VR, ORR, TSHCKD, TSTR PROGVR (GVS. OVRY. MU, TST. VRR, SHCRD. . .
IDOY, IN0YTR)
1P {DVE.LT.1.) THEN
DVR = VRV * KU
IF (IDOY.EQ.IDGYTR} TSTA = 7T
TSHCKD = SWOKD * TSTR
TP {IDOY.GT.IDOYTR.AND, (TS+TST) . LT. (TSTRTSHCKD) )} IVR=0.
st
DVA = DVEN * WU

DER = DVR
2oy
ENDPROCEDURE
LI Daily Dry sattar Production

wer 3.1 Daily Gross Canopy CO2 Mesimilation

AMAX0, DTGASTOTASN(DOY, LAT, XIT,$CP,EFF,KDF.LAL ...
FOIFN, ANLVPH, ALPHAN, MB, REDFT)

EFF = AFGEN{EFFTH.TAVD)

FROCEDURE KD « PROKDF (LAX,INS)
T =406
IF {LAI.LT.1.5 .AMD. DVS.LT.1.) XOFsl.4

FDIFN » SWINPR*XDIFHP

REDFT = APGEN [REDFTT, TAVD)

BT = INTGRL(D.,DTGA}

ANLVPH® INSW (D . 5-SWINFH, ANLY, OOLV)

*** 3.2 Maintsnance Resplration

. respiration, adaptsd for ¥ content

THCR = SHIRES® |FMLV-FKST+RMSCIOORT +RMMA}
hd in CHIO!
= MLVGMAIMLY® (1.+MTLV) /1. "TEFF
= WSTSMATROT™ (1. +ACTRT) /1 vYEXT
= WRTL"MAINET™ (1. *ACTRT) /] . *TE¥T
+ WSO “MATHSCHTEPF

ERRE

0.20°DTGA®0.5%10. /44,

L10%= ({TAV-TREF) /10,)

& (FNLY-RFELY) / (MAXLX - RFNLV}
\FNST-RFRST) / (MMAXSX - APNST)
& (FXRT-AFNKT) / (NMAXRE ~RFWRT)

1588

A
3

INTGRL(C. , RICR+RGCR}
CELV 2 OTGA-RMCR
CELVN 3 INTGRL(0., INSW(CELV. 1., -CELVE/IELT))

*=* 1.3  Dmily Dry Mattver Growth Ratas of the Crop

CRCCR » FEN® [CRCST FST* (). -F5TR) +CRGSTR FSTR FST= . ..
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* - MACROS-LIC by Panning ds Vries F.W.T. et al., 1§63, Simulation of ~
- ecophysiclogical processas of growth in several *
. ahfual crops. Similation Monographs 29, Pudoc, .
- wWaganingen and IFRI, Lor Banos. 271 pp. .

* = SUCRCS

by Laar, H.H. van, J. Goudrisan & H. van Xeulan, 1952, *
Similacion of crop growth for porential and water- .
limited production sjtuaticns. Simulation Reperts 27,*

CABO-TPE, Wageningen, The Ketherlands, 72 pp. .

+

STORAGE RDTT(366) , TMAXT(166) , TMINT (166) , HUANT (166) , WISTi366)
STORAGE RAINT(266) ,NTOTMT (15) ,DNOST(25) . DNAPT(10)

FIXED I,IDOY.IDOYTR,NE,RA, SWITR, SWILAL, SWINPR, SW.NUP, SWISIN, SWIRES

FIAED SWINPH, SWIPAR . SWISAI, SWIMEA

eee .

Initial Condit.ons

INITIAL

A Initial leaf area index

E3 N = SLAC*AFGEN ! SLAFAC,DVS)
LAII = WLVGI®SLA
LAIOLD= LAII
* initial weight of the rocts calculated with FRT/FSH

- WRTLI = (WSTSI+WLVGII*0.%/0.5

h Initial aMOUNTE RITIOgen OYgand

AXST] = FNSTI ® WSTSI

ANLYI = FNLVI " WLVGI

TI = FNRTI ® WRTLI
ANTOTT: ANLVI+ANSTI+ANRTI

DYNAMIC

LAd ] Phanelog:cal Development

PROCEDURE

CSMP version

s = INTGRL(DVSL,DVA)

OVR,DRR, TSHCKD, TSTR= PRODVR (LWS, DVRV, HU, TSI, DVRR, SHCKD, . . .
IDOY, IDOYTR}
IF {DVS.LT.1.) THEN
VR = DVRV * HU
IF (IDOY.EQ.IDOYTR} TETR = TSI
TSHIKD = EHCKD * TSTR
IF (IDOY.GT.IDOYTR.AND. (TS+TST).LT. (TSTR+TSHCKD) DVRTO.
ELSE

VR * DUVRR * WU

ORE = VR
ENDIF
ENOPROCELURE
wew 3. Daily Ory ¥atter Producticn

PROCEDURE

ENDPRO

+en 3 2

s 3.3

Deily Groze Canopy D2 Assimilacion

AMAXO, DTOA=TOTASN{IOY, LAT, ROT,SCP EFF.XCF.LAI. ...
KDIFN, ANLVPH, ALPHAN, NB, RECFT)

EFF = AFGEN(EFYTB, TAVD)

KDF = PROKDF (LAI,DVS)
KDF = 0.6
IF (LAI.LT.1.5 ,AND. DVS.LT.1.) KDF=0.3

KDIFN = SWINPA"XDIFNP
REDFT = AFCEN(REDFIT, TAVD)
PCCT = INTGRL(Q.,DTGA)

ANLVPH= INSW{Q.5-SWINPH, ANLV,XOONLV)

Maintanance Respiration

respiration, adaptad for N concenc

PR = SWIRES™ (RMLVeRHST+RESO«RMRT+RMHA)
in CH2C!

RLY 2 WLVGTMAINLV® (1.+ACTLV) /2. *TEFF
RMST = WSTSTHAIKET™ (1.+ACTST)/2."TEFF

RMFT

WRTL*MAINRT® {1.+ACTRT) /2. *TEFF

RHSC

WSC "MAINSCTEFF

RMEA & C.20°DTGAG. 5730744,

TEFF w QIC** [ {TAV-TRFF] /16 .}

ACTLY e [(FNLV-RFNLYi / (RMAXLX-RFNLY)
ACTST = (FNST-RFNET) /¢ (MMAXSK-RFNET)
ACTRT » (FNRT-RFNRT) / (NMAXRX~RFNRT}

RCRT = INTCRLIC. RMCRRUCR)

CELV * DTGA-AMCR

CELVK = INTGFL((., INSW(CELV,l.,~CELVN/DELT))

Dmily Dry Matier Growth Rates of the CTop

CFGCR 3 FSH* (QRGETFST* 1. -FETR) +CRISTE FSTR™FST+. . .
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CRGLV*FLV+CRGSO*F50) +CRGRT*FRT CO2RT = 44./12. * (TRGRT *22./30. - FCRT!

COILVY » 44./12. * (CRGLV *12./30. - FCLV}

R ={{DTCAIC. 7dd ) -RMCR+ {LSTR*PCSTR*10. /12.) ) /CRGCR CO2ST = 44./12. * (CRGET *12./30. - FCST)
CO2STR= 44./12. * {CRGSTR*12./10D, ~ FCSTR)

£5250 = 44.712. ™ (CRGSO *12.510. = FCSO}

“s* 1.4 Dry Mailer Partitioning CHODIFs ABS { (CKOTH-CKCFL) / {HOT{CKSTIH) «CKCIN) }
PROCEDURE FSH,FLV,FST=PARPRO{SWIPAR,DVS, DAT) FOCR = FSH* (FLUSECLV+FST (1.-FSTR) *FCST+FSOYPOS0. . .
IF (SWIPAR.EQ.0] THEN FUSTR*FSTFSTR) + FRT®FURT
PSH 3 APGENI(FSHT.DNS)
FLY = AFGEN(FLVT,DV5)
FST = AFGEN(PSTT,DVS) 4 Lea! Area Development
FSC = AFGENIFSOT,DVS)
ELSE - Lea! area formulacion JG-HTB, 18 aug %2
FSH * AFGEN (FSHT, DAT) - Lesf mren is integral no longer;now derived from other staCes
FLV = AFGEN(FLVT,DAT! . User must choose from four options, Xy satbing SWILAI.
FST = AFGEN(FSIT,DAT)
F50 n AFGEN (FSOT, DAT) PROCEDURE LAI,SLA=PRLAI{SWIIAI,SWISAT,S5A, SLAC, WSTS,WLVG, TSLV, ...
ENDIT WWLVG , TVS, LATT)
ENDPRO IF [SWILAY.EQ.1} THEN
. option 1: use of tabulated (measured) SLASSLAC ratic wd DVS
. F50 = AMAX1(Q.,1.-FLV-FST)
TRT = AMAX!{0.,1.~F5H) SLA = SLACCAFGEN(SLAFAC,DVS)
IAI = INSW(TSLV-89,7,LAII WLVGYSLA)
*** 3.5 Growth Ratas of Plant Drgans ELSEIF {SWILRI.EQ.Z2) THEN
- option 2: use of cabolated {measured) In(LAI) ve tamp fun
GRT = GCR"FRT
GLY = GCRTFSHUFLY LAT = AMAXD (LAXI,EXP (APGEN (LAILNT, TSLV)))
GSTS  x GOR*FSH*FST* (1 -FSTR)
G5H = GCR®FSH ELSEIF (SWILAL.EQ.3} THEN
GFUR = GCRUFSH"FSTTFSTR+... . cption 1: usma of param (measured) RGRL for sink lim (x#xp) stage,
INSW[ (FSO*CSH) ~GS0N, 0, [FSO*GSH) -GS0M) . and tabulated (measured) SLA for source limited stage

GE0 = AMINL (FSOTGSH,GS0M)

IF (DVS.LT.0.).AND.LAIOLD.LT.1.5) THEN

- Loss Rates Laaver and Rootx WLVEXPx WLVG
LLY = INSW(DVS-DVSG2, 0., WLVGYRLALY} LAIEXFs LAIY"AMAX1(1,,EXP(RGRL® (TSLV-85.7]})
LRT = INSW(DVS-DVEGI, 0., WATL*RLRAT) hd temperature raspohss and transplanting shock according
LSTR = INSW(FST-0.01,WSTR/TCLSTR,0.]} * to Kropfl
RLRLV.RLRRAT = SLLOSS (FNLY.HMINL.ROR,LAI, LAIREF) LAI 3 LATEXP+0.S5*WSTS*SSA
ELSE

SLA = SLAC*AFGEN (SLAFAC, DVS)
+** 3.6 Dy Matter Production LAI = AMAAI{0.,LAIEXP) +0.5*WSTS*SSA+ ...
IWLVG-RHAKL (0., WLVEXP) ) *SLA
WLYG = INTGRLIWLVGI,GLV-LLV] ENDIF
WLVD = INTGRL(O.,LLV)

W5TS = INTGRL(WSTS!.GSTS) LAIOLD® LAI

WSTR = INTGRL{D.,GSTR-LSTR}

WSTT = WSTS+WSTR ELSEIF (5WILR1.EQ.4) THEN

wWs0 = IMIGRLO..GSO} * option 4:use of mearured leaf mass wnd cale SLA
WSHG = WLVG+WSTS+WSO+WSTR

WSHT = WLVG+WLYD+WSTS+WSO+W5TR SLA = SLAC®AFGEN(SLAFAC,DVS]

WRTL = INTSRL{WRTLI, GRT-LRT) LAl = INSW(TSLV-69.7.LAII, LWTVG* SLA}
WRTZ = INTGRLI(O..LRT)

WCR = WiHGAWRTL ELSELF (SWILAI.EQ.SI THEN

WHRR = WS0*0.99/0.86 . eption S:use of meazured leal area

HI a WRR/WSHT

LAY = AFGPRN(ILAITE,DOY)

e+ 3.7 Carbon Balance Check ENDIF
THZRD = PUCCHE (TKIIN, CKIFL, TIMEY SSCGA = AFGEN(SSGATR, DVE)
CKCIN = {WLVGeWLVD-WLVGI)TFTLV » (WSTS-WSTSI)*FCST». .. SAT = 55GA * WSTS
WSTR*FCSTR + {WRTL+WRTD-WRTLI) *FCRT + WSU*FCSO IF I1SWISAI.EQ.1} THEN
CKREFL » TMASS® (12./44.) LAI & LAl + 0.5%8A2
TNASS = INTGPL{C.,DTGA-RMCCOZ-RSCR) ENDIF

RGCR & QRTYCORT « GLVUTCOILV + GSTS*CO2ST « GSO*COZSC. ..
+ GSTR*CU2STR

RM2CD2a 44,730 YRMCR ENDPROCEDURE
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Daily Nitrogen Assimilacion

Nitrogen Uptake Rate

PROCEDURE F1,NUPT, DMAP,CNOS , NTOTH, DATEX=UPPRO [ SWIYR, DOY, - . .

DOYS  ANLCR, SWINUP, NS, NA , NTOTHT, DNOST, DNAPT, . . .

CRID, NDEMY)

IF (SWINUP.EQ.1) THEN
N uptake msazured forcing funcrion: moda majintaine
tstal N ikg/ba) i1 ¢rop &3 measured;
Pl .NUPT, DNAP, DROS . NTOTH. DATEX = SUNUPT{SWITR. ...
DOY, DOYS, ANLCR, NS, HA, NTOTNT, [NOST, DNAPT, CRON)
ELSEIF (SWINUP.EQ.2] THEN
for potential production medel maintains max concebtratiob in
oroans. correspending to dovelopment sCage;
HUPT=HOEMV «GLVYIMALL G STE " MMAX S «GRT RMAXR

ENDIF

ENDFROCEDURE

rvs

5.2

5.3

HUPTPsHDEMY «GLV "RHAXL «GSTS T NMAXS "GRT "MMAXR

Total Nitrogen Uptake

NUPTOT= INTGRL{O.,NUPT]

ANTOT = JWTCRL (ANTOTIT, NUBT)

NUPNEG= INTGRL (O . AMINI{(0, ,NUPT)}

Dupheg anly to Xeep track of negative uptake: by adaptaticn

of death rate of 1

e3 and roots should this vaiue be broughc

to zero throughout seAson.

Nitregen Allocation and Lors Rates

max N fractionz in plant organsz
RMAXL = AFGEN (RMAXLT,DVS)
HHAXS = APGEN [NMAXST,DUS)
MMAXR = AFGEN{RMAXRT,DVS)

mn ¥ fractions in plant organs
MINL * AFCEN{RMINLT.IVS)
IRIINS = AFGIN [NMINST,DVS)

HMINR = AFGEN (NMINRT CVS)

N demand oy crop wnd organs
KUEIML, NDEMS , NDEMR , NUEMG , RDEMV . NDEMT s SKDEM { ANLV , ANST ,ANRT. ...

ANSO, RMAAL , RMAXS  NMAXR , BMAYXSO, TCRA, WLVG, WSTS, WRTL., WE0)

and ¥ allocation rates o dilfersnt organs
RALV, NAST MARTzSMALLC { SWINUP, ANLV, ANST, ANRT, ANSO, WLVG, .. .
WSTT, WRTL, WSO, NDEXV , NDEML . NDEMS . RDEMR., NUPT . GLV, . . .

GSTS, GRT, KAWL, NMAXS , NMAXR )

N tranalocation rates from &ifferent organi.N supply
rate to grains
NTLY . NTST, NTRT, NSUPG2SNSUPG {ANLY, ANST  ANRT, WLVG ,WSTS, WRTC, . ..

WSO, RFNLY . RFNST . RFNRT. TENT. LLv, FNLY. TEFG . NDEWG)

B loss rtace by dying of Jeaves and roots
NLDLV = LLV®AMAX] (RFNLV, Q.S ANLV/WLVG)
NLDRT = LRT*AFNRT

NLSINT= INTGRL(C.,NLOLVeNLORT)

Nitrogen in dicmask

ANSO  ® INTGRL(D.,NSUPG}

wer 5.5

e g

e g,

PROCELARE

INTGRL (ANLVY , RALY -NTLV-NLDLV}

= INTGRL{OQ.,NLOLV)

INTGRL | ANSTT, NAST-NTST)
INTCRL {ANRTI, NART-NTRT-NLDRT}

INTGRL (G, NLORT)

= ANSO+ANLY«ANLD+ANST + ANRT « ANRD

R

= ANCR-ANLD-ANRD

¥ ANLVY/ [WLVG+TINY)
ANST/ (WETE +TINY)

= AHRT/ (WRTL+TINY)

RN

= ANSO/ (WSO+TINY)

Nitrogen Balance Chack

CUNIN = ANLV-ANLVI+ANST-MANSTI+ANRT-ANRTI+ARSO

CMNFL = NUPTCT - NLSINT

CHNRD = FUNCHR [CKNIN, CXNFL, TIME)

Tiller and Grain Developmant

E

INTGRL ( PLINUN. GNTI-LNTI)
GNTI  » DVSTFTAMAX1(Q., [NTIP-NTI}/TCFT)
CYSTD*AMAX1(O .. (NTI-NTIP) /TCDT)
DVSTF = NCR{IWST1-DVS,DVS-DVST2)

CYSTD = NCR(DVST1-INS,DVUS- (DVST2+0.15))

CNTI = AFGEN(CKTIT,DVS)

KGR v INTGRL{D..GHGR)

GHGR  » DVEGR®AMAXI {D.,AMIKL(NGRP-HNGR, NGRMX-NGR) /TCFG)
NGHP 3 CCRTCRAGCR/GGRMN

NTIT10C.

DVSCR = HOR({DVSG1-DVS,DVS-DVEGD}

GGRMX = GGRWN®2.

GGRMN = WGRMA/GFP

[2)
-
L
"

1./{1.J3"{NOT{DRR) »DRKI)

%

WEC/ (AMAX1(1."NGR, 1000 ))
GSOM = IKSW(1,5~1.0*SWISTN, NG GGRMX*TEFG, 2000.)

temparature function TEFC was pot defined in TIL

check TILMX fcr your variety

morphogenetic parameters for $ink size calculation
potencial number of tillers, related to rel tillering rate
NTIP = AMIN1(GCR*CRGCR/CNTI, PLNUM'TIL)

TIL = YILMX*APGEN (RTILT,FNLV}

taMpArature depandent re

® Tranglocation TEFG used ip
transiccation calculaticn,but mlsc in GSOK calculation (maini

TEPG = AFGENI(GCRT.TAV)

Reading of Hoasured Data

XAWLVG, XKNLV = REKDHD(DOY. DAT)

IF (SWIMEA.EQ.0) THEN

AXWLVG AFGEN {XWLVOT, DOY)
AXWSTSz AFGEN {XWSTTH,DOY)
JOWRTL= AFGEN (XWRTLY, DOY)
XXMSD = AFGEN(XWS50TB, DOY)
XXLAI = AFGEN (XLAITE.DOY)
KXNLY = {(AFCEN(XNLY, DOY)/108) *XAWLYG
XXNET » (AFGEN{XNST,DOY)/100) *XXWSTS
XXNRT » (AFGEN(XNRT,DOY!, 100 *AXWRTL

WXNSC » (AFGEN{XNSQ, DOY), 100} *XXWS0



ELSE

XXWLVG= AFGEN | XWLVGT, DAT)
XAWETE= AFGEN { XWSTTB. DAT)
XXWRTL= AFCEN !XWRTLT, DAT}
XXWSO = AFGEN (XWSOTH, DAT}
NLAL = AFGEN{XLAITE DAT)
KOILY & (APGEN (XNLVY, DAT) /100) "XXWLVC
LAST ¥ (AFGEN (XMHST DA} /1001 *KXWSTS
XXNRT = (AFGEN{JQRT.DAT /100) *XXWRTL

AXNMEO o (AFGEM [XNSO, DAT) /100] *XXWSQ

ENDPROCEDURE

LXWCR » XXWLVG« XXWETS+XXWS0+ XAWRTL

XS0 1w included from firTst grain harvest Any (FGHOAY)
in Days aftar Transplant:ng (DAT) on

XXNCR » JOONLV « JOMNST+ KOORT» (JOINSO® [ INSW {DAT~FGHDAY. 0., 1.1}

v g, Timé and Environmental Variables
PROCEDURE DAT = TRANSP|TIME, I1DOY, DOYS, IDOYTR, SWIYR;
IF [[IDOY+ (SWIYR*)65.]) LT.IDOYTR) THEN
BAT=0.
ELSE
TD « IDOYTR-DOYE
DAT = TIME-TD
BDIF
ENDPROCEDURE
DOY & AMOD{DOYS+TIME+164.,265.0+1.
1D0Y w DOY
- 12 cime procewds intc tha next year; for SUNUPT
PROCEDURE SWIYRaYRSWITIDOY, TIME)
IF !ABS(DOY-1.) .LT.0.L.AND.TIME.CGT.1.] SWIYR=l
ENDPRUCEDURE
* ROT = RDTT® { PARA~PARB*RDTTIDOY} /DLA)
- RDTC, DLA, DLP=SUASTR (DOY. LATH
ROT = ROTT(IDOY)*1 . E6
- RTOT « 1.E-E*INTGRLIG..RDT)
TAV = {(TMAXT(IDOY!+THINT(IDOY)) /2.
TAVD = (TMAXT (IDOY)+TAV) /2.
e * AMIN1{TMD -T2D , (AMAX1{O.,TAV-THO) )}
LY = AMINLITMLY-T2ELY. {AHAKL (O, , TAV-TBLY)})
TS = INTGRL(D..KU)
TSLV = INTGRL{D. HULY)
e 9. Rur Contrel

FINISH DVS =2.0, CEVN =10.0
1,PROEL=10. , QUTDELe 1D, FINTIM=200,

TIMER TIME=D.0, DE
METHGS RECT

PRIRT DOY,D'JS_U[_H’..'JG.WJJG,HS'IT,XXH:—!S.HRT_,[M'I’.u...

W50. XXWSO. WCR ., XXWCR  WETR , ANLY, XKNLY, ANST, KXNST, . . .

ANRT, XOQJRT, ANSO, KABSO, AHLLR, JOOICR

PRIPARE DOY.DVS. LAI, WLVG, XXWLVG, WETT, XKWSTS, WRTL. KXWRTL, . . .

WSO, XNWSC, WCR, XUIWCR, WETR, ANLY, JOONLY ANST JOHST. ...

ANRT, XXNRT, ANSQ, XXNSO, ANLCR, AXNCR

e L L L L L L T T T Y

¢ PARAMETERS, FUNCTIONS, TABLES, ALL VALUES COMMON TO ALL EXPERIMENTS

* 50 FAR USED IN LIC VALIDATICN

Ertekr et an onm L TP T TP P I Y

wrs 3,

31

e 3.2

wes 3.3

ess 1.5

e 3.7

e g

PARAM TINY =« 0.0001

PARAM SCP = 0.2

Fhenological Devalcpment

PARAM SHCKD = 9.4

Daily Gross Canopy €O2 Asslmilation

FUNCTICN EFFTH = 10.,0.54, 40.,0.36

minimom ¥ conc 0.1 g/m2 lemf at AMAX»0; based on 0.51 MASS

minimum ¥ ¢one and 200 kg/ha lsat

PARAM KB * 0.15

ALPHAN based or. NE=5.10 and max N conc 2.4 ¢/22 AT AMAX=1.1°s8

kg CU2 /ha/hr: owr obs; and graph FRV, HVK,JCA: leat 10 g m-2:

PARAM ALPHAN=» 13,

FUNCTIOK REDFTT = -10.0,0., 10..0.. 20..1. , 37.,1., 43..0.0

PARAM KDIFNP = 0.2

Hainteiarce Respiration

Tesidual ¥ levels ir organs; assumed variety independent
PARAM TREF = 25.0 , QI0 = 2.0
PARAM RFNLV = 0.00%, RFNST « 0.002, RFNRT « ¢.002

PARAM MAINLVs §.020, MAINST= 0.015, MAINSO= 0.00), MAINRT«0.01

Dally DPry Matter Growth Rater of che Crop

PARAM CROLV = 1.326, CRGST = 1.326, CRGRT = 1.326
BARAM CRGSO = 1.462, CRGSTRx 1.111

Growth Rates of Plant Organe

{N-depandent) LO$3 Rates Leaves and Rocts

ralative doath rate lesf and root: used with N content
PARMM RDR = 0.01

PARMAM LATREF= 5.

PARAM TCLSTRa 10,

carbon Balance Check

FARAN FCLV s 0_41%, FCST = 0,554, PCSO = 0.487

PARAN FCRT = 0.421, ECSTR= 0.444

Lea! Arsa Development

PARAM TELV = 8., THD = 8.

PARAM RGRL = 0.00B%

PARAM SLAC = 0.002, SsSA = 0.901

SLAFAC calculaced {rom data CVLINE IRRI--> Gon

FUNCTION SLAFAC=10.60,1% .72}, (¢.21.2.72y,40.28.2. 7200, . ..

10.33.1.321.00.76.1.20) 41,02, 1 000 .. .
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ver g

e g,

{2.00,0.75),(2.10,0.75)
FUNCTION LAILNT={ $.,-1.61).(8%.15,-1.61),( 157.,+1.00),...
€ 301.,-0.30), 0 451, 0.45).( 58%.. 1.07}....
O 734., 1.33).0 882., 1.45),(1020., 1.37),...
{11700, 1,240, (134, 1.13),(1483., 1.04%

THIS TABLE WAS GENERATED WITH SWILAIx1 AND tmt WEATHER LATA

FUNCTIOR SSQATRs({0.,0.0002), {D.%,0.0002),(2.3.0.)

Daily Witregen Ass:imilation

PARAM CRIN » S.

PARAM NMAXLY « 0.06, MMAXSX = 0.0, NMAXRX = 0.033

hax N lavals in plant crgans ké functon of DVS

FUNCTICK NMAXLT= 0.00.0.060, 5.4.0.050, 0.7,0.045, ...

1.00,0.030, 1.5,0.02%, 2.0,0.014, 2.1,0.010

NCTE changed at Ovs=1.

FUNCTICN NMAXLTz

.00,0.060, 0.4,.0.050, £.7,0.0¢5....

"

.60,0.045, 1.5,0.025, 2.0,0.010, 2.1,0.010
00,0.025. 0.4.0.010, 0.7.0.030. ...
00,0.020, 1.5,0.015, 2.0,0.010, 2.1.0.010
00,0.034, 0.4,0.012, 0.6,0.037,...
45,0.017, 1.1,0.01&, 2.0.0.011, 2.1.0.010

FUNCTION MMAXRT=

o o = o

FUNCTICK RMIMNLT= 0.,0.025, 1.0,0.012, 2.1,0.007
FUNCTICH MMINST« 0..0.017, 1.0.0.0¢7, 2.1.0.¢C4

FUNCTICK RMINRT= 0.,0.005%, 1.0,0.808, 2.1.0.086

cime coefficiencs for Cranslocation, and acquisition

PAFAM TCNT 3 10., TCKA » 1.

max and min valuas of N fraccion in grairs
cay be changed according te your data; use min valus tec check
prediction Witk data

PARAM KMAXSD = 0.0L175, MMINSO = 0.016

Tiiler and Grain Developmant

PARAM TCFT = 1S., TC0T = 10.0, TCFG = ).
PARAY WGRMX = 2] .5E-6

PARMM DVST1 = §.30, TWSG1 v 0.95

PRRAM DVST2 = 0,75, DVS5G2 = 1.1%

PARAM FLNUM = fgCC0O,

FUNCTICK CNTIT = 0.0, $.E-6, 0.3, S.E-6, 0.75,25.E-6,
1.0.75.E-6. 2.1,7%. -6
FUNCTICK GGRT = 10.,0.08, 1%.,0.0, 18..0.75,...

23.,1.0, 27.,0.9, 40..0.0C

FURCTICN RPILT = 0.€0.0.0, €.02,0.2, £.04,0.6,...

¢.cs,0.8, G.06,1.0, 0.CB,]1.0

mox tiller rumbaey: chack for your varlaties: this is the

ciller nurbar at excasg N leveis, a.g. 3C0-400 kg/ra; do

pet aimply take your Righest chserved wi if that wasz
measured at lower N lesvels

PARAM TIIMX = SC.

T:we and Envizcnmental Variables

PARAM T™OD = 10.C , TeLV » 26.C
PARAM TED = 4.0 . TBLV = #.0
PRRAM BAFA = 625
PARAM PAFH » C.45

PAFAN IFEF = i.e

PARAM COIE » 1130.

. FRCO2= Q.7

LR T T I TP Y )

* EXTRA INFORHMATION ON L1C INPUT

e

SWITCHES
SWIMEA =0:
=1
SWIBAR =0:
1l
SWILAL al-
al;
w3
=q:
5
SWINUP =]:
=2
SWISIN =1:
a2
SWITR =0:

rwssunes

seesnenssnnne

measured data versus day of year (DoY)

; memrurad dara versus days afcer transplanting (DAT)H

partitioning table versus devalopment stage

partitioning table versus days after cransplanting, DAT

uge of cabulated (mensared) SIA/SLAD racio vs VS

use of tabulated (mearzured) ln{lLAI} vs lamperaturs sum
usd of PaArkh Uneasured) Talative growth rate for ieal
area, RSRL for mink [1m (=axp) rtaga, and tadbulated
imeasured) SLA for scurce limited stage

use of measurad leaf mass and calculacted SLA

uza of measured leaf area

nicrogen limted production: upceke farging functisn

potantial production; uptake eguals dwrand
ne sank limirarion: ne maximed graid £illang race S5OM
sink limitetlon: use of GSJM, celculsted from tiller and

grain number

tioe xwitch for axper:mant across janaary 1l; should ba

set Lo zezo lor every run

=1:

SWIRES =0

=1;

SWINPR =0:

SWISAI =0:

=13

: usd mmasured amount of nitrogen in leaves for

photogynthasis salculacion
usé simuiated amcunt of nitrogen in leaves for

photosynthesis calculation

excluding respiracisn

including respiration

no nitrogen profile in canopy; bomogencus distribution

: wirth nitrogeh profile in canopy; with extioction

col

icaent
sCan area L¥ NOT included ic laaf arsa

steln arbs 18 incloded in leaf avea

EXPERIMENTAL DATA ON NITROCEN SAMPLING AND MARASEMENT

PARAM NS number of sa=pling dates for N in Crop

TABLE DNOST Julian daces (DOY) At which NTUTMT was mapsured Che
last figure in tha table should be the harvest date
or just after. For swasond ACrOSE January lsc . day
numbers procead asx IE%., JE&., J6T., 168. etc. wnrill
the and of the seascn.

TABLE NTOTMT Lotml nitrogen in ecop (cumilativae uptake) . in kg Mha,

ac tha julian days specif:ied in [RGST: NTOTMT should

includa rha tetal amount At harvest as the last figure

KITROGEN APPLICATION STHEME

PARAM NA

CEON

the number of nitrogen applicacion dacas, including
basal dressing ac planting/sesding. and including one
Aty daté After NALvVest

Jalian Aates {DOY! st which nitrogen was applisd;
first figure 15 equal to DOYER alsc 1 absence of basal
dressing: the last figure snould be any date aftar
harves:! FOr BeABONE ACICES January lat

Sea DNOST

crirtical day number which alfects the rate at which



- uptake declines after fartil:zer K applicacion;
. ses function F] in subroutine SUNUPT

.

**T MEASURED DATA

*  FGHDAY first grain harvest dmy, axpressed 1o days afuer

. transplanting.

.
D T T T T PP PP TP R P P YT
* PARMETERS, FUNCTICKS, TARLFEE VALUES SPECIFIC PER EXPLRIMENT S0 FAR
* USED IN L)C VALIDATION

D T R T L T L te L LT

B P e LLR L L LT T LR P e R T T )

* PARAMETERS, FUNCTIGNS, TADLES VALUES SPECIFIC PER EAPERIMENT 50 FAR
* USED IN LIC VALIDATION

B T L T ]

TITLE Aduthurei 1568-89 [Thyagarajan)
* weather daTh TADLG contaLn:
* January 1 to March 31,1989 (1-%0)

*  March JI to Decembar 11, L1388 ($0-)66)

PARAM LATs11.00
PARAM ELV=19.50

* pmaximun temperaturs in degrases CelEius
TABLE THAXT{1-166i= ...

28. 28.3, 29.8, 29.B, 277, 8.5, 27.7, 28.1, 28.3,...
28. 28.1. 20.6. 27.6, 23.7. 28.0. 26.8. 28.4. 28.4....
248, 2803, 283, 285, 29.1, 30.1, 30.h, 29.7, 28.0....
29, 20,8, 30.0, 29.7, 29.1, 29.&, 23.0, 230.0, 3L.3,...
10, .4, 30.3, 30.3, 0.2, 0.4, 0.8, 3.6, DM0.Z,...
. 31.5, 32.2, 32.5, 1.5, 1B, 1.0, 310 N2.0....
. 3%.2, 31.2. 32,1, J1.9. 3l.6, 33.5, 3.0, 133.6....
2. 32.0. 32.8, 32.0. 33.6. 33.5. 35.5. 15.5. 36.D....
3c. 6.5, 16.4, 35.5, 18§, 35.5, 34.0, 32.8, 33.2....
3r.

35.

36.2, 34.5, 36.u, 34.2, 3.4, 3I.T. ME.4. 4.6,
35,2, 1.9, L6, 3.1, 3402, 35.), 16.0, 34.2,...
M. 32.7, 34.5, 35.%, 35.5. 3.6, 35.0, 35.6, 32.3....

33,

5,
a.
3.
G,
&,
0,
[
33.8. 32.%, 3L.0, 32.5%, 32.8. 32,5, 32.5, 32.0. e.,...
5.
e,
LB
&,
a,
4, 34.3, 3%.2, 4.9, 36.3, 35.), 37.). 6.8, 365,
7

3§, 36.6, 37.8, 3.2, 34.3, 2331, 18.3, 39.4, 39.0,...
40.5, 37.9, 38.5, 38.2. 33.3, 13&.0, 38.5, 38.5, 39.6,...
33.2, 38.6, 39.5. 39.2. 39.0, 3V.a, 37.7, 36.0, 32.5,...
36.6, 32.%, 36.4, 35,2, 35,3, 36.1, 3I6.4, 36.8, 35.2....
16,8, 8.5, 7.7, 27.%, 38.3, 38.6, 3IT.B. 3V.5, IN7,...
39.5, 3.7, 38.7. 4.6, 38.3, 34.0, 3IV.0. 37.2. IN.5....
33.0, 37.8, 37.9, 38.7. 37.3. 37.5, 37.0, 17.4, 35.4,...
35.0, 35.3, 35.4, 33.3, 36.3, 3)1.8. 35,9, 3.6, 33 4....
32.7, 32.9. 34.6. 37.1. 37.0, 31.%, 30.8, 35.6, 34.§,...
35.7. 34.0, 32.5,  34.0, 354, 35.3, 35.5, 35.4, 3I5.4,...
36.2, 3%.9, 37.2, 3.1, 35.8, 34.3, 356, 355, 3.4....
26.4, 32.5, 38.7. 35.5, 3l.8. 31.0. 33.6, 34.1, 35.6,...
37.0, 32.6. 31.6, 31.5, 33.7, 33.0, 33.5, 133.4, 30.8,...
32.1. 31.3, 33.6, 31.6, 1.0 3T, AT

33.%, 11.0, 30.1, J32.3. 33,9, 31.3, 33.1, 327, 12.6....
. 329, 0.8, ..

350, 342,....

. 33.5, J4.LL...

32.6, 32.1, 32.0, 31.&, 11.4, 33.4, 3.
31.2, 33.0, 31.0, 32.6, 1z.7, 313.1, 1}
33.7, 3.0, 32.8. 30.4, 29.5. 2.8, 22.3, 333, 3.4,
. 3305, 3.4,
. LB 320,

33.5, 34.4, 24,0, 34.1, 34.6, 4.2, 2.
33.4, 32,1, 3.9, 31.5. 3.6, 1.8, L.
2.6, 30.6, 29.3. 28.7, 24.4. 24,4, 15.9, 2).5. 28.0....

29.7, 29.9, 298, 29.6, 30.3, 2%.%, 2%.7, 29.4. 2%.3....

., 28,0, 3%.2....

5
3
H
28.2, 25.2. 8.4, 29.%, 29.%, 30.3, 2s.0, JO.5 20.3....
7
36.9, 29.1, 29.0, 28.6, =28.8. 2%.4, 2B.5
5

2%.4, 30.0, 29.5, 29.1, 31.3. .1, 0.5, 29.2, 2E.5.. ..
8.5, 28.0, 27.), 28.1, 28.2. 28.5, 2B.0, 18.0, 26.2....

28.7, 28.1, 28.5 28.1, 28.6, 28.%

* mirnimom temparsture

in degrees Calsius

TABLE TMINT{1-366)= ...

20.90.
1a.%,
20.2,
21.3,
15.0,
1.0,
.2,
17.9.
18.9,
4.3,
25.0,
25.1,
21.7,
25.7.
28.1,
24.0.
27.2,
24.€,
28.2,
26.5.
26.0,
24.6,
23.7,
6.0,
26.48.
24.8,
26.2,
25.0.
25.1,

20.6,

21.1,
i1%.6,
17.6,
1%.8,
26,7,
4.4,
20.6,
1.0,
20.1,
24.1.
26.4,
24.9,
23.7,
25.8,
26.4,
25.5,
78.2,
25.5,
25.5.
6.9,
25.8,
21.E,
26.1,
26.2,
26.0,
5.8,
21.8,
25.5.
22.0,
25.0,
4.3,
24.9,
25.7.
24.5,
2.7,
22.7,
20.5,
18.4,
1.5,
20.0,

20.6,

* radistion in

21.8,
.z,
19.4,
1%.48,
15.1,
18.8,
6.2,
21.1,
19.6,
22.9,
5.2,
25,5,
28.6,
25.0,
26.5,
28.5,
6.4,
25.8,
26.1,
25.1,
26.2,
4.3,
26.0,
5.8,
5.0,
5.7,
23.2,
5.1,
24.4,
25,4,
il.8,
22.6,
4.5,
2¢.6,
21.5,
2.9,
20.%,
17.7,
2.5,
21.2.
15.6,

hours sunshine

TABLE ROTT{1-366)=..,

1.3,

b
1Y
NI ST I T

8.8,
9.5,
8.5,
7.8,
0.3,
i85,
2.9,
0.5,
0.4,

104,

5.
5.
H

10
9.

10,

S Y T A N I

w

a
-

22.5,
18.6.
18.%,
19.4.
19.90,
9.0,
13.7,
21.9,
19.4,
n.5,
22.4,
25.5.
25.§,
25.7,
26.35,
28.4,
7.4,
5.8,
25.%,
26.5,
7.1,
28.5,
27.4,
26.0G.
24.5,
26.2,
24.5.
25.0,
24.6,
24.5.
24.5,
24.5%,
24.5.
4.0,
23.%,
2.6,
20.8,
1.3,
21.2.
21.5,
19.0.

,,
o -
o w w

,-
o
. T R

- o

22.0, 18.5,
20.5, 0.0,
19.9, 19.3,
18.1, 16.8,
18.2, 17.8,
16.1, 7.4,
19.4, 16.1,
23.2, 23.4,
18.7. 1.7,
1.7, 23 .4,
23.2, 24.2,
5.4, 25.4,
23.4. 24.4,
26.0, 26.2,
28.0, 2%5.4,
26.5, 27.6,
5.3, 29.2.
26.9,. 27.0,
26.2, 27.2,
27.2, 27.0,
26.4, 26.5,
24.3, 5.9,
26.0, 24.7,
25.8, 26.2.
a5.4, 235.3,
25.5, 25.7,
24.8, 24.§6.
26.0, 25.3,
2.0, 25.0,
4.6 24.6,
24.8, 26.0,
13.8, 23.0.
5.0, 22.8,
27.5, 2.1,
22.), 22.8,
23.%, 24.0.
20.8, 23.2,
22.5, 22.3,
23.0, 22.4,
21.6, 20.0.
19.1, 1%.5
par day
7.3, 9.0,
5.0, 1.5,
7.4, 10.0.
1c.s, 10.8,
10.¢ 10.5,
10.7, 10.5,
5.0, 10.7.
4.1, 10.4,
10.2. 10.5,
.0, 9.9,
10.5, 5.9,
2.7. 9.6,
106, 8.0,
2.4, 6.2,
$.5, 9.4,
6.2, .8,
4.5, 4.5,
6.0, 6.2
1.2, L36.

19.2,
21.5,
0.0,

17.90,
19.6,

25.9,
21.1,
2.9,
25.5,
25.7.
2).5,
27.7,
7.5,
8.5,
27.7,
27.0,
26.5.

7.1,
25.5,
24.2.
26.0,
26.0.
5.6,
23.8,
a4,
24.6,
25.5,
26.1,
24.7,
24.8.
23.1,
21.8,
22.2.
20.5,
23.5,
23.3,
19.5,

15.5,
2l.4,
0.0,
15.5,
16.8,
18.4,
7.4,
.4,
23.4,
41.4,
25.8,
7.2,
22.7.
26.7,
26.2,
26.0,
8.4,
36.5.
26.8,
27.3,
24¢.0,
26.5,
4.2,
26.0,
23.5.

6.0,

4.9,

7.8,
7.5,
10.4,
19.%,
9.3,
0.5,
2.9,
5.9,
19.8,
l0.5.

2w
21
12

16.

¥ ]

16,

21

- -
S

Sa.

15.0....

4,...
P .
8, ...

Iy IR

4.0, ...

22

S T

25.2, ...

2%
24

5.

27.0,...

2e

N ——

6.7

26

P

26.7, ...
26.3....

25.7

24.2,...
27.0,...

25

S

37.2,..,
3.0

FH

FI
4.
25.
23.
25.
23.
5.
4.
2.
22.

17
22
22

18,

9.

19

10.
¢
10.

10,

5 -

B P




a.5. 7.4, 10.5, 10.4, 10.1, 7.5, 4.8, 2.0,

9.1, 9.5, 9.7, 9.2, 9.7, T.8, 18.3. a4,

10,0, #.7, 5.0, 6.9, 11.3, 1., 10.4, 9.5, §.%,
11.0, 1¢.9, g.8. 9.1. 9.4, 1.3, 7.3, 9.5, 1C.2,.
7.1, 8.6, 11.0, 4.6, A.¢, 2.9, 8.8, 1.2, l.....
Ly 2.6, 3.9, 4.2, 4.3, -0, 9. 8.9, 9.5..
10.1. 3.0 -4, 6.2, 9.9, 7.9, 11.0, 8.5, 6.5,.
3.9, 7.1, 9.2, 8.4, 10.8, 4.0 10.1, 9.3, 2.3,.
.8, 3.0, 5.9, 0.9, B, -8, 2.5, .8, 8.%, .
9.0, 6.3, 4.9, 5.6, 6.1, 7.4, 1.0, 7.3, -
1.6, 5.4, .4, 104, 7.8, 10.9, 6.9, 10.§, 6.1,
8.9, S.t, 1.5, 6.9, T3, 6. 1001, 10.4, 10.3,.
4.4, 1.5. 7.2, 9.2, 9.7, 8.5, 1.3, 3.2, 2.2, ..
4.3, 9.8, 1.6, 2.4, 8.3, 5.4, 5.5, 10.4, 10.3,.
a.4, 9.4, 4.6, 22, 2.8, §.3, 7.2, 10.0. T8, ..
§.6, 9.9, 8.3, 8.8, 10.¢, §.5, 1.3, 9.1, .4,
7.4, 10.5, 7.0, €.6, 10.1, 0.0, 1Q.3, $.6, 10.2,.
0.1, 8.8, 1.3, 1.8, Q. -8, . -G, .6,
-2, -4, 4.6, 9.9, 7.6, 5.8, -2, 10.2, £, .
5.4, 0.6, 10.5, 10.5, 10.5, 0.8, $.1, 16.2, L P
-6
S
L 3

9.7, 0.2, §.6, €.7, 10.0. 10.1, 3.5,

10.2, 0.0

19.2,
2.6, 10.0, 10.2, ¥.9,

LR L Y L R LI T LT TR T
* Thiyagbrajan, Tamil Nadu, India

= 1988-1989%
" variaty: ADT 35
® ctregactmert: O KG/HA

T

TITLE THIYAGARAIAN, 0 XG N/HA

PARAN SWIPAR =
PARAM SWILAZ

[
- & o

PARAM SWINUP =
PARMN SWISTN

"
-

PARAN SWINPH =
PARMN SWINPR =
BARAM SWIKES =

I T

PAFAM SWIMEA =

PAPAR [OYE

144.0
PARAM TDOYTR = 344
PARAM FGMDAY = 63.0

THCON WLNGY = 47.0
INCON WSTSI = 13.0

INCON WRTLI = 1%.0

PARAM FHSTI = 0.0168
FARAM FALVI = 0.0115
PARAM FNRTI * 0.0034
PARAM TVSI = §.531

PARAM TST = §76.9

PARAM FSTR = 0.3%
PARAM

3

0.000784
BARAM TVRR = 0002674

PARAM NA = &
TRELE DAL~ $
PARAM NS = 11

346, 0T, 187 408600

TABLE DNCST(1-11) a J4d.,362.,369.,376.,18).,350.,397.,40
433 .44l
TABLE NTOTMT{i-11) = 2.18..3.90.16.50,20.14.)7.87.41.69,...

43.52,41.78.52.48.54 .87, 5¢4.47

* NOTE first values of NSO is dummy

A first two vaides of WSO Rza duny'F

w o ow o oo

7. 425, ..

- 1ngt value of W/NLY, W/KST, W/NRT, W/NSO are durmy's
FUNCTION XRSTS =( Q.
(46,2115), (53,2630). (63,2146), {81,1883), {8$,1615
FUNCTION XWLVGT={ 0,
(46, S43), 153, 936),{83, B840y, {81, TP, LBI, 767}
FUNCTION XWRTLP=( Q.
146, 483), {53, 4682}, (63, 537}, {31, SIm, (B9, 530)
FIUNCTION KwSoTE=({ @,

0y, 143, 01, {61,3347y,181.2803) , (89,3458

FUNCTION XNST ={ 0,1.668},(18,1.38),{25,0.62),(32.0.97),(39,1.03 3,.

(46,0.94),(53,0.99), (61 ,0.64),481,0.53}, (B3, 0.48)

38}, (18, €20),(25, 715}, (32.1165), (19, 1673},...

47}, 718, 286}, (25, 46%}, (32, 71S), (19, 428),...

19) . (1B, 260),(25, 326),(32. 370},{3%, 421)....

FUNSTION XNLV = 0,3.15),({18,2.35),{25,2.00),¢32,2.07),(39,2.07},...

(46,1.93).¢53,1.45),(62,1.10), {B1.D.97},189,0.70)

FUNCTION XMRT =[ 0,0.34),{18,9.53},125.0.52),(12,0.55], (39.0.831, ...

{46,0.78), (53, 0.81}, (61,0.78), (81,0.70), {89,0.64)
FUNCTIOR XNSo  =( b,1.11}, (§7,1.13)

* value at 2.0 im duvew
FUNCTION PSTT =(0.,0.62), ...

(0.50.0.62), (0.65,0.62}.10,73,0.65), (6.81,0.82)....

(0.89,0.79},4{1.00,0.00),(1.14,0.00},...
13.52.0.00), {1.90.0.00),12.1.0.3
FUNCTION FLVT ={0..0.38),...

10.50,0.38], (0.65.0.38),(0.73,0.35),10.81,0.18), ...

(0.89,0.211, (1.00,0.001, {1.14,9.00;,

(1.52,0.04),11.90.0.00),(2.1.4.)
FUNCTION F50T =(0..0.003,...

(0.50,0.00), (0.65,0.00},(0.73,0.00},10.81,0.00), ...

(0.85,0.00),¢1.00,1.00).11.14,1.00),11.52,2.00},...

11.50,1.00),¢2.1,1. )
FUNCTION FSHT =(0.,0.72},,..

{(0.50,0.72y.40.65.0.88).{0.72.0.94) . (0.81,0.92),...
10.33,0.53),10.97,0.96),(1.14,0.93),(1.52,1.00:. ...

(1.90,1.0801,12.1.0.)

. T YT T LT TP s
" Thiyagarajsn, Tamil ¥adu, India

+ 1966-198%

ADT 39

* treatmant; 400 XQ/HA

* variety:

EETT snpe .. rernan

TITLE THIYAGMRAJAN, 400 X2 N/HA

PARAM FSTR =0.30

PARAM DVRV = 0.000716
PARNM DVRR  * D.0C15E2

PARAN DVSI = 0465

PARARY NS = 10

TABLE DMCST(1+10} =344.,352.,26%..37€,.383.,350.,397..407..425,,441.
TABLE NTOTET(L-1Ci=2.18.49.64,110. 56, 159.91,201.27 223 .66, 246.3), ..

301.92,277.76.212 .78

FUNCTICK XWSTTBs( 0,
(46,4627), 153,5736), (€3, 6619), (B2,5¢21}, ¢87.4556)
FUBCTION XWLVET=( 0,
(46,40083, (57,6707}, (63,5624] , ¢B1,42B5], 17,1208}
FURCTION XWRTLTa( €,
(46,3525, (83,2750, (63,2003, {BL, 1548}, 497, 1586)
FUNCTION XwSCTBe( €, Qr, 154,

€y, 163, 1d76), (DL, 5)65),({97,6317)

381,18, 716%,0(25,1412),¢32.3656).,¢35.385%%), ..

191,418, S31), 25, MI5) 422, 10300 . 43%,2050), .

471,018, 4ST), (35,1418} ,432,2500),029,2226), . -+

FURCTICK XST =d €,1.68),(18,2.462), (25,2 67),133.2.0T),i¥9.1.%6r,. ..

"

(46,1 621,653, 1.6CH, 163 0 «8; (81.1.29), (%7,1._0€)

FURCTION XOVLV

=0 ©.3.15,, 13E.4.00) 125,46 34, 430.3 65),439,3.38), ...



(46,2.81),{53.2.72).063.2.72),1€1,2.28) ,197,0.98) * FUNCTIONS called : noae *
FUNCTION XNRT «{ 0,0.34),(18,1.26).{25.1.03),132.1.34>.135.1.68), ... . -
{46,1.59),(53,1.51),(63,1.38),181,1.12},(%7,3.08) ¢ FILE usage i none -
FUKCTION XHSC st 0.1.773.197,1.77) * e eemsaema—amem—a-——e———— .
* NOTE the first values of tha functions are dunery‘s SUBROUTINE SNDEM{ANLV, ANST, ANRT, AKSO, NKAXL , RMAXS , MMAXR , HMAXSO,
- the values at 2.1 are durmy's 5 TCHA, WLVG ., WSTE, WRTL, WSO,
FUNCTION FSTT miQ.,0.53).... 1 NUEML , NDEMS , NDEMR, RDEMG , NDEMY , KDEMT )

10.46,0.51),(0.60,0.53),(0.68,0.4%),40.75,0.59),..,
{0.62,0.53),40.89,0.61).11.00,0.00},..., IMPLIZIT REML(A-I)
(1.30.0.0065.11.77,0.00},(2.10,0.00)

FUNCTIoN FLVT =00.,0.8%),... *** R-demand of varioug organs
10.46,0.47). (0. 60, 0.47),(0.68,0.51},0.75,0.41), ...

(0.53,0.47),10.85,0.39},(1.400,0.007,41.36,0.00),... FDEML = (NMAXL*WLVG - ANLV)/TCNA
(1.77,0.00},12.20.0.00) NDEMS  x (MMALS*WSTS - ANST) /TCKA
FURCTION FSOTB =i0.,9.00),... NDEMR = (NMAXR*WRTL - ANRT)/TCNA

(0.46,0.00},10.60,0.00),{0.68,0.00),{0.75,0.00),...

10.22,0.00),(0.849,5.601,(1.0¢,1.00},11.3¢,1.00Q),... IF{WSO LT 173, THEM
11.77,1.000,12.10.1.00; NOEMG=0 .

FUNCTION FEWT 240.,0.92),.., ELSE
(0.46.0.72},10.60,0.87),(D.68,0.8%),i0.75,0.%0),... WDEMGaAMAX] {0. , {NHAXSO*WSO-ANSO) / TENAY
10.82.0.84). (0.B%.0.89),(0.98.0.93),41.30.1.00},... ENDIF
(1.77.1.08).(3.10,0.00) NDEMV  » NDEML + NDEMS « NCEMR

NDEMT = RDEMV + NDEMT

END

RETURN
ETOP ’in
e emcccesececmmmcecmemememreeeem————— . I - a- . et e am e
* SUBROUTINE SNDEM . *  SUBRCUTINE EMALLC .
. . . -
*  Authors: “ Authors:
* Date = Date
" Versicn: * Version:
. . . -
* Furpesa: Thik subroutine calCulates the n:trogen damand of The . * Purpose: Thiz subroutine calCulates: .
- laavex, stans, roots and grains . . 1. tha fraction of nitrogen in leaf, stem, root and ’
* . - sLorage organa .
*  FORMAL PARMMETERS: [Isinput,Omcutput,Cecontrol,INsinit, Tetime) . . 2. the N (nitrogen} acquiriticrn ratae by plant crgans .
*  Bahe typs meaning wnits Clazs * - *
" eeee e e . ———— *  FORMAL PARAMETERS: {I=ifput.O=ourpur,Ce=cOnCrel, IN=init, Trtime) .
" ANLV R4 Amoupe of ¥ (nitrogan} in tha lsaves kg/ba I . " Dame TyYpd MRAnNLDRG units class *
¢ ANST M Amount 3f N (nitrogen) iz the stexs kg/ha I - - - remwwe— *
" ANRT &4 Amcunt of B (nicrogen) in the roots kg /ha T . * swiNup R4 Switch for choosing N (nitrogen) input - T
* ANSO R4 Amount of N (n:trogen) in the grains Xg/ha 1. *  ANLV R4 Amcunt of N {zitrogen) ir the lsavaes kg/ha T
* MMAIL R4 Maximum N {nitrogen} concentzst:ion . *  ANST R4 Amount of W (ritregen) in the stems xg/na T
- in leaves g /xkg 1 - * ANRT Re  Amcunt of N (nitrcgen) in the roots xg/ha I -
* NMAXS R4 Maximum ¥ initrogen) concentration * * ANS0 Ré Amcunt of N (nitregan) in the grains *g/he I -
. in stams kg g 1 - * WLWG R4 wWaight of the leaves xg/ha 2 -
* RAIR R4 Maximum B (nitrogan) concerntratien - * WETT R4 Waight of cha stexsplus shielded rassrves Xg/na 1 *
- in roots xg/Rg I o+ * WRTL R4 Waight of the roots xg/ha 1 i
* MMAXSO R4 HAXimum K {NITTOgan) concentration . * WSO K4 Weight of the storage crgans xg/ha 1
- in steraga organs xg/xg T - * NDEMV ERé K (nitrogen) demandof leaves plus -
v TCHA R4 Timm coefficient for N scguisitien < I - - stems and ICOts kg/ha/d 1 *
" WLVG R4 Weight of the leaves xq /e I - * KDEML Ré N (nitrcgan) demard of leaves Kg/hasa 10 0*
* WSTS K4 Weight ¢f the srems *gha T * NDEMS R4 W {nitrogen) demand of stems xg/hasd 1 *
* WRTL R4 Waight of Che Toots kg/ha I * * KDEMR Ré N imitrogan} demand of rooCe kgshasd 1 A
" WSO R4 Waight ¢f The sicrage organs ®g/ha I - * NPT Ré¢ N {nitregen} uvpiaxe rate by crop kg/hasd T .
* NDRC, R4 W (nitzogen) demand of leaves kg/haid © * * GLV P4 Growth rate (dry macter) of the leaves kg/ha/d 1 .
* NOBMS R4 R (nitrogen) demand of stems kg/hard © = * GsTS R4 Growth rate (dry wmhtter] of the stams xg/ha/d I "
* NSEMR R4 N {nitrogen) demand of roolr kg/basd O * * caT R4 Growrh rate (dry matter] cf tha roots kgshasd T
* NUEMG R4 K {nitrogen) demand of grainsg kg/hard &+ * FMAXL R4 Haximum N concentration in leaves kg kg b S
* NCEMVY R4 R (nitrogem) demando? leaves plus . ® MMAXS R4 Maximum N concencration in stemx kg kg F
. stams and TooTS kg/hasd o * MMAXR R4 Haximum N toncentration in roots kg/xg T -
*  NOEMT R4 Toral N (nicrcgen) demand of crop Kgshasd . *  NaLv R4 N inirtrogen) acquisition by leaves kgrha/d4 0O hd
. . ' HAST R4 N inltrogen) acquasilion by Rtamy kg/hm/d © *
*  SURROVTINES cmlled : mone - *  NAPT Ré N {nitrogen) acquizition by rocts xg/ha/d O -



* SUBROUTINES called : none . * Purpose: This subroutine caloulatés N (nitrogen) supply to the -
* A - grains based upon the amaunt of translocatable Ninitrogun)®
* TFUNCTICKS callad : nona * - from the lesves, stems and roots. .
- . . .
* TFILE uzagse i hona M *  FCRMAL PARAMETERS: (1=ipput.O=output.Cscentrel, IN=inic.Tztime) .
e rr——. - [PPSR — - nama £yPe Dearing units class *
F R

SUBROUTINE SKALLC (SWIKUP, ANLY. ANST. ANRT . ANSO. WLVG, WSTT. WRTL. W53, " ANLY Ré  Amcunt of N {nitrogen) in the leaves kg ha o

s NDEMV, KDEML , NDEMS , NDEMR, NUPT, * ANST R4 Amount of N (nitrogen) in the Etwns kg.ha 1t

13 GLV,.GSTS, GRT, HMAXL, MAXS, KMAXR, *  ANRT R4 Amount of N (nitrogen) in the roots kgina N

s RALV, RAST, NART) - OWLVG Ré Weight ¢f the leaves kgsha 1 -
IMPLICIT REAL{A-Z) * W5TS R4 Waight of the staas ®g/he I .
INTEGER SWINUE = WETL Ré Waight ot the roots g ha 1 -

DATA TINY/1.E-10/ * WSO R4 Waight of the storage organs kg/ha I -

* RFNLV R4 PResidual N (nitrogen) fraction of leaves kg/kg 1 *

A N contents live plant organs * RFNST R4 Residual N (nitrogen) fraction of stams  Kg/Kg I .
FNLVY w ANLY/ {WLVG+TINT| * RFNRT R4 Ragidusl N (nicrogen) fraction of reeoce kg kg 1 .

FusT = ANST/ IWSTT«TINY} * TONT A Tirme coefficiaent for ¥ (nitrogen) -

FNRT = ANRT/ (WRTL+TINY) * translocation d S

FNSC = AR50/ (WSO+TINY) * LIV R4 Rate of lozs of laaf waight (dry macter} kg/basd I *

*  FNLV R4 Fraction of H (nitrogen} in leaves - b4 A

hd N mequirition rata by plant organs *  TEFG K4 Relacion of cemperaturs Lo growth Iate -
IFISWINU?.EQ.1) THEN - of grains - I .

* uptake iz a measured forcing functiom * KDEMG R4 N (nitrogen} demand of grainx kg/had I .
POSDEH=AMAX L (Q. , NDEML) +AMAX L (0. NDEMR | +AMAX L (0., NDEMS) * VS R4 Phenologicel developoent Ftage crop - 1 A
NEGUZM= - (AMIN1 (0.  KD2ML) «AMINY {0., NDEMR) +AMIR] (0, , NDEMS} ) * NTLV R4 N (nirrogan) cranslocmted from leaves kg/ha/d O .

- avail i¥ the netT pocl of N available for allocation on sach day r NTST R4 N tnitrogen) translocatsd from steos kgihaid O
AVATYL £ NEGDEMe+NUPT * NTRT R4 ¥ (nitrogen) translocated frem roots kg hasd @ .

IF (NUPT.GE.0.) THEN * NSUPG R4 Rate of N (nitrogaen) supp.y to gra:ns kg/bha/d O .

- not any of the crgan dsmands can ba pod oY neg - -
* total crop upTtake was not damand related but forced * SUBROUTINES callsd : nonms *
IF{NDEMR.GT.0.) NART=AMINL(NDEMR,AVAIL* (NDEMR/(POSDEM+TINY}}) - -
TF{NDEMR.LE.0.) NART=NDEMR *  FUNCTIONS called : none .
TF(NDEMS.GT.0.) HAST=RMIN] (NOFMS, AWAIL* {NDPMS/ (POSDEM«TINY} )} A b
IF(NDEMS.LE.D.] NAST=NDEMS *  FILE usaga : none -

- axcess atored in leaf mase only: . - *

HALY =NUPT-NART-NAST

ELSE SUBROUTINE SNSUPG|ANLV. ANST, AKRT.WLVG W5TS, WRTL, W50, RFHLV. RFUST,
- nitrogen axtraction by forced negativa upbake H RFNET, TONT, LLV, FNLV TEFG, NDEMG,
. thiz has signal fusction snly: death rate of leaves and roots % KTLY  KTST, RTR'T, NSUPG)
- should be incrsased IMPLICIT REAL(A-Z}

NALV2 ANLY/ {ANLU+RNST+ANRT) “WJPT
NAST= ANST/ (ANLV+ANST+ANRT) *NUPT - ¥ supply to grains based upon the amount ¢f trapslocatable K

HART= ANRT/ {ANLV+ANST+ANRT) *NUPT

TF{MALV.LT. ~ANLV) STOP - rate of translocation from dead lsavex, in kg/ha/d
IFINAST.LT. -ANST) STOP . old LIe by Mivhrh contaited Aiffsrant set of assumptions on W
IF{RART.LT. -ANRT) STOP - mcbilizacion from dead leaves
BDIF
. potsntial rate (Temperature-corrected) of N franslocation
ELSEIF | SWINUP.ED.2) THEN - from organs. 1n kg/hasd
- pot. prod.:
NALY ¢ NDEML+GLV"R-AKL ATHLY = AMAXLID. TEFG® (ANLV - WLVGSHFNLV) /TCNT)
HART = NDEMR+GRT*NMAXR ATHRET = AMAXZ (0. TEPG® (ANST - WSTS“RPNST)/TCNT)
NAST « NDEMS+GSTENMAXS ATNRT = AMAX1(0., TEFG® {ANRT - WRTL®RFNRT) /TCNT}
NDIF ATH = ATHLV+ATHST+«ATHRT
- actum] N supply Tates by planc crgant, in kg'hm/d
RETURN IF (WSO, LT.10.) THEN
END NTLV=0.
NTSTel .
NTRT=0.

ELSEIF [ATW GE NUEMG] THIN

* SUBROQUTINE SHSUPG - - conversion porentiml to actual tranziocazion
* * NTLV = NDEMGATNLV/ATN

" Authers: NTST = NOEMGTATNST/ATN

* Date H NTRT = KDIMGCATNRT ATN

= Varzion: ESE

A - NTLY = ATHLY
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WIST = ATHST
NTRT = ATNRT
ENDIF

sctual N suppiy Co grains by translocation
NEUPGNILY+NTST+NTRT
RETURN

>

SUBRCUTINE SUNUPT

Versicn:

Purposs: Thia subzoutine calculated tLhe daily W (Ditrogen) upTaks
from an chbservation set given in kg N/he 1p live bDiomasr

At sampling Aates.

FORMAL PARAMETERS: (I=input,Owoutput,Cacontral, IN2iniC, TeTime)

nama tyre masning units class

SWIYR I8 Initializaticn Cime #witck for experiment

acrows Jjarpuary i - I
Doy Ré Julian datae d I
oYp R4 Julian date at beginning cf simulaticn a 1

ANTOT R4 Total amount of N (nitrogen) in the <¢rcp kg/ha 1

ANLCR R4 Amount &¢f N (nitroger) 1n the crep (live) Xgsha I

ps 1¢ purber o! sarpling cates fcr totsl

N (ritrogen) ir the crop - 1
KA 14 Number ¢f N (nitrogen) applicaticrs dates - 1
WTOT™T R4 Tabulated Cotel ¥ tnitrogen) measured kg/ta 1

DNOST R4 Table of Julian dates at which NTOTMT

was moasursd - 1
DMRAPT R4 Daynusberctf N (ritrogen) applications d 1
CRDN R4 Critical daynunber which affsccs the ratas

at which uptake declinies after

N (nitrogan) applicacion - 1
Fl k4 Leat area fraction in 0-30 and J0-60

deqree leal angle clayses for layes ]l to 5 - o
NUPT B4 N {nitrogen) uptaxe rate by crop kg/ha;d O
DMAR R4 Daynunber of nitrogen applications - L+
DNOS f4 Daynumber of crop sampling for Ninitrogan) - [+
NTCT™ B4 Tctal N (nikrogen) in Ccrop measured kg/ha -]
DATEX Ré Dummy for pripting only - [+

SUBROUTINES callsd : none

FUNCTIONS  call : ROT#

FILI usage : Tone

SUBROUTINE SUNUPTISWIYR.DOY,DOYS, ANLCR.KS, MA,

) NTOTHT, [BCST, DNAPT CREN, Fi, HUPT, (AP,
$ DNGS. NTUTM, GATEX}

subroutine calcuiates dally N uptaxe [rom chservatlon set

glven 1n kg N /ha 1D live DLOMAZS Al salpling dates

REAL DOY HTOTMT (LS, DNOSTILS) . DEAPFT 5 (CRIN FI HUPT
REAL DSLA, NTOTM, ANLCR. DHOS . DNAP, NUPTX

INTESER MA NS, I, SWIYR

identif:cation of Next target EamMp.ing date co match
siouiaced’ with measured uptake

OATER=DCY +SWIYRT36%

DG 888 I=1 NS

IF({DATEX.GE.DNOSTI{L)} THEN
CONTINUE
ELSE
NTOTMaNTOTHT (I}
DROS=DNOST (1D
GOTO 979
ENDIF
883  CONTINUE
299 CONTINUVE

PO 322 Iel.NA
IF (ABS (DATEX-DOYS) LT.Q.1} THEM
InAPaDOYS
DSLh=1,
GoTo X33
ELSEIF{DATEX.GT.IMAPT(I)) THEN
CONTINUE
ELSE
DRAPaDHAPT (I-1)
DSLA«OATEX -DNAP
GOTG 333
ENDIF
222 CONTINUE

m CONTINUE

IF{DSLA.LE.CRON) THEN

Fl= }.* SQORT(CRON/AMINL(L.,DSLA})
ELSE

Flel.
==} ¢

IF(DATEX.GE.DNOST(N5)) THEN
NUPT=0.
ELSE
IF(NTOITH.CT.ANLCA) NUPT=AMINL {NTOUTM-ANLCR,

s FI® (RTOTH-ARLER) / (C00S-DATEX) )

IF(NTTTH. LE.AHLCR) NUPT=AMAX] (NTOTM-ANLCH.
s (NTOTM-ANLORY / {DNOS-DATEX) )
ENDIF

FUNCTION FUNCHE (ZKNIN, CKNFL, TIME)
* theck on crop nitroged balance.
* tan Barge. August 1§52
FUNCHX =2 . 0" (CMNIN-CKNFL) / {CXNIN+CKNFL 1 . E-10)
IF{ABS (FUNCHK) .GT.0.01) THEN
WRITE(6,10) FUNCHK, CIXNIN,CXNFL,TIME
* ERROR IN NITROGER BALANCE, PLS CHECKT™

of

10 FORMAT(/
$ * CKMRD=",F6.1,* XNIN=* F0.2,' CHNFL='.F8.2,' AT TIME=~".
$ F&.1)
ENDIF
BETUFN

*  SUBRIUTINE ASTRC

T Purposs: Thid sukroutine calculares astropcmic daylength,

* diurpal radiatlon characteristics suck as the dajly
irtegral of zine of solar slevation ane solar conatant.

*  FCRMAL PARAMETERS: {Ivinput, Osoutpuc,Cecontzel. IN=init,Tetama)

* rape  type meaning units clase
L
L o ¢ Ré Taymurber (Jan 1T = 1) -

*LAT P4 Latizuce of the sits dagrees


http://INilr.it
http://ir.it

I-11

* sC R4 Solar constant Jm-23-10 - * LA R4 Leaf ares index ha/na .
= D50 R4 Daily axtratarrescria® rad:ist:ion J m-2 &1 0 * + KDIFN R4 Extipction coefficient £o0r N it canopy - T o
® SINLD  Ré Seasonal oflset of sine of solar he.ight - o - * ANLV R4 Amourt of W in the leaves kg/ha 1
* foSLD Rd Amplitude of sine of solar height - o * * ALPHAN R4 Slcps of AMAX versus KPA kg Coz/ha/h 1 *
* DAYL R4 Astromom:c daylength (baze = 0 degress) -} o . * NB R4 Min N concentration leaf &t AMAN=O gimd 1 *
* DSINE R4 Daily toral of siaw of solar height L] a T * RECFT R4 Tomparature correctior [or AMAX - 10"
* DSINBE R4 Da:ly total cf effective xolar haight s - T AMAXS Ri Maximur rate of photesyhithesis of single kg/ 1.
* - * 1 4% at top of cancpy ha leal/h *
*  FATAL ERROR CHECKS (eaecut:oca Cermuneted, messags) A * DGR Ré Daily rotal gross Assimilation kg COz/hasd 0 *
* condition: LAT » €7, LAT « -7 " * *
. . . -
* FILE usage : nope . * SUBRCUTINES and FUKCTIONS called : ASTRO, ASSIN -
- - -- e EEEEE . * FILE ussge : nona .
O e e e - —— - = o o o ——— .
SUBROUTINE ASTRO (DOY¥, LAT,
& SC ., Ds0, SINLD. COSLO. DAYL, BSINB. DSINBE) SUBRCUTIKE TCTASN (DCY, LAT ., DTR, SCP, EFF, XDF, LAI,
IMPLICIT REAL {A-3} = KCIFN, ANLY, ALPHAHN, NR, REDFT,
1 AMMAD, DTGA)
--Fl and conversion factor from degr to radians IMPLICIT REAL{A-Z)
Pl ® 3141592654 REAL XCAUSS{}}, WGAUSS(])
RAD * PI/180. IFTEGER T1, IGAUSS
Fommmm check OB Lhput range of parameters DATA $GAUSS 737, TINY /0.0L/
IF (LAT.GT.67.) STOP "ERROR IN ASTRG: LAT» 67° DATA XGAUSS /0.1127¢2. 0.500000. ©.68729%/
IF UAT.LT.-€7 ) STOP ERROR IN ASTRO: LAT»-§7" DATA WGAUSS /0.277778, 0.dddadd, 0.277778/
*u----gdeclinat.on of the zun ag funcrion of daynurder (DoY) I = J.Id415926E4
DEC = -ASIN (SIN (2).45°RADI*COS {2.°PI*{DOY+10.}/365.]}
CALL ASTRC(DOY,LAT,SC,DS0, SINLD,COSLD, DAYL, DSINE, DS INRE)
S emnnm SINLD, COSLD mnd AOP ars intarmediate variables
LEE T assimilation 34t t¢ tero and thres d:flerent times of the day {HOUR}
SINLD = SIN (RAD'LAT: *SIN (DEC) DTCA = 0.
COSLD » €0S [RAD"LATI*COS (DEC)
hoB = SINLD/COSLD *EtemeLIC ppacifiek
daylength (DAYL) NT= (ANLV) “1008 . /10080,
CAYL = 12.0711.+2. “ASIN {AGDI/PI) 1F (KDTFN.GT.TINY] THEN
AMAXL 1= ALPHAN "XDIFN® (NT+MB LAI} /(1. -EXP(-KDIFN*LAI))
DSINE  x 3800.*(DAYLOSINLD«2d. *COSLD"SCRT (1.-ACB*“ACBE) /PI) ELSE
DSIKRE » 3600.*(DAYL® (SINLD+{.&° (SINLDYSINLD+COSLD*COSID"0.G) 0+ AMAXC 12 ALPHAR® (NT/LAI-NE}
& 12.0%COSLD® (2.0+3.0°0.4*SINLD) "SQRT (l.-AQB*AQB} /P1) BOIF
sclar conytant (5C) ahd dally extraterrastrial radiation (D52) AMANC cAMAXT (AMIN1{70.,RECPT"AMAXGAY),
5C & 31378.%{1 «0.0327C0OS {2.°PI*DOYFiE5.1)
DS0 = SC*DEINRE
LAIL =AMIN1i10.,LAI)
RETURN
2o ss*o..ainde L1C speacifiex
0O 10 1=}, IGAUSS
Permmrassrrnn . [ ecrmrranm—n
*  SUBROUTINE TOTASH . R at the spacitisd HOUR. radiatlon is corputed and used to Compute
* Purpesa: Thig subroutine caleulates dasily satal gross . - assimilation
. aszimn:latica {DTGA} by parformung a Gauss:an integration ° HOUR 2 12.0+DAYL"0.57XGAUSS |12
e Eime. At three dif tinezs o! the day, .
. radiation is cokputed and used to delermine asEilmilation * ine of solar elw <2
* whareufter Lntegration taxes placa. . SINB = AMAX] (0., SINZD-COSLD®CDS J2 *PIY(HOUR-12.1/24.)!
. .
*  FORMAL PARAMETERS: {I=1npaz.O0=outpit,fwconirol, IN#12iT, Tarime) - Fomammme- diffuse light [raci;on (FROF) from aimospher:c
* nama LyPe BaLSiNg unite clasw * * TransmiseEion (ATMTR)
. —rmrs  Lwemre ¥ PAR = 0.5vDTReSINE" «0 . 4TSINB}/DEINBE
*  DOY Re  Daynumber (January 1 = 1) - I N ATMIR = PRR, 1{ STSCTSINB)
*LAT Ré  Tazituds of Ine & degress I *
T DTR RE Daily total of global ratiation Jix2id T IF (ATMTROLE.D .33t THEN
* 5CP R4 Seattering coefficirent of lesaver for vimble - FPDF = 1.

. radiazian {PAR) - L S ELEE IF (ATMTR.CT.O LAND. ATHTR.LE.C.3%: THEM

¢ EFF K Initial light ude effiiiency kg Tu2030 10 FROF = 1. -& 4% ATMTR-0.22)%72

" ha'n Rl B - ELSE

* KIF R4 Exzingiion coefficient for dalfase lugnt FREOF = | . d7-] BE"ATM R
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B ¥ e axtinction cosfficiant for direct radiacicn and total direct flux
CLUSTF = KDF / {0.8°sQV)
FROF » AMAXL (FRDF. 0.15+0.85%{]1.-EXF (-0 1/SINE)}) KBL = {0.5/8INB) * CLUSTF
KDRT = KBL * SQV
Tevmo-s-ediffuse PAR (PARDF) and direct PAR (PARDR)

PARDF » PAR * FROF

lection of depth of canopy, Cancpy assimilaciopn is sat o Zero
PARCR = PAR - PARDF FCRACS = O.

DO 10 Iiel.iGAUSS
CALL ASSIM (SCP, EFF, KDF, LAI, SINB, PARDA, PAROF, KDIFN,

9 AMAXO, LAIL, FGROS) ---13C spacifisk

LAIC = LAL * XGAUSSI(I1)

-+iutegration of assimilation rate Co & daily total (DTGA) AMAX = AMAXOTEXP(-NCIFN*LATC)
GA » DTGA-FCROS*WGAUSS (11}
[ I absorbed fluxes per unit leal ares: Aiffuse flux, totsl direct
10 CONTINUE . tlux, diract component of direct flux.
VISCF = (1.-REFK) *PARCE*KDF *EXP {-¥DF °LAIC)
DGA = OT7GA T DAYL VIST = (1.-REFS)*PARCRYKDRT *EXP (-KDRT “LAIC)
VISR & (1.-SCP) *PARDR"XBL “EXP {-XBL "LalC)
RETURN
o toeeeen- ansorbed flux (J/M2 leat/s) for abaded lesves and assim:lation of
d ahaded leaves

VISSHD = VISDF + VIET - VISD

IF (AMAX.GT.0.) THEW

® SUBRCGUTINE ASSIM . PGREH » AMAX * (1.-EXNP(-VISSHD'EFF/AMAX))
* Purposa: This subroutina parforms a Gaussian inCegration over . ELSE

. depth ¢f canopy by selecting thres diffarent LAI's and . FGRSH = 0.

- COMpUTING afkimilation st thess LAl levals. The - END IF

* integrated variable im PGROS. *

- .

~diract flux absorbed by leaves psrpendicular on direct beam and

*  PORMAL PARMMETERS: (I=input,Osoutput,Crcontiol,INsinit,T=time) . - asminilation of aunlit leaf area

* name  UypE BAANLLYG units class *

T aver emee ememena [P — VISPP = (1.-SCP] ¥ PARDE / 5INE

* sCP K4  Scattering coafliclent of leaves for visible - PGRSUN = 0.

h radiation (PAR) - b DO 20 IIwl,IGAUSS

* EFF ke Initial light use efficlancy kg COR/3/ 1 % VoESUH & VIESHD + VISPP ® XQAUSS(I2)

" ha/h 52 ® . 1P (AMAX.GT.C.) THEN

* XoF R4 Extinetion coafficisnt for diffuse light T FGRS = AMAX © {1.-EXP(-VISSUN‘EFF/AMAX))
* LAl Ri Lea! area i{ndex ha/ha S ELSE

" SINE Ré Sine of zalar height - B FGRS = 0.

® PAROR R4 Infcantanamcus flux of direct radistion [PAR) W/m2 S B Ir

* PARSF R4 Instantandous flux of Eiffuse radiaticn(PAR) W/md T FGR5UN = FGPSUN + FGRS * WGAUSS(11)

¥ KOIFN a4 Extinction coefficiant for N iz cancpy - T 20 CONT IR

T AMAXD R Maximun raza of photesynthesie of single Kkg/ | S

- loaves a: top of canopy ra loatsn . R fraction suplic leal area [F5LLA) and local mssimilation
* LATWL Ré Leal araa index, with maximum of 10 ha/ha T - rats {FGL)

* FGROS R4 InsTantandécus assimilatisn rata of kg 0%/ =2 FSLLA * CLUSTF * EXP!{-KBL*LAIC)

. whole canopy na acil/h . FGL = FSLIA * FGASUN + (1.-FSLLA} * FGRSH
- .

*  SUBROUTINES and FUNCTIGNS called : nons - Fowmmnnan integration of local mzzim:lation rate To Canopy
* FILE usage : DONE v - azs:o:acien (PGRCS)

. - .

PGROS = FGROS + FGL ¥ WGAUSS(1l)

SUBROUTINE ASSIM (S0P, EFF. KOF, LAI. SINB, PARDK, PARDF, XDIFW, 16 CORTINUE
& AMAXD. LAIL. FGROS) PCROS = FGRSE * LAI
IMPLICIT REARL{A-Z]

REAL XGAUSS{1), WGAUSS(3} RETVRN
INTESER Il, 12, IGAUSS B
Py Gauss weights [or trnree DOINT GAUSE

DATA IFAUSS 73/
DATA XZAUSS £0.112702, §.500C000, 0.887298/

DATA WGAUISS /0.277776, 6.444464, 0.277778/

Temaan reflection of horizontal and spherical leaf angle distribution

SV SURT(L.-STP

REFH » [2.-5S0V)/ (1. +50V) *  SUBRDUTINE SLLOSS .
REFS » BEFH™2./(l.~2.*5INR] -

®  Authors:
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Date

VarEion:

Purpose: This subroutine computes the relative daath rates of

leaves wnd roots depanding on ¥ {nitrogen? concentration

in the ]laaves and ]Jaaf arqa.

FORMAL PARAMETERS: (Isinput,O=cutput, C=confrol, IN=init, T=Time)
nams type meaning unitsx

FNLV R4 Fraction of N {nitrogani in leavas -

N INT, R4 Maximum H i{nitrogen) in lesvas kg/ing
AZR R4 Reuiative death rata root and laaf 1/d
Lat R4 Leaf area index -

LAIREF R4 Lesaf m

indax reference -

RLELY R4 Ralative loss of leaf weight (dry mactar) jsd

RLRRT R4 Relative loss of roct weight {dry matter) 1sd

SUBROUTINES called : none

FUNCTICKS «cailed : ncrne

FILE usage : nena

class

O W M OH M

[

SUBROUTINE SLLCSS({FNLV, MMINL, RDR. LAL, LAIREF, RLRLY, HLART}

computes the relative deatl ratec of leaves arnd roots,

dependifig on N concentrallob in the lmaves and leaf area

IMPLICIT REAL(A-7)
IF (FNLV.LT.1.1%RMING THEN
RDAL = FOR = &.
ELSEIF (ENLV.GT 1.5°MMINL} THEN
EDRL = RODR

RBRL = (5. (FNLV=1.1*MMINL}/ (0. 4"HMINL] "€.) "RDR
ENDIF
RLRLY = (LAI/LAIREF) *RDRL
PDRLV=EO.
RLRPT » RLELV
RETVRN

p = i)

BinioB
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Appendix Il

Acronymns used in the ORYZA_N model

Acronym Explanation unit
ACTLV activity coefficient of leaves based on N content -
ACTRT activity coefficient of roots based on N content -
ACTST activity coefficient of stems based on N content -
ALPHAN slope of AMAX versus NPA kg CO5 ha't hr! (gN m?)
AMAXT maximum rate of photosynthesis of single leaves (CO5) at top of

canopy kg ha'lh!
ANCR amount of N in the crop (live and dead material) kg ha
ANLCR amount of N in the crop (live material) kg ha
ANLD amount of N in the dead leaves kg ha?
ANLV(]) amount of N in the leaves (initial) kg ha!
ANLVPH amount of N in the leaves {measured or simulated) used for

calculation of the photosynthesis in SUNPHO kg ha-
ANRD amount of N in the dead roots kg ha"!
ANRT()) amount of N in the roots (initial) kg ha!
ANSO amount of N in the storage organs kg ha
ANST() amount of N in the stems (initial) kg ha?
ANTOT(l) total amount of N in the crop (live and dead material) {initial) kg ha!
CBCHK function for carbon balance check -
CELV carbohydrate export (glucose, 24 h total) from leaves

plus stems, excluding remobilization kg ha-ld-
CELVN number of days that CELV is negative d
CELVNR rate of change of CELVN d!
CKCDIF difference between carbon added to the crop since initialization

and the net total of integrated carbon fluxes, relative to their

sum -
CKCFL sum of integrated carbon fluxes into and out of the crop kg ha'
CKCIN carbon in the crop accumulated since simulation started kg ha!
CKCRD difference between carbon added to the crop since

initialization and the net total of integrated carbon

fluxes, relative to their sum -
CKNFL sum of integrated N fluxes into and out of the crop kg ha
CKNIN N in crop accumulated since simulation started kg ha-
CKNRD difference between N added to the crop since initialization and

the net total of integrated N fluxes, relative to their sum -
CNTI carbohydrates needed to initiate and maintain 1 tiller kg ha'd!
CNTIT refation of CNTI to DVS -
CO2E €O, concentration ambient air vppm
cowv growth respiration of leaves kg CO, kg''DM
CO2RT growth respiration of roots kg CO, kg 'DM
CO280 growth respiration of storage organs kg CO, kg''OM
CozsT

growth respiration of stems kg CO, kg'lDM
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Acronym Explanation unit
CO25TR growth respiration of shielded reserves kg CO, kg’ 'DM
CRDN critical daynumber which affects the rate at which N uptake

declines after fertilizer N-application . -
CRG(LV,RT,50,5T,STR,CR) weight of carbohydrates required for dry matter growth of
leaves (LV), roots (RT), storage organs (50), stems (5TS), shielded

reserves (STR), crop (CR) kg kg?
DAT days after transplanting d
DATEX dummy for printing d
DELT CSMP time period for integration d
DLA daylength, astronomical h
DLP daylength effective for photoperiodism h
DNAP daynumber of nitrogen applications d
DNAPT table of nitrogen application dates -
DNOS daynumber of crop sampling for nitrogen
DNOST table of daynumbers (DOY) at which NTOTMT was measured -
DOY(S) day of year=Julian date (at beginning of simulation)
DRR development rate crop in reproductive (R) phase d1
DTGA photosynthesis canopy, gross, in current weather and

physiological state, in CO, kg ha1d-!
DVR development rate crop in vegetative (V) phase d!
DVRR development rate crop in reproductive (R) phase °Cd
DVRV development rate crop in vegetative (V) phase °Cd
Dvs(l) phenological development stage crop (initial) -
DVSG1,2 DVS when grain formation starts (1), ends (2) -
DVSGR variable with value 1.0 during grain formation, else 0.0 -
DVST(1,2) DVS when tiller formation starts {1), ends (2) -
DVSTD switch active during tiller formation
DVSTF switch active during tiller formation, and 0.15 DVS units beyond
EFF initial light use efficiency for individual leaves kg CO, ha'l h-1(J m2 s-)!
EFFTB table of EFF as a function of temperature EFF,°C
ELV elevation of growth site above sea level m
F1 leaf area fraction in 0-30 and 30-60 degree leaf angle classes

forlayers 1to 5 -
FC(CR,LV,RT,SO,ST,STR) fraction carbon of total dry mass in the crop {CR), ieaves (LV),
roots (RT), storage organs (SO) and stems (ST), shielded reserves

(STR} kg kg™
FGHDAY first sampling day of storage organs, expressed in days after

transplanting d
FLV fraction of daily shoot dry matter increment allocated to leaves -
FLVTB tabulated FLV as function of DVS or DAT -
FNLV(D) fraction of N in leaves (initial) -
FNRT(D) fraction of N in roots (initial) -
FNSO fraction of N in storage organs -
FNST(!) fraction of N in stems {initial) -
FRT fraction of daily dry matter increment allocated to roots -

FSH fraction of daily dry matter increment allocated to shoots -
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Acronym Explanation unit
FSHTB tabulated FSH as function of DVS or DAT -
FSO fraction of daily shoot dry matter increment allocated to storage

organs -
F50TB tablulated FSO as function of DVS or DAT -
FST fraction of daily shoot dry matter increment allocated to stems

including leaf sheaths -
FSTR fraction of stem weight at flowering that is remobilizable

{shielded reserves) kg kg
FSTTB tabulated FST as function of DVS or DAT -

G(CR,LV,RT,S0,STR,STS,SH) growth rate (dry matter) of the whole crop {CR}, leaves {LV),

GFP
GGRMN
GGRMX
GGRT
GN(GR,T1)
GSOM
GSTREX
HI

HU
HULV
iDOY
IDOYS
IDOYTR
KDF
KDIFN
KDIFNP
KDIFT
LAI()
LAIEXP
LAILN(T)
LAIOLD
LAIREF
LAT

LLv
LNTI
LRT
LSTR
MAINLV
MAINRT
MAINSO
MAINST
NA
NA(LV,RT.ST)
NB

roots (RT), storage organs (SO},

shielded reserves (STR, starch), stems (ST) and shoot (SH) kg ha-d!
grain filling period d
minimal growth rate of one grain kg d-!
maximal growth rate of one grain kg d1
tabulated TEFG as function of TPAV -
growth of number of florets, grains, tillers ha-ld-
maximum growth rate storage organs kg ha'ld-
extra growth rate shielded reserves (STR, starch) from

harvest index (based on above ground dry matter) kg kg
daily heat unit for plant development (°C d) d!
daily heat unit for leaf development (*C d) g
integer value of DOY d
integer value of DOYS d
integer vaiue of transplanting day of year d

extinction coefficient for diffuse light -
extinction coefficient for N in canopy -
dummy for KDIFN -
tabulated KDJF as function of ALV -
leaf area index (initial} -
ALV in exponential growth phase -
tabulated In{ALV) vs TSLV -
leaf area at previous time step -
Leaf area index reference -

latitude (south of equator negative values) degree
rate of loss of leaf weight (dry matter) kg ha-ld!
loss of number of tillers ha-'d-1
rate of loss of root weight {dry matter) kg ha'ld"
loss rate of stem reserves (starch) kg ha1d
maintenance respiration coefficient of leaves kg CH,0 kg' DM d!
maintenance respiration coefficient of roots kg CH,0 kg'' DM d"!
maintenance respiration coefficient of storage organskg CH,0 kg' DM d!
maintenance respiration coefficient of stems kg CH,0 kg'! DM o
number of N application dates

N acquisition by leaves (LV), roots (RT), stem (ST) kg ha1 d-

min N concentration leaf at AMAX=0 g m-?
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Acronym Explanation unit
NBCHK function for crop N balance check -
NDEM(G,L,R,5) N demand of grains (G), leaves (LV) kg ha-1 d-t
NOEMT total N demand of crop kg hat g1
NDEMV N demand of leaves plus stems and roots kg hal d*!
NGR{MX,P) number of grains {maximum, potential) (module TIL) ha!
NLD{LV.RT) N loss due to death of leaves (LV) and roots (RT) kg hald
NLSINT nitrogen removal translocated from dead leaves and roots kg ha™!
NMAX(L,R,5.50) maximum N fraction in teaves (L), roots (RT), stems (5), storage

organs (SO} at given DVS kg kg™
NMAX(LT,RT,ST) relation of NMAX(L,R,S) to DVS kg kg
NMAX(LX,RX,SX} absolute maximum of NMAX(LT,RT,ST} over whole season kg kg
NMIN(L,R,S,50) minimum N concentration in leaves {L), roots (R), stems (5},

storage organs (SO) at given DVS kg kg™
NMIN{LT,RT.ST) relation of NMIN(L,R,S) to DVS
NS number of sampling dates for total N in the crop -
NSUPG rate of N supply to grains kg hal d?
NT{LV.RT,ST) N translocated from leaves {LV), roots (RT) and stems (5T) kg ha-1 d-1
NTI number of tillers, including number of main stems (NTII) ha1
NTIP potential number of tillers (limited by carbohydrates) ha
NTOTM total N in crop measured {cumulative uptake), forcing function kg ha!
NTOTMT tabulated NTOTM kg ha-1
NUPNEG 'negative nitrogen uptake' counter kg ha1 d
NUPT N uptake rate by crop kg ha'! d-t
NUPTOT total N uptake, cumulative since initial kg ha
NUPTX potential N uptake rate as not constrained by demand kg ha-1d-1
PARA first coéfficient of Angstrém formula, to calculate from sunshine

hours to Joules -
PARB second coéfficient of Angstrdm formula, to calculate from

sunshine hours to Joules -
PCGT PCGC totaled since start of simulation kg ha't
PLNUM number of plants ha
Q10 Q10 of maintenance respiration sensitivity to temperature -
RCRT respiration crop, totaled (in CO5} kg ha'l
RDR relative death rate root and leaf - dt
RDT radiation, daily total global, measured (400-400 nm) Jm=2d!
RDTC radiation daily total global above atmosphere (400-400 nm) Im2d-
RDTT table of measured daily total global radiation during year -
REDFT factor accounting for effect of temperature on AMAX -
REDFTT table of REDFT as function of temperature -
RFNLV residual N fraction of leaves kg kg™
RFNRT residual N fraction of roots kg kg-!
RFNST residual N fraction of stems kg kg1
RGCR respiration {in CO,) due to growth of the whole crop (CR) kg hag-1
RGRL relative growth rate of leaf area g1
RLRLV relative loss of leaf weight (dry matter) d!
RLRRT relative loss of root weight (dry matter) d
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Acronym Explanation unit
RM(CR,LV,RT,S0,5T) maintenance respiration (CH,0) of whole crop (CR), leaves (LV),

roots (RT), storage organs (S0), stems (ST) kg ha-lg-1
RMCCO2 maintenance respiration (CO,) of whole crop kg hald
RMMA maintenance respiration due to metabolic activity (CH,0} kg hald"
RTILT relation of relative tillering capacity to N content of leaves
RTOT total radiation (cumulative) Jm?
SAl stem area index ha ha"!
SCp scattering coefficient of leaves for PAR Jm2g?
SHCKD parameter indicating relation between seedling age and delay in

phenological development (¢Cd)°Ccd?
SLA specific leaf area ha kg™
SLAC specific leaf area constant ha kg!
SLAFAC tabulated relation of SLA to DVS -
SLATB table of SLA as function of day of year -
SSA specific stem area ha kg1
SSGA specific green stem area ha kg™
SSGATB table of SSGA as function of DVS -
STTIME starting time of simulation {day of year) d
SWILAI switch for choosing calculation of {eaf area -
SWIMEA switch for reading measured data -
SWINPH switch for choosing measured or simulated amount of N in the

leaves for calculation of photosynthesis -
SWINPR switch for choosing nitrogen profile in canopy -
SWINUP switch for choosing nitrogen input option -
SWIPAR switch for reading the dry matter partioning table -
SWIRES switch to include or exclude respiration
SWISAI switch to include or exclude stem area in leaf area -
SWISIN switch for choosing sink limitation
SWIYR initialization time switch for experiment across January 1 -
TAV(D) actual air temperature at each DTIME (A), in daytime (D) and 24h

average (V) *C
TBD base temperature for plant development °C
TBLV base temperature for leaf development °C
TCDT time coefficient for loss of tillers d
TCFG time coefficient for formation of grains d
TCFT time coefficient for formation of tillers d
TCLSTR time coefficient for loss of stem reserves d
TCNA time coefficient for N acquisition d
TCNT time coefficient for N translocation d
TD time difference between day of seeding and day of transplanting d
TEFF temperature effect on maintenance respiration -
TEFG relation of temperature to growth rate of grains
TIL maximum number of tillers per plant at given leaf N content -
TILMX maximum number of tillers per plant -
TMAXT table of maximum day temperatures during a year *C
TMD maximum temperature for phenological development *C
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Acronym Explanation unit
TMINT table of minimum night temperatures during a year °C
TMLY maximum temperature for leaf area development °C
TMN minimum night temperature *C
TMX maximum day temperature °C
TNASS net canopy photosynthesis totaled since start simulation kg ha™!
TREF reference temperature for maintenance respiration °C
T5() temperature sum for plant development(initial) *Cd
TSHCKD transplanting shock for phenological development *Cd
TSLV temperature sum for leaf development °Cd
TSTR temperature sum for phenclogical development at transplanting  °Cd
WCR weight crop (shoot plus storage organs, roots) kg ha-
WGR{MX) average weight of a grain, filled plus unfilled {maximum) kg
WLVD weight dead leaves kg ha-1
WILVEXP WLV during exponential phase of leaf area development kg ha1
WLVG() weight green leaves (initial) kg ha?
WRR weight rough rice {14% moisture content) kg ha!
WRTD weight dead roots kg ha'?
WRTL(I) weight kive roots (initial} kg hat
WSHG sum of WLVG, WSTS, WSTR and WSO (live shoot) kg ha1
WSHT sum of WLVG, WLVD, WST, WSTR and WSO (total shoot) kg ha-?
WSO weight storage organs kg hat
WSTR weight of shielded reserves (starch) in stem kg ha-t
WSTS(I) weight stems (initial) minus WSTR contained in it kg hat
WSTT weight stem plus shielded reserves kg ha
XLAITB table of XLAI as function of day of year -
XNLV tabulated measured N content in leaves %
XNRT tabulated measured N content in roots %
XNSO tabulated measured N content in storage organs %
XNST tabulated measured N content in stems %
XSLA measured specific leaf area ha kg™
XSLATB tabulated measured SLA as function of day of year -
XWLVDT tabulated measured weight of dead leaves kg ha'!
XWLVGT tabulated measured weight of leaves kg ha't
XWRTLT tabulated measured weight of roots kg ha
XWsSOTB tabulated measured weight of storage organs kg hat
XWSTTB tabulated measured weight of stems kg hat
XWTOMT tabulated measured weight of total dry matter kg ha™!
XXLAI measurad LAl ha hal
XXNCR measured N content in crop kg ha"!
XXNFLV measured nitrogen fraction in the leaves gr m2
XXNLV measured N content in the leaves kg ha
XXNRT measured N content in the roots kg ha-!
XXNSO measured N content in the storage organs kg hat
XXNST measured N content in the stems kg ha-t
XXWCR measured weight of crop kg hal
XXWLVYD measured weight of dead leaves kg ha?
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Acronym Explanation unit
XXWLVG measured weight of leaves kg hal
XXWRTL measured weight of roots kg ha"
XXWSO measured weight of storage organs kg ha1
XXWSTS measured weight of stems kg hal
XO0WTDM measured total weight of the crop kg ha-!
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Appendix lll:
Parameters, switches, functions and
tables needed as input for
ORYZA_N.CSM

Acronym Explanation

WEATHER DATA (All as in L1D)

PARAM LAT latitude degree
PARAM ELV elevation of growth site above sea level m
TABLE TMAXT table of maximum day temperatures during a year °C
TABLE TMINT table of minimum night temperatures during a year °C
TABLE RDTT table of measured daily total global radiation during year sunshine h
SWITCHES
SWILAI  =1: use of simulated leaf mass and SLA -
=2 use of tabulated (measured) In{LA!) vs temperature sum -
=3 use of relative growth rate for leaf area, RGRL, during
exponential stage, and SLA afterwards -
=4 use of measured leaf mass and SLA -
=5 use of measured LAI -
SWIMEA =0: measured data versus day of year (DOY)
=1 measured data versus days after transplanting (DAT)
SWINPH =0 use of measured amount of nitrogen in leaves for
photosynthesis calculation .
=1 use of simulated amount of nitrogen in leaves for

photosynthesis calculation -

SWINPR =0: no nitrogen profile in canopy; uniform distribution -
=1 nitrogen profile in canopy; with extinction coefficient KDIFN -
SWINUP =1: nitrogen limited production; N uptake as forcing function -
=2: potential production; N uptake equals demand -
SWIPAR =0 table of biomass partitioning versus development stage is
used -
=1 table of biomass partitioning versus days after

transplanting {DAT) is used -
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Atronym Explanation unit
SWISAI =0 stemn area is NOT included in leaf area -
=1 stem area is included in leaf area -
SWISIN =1 no sink limitation; no GSOM -
= sink limitation; GSOM is calculated from tiller and grain

number -
INITIAL VALUES
PARAM DOYS doy of year = julian date, at beginning of simulation (real

value} d
PARAM IDOYTR integer value of transplanting day of year- d
PARAM FGHDAY first sampling day of storage organs, expressed in days after

transplanting {real value) d
INCON WLVGI initial weight of green leaves kg ha !
INCON WRTLI initial weight of roots kg ha -1
INCON WSTSI initial weight of stems kg ha !
PARAM FNLVI initial fraction of N in leaves(mass basis) -
PARAM FNRTI initial fraction of N in roots (mass basis) -
PARAM FNSTI initial fraction of N in stems {(mass basis) -
PARAM DVSI initial phenclogical development stage (see Appendix IV) -
PARAM TSI initial temperature sum for plant development, starting from

seeding onwards (see Appendix [V)
GENERAL CROP PARAMETERS
See Appendix IV for calculation methods.
PARAM FSTR fraction of stem weight at flowering that is remobilizable kg kg 1
PARAM DVRV development rate crop in the vegetative stage dt
PARAM DVRR development rate crop in the reproductive stage d-?
FUNCTION FLVTB  tabulated FLV as function of DVS or DAT -
FUNCTION FSHTB  tabulated FSH as function of DVS or DAT -
FUNCTION FSTTB tabulated FST as function of DVS or DAT -
FUNCTION FSOTB  tabulated FSO as function of DV5 or DAT -
SLAC specific leaf area constant ha kg™!

SLAFAC

tabulated relation of SLA/SLAC ratio to DVS
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Acronym Explanation unit

EXPERIMENTAL DATA ON NITROGEN SAMPLING AND MANAGEMENT

See Appendix IV for calculation methods.

PARAM NS number of sampling dates for total N in the crop

TABLE DNOST table of daynumbers (DOY) at which NTOTMT was measured d

TABLE NTOTMT total amount of N measured in crop biomass (including roots)
{cumulative uptake) kg ha"!

PARAM NA the number of nitrogen application dates -

TABLE DNAPT daynumber of nitregen applications d

MEASURED DATA FOR VALIDATION OR FOR USE AS FORCING FUNCTION

FUNCTION XWLVGT tabulated measured weight of the leaves kg ha -1
FUNCTION XWRTLT tabulated measured weight of the roots kg ha -1
FUNCTION XWSOT  tabulated measured weight of the storage organs (appendix V) kg ha -1
FUNCTION XWSTTB tabulated measured weight of the stems kg ha-1
FUNCTION XNLV tabulated measured N content in leaves %
FUNCTION XNRT  tabulated measured N content in roots %
FUNCTION XNSO tabulated measured N content in storage organs %

FUNCTION XNST tabulated measured N content in stems %
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Appendix 1V:
Determination of parameters,
functions and tables

DvVsl & T51

if simulation starts at transplanting date the DVSI and TSi are needed. Both can be
calculated with the programs DR1.C5M and DR2.CSM in CSMP.

FSTR
The fraction of stem weight at flowering, that is remolizable, can be calculated as
follows:
(maximum measured weight of the stems « weight of the stems at harvest)
FSTR =
maximum measured weight of the stems
example:
DAT WSTS
40 3000
50 4000 FSTR =( 5000 - 3500) / 5000 = 0.3
60 5000
70 4500
80 3500
DVRV & DVRR

The development rates in the vegetative and reproductive stages can be calculated
with the programs DR1.CSM and DR2.CSM in CSMP.

SLAC & SLAFAC
if leaf area is measured the SLAC and SLAFAC can be calculated. Otherwise the
standard SLAC and SLAFAC is used.

SLAC
Specific leaf area constant is the specific leaf area at flowering, calculated as follows:

SLAC = LAlﬂowering / XXWLVGfIOWEri'\rg
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SLAFAC

The relation of the specific leaf area to development stage is expressed in the
SLAFAC. The SLAFAC is the SLA at time t divided by the SLA at flowering.

SLAFAC = (LAl / XXWLVGy) / SLACq o wering

Write these values in the SLAFAC table:

FUNCTION SLAFAC = (0.0, 1.72), {0.30, 1.60),....ccco.... ,(2.0,0.75)

PARTITIONING: FLVTB, FSTTB, FSOTB, FSHTB

A procedure to calctulate the partitioning tables:

1. Calculate DVS for sampling dates with the programs DR1.CSM and DR2.CSM in CSMP,

2. Make a table including sampling date, development stage (DVS), weight of leaves
(WLVG), stems (WSTS), storage organs {(WSO), tatals and the difference in weights

between two harvests (see for example Table [[1.2.1).

Table 1l.2.1 Example of partitioning calculation,

sampling mean DVS mean WLV  increase WSTS increase WSO  increase WSHG  increase
date (d) date DVS  (kgha) WLV (kg/ha) WSTS  (kgha) WSO (ka/ha)  WSHG
100 0.8 2000 4000 0 6000

110 0.9 400 2000 4] 3400
120 1.0 2400 6000 1000 9400

130 1.1 0 0 1000 1000
140 1.2 2400 6000 2000 10400

150 i3 {1800) 0 {5000} 4] 2000 2000
160 14 2400 6000 4000 12400

{1000) {4000}

In this example, after flowering (DVS=1) there is no increase in leaves and stems.

3. Calculate the mean DVS for the period between two harvests and divide the individual
increase in weight per organ by the total increase in weight (WSHG).

DVvs FLVY FST FS0

0.9 4003400 = 0.11 2000/3400 = 0.59 1000/3400 = 0.30
11 0/1000 = 0.00 0/1000 = 0.00 1000/1000 = 1.00
1.3 /2000 = 0.00 0/1000 = 0.00 1000/1000 = 1.00

Write these fractions in the partitioning tables,

either as a function of DVS (SWIPAR = 0):

FUNCTION FLVTB ={0.90,0.11), (1.10,0.00),,..............., {2.10,0.00})
FUNCTION FSTTB ={0.90,0.59), (1.10,0.00) ,............... , (2.10,0.00)
FUNCTION FSOTB = (0.90,0.00), (1.10,1.00).,.....eccees , {2.10,1.00)
or, as a function of DAT (SWIPAR = 1)

FUNCTION FLVTE = (40.0,0.11}, (60.0,0.00) ,............... , (80.0,0.00)
FUNCTION FSTTB = (40.0,0.59), (60.0,0.00}.......c....... , (80.0,0.00)
FUNCTION FSOTB = (40.0,0.00) , {60.0,1.00).....ccrucrne . (80.0,1.00)
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5 If root mass is measured, FSH can be calculated:
¢ Include in table l1l.2.1 a column with the weights of the roots.
s Calculate the total weight of dry mass (including the root mass) WCR.
¢ Calculate the increase in weight of the total dry mass (WCR).
¢ Divide the increase in shoot weight (WSHG = WSTS +WLVG+WSO) by the increase in
weight of total dry mass (WCR).

6 Grain filling starts at 10 days before flowering, therefore the FSO remains zero until 10
days before flowering. For this dummy value is included in the FUNCTION FSO at 10 days
before flowering. )

NS
The number of sampling dates for total N in the crop.

DNOST

Table of daynumbers (DOY) at which NTOTMT was measured. The last figure in the
table should be the harvest date or just after. For seasons across January 1%, day
numbers proceed as 365., 366., 367., 368. etc. untill the end of the season.

NTOTMT

The total N in crop measured (cumulative uptake), at the days specified in DNOST.
The last figure of the table NTOTMT shouid be the total amount of N in the crop at
harvest.

NA
The number of nitrogen application dates, includes basal dressing at
planting/seeding, and one dummy date after harvest.

DNAPT

The daynumbers (DOY) of nitrogen application are specified in table DNAPT. The
first figure in the table is equal to DOYS; also in absence of basat dressing. The last
figure should be any date after harvest! For seasons across January 15t, day
numbers proceed as 365., 366., 367., 368. etc. untill the end of the season.

XXWSOoT

Approximately 10 to 15 days before flowering the panicle initiation starts. To
establish this within the interpolation of the measured weights of the storage
organs a dummy value of zero at 10 days before flowering should be included in
the FUNCTION XXWSOT,






Appendix V:
Complete sets of data used for

validation

TNAU-TNRRI, Tamil Naduy, India, 1988-1989

eansmauesens

wWeather data ured:
Aduckurad, Indim, 19BE-)989

PARAM LAT=11.00

PARAM ELV=15.50

cussmranun

eessassvesnsvue

* Tolyagacaian, Tamil Nadu, Indis
* 1988-1949

* variecy:

AbT 39

* traatmant; O KG/HA

PARAM
PAFAM
FARAN
PARAN
PARMM
FARAM
PARAN

PARAM
PARAM

PARMN

INCOR

INCON

PARAM
PARAM

PARAM

PARAN
PARNY

PARAM
PARAN

PARAH

PARAM
TABLE
PARAM

TABLE

TABLE

THIYAGARAIAN, O KG R/HA

SWIPAR = §

SWILAI » 4

SWINUP = 1

SWISIN = 1

SWINPH = ©

SWIRFR s 1

SWIRES 2 ]

SWISAI = D

SWIMEA & 1

DOYS = 344.0

IDOYTR * 44

FGHDAY = 63,0

WLVGI = 47.8

WSTSI = 38.8

WRTLI = 13.%

FNSTI = 0.0168

FHLVI = 0.0315

FNRT] = Q.0034

VSI = D.531

51 = 676.9

FSTR . 0.39

DVRV = 0.000784

DVRR = 0.00L674

RA =5

DNAPT{1- S} = 144.,170.,392.,406.,600.

HS = 11

TROST{1-11) = Jd4..)62..369.,07¢ 3.,390,,397.,407. ,425.,...
433,441,

NTOTHT(1-11} = 2.10.13.90,16.%6.38.14.37 87 41.6%, ...

4).51,41.70,52.48, 54 .87,54.07

" NOTE [irst value ©f NSO is dumsy

- firet btwo valuax of WSO are dummy's

- lust value of W/NLV, W/NST, W/NRT, W/NSO are dummy's

FUNCTION XWSTS ={ O,

(dE,2115), (53,2630), (61,2146), (81, 16B2),(BY, 1615}

FUNCTICN KWLVGT=({ 0. 471,41B.

(66, B41), (51,
FUNCTION XWRTLT={ 0, 19), {18,
{46, 4611, {81,

FUNCTION XWSOTB={ 0, 0), {43,

18y, (18, a20),125, 7157, (32,1165), (59,1670}, .

206),125, 469),(32. T15),(39, 828},...
936). (63, B4D), (8L, 192),189, 767}
260}, (25, 326),(32, 270),(39, &21}....
482}, (63, S53T), {81, 530),(89%, SID)

0}, (63,1317),{81,2603), {89, 3456)

(46.0.94).(53.0.99),¢63,0. 64, (B, 0.53), (B9, 0.48)

FUNCTION XNLV

(46,1.93;,(53,1.45),(63,1.10},(81,0.97),(49,0.70)

FURCTION XNRT

(46,0.79},153,6.81),(63,0.78).,(61,0.70) . ($9,0.64)

={ 0,1.11}.(97,

* value at 2.0 is dumy
FUNCTION FSTT =(0.,0.62),...
{0.%0.0.62), (0.
(0.85,0.79), (1.
(1.52,0.00),41.
FUNCTION FLVT =(0.,0.38),...
10.50.0.38). (0.
(¢.85,0,21), (1.
{1.52,0.00), (1.
FUNCTION FSOT ={0.,0.00),...
(0.50,0.00), 0.

1.

*{ 0,1.568),{18,1.38),(25,0.83),{32,0.971,(39,2.02 ),..

«( 0,3.15),(18,2.35),(35,2-00},132,2.07), {38,2.07), ..

65.0.62).10.73,0.65).(0.81,0.82),...

00,0.00),41.24,0.00}, ..,
§0,0.000,12.1,0.)

65.0.38),10.73.0.3%),10.81,0.29),...

00,0.00),i1.14,0-00}, ...
$0,0.00),{2.1,0.}

€5,0.00),4{0.73,0.00},(0.41,0.00),.

(0.89,0.00),{1.,00,1.00),{1.14,2.00},(1,%52,1.00),...

(1.90,3.00), (2,
FUNCTION FSWT =(0.,0.72),...
(0.50,0.72), (0.

1.1.)

€5,0.88!,(0.73,0.94), {0.81,0.92),.

10.89,9.92),(0.97,0.96),(1.14,0.92), {1.52,1.00), ...

(1.90,1.00), {2.

1,0.3

* Thiyagarajan, Tamil Hadu, India

* 1989-198%
* variaty: ADT 3%

* trsatmant: 100 kg N/ha

D T T L e e S T TR T

TITLE THIYAGARAIAR, 100 XG K/HA

PARAM FSTR = 0.29%

=( 0.0.34),(18,0.53),425,0.51), {12,0.55), (3%,0.83),...

TABLE NTOTMT(1-11)= 2,18,22.9.268.4€,53.71,60.67,71.05,00.00,%6.03,...

108.C3,104.48,104. 46

FUNCTION XWSTTR={ C.28,).¢1¢,

5321.42%.1028), 13217104, (39, 2312), .

{46,2974) . 153,39041, 163, €505) . (81,3491), {89.3216)
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PUNCTION (MLVGT=( 0, 47),(18, 154),(25, 717},{32,1047),(39,128),...
(66.1448),053.1628) . {63.1765). (B1.1680), (£%,1616)

FUNCTION XWETLT=( 0, 139),(18, 177),(25, 494;,{32, 530}.(39, 672),...
(46, 734),(53, B46), (83, 8I6}, (31, BIG), (@3, B1§)

FUNCTION XWSOTB=( 0, Q). (43, 0), (63,1536}, (81,4520), (89.5525)

FUNCTION MNST s 0.1.68), ({18,1.76),(2%,3.52).132,1.247, (3%,1.0M), ...
{46,1.13),(53,3.15),(63,0.84),{81,0.69), (83,D,53)
FUNCTION XNLY ={ 0,3.15), (16,2.62),125,2.62),(32,2.62),(39,2.40},...
(46,2.16),153.2.21).163,1.82},1{81.1.20),189,0.84)
FUNCTION XMRT »( 0,0.34),(108,0.90),125,0.082},(32,0.9€},(29.0.51)....
(46.0.04), (53,0.94),(63,0.34),{31,0.78), (89,0.64)
PUSCTION XHEO = 9.1.247,(97.1.24)

* NOTE tha first valuss ays dunmy's

FUNCTION FSTT »{0.00,0.58],...
(0.50,0.58),10.65,0.61),(0.73,0.67), {0.81,0.72),...
{0.89,0.80),(1.34.0.26),{1.%2,0.00), (1.9¢,0.00),...
(2.10,5.00)

PUNCTION FLVT =(0.00.0.42}....
(0.5¢,0.42),(0.65,0.39),{0.71,0.331,(0.81,0.28) ., ...
(0.89,¢.200,(2.14,0.06), (1.52,0.00),(1.90,0.00), ...
(2.10.0.0M

FUNCTION FSOT =(0,00,0.00),...
(0.50,0.00), (0.6S5,0.00}, (0.72,0.00},(0.83,0.00),...
(0.89.0.00),41.14,0.00),(21.52,1.00),(1.90,1.06),...
(2.10,1.00)

PUNCTION FSHT =(0.00,6.70),...

(0.50,0.70}.{0.65,0.88),{0.73.0.91),(0.81,0.91)
(0.89,0.93),(0.97,0.91), {1.14,1.00},(1.52,1.00), ...

11.90,1.00).0(2.10,0.00)

LT T L T e T T L LT o S R s e
* Thiyagparsjan, Tamil Nadu, Indis

" 1988-156%

" variety: ADT 19

* treaumanc: 200 kg K/ba

P rave

TITLE THIYAGARAJAN, 200 XG N/HA

PARAM FSTR = 0.43
PARAM DVRV = 0.000740
PARAM PVRR ¢ D0.001606

PARAM DVSI = 0.501

TABLE NTOTMT(1-11)=2.18,27.80,64.75,04.45,96.98,108.91,130,08,...
165.60,166.76,144.08,144.08

FUNCTION XWSTTE=( O, J8), {10, $55),(25.1238),(32.2251), (39,3142}, ...
(46,2992), {53,502%), (63,5138), {31,413%), (94, 3067)
FUNCTION XWLVGT={ 0, &7).(18, 429),1{25,2100).(32,1590), (39,1868}, ...
{4E,2140), [53,2361), {43, 2759}, (81,2304), {94.1530)
FURCTION XWRTLT={ 0, 19), {18, 491),(25, €20;,132. 76&),{2%, 6BO),...
{46, 930),{53,1120), (63,1182}, (B1, 397}, (54, 350)
FUNCTION XWsOTRa( 0. 01. {50, 03,063,1712), (81,5413}, {34.6706)

FUKCTION XNST =( 0,1.68),(18,3.90),(25,1.57},(32,1.38).(39,1.24), ...
146,1.25),(53,1.26), 063,0.24;, (81,1.03), (54,06
FUNCTION XNLV =( 0.3.15).118,2.90),{25,3.17},(32,2.76).{1%,2.62),...
146,2.31}, (53,2.41), {6),3.21), (01,1.38), {54,0.94}
FUNCTION XNRT =( 0,0.34),(14,0.98),(32%,0.87),(32,0.90), {38,1.03),...
{46,1.03),(51,1.07},(€31,1.02),1(81,0,9Q), (94,0.70)
FURCTION XNSC ={ 0,1,54).(97.1.54)

* NOTE tha first values of tha functions are dummy's

. the values at 2.1 ars dummy's

FUNCTION FSTT =(0.00,0.58)....

(0.48.0.58),(0.62,0.50), (0.69,0.68),{0.77.0.76), ...
[0.84,0.76),{0.92,0.82),(1.00,0.12), (3.30,0.00),. .,
(L.74,0.00),{2.10,8.00)

FUNCTION PLVT «({0.00.0.42),...

(0.48,0.42), 18 62,0.507,10.65.0.32),(0.72,0.24),...
{0.84.0.24).00,92,0.18),(1.00,0,16).(1.38.0.00), ...
[1.74.0.00), {2.20,0.00}

FUNCTION FSOT ={0.00,0.00},...
[48,0.00),10.62.0.9¢),(0.69,0.00),(3.77.03.00},...
{0.84.0.00),(0.92,0.000,(2.00.0.71), (1.38,1,00), ...
(1.74,1.00),0(2.140.1.0¢)

FUNCTION FSNT =[0.00,0.86),...
10.48,0.66),(0.62,0.911.(0.69,0.91),10.77,0.91),...
(0.04,0.96),(0.92,0.87),11.00,0.971,(1,38.1.008),...
(1.74.1.00),¢2.18,4.99)

P L T LTS PP T TS wee

* Thiyagarajan, Tamil Nadu. India
= 1338-193%
* ymriety: ADT 39

* treatment: )00 Kg N/ha

. vaun sses

TITLE THIYAGARAJAK, 300 XG H/HA

PARMM FSTR » 0.37

TABLE NTOTYT(1-11)%2.18,36.2¢,91.48,128.14.155.68%,171.09,182.60,...
240.41.217.71.161.80,181.80

FIRCTION XWSTTR={ ¢, J&),(18, &€40},(25,1438),(22.2385),¢3%,3257),...
(46,4221),151,5500) . (63, 6Q73) . (81,5136), {94,3828)
FUNCTION XWLVGT=( &, 47),(18, 571},{25.1200b,(32.2080), {19,2695],...
{46,1150), (53,3406), (53, 1899}, (B1,376]}, {¥4, 2008}
PUNCTION XWRTLT={ O, 1%).(18, 500), (2%, 710),(32, 925, (39,1150},...
(46.1324), (53,1502), (83, 1750), (81,1507}, (94,1507
FUNCTION XWSOTBa{ 0, 0),(50.  O1.{£1.2542), (81,4763), (9¢,6450)

FUNCTION XNST =( 0,1.68),¢18,2.21),(25.2.34),(32,1.79}.(39,1.65}, ...
(46,1.57).¢33,5.31), (63,1.31}, (3%,1.11), (94,0.80}
FUNCTION XMLV s( 0,3.1%5),(109,3.24],{25.3.93),(32,1.65),139,3.24),...
(46,2.84).45).2.60;,{6,2.49), (31,1,69),(94,0.95)
FUNCTION XNRT w( 0,0.34),{10,1.12),125.0.95),{32.1.03),(39,1.2%), ...
(46.1.186),¢53.1.14), (63,1.12),(81,1.01).194.0.%0)
FUNCTION XHSO = 0,1.72),{97,1.72;

* NCTE tha first values of the functions are dummy's

* the values at 1.1 are dusmy's

FUNCTION PSTT =(0.00.0.53)....
{0.48,0.53),(0.62,0.52).(0.56%,0.55),{0.77,0,59), ...
(0.84,0.68),¢0.92,0,79),{1.00,0.14), (1.38,0.00)....
{1.82,0.00),(2-12,8.30)

FUNCTION FLVT ={0.00,0.47)....
(0.88,0.47).(0.62,0.43),{0.6%,0.45),{0.77,0.41),...
{0.84,0.32),(0.92,0.21),141.00,0.12),{1.38,0.00),...
(1.92.0.08).¢2.10,0.00]

FUNCTION FSOT =(0.00,0.060)....
{0.48,0.00),{0.62,0.00}, {0.6%,0.00), (0.77,0.0€), ...
10.84,0.001,10.52.0.00),11.00.0.72),(1.36.1.001,...
41.82,1.00%,(2.10,1,00;

FUNCTION FSHT #(0.00,0.70),...

(C.48,0.70),10.62.0.88),(0.69.0.89).(0.77.0.4T). ...
10.084,0.89),(0.92,0.9¢),{1.00.0.92),¢1.34.1.00), ...

(1.82,1.00),(2.10,6.00)



P R LI ITI T T T

* Thiyagarsijan, Tamil Nadu, Indis
* 1988-198%
* varisty: ADT 239

* treatment: 400 KG/HA

Prre .

TITLE THIYAGARATAN, 400 XG N/HA

PARAM FSTR #0.3D

PARAM DVRY = 0.000716
PARAM CVHR = 0.001582

PARAM DVST = 0.43%

PARMM HS = 10

TABLE OMGST{1-10) s3dd.,362.,369.,376,,381,,390.,387.,407.,425..441.

TABLE NTOTMT(1-10182,18,69,64,11C.56,15%.91,201.27,212.86,246.2), ...
3103.82,277.76,212.78

FUNCTION XWSTTE={ 0, 38}, (18, 718}, (25.18612).432.2650), (39,3855),,..
146,4627), (53,5726}, (6),6619), {8i.5021), (97, ,4558)
FUNCTION XWLVGT=( O, 47),{13, 652}, {(2%,1433}, (32,2500}, 139,3329),...
{46.4009). (53,4707}, (§1.5624) . (B1.4285).(97,3208)
FURCTION XWRTLT={ 0, 19),{18, 521),(35. 775), (32,1030}, (39,1250),..,
(46.1529) . 451.1750), (63.2603; , (81,1968, (97.1568)
PMCTION xWsoTa=( 0, a1, 451, 0}, (£1,1436), (K1,5365}, (97,6117)

FUNCTION XNST ={ O,1.68},(18,2.41),{35,2.47},(32,2.07).(39.1.76),...
(46.1.62}, (51.1.60),063,1.487.1(91,1.29),(97,1.06)
FUNCTION XNLV ={ £,3.15),(10.4.00),{25,8.24),(32,3.65),(39,3.39),...
(46,2.83),(53,2.72),463,2.72),181,2.24),(97,0.98)
FUNCTION XNRT w»( 0.0,24}.(10,1.20),425,1.00),(32,3.34) . (35.1.60),...
(46.1.59).(53,1.51),463,1.38).(81,3.12),{97.1.06)
FUNCTION XNSO =( 0.1.77),(97,1.77)

* NCTE tha ([irst values cof the functiccs are dummy's

- the valuss at 2.1 are dusmy's

FURCTION FSTT =1(0.,0.53),...

(0.46,0.53), (0.60,0.53), (0.68,0.45%),10.75,0.59),...
(0,.82,0.%3), (0,B9.0.61),{1.0¢,0.00), ...
(1.30,2.001, 11.77,0.08),(2.10,0.00)

FUNCTION FLVT =10.,0.47),...
10.45,0.47),10.60,0.47),(0.60,0.51),4{0.75,0.41),...
10.92,0.47), (0. 89,0,35),¢1.00,0.00), (1,30,8.00),...
11.77,4.00}, (2.10,0.60}

FUNCTION FSOTB =10.,0.80),...

1046, 4.401, (0.60,0.00).(0.60.0.00),{0.75.0.00)....
10.82,0.80). (0. 8%, 0.00),(1.80,1.00),{1.20,1.00),...
(1.77.0.08) . (2.10.1.08)

FUNCTION FSHT =40.,0.92],...

{0.46.0.72),(0.60,6.87}, {0.66,0.89}, (0.75,0.90),...
C0.B2.0.64),(0.8%, 089}, 10.96,0.93),(1.30.1.00) ...,
{1.77,1.000,12.20.0.00}

STCP



V-4

CRRI, Cuttack, India, 1990

weather data usad:

ceanprun

CRRI, CUTTACK. INDIA. 1930
PARAM LATT20.
PARAM ELV=21 .
LISTT . "
. . reksensany
* Rao/sDash, futtack, Indim

v dry saafon 1990
* variety: IR )6
* 0 kg W/na

“ve .

TITLE RAO & DASH, 0 KG N/HA

PARAH SWIPAR = O
PARAM SWIALV = L
PARMA SWINUP = 2
PARMM SWISIN = 1
PARAH SWINLV » [
PARAM BWINPR = ]
PARAM SWIRES » 1
PARMA SHISAL = O
PAYAR SWIMEA = L

FPARAM DOYS 25.0

PARAM IDOYTR a 25
PMAMM TGHDAY = 78.0

INCOR WLV Az.o

INCON WSTI 43.0
TNCON WRTI = 44.0

PARMM FRSTT = 0.020
PAFAM FNLVI s £.025
PARAM FNRTI = &.010

PARMM DSI
BARM TSI = &%7.5

.32

PARAM PSTR

o.41%

PARAN DVRV ® 6.2E-04

PARAM CVRR = 2.4E-{)

PARAM NA a 4

TABLE TRAPT (i-4) 3 2%,,45.,78. 265,

PARNM NS = §

TABLE DMOST(1-6) = 45.,75.,95,,105..117.,125.

ansarny

TAELE NTOTWT{1-§] = 71.98,57.28,60.46,60.74,72.30,72.38

*HOTE: firat value of NSO is dumey

- first cwo valuax of W50 are dumey's

. lest valus of W/NLY,W/HST, W/NRT, W/NSC axe dummy:s

FUNCTION XWLVGT={ ©, 32.),(20,272.1, (30.440.}, 140,679, .
(50,472.), (70.754.), (80,7611, (92,775.), 195,776

FUNCTION XWSTTB={ ¢,

(50,2420.),(70,3779.], (B0, 2101.7,(92,.2225.). (85,2225}

48,),(30, 257.3,(20, T745.), {40, 1441}, ...

FUNCTION XWRTLTa( 0. 44.3,(20,225.0,1{20.323.).{40.6C5.).,...

(50,602.3,(70,535.1.(00,500.),192,500.),195,500.}
0.1,164,0.), (70,443, (80,278).),(92.4246.). ...

FUNCTION XWSCT ={ 0,

{95, 4246 )

PUNCTION XNST ={ 0,2.00),(20,1.09),(50.1.32),¢70,0.92;,(80,0.6%),..

(92,0.69),195,0.69)

FUNCTION XNLV ®( 0.2.50).020,.4.88),(50,2,25), (T0.1.79),180,1.82),...
192,1.42),195,1.42)

FURCTION XaMT s 0,1.00).(20,3.64), (50,1.49), (70,0.91),(88,0.91},...
192,0.981},{95,0.91)

FUNCTION XNSO ={ 0,1.74).170,1.7d), (00,1,11).{82.1.60},(95,1.00

* WOTE firsc And last values sr¢ dumry‘s
FURCTION FSHT ={0.00.0.70},...
16.36.9.72),10.51,6.673, (0_63,5.771, 10.7%.,1.00)

{9.06,1.00),(1.06,2.00),(1.64,1.60),(2.10,1.00)

FUNCTION PLVT 2(0,00,0.521....
(6.16,0.52},(0.81,0.46), (D.61,0.26)_ (0.71,0.34),,..
[0.81,0.16),10.85,0.00),(1.0.0.0).81.06,0.00,..,
i1.464,0.02}, [2.20.0.00}

PUNCTION FSOTB =(0.00,0.00},...
{6.3€,0.001,(0,.51,0.00%,(0.61,0.601,10.71,0.00),..,
{0.81,0.00},(0,.86,0.32),(1.0,1.0).(1.06.1.00, .
(1.64,0.91},(2.20.8.91)

FURCTION PSTT (C.00.0.483,...
{0.36,0.48),10.51,0.74),(0.61,0.74),(0.71,0.84),...
(C.81,0.84}.10.06,0.68},(1.0,0.0),{1.06.2.00,,.,
{1.64,0.08},(2.10,0.06)

' "
* Mac/Dash, Cuttack, India
* dry season 1990
* variety: IR 34

* 50 kg N/ha

P s e seesensnir

TITLE RAO & DASH, 50 X& N/HA

PARAM FSTR = 0.34

TABLE NTOTMT(1-6)w 30.33,83.%7,90,12,91.06,212.06.112.0¢

* ROTE first value of HSO is duwmy
- first two valuas of W50 ars duvwy's
i last value of W/NLV. W/NST, W/NRT, W/NSO ara dusmy's
FUNCTION XWLVGT={0,32.),(20,270.),(30.528.). (80,668 ), ...
(50,1203.), (70,998, 180,1058.),{92,3064.), (95,1064.}
FUNCTION XWSTTE={0,48.),1(20,209.),{30,809.), 140.1766.),...
(50,3033.),(70,4582.), (80,2708}, (92,3075.), {95,3075.}
FUNCTION XWRTLT=(0,4&4.),(20.237.),130,523.), (60, 743,), ...
{50,905.). (70,704}, (80,861.),(92.820.},195,820.)
FUNCTION XWSOT #{0,0.).(64.0.),¢70,741.},160.4194.3.(92.6095.),...
195, 6095.)

FUNCTION XRST =10,2.0),(20.1.60),(50.1.31).(76.1.02), (80,0.42),...
(92.0.%2),195.0.62)

FUNCTION XHNLV =(0,2.5,(2¢,4.22),150.2.80),(70,2.1%},(80,1.71), ...
192,1.71),(95,1.71}

FUNCTION XNRT +{0,1.0),(20,1,82),(50.1.09),(70,0.98),(80,1.02),,..
(92,1.02),(9%.1.02)

PUNCTION XMSC ={0,1.89),(70,1.89},(80.1.13),{92,1.09),(95.1.09)

* NOTE first and last values ars chomey's

FUNCTICK FSHT w»{0.00.0.71)....
(0.36,0.73), ¢0.%1,0.73), {4.61,0.86),(0.71,0.911,...
(0.86,1.00),{1-06,0.96),(1.64.1.00), (2.1€,1.¢0)

FURCTION FLVT =(§,00,0.50....
(0.36.9.50).¢0.51,0,33), (0.61,0.27), (0.71,8.19), ...
{0.81,0.19},(0.96,0.00),¢1.8.9.0),{1.06,0.03),...
€1.64,0.007.42.10,0.00)

FUNCTIOR FSOTB =(0.00,0.00)....
£6.16,0.081,40,51,0.00),{0.€1,0.00}, (0.73,3.00}, ...



(0.81,0.00),10.86,0.32),(1.00,1.007,(1.06,0.98),...
11.64.0.84).(2.10,0.00)

FUNCTION FSTT 2(0.00,0.30),...
(0.36.0.50),(¢.5%1,0.87),10.61,0.73),(0.71,0.861),...
{0.91.0.81),(0.85.0.60),(1.0,0.0).t1.06,0.00,...
(1.64,0.16},¢2.10,.0.15)

* Raosbash, Cuttack. India
“ Ary semson 1%30

* variefy: IR 36

* 100 kg N/ha

L Y L L T T T

TITLE RAC & DASH, 100 KG N/HA

PARAM FETR = 0.41

TABLE NTOTMT(1-6)= 25.95,119.92,120.10,121.67.140.0,140.0

* NOTE first value of NSO iz cummy

. firsc two valuss of W50 are dusoy's

. lost value of W/NLV, W/NST, W/NRT, W/NSO are dummy's
FURCTION MWLUGT= {0, 32.), (30,322 ), (30.726.),(40,1282.3,...

{50,1537.),(70,1340.), (80, 1555.), {42,1191.),(35,118L.)

FUNCTION XWSTTR=(0,48.),420,328.),(30.1042.),(40.2431.),...

(50,3585.),(70,5590.), (80, 3320.), {%2,3314.),(9%,3014.)

FUNCTION XWRTLT= (0, d4.), (20,286}, (30,539.},{40,97%.)....
(50,1116.),{70,801.),(80,9352.),(92,085B.), (95,4%8.}

FUNCTION XWSOT #(Q.0.),(64.0.}, (70,1107.), (80.5145.}. (92.6915.),...
{9%,6915.)

FUNCTION XNST =(0.2.0),{20.1.82), (50,1.64),{70.1.107,(60,0.69),...
152,0.65),¢35,0.63)

FUNCTION XMLV «(0.2.5),{20.4.51),(50.2.71).{70,2.11), (G, 1.7}, ...
(92.1-711,195,1.71)

FUNCTICN XNRT =(0,1.0},(20.1.67},(50,1.13;,{70,0.5¢),(80,0.88),...
192, 0.68), [95,0.88)

FUNCTION XNSO =(0,1.52},(70,1.92),(80,1.24},(92,1.30),{95,5.30)

* NOTE first and last veluss ars dumet's

FUNCTION FSHY =(0.00,0.71),...
{0.36,0.71),(0.51,0.81),(0.61,0.82),10.71,0.93),...
(0.86,1.090),{1.06,0.97},4{1.64,1.00),(2.10,1.00)

FUNTTION FLVT =(0.00.0.51)...,

{0.36,0.51),40.51,0.36}, {0.61,0.29},(0.71,0.14), ...
£0.91,0.14).40.06,0.005,(2.0,0.0),{1.06.0.05), ...
{1.64,0.00), [2.10.0.00)

FUNCTION FSOTR =(0.00,0.00),...

(0.26.4.00).10.51,0.00), (0.61,0.00%,¢0.71,0.00},...
(0.81,0.00),10.86.0.43),(1.00,1.00),41.06,0.95}, ..,
(1.64,1.00},(2.30,1.00)

FUNCTION FSTT =1(0.00.0.49}....
(0.16,0.45),(0.5),0.64),(0.61,0,71),40,7L,0.66),...
(0.41,0.46),(0.36,0.57),(1.0,0.0),12.06,0.00},...
(1.64.0.000.(2.10,0.00)

. vernnn creeer
* Rao/Dash, Cuttack, India

+ dry seaszon 1990

* variaty: IR 3§

* 150 Xg N/ha

sunnunn ane

sescagan . .

TITLE RAQ & DASH, 150 KG K/HA

PARAM FSTR = 0.42

TABLE NTOTXT(1~6)= 30.10,157.54,160.7%,16C 81,107.41,181.41

* NOTE firat value of NSO is duwwy
* Lirst two valuer of WS are dumwy's
- lask vajue of W/NLV, W/NST, W/NRT, W/NSO mre dummy‘s
FUNCTIOH XWLVGT=i(,32.),(20.366.),(30,072.),(40,1576.)..,.
{50, 169€.),(70,17089.), (60,1509 ), (%2, 1485.), (95,148
FUNCTION XWSTTE=(0,48.),120,341.),(30,102).),(40,2585.),...
150.4202.),770,5702. 3, (80,1340}, (92,3303, 1, (95,30
FUNCTION XWRTLT=(0,44.),420,332.),(30,561.),(40,1078.},...
180.2317.),470.825.},i80,932.),(32,859.), (95.859.)
FUNCTION XWSOT *{C, 0.}, (64,0.)1,170,2467,).(80.5156.),(92,7126.), ...
195,7326.)

FUNCTION XNST «(0,2.0),{20,1.32),1(50,1.79),(70,1-13), (00, 0.91),...
192,0.91),{95,0.91)
FUNCTION XMLV «(0.2.5),(20.5.100,150,3.381,(74.2.15).(60,2.40]) ...
(92,2.40),{95,2.40)
FURCTION XNRT «{0,1.0),(20,1.57),1(50,1.38),(70,0.98},(80,1.05},...
1%2,1.95), (95.1.0%)
FUNCTION XNSCO =(0,1.99],(70,1.99},(80,1.60),{92.1.45),(55,1.45)

* BOTE first and last values are dummy's

FUNCTION FSHT «(0.00.0.68)....
10.36,0.66),(0.51,0.84),({0.61,0.681),{0.71,0.8%),...
{0.96.1.00),{1.06,0.96),¢1.64.1.00).12.10,3.00)

FUNCTION FLVT =(0.00,0.53),...
{0.36.0.51),(0.51,0.417,(0.61,0.31) . (0.71.0.17)....
(0.81,0.17),10.06,0.00),¢1.0,0.0),(1.06,0.00),...
(1.64,2.00].(2.10.0.00}

FUNCTION FS0TB =(0.0C,0.00},...

{0.36,0.00),{0.51,0.00), (8.61,0.00),(0.71,0.00), ...
10.91.0.00).(0.86,0.62),(1.0,1.0).(1.06.1.00},...
(1.64,1.004,42.10,1.00)

FUNCTICN FSTT ={G.00.0.47),...
(0.36,0.47),(0.51,0.57).10.61.0,69),(0.71.0.83) ...,
{0.41,0.83).(0.86,0.38),(1.0,0.0),(1.06,0.00),...
{1.64,0.00),(2.10,¢.00)

V-5

5.1

3.



V-6

PUAT, Pantnagar, India, 1987 " TR Lans vadue of 19 s dumy

£1rsT value of RSO is dumny )
FUNCTION XNLV =(0.,2.5).1(25.,1.51),(49.,L,03),(72.,0.89), (108.,0.32)

. - FUNCTION XNST ={0.,2-.1),{25.,0.95),(49.,8.76},(72.,0.53), {106.,0.24)
Weathar daca used: FUNCTION XNRT ={0.,1.2),(25.,0.76),(49.,0.%0),(72.,0.39), (108,,0.24)
Pantnagar, Indis, 1987 FURCTION XNSO ¢0.,0.0).(109.,0.998)
PARAM LAT = 29. * valuas at 0.0 , 72.0 and 110.0 are dummy's
PARAM ELV 2 243.44 FUKCTION FLVT ={ Q.,0.47),...
PARMK RDUCF = 1. (13.,0.47), {37.,5.305.161.,0.11),(72.,0.00), ...
erkren “eew (%0.,0.00}.(129.,6.00)

FUNCTICK FSTT [ 0.,0.5))....

ann T - " £20.,0.53},¢37.,0.70).(61..0.89) . {72.,0.00), ...

* B. Mishra & B.P. Dkyani, Pantnagar, india (90.,%.00), (210.,0.00}

® 1387, wet saaskon FUNCTION FSHT #{ 0.,0.73),...

® uariacy: 4 113.,0.72),137..0-04),(61.,0.91),422.,1.00),(110..1.00}
* treatment: O XG N/HA FINCTION PSQT =¢ 4.,0.00%,(13.,9.08),¢37,,0.00),{&1.,0.00),...

e - . anna (72..1.00), {80, 5.00}, 1110.,1.50}

TITLE HISHRA & DHYANI., 0 XG R/Hh

PARAM SWIPAR =

PARAN SWILAI

PARAM SWIMUF = * B. Mishra & §.P. Dhyani, Pantrnagar, India

PARAM SWISIN * 1987, wet sedton

[T I - B

PARAM SWINPH & * variaty: PD 4

PARAM SWINPR = * Craatment: €0 KS R/HA

PARMY SWIRES =

PARAM SWISAL » TITLE MISHRMN & DHYAN1, 60 KG R/HM

PARAM SWIMEA =
PARAM FSTR = 0,32

PARAM DOYS = 190.0

PARMM IDCYTR = 196 TABLE KTOTWT(1-6) = ¢.45, 1%.07, S1.77, 76.0€. 02.88,02.88

PARMM FGHDAY = 108.¢
* KOTE: first 2 values of WSO are duxey

INCON WLVCI = 16.0 . last value of WRTL is duwmy
IHCOM WSTST 3 16.0 FUNCTION XWLVGTa{0.,16.). 125.,582.1, (49.,2644.,(72.,2706.), ...
INCOM WRTLI = 13.5 {108, ,1849.)

PUNCTION XWSTTB={0.,16.),(2%.,605.),{4%.,2651.),{72.,7264.),...
PARAM PNSTI = 0.031 (108..4913.)
PARAM FNLVI = &.025 FUNCTICN XWRTLT={0.,13.5),(25.,34%.),(49.,976.),(72.,1434,},...
PARNY FHRTI = &.012 (208..1075.)

FUNCTION XWSOTB={0.,¢.0},(62.,6.0 }.(108_,5562.)

PARMN DVSI = 0.12%
PARAM TSI = 622.2 " HOTE: last value of NRT ic dummy
. first valum of NSO is dupmy
PARAM FSTR = 0.29 . firsc and last value of XLATTH and SLATE are dumy's
FARMM DVRY & 5.000529 FUNCTICN XLV =(0.,2.5), (25.,1.69), (49.,1.36), (72.,1.11), (108.,0.34)
PARMM CVRR & 0_D01566 FUNCTION XNST =(0.,2.1},(25.,1.03).(49.,0.877.(72.,0.64). (308.,0.31)
FURCTION XMRT =10.,1.2),(25.,0.861,(49.,0.65),(72.,0.44),1108.,0.31)
PARAM NA = 4 FUNCTION XNSO =(0..¢.0).(108.,1.01)
TABLE DHAPT(1-4) & 150.,216.,243.,300. FURCTION XLATTB=(161.,0.0001), {215.,1.59),{234.,4.061,¢262..4.96),. ..
PARRM NS = 6 {245..4.98)
TABLE DWOST(1-6) = 190.,215.,239.,262.,258.,300. FUNCTION SLATR =(0.,0.002%),(25.,0.0029). (45.,0.0026},(72.,0.0021),...
TABLE WICTHT(1-6) = 0.45, 22.78, 25.47, 43.2%, 54.65, S54.6% (108..0.0021)
* NOTE: first 2 valuas of WSO are dummy * value at ., 72, and 110, are Qummy's
- tast value of WATL is durmmy FUNCTION FIVT ={0.,0.4§),...
. firat and last value of XLAITE and XSLATD are duwey s (13.,0.49).437.,0.34),161.,0.13),172,,0.00) ...
FUNCTION IWLVGT#(0..16.},(25..404.), (49.,935.),(72.,1351.). (108.. 1263 ) (99.,0.00),{110.,0.00)
FUNCTION XWSTTE=(0.,16.), (35.,449.), {49.,1664.),(72. 8151 ), . .- FUKCTION PSIT =(C.,0.61)....
1108, .3647.1 (13.,0.51),(37.,0.66) . 461.,0.87),(72.,0.007,...

FUNCTION TWRTLT= (0.,13.5},(25.,327.),(4%.,630.),(72..1016.) . (108,762, (9¢..0.00),1110.,0.00)

PUNCTION XMSOTR=(0.. 0.0, (62..0.0 ). {108.,3896.) 0K PSHT  =0.,0.71) .
£13,,0.771,437,,0.83) . 161.,0,92), (72.,1.00), (110.,1. 00}

FUNCTION ALAITB=(161.,0.00012. (215..1.17).1239,,2.04), {262.,2.61),... FUNCTION FSCT = €.,0.00},...
1298.,2.61) €13.,0.001,(37.,0.00), (61, 0.00),(72..1.00%,...
FUNCTION SLATB #(0..6.0028),(25..0.0028),(49..0.0622}, 172..0.0020). ... £90..1.002,4110..2.00)

(109, ,0.0020)
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* 3. HMishta & B.P. Dhayanl, Pantnagar, Indim
+ 1937, wet seapon
* varisty: M1

* Treatment: 120 XG N/HA

TITLE MISHRA & DHYANT, 120 KG N/HA

PARAM FSTR (.30

TASLE NTOTMT{1-§) = 0.45, 25.3¢, 70.18, 100.07, 11Z.80,112.80

® NOTE: first 7 valuec of WSO mra durmy

- 1axt valus o2 WRTL is dummy

. ficec and last value of XLAITH and SLATH are dumwy's

FUNCTION TWLVCT=(0..16.).125.,721.), (49,,2247.).(72.,2715.) , ...
(108.,2040.)

FUNCTION XWSTTB=(0..16.),(25.,760.), (49, ,3146.),(72.,86172.), ...
(108.,5701.1

FUNCTION XWRILT={0..13.5).(25.,414.), (45..1034.).{72.,1564.},...
{10e.,1175.}

FUNCTICN XWSCTB =(0.,0.0),{62.,0.0 ), {108..6418.)

FUNCTION XLAITB=(161.,0.0001),(215.,2.24},(239.,5.80),(262.,86.48),...
(299.,6.49)

FUNCTION SLATR =(0.,0.8032),(35.,8.0032),(49.,0.0026),(72.,0.0024),...
{104.,8.00241

*+ NOTE: laat value of NRT is cuammy

hd Eirst value of RSO is dummy

FUNCTION XMLV &{9..2.5),(25.,1.88},(49.,1.48),(72.,1.28}, (104.,0.51}
PUNCTION XNST =(9.,2.1),(25.,1.06),(49.,6.95),172.,0.69), (108.,0.42)
FUNCTION XMRT =(0.,1.2),(25.,0.90),(49.,0.70),(72.,0.57), (108,,0.42)
FUNCTION XNSO «{0.,0.0},(108.,1.118)

* vajue at 0,, 7i. and 110. ars dummy's

FUNCTICN FLVT ={ 0.,0.49), ...
€13.,0.49),{37.,0.39),(61.,0.09),{72.,0.¢0),...
{90.,0.00}, (110.,0.00)

FURCTION FsTT a{ €..0.51%....
£13.,0.513, (37.,0.62), (61,,0.%1),(72.,0.00), ...
{99..0.00),(110.,0.00)

FUNCTION FSHT ={ 0.,0.78),...
{12.,0.78),137.,0.086),(61.,0.91),(72,1.00),{110.,1.00}

FUNCTION FSOT =( 0..0.00),...
412.,9.003,(27,,0.00),(62.,0.00},172.,1.00), ...
(9¢.,1.000,0110.,.1.00)

L T Y

* B. Mishra & B.P. Dhyani, Pantnagar, Indim
* 1987, wet seascn

* variety: P A

* Tredtmant: 100 XG N/HA

BT T T e T R T ]

TITLE MISHRA & DHYANI, 180 KG N/HA

PanaM FSTR = 0.35

TABLE NTOTHT(1-6) = 0.45, 32.6). 98.4), 125.37, 112.53,132.8)

* NOTE: first 2 valuas of WSO are dunmy

- last valua cf WRTL i3 dummy

* Cirst and last value of XLAITB and SLATE are dummy's
FUNCTION XWLVGTs¢0.,16.], (25..857.3.(49,,2561.7,(72..31083.) ...,

{108.,2642.}

FURCTION MWSTTB=([0.,16.),(25.,940.), [49.,4252.1.(72..853%.), ...
{108.,6384.)

FUMCTION XWRTLT=(0.,13.51.(25..479.), (4%..1276.),(72..1806.)....
{106.,1355.)

FUNCTICN XWSOTH ={0.,0.0},162.,0.9), (108.,6643.)

FUNCTION XLAITE =(162.,0.0001},({215.,2.90),(239.,6.36),(262.,7.52),...
(298,.7.52)

FUNCTION SLATB ={0.,&.0034),125.,0.0034). (49.,0.0025) {72_.0.0024), ...
{108.,0.0024)

* NOTE« last value of NRT 1s cumry

- first value ¢f RSO i3 dusmy

FUNCTION XNLV  ={0.,2.5},(2%.,2.02),(49..1.66},(72.,1.42),{108.,0.58)
FUNCTION XNST  =(0.,2.3},(25.,1.12),(4%.,1.06),172.,0.73},(108.,0.51)
FUNCTION JNRT  =(4.,L1.2%}, {25.,1.00),(49..0.85),(72..0.65}.(108.,0.51)
FUNCTION XNSG w{0.,0.0),{108.,1.241)

* vajua at 0., 72, and 110. are dumm's

FUNCTION FLVT ={ 0..0.4861....
(13.,0.48),137.,0.34) . 161.,0.131,{72.,0.00). ...
190.,0.80),{118..0.00)

FUNCTION FEIT  =( 0.,0.52),..-
(13.,0.521.(37.,0.66).{61..0.87},172..0.000....
(90.,0.00),(112.,0.00)

FUNCTICK FSHT - 0.,0.79,...

(13.,0.79),(37.,0.66), {€1.,0.90),(72,1.00}, (110.,1.00)

FMNCTION FSOT =( 0.,8.00),...

{13..0.004,{37..0.00), {61,,0.00},(72,,1.00}, ...
(90.,1.03),¢110.,1.00)

LTTTTT wesas Ty

* B. Mishrs & B.P. Dhyani., Pantnagar. India

* 1587, wet season

* variaty: D4

* traatmant: 240 XG N/HA
P LT LTRSS

TITLE MISHRA L DHYANT, 242 XG N/HA

PARNS FSTR = 0.21

TABLE NTOTMT{1-§) = 0.45, 41.1%, 117.40, 131.08, 146.73,146.73

* WOTE: first 3 values of WSO ars duomy

. lnst value of WRTL is dummy

- fitst and last vaiue of XLAITE And SLATH are dumy's

FINCTION XWLVGT*(0.,16.}, [25.,990.), (43.,266%.),(72.,33%9.),...
(108.,260%.)

FUNCTION XWsTTB={0..16.),(35.,1053.), (4%.,5105.),{72,,9086.), ...
{108.,7163.)

FUNCTION XWRTLT=(0.,13.%),¢35.,520.),149.,1500.),(72.,2041.)....
(108.,1530.}

FUNCTION XWSOTB =(¢.,0.0),(62.,0.0), (108.,6707.)

TEUNCTION XLAITB={C.,0.0001).(25..3.69},(49.,6.95),1{72,.8.20},...
{10%.,8.20)

FUNCTION XLAITB=[161.,0.00011,(215.,3.69), (239.,.6.55) {262..8.303. ...
(298.,8.20)

FUNCTION SLATB =(9..0.0038),(25.,0.00)6), {49.,0.002€},(72.,0.0024),...
{106.,0.0024)

* NOTE: lazt walue of MRT is dummy

* f1rst value of RSO 1s dummy

FUNCTION XMLV ={D.,2.%5),¢25.,2.24},(49.,1.717.(72.,1.47), (100..0.64)
FUNCTION XNMST «(0..2.1).¢25.,1.26).(49.,1,15}.172..0.74}, (108.,0.52)
FUNCTION XMRT =(0.,1.2},425.,1.09),(49.,0.87),172.,0.860),(106.,0.51)
FUNCTION XNSO =(0,,0.0),{108&.,1.198)



* value st 0.

FUNCTIOR FLVT

FUKCTION FSTT

PUNCTION FSHT

FUNCTION FSOT

,72. and 110, are dummy's

={ 0.,0.48}....
{13.,0.24;,(37.,0.25), (€1,
19%..0.00,(110.,0.00)

={ 0..0.52}, ...
(13.,0.%52),(27.,0.75),{61.
190.,0.00}, [110.,8.00)

=( 0..0.80),...
(123.,.0.20}, 137.,0.89). {6},
={ 6.,0.00),...
§13.,6.00),137.,0.00), {61,
190..1.60),(110.,1.00)

L0.151,172.,0.00), ...

L0.485),472,,0.00), ...

,0.903,172,1.00}, (310,

L0.00), 172,308, .

,1.00)



{RRI, Los Banos, Philippines,
1990-1991

R T T L L L T T weesss

Weather data used:

Los Banos {IRRI}, Philippines, wetland stavian, 19%0-19%91

PANAM RDUCF = 1.E&
PARRM ELY o« 21.0
PAPAM LAT = 14.17

PARAM ZREF = 2.0

R e T T T sevan

*® L. Bastiiaans, IRRI, Los Banos, Philippines
* 199071991, watland mice

* variscy: IR 5C

® treatment: PLOT 1

TITLE BASTIAMRNS, PLOT 1

PARAM SWIPAR

PARAM SWILAT

N TR

PARAA SWINIP =
PARMM SWISIN =
PARMM SWINPH =
PARAM SWINPR
PARAM SWINES =
PARAM SWISAT =
PARAM SWIMEA 3

PARAM DOYS = 139,
PARAM IDOYTR = )18
PARAM FGHDAY = £1.0

INCON WLVGI = 47.5
INCON WSTSI = 0.8
INCON WRTLY = 12.75

* based on the Baximum values at [Vss0.4
PARAM FNSTI = 0.03
PARAM FHLYI = 0.0%
PARAH FHRTI = 0.013

PARAY DVST = 0.4
PARM TSI = 211.9

PARAM FSTR » 0.25
* PARAM RCRL w» {.152
PARAN DVEY = {.000807
PARAM DVER = D.001501

PARMA NA ® 5

TABLE TMAPT{iI-51 = 333.,361_,3E68.,396. 432,

PARAM NS » 7

TABLE DNCSTI(1-7) = 387.,394..402..411..430..425_ 432,

TABLE NTOTHT(1-7) = 115.7.164.7.179.).1084.3,18C.9.170.1,174.9

PARAM SLAC = 0.8627

FUNCTICN SLAFAS « 0.303,1.63,0.395,1 44.0.488,3.€9,€.513.€. 95,
0.5B9.1.29.C.646,1.26.0.716.1.27.0.6{C.1. 14,
0.996.3.29.1.031,3.0C.1.235,C.42,1.662.0.69,

1.781,C 63.2.C13.C.%4

* based on Qreen leal

* haned on grean leat
FUNCTION XKWLVGT={13., J6.54).11%., 40.00),¢26., 191.05),...
429., TIN.B0), 3D 1042840, 027, ,1284 640, .. .
(43..1661.50), {48.,2170 50),455.,258).48}, ...
(63.,2724.56),(72.,2502.72),{79..2387.44},.

406.,1115.68),493,,1904.2%),1200.,1904.25)
FUNCTION XWSTTB=112., 26.46),(19., 72.001,426., 319.94%),...
138, 489.20),(33,, T55.16),437.,1009.36), ...
142.,1631.50}, (0.,2170.5%0), 55.,3205.52), ...
163, ,4481.64), (72, ,4054.56),(79.,2472.64) ...
106, 3815, 06). (83,3427, 85), (100..3427.65)
FUNCTION XWSOTBs (11., .40, (28, 0.00),(26.. 0.00}, ...
129., 8.00),4¢22., 0.000, (7., 0.00),...
‘2., S.00), (0., 0.001,(55., 0.00),...
163., 275.80),472.,2502.72), (7. 49%2.92), ...
(6., 6241 2687, (93, ,736).100, {300, TI62.10}

FUNCTION LAILMNT={229.9%, -1.82),1336.45,-1.06},{457.05,0.15),...
{511.056. 0.64),i580.1 . 1.20),({650.75,1.4%). ...
{737 .00, 1.67),{B&1. 40, 1.90),1960.7%,2.04), ...
{2202.6, 2.01),(2263.6, 1.76),12243.1,1.49),...
(4950, 1.27),{1819.) 1.03),01739.4.1.63!

FUNCTION RNLV  =(313.,5.30),11%.,5.80),(26.,%.25),(29.,5.16},...

(33.,4.73), 037, ,4 .52}, 142.,4.65), (48.,3.4
(55, .4.31), 8.0 963 . 172..3 601, 178..3.01) ...
86,2971, {93.,0.54),1200.,2 54}

* W amount in stams 1n kg /ha vereus DAT

FUNCTION XNST wf 0.0.13.9}),...
(48.0,33.0),(55.0,56.7). (61 . 0. 65 .5},{72.0,58.1) ...
(79.0.39.7), (#6.0,33.0), {$1.0,26.0),(100.D,25.8)

* N mmount 1p storage corgans in Kg/ha versus DAT

FUNCTION XNSO «( 0.0, ©.8)....
[48.0, 0.0),155.0, 0.0),!62.0, S5.8).( 72.0, 19.2),...
(79.0,73.4), (06.0,95.1), [93.0,111.6), {160.0.111.6)

* Eirat and last values are dumny's

FURCTION PLVT =i0.0.0.53).113..6.5)), ...

(L6, 053, (23, 0.55).420..0. 8. (31..0.54). ...
(35, 0,495, (40, 0,37, (45.,0.50;,152.,0.27)....
(5%..0.09),(60.,0.00},(76.,0.00),(63.,0.00),...
£90.,0.000,¢37.,0.00),1100..0.00)

FUNCTION FSTT 200.0.0.471,{13..0.47},...
{16.,0.473.12)..0.451.(20.,0.33},(31.,0,45)....
135..0.51), {40, 0.63). (45.,0.50},(52.,0.723}, ..,
159..0.69), 168..,0.90).¢76.,9.00),(83.,0.00),...
(90..0.001, (97,9003, (100.,8.93)

FURCTION FSOT w(0.0.0.0CH,(13.,0.0¢:,...
(16.,0.00),(23..0.90),(208..0.00, (31.,9.00), ...
(35.,0.001,(43.,0.90),(45.,0.00),{52.,0.00},...
459.,0.22),(60.,1.80),(76.,1.00) . {B2. . 1.00), ...
(53.,0.99),497.,1.9%),(100..1.856)

* Peaning da Vr . 1389
FUNCTION FSHT = (0.0,5.96).{0.5.0.06),(0.6,0.86),(0.7,0,95}, ...

02.8.0.04), (1.2, 9. B9, (1.0, 0.000,12.5,1.00)

L T LT T T A Y
+ L. Bastisans, IRRI, Lo¥ Banes, Pulippines

* 1952719531, watland nite

* VRTlEty: IR S50

* treacment: PLOT S

T T T P T e P PP R LT

TITLE BASTIAANS, PLOT %



V-10

PARAM FSTR = 0.25
¢ PARAM RGRL = 0.12%

PARAM KA = &

TARLE DNAPT(I-5} w 339,,361,,308,,396. 432.

PARMY NS & 7

TARBLE DNCSTI(1-7; = 387.,394.,402.,413.,438..425.,4352.

TARLE NTOTHT{1-~7) » 100.#,154 .5, 148.6,165.0,171,2,159.4,158.7

* bassd cn grean leat

PUNCTION XWLWGTs(13.. 66.00).(i9., 152.12).125., 4s2.00),...
129., 799.56),(33., 976.641,437.,1189. 621, ...
(42.,1531.02), (40, ,198€.22),(55.,2555 .04}, ...
{€3.,2501.303,172.,238%.34), (79.,2324.52}, ...
(86.,2073.60), ($3.,1946.72), (160.,1946.12)

FUNCTION XWSTTRs{1)., 44.00},(19., 310.86),426., 328.003,,,,
{29., 489.44),{33., 767,16),1(27.,1013.348;,...
{4Z.,1470.90), (46, ,22)5.70),155.,3254 .16}, ...,
(63.,42€67.06), (72, 404316}, (7%.,3603.76) ...
{B6.,3456.00), (9., 3285.0%;, (200.,3285.09)

FURCTION XWEOT w(13.., ©.0C).418., Q.00).(26.. ©€.00),...
t2%., 0.00),{33., 4¢,00),{37., 0.00},...
(€., &.00), (48, 6.60), {55., 6.00}, ...
LE3., S14.99), (72, .20840.55).(79..454).28; ...
(66.,5990.40), (93, ,6935.19),{100.,6515.19}

® pased on Greer leaf

FUNCTION LAILNT21329.95,-1.15}, 1336.45.=0.64), 1457.05,0.48) ., .-
{511.05, C.68}, (580,10, 1.21),(650.95,1.37),...
i717.00, 1.54), 164140, 1.72),1960.75,.2.08}, ...
{1101,6, 1.%0), (1163.6, 1.63},(13831.1.1.33},...
(1499.3, 1.15),(1619.). 0.62),11739.4,0.82)

FUNCTION XNLV  #(0.0.5.00),...
t!J.,5.19).t19-.5.‘.61.(ziA,5.21:,(29-.4-99],...
133.,4.46),{37.,4.32)., (42.,4.38), 148,372}, ...
(55..4.18), (6., 0.48),172..0 .45}, 479.,3.27). ...
1B6.,2.90),(5).,2.45}), 1300.,3.45)

* N amcunt in atems in Xg/h4 versus DAT

FUNCTION XST =( 6.0,30.4},...
(48.0,33.07,156.0,54.3),1%3.0,57.43,472.0.51.1), ...
179.0,432.0},166.0,208.7),192.0,23.6), {100.0,23.§)

* 3 amcunt LB fcorage organs in Xg/ha verfud Dat

FUNCTION XNS& #{ 0.0, 3.0}, ...

{d48.40, 2.0),155.0, 0.0),{63.8, T.4).0 72.0, 42.3),...

i79.0,69.67,(66.0,88.6),193.6,180.7),(100,0,106.T)

* pirst and lagt valuss &re dusmy's

FMNCTION FLVT =(0.0,0.57),113.,0.57),...
(16..0.57),123.,0.61),(28..0.66),031.,0.39],,..
(]5.,016),(‘0-.04631,(IS.,O.TJ‘).sz..B.:G}....
{59.,0.90).163..0.00)4(16.,0.00!.(!1.0-003....
190.,0.000,197.,0.00),(200.,0.00)

PUNCTION FSTT «(0.0,6.43),(13.,0.43),...
(Ii..ﬂ,d]?,(u..o.?)i,E2l.,D.JI),tJZ-.ﬂ‘i:]..-.
£35..0.54),140.,0.57), 145..0.63), {52 . 0642 .. ..
(S!.,U.“I.(“..O.DBI.{‘PS..D.DM.rlJ.,O.aOJ....
(90.,0.80],!97..0.00), [100..0.00)

FMNCTION PSOT e (0..0.00),{13.,0.00), ...
{16.,0.007,¢3).,0.001,720.,0.00] 113.,0.00),...
(35.,0.00;, (49.,0.00},145.,0.001,152..0.00;. ...

L1.000, i76.,3.00) {8).,1.00]....

(59,024 . f
§90.,1.001,197.,1,00),(100..3.00:



IRRI, Los Bafios, Philippines,

1991
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Weather data usaed:

1RRI, Los Bavncs. FPhilippines, 1991 wat season

PARAM LAT = 14.18

teveseuditnnereet

[ T T T T T T e

T T T T ]

* R. Torras ar al., IRRI, The Philippinas

* 1951, wet meason

LT TP

Uneyermesannana

PUNCTION XWNSTTB=(180..

FUNCTION XW5S0T3=(180.,

(279.,1471.5), {208.,1237.5).(102., 554.5)
7.5k ..

{134., ?7.5).1202., 20.0),(21l., 52.8),...
(219., 211.5:,(239.,1210.8),(263.,1698.3),...
£279.,4236.0},(200,,3475.0), {303.,2188.5)
0.0}, ...

{134, 8.07,14263., 0.01,(279., 915.4), ...

(208.,2553.3),(302..4608.3)

FURCTION NWLUDT=(180., 0.0),...

(249, 0.0).(263., 369.01,1{279.. 2562.}),...

{2068..1452.01,(302.,2657.0)

PURCTION XWITHT=(180., 14.0),..,

FUNCTION XWRTLT={180.,

(19¢., 14.9),(202., 49.1},(211., I124.0),...
(219.. 842.3),(245.,2610.5), [36)..4459.85,...
(279.,7585.3). (243, 0757 .81, (302.,10014.3)

4.4 1302, 0.0

* variety:
* treacient: 0

LINE

HG/HA

. SssssEgsIstEAsTTTI I OTYINSS

FINCTION

FINCTION

XAITEr{185.,0.02),...

V-1

£194.,0.02).(202..0.08), (211.,0.17) . (21%.,0.70} . ..

{245..23.47),(263..3.41),(279,.2.42), {288,,2.40} ...

(302.,9.72)
JONFLUT= (180, ,0.808), ...

TITLE N. Torzes &t al. TRRI 1991 WS LI

1194..0.804), (202.,1.545),(211..1.680}, ...
£219..0.349), (249..0.900) ., (267..0.7¢8) . ..
(279.,0.853}, (288.,0.572), (302.,0.660)

FUNSTION SLATE ={1B0.,.0034}),...

FTUNTTION XNST

FUNCTICH XHSD

FUNCTION FSHT

FUNCTION FLVT

TUNCTIOK F5OT

119¢., 0038, (307.,.0039), (211, .0024), ..,
(219.,.0031).i24%...0022), (263.,.0023),...
{279.,.0016), (28B,,,0019], (302...0010)

a{ 0..2.72),( B.,4.60),(17..4.06),(25.,4.12}, ...
§ 55..,2.01),(69.,1.63), (B5.,1.41),¢94.,1.26},...
(108.,.0.84)

£l 0..1.76),¢ B..3.08),{17..3-74}.425.,2.21), ...
( 55..9.71),185.,0.62}),(85..0.41),(94.,0.3%5),...
(108..0.34)

=( 9..0,00r.( 8.,0.00).117..0.00),(25..0.00}. ...
[ 55..0.000, (69.,0.00).(85.,0.95),(34.,0.76),,..
(108.,0.88}

= 0.,0.00),1(108.,0.00)

=(0.0,0.5),{0.43.0.75),141.0.1.0),{2.1,1.0}
=((.000,0.560),40.156,0.64%),{0.226,0.562), .
(0.316,9.501), {0.518,0.401),¢0.756,6,238) .

10.923,0.000}.¢1.207,0.000),(1.707.0.000,{2.1,0.0)

=10.000,.0.440),10.156,0.355),10.226.0.428), ...
(0.316.0.459),10.518,0.599), (0.756.0.742), ...

{0.922.0.640),(1.207,0,000),{1.7€7,0.000) ,(2.1,0.

=(b. 000,G.000), (0.145,8.000), (£.756.0.000),

(9.522.0.360) . {1.2¢7,1.0001,(1.707,1.600),42.1.1.

PARAM SWIPAR 2 O
PARAN SWILAL = 4
PARAR SWINUP = 1
PARAM SWISIN » 1
PARAK SWINPH » O
PARAM SWINPR r 1
PARAM SWIRES »r 1
PARAM SWISAY = O
PARAM SWIMEA = O
PARMM DOYS = 184,
PARAM IDOYTR = 154
PARAM FCHDAY = B5.
INCON WLVGI = 6.5
INCON WSTSI = 7.5
INCON WHTLI = 14.0
PARAM FNSTI = 0.0176
PARAM FHLNI = 0.0271
PARAM FNETI = 0.0176
PARAR DVST « 8.13410
PAPAM TSI = 242.1
PARAM FSTR = 6.40
*PARAM RGRL = D.0060
PARON CVRV = 0.004554

FARAH DVRR s 0.06022%

PARAM HA » ]
TABLE IMAPT(1-1) = 1421.,1%)..310.
PARAM KRS = ¥
TABLE TRCST(1-9)

TABLE NCOTHTIL-9) = 0.31.1.96,4.24, 04

* first and lust wvaluss arve dumery'E
PARAN SILAC » 0.0CGLE

FUNCTION SLAFAC=$.000.2.970.0.334.1. 07,0 371

= 194,.202..251..219..249..063.,27%..200. )03

L6009 40 .)6,46.04,47.04,52.72

87.0.272.1.65. ...

Q.359.5.040.0 €78.1.37.0 915,35 .40.1.008,1.00. ..

3.408,

FUNCTION XWLVGT. &« 5,...

8.%;.4304., .5, (030.,

180,1.006,0.79.2 106,070

T

330 c24%. 109 8, (262, 1400 8.,

- caszwwns

vrrensn

* R. Torras ot al., IRAI. The Philippinec

* 1391 wat rsasoX
* variety: LINE

* treaToanc: A0 XG/HA

P L L L L L L L LT L LT T T T T T TS P T LS

TITLE R. TCRRES FT AL. IRKRI 1391 WS

& PARAM MGEL = 0.CO8C

BPARMM KA )
TADLE DRAPT{(1-3) » 193.,224..350.
FAFAR RE = )

TABLE DRCST(1-9)

® 194,202,211, 019,

LINE-BON

e,

T T ]

L340, 002.

Gy

4]
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FUNCTION XWRTLTw(180.,  0.0).{200., 0.0 (261.,3856.31.(27),,2965.0), (288.,3119.2)
FUNCTION XwsoThs(180,, 0.0),...

FUNCTION XLAITB=(180.,0.03),... (1%4., 0.0),0254., 0.0y, {261,.1002.5)....
(194..0.03),4202.,0.19), (211.,0.33),(219.,1.05), ... (273.,3997.0), {240, ,5674.0}
(240.,7.68),{354.,5.01), {261.,4.63},1373.,3.52), ... FUNCTION XWoDMT={1B0.. 16.0),...

(288, .1.94) {194.. 16.0},.0202., 36.8),(211.. 222.3),...

FUNCTION XNFLVT={1B0.,D.917), ... [219,, €18.3), 1246, ,2961.5),(254., S439.01,...
§194.,0.917), (02.,1.240),(211.,1.708),{219. 1.480),... 1261.,7503.0),127).,9322.51. 1288.,11534.5)
(240.,1.341}, (254..0.318),(261.,0.878),(271.,C 661}, ... FUNCTION XWLVDT» (130., 0.0}.(240., §.01.{2S4.. 12%6.0),...
(204.,0.584) 1261.. 616.0),(27),. 796.0},| 28B.,1848.0)

FUNCTION SLATR =(1BC.,.0033),... FUHCTION XWRTLT= (180, 0.0},t284., ¢-0

(194.,.0033), [i0Z.,.0041),(211.,.0023), {21%,,.0029),...
1240.,.0022), (254.,.0022}, {261, .0023),4273...6020), ... FUNCTION XLAITR=(180.,0.023),...
{(288.,.001%) f154.,6.03),(202..0.15), (2L, 0. 795, (219.,0.94), ..,

1240.,3.00), (254, ,4.27), (261,429}, 4273, ,3.42), ..,

FUNCTION XNLV =( 9.,3.02),( 6.,4.66).(17..4.01),(25.,4.25), ... (298..1. 81}
(47.,2.93),(60.,2.03}, (67.,2.01).(79..1.62),... FUNCTION JOMFLVT» (180,,0.937), ...

94.,1.09) {194.,0.9817),¢211..1.030), (210,338}, ..,

FUNCTION XNST =f O..1.89).{ B..3.08),(17.,2.50},(25.,2.0T), ... 1349, .1, 0441, {254, 0.947), (261, , 0. %06}, ...
(47.,1.13), 440.,0.64), (67.,0.59), [19,,0.47), .., (271.,0.792), {268..0.621)

(94.,0.45) PURCTION SIATE =i183.,0.0033),...

FUNCTION XNSC sl €.,0.00),{ &.,8.06),417.,0.00}, {25.,8.80). ... (194.,0.00331,(2211.,,6622), {219., . 0020}, .,
(47,,0.00), (62.,0.00), (67.,0.93),(79,,0.47}, ... (254.,0.0022), (261.,.0021), {273.,.0022}, (204, .0020)
(94..0.99)

FUNCTION XNRT »{ 0.,0.00),(94.,0.80) FUNCTION XMLV w( 0.,3.02;.( 0.,4.35),(17..4.02).435.,3.81), ...
(47..2.693, (60.,2.0%1,(67..3.049),17%,,1.79) ...
15¢0..1.26)

FUNCTION FPLVT ={8.000.0.560).(0.193,0.532:,(C.241,0.658), ... FUNCTION XNST «f §.,1.89},( 8.,2.085,(17,,2.40),(35.,2.09), ...
€0.393,0.629),(0.584,0.516;,(C.812,0.210), ... 147.,1.04), (60.,0.77),(67.,0.68), {7%.,0.87),,,.
(6.982,0.6600,12.234, 0,060}, 11,728, 0. 8601, 12,2, 0.0} (94.,0.58)

FUNCTION PSTT =(0.6C0,0.4403, 10,193, 0.¢68), ¢0.201,0.342), ... FUNCILON XNSO  »( D.,0.000, 8.,0.005, (17.,0.00),(25.,0.00), ...
(0.393,0.471), (0.584,0.4684),{0.027,6.790}, .., (47.,0.00).(60,,0.00), (B7.,1.03),{79.,%.03),...
(0.962.0.111),43.334,8.000),¢1.730,0.600},12.3,0.0) 93..1.24)

FUNCTION PSOT  w(0.000,0,000%,{0.173,0.00€), {0.827,08.608}, ... FUNCTION XNRT »f 0.,0.00),(94.,0.00)

(0,962, 0.889}, [1.234.1.000),4¢5.930,1.000),12.1,1.0)
FUMCTION FLVT =(0.000,0.560),(0.1%3,0.767).(0.281.0.55%0), ..,
B [0.393,0.5271, (0. 504, ,0.495), (0. 817,0,35%0), ...
¢0.962.0.051), (5. 224, 0.000},71.730,0.0800). ...
(2.100,0.00%)

teensanauee PrrsrrrtERALIR LYY FUNCTION FSTT ={0.000.0.440),(C.293,0.233),(0.281,0. 402}, ,,.
* R. ToTres at al.. IRRI. The Philippines £0.3%9),0.472),(0.584,0.505),10.817, 8,802, ...
* 1991 wat season 16.962.0.372),43.234,0.000),(1.73¢,0.000} ,...
* yaryisaty: IR72 (2.300,0.000)

* Treatnent: 110 XC/HA PUNCTION FSOT «(0,000,0.000),(0.173,0,000),40.817,0.000), ...
R R PR RS SEA TR RPN IO R IRt b ittt ke nareny 10.962,0.575),41.234,1.000), (1.73¢,1.00m),

12,190,1.200)
TITLE K. TORRES ET AL. IRRI 1551 Ws  IRT2-110W

¥ PARAM IGRL = 0.00%0

FARAM EAsS

TABLE DNAPS [1-5) = 19).,213..244.,262.,296,

PARAM Wsmy

TABLE DNOST(1-%1 = 194.,.3202.,211.,219.,241.,254..261.,272. 240,

TAALE WTOTMT(1-9)s 0.40,1.02,7.51,1%.16,55.46.65.09.78.95,8¢.11,9%.47

® f:rst and last values are durmy's

PARML SLAC = §.0621

FURCTION SLAFAC «G.000.1 §7,0.167,1.67.0.340,2,02 0.4d6. 500, .,
©.715.0. 94,0 913.1.04,1.003,1.00.1.457, .03, ...
2.011.0.%6,2.100.0.96

FUNCTISH XWLUCT {180 .. 5. ...
123 LW .51, (302., 14.8, (31., 1)).4), ...
(219, 342 5).1240.,150) 0, (2%, .1935.3), ...
(261..2028.5), 1273, 1564 .9, (280, 8538y
FUNCTLON XMSTTR=(180 ., LIS TR
i394, 7.5:.0202.,  10.0; (2tl.. €8.%), ...
121%.. 175.85, 4240 1450 3}, (254..1200.9), ...



L L T Y Y L]
* Waather data used:

* IRRI, Los Ranos, Philippines.

PARAM

L e T T T P PP T T AT T ey

-

IRRI, Los Bafios, Philippines,

1992

AT

vy

* R. Torres et al..

* 1991 ary seamon

* var

iety:

T Creatment:

IR72

9 KS/HA

s 14.18

IRRI, The Philippinas

P Ty e T T TP YT T P TRy

TITLE R. TORRES FT AL. 1442 08 Wz - 0N
PARMY DOYS = 16,
PARAM IDOYTR s 16
PARKY FGHOAY = 600
INCON WLVGI = 6.4
INCOH WSTS: = 5.1
[NCON WRTLI = 11.§
PARAM FNSTI = 0.0126
PARAM FNLVI & 0.0271
PARNK FNRTI = 00.0126
FPARAM DVSI s 0.152
PARAM TSI = 202.6
PARAM FSTR = 0.20

* PARMA RGRL = 00060
PARAM DVRV ® 0.000751
PARAM DVRR  w 0.00164
PARAN WA22

TABLE DNAPT (1-2} = 16,,12¢.

PARAM

TABLE DNOST [1-6)s 16.,33..%6.,60.,84.,124.
TABLE WTOTHT(1-6% 0.24.8.30,22.33,37.41,%1.01,50 .84

N5uE

v first and last values are curmy's
PARME SLAZ = 0.0013

FUMCTION SLAPAC=0.0.3.62.0.152.03.62,0.322,2.26,.0.4651.1.72, ...

FUNCTION XWLVGT

FURCTION XWLVDT

©.787,1.61,1.011,1.00,1.464,1.26,3.011,3.0).2.1,1.63

(& 6.4)...-

(6.,  6.4), (36, 116.3}, 158
(68..120).5). (B4, 15235, (97

= 8., 2.0).-..

(A6., 0.0y, 03¢, ©.0.( 58.

FPINCTION XYWST B ={

FUNCTION XwWSOTB

FUNCTION XWITMT

{8d.,66Y_9),(97.,10%4 4},(114.
o 3 1%....
6., 5.1).834.. SO0, S8,

B8, 21301y, (843602 .0, (37,2619 .3).{114.,2202.7)

= 0., G.0)....

116,
184,646 .7, {37..4003.5), (114, .5608. )
=D,
6.

. .9, ...

1952 dry ssason

L3926, 7). (104 545, ...

%9.6),166.,277.6), ...

0.0p. {04, 0.0),1( S&.,

. 1.5 034, 206 %10

V-15

(6B, 3614.2), (84.,6456.)1,(97.,5640.9),1114.,9564.4}
FURCTION XWATLT =10., 9.0}, (14., 0.0}

FUHCTION XIAITB =¢ 0..0.03)....
(16.,0.00],104.,0.34), (58,3 .54}, ...
[ 68.,2.5%),(84.,1.96},i97.,1.51},...
[24.,0.70
FUNCTION XNFIVNT =( 0.,0.578), (..
(56..0.578) ,24.,1.707) | 58.,1.056), ...
i84.,1.274),(9?.,0.806),(124..0.710)
FUNCTION SLATD =( &.,0.0047),...
[ 16..0.0047),734.,0.0029), (58.,8.00221,...
{ 80, 0.0013), I84.,9.0010), (97,0006, ...
1114.,0.0013;

FUNCTION XNLV  wf 0..2.71),(27..4.%%), (42..2.35). (52,198 . ...
(68.,1.65),82.,3.31), (96, 0C.96)

FUNCTIOR XNST s 0,.1.26), (7., 2.77), (42,,9.72) . (52.,0 . 64) ...,
{68,,0.525,192..0.3%), (98,.0.)5)

FUNCTION XNSO  ={ 0.,0.00},{.7.,0.00),(¢42.,8.000,(%2, 0.00},

168..1 .04},

.. 0.8
FUNCTION XMRT w{ ¢..0.00},{98.,0.00)

FURCTION FLVT  «(D. 000, 0.550) .00 244,90 5630, (D 455,02 . 434), ...
(0.720.0.284),10.89% 0.0264,0(1.221,0.000),...
{1.720,0.000),(2.100,0.000)

FURCTION FSTT = (0.000,0.450;), (0.244,0.427), (0 495.0.568), ...
[0.730.0.736) . (0005 0. 6200, (1. 21, 4.000,...
(1.720,0.000), (2.100.0.000)

FURCTION FSOT ={0.000,0.008), (0.244,0.000), (0.&95.0.000),...
{0.720,0.000), (0.K99,0,2643.(1.221.1.000),...
12.720,1.900],(2.106,1.000)

meuny Teveuwan L L L T T T
* R. Torres et al., IRRI. The Philippines

+ 1997 éry saasan

* variaty: IR72

* treatmant: 180 KRG AR

surnssee eees

TITLE . TORRES ET AL. 1933 DS IR72-140M

* PARAM RGRL = 0.00%0

PARAK NA = 1

TAIZE DRAPT(1-3) = 16..34.,120.

PARMY NE & €

TABLE DNOST(1-6) # 16..3)..58,.63.,84., 114,

TABLE NTOTMT(1-6) = ©.34,11,20,93.73,135.45.135.13.137.00

® firsc and last valuss are dummy &

PAMAN SLAC = 0.001%

TFURCTION SUATACe0.003.2.56.0.152,2.46,0.322,1.6),0.653.4.315. ...
£.78%.1.11.1.011.1.00,1.464,0.92,2.011,0.03,2.1,0.83

FUNCTION XWoWGT={ 3., .40, ...
1s.. 6.4),634., 148.1),456..2012.7), ...
1E5..3024. 00, (84,3018, 40, 137, 20301 1324, . 13057y

FUNCTION XWLVDTe({ 0., 2.01,...
(6., 0.01,.434.. 0.2).{58., &3.11,...
(0., 2473, (B4.,717.3), {97.,1889 41.4124..0054.0)
FUNCTION XWSTTB#Y 0.,  %.T0....
{46.,  5.1),434.. 11Z2.17.t SN.,1720.%, .

CER., DI 40 1R HE13.5) (97, 43375, 1114, 5008 0



V-14

PUNCTION XWATLTs {1BD., ©.O0}, (28B,, ©.0}

FURCTION XLAITEx{130,.0.03),...
(194.,0.03), [3032.,0.19),{211.,0.33), (21%.,1.€5),...
(24Q.,1.68),(254.,5.01), (263.,4.63),(273.,3.52),...
{288,,1.9%4)

FUNCTION XNPLVD={180.,0.917),...
(194,,0.917) . (202.,1.140), (211.,1.708) , {319. .1 .480), ...
$340.,1.343}, (254.,0.916), (261.,0.878), (273.,0.681), ...
1288.,0.584)

FUNCTION SLATB =(1AD.,.Q032),...
(194.,.0633),(202.,.0041),(211.,.0023}, (219.,.0028),...
(240.,.0022), (254.,.0022}, (261.,.0023}. (233., .0023), ...
(243., .0019)

PUNCTION XNLV = 0..3,02),¢ §..4.66),{17..4.01),(25,.4.25),...
(47.,2.93),{60.,3.03), {67.,3.01),({79.,1.62),...
(94.,1.09

FUNCTION XNST ={ 0.,1.89),{ §.,3.08),{17.,2.50),425.,2.37), ...
(47.,1.13),(60.,9.64], (87.,0.59),(79.,0.47),...
(54,,0.45)

FUNCTION XNSO ={ 0.,0.00),4{ &.,0.00),4{17.,0.00),¢35.,0.00),...
§47.,0.00),{60.,0.00),{67.,0.91).17%..0.87), ...
154.,0.99)

FURCTION XNRT =¢ 0.,0.00).(94.,0.00)

PUNCTION FLVT »{0.000,0.%£0),(0.193,0.532),(0.281,0.658),,..
{0.393,08.52%),10.584,0.516), (¢.817,0.210), ...
{0.962,0.000),(1.234,0.000),(1.730,0.000), (2.1,0.0)

FUNCTION PSTT ={0.000,0.440),(0.193,0.4660),(0.281.0.342),...
10.393,0.471),(0.584,0.484), (0.837,0,750},...
{0.962,0.111),(1.234,8.000),(1.730,0.000),(2.1,0.0)

FUNCTION FSOT «(0,000,0.000%,(0,173,90.000}, (0.827.,0.000},...
(0.962,0.869),(1.233,1.000),(2.730,1.000),12.1,1.0)

. . ae tewwe

* R. Torras #C 1., TRRI, The Fhillppines
* 1921 wet Foason
* varisty: IR72

* Treatmant: 110 EG/HA

werw e .. [T TS

ITLE R, TORRES ET AL. IRR] 1591 WS  IR72-110M

* PARAM AGRL & 0.00%0

PARMM HA=5

TABLE DRAPT {1-5) = 1%3.,218.,244.,261..256.

PARAM M5y

TABLE DEOST(1-9) = 184.,202.,211.,219.,241.,254..261.,273,, 288,

TABLE MTOTMT{1-%]= 0.40,1.82,7,.51,19.16,55.46,.65.09,76.95 46.11,5%.67

* first and last valuss are dummy's

FARNN SLAC = 0.0021

FUNCTION SLAFAC =0,000,1.67,0.167,1.67,0.340,1.02,0.448,3.20,...
0.735,0.94,0.913,1.04,1.011,1.00,1,457,5.03,...
2.011.0.96.2.100,¢.96

FUNCTION XWLVGT=(180.. 8.5)....

., 9.%),(202.,

{219, 142.5),(249..1503.3), (25¢.,1925.3},.,,

(261..2028.5),(273..1564.9), (288., 832.8}

7.5) ...

(154, ?.58i.{202.,

€219, A75.8), (240..1458.0},(254.,3208.5),. ..

16.8),{211., 133.8....

FUNCTION XWSTTR=(1l80..

10.0).1211., 88,5),...

FUNCTION

FUNCTICN

FCTION

PUNCTION

FUNCTION

FUNCTION

PUNCTION

PUNCTION

PUNCTION

FUNCTION

FUNCTION

FUNCTION

PUNCTION

{261.,23856.3),1273.,2965.0), (299, .3119.0}
XWSOTB= (180, 0.0y, ...

(a3d., ¢.0y,{254., 0.0, (261..1002.5}, ...
1273..3997.0), {288.,5674.0;

XWTOMTs(1R0., 16.0),...
1194., 16.0%,202., 26.4).{2Li., 222.1....

[21%., €18.2),(340.,2961,5}, (254., S43%.0),...
{261.,7503.0),(27).,9322.5), {288, ,11534.5)

AWV (180.,  0.0),(240.,  ©.0),(254., 296.0),..,

(261., 616.0),(273., 796.0;,( 288.,1848.0)
FWRTLT=(180.. ©.0),{288.. O.0%
XLAITS=(180.,0.00),...

(194.,0.02}, (202.,0.15}, 1221.,0.29), (219.,0. 943, ...
(240.,3.00) , (254., 4,273, (261.,4.39), (273, ,3,43),...
(288.,1.42)

XNFLVTS (180, ,0.327). 4.
€194.,0.%17),(212.,1.830}, {219..1.421), ..,
(240.,1.344), {254.,0.9471,{261,,0.906) ...
(271.,0.792), {286.,0.621)

SLATB *(180.,0.0033),...
(194.,2.0033), [211.,.0022) , (219.,.6023), ...
(254.,0.0022), (261.,.00213, (273.,.0022). (288., .0020)

KLY w{ 0.,3.03),( 8.,4.35},(17.,4.02),(25.,3.91},.,,
(47.,2.69),{60.,2.09),(567.,2.09,(79.,1.7%), ...
(94.,1.26)

XNST w{ 0.,1.89),( ¥.,2.00),(17.,2.40),(25.,2.09),...
{47.,1.04),450.,0.77),(67.,0.68),({79..0.57),...
{34.,0.58)

XNEO ={ ¢.,0.00),{ 8.,0.00),¢{17.,0.00),{25.,0.00),...
{47.,0.00), (60.,0.00),{67.,1.63),17%..1.03), ...
194..1.24)

XRRT w®( $.,0.00), (5€.,0.00)

FLVT ={0.000,0.560), (0.193,0.767),{0.261,0.598),...
10.383.0.527), (0.584,G.455), (0. 917, 0.198),
{0.962,0,053), (1.234,0.000), ¢3.730,0.000} , ...
€2.190.0.000)

FETT =(0.000,0.840), (0.193,0.233),{0.261.0.402), ..,
(0.3%3,0.473), (0.584,0.505) ,{0.B17,0.802), ...
(0.962,0.372), (1.234,0.000),{1.720,0.000, ..,
12.100,0.000)

FSOT =(0,000,0.000), {¢.173,0.000},(0.817,0.000), .,
10,962, 05751, ¢1.224,1.000), (1.730,1.000),
{2.100,3.900)



IRRI, Los Bahos, Philippines,

1992

LI L LR ST TR TR s

T Weather data used:

* IRRI. Los Banos. Philippines.

PARAM LAT = 14

LT L T TP S 2

18

sussmns

crerrnransr

1392 Ary ssason

* A. Torres st al., IRRI, The Philippines

* 1992 dry season
* varisty: IR7?2

*+ crsatmant: 0 KG/HA

aursssenne

TITLE R. TORRES ET AL.

PARAM DOYS 3 16,

PARAM IDOYTR » 16

PAAMH FGHDAY = 6B.0

INCON WLVGI = 6.4

INCCN WRTLI =« 11.5

PARAM FNSTI = 0.0126

PARAM FNLVI = 0.0271

PARAM FNRTI = 0.0126

PARAM INSI = 0.152
PARAM TSI

202.6

PARAM FSTR = 0.20
* PARAM RGRL = 0.0060
PARAM PARV

0.000751

PARAM DVRR = D.00168

PARAN NA=2
TABLE DHAPT (1-2) = 16.,
PARAN NSx§

rrazmae

1992 pS

120.

IRIZ - O

TABLE DNOST (1-6)= 1§.,3].,58..68.,84.,114.

TABLE MIOTHT{1-€)= 0.24,8.30,22.33.37.41,51.02,508.984

" first and last valuesr are dumry's

PARAM SLAC = ©.001)

FUNCTION SLAFAC=0.0.).63.0.152,1.62,0.023,2.26,0.65)2,1.72, ...
©.767,1.01,3.011,1.00,1.464,1.26,2.012,1.03,2.1,1.03

FUNCTION XWLVCT ={ 0.,
(16.,

FUNCTIOK XWLVDT =( O.,
{16..
18-

FURCTION XWSTTB =( 0.,
(6.,

(66.,2133.1}, 184.,3632.27,197.,2619.3),{114.,2202.7}

FUNCTICN XwsOTB =( 0.,
{1s.,

FUNCTICN XWTDMT =(0.,

(s.,

L5 PR

§.4),(34., 116.3),(59.,652.2), ...
(68.,1201.51, {£4,,1523,5),(97.,926.7),{114.,545.2},.

=19 ] S

9.01,4{24.,

Y

$.1r. 024,

0.0},...

0.0}, 024.,
184.,645.7), (97..4003.5},(114. ,5608,3)

11.5),..n

11.5).(34., 20E.5),( 58.,1596.0)

0.0, ¢ 30,
..661,9), (97.,1094.4), (134.,1608.2

9C.21,1 58., 344.0),...

0.0}, ( SB.,

59.4},168.,277.6), ..,

0.0),(58.,0.0),..-

168,

FUNCTION XWRTLT =i(0.,

FUNCTION XLAITE =

i 16.,90

146.2) .4
0.0),(14., 0.0

9.,0.03)....

L8310, 134.,0.34), (50,,1.54), ..,

{ 68.,1.597),484.,1.96),097.,1.51),...

{211¢.,0.73})

FUNCTION XNFLVT ={ 0.,0.578). (...

{i6.,0.

(84.,1.

S78),(34.,1.707),{ 58.,1.056), ...
2743, 187..0.806), {114.,0.71y

FURCTIOR SLATB =i 0.,0.0047),...

{ 16.,0.0047}, (34, ,0.0029),(58.,0.0022},...
{ 68..0.0013), {04.,0.0000),{97,,0,0016). ...
{114.,0.901Y)

FUNCZION XMLV ={ 0..2.

(11 -

ENCTIoN XNsT ={ 0..1.

(6.,0.

FUNCTION XNSO =( 0.,0,

i58.,1.

FUNCTION XNRT ={ 0.,0.

FUNCTION TLVT

»{2.000,
{6,720,
[1.720,

FURCTION FSTT =(b.o00,

(9.720.
(1.%20,

FUNCTION FSOT  =(0.000,

(0.120,
11.720.

T, (07,499, {42..2.35) . (52..1.98) . ...
£5),182.,1.21), (95.,0.96)
26),{17..2.771, {42.,0.72) ., (52..0.64). ...
3. (82.,0.3%),196.,0.35)
$0),{17..90.00}, (42,0002, 182..0.00),...
041,198, ,0.82)

001.(38.,0.00)

0.550), (0.244,0.563), {0.4%5,0.434), ...
0.284],(0.899,0.126), (1.321.0.000) . ...
©¢.000},(2.100,9.000)
0.450),(0.244,0.437). (0.495.0.566) ...
0.71€).(0-899,0.610),(1.231.0.0001,,,,
0.000),{2.16&,0.000)
0.000),(0.244,0,000), {D.495,0.000). ...
0.000),(0.49%,0.264},(1.221,1.000),...
1.000),(2.100.1.000)

. ErreRE Ry

* N. Torrec at al., IRRI, Tha Philippines

1992 4Ary smsason
variety: IRT2

LIeLtmant: 180 R&G/HA

TITLE R, TORRES PT AL.

-

PARAM RGRI

PARAM RA = )

TARLE DEAPT(1-}} = 14.,

PARAM NS = €

TABLE DNOST(1-6)} = 1§.,

T

1992 DS IRT2-140K

= 0.00%0

34,120,

33.,58.,68..84..114.

TABLE NTOTHT(1-6) = 0,24,11.20,33.73,135.45,135.30,137.00

* first and last values are duoey d

BARAM SLAC = 0.001%

FUNCTION SLAFACa0.000,2.56,0.152.2.46.0.32),1.63,0.653,1.15....

V-15

JBAS6.3], (97,,8640.9). (114.,9984.4)

0.787,1.11.1.014,1.00,1.464,0.52,2.011,0.83,3.1,0.03

PURCTIOR XWLVCT={ 0.,

FUNCTION XWLVDT=( 0.,

(1s.,

LFE T
6.4),¢3d., 148.1},158..2011.7....

(52..3024.2, (04.,3118.4),(57.,2430.7), (114.,1325.7)

0.05,...

f16., 9.9).(34., D.C},.(58., 41.3},...

(58.,247.3:,(64.,717.0), (97,1669 . 4], (114..2004.0)
FUNCTION XWSTTRBa{ 0.,

€16,

§60,,3317.4). teh. , 4810.5), (97

L 7D P
S.1r. (3., 112.1}.( 58..1720.1}. ...

-, 4397.8). (114,,3918. &)



V-16

FUNCTION XWSOTE=[ 0.,0.0),... (97..4372.2),(114.,424).4)
{16.,0.0),(04.,  0.0},(58., ©.0),,.. FURCTION XWSOTBx{ 0.,0.01,{2&8., 0.0),{3., ©&.00,( S8., 0.0),...
{60..0.0), 184, ,1195.7), (37,,6212.0), (124.,9544.8) (68.,0.0), (B4, ,B16.4),{%7.,5714.9),(114.,9558.3)
FUNCTICN XWTDMT={ G., 33.%),... FUNCTION XwiTMY=( 0.. e.®. 0 15, 11.5).(34.. 371}, ...
(1., 11.%9), (4., 260.2),(58., I77%.0),... {5&., 3&498.4},( 60.,5976.1),(8L.,9276.8),
(64, 65A9,.0), {84, ,9844.9), 197, 14618, 9}, (114, 18292.9) (97., 14360 8. (114.,17583,)
FUNCTION XWRTLT=( 0., ©.8),(1id., ©.0) FUNCTION XWRTLTs{ 0.. 0.0, (114, 3.0
FUNCTTON XLAITB=( 0.,0.03),... FUNCTION XNFLVT={ 0.,0.573).(16,,0.578},(34.,1.521).( $9..3.028),...
(36.,0.03},{34.,0.46), 1 S8. 4.4)},( €8..6.40},... (68.,1.557, (84,,1.286,(97.,1.373},(114..9.834)
(8£.,5.95),¢97.,.4.28), (114.,2.11) FUNCTION KLAITB={ 0..0.83), (16.,6.03},(34.,0.46),( 58.,5.32),...
FUNCTICN XNFLVT=( 0.,0.578}.... 168.,5.97), (B4.,5.20), (57.,4.82),(114.,2.45)
(16.,0.578),(34.,1.685).{ 58..1.592).{68.,1.507},... FUNCTION SLATB «{ O.,08.0047),(16..0.0047),34.,0.0033),{ 58.,0.0028),...
(84.,3.2711, {97.,1.127), (114, 0.761} (68.,0.0021),(94..0.0019),(97.,0.0017), {154..0.001T)
FUNCTION ELATE w{ 0.,8.0047),... FUNCTION XNLV m{ 0.00¢.2.71),(17.00,5.101. {42.00.2.061,(52.0€,3.27),...
(16.,0.0047),(34..0.0031),( 54.,08.0022),... (68.00,2.507,(B2.00,2.34), {90.0G,1.43}
168,,0.0021), (4., D.0019),197,,0.001R), 1114, 0.0016) FUNCTION ¥NST = 0.00,1.26),(17.00,2.98),¢42.00,1.82),152.0¢,1.35)....

{68.00,0.81), (82.00.0.72).(98.00,0.58)

FUNCTION XMLV ={ §.90.2.71}, (17.00,5.23), (42.00,3.51),{52.00,2,19),... FUNCTICN XNSO ={ 0.00,0.80),(17.400,0.00),(42.00,0.00),(52.00,0.00),...
160.00,2.62), (83.00.1.99), (56.00.1.31) 164.00,1.11), (¥8.00.1.1%)

FUNCTION XNST e 0.00,1.26),{17.00,3.08),{42.00,2.35),152.00,1.18),... FUNCTION XMRT a{ £.00.0.00),{%9,00,0.00;
{60.00,0.86), 142.00,0.55), (%8.00,0.50)

PUNCTION XS0 a{ 0.00,%.80),{17.00,0.00), {42.00,0.00),(52.00,G6.00Y,... FUNCTION FLVT »(0.000,0.600),{0.244,0.559), (0. 495.0.5¢2),...
(6B.CO,1.04),(94.00,1.02) (0.730,0.308), (0.899,0.03¢),{3.221,0.000),,,,

FUNCTION XNAT  «{ 0.40,0.30), (94.00,8.00) $1.720,0.000}, {2.100.0.900)

PINCTION PSTT =(0.000,0.4001, (0.244.0.441),{0.495,0.454) ...,
{0.720,06.612), 10.099,0.537),{1.221,0.000) ...

FUNCTION FLVT =(0.000,0.550),(0.244,0.570),10.495,0.537) ..., {1.720,0.000), (2.100,¢.000)
(6.720,6.388),(0.699,0.034).(2.221.0.600) . ... FUNCTICN FSOT  «{0.000.0.000),(0.217,0.000). (0.496.0.000). ...
11.720.6.000), 13,100, 0.000) 10.720,0.000), {C.8%%.0.429),(1.221,1.000}, ...

FUNCTION FSTT ={0.000.0C.450), 10.244,0.430),(0.495,0.4€2).,.. {1.720,1.600), {2.100,1.000)

(6.724.0.612) . {0,099, 0.,937),11.321,0.000) ., ...,

(1.720.0.400).43.100.0.000} R
FUNCTION PSOT «(0.000,9.002},(Q.183,9.000}, (0.455,0,000),...

(0.720,8.000),{0.899,0.429},1(1.221,1.000),..,

11.720,1.006), {2.100, 1.000} rrsseusausesessrsistpTsacaTTRTSH . ee
* g, Toryes at al., IRRI. The Philippines
ev * 1992 dry season
* yariety: LINE

* creatment: O XG/HA

e erren Ll Lo I orw . . T
* R. Toxrras et al.. IRRI, The Philippinas
* 1992 dry season TITLE R. TORRES ET AL. IRRI 1992 D§ LINE ON

v variety: IR72

* trsatmant: 325 XNG/HA

LR T PP LT P T PT T P R 2 TS PARNL DOYS s 16,

PARAM [DOYTR = 16

TITLE K. TORRES ET AL. 1952 DS IR72-225M PARAM PGHDAY = 128.0
PAMAM 3h = 5 INCON WLVGT S8
TABLE DNAPT(1-5) = 16.,34..%8.,84.,139. NCCH WSTST = 5.1
PARAM NS = 6 INCON WRTL1 = 10.7
TAMLE DMOST(1~6) = 16.,33,,58..64.,84.,274.
TABLE WTOTWT(1-6) ® ©.24,10.26,82.15,129.21,12).17.158.50 PARAM PNSTI = 0.0134
PARMM FNLVI = 0.0261
* Eirst and lasc values ara dulmy‘s PAHAM FRRTI ¢ 0.0134
PARNM SLAC = &.001%
FUNCTION SIAPACED.000,2.42,4.153,2.42,0.323,1.72.0 653, 1.44, ... PARRM DVST = 0.127
n.'m',:‘al.:.011,1.09,1‘tu.e.ea.z,e:;,n.aa,z.:.o,oo PARMY TSI = J0Z.6
FUNCTION XWLWGT=( 0., ©.0).{ 16.. #.4}.(34., 138.2,... PARAM FSTR 3 ©. 40
(56..107) 00, ¢ 60, 2840 1}, i84.,3030.2} ... * PARAN RGAL » 0.0060
(97.. 2028, 6). 12234, 4111 PARAM LVRV  » 0.00062%5
FUNCTION LLVDTel 6., .M.t 16, Q.0), 3., 0.0).... PARNY DVRERL = 0.0C162)y

(58, 4T.4;.( 68, 23] .6),784.,650.8) ...
€97.,1440.33, (114.,2269. 8
FUNCTION XWSTTBs( €., 0.0:.¢ 18., 5.15.036., 1090, ... PARAM KA » 1
C50..3STT 20,0 68,2902 41,784 4771 .4y, ... TABLE DNCET(1-2) = 1§,,335.



PARM RS

TABLE DNOST(1-6}

= 16.,34.,70.,79.,98.,124.

TABLE NTOTMT{1-6) = €¢.21,17.22,22.11.40.13,43.64,56.30

FUNCTION XWLVGT={ 0., 5.61,...

{16, $.6), (3., 1.3 .1 70, 1055.0),...

(79.,1322.5),(96.,1532.5), (114.,1124.2}, (1208, GE1l4.6)
FUNCTION XwivDi=1 0., Q.07

Qs&,, 0.21,.(24,, 0.0),{ 7O., 252.4),...

179., 349.7),198.,110%.3]1, (114.,1682.7}, (128.,2452.])
FUNCTION XwWsTTB={ 0., 5.17,...

6., 5.1),134., 4.3, 1 T70.,1807.8),

179.,2492.7), (98, ,4099.0), (114., 36557}, (126..2725.0)
FUNCTION XWSOTBa( €., 0.0}, (6., (18-} PN

FUNCTICN

FUNCTICN

FNeTION

FUNCTION

FUNCTICN

(79., 0.0),(98., 4SE.%},(114.,3597.2), (126.,5781.3}

FIWTIHT=({ ¢., 10.7),...
(6., 10.7).034., 177450 70.. J125.5)....
(79.,4164.5),(98.,7196.T), {114.,)C062.0), (128.,11573.0)
KWRTLT={ 0.. Q.00,{(128,, 0.5
XIAITR=( 0.,8.€3), ...
(16.,9.03), 1 34.,0.30),1 76.,1.78),(75.,2.26), ...
(98.,2.45).1124.,1.61). (330, .8.76)
XNELVT={ €..9.487),...
(16.,0.487), 0 34.,1.6271, 0 70.,1.147),(79.,1.084}, ...
(9., 0.918),(114.,0.742),1120.,0.864%)
SLATR a{ €.,0.0056),...
[1E.,0.0054), [ 34.,0.0031),{ 70.,6.001%), ...

(79.,0.0017), (40.,0.00146),4214.,0.0014),(129.,0.0012)

PURCTION XNLV «( 0.00,2.61}, (16.00.5.04), 1 54.00,1.54). ...
163.00.1.88),102.00.3.47),( $8.00,1.08),4223.00,0.80)

FUNCTICN XNST =( 0.00.1.34),(16.00,2.71),( $4.00,0.64},...
(63.00,0.62},(82.0C,0.42) .1 99.00,6.36),1(317.00,0.3);

FUNCTION XNSC ={ 0.04,0.00),118.00,0.00;,( 54.00,0.00),...
(63.00,0.00},(82.00,0.04),(122.00,0,74)

FINCTION XKRT »{ 0.00,0.00},1212.00,0.00)

FUNCTION FLVT =(0.000.0.550).70.201,0.586),(0.478,0.353),...
(0.730.0.368), (0.895,0.004), -..
(1.374,90.000),(1.774,0.000), {2,100,0.000}

PUNCTION FSTT =(G.000,0.450),(0.203,0.414), [0.478,0.647),...
$0.730,0.632),140.895,0.537), ...
£3.294,0.000),¢1.774,0.000), (2.100,0.000)

FUNCTION PSOT ={0.000,0.000),{0.152,0.000), {0.474,8.008),...
(2.723,0.000), 10.895,0.429), ...
(1.274,1.0007,(1.774.1.0001 12,300, 2,000}

B0

* K. Torreas et al.,

IRRI[, Tha Prilippinas

* 1982 dry seascn

® varisty:

® treatmant:

TITLE k.

T PAFAN RGRL

LINE
180 KG/HA

crvavreenn

TORRLS ET AL. JRRI 1393 D5 LINE 100K

= 0.0090

** DOBSERVED VALUES FOR M1D LINE 160N

FUNCTION XWLVGT={ 0., $.6),..-

{15., 5.6),¢ 4., L33.B).0 70.,2189.2). ...

{79.,3122.7), ¢ 98.,4802.2),(124.,2765.9), (128., 148E.5)

FUNCTION XWLVDT={ $0., 6.0), ...

{15, 0.08,( 4., 0.0).0 70., JBL.4). ...

79, 426.9),1 90.,1809.1),1114.,3725.0),(120.,4508.0)
FUNCTION XWSTTE=( 0., 5.00....

{16, S.L. 0 34, 9B.B) L 72.,3107.%), ...

{1 79,,4260.3;, 1 98.,7826.8),(114.,5906. 4}, (124.,4443.8)

FUNCTION XWSOTE~( 0., 8.0},...
(1s., 0.01,( 79.. 0.8i,¢ 8., 745.6},
(114.,6a58.0),{12B.,9304.2}

FUNCTION XWIteTs={ #C., 10.7).( 16., 18.7)....

[ T

(5a

3312.8),( 70., SEB4.4).{ T9., TE1T.

L 147B2.TH, (L1164, , LTAS5 . 6), (126.,19744. .8}

FUNCTION MWRTLT=( 0., 0.0y, {128, 0.0}

FMCTION JLAITB={ 0.,0.03),...

(16.,0.031,( 34.,0.39),( 70.,4.13) . (79.,5.99), ...

(99..8.02),{114..4.31). (120..2.52)
FUNCTION XMFLVT={ 0.,0.4B7),...

€16.,0.487), ¢ 34.,3.2600,( 70.,1.451),(75.,1.33%), ...

(98.,1.100), {314,,2.022), (229, ,08.£00)
FUNCTION SLATE w( 0.,0.0054),...

116.,0.00584),( 34.,0.0029),( 70.,0.4019),(79,,0.00191,...

(58,,0.0018),(114.,0.0016), (128.,0.0007)

182.,2.01).( 98.,1.59).(112..1.02)
= 0.,1.30,¢(

(82

FURCTION XNST
.,0.72),( 98.,0.50], (112.,0.43)

FUNCTION XSO =( ©.,0.00),( 18..06.00),( 54.,0.00), (63.,0.00}, .
i#2.,1.61),{112.,0.%0
FINCTION ORT ={ 0.,0.080), {11Z..0.00)
FINCTION FLVT «(0.000,0Q.550},(0.203,0.578),{0.476,0.406), ..,
8.730.0.3883, (0. 595,0.034), ...
(1.274,0.000), (1.774,0.000], {2.1060,¢.000)
FINCTICN FSTT = (0.000.0.4%0),10.202,0.422),(0.478,0.59%), ...
{0.710.0.612;.(0.895,0.537), ...
[2.274.0.000), (1.774.0.000}, (2.100,0.000)
FUNCTION FSOT w(0.060.0.000), (¢.180,0.000),{0.479.0.0001, ...
(0.730,0.000),(0.695,0.42%),...

{1.274,1.000),{1.774.1.000), (2.100,1.000)

.. cewssee vrevavesvesus

* K. Torres #C al., IRRI, Tha Philipploes
* 1992 4Ty seaAEOD

* variety: LIKE

* Treatmant: I35 KG/HA

B R e e L T T T L T T Y

TITLE R. TORRES BT AL, IRAI 1992 DS LINE 225K

FUNCTION XWLVGTs( O, 5.6 ,...

= 0.,2.61),( 18.,5.23),{ 54.,2.76), (63.,2.5%),...

18.,2.92).1 54,..0.99).(63_,0.96),...

PARAN HA = )
TABLE DNAFT(1-1) & 16_,)4.
PARME NS = &

TAELE DMOSTiT-6) = 16.,

LLT0 TR I

TABLE NTOTNT 1-€) « 0.21 % 74,90 55 130 95,351 72,5172

1s., 5.6),434., 141.01.0 7C.. 2468 .10, ...

(79, ,9185.00, <99, ,3755 63, (114, 3346, %), (128.,1502. )
FURCTION XWLVDT=( 0., 0.3)....

116., 0.0).(34., 0.C).( ?C., JEZ.My,...

(79.,404.0), {90, 1665.8), (134, 2311 43, L126.,3995.0)
FUNCTION XWSTTB=( 8., 5.1)....

(46, S.3b 0 3., 99.8),0 70, 3407.7)..

TNCTION XWSOTEe( 0..0.0) 116,

€79, 4082.4), (8., 6BSE. &), (114.,5359.4), (128, 4257.5)
e.fr, ...



V-18

(79.,0.0),(98.,591.46),(114.,7258.7), {12B.,9709.Q)
FUNCTION XWToMT=( 0., 10.7),( 16., 1.7, ..

[34.. 240.5),¢ 0., 6319.6),( I9., TE66.4),...

{96.,11259.6},(114-,18778.0),(128..1951G.4)
FUNCTION WWRTLT=(D., 0.0y, (128, n.0)

FUNCTTON XIAITR={( 0.,%.030},...
(16-,0.000), 0 34.,0.42),( 70.,4.65).(79..5.91), ...
(98.,7.608},(114.,5.42),(126.,2,11)

PUNCTION XNFLVT=( 0.,5.487},...
(16..0.487), 4 14, 1. 742, { 70..1.460),(79.,1.336),...
(98.,1.078),(114.,1.192),(128.,0,773)

FURCTION SLATE =( 0.,0.0054),...
(16.,0.0054), (34.,0.00300, 1 70.,0.0019), ...
(79.,0.0019), {86.,0,0020}, (114.,0.0016), (128.,0.0014}

FUNCTION XNLV ={ O.,2.€1),{ 18.,5.18),( 54.,2.75),{6)..2.48},,..
183.,2.18), ¢ 94..1.93),{132..3.00)

FUNSTION XMST = O.,1.34),¢ 18.,3.07),{ 54.,0.99), (63.,0.92),...
(82..,9.72),1 98.,0.58),(112.,0.44)

FUNCTION MNSO #( 0.,0.00}.( 18.,9.00),¢( $4.,0.00),{6},.0.60),...
{82.,1.18),(132.,1.28)

FUNCTION XNRT ={ O.,.0.00},(112..0.00)

PARAM KA = §

TABLE INAPT(1-5) = 16.,34.,70..%6.,135.

PARAM KS = §

TAELE CNOST(1-6) = 16.,34..70.,79.,98.,128.

TABLE NTOTMT(1-6) = 0.21,10.36,102.53,115.52,142.43,555.13

FUNCTION FLVYT =(0.000,0.550},(0.20).0.58%),(0.478.0.497). ...
€0,730,0.348}, (0.855,0.034),...
11,274, 0. 0600}, (3.774,0.008) , {2.106,0.800)

FUNCTICN FSTT =(0.000,0.450), (0.203,0.411),10.476,0.593}, ...
(0.730,0.612), (0.895,0.53%),...
(1.274.6.000} . (3.774,0.000),12.100,8.000)

FUNCTION FSOT a{0.000.0.000), (0.2643,4¢.000), (0.478,0.060), ...
{8.720,¢.00Q), (0.895,0,.425), ...
(1.274.1.000), (1.774,1.000),(2.100,1.008}
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Appendix VI: Results of validation

TNAU-TNRRI, Tamil Nadu, India, 1988-1989

N-limited Production
weight of the crop (WCR) . _
measured leaf N; simuiated: Okg
ADT39, TNAU-TNRRI, India, 1988-1989 = = = = simulated: 100 kg
18000+ simulated: 200 kg
16000 1 ——e—- simulated: 300 kg
14000 ¢ simulated: 400 kg
12000 ¢ o cbserved at O kg
10000 ¢
kg/ha 8000 4 A observed at 100 kg
6000 + <o observed at 200 kg
4000 + x observedat 300 kg
200: T ° : 1 2t 400 kg
0 20 40 60 30 100
days after transplanting
weight of the crop (WCR) , ,
simulated leaf N; simulatad: 0 kg
ADT39, TNAU-TNRRI, India, 1988-1989 - ——— simulated: 100 kg
8000 T simulated: 200 kg
16000 ——— simulated: 300 kg
14000 enem— gimulated: 400 kg
12000 a observed at O kg
ka/h 10000 R
a/na 8000 observed at 100 kg
6000 < observed at 200 kg
4000 X observed at 300 kg
2000 ®  observed 400 kg
0

days after transplanting
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TNAU-TNRRI, Tamil Nadu, India, 1988-1989

N-limited Production
weight of the storage organs (WS0)
measured leaf N;
ADT39, TNAU-TNRRI, India, 1988-1989
12000 ¢
10000 +
8000 1
kg/ha 6000 +
4000 ¢

0 20 40
days after transplanting

weight of the storage organs (WSO)
simulated leaf N;
ADT38, TNAU-TNRRI, India, 1988-1989

10000

9000

8000

7000

6000

~ kg/ha 5000
4000

3000

2000

1000

0 20 40 60 80 100
days after transplanting

simulated: 0 kg
== = = = simulated: 100 kg
"""" simulated: 200 kg
e simulated: 300 kg
——simulated: 400 kg
G observed at O kg
A observed at 100 kg
¢ observed at 200 kg
X observedat 300 kg
®  observed at 400 kg

simulated: 0 kg
~ = — = simulated: 100 kg
------- simulated: 200 kg

o= simulated: 300 kg

simulated: 400 kg

o observed at 0 kg

A abserved at 100 kg |

< observed at 200 kg
X observed at 300 kg

L observed 400 kg




TNAU-TNRRI, Tamil Nadu, India, 1988-1989

N-limited Production

180
160
140

100
simulated

simulated

80
80
40 ¢
20 -

100

80 -+
60 -
40 +

20 T

amount of N in leaves (kg/ha)
simulated leaf N;

ADT39, TNAU-TNRRY, India, 1988-1989

L 3

}
120 1

M
———p——t

40 60 80 100 120 140
observed

amount of N in stems (kg/ha)
simulated leaf N;
ADT39, TNAU-TNRRI, India, 1988-1989

160 180

20 40 60 80
observed

100

Okg

100 kg
200 kg
300 kg

400 kg

Okg

100 kg
200 kg
300 kg
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TNAU-TNRRI, Tamil Nadu, India, 1988-1989

N-limited Production

amount of N in storage organs {kg/ha)

simulated leaf N;

ADT39, TNAU-TNRRI, India, 1988-1989

180
™
160 + 2
140 +
a A
120 1 i °
. 100 +
simulated 80 4 .
60 + !
40 +
20+ ¢ o °
0 .ﬂ + + $ $ - + +
0 20 40 60 80 100 120 140 160 180
observed
amount of N in roots (kg/ha)
simuiated Jeaf N:
~ ADT39, TNAU-TNRRI, India, 1988-1989
30
25 <+
20 1 °
A
simulated 15 1 A
L WY
10 - N A A
5+ - ;-5 4 A .
- [m] “ Fa
0 4 + + 4 +
0 5 10 15 20 25 30

observed

Okg

100 kg
200 kg
300 kg
400 kg

Okg
100 kg
200 kg

400 kg

|’1,‘.|




kg/ha

kg/ha

TNAU-TNRR)], Tamii Nadu, India, 1988-1989

Potential Production

weight of the crop (WCR)
potential;
ADT39, TNAU-TNRRI, india, 1988-1989

18000
16000
14000
12000
10000
£000
6000
4000
2000

0 20 40 60 80 100
days after transptanting

weight of the storage organs (WS0Q)
potential;
ADT33, TNAU-TNRRI, india, 1988-1989

10000
000
8000
7000
6000
5000
4000
3000
2000
1000

0 20 40 60 80 100
days after transplanting

simulated potential
observed at 400 kg

simulated potential
cbserved at 400 kg
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CRRI, Cuttack, India, 1990

N-limited Production

16000 T
14000 }
12000 +
10000 +

kg/ha 8000 +

6000 $
4000 -
2000 1

weight of the crop (WCR)
simulated leaf N;
IR36, CRRI, India, 1950

40 60 80
days after transplanting

weight of the crop (WCR)

measured leaf N;

IR36, CRRI, India, 1990

16000 1
14000 ¢
12000 +
10000 1

kg/ha 8000

6000 1
4000 1
2000 1

0 20 40
days after transplanting

80

100

w]

A

simulated: 0 kg

== — = = simulated: 50 kg
------- simuiated: 100 kg

= simulated: 150 kg

observed at O kg

observed at 50 kg
observed at 100 kg
observed at 150 kg

100

simulated; 0 kg

— = = ~ simulated: 50 kg

0

[y

simulated: 100 kg
simulated: 150 kg
observed at 0 kg N'ha
observed at 50 kg N/ha
observed at 100 kg N'ha
observed at 150 kg N'ha




CRRI, Cuttack, india, 1990

N-limited Production
weight of the crop (WSO)
measured leaf N;
IR36, CRRY, India, 1990 simulated; 0 kg

8600 + — == == == simulated: S0 kg

7000+ % pmmeeses simulated: 100 kg

6000 + ——em—- simulated: 150 kg

5000 + L observed at 0 kg N/ha
kg/ha 4000 + o observed at 50 kg N/ha

3000 1 A observedat 100 kg N/ha

2000 1 O observed al 150 kg Nha

1000 +

0 G o, £ 1
0 20 40 100
days after transplanting
weight of the storage organs (WSO)
simulated feaf N;
IR36, CRRY, India, 1930 simulated: 0 kg

8000 - = — = gimulated: 50 kg

7000 l 2, """" simulated: 100 kg

6000 + . simulated: 150 kg

5000 + . observed at 0 kg
kg/ha 4000 1 i observed at 50 kg

3000 ¢ A abserved at 100 kg

2000 1 o observed at 150 ky

1000 1

0s i3 O ’ ¢ 4
0 20 40 €0 80 100

days after transplanting
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CRRI, Cuttack, India, 1930

0 kg/ir3s
50 kg/ir36
100 kg/ir3s
150 kg /r36

N-limited Production
amount of N in leaves (kg/ha)
simulated leaf N;
IR36, CRRI, India, 1990
80
a a
A
so + A
A A
A &
simulated 40 + C
a a o
u]
’ a
20 +
Q- : - 4
0 20 40 60 80
observed
amount of N in stems (kg/ha)
simulated leaf N;
{R38, CRRI, india, 1990
80
60 ¢
a
simulated 40 1
A A
Ca
a
20 + - u »
0 - ' 4 '
0 20 40 80 30

observed

Okg

SO kg
100 kg
150 kg




CRR, Cuttack, India, 1990

N-limited Production

amount of N in storage organs {kg/ha)
simulated leaf N;

IR36, CRRI, India, 1990
120
2

100 +

B0 + 4

A
simulated 60 + fa]
A
40 1 o
20 4 z &
0 4 + + + +
0 20 40 €0 80 100 120
observed
amount of N in roots (kg/ha)
simulated leaf N;
IR36, CRRI, India, 1990
25
20 ¢ 4
fal
¥ Y A
15 +
. A
simulated 5 &%
10 t .
| | - a
5+t ~
0 ; +
0 5 10 15 20 25

_observed

Okg
50 kg
100 kg

150 kg

Okg

50 kg
100 kg
150 kg
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CRRI, Cuttack, India, 1990

Potential Production

weight of the crop (WCR)
potential;
IR36, CRRY, India, 1990

s simulated potential

. observed : 150 kg

0 20 40 60 30 100
days after transplanting

weight of the storage organs (WSO)
potential;
iR36, CRRI, India, 1990

8000 1
7000 1
6000 T

5000 + .
kg/ha 4000 T
3000 1
2000 1

1000 ¢
0 - Pl y +
1] 20 40 &0 80 100

days after transplanting

— cimulated potential

. observed at 150 kg




PUAT, Pantnagar, India, 1987

N-limited Production

weight of the crop (WCR)
measured leaf N;
PD4, PUAT, india, 1987

20000
18000
16000
14000
12000

kg/ha 10000
8000

6000

4000

2000

0 + + + +
0 20 40 60 80
days after transplanting

weight of the crop (WCR)
simulated leaf N
PD4, PUAT, India, 1987

20000
18000
16000
14000
12000
kg/ha 10000
8000
6000
4000
2000
0

F 3

100 120

days after transplanting

sirnulated: 0 kg
— = = = simulated 60 kg
....... simutated: 120 kg
—_—— simulated: 180 kg

simulated: 240 kg
0  observedatOkg

A observed at 60 kg
¢ observed at 120 kg

X observed at 180 kg

L4 observed at 240 kg

simulated: 0 kg
— = — — simulated 60 kg

simulated: 120 kg

= simulated: 180 kg

simulated: 240 kg
O observedal Okg

A observed at 60 kg
¢ observedat 120 kg
X observed at 180 kg

L observed at 240 kg
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PUAT, Pantnagar, India, 1987

N-limited Production

weight of the storage organs (WSO)

measured leaf N; simulated Okg
PD4, PUAT, India, 1987 ~— = — — gimulated 60 kg
000 e simulated: 120 kg
6000 + ——.—— simufated: 180 kg
5000 | — simulated: 240 kg
T observedatOkg
kg/ha 4000 1 4  observedat 60 kg
3000 1 ©  observedat 120 kg
2000 1 X observed at 180 kg
100:: . . . - ®  observed st 240 kg
0 20 40 &0 80 100 120
days after transplanting
Bl e il —
PD4, PUAT, India, 1987 — — = = simylated 60 kg
1000 + ‘ I simulated: 120 kg
6000 | 2 —— simulated: 180 kg
5000 4 T——cimulaled: 240 kg
4000 4 a observed at 0 kg
kg/ha 3000 } A observed at 80 kg
2000 1 ¢ observedat 120kg
1000 1 X observed at 180 kg
ol . . ' : _ ®  observedat 240 kg
0 20 40 €0 80 100 120

days after transplanting




PUAT, Pantnagar, India, 1987

N-limited Production

amount of N in leaves {kg/ha)
simulated leaf N;
PD4, PUAT, India, 1987

60
A' .
fa
F Y
40 + 4
: |
simulated o
| ]
20 -
]
a a
A
0 $ + + + 3
0 10 20 30 40 50 60
observed
amount of N in stems (kg/ha)
simulated leaf N;
PD4, PUAT, India, 1987
80
Go -
® ®
simulated 40 + A A
Py A
Fay
20 4 " A 8
| ]
~ M
0 ' +
0 20 40 60 80

observed
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Okg

60 kg
120 kg
180 kg
240 kg

Okg

60 kg
120 kg
180 kg
240kg
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PUAT, Pantnagar, India, 1987

N-limited Production

amount of N in storage organs (kg/ha)
simulated leaf N;
PD4, PUAT, India, 1987

120
100 1 ®
A
80 1 A
simulated 60 + g
40 1
20 ¢
0 —— + + + +
0 20 40 60 80 100 120
observed
amount of N in roots (kg/ha)
simulated leaf N;
PD4, PUAT, india, 1987
15
10 T A a
simulated
5 + = ®
L
m o L oa
0 4 {
0 5 10 15

observed

Okg

€0 kg
120 kg
180 kg
240 kg

Okg

60 kg
120 kg
180 kg

240 kg




PUAT, Pantnagar, India, 1987

Potential Production

weight of the storage organs (WSO)
potential;

PD4, PUAT, India, 1987
7000 1
6000 ¥
5000 t
4000 1

a
3000 ¢
2000 |
1000

0e —o— —— ' 4 4
0 20 40 60 80 100 120
days after transplanting

kg/h

*

weight of the crop (WCR)
potential;
PD4, PUAT, India, 1987

20000

18000 bt

16000 ]
14000
12000
kg/ha 10000
8040
6000
4000
2000

0 ¥ + + ‘ + 4

0 20 40 60 80 100 120

days after transplanting
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[ ]

simulated potential

observed at 240 kg

simulated potential

observed at 240 kg
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IRRI, Los Bafos, Philippines, 1980-1891

N-limited Production

weight of the crop (WSHG)
measured leaf N;
[R50, IRRI, Philippines, 1990-1991

14000
12000
10000
8000 1
kg/ha
6000 -
4000
2000
0 4 + 4 4
0 20 40 €0 80 100
days after transplanting
weight of the crop (WSHG)
simulated leaf N;
iR50, IRRI, Philippines, 1990-1991
0 20 40 60 80 100

days after transplanting

simulated plot1

simulated piot1
simulated piot S
observed piot 1

cbserved plot 5
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IRRI, Los Barios, Phifippines, 1990-1991

N-limited Production

weight of the storage organs (WS0)
measured leaf N;
IR50, IRRY, Philippines, 1990-1991

8000 ¢

7000 1 <

6000 ¢

5000 ¢ .
kg/ha 4000 1
3000 ¢

2000 ¢

1000 ¢

0 - f 4

0 20 40 60 80 100

days after transplanting

simulated plot1
"""" simulated plot 5
. observed plot 1

o observed plot 5

weight of the storage organs (WSO)
simulated leaf N;
[R50, IRRI, Philippines, 1990-1991

8000 1

7000 1
6000 1 ————— gimulated pict1

5000 t
"""" simulated plot 5

kg/ha 4000 1
® observed pict 1

3000 et

2000 ¢

1000 ¢

0 - 4 1

0 20 40 60 80 100
days after transplanting
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IRR, Los Bafios, Philippines, 1990-1991

N-timited Production

amount of N in leaves (kg/ha)
simulated leaf N;
IR50, IRRI, Philippines, 1990-1991

120
[ ]
100 + o
[ ]
80 + . ¢ . “ o®
simulated 60 ¢ . o %5 o o T,®
0% ° o®
®
20 4 ©
0 4 $ g . +
0 20 40 60 80 100 120
observed
amount of N in stems (kg/ha)
simulated leaf N;
1R50, IRRI, Philippines, 1990-1991
80
€60 1
[ J
0 .
simulated 40 1 o
Q
20 T Oo..)o
o e
o r Q Q + 4 +
0 20 40 60 80

observed

. piot 1
o plot 5
. plot 1
o] plt 5




IRR1, Los Bafios, Philippines, 1990-1991

N-limited Production
amount of N in storage organs (kg/ha)
simulated leaf N;
IR50, IRRI, Philippines, 1990-1991
120
100 ¢

80 1 . piot 4
simulated 60 ¢ o pict 5

40 ¢

20 1

0 20 40 60 80 100 120
observed
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IRRI, Los Bafios, Philippines, 1390-1591

Potential Production

weight of the crop (WSHG)
potential;
IR50, IRR), Philippines, 19%0-1991

]
[— . .}
o O
[~ ~ |
o o

simulated potential

g observed piot 1

0 29 40 60 80 100
days after transplanting

weight of the storage organs (WSQ)
potential;
IR50, IRRI, Philippines, 19950-1991

8000

7000 4

6000 +

5000 +
kg/ha 4000 T
3000 +

2000 T

1000 1

0 - } +

0 20 40 80 80 100

days after transplanting

simulated potential




IRRI, Los

Barios, Philippines, 1991

N-limited Production

weight of the crop (WSHG)
measured leaf N;
IR72, IRR), Philippines, 1991

10000 - o
9000 ¢+ . A
Y st
8000 + —
7000 ¥ o
kg/ha
0 _ 20 40 60 80 100
days after transplanting
weight of the crop (WSHG)
simulated teaf N;
IR72, IRRI, Phifippines, 1991
kgha

100

days after transplanting

simulated: 0 kg
— = — — simuiated: 80 kg
------- simulated: 110 kg
O observedatOkg
A observed at 80 kg

< observed at 110 kg

simulated: § kg
— — — = simulated: B0 kg
------- simulated: 110 kg
= observed at 0 kg
A observedat80kg

< observed at 110 kg
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IRRI, Los Bafios, Philippines, 1991

N-{imited Production

weight of the storage organs (WSO}
measured leaf N;
IR72, IRRI, Philippines, 1991

6000 1
5000 1
4000 1
kg/ha 3000 1
2000 ¢
1000 1 ,
- /"
1} o S VAP PR S —, ST + 4
0 290 40 60 80 100
days after transplanting
weight of the storage organs (WSO)
simulated leaf N;
IR72, IRRI, Philippines, 1991
6000 1
o
5000 4
4000 T

kg/ha 3000 {
2000 +
1000 ¢

0 20 ~ 40 60 80
days after transplanting

100

simulated: 0 kg

= = == — simulated: 80 kg
ssccese gimylated: 110 kg
O observedatOkg
A observed at 80 kg

o obsarved at 110 kg

simulated: 0 kg

= == = = gimulated: 80 kg
"""" simulated: 110 kg
a observed at 0 kg
A observed at 80 kg

< observed at 110 kg




IRRI, Los Bafios, Philippines, 1991

N-limited Production
amount of N in leaves (kg/ha}
simulated leaf N;
IR72, IRRI, Philippines, 1991
60
40 +
aAd o °
simulated o
20 1 ‘ . A
[ | a
L2
0 '
0 20 40 60
observed
amount of N in stems (kg/ha)
simulated leaf N;
IR72, IRRI, Philippines, 1991
30
25 -
A
20 ¢ o4
simulated 15 A, o
10 F Q- [m}
B
51 s
0 + + + + ’
0 5 10 15 20 25 30

observed

| QOkg
a 80 kg
4  110kg
a Okg
a B0kg
A 110kg
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IRRI, Los Bafios, Philippines, 1991

N-limited Production

amount of N in storage organs (kg/ha)
simulated Jeat N;
JIR72, IRR), Philippines, 1991

80
60 - 0
'y
simulated 40 1 =
[ ]
20+ g
L, | |
03 + $ ’
(i 20 40 60 80

observed

A

Okg
80 kg

110kg




IRRL, Los Baflos, Philippines, 1991

Potential Production

weight of the crop (WSHG)
potential;
IR72, IRR}, Philippines, 1991

10000
9000
8000
7000

o 6000
kg/ha 5000
4000

simutated potential

4 vbserved at 110 kg

3000
2000
1000

0 20 40 60 80 100
days after transplanting

weight of the storage organs (WSO)
potential;
IR72, IRRI, Philippines, 1991

6000
5000
4000

kg/ha 3000
2000

1000

1] ¢
0 20 40 60 80 100

days after transplanting
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IRRI, Los Bafios, Philippines, 1991

N-limited Production

weight of the crop {(WSHG)

measured leaf N;

LINE, IRRI, Philippines, 1991

12000 v
10000 ¢+ 4,.2._'_"_
P
LA i
8000 (’( o
kg/ha 6000 1 Pty
4000 1
2000 1
0 + + 4 4
0 20 40 60 80 100 120
days after transplanting
weight of the crop (WSHG)
simulated leaf N;
LINE, IRRI, Philippines, 1991
12000 ¢
10000 + o
Py Sanser'
8000 + o4
47 8 B
kg/ha 6000 + / & 7
g
4000 ¢ (g{’
2000 T
0 . g + 3 -
0 20 40 60 80 100 120

days after transplanting

simulated: 0 kg
— = = = simulated: 80 kg
------- simutated: 110 kg
o observed at O kg
A cbserved 2t 80Kkg

o observed at 110 kg

simulated: 0 kg
-——— - simutated: 80 kg
------- simulated: 110 kg
Im! observed at O kg
A observed at 80 kg

< observed at 110 kg




IRRI, Los Bafios, Philippines, 1991

N-limited Production
weight of the storage organs (WSQ)
measured leaf N;
LINE, IRRI, Philippines, 1991
7000 v
6000 1 ° simulated: 0 kg
5000 4 i : — — — — simulated: 80 kg
S0
4000+ & | rwmmeme- simutated: 110 kg
kg/ha
3000 + ] observed at 0 kg
2000 + A observed at 80 kg
1000 ¢+ < observed at 110 kg
0 Ot O—— + -+
0 20 40 60 80 100 120
days after transplanting
weight of the storage organs (WSO)
simulated leaf N;
LINE, IRR], Philippines, 19981
7000 +
6000 1 ¢ —— simulated: 0 kg
&
5000 1 — — — — simulated: 80 kg
s

------- simulated: 110 kg
(m] observed at 0 kg

A observed at 80 kg

<o observed at 110 kg

0 20 40 60 80 100 120
days after transplanting
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IRRI, Los Bafios, Philippines, 1991

N-limited Production

amount of N in leaves {kg/ha)
simulated {eaf N;
LINE, IRRI, Philippines, 1991

50
40 ¢ -
A
30 + ot
simulated

20 ¢+ d = A
10t o °

0 $ + ; +

0 10 20 30 40 50
observed

amount of N in stems (kg/ha)
simulated leaf N;
LINE, IRR!, Philippines, 1991

30

251
20 1
simulated 15 +

10 ¢

observed

= Okg
a 80 kg
4  110kg
u Okg
() 80 kg
A 110kKg




IRRI, Los Bafios, Philippines, 1991

N-limited Production

amount of N in storage organs (kg/ha)
simulated leaf N;
LINE, IRR]), Philippines, 1991

80

60 +

simulated 40 1

20 +

0 20 40 60 80
observed

A

Okg
Bl kg
110kg
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IRRI, Los Bafios, Philippines, 1991

Potentiatl Production

weight of the crop (WSHG)
potential;
LINE, IRR1, Philippines, 1991

12000 ¢

10000 ¢ o

simulated potential

8000 T . ®  obsenvedat110kg

kg/ha 6000 4

+
L ]

4000 + ®
2000 +

0 F 4 + +
0 20 40 60 80 100 120
days after transplanting

weight of the storage organ (WSOQ)
potential;
LINE, [RRI, Philippines, 1991

7000

6000 ¢ b
5000 ¢
4000 ¢

simulated potential

b observed at 110 kg

kg/ha
3000 +

2000 1
1000 1

OL—Q—O-O—Q + ot

1] 20 40 60 80 100 120
days after transplanting




IRRI, Los Badios, Philippines, 1992

N-limited Production
weight of the crop (WSHG)
measured leaf N;
IR?2, IRRI, Phifippines, 1992
16000 1
14000 } Lo :.'?
12000 P A
10000 1 A
kg/ha 8000 2 o
6000 ¢
4000 +
2000 +
0 ¢ ‘
) 20 40 60 8¢ 100
days after transplanting
weight of the crop (WCR)
simulated leaf N;
IR72, IRRI, Philippines, 1992
16000 A
14000 -
12000
10000
kg/ha 8000
6000
4000
2000
0 $ + $ + {
0 20 40 60 80 100

days after transplanting

simulated: 0 kg
— = = = simulated: 180 kg
"""" simulated: 225 kg
o observed at 0 kg
A observed at 180 kg
¢ observed at 225 kg

simulated: O kg
— = = = gimufated: 180 kg
------- simulated: 225 kg
O observedat Okg
A observed at 180 kg

© observed at 225 kg
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IRRI, Los Bafios, Philippines, 1992

N-limited Production

weight of the storage organs (WSQ)
measured leaf N;
IR72, IRRI, Philippines, 1992

10000 A
9000
8000
7000
6000
5000
4000
3000
2000
1000

.
.
-

kg/ha

0 20 40 60 80 100
days after transplanting

weight of the storage organs (WSQ)
simulated leaf N;
IR72, IRR], Philippines, 1992

10000 A
9000
8000
7000
6600
5000
4000
3000
2000
1000

ka/ha

o
o]

0 20 40 60 80 100

days after transplanting

simuiated: 0 kg

= = = = gimulated: 180 kg

"""" simulated: 225 kg
Q observed at 0 kg
4  observedat180kg

¢ observed at 225 kg

simulated: O kg

= = = = simulated: 180 kg




IRRI, Los Bafios, Philippines, 1992

N-limited Production

amount of N in leaves (kg/ha)
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N-limited Production
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Potential Production
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N-limited Production
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N-limited Production
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N-limited Production
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