INTRODUCTION

This docunent details the nodel-specific algorithnms of OLCROP-SUN V5.1, a
process-oriented, managenent-| evel nodel of the devel opnent, growth and yield
of the sunflower (Helianthus annuus L.) crop that also sinulates the soil

wat er and nitrogen bal ances that are associated with the growth of the crop

It is a daily-increnmenting, nenu-driven nodel witten and conpiled in
M crosoft FORTRAN V5.01 and Quick BASIC V4.0 that may be run on |IBM or
| BM conpati ble m croconmputers. A User's Quide and a program for O LCROP- SUN
V5.1 are available (Villalobos et al., 1993a)

O LCROP- SUN has been devel oped by Dr. F. J. Villal obos of Coérdoba University,
Spain, Dr. A J. Hall of the University of Buenos Aires, Argentina and Dr. Joe
T. Ritchie of Mchigan State University, United States of Amnerica. The first
version of this docurment was prepared by F.J. Villal obos in Septenber 1990,
and was | ater expanded and nodified by Villalobos and Hall in April 1991,
Cct ober 1992 and August 1993.

Thi s expl anation of the nodel code is focused on those subroutines specific
to OLCROP-SUN and on those needed for an initial understanding of node

functioning. Subroutines related to data input/output and soil nitrogen are
not di scussed as they are conmon to other nodels of the same fanmily (CERES-
Mai ze, CERES-Weat, etc., see Jones and Ritchie, 1990). The logic for the
al gorithms presented here and which are specific to O LCROP-SUN can be found
in the docunentation on nodel structure and rationale (Villalobos et al.,
1993b and 1993c) and references given therein .

Thi s docunent is organi zed at the subroutine | evel. The sequence in which the
subroutines are explained reflects the order in which they are called by the
mai n program or by other subroutines. A listing of subroutines and their
relationships is given in Fig.1l (see page 2). Subroutines nmarked with an
asterisk in Fig. 1 and el sewhere are nentioned but not explained in this
docunent. Details for the algorithms in these subroutines are the sanme as
those for CERES-Miize V. 3.2 and are described in Jones and Kiniry (1986). A
gl ossary of the variables and paraneters used in O LCROP-SUN V5.1 forns part
of this document.
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[3] MAIN

|oemeeene [5] PROGRI

I ......... [7] SO LRI

I SO LNI(*)

I ____________ SOLT(*)

I ____________ NTRANS( *)

I _________ [9] WATBAL------- | RRI GE(*)
| I RUNCFE( *)
I I __________ DRAI NE( *)
I I __________ POTEV(*)
| I SOl LEV(*)
I I .......... VATFLQ( *)
I I __________ WATDEF( *)
I I ______ [11] TRANSP

I I ...... [12] ROOTGR

i I ______ [14] WATUP

[-------- [16] CGROSUB----[20] NFACTO

I |------ [22] STAGEL/2 ----[24] |NCPLA
I I ------ [26] STAGE3 ------ [24] 1 NCPLA
I I ------ [31] STAGE4 ------ [35] NGRAIN
I I ------ [39] STAGE5 ------ [35] NGRAIN
i I ------ [44] NUPTAK

I [50] PHENCL----[58] PHASE

[-emnn- [64] PHOTOP

Fig. 1. Bl ock di agramof O LCROP- SUN subroutine structure. Nunbers in brackets
are page nunbers of this docunent where subroutine code explanations start.
Subroutines marked (*) are described in Jones and Kiniry (1986).
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PROGRAM MAIN- OILCROP-SUN

The mai n programopens the weather file and reads fromit, identifies the day
on which the sinulation nmust start, and calls the necessary subroutines as
required.
CALLS:

PROGR

SA LRI

SO LN (*)

SOLT(*)

NTRANS( *)

WATBAL

GROSUB

PHENCL
| NPUT DATA:

Weat her file nane

I SIM (starting day for the sinulation)
Code to identify input files

1. Open the appropriate weather file and read latitude (LAT, degrees),
| ongi t ude (XLONG, degrees), conversion factor for PAR data (PARFAC) and switch
indicating if PAR data are avail abl e ( PARDAT).
2. Read fromthe weather file:

' YR : Year.

DOY : Day of the year.

SCLRAD : Shortwave incom ng radiation (M/nR/day).

TEMPMX : Maxi mum tenperature (C).

TEMPWN : M ni mum tenperature (C).

RAIN : Precipitation (nm.

2.1. Keep on reading weather data until the starting day of the simnulation
(I'SIM is found:

3. Call subroutine PROGRI to initialize programvariabl es.

4. Call subroutine SOLR toinitialize programvariables related to the water
bal ance.

5. Call subroutine SOLN (*) to initialize programvariables related to the
ni trogen bal ance in the soil.

6. Repeat until the end of stage 6 (physiological nmaturity):

6.1. Read daily weather data as in (2). If run out of weather data, then open
weather file for next year and read daily weather data as in (2).

6.2. Calcul ate average tenperature (TEMPM O):
TEMPM = (TEMPMX + TEMPWN) * 0.5

O LCROP- SUN V5.1 CODE- page 3



6.3. Call subroutine SOLT(*) to calculate daily average soil tenperature at
the center of each soil |ayer.

6.4. Call subroutine NTRANS(*) to calculate soil nitrogen transformations.

6.5. Call subroutine WATBAL to cal culate the conponents in the soil water
bal ance.

6.6. If the crop has energed (|ISTAGE<6) then call subroutine GROSUB to
simul ate plant growh processes.

6.7. Call subroutine PHENCL to simul ate pl ant phenol ogi cal devel opnent if the
crop has been sown al ready.
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SUBROUTINE PROGRI-01LCROP-SUN
Subrouti ne PROGRI cal cul at es geographi cal transfornms, sets up the function to
estinmate daily tenperature cycle, and initializes the variables needed to
start running the nodel

CALLED BY:
MAI' N program

| NPUT DATA:
LAT

TMFAC(1) 1=1,8
| STAGE
TBASE
1. Calculate the sine (S1) and cosine (Cl) of the latitude:
S1=SI N( LAT*0. 01745)
C1=COS( LAT*0. 01745)

2. Calculate a set of eight factor (TMFAC) used to sinulate air tenperatures
for three-hour periods:

TMFAC(1)=0.931+0. 114*1-0. 0703*1 **2+0. 0053*1**3 ,1=1to0 8
3. Initialize variables:
3.1. Set initial values for the follow ng variabl es:
3.1.1. Soil water deficit factors.
SWF1 = SWOF2 = 1.0
3.1.2. Nitrogen deficit factors.
NDEF1 = NDEF2 = NDEF3 = NFAC = 1.0
3.1.3. Nitrogen concentrations.
XLANC=XSANC=XHANC=TANC=XNGL F=XNSL F=RANC=0. 0
3.1.4. Nitrogen contents:
XHEADN=XL EAFN=XSTEMN=STOVN=ROOTN=GRAI NN=PERN=EMBN=0. 0
3.1.5. Qther variables.
XSTAGE=0. 1
| STAGE=7
TBASE=6
LN=0

LAl =0
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GNP=TNUP=NHDUP=GNUP=TOTNUP=0
CUMDTT = SUMDTT = DIT = 0
CRAIN = PRECIP = 0

- END of subroutine PROGRI.

- RETURN to MAIN program
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SUBROUTINE SOILRI- OILCROP-SUN

Subrouti ne SA LRI

CALLED BY:
MAI' N program

| NPUT DATA:
TSW
TLL

OUTPUT DATA:
ESW(1)
SUVES1
SUVES?2
=
CNL
N3
SVEF
RWUVX

1. Calculate potential

PESWETSW TLL

2. Set a default value for first-stage soil

SUMES2 : Curul ative soil evaporation (nm during the second st age.

initializes soil

vari abl es

extractabl e soil

val ues for variables related to soil

water in the soil

profile (cm.

wat er evapor ati on:

wat er evapor ati on:

evaporation (nm during the first stage.

T : Time (days) since the beginning of the second stage.

U=6.0 mm
3. Set initial
SUMESL : Cunul ati ve soil
3.1. Calculate fraction of avail abl e water

content in the first layer:

SWR = (SW1)-LL(1))/(DUL(1)-LL(1))

3.2. If SWR > 0.9 then
SUMES2 = 0.0
SUMES1 = 100- SWR*100
T=0.0

3.3. If SWR< 0.9 then
SUMES2 = 25-27.8* SWR
SUMESL = U

T = (SUMES2/3.5)**2
4. Calculate for each |ayer

4.1. Fraction of extractable soil

in the soil

wat er :

profile (fromL=1 to L=NLAYR).
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ESWL) = DUL(L)-LL(L)
4.2. Distance fromthe soil surface to the bottomof the [ayer (CUVDEP, cm):
CUMDEP(L) = CUMDEP(L-1) + DLAYR(L)
4.3. Factor used for runoff cal cul ations:
WF(L) = WK - XX
wher e
WK = 1.016*(1.-EXP(-4.16* CUVDEP(L)/ 45. 0))
and XX = 1.016*(1.-EXP(-4.16* CUVDEP(L-1)/45.0))
4.4. Initialize variables for the soil |ayer:
RAMJ(L) = FLUX(L) = 0.0
FLONL) =0 IF L<6

5. Calculate total water content at the lower Iinmit for the soil profile (TLL,

cm:
TLL = TLL+LL(L)*DLAYR(L)

6. Calculate total water content for the soil profile (TSW cm:
TSW = TSWSWL) * DLAYR( L)

7. Determne curve nunber from the SCS curve nunber table for future
cal cul ati ons of runoff:

X=EXP( 2. 533- 6. 360001E- 02* (100- CN\2) )

CNL = CN2 - 20*(100- CN2) / ( 100- CN2+X)

CN3

CN\2* EXP( . 00673* ( 100- C\2) )

8. Set a maxi num val ue of 100 for CN1 and CNS3.

[f CN1 > 100 then OCN1 100

If CN3 > 100 then CN3 100

9. Calculate the factor used to estimate runoff:
SVEF = 0.9-0.00038*( DLAYR(1)-30.0)**2
10. Initialize variables:
CET = CES = CEP = CRAIN = 0.0
RWMX = 0. 03
- END of subroutine SOLRI.

- RETURN to MAIN program
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SUBROUTINE WATBAL- OILCROP-SUN
Subrouti ne WATBAL cal cul ates crop wat er bal ance.

CALLED BY:
MAI' N program

CALLS:
DRAI NE( *)
| RRI GE( *)
POTEV( *)
ROOTGR
RUNOFE( *)
SO LEV(*)
TRANSP
WATDEF( *)
VATFLO( *)
VATUP

| NPUT DATA
PRE
TEMPMX
TEMPWN
SOLRAD

OQUTPUT DATA

1. Call IRRIGE(*) to determine irrigation anmount. |f precipitation (PREC P,
nm is greater than zero then:

1.1. Call subroutine RUNOFE(*) to cal cul ate runoff (RUNOFF, nm day).

1.2. Calculate anount of rainfall infiltrated into the soil (PINF, miday):
PINF = PRECI P - RUNOFF

1.3. Calculate water flux into the upper soil layer (FLUX(1), cnl day):
FLUX(1) = PINF*0.1

1.4. Call subroutine DRAINE(*) to calculate the anount of water |ost by
drai nage fromthe profile (DRAIN, cniday).

2. Call subroutine POTEV(*) to deternmine potential soil evaporation (EGCS,
nm day) and potential evaporation (EQ miday). In O LCROP-SUN V5.1 potenti al
crop evaporation calculated in subroutine POTEV is augnented by a factor of
1.2 if LAI>0.

3. Call subroutine SOLEV(*) to calculate actual soil evaporation (ES,
nm day) .

4. Call subroutine WATFLQ(*) to calculate water flux in the soil profile and
nodi fy water content in the soil |ayers.

5. Call subroutine WATDEF(*) to calculate soil water deficit for irrigation
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schedul i ng purposes (SWDEF, nmmj.
6. If ISTAGE < 6 then:
6.1. Call subroutine TRANSP to estinmate plant evaporation (EP, nmni day).

6.2. If root weight increased (GRORT>0) then call subroutine ROOITGR to
distribute root Ilength density in the soil profile.

6.3. Call subroutine WATUP to cal cul ate water extraction in the soil profile,
soil water deficit factor affecting photosynthesis (SWF1) and soil water
deficit factor affecting growmh (SWDF2).

6.4. Cal cul ate cunul ative water stress coefficients for photosynthesis (CSD1)
and growth (CSD2):

CSD1 CSD1+1. 0- SWDF1

CSD2 = CSD2+1. 0- SWDF2
7. Cal cul ate evapotranspirati on (ET, mm day):
ET = ES+EP
8. Accunul ate ET, EP and PRECI P:
CET = CET+ET
CEP = CEP+EP
CRAI N = CRAI N+PRECI P
- END of subroutine WATBAL.

- RETURN to MAIN program
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SUBROUTINE TRANSP - OILCROP-SUN

Subroutine TRANSP cal cul ates potential transpiration

CALLED by:

WATBAL.
| NPUT DATA:

EO

ES

LAl

K2
QUTPUT DATA:

EP

1. Calculate naximum plant transpiration as a function of intercepted
radi ati on:

FI =0. 5% ( (1. 0- EXP( - K2* LAl ) ) +( 1. 0- EXP( - 0. 5*K2* LAl ) ))
FT=FI *( (0. 5+0. 25*Fl ) *30- 8) / 14. 5+LAI / 3
EP = EO'FT if LAI<3

EP = EO if LAl >3

2. Reduce plant evaporation if the sum of EP and ES exceedes potenti al
evaporation (EO:

If EP+ES > EO then EP=EC ES
- END of subroutine TRANSP.

- RETURN t o subrouti ne WATBAL.
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SUBROUTINE ROOTGR - OILCROP-SUN
Subrouti ne ROOTGR cal cul ates root growh, depth and density distribution.

CALLED BY:
WATBAL

| NPUT DATA:
GRORT
PLANTS
DLAYR( I )

DTT
SWDF1
DEPMAX
RLV(1)
OUTPUT DATA:
RLV(1)
RTDEP

1. Convert biomass available for root growmh (g/plant/day) to root |ength
grow h per unit soil area (cmroot/cnR):

RLNEW = GRORT* 1. 70* PLANTS

2. For each layer in which roots are present calculate factor for soil
[imtations to root growth RLDF:

2.1. Calculate distance fromthe soil surface to the bottomof the |ayer:
CUVDEP = CUNMDEP+DLAYR(L)
2.2. Calculate soil water deficit factor for root growth in the layer (SVWDF):

SVDF

4.0%(SWL)-LL(L))/ESWL) if SWL)-LL(L)<0.25
SWF = 1.0 if SWL)-LL(L)>0.25
2.3. Calculate nitrogen factor for root growt h:
RNFAC = 1.0- (1. 17*EXP(- 0. 15* (NOB(L) +NH4(L))))
If RNAC < 0.1 then set RNFAC = 0.1

2.4. Calculate factor for root length density distribution in the |ayer
(RLDF(L)), as a function of the linmiting factor.

RLDF(L) = mi n( SWDF, RNFAC) *WR( L) * DLAYR( L)
where WR(L) is a user-defined soil factor restricting root grow h.

3. Calcul ate average extractable soil water content in the layers col onized
by roots (SWDF3):
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SWDF3=SWDF3+( SW L) - LL(L) )/ ( DUL(L) - LL( L)) * DLAYR( L) / CUVDEP

4. Calcul ate rooting depth (RTDEP, cn) assumi ng that sunflower roots grow at
a potential rate of 0.2 cm per grow ng degree-day.

RTDEP = RTDEP+DTT*0. 20*m n( ( SWDF1*2. 0) , SVDF)
4.1. Rooting depth cannot exceed soil depth (DEPMAX):
| f RTDEP > DEPMAX then RTDEP = DEPMAX

5. Correct RLDF for the deepest layer to account for possible inconplete
expl oration by roots of layer (L1 is the nunber for this |ayer):

RLDF(L1) = RLDF(L1)*(1.0-( CUVDEP- RTDEP)/ DLAYR(L1))

6. Accumul ate RLDF for all |ayers explored by roots to obtain sunmred val ue of
soil limtations to grow h:

TRLDF = TRLDF+RLDF(L) fromL=1 to L=L1

7. |f TRLDF>RLNEW 100000 (to avoid cal culation overflow), pro-rate new root
| ength anong the layers explored by roots fromL=1 to L1:

7.1. Define RNLF = RLNEW TRLDF
7.2. If ISTAGE < 4 (before first anthesis):
RLV(L) = RLV(L)+RLDF(L)*RNLF/ DLAYR(L)
7.3. If ISTAGE > 4 (after anthesis) 0.5 % of root biomass/day is |ost by
senescence. For purposes of calculation, this is deducted directly fromdaily
gr owt h:
RLV(L) = RLV(L)+RLDF(L)*RNLF/ DLAYR(L)-0. 005* RLV( L)
7.4. Set alimt to root length density in any |ayer:
If RLV(L) > 10 then RLV(L) = 10
- END of subroutine ROOTGR

- RETURN t o subrouti ne WATBAL.
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SUBROUTINE WATUP - OILCROP-SUN

Subrouti ne WATUP calculates crop water uptake and crop deficit factors
af fecti ng photosynt hesi s and expansi on grow h.

CALLED BY:
WATBAL

| NPUT DATA:
SWI)
LL(1)
RWUMX
LAl
EP1

OUTPUT DATA:
SW1)
PESW
SWDF1
SWDF2
EP

1. Calculate root water uptake (RWJL), cnB/cm root/day) for each |ayer
expl ored by roots:

1.1. If SWL) < LL(L) then RAXL) = 0.0
1.2. 1f SWL) > LL(L) then

RWJ( L) =2. 67E- 3*exp(ni n(62* (SWL)-LL(L)), 10))/ (6. 68- LOX RLV(L)))
1.3. RWJ can not exceed a maxi mum val ue ( RAWUNK):

If RAJL) > RAUMK then RWJL) = RWIMX

1.4. Calculate root water uptake per layer as a function of RLV and convert
units of RAU to cm day.

RWU( L) =RWU( L) * DLAYR( L) * RLV( L) ** (0. 18+0. 00272* (RLV(L) - 18. 0) **2)

1.5. Accunulate root water uptake in the layer to total root water uptake
(TRW, cniday):

TRWU=TRWH+RAL( L)

2. Calculate a water use factor (WJF) to match pl ant evaporation (EP1l, cni day)
to root water uptake (TRW):

If EP1 < TRW then WJF = EP1/ TRW
If EPL > TRW then WJF =1
3. Adjust RAW for all layers in order to match total plant evaporation:

RMJL) = RAL)*WUF  fromL=1 to L=NLAYR
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4. Reduce soil water content in all |layers where water extraction ocurred.
SWL) = SWL)-RW(L)/DLAYR(L)

5. Recalculate total soil water content (TSW cn):
TSW= TSWSWL)*DLAYR(L) fromL=1 to L=NLAYR

6. Calculate potential extractable soil water in the profile (PESW cm:
PESW = TSWTLL

7. Calculate soil water deficit factors:

7.1. Factor affecting photosynthesis (SWF1):

SWOF1 TRW / EP1 if EP1 > TRW

SWOF1 1 if EP1 < TRWJ

7.2. Factor affecting expansion growth (SWDF2):

I f ETO>0 RAT=10* PAWETO el se RAT=1

I f SWDF1<l and RAT> 0.5*SWDF1 then

SWDF2=0. 5* SWDF1

el se SWDF2=RAT
8. Reduce pl ant evaporation if it exceeded total root water uptake (note that
EP and EP1 are both plant evaporation rates, but expressed in miday and
cm day, respectively):

If EPL > TRWJ then EP = TRWJ10

- END of subroutine WATUP.

- RETURN t o subrouti ne WATBAL.
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SUBROUTINE GROSUB - OILCROP-SUN

Subroutine GROSUB cal cul ates crop biomass accumul ation, |eaf appearance and
frost damage senescence factor.

CALLED BY:
MAI' N Program

CALLS:
NFACTO
NUPTAK
STAGE1
STAGE2
STAGE3
STAGE4
STAGES

| NPUT DATA:
SCLRAD
TEMPMX
TEMPW
SWOF1
NDEF1
| STACGE
XSTAGE
TLNO
CUMDTT
P9
PLANTS
SLAN

OQUTPUT DATA:

CARBO
SLAMAX
SLAM N
K1

K2
SLAMAX
SLAM N

1. Assign values to Thernmal Tinme to conplete | eaf Expansion (TTE), Phyllochron
for leaves 1-6 (PHY1l) and Phyllochron for |eaves 7-N (PHY2):

TTE = 350.
PHY1 = 309.
PHY2 = 24.

2. Call subroutine NFACTO (to calculate the nitrogen deficit factors NDEFL,
NDEF2 and NDEF3).

3. Cal culate Photosynthetically Active Radiation (PAR M/ nR/day):
PAR = 0. 5* SOLRAD
4. Assign value to Extinction Coefficient for PAR (K2) according to

devel opnent stage (ISTAGE) and/or Leaf Area Index (LAI) and calculate
i ntercepted PAR

K2 = -LOE 1- QD) / LAl
wher e Q@ = (2*QN)/ (1+QN)
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and QN = 1 - EXP(-0.86*LAl)
I f K2>3 then K2=3
Rl =PAR* (1. - EXP(- K2* LAl ))
5. Calculate RUE and potential bionmass assimlation per plant (PCARB)
( g bionass/plant/day):
KL = 1.40 + 1.8 * (1 -EXP (-.5*LAl)) if ISTAGE < 4

GF1=. 8- SUMDTT/ 140. *. 2

For | STAGE 4:
IF GF1< 0.6 then GF1=0.6
C1=0. 8
C2=GF1
For | STAGE 5:

GF1=. 6- (SUMDTT-230. )/ 140. *. 2
If GF1<0.4 then GF1=0. 4
C1=0.8
C2=GF1

IF (1 STAGE .LT. 4) THEN
PCARB = K1 * RI/PLANTS
ELSE
PCARB=( Rl *Rl 1* C2/ C1*K1- RM) / PLANTS
6. Estinmate the average tenperature for the daylight period (ELO:
ELO = 0.25 * TEMPWN + 0.75 * TEMPMX

7. Calculate a tenperature reduction factor (PRFT) for Carbon Assinilation:

PRFT = 0.0 if ELO<4 or ELO>45
PRFT = (ELO-4.0)/13.0 if 4 < ELO< 17
PRFT = 1.0 if 17 < ELO < 31
PRFT = (45-ELO)/14.0 if 31 < ELO < 45

8. Cal cul ate actual biomass assimlation (CARBO) using the m nimm of the
three reduction factors: PRFT (tenperature), SWF1 (water stress) and NDEF1
(nitrogen stress):

CARBO = PCARB* m n( PRFT, SWDF1, NDEF1)

8b. Calculate a factor based on the red/far red ratio to reduce potential |eaf
area grow h:

RFR=1. 2* EXP( - . 5*k2*1 ai )
If RFR> 0.5 then RFR=1.0 el se RFR=1./0.5*RFR
9. Cal culate the nunber of |eaves that have appeared (LN):
LN = LN+DTT/ PHY, LN < TLNO

wher e
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PHY = PHY1 if LN< 6
PHY = PHY2 if LN> 6

10. Cal cul ate the nunber of expanded | eaves (CUWMPH):
CUMPH = 0 if (CUMDTIT-P9) < (TTE+PHL)

CUVPH

CUMPH + DTT/ QHY

= PHY1 if CUWPH < 6
= PHY2 if CUWPH > 6

11. Cal cul ate maxi num (SLAMAX) and m nimum (SLAMN) limts to Specific Leaf
Area (cnR leaf/ g leaf):

SLAVAX = 1.40 * SLAX

SLAMN = 1.00 * SLAX

wher e
SLAX = 1./ SQRT(2. 778E-5- 2. 007E- 7* LF\WI)

12. Call the subroutine needed for the particular stage the plant is in:

CALL STAGEL if ISTAGE = 1
CALL STACGEL 2 ( see Note bel ow)
CALL STAGE3 3
CALL STAGE4 4
CALL STAGE5 5

NOTE: In OLCROP-SUN V5.1 biomass partitioning rules do not change between
Stage 1 and Stage 2.

13. Assign values to potential growh of plant parts:

PDW = CARBO - GRORT  (shoot)

PDWL = GROLF (1 eaves)
PDW S = GROSTM (stem
PDW H = GROHEAD (head)
PGRORT = GRORT (root)

14. Calculate the frost danage senescence factor (SLFT):

SLFT= 1.0 if TEMPM > 2
SLFT = 1.0-(2.0-TEMPM /2.0 if TEMPM < 2
SLFT = 0.0 if TEMPMN<-3.0

15. Cal cul ate the nunber of severe frost days (1 COLD):
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ICOLD = 0 i f TEMPMN>-3.0
ICOLD = 1COLD + 1 i f TEMPMN<-3.0

16. Calculate | eaf area senesced by cold tenperature (PLAS, cn®/day):
PLAS = (PLA- SENLA) * (1. 0- SLFT)

17. Calculate cunulative | eaf area senesced (SENLA, cnR):
SENLA = SENLA+PLAS

18. Cal cul ate Leaf Area |ndex:
LAl = (PLA-SENLA) * PLANTS*0. 0001

19. Term nate the programif one of the follow ng conditions holds:
A) LN>3 and LAl =0 and | STAGE<=4
B) 1COLD => 7

If the programis term nated, then print the foll owi ng nessage:
' CROP FAlI LURE, GROMH PROGRAM TERM NATED. '

20. Update root dry weight (RTW, g/plant):
RTWI = RTWI + GRORT if | STACE < 4
RTWI = RTWI+GRORT- 0. 005* RTWI if | STAGE > 4

NOTE: After anthesis 0.5 % of root weight is lost daily as a result of root
senescence.

21. Cal cul ate shoot bi onmass (Bl QVAS, g/ nR)
Bl OVAS = ( LFWI'+STMAT+HEADWT +GRNWI+CGRNWIE) * PLANTS
22. Cal cul ate shoot biomass in Kg/ha (DM :
DM = BI OVAS*10. 0
23. Calculate stover dry weight (STOMI, g/plant):
STOUW = LFWI+STMAT+HEADWI
24. Calcul ate the stover/(stover+root) dry weight ratio (PTF):
PTF = STOWM/ ( RTWI+STOVWT)
25. Call Subroutine NUPTAK (plant nitrogen uptake).
- End of the GROSUB Subrouti ne.

- Return to Main Program
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SUBROUTINE NFACTO - OILCROP-SUN

Subrouti ne NFACTO cal cul ates dynamics of critical and mininmum N |levels for
each organ, and nitrogen deficit factors for photosynthesis, expansion and
grain filling.

CALLED BY:
GROSUB

| NPUT DATA:
XSTAGE
GLFWI
SLFWI
STMAT
HEADWI
RTWI
TANC
CNSD
CNSD

QUTPUT DATA:
NFAC
NDEF1
NDEF2
NDEF3
CNSD1
CNSD2

1. Calculate organ critical N concentrations as a function of XSTACGE

Leaves:

XLCNP = (2.94 * EXP(-.326*XSTAGE) +3.26)/100.
Stem

XSCNP = (3.29 * EXP(-.516*XSTAGE) + 1.25)/100.
Root s:

RCNP = (3.61 * EXP(-.521*XSTAGE) + 1.05)/100.

Head:

XHONP = (21.37 * EXP(-.600*XSTAGE) + 1.60)/100.
2. Calculate organ minimum N concentrati ons:

Leaves:

XLMNC = XLCNP - 0.02

St em

XSMNC = XSCNP - 0.0112
Head:

XHWNC

XHCNP - 0. 00895

Root s:
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RWMNC = RCNP - 0. 0062
3. Calculate tops critical and m ninum N concentrati ons:
TCNP=( XLCNP* GLFWI+XSCNP* STMAT+XHCNP* HEADWI) / ( STOVWI- SLFWI)
TIMNC=( XLIMNC* GLFWI+XSMNC* STMAT+XHVNC* HEADW) / ( STOWT- SLFWT)
4. Calculate nitrogen deficit factor (tops):
NFAC=1. 0- ( TCNP- TANC) / ( TCNP- TM\C)
5. Calculate nitrogen deficit factor for |eaves:
BRI AN =1.0 - ( XLCNP- XLANC) / ( XLCNP- XL MNC)
6. Calculate nitrogen deficit factor affecting photosynthesis:
NDEF1= BRIAN * 0.4+ 0.6 if BRIAN>0.5
NDEF1= BRIAN * 1.2+ 0.2 if BRIAN<O.5
7. Calculate nitrogen deficit factor affecting expansion:

NDEF2 = NFAC

8. Calculate nitrogen deficit factor affecting grain filling:
NDEF3 = 0.2 + NFAC i f NFAC<O0. 8
NDEF3 = 1. i f NFACS0.8

9. Calculate cunulative N stress factor affecting photosynthesis:
CNSD1=CNSD1+1. 0- NDEF1

10. Calculate cunulative N stress factor affecting expansion:
CNSD2=CNSD2+1. 0- NDEF2

- End of subroutine NFACTO

- RETURN to GROSUB subrouti ne.
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SUBROUTINE STAGE1 - OILCROP - SUN

Subrouti ne STAGEL cal cul ates pl ant | eaf area and organ grow h rates for stages
1 and 2.

CALLED BY:
GROSUB

CALLS:
| NCPLA

| NPUT DATA:
LN
DTT
CUMPH
CARBO
SLAM N
SLAMAX
PLA
LFWI
STMAT

QUTPUT DATA:
PLAG
GROLF
GROSTM
GRORT
PLA
LFWI

1. Calculate potential plant |eaf area growh (PLAG cn®/plant/day):
If LN<1 then assign PLAG=2 cn®/pl ant/day

If LN=>1 then call Function INCPLA ( this function will return a
val ue (I NCPLA) which is the potential |eaf area growh).

Then assign PLAG = RFR * | NCPLA
2. |If expansion is affected by water stress (SWF2<l) specific leaf area
adjustnment is neutralized by setting the m ni mum val ue equal to the maxi mum
one.

SLAVAX = SLAM N

3. Cal cul ate maxi mum ( MAXGROLF) and mi ni mum (M NGROLF) | eaf weightincrease (
g leaf/plant/day) linmts:

MAXGRCLF = PLAG/ SLAM N

M NGRCLF = PLAG / SLAMAX

4. Assign a maxi mum of 57% of CARBO to | eaf grow h:

FRCARB = 0.57 * CARBO
5. Adjust plant |eaf area expansion (PLAG cn2/plant/day) and |eaf weight
increase ( g leaf/plant/day) as a function of biomass partitioned to | eaves
and SLAlimts:

I f MAXGROLF<=FRCARB t hen CROLF = NAXGROLF
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PLAG = MAXGROLF * SLAM N

I f MAXGROLF>FRCARB>M NGRCLF t hen CGROLF = FRCARB
PLAG= PLAG

I f M NGROLF>FRCARB t hen GROLF = FRCARB
PLAG= CGROLF* SLAMAX

6. Reduce leaf growh (area and weight increase) if water or nitrogen stress
is detected. Use the m ni mumof nitrogen stress(NDEF2) and wat er stress(SWF2)
factors:

GROLF= GROLF * AM N1( SWDF2, NDEF2)

PLAG = PLAG * AM N1( SWDF2, NDEF2)

7. Calculate stemgrowh (GROSTM g/ plant/day) as a fraction of carbohydrate
supply (CARBO :

GROSTM = 0. 245 * CARBO

8. Root wei ght increase (ROOTGR, g/ plant/day) will be the amount of dry wei ght
not allocated to | eaves or stem

GRORT = CARBO - GROLF - GROSTM

9. Actualize |eaf weight (LFW, g/plant), stem weight (STMM, g/plant) and
pl ant |eaf area (PLA, cn2/plant):

LFWI = LFWI+GROLF
STMAMT = STMAT+GROSTM
PLA = PLA + PLAG
10. Assign |leaf weight (LFW) to green |eaf weight (G.FW):
GFW = LFWI
- END of subroutine STAGEl

- RETURN to subroutine GROSUB.
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FUNCTION INCPLA - OILCROP-SUN

Function | NCPLA calculates daily potential plant |eaf area growth

CALLED BY:
STAGE1
STAGE2
STAGES.

| NPUT DATA:
LN
CUMPH
TEVPM
V1
TLNO

OQUTPUT DATA:
| NCPLA

1. Define duration of rapid expansion for any single |eaf (C day):
TTE = 350.

2. Calculate a tenperature factor affecting | eaf expansion rate (TFAC) as a
function of nean tenperature (TEMPM):

TFAC = 0 i f TEMPMc4 or TEMPM>40
TFAC = (TEMPM 4) |/ 16 if 4 < TEMPM < 20
TFAC = (TEMPM 20) / 20 if 20< TEMPM < 40

3. Calculate |l eaf position where maxi mum i ndividual |eaf area occurs:
TLNO = 1.54 + 0.61 * TLNO

4. Cal cul ate nmaxi num | eaf area corresponding to position TLNO :
YLNO = 150 + (TLNO -6) * 74

5. Cal cul ate pl ant | eaf expansion rate as the sumof expansion rates of | eaves
actual | y expandi ng.

5.1. Maximum |l eaf area for leaf position | is calcul ated:
If 1<7 then MAXLA = 25 * |
If 1>6 and | <TLNO then
MAXLA = 150 + (1-6) * 74
If 1>6 and | >TLNO then

MAXLA = YLNO - 117 * (I-TLNO)

5.2. Leaf expansion rate for leaf position | (LER cnR/day):
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LER = MAXLA * TFAC / 18.

4.6. Sum LER to variable INCPLA for all |eaf positions
expandi ng:

| NCPLA = I NCPLA + LER
- End of Function | NCPLA

- Return to Subroutine STAGEl, STAGE2 or STAGES.
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SUBROUTINE STAGE3 OILCROP-SUN

Subrouti ne STAGE3 cal cul ates pl ant | eaf area and organ growth for stage 3; and
shade- and water-stress-driven | eaf senescence.

CALLED BY:
GROSUB

CALLS:
| NCPLA

| NPUT DATA:
DTT
LN
CUMPH
CARBO
SLAM N
SLAMAX
STMAT
LFWI
PLA
P3P
SWDF2
NDEF2
LAI
PLANTS
HEADWI
SUMP
| DURP

QUTPUT DATA:
PLAG
GROLF
GROSTM
GRORT
PLA
LFWI
SLAI
SLANL
SLAN
HEADWI
SUMP
| DURP

1. Calculate potential plant |eaf area growh (PLAG cn®/plant/day):

Call Function I NCPLA ( this function will return a val ue (1 NCPLA)
which is the potential |eaf area growth).

Then assign PLAG = RFR * | NCPLA
2. If expansion is affected by water stress (SWF2<1), specific leaf area
adjustment is neutralized by setting the m ni mum val ue equal to the maxi mum
one:

SLAVAX = SLAM N

3. Cal cul ate maxi mrum ( MAXGROLF) and m ni mum (M NGROLF) | eaf weight increase
(g | eaf/plant/day):
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MAXGRCLF = PLAG/ SLAM N

M NGRCLF = PLAG / SLAMAX

4. Assign a maxi mum of 60.5% of CARBO to stem grow h:
MAXGROSTM = 0. 605 * CARBO

5. When thermal tine fromnowto first anthesis is 180 C-day, the head starts
to grow. Wen this condition applies, calculate head dry wei ght:

5.1- Initialize head weight (HEADW) as a fraction of stem weight (STMAT):
HEADWI = 0.05 * STMAT

5.2- Define a potential head wei ght (POTHEADW, g¢/plant):
POTHEADWI = 22.1

5.3- Correct stemweight for allocation of existing biomss to head:
STMAMI = STMAM- HEADWI

6. Calculate a tenperature reduction factor (RGFILL) for head and stemgrowh
under non-optimum t enper at ur es:

RGFILL = RGFILL + ELOFT(1)/81=1 TO 8
wher e
TTMP(1) = TEMPM\ETMFAC( 1) * ( TEMPMX- TEMPMWN)
and
ELOFT(1)=0.0 if TTMP(1)<4 or TTMP(1)>45
ELOFT(1)= (TTMP(1)-4.0)/13.0
if 4 < TTMP(1) < 17
ELOFT(1)= 1.0 if 17 < TTMP(1) < 31
ELOFT(1)=(45-ELO)/14.0
if 31 < TTMP(1) < 45
7. |If head growmh has started, then calculate head growh according to
tenperature (GROHEAD, g¢/plant/day), assumng that head growth under optimal
conditions is 1.71 g head/pl ant/day:
GROHEAD = 1.71 * RGFILL

8. If head growmh has not started, then calculate stem growh according to
t enper at ur e:

MAXGROSTM = RGFI LL * MAXGROSTM

Cal cul ate the naxi nrum anount of new bionmass that can be assigned to |eaf
grow h (assumi ng that a mini numof 10%of CARBOwW || be used for root growh):

FRCARB = 0.90 * CARBO - MAXGROSTM - GRCHEAD
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10. Limt the anpbunt of CARBO for leaf growh to | ess than 29. 5% of CARBC

FRCARB = 0.295 * CARBO if FRCARB>0.295* CARBO

11. Calculate growmh rates of |eaves and stem according tobionass
avail ability:

11.1. If FRCARB<=0 then | eaves do not grow

MAXGROSTM = 0. 90 * CARBO - GROHEAD

GROLF = 0.0

PLAG = 0.0
11.2. | f MAXGROLF<=FRCARB t hen

GROLF = MAXGROLF

PLAG = MAXGROLF * SLAM N
11.3. If M NGROLF>FRCARB t hen

GROLF = FRCARB

PLAG = GROLF * SLAMAX
11. 4. If M NGROLF<FRCARBt hen

GROLF = FRCARB
11.5. Stemgrowh rate:

GROSTM = MAXGROSTM
12. Reduce head, stemand | eaf growth (area and wei ght increase) if water or
nitrogen stress is detected. Use the m ni numof nitrogen stress factor (NDEF2)
and water stress factor (SWDF2) for |eaves and head. Stemgrowth is reduced
by stress factor SWDF1 or NDEF1 (By using these factors the nodel allows for
car bohydrate accunul ation in the stemunder nild water stress. Stemgrowh is
| ess affected than head growth because stem structure [and hence, storage
space] has reached a substantial size by stage 3, while head structure may
still be small by conparison).

GROLF= GROLF * AM N1( SWDF2, NDEF2)

PLAG = PLAG * AM N1( SWDF2, NDEF2)

GROHEAD = GRCHEAD * AM N1( SWDF2, NDEF2)

GROSTM = GROSTM * AM N1( SWDF1, NDEF1)
13. Cal cul ate new bi omass avail able for root growth:

GRORT = CARBO - GROLF - GROSTM - GROHEAD

14. When LAl >1.2, commence counting time (SENTIME, days) fromnowto the start
of |l eaf senescence driven by shade:

SENTI ME = SENTI ME + 1.
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15. When SENTI ME exceeds 13 days then cal cul ate the rate of shade driven | eaf
senescence ( SENRATE, n2/nR/day):

SENRATE = -0.0182 + 0.4147 * SGRO(1) * PLANTS/ 10000.

where SGRQ(1l) is Plant Leaf Area G owth (cnR/plant/day) which
corresponds to 13 days ago.

16. Calculate the rate of |eaf senescence (DSLANL, cn2/plant/day)

DSLAN1 = SENRATE / PLANTS * 10000.
17. After the last five | eaves have begun to expand and if water stress is
affecti ng expansi on (SWDF2<0.8), then | eaf senescence caused by water stress
(DSLANW cn®/ plant/day) is calculated as 3% per day of green plant |eaf area
(GPLA):

DSLANW = 0.03 * GPLA

18. Daily leaf senescence rate is calculated as the |argest of DSLAN1 and
DSLANW

DSLAN1 = DSLANW i f DSLANWSDSLANL

19. Cumul ative senesced | eaf area caused by |ight and/or water stress (SLAN1,
cn2/ plant):

SLAN1 = SLAN1 + DSLAN1
SLAN = SLAN1
20. Adjust nitrogen contents and weights of green and dead | eaves:
20.1. Calculate specific |eaf area of green |eaves (SLAY, cn2/Qg):
SLAY = GPLA /| GLFW
20.2. Calculate plant |eaf area (PLA, cn®/plant):
PLA = PLA + PLAG
20.3. Calculate green plant |eaf area (GPLA, cnR/plant):
GPLA = GPLA - DSLAN1 + PLAG
20.4. Cal cul ate senesced plant |eaf area (SPLA, cn®2/plant):
SPLA = SPLA + DSLAN1
20.5. Calculate nitrogen concentration of green |eaves (XRAT, fraction):
XRAT = XNGLF/ GLFWI

20.6. Cal cul ate resi dual nitrogen concentration (YRAT, fraction) assumni ng t hat
ni trogen content of senesced | eaves is equal to 0.9%

YRAT = ( .009 - .0875 * XRAT ) / .9125

20.7. Cal cul ate the anount of nitrogen retransl ocated fromthe senesced | eaves
to other organs ( g N plant):
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SDN = DSLAN1/ SLAY* ( XRAT - YRAT)
20. 8. Adjust the weight of senesced | eaves (SLFW, g/plant):
SLFWI = SLFWI + DSLAN1/ SLAY - SDN * 6.25
20.9. Calculate residual nitrogen in senesced | eaves (XNSLF, g N plant):
XNSLF = XNSLF + DSLANL1/ SLAY* YRAT
20.10. Calcul ate the weight of green | eaves (GLFW, g¢/plant):
GFW = GLFW + GROLF + SDN * 6.25 - DSLAN1/ SLAY
20.11. Calculate the anpbunt of nitrogen in green | eaves (XNGLF, g N plant):
XNGLF = XNGLF - DSLANL1/ SLAY* YRAT
20.12. Cal cul ate naxi mum perni ssi bl e anobunt of nitrogen in green | eaves:
XXX = GLFW * XLCNP
20.13. If the calculated amount of N in green leaves is greater than the
maxi mum then allocate the excess N to the stem and adjust organ weights
accordingly:
YYY = XNGLF - XXX
XNGLF = XXX

GLFWI = GLFWI - YYY * 6.25

LFWI'= LFWI- YYY * 6. 25
STMM = STMM + YYY * 6.25

XSTEMN = XSTEMN + YYY

XLEAFN = XLEAFN - YYY

21. Actualize | eaf weight (LFW, g/plant), stemweight (STMAT, g/plant) and
head wei ght (HEADWI, g/plant):

LFWI = LFWF + GROLF
STMAT = STMAT + GROSTM
HEADWI = HEADWT + GROHEAD

22. If thermal time fromnowto first anthesis is less than 130 Cday, then
sum CARBO to variable SUMP and count tinme (| DURP)

SUMP = SUWP + CARBO

IDURP = IDURP + 1
NOTE: The ratio SUMP/IDURP at first anthesis will be the average dry natter
accunul ation rate (g/plant/day) during the 130 Cday period previous to first

anthesis. This value will be used later to estimate grain nunber

- END of subroutine STAGE3
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- RETURN to subroutine GROSUB.
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SUBROUTINE STAGE4 - OILCROP-SUN

Subroutine Stage 4 cal culates plant |eaf area, organ growh and water- and
ni trogen-driven | eaf senescence for stage 4.

CALLED BY:
GROSUB

CALLS:
NGRAI' N

| NPUT DATA:
DTT
LN
CUMPH
CARBO
SLAM N
SLAMAX
STMAT
LFWI
PLA
P3P
SWDF2
NDEF2
LAI
PLANTS
HEADWI
SUMP
| DURP
POTGROPER
SWWAX
PLAMX
SLOPEPE
XLANC
XLMNC
SLAN2

OQUTPUT VARI ABLES:
PLAG
GROLF
GROSTM
GRORT
PLA
LFWI
SLAI
SLANL
SLAN
HEADWI
SUMP
| DURP

1. Calculate the tenperature reduction factor (RGFILL) for head and pericarp
gr owt h:

RGFILL = RGFILL + ELOFT(1)/81=1 TO 8
wher e
TTMP(1) = TEMPMNHTMFAC( | ) * ( TEMPMX- TEMPMWN)

and
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ELOFT(1)=0.0 if TTMP(1)<4 or TTMP(1)>45
ELOFT(1)= (TTMP(1)-4.0)/13.0 if 4 < TTMP(1) < 17
ELOFT(1)= 1.0 if 17 < TTMP(1) < 31
ELOFT(1)=(45-ELO)/ 14.0 if 31 < TTMP(1) < 45

2. Calculate potential pericarp growh (GROPER, g¢/plant/day) as affected by
t enper at ur e:

CGROPER = POTGROPER * DTT * RGFILL

3. Calculate potential head growh as affected by tenperature:
GROHEAD = 1.71 * RGFILL

4. Allocate daily biomass increase to grow h:

4.1. If potential pericarp growmh is greater than CARBO then the head does
not grow

I f GROPER >CARBO t hen GROPER = CARBO
GROHEAD = 0

4.2. If CARBOis insufficient for pericarp and head growth, then the pericarp
grows at the potential rate and the head gets the excess carbon:

| f GROPER+GROHEAD>CARBO t hen
GROHEAD = CARBO - GROPER

4.3. If CARBO is sufficient for pericarp and head growh then the excess
bi omass is allocated to stem(if stemweight is belowits naxi mum or roots:

EXCESS = CARBO - GROPER - GROHEAD
I f STMAT<SWWAX t hen GROSTM = EXCESS
GRORT= 0.
I f STMAT>SWWAX t hen GRORT = EXCESS
GROSTM = 0.
5. Reduce head and pericarp growh if water or nitrogen stress is detected. Use
the mnimum of these two stress factors (NDEF2 and SWDF2). Stem growth is
reduced by stress factors NDEF1 and SWDF1:
GROHEAD = GROHEAD * AM N1( SWDF2, NDEF2)
GROPER= GROPER* AM NL1( SWWDF2, NDEF2)
GROSTM= GROSTMF - AM N1 ( SWWDF1, NDEF1)
6. Cal cul ate root grow h:
GRORT = CARBO - GROHEAD - GRCPER - GROSTM

7. Call Subroutine NGRAIN to calculate the amount of nitrogen demanded by
grain (pericarp) grow h:
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CALL NGRAI N( CARBO, GRCEMB, GROPER)

8. Cal cul ate senescence due to N dermand:

8.1. Calculate nitrogen concentration of green |eaves (XRAT, fraction):
XRAT = XNGLF/ GLFWI

8.2. Calculate residual nitrogen concentration of senesced |eaves assum ng
they contain 0.9% ( YRAT, fraction):

YRAT = ( .009 - .0875 * XRAT ) / .9125

8.3. Calculate anmount of nitrogen available in green | eaves:
XNGLF = XNGLF - YRAT* GLFWI

8.4. Calculate |eaf area equivalent of the amobunt of N in green |eaves:
LAEQ = ( XNGF - YRAT*GLFWI) * SLOPEPE

8.5. Calculate senesced |leaf area ( ZZZ cnR) as the difference between the
maxi mum pl ant | eaf area(PLAMX) and (8.4).

7277 = PLAMX - LAEQ

8. 6. Calculate increnent in senesced l|leaf area attributable to N
retransl ocati on (DSLAN2, cnR/day):

DSLAN2 = ZZZ - SLAN2

9.Calculate increnent in senesced leaf area attributable to water stress
(DSLANW cn?2/ day):

DSLANW = 0.03 * GPLA if SWDF2<0. 8

10. Calculate the effective senescence as the maximumattri butable to either
nitrogen or water stress:

| f DSLANW > DSLAN2t henDSLAN2 = DSLANW
11. Actualize senesced plant |eaf area:
SLAN2 = SLAN2 + DSLANZ2
12. Calculate specific |eaf area of green | eaves (SLAY, cn2/Q):
SLAY = GPLA /| GLFW
13. Reduce | eaf weight according to the anpbunt of N exported:
LFWI = LFWI- WLAN2 * ( XRAT- YRAT) *6. 25
where WLAN2 = DSLAN2/ SLAY
14. Actualize green | eaf weight (GLFW) and senesced | eaf weight (SLFW):

GLFWI = GLFWI - WLAN2

SLFWI

SLFWE + WL.AN2* ( 1- 6. 25* ( XRAT- YRAT))
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15. Actualize green plant leaf area (GPLA) and senesced plant |eaf area
( SPLA) :

GPLA= GPLA - DSLAN2
SPLA= SPLA + DSLAN2

16. Cal cul ate head wei ght (HEADW), pericarp weight (PERW) and grain weight
( GRNWI) :

HEADWI = HEADWI+GROHEAD

PERWI = PERWI + GROPER

GRNWI = PERWI

17. Calculate stem weight increases according to the anount of protein
exported from senesced | eaves:

STMAT = STMAT + WLAN2* ( XRAT- YRAT) *6. 25+GROSTM
18. Add CARBO to variable SUW and count tine (I DURP):

SUWP = SUMP + CARBO
IDURP = IDURP + 1
NOTE: The ratio SUWMP/ I DURP at the begining of oil accurmulation will be the
average dry natter accumulation rate (g/plant/day). This value will be used
later to estimate filled grain nunber.

- END of subroutine STAGE4.

- RETURN to subroutine GROSUB.
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SUBROUTINE NGRAIN -OILCROP-SUN

Subroutine NGRAIN calculates nitrogen source-sink balances during grain
growth, and oil content of the grain.

CALLED BY:
STAGE4
STAGES.

| NPUT DATA:
P5
o1}
GRCEMB
GPP
EVMBWI
aL
EMBN
PERN
PERWI
RANC
RWNC
XNGLF
GLFWI
XSTEMN
STMAT
XHEADN
HEADWI
STOVN
STOWNI
XLMNC
XSMNC
XHWNC
XPEPE
RTWI

QUTPUT DATA:
aL
XNGLF
XNSLF
XSTEMN
XHEADN
STOVN
VANC
PERN
EMBN
GRAI NN

0. Calculate N concentration for new growh of kernel (ENP) and pericarp
(PNP) :

ENP
PNP

(0. 0225+0. 0200* NFAC)
(0. 0050+0. 0100* NFAC)

1. Calculate oil accumul ation (O LINC, g/day) if oil deposition has begun. G|
accunul ation starts 230 C-day after first anthesis.

PR=1000* GROEMB/ GPP/ G3

If PR< 0.7 then PO=OL el se PO=EXP(-1.4*(PR-0.8))*OL
OLINC = PQ 100. * GROEMB *(P5-170.)/ (P5-230.)
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2. Calculate total amount of oil in the grain (OL, g/plant):
OL =04dL + AdLINC

3. Cal cul ate nitrogen demand generated by grain N concentration for newgrowh
(NSINK, g N plant).

NSI NK = NSI NK1 + NSI NK2
wher e

NSI NK1 GRCEMB * ENP

and

NSI NK2 GROPER * PNP

4. Calculate fractions of grain N denmand due to enbryo(FSI NK1) and pericarp
(FSI NK2) :

FSI NK1 NSI NK1 / NSI NK

FSI NK2 NSI NK2 / NSI NK

5. Reset root N concentration to its mininmmvalue if necessary:
If RANC < RWC then RANC=RWNC

6. Cal cul ate actual N concentration for each organ:
XLANC = XNGLF/ GLFWI Green | eaves

XSANC = XSTEMN / STMAMT Stem

XHANC = XHEADN / HEADWIHead

VANC = STOVN STOVWI St over

7. Calculate size of labile nitrogen pools (g Nplant). Two N pools are
consi dered: NPOOL1 and NPOOL2. All labile N in stem and head and part of
labile Nin | eaves belong to NPOOL1. Root |abile N and the renainder of Ieaf
labile N belong to NPOOL2. NPOCL2 is not used until NPOOL1l is exhausted.

8.1. Calculate | eaf contributions to the two pools (NPL1L is part of NPOOLL,
and NPL2L is part of NPOOL2):

NPL1L =GLFWI * ( XLANC - XLMNC)
It is assumed that a fixed anount of leaf labile Nis not exported until all
labile Nin the above ground parts is exhausted. This anmount is called XPEPE
(g NNplant) and is equivalent to 50%of labile Nin |eaves at first anthesis.

If NPL1L > XPEPE then NPL1L=NPL1L-XPEPE
NPL2L=XPEPE

If NPL1L < XPEPE then NPL2L
NPL1L

NPL1L
0

8.2. Calculate stemcontribution to NPOOL1:
NPL1S = STMAT * ( XSANC - XSWNC)

8.3. Calculate head contribution to NPOOL1:
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NPL1H = HEADWT * ( XHANC - XHWNC)

9. Calculate the size of the first labile N pool in above ground parts
(NPOOL1, g N plant):

NPOOL1 = NPL1L + NPL1S + NPL1H

10. Calculate root contribution to NPOOL2 (NPL2R, g N plant):
NPL2R = RTWI * ( RANC- RWC)

11. Calcul ate the size of the second | abil e nitrogen pool (NPOOL2, g N plant):
NPOOL2 = NPL2R + NPL2L

12. Calculate total labile nitrogen pool (NPOOL, g N plant):
NPOOL = NPOOL1 + NPOOL2

13. Calculate Nitrogen Supply/ N trogen Denand Rati o (NSDR):
NSDR = NPOOL/ NSI NK

14. Adjust demand if it exceeds supply:
| f NSDR<1 t hen NSI NK=NSI NK* NSDR

15. Calculate linmiting N concentration for green |eaves that have |ost all
avai | abl e nitrogen:

YRAT = (0.009-0.0875*XLANC)/ 0. 9125

16. If there is not enough N in NPOOL1l to satisfy the demand then deplete
NPOOL1 conpl etely and use part of NPOOL2 :

17.1. Reduce stem head and stover N content:

XSTEMN = XSTEMN - NPL1S

XHEADN = XHEADN - NPL1H

STOVN = STOVN- NPOOL1
17.2. The amount of N that will be extracted fromeach organ contributing to
NPOOL2 wi || be proportional toits labile Ncontent. The anmount of N extracted
from NPOOL2 is:

RNCOUT = NSI NK- NPOOL1

17. 3. Reduce root N content:
ROOTN = ROOTN- RNOUT* NPL2R/ NPOOL2

17.4. Actualize root N concentration:
RANC = ROOTN RTWI

17.5. Cal cul ate amount of N exported fromleaves (RONL, g N plant):
RONL = RNOUT* NPL2L/ NPOOL2+NPL1L

17.6. Actualize |leaf N content:
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XLEAFN = XLEAFN - RONL
17.7. Actualize N content of green |eaves:

XNGLF=XNGLF- RONL- RONL* YRAT/ ( XNGLF/ GLFWI'- YRAT)
17.8. Actualize N content of senesced | eaves:

XNSLF= XLEAFN - XNG_F
18. If there is enough Nin NPOOL1l to satisfy the demand:

18.1. Calculate the fraction of NPOOL1l contri buted by each organ:

FACLN = NPL1L/ NPOOL1(| eaves)
FACSN = NPL1S/ NPOOL1(stem)
FACHN = NPL1H NPOOL1( head)

18. 2. Reduce the | abile N of each organ in proportiontoits labile Ncontent:
XLEAFN = XLEAFN - FACLN * NSI NK
XNGLF= XNGLF- FACLN* NSI NK* ( 1+YRAT/ ( XNGLF/ GLFWI'- YRAT) )

XNSLF= XLEAFN - XNGLF

XSTEMN XSTEMN - FACSN * NSI NK
XHEADN = XHEADN - FACHN * NSI NK
STOVN = STOVN- NSI NK
VANC = STOVN STOWAT
19. Actualize pericarp, enbryo and grain N contents:
PERN = PERN + NSI NK * FSI NK2

EMBN = EMBN + NSI NK * FSI NK1

GRAI NN = GRAI NN+NSI NK
- END of subroutine NGRAIN.

- RETURN to subroutine STAGE4 or STAGES.
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SUBROUTINE STAGES5 - OILCROP-SUN

Subrouti ne STAGES cal cul ates | eaf area and organ bi omass bal ance during stage
5.

CALLED BY:
GROSUB

CALLS :
NGRAI N

| NPUT VAR ABLES :
SUMDTT
POTGROPER
PPP
TEMPWN
TEMPMX

CARBO
STMAT

QUTPUT VARI ABLES :
EVMBWI
PERWI
GRNWI
O LPERC
PLAG
GPLA
SPLA
GLFWI
SLFWI
GROLF
GROSTM
GRORT
PLA
LFWI
SLAI
SLANL
SLAN
HEADWI
SUMP
| DURP

1. Calcul ate senescence due to N demand:
1.1. Calculate nitrogen concentration of green |eaves (XRAT, fraction):
XRAT = XNGLF/ GLFWI

1.2. Calcul ate residual nitrogen concentration (YRAT, fraction), assum ng t hat
senesced | eaves contain 0.9% nitrogen.:
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YRAT = ( .009 - .0875 * XRAT ) / .9125

1.3. Calculate labile nitrogen content of green |eaves:
XNGLF - YRAT* GLFWI

1.4. Calculate | eaf area equivalent to the anbunt of N in green |eaves:
LAEQ = ( XNGLF - YRAT*GLFWI) * SLOPEPE

1.5. Calculate senesced |leaf area (ZZZ, cnR) as the difference between the
maxi mum pl ant | eaf area (PLAMX) and (8.4).

7277 = PLAMX - LAEQ

1.6. Calculate increnent in senesced |eaf area (DSLAN2, cnR/day):
DSLAN2 = ZZZ - SLAN2

2. Cal cul ate senescence due to water stress (DSLANW cnR/day):
DSLANW = 0. 03 * GPLA i f SWDF2<0. 8

3. Conpare senescence due to nitrogen and to water stress and select the
greater:

| f DSLANW > DSLAN2 t hen DSLAN2 = DSLANW
4. Actualize senesced plant |eaf area:
SLAN2 = SLAN2 + DSLAN2

5. Calculate the tenperature control factor (RGFILL) for head, enbryo and
pericarp grow h:

RGFILL = RGFILL + ELOFT(1)/81=1 TO 8
wher e
TTMP(1) = TEMPM\ETMFAC( | ) * ( TEMPMX- TEMPMWN)
and
ELOFT(1)=0.0 if TTMP(1)<4 or TTMP(I)>45
ELOFT(1)= (TTMP(1)-4.0)/13.0
if 4 < TTMP(1) < 17
ELOFT(1)= 1.0 if 17 < TTMP(1) < 31
ELOFT(1)=(45-ELO)/14.0
if 31 < TTMP(1) < 45

6. Cal cul ate pericarp growh (GROPER, g/ pl ant/day) as af fected by tenperature.
Pericarp growth continues until 180 GDD fromthe begi nning of STACGE 5:

GROPER = POTGROPER * DIT * RGFILL i f SUMDTT<180

7. Calculate head growh as affected by tenperature. Head growth continues
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until maxi nrum head wei ght (HWAX) is achieved:
GROHEAD = 1.71 * RGFILL i f HEADWI<HWVAX

8. Calculate enbryo growh rate (g/enbryo/d) as affected by tenperature
(through RGFILL), a genetic constant (G3), water deficit (SWF1l) and the
growm h factor (GRFACTOR) based on head wei ght which seeks to all ow potenti al
grain size reflect head size:

PEPE = RGFI LL*G3*0. 001*( 0. 70+0. 30* SWDF1) * GRFACTOR

9. Calcul ate enbryo growt h (GRCEMB, g/ plant). Enbryo grow h takes place in all
grains until grain nunber is determ ned(GPP=0). Thereafter (GPP>0) enbryo

growth takes place only in GPP filling grains:
GRCEMB = GPP * PEPE if GPP>0
GRCEMB = PPP * PEPE if GPP=0

10. Allocate avail abl e carbohydrates to grow h:

10.1. Calculate total carbohydrate demand for grow h:
CDEMAND = GRCEMB + GROPER + GROHEAD

10. 2. Cal cul ate carbohydrate denand for grain grow h:
CDGR = GROPER + GROEMB

10.3. If grain growmh (CDGR) is greater than CARBO, t hen t he head does not grow
and biomass is inmported fromthe stemthead pool :

If CDGR > CARBO
GROHEAD = 0
10. 3. 1. Calcul ate transl ocatabl e bi onass pool size (CPOOL, g/pl/d):

FCP=( STMAT- SYM N) / ( SWWAX- SWM N)
IF FCP> 0.3 then FCP2=1 el se FCP2=0

CPOOL1=0. 79*FCP2 (pool of stem

FCP=( HEADWI'- VWM N) / ( HAWAX- HWM N)
IF FCP> 0.3 then FCP2=1 el se FCP2=0

CPOOL2=0. 42*FCP2 (pool of the head)

CPOOL=CPOCL1+CPOOL2

10.3.2. If CPOOL i s enough to satisfy the demand for bionass for use in growth
(CDGR- CARBO), cal cul ate export requirenents fromhead and stemand resulting
organ biomass changes assunming that 100 units of bionmass in CPOOL are
equi valent to 44 units of biomass in the grain. The anount of bi onass exported
fromeach organ is taken to be proportional to organ dry weight. To do this,
the fractions of CPOCOL in stem (FPOOL1) and the head (FPOOL2) are cal cul at ed,
and then stem and head wei ghts are recal cul at ed:

| f CPOOL>( CDGR- CARBO) / . 44 t hen
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FPOOL1

( STMAT - SWMN ) / CPOCOL

FPOOL2

( HEADWI - VWM N ) / CPOOL

STMAT = STMAT - ( GROEMB+GROPER- CARBO) / 0. 44* FPCOCOL1

HEADWI = HEADWI - ( GROEMB+GROPER- CARBO) / 0. 44* FPOOL2
10.3.3. If CPOCL is not enough to satisfy the bi onass requirenment for growth
(CDGR - CARBO), calculate the effects of exporting all available labile
bi omass on organ dry wei ght and grain growh. Stemand head weight will then
be left at their minimmvalues. Enbryo and pericarp will grow below their
potential rates in proportion to the reduction in supply. This reduction is
nedi at ed by the reduction factor, FACPOOL :

FACPOOL = CPOCOL * 0.44 / ( CDGR - CARBO

GROEMB = GRCEMB * FACPOOL

GROPER = GROPER * FACPOOL

STMAMT = SVWM N

HEADWI = HWM N
10.3.4. |If CARBO exceeds the biomass required for grain growh but is
i nsufficient for both grain and head growth, then the pericarp and the enbryo
grow potentially and the head gets the excess bionmass up to the maximumlimts
of head growt h:

| f CDEMAND>CARBO and CARBO>CDGR t hen

GROHEAD = CARBO - CDGR
10.3.5. If CARBO exceeds the bionmass requirenments for both grain and head
growth then the excess biomass is allocated to the stem (if stem weight is
bel ow i ts nmaxi mun) or roots:

EXCESS = CARBO - CDEMAND

I f STMAT<SWWAX t hen

I f SVWWAX- STMAT>CARBO- CDEMAND t hen

GROSTM = EXCESS

el se

GROSTM = SWWAX - STMAT

GRORT= EXCESS - GROSTM

I f STMAT>SWWAX t hen

GRORT = EXCESS
and GROSTM = 0.

12. Reduce pericarp growth if water or nitrogen stress is detected. Use the
m ni mum of nitrogen stress factor (NDEF2) and water stress factor (SWDF2).

GROPER= GROPER* AM N1( SWDF2, NDEF2)
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13. Cal cul ate any root growth derived from excess bionass:
GRORT = CARBO - GROHEAD - GROPER - GRCEMB - GROSTM

14. Call Subroutine NGRAIN to cal cul ate the amount of nitrogen denanded by
grain (pericarp and enbryo) growt h:

CALL NGRAI N( CARBO, GRCEMB, GRCPER)

15. Cal cul ate head wei ght (HEADW), pericarp weight (PERW), enbryo weight
(EMBWI) and grain wei ght (GRNW):

HEADWI = HEADWI + GROHEAD
EMBWI = EMBWI + GROEMB

PERWI = PERWI + GROPER

GRNWI = EMBWT + PERWI
16. Calculate specific |eaf area of green | eaves (SLAY, cn2/Q):
SLAY = GPLA /| GLFW
17. Calculate total senesced |eaf area:
SLAN = SLANL + SLAN2
18. Reduce | eaf weight according to the anpbunt of N exported:
LFWI = LFWI- WLAN2 * ( XRAT- YRAT) *6. 25
where WLAN2 = DSLAN2/ SLAY
19. Actualize green | eaf weight (GLFW) and senesced | eaf weight (SLFW):

GLFWI = GLFWI - WLAN2

SLFWI

SLFWE + WL.AN2* ( 1- 6. 25* ( XRAT- YRAT))

20. Actualize green plant leaf area (GPLA) and senesced plant |eaf area
( SPLA) :

GPLA= GPLA - DSLAN2
SPLA= SPLA + DSLAN2
21. Calculate oil percent in the grain (O LPERC):
O LPERC = QAL / GRNW * 100.
22. Add CARBO to variable SUWP and count tine (I DURP):
SUMP = SUMP + CARBO
IDURP = IDURP + 1
NOTE: The ratio SUWMP/ I DURP at the begining of oil accurmulation will be the
average dry matter accunulation rate (g/plant/day) for the interval from

first-anthesis to the start of oil accunul ation. This value will be used
later to estimate the nunber of grains which continue filling.
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- END of subroutine STAGES.

- RETURN to subroutine GROSUB.
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SUBROUTINE NUPTAK - OILCROP-SUN

Subroutine NUPTAK cal cul ates soil N content, crop N uptake and organ N
concentration and content.

CALLED BY:
MAI' N Program

| NPUT DATA:
HEADWI
XSTEMN
GROPER
GROEMB
PERWI
EVBWI
ROOTN
XSTEMN
XNGLF
XHEADN
RTWI
STMAT
HEADWI
NCB(1)
NHA( 1)
RLV(1)

OUTPUT DATA:
XLEAFN
XNGLF
XNSLF
XSTEMN
XHEADN
EVBN
PERN
STOVN
ROOTN
NCB(1)
NHA( 1)
FON(1)
TNGS
TNHA

1. Reset head and stem N contents when head rapid growmh starts.

XHEADN = 0. 042 * HEADWI

XSTEMN = XSTEMN - XHEADN

2. Calculate actual N concentrations in plant parts

RANC=ROOTN RTWI' Root s

XSANC = XSTEMN / STMAMI Stem
XLANC = XNGLF/ GFW Green | eaves
XHANC = XHEADN / HEADWI Head

and Shoot (excluding senesced | eaves):
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TANC = ( XSTEWN + XNGLF + XHEADN )/ ( STMAT+GLFWI+HEADWT)
3. Calculate nitrate and anmmoni num concentrations (ng N kg soil) for all
layers in the soil profile (fromL=1 to L=NLAYR):

NOB( L) =SNOB( L) * FAC( L)

NHA( L) =SNH4( L) * FAC( L)

wher e SNO3(L) and SNH4(L) are nitrate and amoni mumconcentrati ons
in kg NNha, and FAC(L) converts kg Nha to ng N kg soil.

4. Calculate total amount (kg N ha) of NOG3 (ANG3) and NH4 (ANH4) in the soil
profile:

ANOB=ANC3+SNC3(L) from L=1 to L=NLAYR
ANHA=ANH4+SNH4(L) from L=1 to L=NLAYR

5. Calculate total N content (kg NNha) of the soil profile:
TOTNETOTN+NOB( L) +NH4( L) from L=1 to L=NLAYR

6. Calculate total root length in the soil profile:
TRLV=TRLV+RLV(L) fromL=1 to L=NLAYR

7. Calculate demand of N for new growh of the plant parts:

DNG. = PDWL * XLCNP (I eaves)

DNGS = PDW S * XSCNP (stem)
DNGH = PDWH * XHCNP (head)

8. Cal cul ate N demand to cover existing deficits:

DNSL = GLFWI * ( XLCNP - XLANC) (| eaves)
DNSS = STMAT * ( XSCNP - XSANC) (stem
DNSH = HEADWI * ( XHCNP - XHANC) (head)

9. Calculate total N denand of the plant parts:
XLNDEM = DNGL + DNSL (| eaves)
XSNDEM = DNGS + DNSS (stem
XHNDEM = DNGH + DNSH ( head)
10. Calculate total tops N demand:
TNDEM = XLNDEM + XSNDEM + XHNDEM
11. Cal cul ate root N denand:
RNDEM=RTWI™* ( RCNP- RANC) +PGRORT* RCNP( r oot s)

12. Calculate total N demand for the whole plant (NDEM g N plant):
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NDEM=TNDEM+-RNDEM

13. Calculate total N denand for crop (ANDEM kg N ha):
ANDEM=NDEMF PLANTS* 10. 0

14. Reset daily uptake description and control variables to zero.
DROOTN=DSTOVN=DL EAFN=DSTEM\=DHEADN=0
TRNU=TNUP=0. 0
NUF=0.

15. Calcul ate for each layer in the soil the supply factors for NO3 ( FNO3) and
NH4 (FNH4) .

FNH4=1. 0- EXP(- 0. 030* (NH4(L) - 0. 5))
FNCB=1. 0- EXP(- 0. 030* NO3(L))

where NO3(L) and NH4(L) are nitrate and amoni umconcentration in
layer L (mg N kg soil).

16. Reset FNO3 and FNH4 if they are outside the 0-1 range.

FNG3=0. 0 i f FNOB<0. 04
FNG3=1. 0 if FNG3> 1
FNH4=0. 0 i f FNH4<0. 04
FNH4=1. 0 if FNH4> 1

17. Calculate soil water deficit factor for N uptake:
SMDFR=( SW L) - LL(L))/ESWL)
i f SMDFR>1
SMDFR=( SAT(L)-SWL))/(SAT(L)-DUL(L))

18. Cal cul ate root N uptake factor in |ayer L:
RFAC=RLV( L) * SMDFR* SMDFR* DLAYR( L) *100

19. Calculate potential root NO3 uptake in layer L (kg N ha):
RNCBU( L) =RFAC* FNO3* 0. 006

20. Calculate potential root NH4 uptake in layer L (kg N ha):
RNH4U( L) =RFAC* FNH4* 0. 006

21. Calculate potential root N uptake in the soil profile (kg N ha):
TRNU=ETRNU+RNCBU( L) +RNHAU(L) for L=1 to L=NLAYR

22. Reset potential N uptake to zero if N demand is zero.

TRNU=0 i f ANDEM=O
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23. Calculate a N use factor (NUF) if N denand exceeds potential root N
upt ake.

NUF=ANDEM TRNU

24. Cal cul ate actual root NO3 uptake for each |ayer (kg N ha):
UNCB=RNOBU( L) * NUF

25. Calculate actual root NH4 uptake for each |ayer (kg N ha):
UNH4=RNH4U( L) * NUF

26. Set the mnimumvalue for NOB in the layer (XM N, kg N ha) equivalent to
0.25 ng N kg soil.

XM N=0. 25/ FAC( L)

27. Reduce NGB uptake if neccesary, to avoid depleting NGB below its m nimum
value (XM N):

UNO3=SNO3- XM N i f UNO3>SNO3- XM N
where SNO3 is NO3 concentration in the |ayer (kg N ha).
28. Actualize NGB concentration in the |ayer:

SNOB( L) =SNOB( L) - UNO3

29. Set a minimumvalue for NH4 in the layer (XMN, kg N ha) equivalent to
0.50 ng N kg soil.

XM N=0. 50/ FAC( L)

30. Reduce NH4 uptake if neccesary, to avoid depleting NH4
below its minimumvalue (XM N):

UNHA=SNH4- XM N i f UNH4A>SNH4- XM N

where SNH4 is NH4 concentration in the |layer (kg N ha).

31. Actualize NH4 concentration in the |ayer:
SNH4( L) =SNH4( L) - UNH4

32. Reset NGB and NH4 concentrations in the layer (mg N kg soil):
NOB( L) =SNOB( L) * FAC(L)
NH4( L) =SNH4( L) * FAC( L)

33. Add root Nloss to the layer to the organic N pool in the |ayer:
FON( L) =FON( L) +RNLOSS

34. Add potential NGB and NH4 uptake fromthe layer to total N uptake fromthe
profile:

TRNU=TRNU+UNCE+UNH4

35. Calculate individual plant potential uptake in units of g N plant:
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TRNU=TRNU ( PLANTS* 10. 0)

36. If N demand exceeds potential N uptake, then reduce plant N demand to
potential N uptake and cal cul ate a supply/denmand factor (FACTOR):

i f NDEM>TRNU
FACTOR = TRNU / NDEM
and NDEM = TRNU
37. Adjust N demand of the plant parts to potential N supply:
XLNDEM = XLNDEM * FACTOR (| eaves)
XSNDEM = XSNDEM * FACTOR (stem
XHNDEM = XHNDEM * FACTOR ( head)
TNDEM = TNDEM * FACTOR (above ground parts)
RNDEM = RNDEM * FACTOR (roots)

38. Cal cul ate weights of the plant parts as fractions of whole plant weight:

PTFL = PTF * GLFWI / (STOWM- SLFWI) (| eaves)
PTFS = PTF * STMAM / (STOVWI- SLFWI) (stem)
PTFH = PTF * HEADWI / ( STOWM- SLFWI) ( head)

39. Increnent in Ncontent for each plant part as a function of plant gain or
loss of N

DLEAFN=XLNDEM NDEM TRNU( | eaves)

DSTEWN

XSNDEM NDEM TRNU ( st em)

DHEADN

XHNDEM NDEM TRNU ( head)

40. Increnment the N content of the above ground plant parts (DSTOVN) and the
roots (DROOTN) as a function of plant gain of N

DSTOVN = DLEAFN + DSTEMN + DHEADN
DROOTN=RNDEM NDEM TRNU

41. Calculate N content of the plant parts (g Nplant):
XLEAFN = XLEAFN + DLEAFN(I eaves)
XNGLF= XNGLF+ DLEAFN(green | eaves)

XNSLF= XLEAFN - XNGLF (senesced | eaves)

XSTEMN = XSTEMN + DSTEM\( st em)
XHEADN = XHEADN + DHEADN( head)

42. Calculate N content of aerial plant parts(STOVN, g N plant) and roots
(ROOTN, g Ng):
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STOVN= XNGLF + XSTEMN + XHEADN + XNSLF
ROOTN=ROOTN+DROOTN

43. Calculate N concentration of roots (RANC, g N Qg):
RANC=ROOTN ( RTWI- 0. 01* RT\I)

44, Reset NO3 and NH4 concentrations (kg Nha) in the soil profile:
TNCB=TNOB+SNO3(L) for L=1 to L=NLAYR
TNHA=TNH4+SNH4(L) FOR L=1 to L=NLAYR

- END of subroutine NUPTAK.

- Return to subroutine GROSUB.
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SUBROUTINE PHENOL-OI1LCROP-SUN

Subr outi ne PHENOL est abl i shes t he progress of crop devel opment and cal cul at es
rooting depth. In addition, the nunbers of filled and enpty grains (both
strongly af fected by envi ronment/phenol ogy i nteractions) are al so cal cul at ed.
Thi s subroutine al so prepares a summary report of the values of several crop
vari abl es at harvest.

CALLED BY:
MAI'N Program
CALLS:
PHASEI
CALDAT !
CALCSI !

1 CALDAT, and CALCSI 6 are auxiliary subroutines needed for data handling, and
data i nput/out put. They are conmon to O LCROP- SUN and CERES nodel s and are not
descri bed here.

| NPUT DATA :
TEMPMX
TEMPWN
TBASE
TMFAC( 1)
PLANTS
TANC
STOVN
SUMDTT
CUMDTT
SWI)
LL(1)
RTDEP
P9
| STAGE
XSTAGE
P1

POTHEADWI
&

P5

GRAI NN
GR\WI
PERWI
EVMBWI

OUTPUT DATA :
DTT
SUMDTT
CUMDTT
RTDEP
| STACGE
XSTAGE
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SI ND
ABI OVB

| SDATE
PPP

PERWT
POTGROPER
GPP
PERWTE
EMBWIE
GRNWIE
GRAI NN1
GRAI NNE
PERN

EVBN
GPSM
EVBWI

YI ELD
SKERWT

1. Initialize variables:
XANC = TANC * 100.0
APTNUP = STOVN * 10. * PLANTS
IRET = 0
2. Calculate daily average tenperature (TEMPM :
TEMPME (  TEMPMX + TEMPWN ) / 2.
3. Cal cul ate grow ng degree-days for current day (DTT):
DTT= TEVMPM - TBASE

4. Recalculate DIT if the weather is outside the normal range:

4.1. DIT = 0 i f TEMPMX < TBASE

4.2. \Wen TEMPM\K=TBASE or TEMPMX=>28.0 :
DTT = DIT + F(1) froml=1to 8
F(1)=( TTMP- TBASE) / 8 i f TBASE< TTMP <=28

F(1)=(28- TBASE) * (1-.007* ( TTMP-28) **2)/ 8
if 28 < TTWP < 40
wher e
TTMP = TEMPWN + TMFAC(1) * (TEMPMX - TEMPMWN)
5. Cal culate cunul ative growi ng degree-days:
SUMDTT = SUMDTT + DITT
6. |If | STAGE=7 then deternine sowi ng date:
CALL CALDAT

and initialize vari abl es
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CALL PHASEI

NDAS = 0

CUMDEP = 0.

L=1

and find the |ayer where sowi ng took place (LO).
7. If | STAGE=8 then determ ne gernination date

7.1. 1f SWLO)<=LL(LO)) then

SWBD = (SWLO)-LL(LO)) * 0.65 + (SWLO+1) - LL(LO+1))*0.35

NDAS = NDAS + 1

If NDAS=>40 then - GERM NATI ON FAI LURE -

- Termi nate program:

| STACE = 6
PLANTS = 0.
GPP= 1.
GRN\NWI'= 0.

7.2. If SWLO)>LL(LO) then germination occurrs, so initialize variables:
CALL CALDAT
CALL PHASEI
8. If ISTAGE=9 then deternine seedling energence rate:
8.1. Calculate rooting depth:
RTDEP = RTDEP + 0.15 * DIT
8.2. Check if energence occurred:
I f SUMDTT=>P9 then - EMERGENCE -
and initialize variables:
CALL CALDAT
CALL PHASEI
Make | STAGE = 1
9. If ISTAGE=1 then deternine the end of the juvenile phase:
9.1. Real variable to quantify devel opnent (XSTAGE)
XSTAGE = SUMDTT / P1
9.2. Check if the juvenile phase has term nated:
I f SUMDTT=>P1 then - END OF JUVEN LE PHASE -

and initialize variabl es:
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CALL CALDAT
CALL CALCSI
CALL PHASEI

Make | STAGE = 2

10. |If I STAGE=2 then determ ne the date of inflorescence initiation

10.1. Cal cul ate photoperiod (HRLT):
HRLT = PHOTOPR(DOY, S1, C1)
i f HRLT>15 then nake HRLT=15

10.2. Calculate rate of devel opnent (RATEIN):

RATEIN = 1 / (3 + P2 * (15 - HRLT))

10.3. Calcul ate cunul ative devel opnent:
SIND = SIND + RATEIN
10. 4. Cal cul ate XSTAGE

XSTAGE = 1.0 + 0.5 * SIND

10.5. Check if inflorescence initiation has started:

[f SIND=>1 then - START OF | NFLORESCENCE | NI Tl ATI ON -

Make | STAGE = 3

Cal cul ate when first anthesis wll

take place: P3P in Cday will

be the thermal time required to reach first anthesis.

P3P = 2 *P1

Cal | subroutine CALDAT to determ ne the date and call subroutine

PHASElI to initialize variabl es:

11. I f I STAGE=3 then deternine the begining of anthesis:

11.1. XSTACE
XSTACE = 1.5 + 3.0 * SUMDTT / P3P

11.2. Check if anthesis has started:

[f SUMDTT=>P3P then - ANTHESI S STARTED -

Make | STAGE = 4

Assign values to vari abl es:

CALL CALDAT
| SDATE = DOY
ABI OVB = BI OVAS

O LCROP- SUN V5. 1 CODE- page 55



11.3. I NCLUDE CALCULATI ONS TO CORRECT RUE AFTER ANTHESI S
MANTAI NANCE RESPI RATI ON
RM = ( Bl OVAS+RTWI* PLANTS) *0. 008*. 729
Rl 1=1. +RM PSKER/ PLANTS
12. Calculate pericarp nunber and fix linmts to growth of grains.

12.1. Calculate average rate of dry matter accunulation in the period prior
to anthesis (PSKER, g¢/plant/day):

PSKER = SUMP / | DURP

12. 2. Cal cul ate nunber of pericarps per plant:

PPP = 430 + G * PSKER / 14.5 i f PSKER>5
PPP = PSKER * (430+G2*5/14.5)/5 i f PSKER<5
make PPP=G2 if PPP>G

12.3. Calculate factor for grain growmh (GRFACTOR) as a function of head
wei ght ( HEADWI) :

GRFACTOR = 0.6 + 0.4 * ZzZZz < 1
wher e ZZZ=HEADWI/ POTHEADWI and Zzz<=1
12.4. Initialize pericarp weight (PERM, g/plant):
PERWI = PPP * 0. 002
(each pericarp starts with 2 ng)
12. 5. Adj ust head wei ght by substracting the wei ght assigned to pericarps:
HEADWI = HEADWI - PERW
12.6. Calculate potential pericarp growh rate (POTGROPER, ¢/plant/day):
POTGROPER = 24.* ALF1 * PPP / 1000.
wher e
ALF1=(0.22*@3/ 24* (P5- 170) - 2*0. 78)/ 270/ 0. 78
Cal | subroutine CALDAT to determine the date and call subroutine
PHASElI to initialize variables:
13. If I STAGE=4 then determine the beginning of effective enbryo growth:
13.1. Cal cul ate XSTAGE:
XSTAGE = 4.5 + 5.5 * SUMDIT / (P5 * .95)
13.2. Check if enbryo filling has started:
I f SUMDTT=>90 then - EMBRYO FI LLI NG PERI OD STARTED -

Cal | subroutine CALDAT to determ ne the date and call subroutine
PHASElI to initialize variables :
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13. 3. | NCLUDE CALCULATI ONS TO CORRECT RUE AFTER ANTHESI S
C MANTAI NANCE RESPI RATI ON
PS=RM (Rl 1-1.)
RM = (Bl OVAS+RTWI™* PLANTS) *0. 008*. 729
Rl 1=1. +RM PS
14. |f | STAGE=5 then determ ne the end of the effective enbryofilling period:
14. 1. Cal cul at e XSTACE:
XSTAGE = 4.5 + 5.5 * SUMDTT/ P5
14.2. Check if oil has started to accunul ate:
I f SUMDTT=>230 then- O L STARTED TO ACCUMJLATE -

15. Cal cul ate nunber of enbryos that continue to fill and determ ne effects
of inconplete enbryo setting on biomass and N partitioning.

15.1. Calculate average rate of dry matter accunulation in the period after
ant hesi s (PSKER, g/ pl ant/day):

PSKER = SUMP / | DURP
15.2. Calcul ate nunber of filled grains per plant (GPP):

GPP = 430 + & * PSKER / 14.5 if PSKER>5

GPP

PSKER * (430+&*5/14.5)/5 if PSKER<5
make GPP=PPP if PPP>Q2

15.3. Calcul ate pericarp weight of enpty grains (PERME, g¢/plant):
PERWE = ( PPP - GPP ) * PERW / PPP

15.4. Calcul ate enbryo wei ght of enpty grains (EMBWE, g/plant):
EMBWE = ( PPP - GPP ) * EMBWI / PPP

15.5. Calcul ate grain weight of enpty grains (GRNWE, g/plant):
GCRNWE = PERWE + EMBWE

15.6. Cal cul ate nitrogen content of the grains that continue to fill (GRAINN1,
g/ plant):

GRAINNL = GRAINN * (1. - GRNWE / GRNW )
15.7. Calculate nitrogen content of enpty grains (GRAINNE, g/plant):
GRAI NNE = GRAI NN - GRAI NN1
15.8. Calculate nitrogen content of pericarps (PERN, g/plant):
PERN = PERN * GRAINN1 / GRAI NN
15.9. Calculate nitrogen content of enmbryos (EMBN, g/plant):
EMBN = EMBN * GRAINN1 / GRAI NN

15.10. Adjust grain N content to N content of grains that continue to fill:

O LCROP- SUN V5. 1 CODE- page 57



GRAI NN = GRAI NN1

15.11. Adjust grain weight (GRNW), enbryo wei ght (EMBW) and pericarp wei ght
(PERWI) to account for the weight of enpty grains:

GRNW = GRNW - GRNWTE

PERWI = PERW - PERWE

EMBW = EMBWI - EMBWE

16. Check if the enbryo filling period has ended:
I f SUMDTT=> P5*0.95 then - END OF EMBRYO FI LLI NG PERI QD -
Initialize variables:
Make | STACGE = 6

Call subroutine CALDAT to determine date and call subroutine
PHASEI toinitialize vari abl es:

17. 1If | STAGE=6 t hen determ ne physiological maturity:

17.1. Check if conditions for physiological nmaturity are net:
| f DTT<2t hen SUMDTT=P5 (very cold conditions)
| f SUMDTT=>P5t hen - PHYSI OLOd CAL MATURI TY -

17.2 Assign values to variables:

17.2.1. Gain yield ( YIELD, kg/ha with 9% noisture):
YIELD = GRN\WI * 10. * PLANTS / 0.91

17.2.2. Calcul ate individual grain weight (SKERW, g/grain):
SKERWI = GRNWI / GPP

17.2.3. Calcul ate individual grain weight (PGRNW, ng/grain):
PGRNW = SKERWT * 1000. 0

17.2.4. Calcul ate nunber of filled grains per square neter (GPSM
GPSM = GPP* PLANTS

17.2.5. Calcul ate stover weight (kg/ha):
STOVER = BIOWAS * 10. - VYIELD*0.91

17.2.6. Calculate grain nitrogen concentration (XGNP, percent):
XGNP = (GRAINN / GRNW) * 100.0

17.2.7. Calculate grain protein concentration(XPTN, percent):
XPTN = XGNP * 6. 25

17.2.8. Calculate grain nitrogen uptake(GNUP, kg/ha):
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GNUP = GRAINN * PLANTS * 10.
17.2.9. Calculate total nitrogen uptake(TOINUP, kg/ha):
TOTNUP = GNUP + APTNUP
Cal | subroutine CALDAT to determine the date and call subroutine
PHASElI to initialize variables.:
- END of subroutine PHENOL.

- RETURN to MAIN program
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SUBROUTINE PHASEI - OILCROP-SUN

Subroutine PHASElI initializes variables at the start of each devel opnent
stage, fixes limts to head and stemgrow h and | abil e and non-1abil e bi onass
fractions in the stem and receptacle, Nmin levels and | abile-N contents of
| eaves.

CALLED BY:
PHENOL

| NPUT DATA:
| STACGE
PLA
LFWI
XLEAFN
SUMDTT
STMAT
P3P
XNGLF
GLFWI
LAI
PLANTS
SDEPTH
P1
P2

QUTPUT DATA (Many variables are initialized in this subroutine. Only those
that are cal cul ated have been listed):

SLOPEPE
XPEPE
SVM N
SVWWAX
XLEAFNM N
HARAX
HAM N
P9
TBASE
1- Set cumnul ative variables for stress to zero
CNSD1=CNSD2=CSD1=CSD2=0.
2- Stage 2 : End of juvenile phase to flower initiation
S| ND=0.
3- Stage 3 : Flower initiation to first anthesis.
3.1- Tine variable to cal cul ate senescence due to shadi ng.
SENTI ME = 0.
3.2- Senescence rate due to shading.
SENRATE = 0.

3.3- Geen plant leaf area is set equal to total plant
| eaf area.
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GPLA = PLA
3.4- Senesced plant |eaf area.
SPLA = 0.
3.5- Senesced plant |eaf weight.
SLFWI = 0.
3.6- Nitrogen anount in senesced | eaves.
XNSLF = 0.

3.7- Geen plant leaf weight is set equal to total plant
| eaf weight.

GLFWI = LFWI

3.8- Nitrogen anpunt in green |eaves is set equal to N
anmount in | eaves.

XNGLF = XLEAFN
3.9- Head wei ght.
HEADWI=0.
3.10- Total leaf number is assuned to be a function of thermal tine from
enmergence and the rate of leaf prinordia initiation (14 GO/ | eaf). Two | eaf
prinordia are present in the seed.
TLNO=SUMDTT/ 14+2
3.11- Initialize cumulative thermal tine fromthe begi nning of the stage.
SUMDTT=0.
3.12- Initialize cunulative biomass for period:
SUMP=0.
3.13- Initialize duration (days) of the period for which SUW is conputed.
| DURP=0
4- Stage 4 : First anthesis to beginning of enbryo filling.
4.1- Initialize curmul ative bionmass for the period:
SUMP=0.
4.2- Initialize duration (days) of the period for which SUW is conputed.
| DURP=0

4.3- Fix mnimumstemwei ght which is set equal to 80%of stemweight at first
ant hesis. This assunption inplies that 20% of stem bi onass is |abile.

SWM N=STMAMT*. 80

4.4- Fix maximumlimt to stemweight. The stemis assunmed not to grow nore
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than a further 80%of its current weight. Maxi num stemwei ght is cal cul at ed.
SWWAX=1. 80* STMAT

4.5- Initialize top fraction.
PTF=1.0

4.6- Reset cunulative thernmal tinme to zero or about zero.
SUMDTT=SUMDTT- P3P

4.7- Fix minimum N anmount in |eaves at 0.9% of the current anpunt at first
ant hesi s.

XLEAFNM N = 0. 009* LFWI

4.8- Deternmine nitrogen concentration in green |eaves.
XRAT = XNGLF / G.FWI

4.9- Determine nitrogen concentration in senesced | eaves.
YRAT = (0.009- 0. 0875*XRAT)/ 0. 9125

4.10- Determine the plant | eaf area/available Nin |eaves ratio. This variable
is used to calculate the senescence rate driven by N denand.

SLOPEPE = LAl *10**3/ PLANTS/ ( XNGF - YRAT* GLFW)

4.12- Determine the anmount of Nin |eaves that can be rapidly exported. This
is assuned to equal 50% of labile N

XPEPE = 0.50 * ( XNGLF - YRAT*GLFWI)
4.13- Initialize rate of |eaf senescence driven by N demand.
DSLAN2= 0.
5- Stage 5 : Beginning of enbryo filling to physiological maturity.
5.1- Initialize nunber of grains per plant.
GPP = 0.
5.2- Fix limt to nmaxi num head weight. This is set at 220% of its current
wei ght .
HWAX = 2.20 * HEADW

5,3 - Fix limt to mninmm head weight. This is set equal to head wei ght at
the start of STACGE 5.

HAM N =HEADWI'

5.4 - Initialize individual grain weight.
SKERWI=0. 0

6 - Stage 6 : No variables are initialized.

7 - Stage 7 : Start of the sinmulation to sow ng.
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7.1- Initialize cunul ati ve thernal tine.
CUMDTT=0.

7.2- Initialize cumulative rainfall, soil evaporation, plant evaporation and
evapot ranspi rati on.

CRAI N=CES=CEP=CET=0.

8 - Stage 8 : Sowing to germnation.

8.1- Set initial rooting depth equal to sow ng depth.
RTDEP=SDEPTH

8.2- Initialize cunulative thermal time from sow ng.
SUMDTT = 0.

9 - Stage 9 : Cermination to energence.

9.1- Initialize cunulative rainfall, soil evaporation, plant evaporation and
evapot ranspi rati on.

CRAI N=CES=CEP=CET=0.
9.2- Thernmal tinme (base 4C) from germi nation to energence
is calculated according to sow ng depth.

P9=66. +11. 9* SDEPTH
9.3- Initialize cunulative thermal tinme.

CUMDTT=0.

9.4- Initialize nitrogen stress factors affecting photosynthesis, expansion
growth and grain filling:

NDEF1=NDEF2=NDEF3=1. 0

9.5 - Initialize thermal tine from gernination.
SUMDTT=0.

9.6- Fix base tenperature.

TBASE=6

10 - Stage 1 : Energence to end of the juvenile phase.
10.1 - Set thernal tinme fromenmergence to zero or about zero.
SUMDTT=SUMDTT- P9

10.2 - Initial plant |eaf area which is equal toinitial green plant | eaf area
is set to 3 cn2/plant and | eaf nunber is set to 1:

PLA = GPLA = 3.0
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LN= 1

10.3 - Initial plant |eaf weight which is equal to initial green plant |eaf
weight is set to 0.03 g/plant:

LFW = GLFWI = 0. 03
10.4 - Initial senesced | eaf weight is set equal to zero.
SLFWI = 0.
10.5 - Set initial root and stem weight:
RTWr=0. 02
STMAT=0. 01
10.6 - Calculate LAl at energence:
LAl =PLANTS* PLA*0. 0001
10.7 - Set head, pericarp, enbryo, grain and enpty grain weights to zero:
HEADW'= PERWI = EMBWI = GRNWT = GRNWE = 0

10.8 - Assign an initial value to stover weight, which is equal to bi omass at
enmer gence

STOWT=0. 04
Bl OVAS=STOW\T'
10.9 - Set growmh rates to zero for all the plant parts:
GROSTM= GROLF = GROHEAD = GRCOPER = GRCEMB = GRORT = 0.

10.10 - G| content and pericarp nunber are set to zero:

aL =0
PPP = 0.
10.11 - Calculate an initial estimate of final |eaf nunber by assum ng

phot operi od of 12h and 10 C-d per day:
TLNO = 2 + (P1 + 30 + 30*P2)/14
10.12 - Cunul ati ve senesced | eaf areas are set to zero:
SENLA=SLAN=SLAN1=SLAN2 = O.
10. 13 - The nunber of expanded | eaves is zero:
CUMPH = 0
10. 14 - Actualize base tenperature:
TBASE=4. 0

10. 15 -Set N concentrations for roots, |eaves, stem head and aerial bionass
(tops):
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RANC=0. 0466

XLANC = 0. 062
XSANC = 0. 0444
XHANC = 0. 042
TANC=0. 0576

10. 16-Cal cul ate N contents in | eaves, stem roots and tops:

XLEAFN = XNGLF = XLANC * LFWI
XSTEMN = XSANC * STMAT
ROOTN=RANC* RTWI'
STOVN=STOVWI* TANC
10.17 - Calculate initial root |length density for all l|ayers where roots are

present:
RLV(L) = 0.20* PLANTS/ DLAYR( L)
- END of subroutine PHASEI.

- Return to MAIN program
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FUNCTION PHOTOP - OILCROP-SUN

Functi on PHOTOP cal cul ates photoperiod as a function of latitude and day of
t he year.

CALLED BY:
PHENCL.

| NPUT DATA:
S1
c1
Doy

QUTPUT DATA:
PHOTOP

1. Calcul ate solar declination (radians):
DEC = 0.4093* SIN(0.0172 * (DOY - 82.2))
2. Calculate daylength with photoperiodic activity (radi ans):
DLV = (-S1 * SIN(DEC) - 0.1047) / (Cl * QOS(DEC))
3. Set a mininmmvalue for DLV:
If DLV<-0.87 then set DLV=-0.87
4. Photoperiod (hours):
PHOTOP = 7.639 * ACOS(DLV)
where ACOS is the Fortran arc-cosine function.
- End of PHOTOP functi on.

- RETURN t o subroutine PHENQOL.
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A
ABD

ABI OVB
ADD
AFERT( J)
Al RR(J)
ALBEDO
ALF1
ALX

AVP
ANDEM
ANH4
ANGC3
APTNUP
ATOT

AVEARG 10)
AW

AVR
B

BD
BDATE

BI OVAS
mat eri al
BRI AN

CNI (L)
unity

nitrification

CNR

N)

CNRF
CNSD1
is
CNSD2
is
CPOCL
CRAI N
CSsD1
and
CsD2
and
CTNUP
CUVDEP
CUNMDTT

GLOSSARY

Zerotounity factor for relative nitrification rate (unitless)
Average soil bulk density (g/cnB)

Shoot biomass at first anthesis (g/nR).

Tenporary variable used in the cal culation of crop residue
Anount of nitrogen added as fertilizer on JFDAY(J) (kg N ha)
Anmount of irrigation added on JDAY(J) (nmm

Integrated crop and soil albedo - unitless

Variabl e used to calculate potential pericarp growh rate.

Current Julian date as a radian fraction of 1 year for soil
tenperature cal cul ati ons

Annual anplitude in annual average tenperature

Crop N demand (kg N ha)

Total extractable ammonium N in soil profile (kgN ha)

Total extractable nitrate Nin soil profile (kgN ha)

Veget ati ve N uptake (kg N ha)

Accunul ator used to calculate noving average soil surface

t enper at ur es
Array used to store variabl es for soil water output cal cul ations
Avai l abl e water used in soil tenperature calculations (cm
Assimlate area to weight ratio (square cm Q)
Interim variable used in the Ganma function to predict soil
tenperature
Bul k density of soil (g/cnB)
Character variable indicating the beginning date of weather
contained within a weather file
The accumul ated dry weight biomass of above ground plant
foll owi ng seedling emergence - g/ n2 = Shoot bi onass.
N deficit factor for |eaves.
Cosine of the latitude
Rate of dry matter accunul ation
Total bi onass demand for growth
Bi omass denand for grain growth
Cunul ative plant evaporation (m)j.
Cunul ative soil evaporation (m)j.
Cunul ative evapotranspiration (nm.
Internediate quantity used to calculate daily runoff
Curve nunber input used to calculate daily runoff
Internediate variable used to cal cul ate runoff.

(g /plant/day).
(g/ pl ant/ day) .
(g/ pl ant/ day) .

Capacity for nitrification index in layer L.This is a zero to
nunber indicating the relative capability for
to proceed.

CNratio calculated as (kg Cin FOM/(kg Nin FOM+ kg m neral

Zero to unity CNratio factor for deconposition rate

Accumul ates nitrogen deficit factor (NDEFl) in each stage and
printed at the end of each stage as a daily average

Accumul ates nitrogen deficit factor (NDEF2) in each stage and
printed at the end of each stage as a daily average

Car bohydrate pool in stemand head (g/plant).

Cunul ative precipitation (mj.

Accurul ates soil water deficit factor 1 (SWDF1l) in each stage
is printed at the end of each stage as a daily average
Accurul ates soil water deficit factor 2 (SWDF2) in each stage
is printed at the end of each stage as a daily average

Cunul ative tops N uptake (kg N ha)
Cunul ative depth of the soil profile - cm
Cunul ative thernmal tinme after gernination (C day).
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positive
DEMBN
DEPMAX
DEPTH
DFERT( J)
dat e( JFD)
DHEADN
DL1

DL2
DLAYR( L)
DLEAFN

DLV

DPERN
DRAI'N
DROOTN
DSLANL
DSLAN2
DSLANW
DSTEWN
DT

DTOPSN
DTT

DUL(L)
EDATE
cont ai ned
EEQ

ELNC

ELO
ELOFT(1)

- Nunber of expanded | eaves.

- Water extractable carbon concentration of soil (ppm
- Floating variable for the integer | QUTGR
- Floating variable for the integer | OQUTNU
- Floating variable for the integer | QUTWA

- Average soil

wat er

in top |ayers

- Soi |

- I ncrenent
- Maxi mum soi |

in enbryo N
dept h where soil

radi ans

t enperature danpi ng depth (nmm
- Declination of the sun -
- Interim variable used to ensure soil

di ffusivity used to cal cul ate upward wat er

nitrogen pools remain

wat er concentration changes - mm

- Depth to the bottomof a layer fromthe surface (cm

- Depth of incorporation of fertilizer applicationon Julian
- Daily change in head N content.

- Upper depth of a soil layer - cm

- Lower depth of a soil layer - cm

- Depth increment of soil layer L - cm

- Daily change in leaf N content.

- Internediate variable used in soil water initialization

- Tenporary variable used in the determi nation of day |ength

- Shoot

bi omass (kg/ ha).

- Humic fraction decay rate (1/days)
- Zero to unity dinensionless factor used to decrease to rate of
chemically protected organic

m neralization in

soils with

matter
- N demand of potential new growh of tops (gN plant)
- N denmand of potential new growth of |eaves (gN plant)
- N denmand of potential new growth of stem (g/plant)
- N denmand of potential new growth of head (gN plant)
- N demand of potential new growh of pericarps (gN plant)
- N demand of potential new growth of enmbryos (gN plant)

Denitrification rate (kg N ha/day)

N deficit denmand of | eaves.

N deficit demand of stens.

N deficit demand of heads.

N deficit demand of pericarps.

N deficit demand of enbryos.

Day of the year (1-365).

Maxi mum danpi ng depth for the soil

Increnent in pericarp N

Drai nage rate - cniday

Daily change in plant root nitrogen content

Leaf senescence rate (n2/plant/day).

Rate of |eaf senescence caused by nitrogen (cnR/day).

Rat e of senescence caused by water stress (cn2/plant/day).

Daily increnent in stem N content.

Di fference between novi ng average soil surface tenperature and
long-termdaily average anbi ent tenperature

| ayer

(mm)

(gN pl ant)

- Daily change in plant tops nitrogen content (gN plant)

- Daily thermal tinme (C- day).

- Drained upper limt soil water for soil layer L -volume fraction
- Character variable indicating the ending date of weather

evapot ranspi ration -

within a weather file
Equi l'i bri um evaporation used to cal cul ate potenti al
nm day
Environnental limt on nitrification capacity (zero to unity
unitless factor)
Average tenperature for the daylight period (C).
Internediate variable to calculate the effect of tenperature
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ES1
ESWL)

ESX
ET
EXCESS
EXPTNO
F

FAC(L)
FACLN
FACSN
FACHN
FACPOOL
FACTOR

FACTOR
FI LEO
FI LE1
FI LE2
FI LE3
FI LE4

FI LES

FI LE6
FI LE7

FI LES
FI LE9
FI LEA
FI LEB

FLOW L)

i ndi cat es
FLUX(L)
FNH4

FNO3
FOM L)
FON( L)
FPOOL(L, J)
is

FPOOL1
FPOOL2

FTYPE(M
FW

Q.

A LCROP- SUN

on grow h.

Ni trogen anount in enbryos (g/plant).

Enbryo wei ght (g/plant).

Enbryo wei ght of enpty grains (g/plant).

Potential evapotranspiration - nmn day

Potential soil evaporation - nmm day

Actual plant evaporation (transpiration) -nm day

Actual transpiration - cniday

Actual soil evaporation - nmi day

Actual soil evaporation - cnifday

Extractabl e soil water content for soil Layer L (the difference
between DUL and LL - vol unme fraction)

Tenporary soil evaporation variable - nmm day

Actual soil and plant evaporation - miday

Vari abl e used to cal culate partitioning.

Experi ment nunber (used in DSSAT I/ 0O

Interimvariable used to calculate soil tenperature

Conversion factor for PPMN to kg Nha for Layer L

Fraction of exported N taken from| eaves.

Fraction of exported N taken fromthe stem

Fraction of exported N taken fromthe head.

Reduction factor for enbryo and pericarp growt h.

Rel ative weighting to distribute crop root residues at the
begi nning of a simulation

Factor to adjust N uptake to soil available N

Character variablewith file nanme for crop specific coefficients

Character variable with file nanme for daily weather data

Character variable with file name for soil profile properties

Character variable with file nane for unused at present tine

Character variable with file nane for soil nitrogen dynam cs
properties

Character variable with file name for soil profile initial
condi tions

Character variablewith file name for irrigation managenent data

Character variable with file name for nitrogen fertilizer
nmanagenent data

Character variable with file nanme for crop nanagenent data

Character variable with file name for genetic coefficients

Character variable with file nanme for neasured sunmmary data

Character variablewith file name for nmeasured seasonal data for
gr aphi cs

Vol une of water nmoving fromLayer L due to unsaturated fl ow (cm
positive indicates upward novenent and negative value

downwar d novenent

Wat er noving downward from Layer L with drai nage(cn

Uni tl ess soil amoni um supply index

Unitless soil nitrate supply index

Fresh organic matter (residue) in Layer L (kg/ha)

Nin fresh organic matter in Layer L (kg N ha)

Fresh organic matter in layer L kg/O M /ha.J=1 indicates poo
assuned to be carbohydrates,if J=2 pool is assunmed to be
cellul ose, and if J=3pool is assunmed to be lignin

Fraction of CPOOL in the stem

Fraction of CPOOL in the head.

Unitless value used to distribute crop residue

Fracti on of CARBO avail able for [eaf growth.

Fracti on of N denand due to the enbryo

Fraction of N demand due to the pericarp

Tenperature factor affecting denitrification rate

Fertilizer type code

Unitless soil noisture factor affecting denitrification rate

Potential grain nunber (seeds/plant). Cenetic coefficient.
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G
GLFWI
GN
G\P

GNUP
GPLA

GPP

GPSM
GRAI NN
GRAI NN1
GRAI NNE
GRCOM

C ha)
GRFACTOR
GRNOM

N ha/ day)
GRNWI

GR\NWIE
GRCEMB
GROGRN
GROHEAD
GROLF

HOLDW
| evel ,
HRLT

HUM L)
HAVAX

HAWM N
| ANTID
| COLD
| CSDUR

DI M 1)
| DRSW

| DUMSL
| DURP

| ECHON
t he

| FLAG

| FTYPE
| HVON

screen

Potential enmbryo growth rate (ng/day). Genetic coefficient.

Wei ght of green |eaves (g/plant).

Anmount of Nin the grains (g Nplant).

N concentration in daily increnent of grain growh (g Ng dry
matter)

Grain nitrogen uptake (kg N ha).

G een plant |eaf area (cn2/plant).

Nurmber of filled grains per plant.

Nunber of grains per square neter.

Gain N content (g Nplant)

Anmount of nitrogen in filling grains (gN plant).

Anount of nitrogen in enpty grains (gN plant).

G oss rel ease of carbon fromorganic matter deconposition (kg

Factor affecting grain growh (a function of head weight).
Gross release of N from organic matter deconposition (kg

Gain weight (g/plant).

Gain weight of enpty grains (g/plant).

Enbryo growth rate (g/plant/day).

Daily growmh of the grain - g

Head growth rate (g/plant/day).

Leaf growth rate (g/plant/day).

Pericarp growh rate (g/plant/day).

Root growth rate (g/plant/day).

Stemgrowh rate ( g/ plant/day).

hserved grain N at maturity

Day of the year of the hottest day (200 <-northern heni sphere,
<- sout hern hem sphere)

Head wei ght (g/plant).

Tenporary variable in calculations for distribution of organic
mat t er

The ampunt of water a soil layer will hold above its present

used to cal cul ate downward flow (cn)

Phot operi od (hours).

Stabl e humic fraction nmaterial in Layer L (kg/ha)

Maxi mum head wei ght (g/plant).

M ni rum head wei ght (g/plant).

bserved Julian date of anthesis

Nunber of severe frost days.

Accumul at es days of each growth stage for cal cul ati ng nean soi |
water deficit factor CSDL and CSD2

Days in nmonth |

An integer containing information about downward fl ow ng soil
water, = 0 no downward flow, = 1 downward fl ow

Nunber of layers in soils file (used in DSSAT |/ O but not nodel
cal cul ati ons)

Duration (days) of the period when SUMP is conputed.

Logi cal variable to indicate whether inputs are to be echoed to
screen

Switch variable used to direct control to either the |eaching
conponent or the upward fl ux conponent of subroutine NFLUX

Code nunber for fertilizer type

Logi cal variable to indicate that post-harvest conparisons of
predi cted and observed data are to be displayed on the

Switch variable to indicate type of irrigation (may be none)
Potential plant [eaf area growh (cn®/plant/day).

Institute ID code (DSSAT I/0

Switch variable to disable runoff during irrigation

Switch variable used in the distribution of organic matter
Nunber of days since growh conditions were last witten
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| QUTNU
| QUTWA
| RET
when

| SDATE
I SIM

| SOV

| ST

| STACGE
| STACGE
| STACGE
| STACGE
| STACGE
| STACGE
| STACGE
| STACGE
| STACGE
| STAGE
I SWNI T

O©CO~NOOOUITAWNE

O LCROP-
| SWEV\B
t he

( Not

| VARTY

I YR
JANTH
JDATE
JDATEX
starting
JDAY( 1)
JFDAY(J)
JHEAD
JPHVA

K

in

K1l

K2
KHEAD
KOUTGR
KOUTNU
KOUTWA
KSO L

LPWI
LL(L)
fraction)
LN

MATJID
MAXGROLF
MAXGROSTM
MAXLA
MAXLAI

NF

M NGRCLF

A LCROP- SUN

Nunber of days since N output was |ast witten

Nunber of days since water conditions were last witten

Variable to specify an alternate return from subrouti ne PHENOL
growm h stage 6 is reached

Date of first-anthesis (DOY).

Day when the sinulation starts (day of the year)

Julian date of sowi ng

Vari abl e t o det ermi ne nunber of | ayers consi dered i n unsat urat ed
fl ow

Phenol ogi cal stage

Emergence to end of the juvenile phase.

End of the juvenile phase to start of flower initiation

Flower initiation to first anthesis.

First anthesis to beggining of enmbryo filling.

Begi nning of enbryo filling to physiological maturity.

Physi ol ogi cal maturity to harvest.

Start of the sinulation (fallow) to sow ng.

Sowi ng to germ nation.

Germination to emergence

A switch paraneter specified as input that determn nes whet her
nitrogen calculators are perforned (Not operative in

SUN) .

A switch paraneter specified as input that deternmn nes whet her
nodel cal cul ates the soil water bal ance parts of the node
operative in O LCROP-SUN).

Nunber assigned to a variety in the variety file

Last two digits of year

Predicted Julian date of anthesis

Julian date

A switch used for establishing days/nmonth and printing the

date

Julian date of Ith irrigation

Julian date of fertilizer application J

Used to wite table heading for water use table

Predicted Julian date of maturity

Reverse | oop variabl e for upflux cal cul ati ons and day i ndi cat or
novi ng average soil surface tenperature cal cul ations

Radi ati on Use Efficiency (g bi onass/ M PAR).

Extinction Coefficient for PAR

Used to wite table heading for growmh table

Frequency in days for printing growh out put

Frequency in days for printing nitrogen out put

Frequency in days for printing water use out put

The nunber assigned to a soil in the soils file

The nunber assigned to a crop variety in the variety file

Nunber of |ayer where sow ng took place.

The nunber of soil layers to the bottomof the root zone

Leaf area equivalent to N content of |eaves.

Leaf area index

Latitude - degrees (use negative for southern hem sphere)

Leaf expansion rate for leaf position | (cnR/day).

Leaf weight (g/plant).

Lower linmit soil water content for soil Layer L (volune

Nurmber of | eaves that have appeared.

bserved Julian date of maturity

Maxi mum | eaf growth rate (g/plant/day).

Maxi mum stem growth rate (g/pl ant/day).

Maxi mum area for each |eaf position

Maxi mum LAl .

Zero to unity noisture factor for residue deconposition rate
M ni mum [ eaf growth rate (g/plant/day).
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MO
wMJ
ND
NDAS
NDEF1
NDEF2
NDEF3
NDEM
NFAC

concentrations

NFERT
NFEXP
file
NH4( L)
NHDUP
NHUM | )
NI ND

NI RR
NLAYR
NNOM
NCB( L)
NOUT( L)

NPOOL
(g/ pl ant)
NPOQOL 1

i ncl udes
NPOQOL2

i ncl udes
NSDR
NSENS
vari abl es
NSFI LE

( DSSAT
NSI NK

NSI NK1
NSI NK2
NSO L

NUF
NUP( L)
NWEI LE

o1

OoBSCL
OBTWN
OBTMX

oc( L)
alL

O LFRAC
a LINC

A LPERC
auT1

Nunber of nonth of year

Loop variable to indicate | ayer below the current |ayer

Day of the nonth

Nunber of days after sow ng

Zero to unity N deficiency factor for photosynthetic rate
Zero to unity N deficiency factor for expansion growh

Ni trogen stress factor affecting grain filling.

Pl ant nitrogen demand (g/pl ant)

Zero to wunity factor based on actual and critical N

Nunber of fertilizer applications nade

Variable to indicate whether or not to open a new experinent
(DSSAT I/ 0O

Soi I amoni um (ppm N) in Layer L

Used to wite table headings for plant N output

N associ ated with the stable hunic fraction in Layer | (kg N ha)

Variable to indicate second frombottom | ayer

Nurber of irrigations

Nurmber of layers in soil

Net N released fromall organic sources in a layer(kg N ha)

Soil nitrate (ppmN) in Layer L

Nitrate N | eaching fromlayer (kg N ha)

Logi cal unit nunber for output to file QUT1

Logi cal unit nunber for output to file QUT2

Logi cal unit nunber for output to file QOUT3

Logi cal unit nunber for output to file OUT4

Logi cal unit nunber for output to file QOUTO

Contribution of |eaves to NPOOLL.

Contribution of the head to NPOOL1.

Contribution of the stemto NPOOL1.

Contribution of |eaves to NPOOL2.

Contribution of roots to NPOOL2.

Total plant labile N available for translocation to grain

N pool available for translocation to grain (g/plant) that
N in stemand head, and 50% of N in | eaves.

N pool available for translocation to grain (g/plant) that
Nin the roots and 50% of N in |eaves.

Pl ant N supply/denand rati o used to nodi fy grain Nconcentration

Switch variable to indicate whether changes to nanagenent
are to be interactively made or not (DSSAT I/0O

Variable to indicate whether or not to open a new soils file
/0

Demand for N associated with grain filling (g/plant/day)

Dermand for N associated with enbryo grow h.

Dermand for N associated with pericarp grow h.

Nunber assigned to the soil to be used fromthe soils file, it

shoul d correspond to KSOL in the soil file

Pl ant N supply/demand rati o used to nodifyuptake

Nitrate N noving fromlLayer L with unsaturated flow (kg N ha)

Variable to indicate whether or not to open a new weather file

(DSSAT I/0O

Maxi mum enbryo oil concentration. Cenetic coefficient.

Long-term annual average sol ar radiation (Langl eys)

Long-term annual average m ni mumtenperature -degrees C

Long-term annual average maxi mum tenperature -degrees C

Organic carbon in Layer L (%

Gl weight (g/plant)

Fraction of oil in new grain growth.

Rate of oil deposition (g/plant/day).

G| percent in the grain (%.

Character variable with file nane for output record of crop
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nodel

i nput s: Si nul at ed bi onass and wat er bal ance conponents

at sel ected phenol ogi cal st ages. Harvest summary

(sinulated and observed).

QT2 - Character variable with file nanme for sinmulated crop vari abl es

Vs tinme

QuT3 - Character variable with file name for weather variables and
simul ated soil water bal ance vs tine

auT4 - Character variable with file nane for sinulated soil nitrogen
variables vs tine

QUTN - Nitrate N leaching froma layer (kg N ha)

P1 - Duration of the juvenile phase (Cday, base: 4 C. GCenetic
coefficient.

P2 - Photoperiod sensitivity coefficient.

P3P - Thermal tine between flower initiation and anthesis (C day,

base: 4 O.

P5 - Thermal tinme from first anthesis to physiological maturity

(C day, base: 4C) .

P9 - Thermal tine (Cday, base 4C) fromgerm nation to energence.

PAR - Photosynthetic Active Radi ati on (MJ/ n2/day).

PARFAC - Factor to convert solar radiation to PAR

PARDAT - Switch to indicate if PAR data are avail abl e.

PB - Internediate quantity for calculating daily runoff (cm

PBI OV - Predicted crop bionass at naturity (kg/ha)

PCARB - Potential Carbon Assimilation rate (gbionmass/plant/day).

PDW - Potential shoot growh rate (g/plant/day).

PDW H - Potential head growh rate (g/plant/day).

PDW L - Potential leaf growth rate (g/plant/day).

PDW S - Potential stemgrowh rate (g/plant/day).

PEDON - Soi |l Pedon numnber (used in DSSAT |/ Obut not nodel cal cul ations)

PEPE - Enbryo growth rate (g/enbryo/day).

PERN - Nitrogen anmount in pericarps (g/plant).

PERWI - Pericarp weight (g/plant).

PERWE - Pericarp weight of enpty grains (g/plant).

PERWI MAX - Maxi num pericarp weight (g/plant).

PESW - Potentially extractable soil water inthe profile equal to total
soil water in the profile equal to total soil water (TSW

m nus total water at the lower limt (TLL) - cm

PGNP - Predicted grain N%at maturity

PGRNWI - I'ndividual grain weight (ng/grain).

PGRORT - Potential root growh rate (g/plant/day).

PH(L) - Soil pHin layer L

PHN( L) - Zero to unity factor describing the effect of soil pH on

nitrification rate in layer L

PHOTOP - Phot operi od (hours).

PHY - Phyllochron (C day per |eaf).

PHY1 - Phyllochron for |eaves 1-6.

PHY2 - Phyllochron for |eaves 7-N

Pl NF - The precipitation that infiltrates into the soil (cm day)

PLA - Plant leaf area (cn2/plant).

PLAG - Plant | eaf area expansion rate (cn2/plant/day).

PLAGVS - Plant leaf area growh rate on the main stem (sqg.cn day)

PLAMX - Maxi num pl ant | eaf area (cn2/plant).

PLANTS - Plant popul ation (plants/nR).

PLAS - Leaf area senescence rate driven by cold tenperature

(cn2/ pl ant/ day) .

PLAY - Internediate variable to calculate N driven senescence.

PNUP - Plant N uptake fromlayer (kg N ha)

POTGROPER - Potential pericarp growth rate (g/plant/day).

POTHEADW - Potential head weight (g/plant).

PPP - Nunber of pericarps per plant.

PRECI P - Tenporary variable used for rain

PRFT - Tenperature reduction factor for Bi onass Accurul ati on.
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RWUMX

S1
SALB
SANC
SARNC

SAT(L)
fraction(cm

Average rate of dry matter accunulation in the period previous
ant hesi s (g/pl ant/day).

Stover/ (stover+root) dry weight ratio.

Fraction of plant weight in |eaves.

Fraction of plant weight in the head.

Fraction of plant weight in the stem

Fraction of PAR intercepted at noon.

Daily fraction of PAR intercepted.

Vari abl e used to cal cul ate | eaf nunber.

Internediate quantity used to calculate daily runoff

Precipitation (mi day)

Root N concentration (g Ng).

Rat e of devel opnent during stage 2.

C. N ratio of root residue of previous crop

Root critical nitrogen concentration (g Ng root dry weight)

The nmaxi mum rate constant for decay of residue conponents

Interimvariabl e describing the effects of root Iength density
potential N uptake froma |ayer

Tenperature reduction factor for head and stem growt h.

Rate of daily grain N accunul ation -(m crograns/grain/ day)

N m neralized fromhumus in a layer (kg N ha)

Aroot length density factor for soil layer L used to calculate
root growth distribution (unitless)

New root length to be added to the total root systemlength (cm
root per sqg. cm ground)

Root Il ength per unit soil volume for soil Layer L (cnicnB)

Factor to constrain root growh at depth (unitless)

Root ni ni mum ni trogen concentration (g NNg root dry weight)

I mobi lization rate of N associated with the decay of residues
N ha/ day)

Pl ant root denand for nitrogen (g/plant)

Zero to unity factor describing mneral N availability effect
root growth in Layer L

Pot enti al ammoni um uptake from Layer L (kg N ha)

Amount of N added to soil profile as root residue kg N ha

Internediate factor used to cal culate distribution of new root

growh in the soil - unitless value between 0 and 1
Loss of N fromthe plant via root exudation in one layer (g
N pl ant)

Potential nitrate uptake fromLayer L (kg N ha)

Ni trogen exported fromthe roots.

Amount of ammoniumnitrified in a layer (kg N ha/day)

Ni trogen exported fromthe | eaves.

Mass of root residue of previous crop (kg/ha)

Root growth rate (g/plant/day).

Plant root N content (g N plant)

Anmount of Nin roots (g N plant).

Tenporary variable used in nitrification cal culations

Rooti ng depth (cm.

Root wei ght (g/plant).

Daily runoff(cm

Root water uptake fromsoil Layer L (cm

Maxi mum daily root water uptake per unit root length (cnB/cm
root)

Sine of latitude

Bare soil albedo - unitless

Supply of ammonium effect on nitrification capacity

Supply of ammoni um effect on the reduction of nitrification
capacity (zero to unity, unitless)

Field saturated soil water content in Layer L -volune

wat er/cnB soil)
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SCN
SDEP -
SDEPTH
SDN

C:Nratio of surface residue of previous crop
Depth of incorporation of residue (CV
Sowi ng depth (cnj.
Increnental loss of nitrogen by |eaves that senesce

(gN pl ant / day) .

SEEDRV -
st age(g)
SENLA -
SENRATE -
SENTI VE -
SGRO(1) -
SI1(l) -
Sl 2(1) -
SI3(1) -
SlH4(1) -
SI ND -
S| TEE -
Sl TES -
S| TEW -
SKERWI -
SLAI -
SLAMVAX -
SLAM N -
SLAN -
SLANL ;
stress

SLAN2 -
SLAX -
SLAY -
SLFT -
SLFWI -
SLOPEPE -
SMDFR -
SM N -

SMLT -
SMX -
SNH4 (L) -
SNKG -
SNO3('L) -
SNOwW -
SNOWWLT -
SaLC -
SO LN -
SOLRAD -
SPLA -
ST(L) -
STMAT -
STOVER -
STOVN -
STOWNI -
STRAW -
SUM -
SUMDTT -
SUMES1L -
SUMES2 -
SUWP -
SWL) -
SVCON -
SWDEF -
SVDF -
growt h

Reserve carbohydrates in seed for use by plant in seedling

Cunul ative senesced | eaf area (cn2/plant).

Rate of shade driven |eaf senescence (n2/nR/day).

Time (days) to start |eaf senescence driven by shadi ng.

Vari abl e used to cal cul ate shade driven senescence.

Accunul ates SWDF1 for growth stage |

Accunul ates SWDF2 for growth stage |

Accunul ates NFAC for growth stage |

Accunul ates NDEF2 for growth stage |

Cunul ati ve devel opnent during stage 2.

Codes for site ID (used in DSSAT |/ O but not nodel cal cul ati ons)

Codes for site ID (used in DSSAT |/ O but not nodel cal cul ati ons)

Codes for site ID (used in DSSAT | /O but not nodel cal cul ati ons)

I ndi vi dual grain weight (g/grain).

LAl of senesced | eaves.

Maxi mum Specific Leaf Area (cnR leaf/g |eaf).

M ni mum Specific Leaf Area (cnR leaf/g |eaf).

Total senesced | eaf area (cn2/plant).

Curmul ative senesced |eaf area caused by shade and/or water
(cn2/ plant).

Senesced plant |eaf area (cn2/plant).

Vari able used to calculate Specific Leaf Area.

Specific |l eaf area of green |eaves (cnk/Q).

Col d tenperature senescence factor.

Wei ght of senesced | eaves (g/plant).

Rati o plant |eaf area/available N in |eaves.

Soi |l noisture deficit factor affecting N uptake

Interimvariable to prevent soil Npools frombeconing | ess than

1 ppm

Amount of snow nmelt (nm

Internediate quantity used to calculate daily runoff

Soi |l ammoniumin Layer L (kg N ha)

Anount of N added to soil profile as fresh residue kg N ha

Soil nitrate in Layer L (kg N ha)

Precipitation in the formof snow - nm

Daily rate of snow nelting (nmm

Soi | carbon concentration (kg C ha)

Variable used to nodify initial soil water status

Sol ar radiation - (M/n2/day)

Senesced plant |eaf area (cn2/plant).

Soil tenperature in Layer L (degrees Q)

Stem wei ght (g/plant).

St over wei ght (kg/ha).

Anmount of N in the stover (g N plant).

Stover dry weight (g/plant).

Mass of surface residue of previous crop (kg/ha)

Internediate quantity used to cal cul ate runoff

Cunul ative thermal tinme fromthe begi nning of the stage (C-day).

Accunul ative soil evaporation in stage 1 (nmm

Accunul ative soil evaporation in stage 2 (nmm

Cunul ati ve biomass for period of seed nunber determ nation.

Actual soil water content in Layer L - volunme fraction

Constant for calculating drai nage rate

Soil water deficit for irrigation scheduling.

Soil water deficit factor for Layer L used to calcul ate root
and water uptake - unitless value between 0 and 1
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SWDF1

SWDF2
SWDF3
SWDFR
SVEEF

top
SW NI T(L)
SWVAX

SVWM N

SWR

evapor at i on.
SUMES2

SWED

SWK( L)
sy

T
TANC
TAV
TAXON

TBASE
TBD
TCNP
TD

TDUL
(cm
TEVPM
TEMPWN
TEMPX
TF

TFAC
TFY(L)

THET1

fracti on
THET2

TI FOM
TI FON
TI TLEE
TI TLER
TI TLES
TI TLET
TI TLEW
TLL
TLNO
TLNO
TMVA( K)
TMFAC( 1)

™™ NH
t he
TIWN

Soil water deficit factor affecting photosynthesis and

transpiration.

Soil water deficit factor affecting extension grow h.

Avai l abl e water in the layers col onized by roots.

Soil water deficit factor for root growh on distribution

Soi | water evaporation fraction. The fraction of the lower limt
wat er content that determ nes the | owest possi bl e val ue the

soil layer can reach through soil evaporation. The val ue
depends on the depth of the first |ayer.
Default initial water content for each soil layer (cnicm

Maxi mum st em wei ght (g/ pl ant).
M ni rum st em wei ght (g/pl ant).
Unitless value wused to calculate initial value of soil

Cunul ati ve soil evaporation during the soil-limted stage (mm.

An approximati on of the soil water content above the | ower |imt
at the seedi ng depth used to determ ne whether the seed can
germ nate

Tenporary array for soil water in layers (volune fraction)

Interimvariable used in soil tenperature cal cul ation

Time after 2nd stage soil evaporation is reached-days

Tops nitrogen concentration (g Ng).

Annual average anbi ent tenperature (degrees Q)

Soil classification name (used in DSSAT 1/0O but not in nodel
cal cul ati ons)

Base tenperature (C).

Accunul ator used to cal cul ate average bul k density

Tops critical N concentration (g Ng dry wei ght)

Wei ghted tenperature used to calculate potential evaporation
(degrees Q)

Total soil water held in the soil at the drained upper limt

Average tenperature (C).

M ni mum tenperature - degrees C

Maxi mum t enperature - degrees C

Tenperature factor used to adjust nitrification effect on
m neralization

Tenperature factor for |eaf growh.

Factor to account for the effect of the tenperature previ ous day
on nitrification in Layer L

The soil water content above the lower Iimt (LL) for the upper
layer of soil for water flow from a |ower |[ayer-volune

The soil water content above the lower, limt (LL) for the | ower
| ayer of soil for water flow into an upper |ayer-volune
fraction

Total initial fresh organic matter (kg/ha)

Total initial fresh organic matter (kg N ha)

Experinment title (DSSAT 1/0

Experinment title (DSSAT 1/0

Experinment title (DSSAT 1/0

Treatnment title (DSSAT 1/0

Weat her station title (DSSAT I/0O

Total soil water in the soil profile at the lower limt (cn)

Total |eaf nunber (Ieaves/plant).

Leaf position where maxi num | eaf area occurs.

5 Day nmovi ng average soil surface tenperature for day K

Factor to cal cul ate the evol uti on of tenperature through the day
(I=1to 8)

Total N released by mineralization of stable humic fraction in
profile on 1 day (kg N ha)

Mean tenperature (degrees C
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TMNC
TNDEM
TNH4
TNC3
TNUP
TNUP
TOPSN
TOPWI
TOTN
TOTNUP
TOTNUP
TPESW
TPRECP
TRLDF
new
TRLV
TRNLOS
TRNU
TRW

TSAT
TST(L)

TSW
TTE

TTMP(1)
U

UNH4
UNGS
uP1

Vi

t he
VANC
VARTY
VIMNC
WAT1
WC
WF( L)
WFD
WFY( L)
W NF

WLAN2
VR(L)

VARN( L)
in
WBUM
WUF

WV

WK
XANC
XAPTNP
XBI OM
XENDEM
XGNP
XGNUP
XGPSM
XCRNWI

A LCROP- SUN

- Plant tops mninmumnitrogen concentration (g Ng dry wei ght)

- Plant tops denand for nitrogen (g N plant)

- Total NH4 in the soil profile (kg N ha).

- Total NGB in the soil profile (kg N ha).

- Total N uptake fromthe profile on 1 day (kg N ha)

- Total plant N uptake fromthe profile (kg N ha)

- N contained in plant tops excluding grain (gN plant)

- Weight of plant tops excluding grain (g)

- Total mineral Nin a layer (kg N ha)

- Predicted total shoot N uptake at maturity (kg N ha)

- Total nitrogen uptake(kg N ha):

- Total potential extractable soil water in the soil profile (cn

- Total precipitation (mm

- An internediate cal cul ation used to calculate distribution of
root growth in soil

- Total root length density variable

- Total plant N lost by root exudation (g N plant)

- Total potential root nitrogen uptake fromthe soil (kg N ha)

- Total potential daily root water uptake from the soil-plant
system (cn)

- Total soil water in profile at field saturation(cn)

- Soil tenperature accumnul ator for cal cul ati on of period nean soil
tenperature

- Total soil water in the profile (cm

- Thermal Tine to conplete | eaf expansion of each individual |eaf
(G day).

- Tenperature at eight three-hour periods.

- Upper linmt of stage 1 soil evaporation (nmm

- Plant uptake of amoniumfroma |layer (kg N ha)

- Plant uptake of nitrate froma layer (kg N ha)

- Interimvariabl e used to prevent soil Npools frombeing reduced
bel ow 1 ppm

- Maxi mum pl ant | eaf area (cnR). Genetic coefficient.Not used by
present version.

- Plant vegetative actual N content (g N plant)

- Variety nane

- Plant vegetative mnimum N concentration (g Ng dry weight)

- Tenporary variable used in upward flow cal cul ati ons

- Moisture content effect on soil tenperature

- Weighting factor for soil depth L to determ ning runoff.

- Today's water factor for nitrification

- Yesterday's water factor for nitrification in layer L

- Amount of water infiltrating into the soil as used in the soil
evaporation routine (nmm

- Leaf senescence rate (weight equivalent).

- Weighting factor for soil depth L to determ ne new root growth
di stribution (unitless)

- Tenporary variable used to calculate distribution of residues
the soil

- Variable used to calculate distribution of organic residues

- An internediate factor used to calculate root water uptake
(unitl ess)

- Soil porosity

- Internediate val ue used to cal cul ate runoff

- Tops actual N concentration (%

- Cbserved total straw N uptake at maturity (kg N ha)

- (Cbserved bionass at maturity (kg/ha)

- Total N demand for enbryos.

- Grain nitrogen concentration (9%.

- (bserved grain N uptake (kg grain N ha)

- (bserved nunber of grain per square netre

- Cbserved wei ght of individual grains (ng)
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XLANC
XLCNP
XLEAFN
XLEAFNM N

XLMNC
XLNDEM
XLONG
XM N
XNGLF
XNSLF
XPEPE

| abil e
XPLANT

XPNDEM
XPTN
XRAT
XSANC
XSCNP
XSMNC
XSNDEM
XSTAGE
XSTAGE
XSTEMN
XSTRAW
XT
XTOTNP

Head nitrogen concentration (g N g)

Head critical N concentration (g N g)

Anmount of Nin the head (g N Q).

M ni mum head N concentration (g Ng).

Total N demand for the head.

Non-integer Julian date

Tenporary variabl es used to deternine Ntransformations in the
soil .

Moi sture effect on mineralization rate

Qbserved maxi mum | eaf area index

Leaf nitrogen concentration (g N Q).

Critical leaf N concentration (g Ng).

Anmount of N in leaves (g Nplant).

M nimum N anmount in leaves (1.4% of the N ampunt at first
ant hesi s).

M ni mum | eaf N concentration (g Ng).

Total N denmand for |eaves.

Longi tude of the experinental site (degrees)

M ni mum N concentration in the |ayer.

Amount of nitrogen in green |eaves (g N plant).

Anount of nitrogen in senesced | eaves (g N plant).

Amount of N in leaves that can be rapidly exported (50% of

Tenporary variable to transfer the value of the nunbers of
pl ants/sq. metre

Total N dermand for pericarps.

Grain protein concentration (9.

Ni trogen concentration of green |eaves (g NQ).

Stem nitrogen concentration (g Ng).

Stemcritical N concentration (g Ng).

M ni mum stem N concentration (g Ng).

Total N demand for the stem

Non-i nteger growth stage indicator ranging fromzero to ten.

Real variable to quantify devel oprent.

Anmount of Nin the stem (g N plant).

hserved straw bi omass at harvest (kg/ha)

Tenperature effect on nitrification capacity

bserved total shoot N uptake at maturity (kg N ha)

Moi sture effect on nitrification capacity

I nt ermedi ate val ue used to cal cul ate runoff

Maxi mum anmount of nitrogen in green | eaves (gN plant).

ohserved grain yield (kg/ ha)

Year nunber (last two digits)

Grain yield (kg/ha with 9% noi sture).

Yi el d (bushel s/ acre)

Maxi mum area of an individual |eaf.

Resi dual |eaf nitrogen concentration (g Ng).

Internediate variable in the plant N bal ance.

Depth to mdpoint of soil layer L (m)

Variable used in the calculation of soil tenperature

Vari abl e used to cal cul ate senescence.
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