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CD mslguvesuda 3
CE Srunildunvesdasi 3
CF fhiwausemunselalundasd 3
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CG yurnitufiudasi 4 (19)
CH | Fofivdiugnuiasii 4
Cl Sruuviiniiviugnlundasi 4
cJ Snwaznstensosveulasi 4
CK msleunveulasd 4
cL Srunilsuveasi 4
M Thiwadsemuvdelaluudasi ¢
CN yursitufiudasi 5 (19)
CO | Fofiwiugnuvasi 5
P Suurdiniiviugnlundasi 5
CQ Snuwaznstensoswelai 5
CR msleuvesudasdi 5
csS Srunilsuveai 5
CT fhiwaussmundeldlundasdt 5
cU | afinfiadi 1
v | ewyfuifedien 1 ()
cw | hadouiivgniie 1
CX Fradeuiiiuiefiai 1
cY Wiafiv 2
z | ogfuAeaiiad 2 (fu)
DA | Prafouiiugnited 2
DB Fradeuiiiuiied 2
DC iafied 3
DD | engufiuiAeaiiuil 3 ()
DE | frafeudivgnitni 3
DF Fradeuiiiuiefian 3
DG Wieiiud 4
DH | o1gwfuiAeniiad 4 (fu)
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CODE DESCRIPTION
DI Prafeuiiugniiud
D) | trafeuiliuifeaiiei 4
DK | wiladivdi 5
DL | engufiuiieadied 5 (3u)
DM | fraifeudiugniini 5
DN | hafouifuifeadivd 5
DO | wilafivil 6
DP | ovgfuiAeiiud 6 (Fu)
DQ | Hraieudiugnitui 6
DR | PrafeuilfiuiAeitnd 6
DS | wwinfiuiuasdt 1 (19)
DT | wilafiwiiugnudasii 1
DU Prafeuiiugnuuasi 1
DV | Prafeuiiiunandnudasi 1
DW | mawSeuRuulasd 1
DX | nsloiuuasii 1
oY | Tdtsnen/minuvasii 1 (nn.)
DZ | Tdyusmudasi 1 (nn)
EA | latoiadiutasil 1 (um)
BB | lateFanmudasi 1 (uw)
EC ’Laiazguimﬂsmﬁ’mgﬁsmmaﬂﬁ 1 (umw)
0 | ldensiediusudngiioudasil 1 (um)
EE AdausInULUAIT 1 (Uw)
EF | swindiudindasd 2 (19)
EG | wilafiwiiugnuiasdi 2
EH Fafouugnulasi 2
El Pafouliunandnulasi 2
EJ MaRELAuLUAT 2
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K| mslvhiutasi 2
EL | Tddsnon/mifnuasd 2 (nn)
EM | Tdurnuvasdt 2 (an)
EN | Taloiadiutasii 2 (un)
0 | Tdletnmulasdi 2 (un)
EP ngulwaﬂswﬁ’mgﬁmmmﬁ 2 (vwm)
FQ | ldeanseiiusudngiaudasd 2 (um)
ER Adnaussaudasi 2 ()
ES | wwediuiiudasd 3 (19)
ET | vilnfiviiugnuvasi 3
EU Prafouiiugnulasi 3
BV | thudeuiliAunandauasd 3
EW | mswSeufuuuadi 3
EX nsludasd 3
ey | ldteren/minudasii 3 (nn)
£z |ldyuvnudasdi 3 (nn)
FA | lateiadiuvasdi 3 (umn)
FB | TddeFanmudasi 3 (uw)
FC | Tdemulnsusudngiivutasd 3 (um)
| ldesiefiusudnsiioudasi 3 (un)
FE AdsusInuLUasi 3 (um)
FF | aueiiudiudad 4 (19)
FG | wilediwiiugnuiasdt 4
FH Prafeuiignuuasi 4
Fi Pafouiiunandnulasi 4
FJ MsLARELAuLUAT 4
K| nlsiiuvasi 4
FL | lddemen/miinudasii 4 (nn)
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FM | Tdurmuvasdt 4 (nn)
FN | Tddeniludasil 4 ()
FO | Tddednmuvasdi 4 (um)
FP | Tdemulnsusudngfivutasd 4 ()
FQ | Tdenswrsiusudngiiaudasd 4 (um)
FR | Avdaussanuutasil 4 ()
Fs | vwnfiuiiuvasd 5 (19)
FT | wilediwdiugnuuaad 5
FU Pafeuiiugnulasi 5
FV | fhadeuiiiAunananuiasd 5
FW | maweufuuUasi 5
FX nslviudasd 5
FY | ldderen/miinudasi 5 (nn)
FZ | Tdyuvnuasii 5 (nn)
GA | lddeiafiuvasd 5 (un)
6B | ldteTanmudasii 5 ()
6C | ldanulnsusrudngiivuvasi 5 (Um)
GD | ldansmilusudngiivuvasi 5 (Um)
GE AaussLai 5 (U1n)
GF | vhmsinunswuulsnyuisunseld
GG | Fmnusounyuisu @)
GH | Vsnadnifulivilan (39
Gl Unaudniiuliviniug )
G) | viaiivil 2
GK | Usnawdaiied 2 MAulTuslaa (n)
GL | Usnowiladied 2 Aufiulivinsiug (nn)
GM | wiladiad 2 e (U1n)
GN | wilmiiwdt 3
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GO Usunawdadisd 3 Miuliuilam (nn.)
GP | Usnauiladied 3 AuAulvinsiug (nn)
GQ wiafiafl 3 ive (VM)
GR Suulafiudlan 6)
GS | dwnulafiiuliviniug @)
GT Infivne ()
GU | Fruaugnsiuilan )
GV | Swnugnsiiuliviviug ()
GW Ejﬂiﬁ“lﬂﬂ ()
GX | gmawmnssulumsiiseu
GY | yarmgaavnssuluaiaseuiivilae/4 ()
GZ | yargeamnssluaaFouiivne (um)
HA Yot inlal
HB Yot inilaz
HC | YandnanwedunaenUnsel
HD Srunuioufidnlinedu
HE SMnuouTigod Ay
HF Srunuieuiiladnms
HG Snudeuitudnandieutiw/aid
HH AlYIENIINITNEATTIN (UIN)
HI nslésunsdaasu/ansadunsinensviiedudu o
HJ Srunudesdisunsase
HK ATEEAE0eT 1
HL Uselpwtinnsansnideadil
HM AnuARLiusanIsanSnSedil
HN M3aBAE0e72
HO Uselominsansnidesdiz
HP AMuARLILUSON TSRS0I
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HQ MyasnSed 3

HR Usgleminsaninidesdis

HS AMUARLIURONITEENIS09913

HT syggeantuluannfleunsiy (wms)
HU | deymdnuguaweungdevesaunanluasiseu 1
HV U (AN)
Hw | Jggvndnuguaweundevesaundnluasusou 2
HX U (AN)

HY Tgymiugunneundievesaundnluaiiseu 3
HZ Tsafiaundnlundrdeuiulie 1

IA Tsafiaundnlundideuiuthe 2

B Tsafiaundnlundideuiulie 3

IC Tsafiaundnlundideuiuthe 4

ID aoufisnmenuia 1

IE anuiisnwmeua 2

IF goufisnwnenuia 3

G anuiisnwmeuia 4

IH anufisnwmenuia 5

[ fenandeyusgdrdnumnsoly

1 Uszunnenadail 1

IK Uszunnenadiail 2

IL UszLanensiiad 3

IM UssLanenuiad 4

IN nMsinsaumsiluanndn 1

10 nsinsansluaundn 2

P msinsansdusandn 3

IQ msinsansluaundn 4

IR msinsansluaandn 5
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IS Paymaeluaseuasaii 1
T Yapnelupseunsafl 2
U Yaynelupseunsafl 3
\% Yamelupseunsail 4
W seaupuuLstlgnrulinndemuggnia
IX szaumMINULsslgeInauLiy
Y szauauguLselgmeiniaieu
V4 szauanuuLsslgnsveaeionaneniau
JA seauANuTUusIdynsanatevesiy
JB seauANNTULSIUMIAUIINE 18NS
JC seduausuussymuafinnai
D seauANNTULTIUgy a1y
JE seauANTuLsIdymLaiynaene
JF syaumNTuLsIdvesyanes
JG szauanuuLsslginsszuinvedlsauia
JH seauanuuLsslgmini
JI seaupu ULt lavuglilndgaiug
1) seauanuuLsslgymdndlndanyius
JK seauauguL sl itvayulng
JL seAuANUTULIIdmveat
M| milustlesdlufiufvihAudsanssnusevtinfugninene ol
N Sevarnandademennuiaugnineg
0 | fwittuugnidevield
JP anwauznsiUaUn
JQ naiAsuasnugauauy saivesiulufiuvhay
JR ANYULAUA
JS AnWMEAUL
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nsaliunisunlulymaunianueauanysallasnsuanvaulnsay

JT (CYp)
nssdunsulatamausnanugeuanysallasnsugnugudnien

Ju 11 (wag)

N | dedrumehundutiule (Gosas)

W | Wasuiuimzdgniiels)

J Ugniiluuavzelyl

X | vgnlsiauuiianaduvidolsl

iz | Ugnitwnsznadudlonauvield

KA | Ugnlemszgadavsolyl

kB | ldlsmenuield

kKC | ladewndivisely

kD | Tdywrnavsely

KE | Ugniteluuuanile- 16 (mnuuasany) vuitudigedols

K | Ugninluuunueunieuwnsyduuuiiuiigaelsl

KG | Ygniwwuututulavielsl

KH | Ugniiwadunseugnidusaunuuuiseiunsely

KI Ugnisnauvangvinluwlauseiuvseld

K] Ugnilamyudeunuganiansely

KK | #fiugnageu 1

KL | Nyiivanganu 2

KM | Witgngauas 1

KN flaignaguda 2

KO i/ YanTimauiu

kP | vindudu/mndelal

KQ | Ugnitwmszpadiaduviels

KR | Benfisfivnzaudufusasinagnuell

KS gipnslansuuagldde
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KT | Usanasdlugoudsiinisiudsunasessls
KU Unausluiinisiasunasesisls
kv | Fnsldilunnuaslifieamouas it 1
wo | Bnsliilununuaslifieanouashia 2
kx| Bnsldluninueslsifomenasiings 3
Ky | mehmsinunsiinanssnusenmamenluwmdsisssuAvielsl
Kz miLLﬁlﬁJ{]ﬁymmiﬂwmﬂmimwmﬁ'ﬁmaﬂwmsia@mmwfﬂmméqﬁw 1
LA maulatiymansfivonnsnunsiidnansenudenmaminluumai 2
LB nsTINngueYdN LA AT
LC TBnsvesngueyintuardnnisi 1
LD | FBrisvesndueyinuarinnisn 2
LE TFnvesnguouinvuardnnisi 3
LF nswasuulasesiilel
LG | Twugnauliitnevselsl
i | vgnduliluiufivesmuedlusey 5 fikuan (Fu)
LI Ugnsuldluiuiivesnueduliud ()
L | vgndulslutiuiitgumulusey 5 Uiikiuan ()
K | Ugndulsiludiuiivmelulifiuga ()
L | gndulsluiansisagluseu 5 Iiruan (Fu)
M| vgnslsiludianssnsasludifiudn (fu)
LN anwazan gty 1
LO anwagan U YuTY 2
LP anwuganmUIguYy 3
L0 | m3nseuasesiuiitagnsldusslovifuivn 1
LR nsaseuATasiuituaz iUy Tomifiuiion 2
LS | EnsdaaSunsuaneiuld
LT | siuglifisonisdaady 1
LU wugliswnnsdaety 2
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v | glifisvnsdaau 3

LW | uslsfiaulaugn 1

LX wiNansdeniugly 1

Ly | uslsiaulaugn 2

LZ \wsNanIsaenwughl 2

MA | siuglifanlagn 3

MB | wawanisideniuglil 3

MC | UsunaudUndimuseunytu

MD | nswAsuuvasuesderivniiny

ME | YSinauwwadlumginu

MF | mawAsuudasUSinauuastumthy
sriuanudlaifeafunsasuulaanmgiionnafidwanssnusie

MG | mamsinuasuasdaindon
anudilaiefunisiasuasan mgliennefidsuansevusie

MH | mansinussuazdanden 1
aadnlasfunsasuasan g fonafidssansenusie

MI AANSINYMSLATAILINGeY 2
anuilafefunsasundasanmgiieniafidssansenusonin

MJ MsinuAskazAandey 3
spAunsAnfenansUgnitauas Ususiensiasunlasosanm
aflemafidaansgnuse

MK | a1annsineas
ﬂ7iﬁﬂ‘lﬁﬂ‘ﬁaHami‘ﬂqﬂﬁ‘lﬁLLﬁ%U%UﬁUGi@ﬂ1'5LU%EJULLUaQSUBQﬁmWQﬁmmﬂﬁ

ML ANANTENUADAIANSINYAT 1
miﬁﬂwﬂﬁﬁayjamiﬂQﬂﬁﬂjLLagﬂ%’Uﬁ’mE)miL‘LJgﬂuLLUaﬂﬁJaﬂﬁﬂﬂwgﬁ@’lﬂﬂﬂﬁ

MM | d4BENTENUABNAIANTSINYAT 2
ﬂ'1iﬁﬂ‘iﬂ’]sﬁaiﬂaﬂ?iﬂgﬂﬁ%LLﬁ%U%Uﬁ’NiE]ﬂ’liLU?]IEJHLLUaQ“UaQﬂﬂWWQﬁEﬂm?ﬁ?ll

MN | daHANTENUABAIANISINYAT 3

MO | enAmifiumsidsundasanimaiiennaseszuuiig 1
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MP mmﬁmLﬁumiLﬂﬁauLLUaaaﬂﬂwgﬁmmﬁm’aiz‘uuﬁm 2
MQ | rmAsifiumsidsundasanimgionnadessuuiie 3
MR | enuReufiunisiBeunlasanimgfienniaden1sinunsuagsuai 1
MS | mnuAadfiunsideunlasanmglienniafenisnnsuasLaa 2
MT | anuAawiunsiuBeuuasanimgiionnmadensinunsuas e 3
MU | mnuAaciumsiasunlasanmgiionniadeauniweusie 1
MV | euAafunisdsundasanmgiieniasegunmounsie 2
MW | euAafunisidsundasanimgiionniasegunmounsie 3
MX mmﬁ@LﬁumiLU?ﬂI‘EJULL‘lJaﬂamWQﬁmmﬁGiE)Lﬁi‘@gﬁﬁ] 1
MY | evwdniunisidsuulasanwgfieniareiasugia 2
MZ | mnwAniunsiasuulasanmgiionniadelAsugia 3
ansAnulazum Al lymnsasuulawesanmgiionniaiidiwa
NA NILNUABNIANISNYAT 1
anwARiuLazuuIM A lelynsasuuUaswesanmgiieniaiidaa
NB NSYNUABNIANISIAYAT 2
AnuAniutaz s letyvnsudsundawesanwglienmedidesa
NC NILNUABNIANISIAYAT 3
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Rice Growth Model

Saibua Khempet Ph.D. Sakda Jongkaevwswattana Ph.D.
Faculty of Agriculture Technology Faculty of Agriculture
Chiang Mai Rajabhat University Chiang Mai Uniersity
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Model statement

Crop nitrogen

LeafN(t) = LeafN(t - dt) + (LNUptake) * dt
INIT LeafN = INTleafN

INFLOWS:

LNUptake = IF(DATEFF=0) THEN (TCNUptake*FNL) ELSE (FNL*TCNUptake-PNUptake))

PanicleN(t) = PanicleN(t - dt) + (PNUptake) * dt

INIT PanicleN = 0.01%0.4

INFLOWS:

PNUptake = IF(DATEFF=1) THEN 0.01*GrowthRate ELSE 0.0
TotalCropN(t) = TotalCropN(t - dt) + (TCNUptake) * dt
INIT TotalCropN = INTtotalCropN

INFLOWS:

TCNUptake = NUptake

DATEFF =1

FNL = 0.5

INTleafN = LeafN_con*INTtotalCropN

INTtotalCropN = 0.4

LeafN con = 0.5

NUptake = MAX(0.0,MIN(NAvail,NDemand))

Crop weight

CropWeight(t) = CropWeight(t - dt) + (GrowthRate - cut) * dt
INIT CropWeight = 1

INFLOWS:

GrowthRate = IF(DAT<=0)or(DATEH=1) THEN 0 ELSE FSV*LNuseCoef*LeafN*(1-exp(-
(epsilon*avRadiation)/(LNuseCoef*LeafN*0.1)))

OUTFLOWS:

cut = IF(DATEH=1) THEN CropWeight ELSE 0

DAT = TIME-offset

DATEF = IF(DAT>=flowering) THEN 1 ELSE 0

DATEH = IF (DAT>=Ricegrowingperiod) THEN 1 ELSE 0

DOY = MOD(StartDOY+TIME,365)

epsilon = 2.5

flowering = 73
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FSV = IF(DATEFF=1) THEN FSV_con ELSE 1

FSV con = 0.83

LNuseCoef = 10.0

RELTIME = IF(DAT<=0) THEN O ELSE DAT/flowering

Ricegrowingperiod = 105

RSR = IF(RELTIME<1) THEN RSR_con2-(RSR_con2-RSR_con1)*RELTIME ELSE RSR conl

RSR conl = 0.15

RSR con2 = 0.4

avRadiation = GRAPH(DOY)

(0.00, 18.1), (0.274, 17.3), (0.548, 18.2), (0.822, 18.1), (1.10, 17.7), (1.37, 18.4), (1.64, 15.9), (1.92,
17.4),(2.19, 15.2), (2.47, 17.9), (2.74, 18.4), (3.01, 18.0), (3.29, 18.3), (3.56, 18.5), (3.84, 18.6), (4.11,
19.0), (4.38, 19.1), (4.66, 18.9), (4.93, 19.1), (5.21, 18.9), (5.48, 19.2), (5.75, 19.3), (6.03, 18.5), (6.30,
16.3), (6.58, 18.5), (6.85, 18.8), (7.12, 18.4), (7.40, 19.3), (7.67, 19.0), (7.95, 19.5), (8.22, 19.1), (8.49,
19.0), (8.77, 19.4), (9.04, 20.0), (9.32, 18.1), (9.59, 17.1), (9.86, 17.5), (10.1, 16.1), (10.4, 16.5), (10.7,
16.2), (11.0, 15.7), (11.2, 18.3), (11.5, 20.4), (11.8, 18.0), (12.1, 20.8), (12.3, 21.2), (12.6, 21.2), (12.9,
21.6),(13.2, 21.6), (13.4, 20.6), (13.7, 21.0), (14.0, 21.8), (14.2, 21.8), (14.5, 21.4), (14.8, 20.6), (15.1,
22.4),(15.3, 21.7), (15.6, 22.1), (15.9, 21.7), (16.2, 20.5), (16.4, 20.4), (16.7, 20.3), (17.0, 21.6), (17.3,
20.8), (17.5, 22.1), (17.8, 19.9), (18.1, 21.9), (18.4, 21.1), (18.6, 21.7), (18.9, 21.0), (19.2, 22.3), (19.5,
21.7),(19.7, 21.4), (20.0, 20.5), (20.3, 22.5), (20.5, 22.9), (20.8, 22.4), (21.1, 16.7), (21.4, 20.8), (21.6,
22.2),(21.9, 22.1), (22.2, 20.2), (22.5, 21.2), (22.7, 22.8), (23.0, 23.4), (23.3, 23.4), (23.6, 21.7), (23.8,
17.1),(24.1, 11.6), (24.4, 14.0), (24.7, 17.9), (24.9, 22.8), (25.2, 23.6), (25.5, 23.6), (25.8, 23.9), (26.0,
24.1), (26.3, 22.6), (26.6, 23.2), (26.8, 11.0), (27.1, 22.0), (27.4, 23.3), (27.7, 23.8), (27.9, 20.7), (28.2,
23.8), (28.5, 20.7), (28.8, 18.9), (29.0, 19.5), (29.3, 13.3), (29.6, 20.0), (29.9, 21.0), (30.1, 21.9), (30.4,
18.4), (30.7, 23.7), (31.0, 22.3), (31.2, 20.1), (31.5, 16.5), (31.8, 18.5), (32.1, 16.5), (32.3, 12.9), (32.6,
17.8), (32.9, 16.0), (33.2, 16.1), (33.4, 16.1), (33.7, 16.1), (34.0, 16.1), (34.2, 16.1), (34.5, 16.1), (34.8,
16.1), (35.1, 16.1), (35.3, 16.2), (35.6, 16.2), (35.9, 16.2), (36.2, 16.2), (36.4, 16.2), (36.7, 16.2), (37.0,
16.2), (37.3, 16.2), (37.5, 16.2), (37.8, 16.2), (38.1, 16.2), (38.4, 16.2), (38.6, 16.2), (38.9, 16.2), (39.2,
16.2), (39.5, 16.2), (39.7, 16.2), (40.0, 16.2), (40.3, 16.2), (40.5, 16.2), (40.8, 16.2), (41.1, 16.3), (41.4,
16.3), (41.6, 16.3), (41.9, 16.3), (42.2, 16.3), (42.5, 16.3), (42.7, 16.3), (43.0, 16.3), (43.3, 16.3), (43.6,
16.3), (43.8, 16.3), (44.1, 16.3), (44.4, 16.3), (44.7, 16.3), (44.9, 16.2), (45.2, 16.2), (45.5, 16.2), (45.8,
16.2), (46.0, 16.2), (46.3, 16.2), (46.6, 16.2), (46.8, 16.2), (47.1, 16.2), (47.4, 16.2), (47.7, 16.2), (47.9,
16.2), (48.2, 16.2), (48.5, 16.2), (48.8, 16.2), (49.0, 16.2), (49.3, 16.2), (49.6, 16.2), (49.9, 16.2), (50.1,
16.2), (50.4, 16.2), (50.7, 16.2), (51.0, 16.2), (51.2, 16.2), (51.5, 16.2), (51.8, 16.2), (52.1, 16.2), (52.3,
16.2), (52.6, 16.2), (52.9, 16.2), (53.2, 16.2), (53.4, 16.2), (53.7, 16.2), (54.0, 16.2), (54.2, 16.2), (54.5,
16.1), (54.8, 16.1), (55.1, 16.1), (55.3, 16.1), (55.6, 16.1), (55.9, 16.1), (56.2, 16.1), (56.4, 16.1), (56.7,
16.1), (57.0, 16.1), (57.3, 16.1), (57.5, 16.1), (57.8, 16.1), (58.1, 16.0), (58.4, 16.0), (58.6, 16.0), (58.9,
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16.0), (59.2, 16.0), (59.5, 16.0), (59.7, 16.0), (60.0, 16.0), (60.3, 16.0), (60.5, 15.9), (60.8, 15.9), (61.1,
15.9), (61.4, 15.9), (61.6, 15.9), (61.9, 15.9), (62.2, 15.8), (62.5, 15.8), (62.7, 15.8), (63.0, 15.8), (63.3,
15.8), (63.6, 15.7), (63.8, 15.7), (64.1, 15.7), (64.4, 15.7), (64.7, 15.7), (64.9, 15.6), (65.2, 15.6), (65.5,
15.6), (65.8, 15.5), (66.0, 15.5), (66.3, 15.5), (66.6, 15.5), (66.8, 15.4), (67.1, 15.4), (67.4, 15.4), (67.7,
15.3), (67.9, 15.3), (68.2, 15.3), (68.5, 15.2), (68.8, 15.2), (69.0, 15.2), (69.3, 15.1), (69.6, 15.1), (69.9,
15.1), (70.1, 15.0), (70.4, 15.0), (70.7, 14.9), (71.0, 14.9), (71.2, 14.9), (71.5, 14.8), (71.8, 14.8), (72.1,
14.7),(72.3, 14.7), (72.6, 14.6), (72.9, 14.6), (73.2, 14.5), (73.4, 14.5), (73.7, 14.4), (74.0, 14.4), (74.2,
14.3), (74.5, 14.3), (74.8, 14.2), (75.1, 14.2), (75.3, 14.1), (75.6, 14.1), (75.9, 14.0), (76.2, 14.0), (76.4,
13.9), (76.7, 13.9), (77.0, 13.8), (77.3, 13.7), (77.5, 13.7), (77.8, 13.6), (78.1, 13.6), (78.4, 13.5), (78.6,
13.5), (78.9, 13.4), (79.2, 13.3), (79.5, 13.3), (79.7, 13.2), (80.0, 13.2), (80.3, 13.1), (80.5, 13.1), (80.8,
13.0), (81.1, 12.9), (81.4, 12.9), (81.6, 12.8), (81.9, 12.8), (82.2, 12.7), (82.5, 12.7), (82.7, 12.6), (83.0,
12.5), (83.3, 12.5), (83.6, 12.4), (83.8, 12.4), (84.1, 12.3), (84.4, 12.3), (84.7, 12.2), (84.9, 12.2), (85.2,
12.1), (85.5, 12.1), (85.8, 12.0), (86.0, 12.0), (86.3, 11.9), (86.6, 11.9), (86.8, 11.8), (87.1, 11.8), (87.4,
11.7), (87.7, 11.7), (87.9, 11.6), (88.2, 11.6), (88.5, 11.5), (88.8, 11.5), (89.0, 11.5), (89.3, 11.4), (89.6,
11.4),(89.9, 11.4), (90.1, 11.3), (90.4, 11.3), (90.7, 11.3), (91.0, 11.2), (91.2, 11.2), (91.5, 11.2), (91.8,
11.1), (92.1, 11.1), (92.3, 11.1), (92.6, 11.1), (92.9, 11.0), (93.2, 11.0), (93.4, 11.0), (93.7, 11.0), (94.0,
11.0), (94.2, 10.9), (94.5, 10.9), (94.8, 10.9), (95.1, 10.9), (95.3, 10.9), (95.6, 10.9), (95.9, 16.4), (96.2,
16.7), (96.4, 16.7), (96.7, 16.1), (97.0, 15.0), (97.3, 14.5), (97.5, 14.9), (97.8, 10.4), (98.1, 14.2), (98.4,
14.3), (98.6, 16.0), (98.9, 15.7), (99.2, 15.1), (99.5, 16.8), (99.7, 16.8), (100, 16.6)

Flowering GDD

SumGDD(t) = SumGDD(t - dt) + (SGDD) * dt

INIT SumGDD = GDD

INFLOWS:

SGDD = sum(GDD)

INIflower = JDflower-StartDOY

IDflower = if SUmGDD>0ObsGDDF and sun_hr<ObsSunhr then DOY else 0

ObsGDDF = 1173

ObsSunhr = 12

GDD = GRAPH(DQY)

(1.00, 13.0), (2.00, 12.3), (3.00, 10.3), (4.00, 10.1), (5.00, 10.8), (6.00, 11.8), (7.00, 12.3), (8.00, 12.2),
(9.00, 12.0), (10.0, 12.1), (11.0, 11.0), (12.0, 11.1), (13.0, 11.0), (14.0, 11.3), (15.0, 11.8), (16.0, 11.9),
(17.0, 12.5), (18.0, 12.6), (19.0, 12.3), (20.0, 12.5), (21.0, 12.6), (22.0, 12.0), (23.0, 12.1), (24.0, 12.8),
(25.0, 13.9), (26.0, 14.5), (27.0, 14.4), (28.0, 14.5), (29.0, 11.4), (30.0, 13.5), (31.0, 15.3), (32.0, 14.1),
(33.0, 8.35), (34.0, 12.4), (35.0, 13.4), (36.0, 12.3), (37.0, 12.4), (38.0, 12.5), (39.0, 12.8), (40.0, 13.0),
(41.0, 13.3), (42.0, 14.5), (43.0, 14.6), (44.0, 16.9), (45.0, 15.7), (46.0, 15.3), (47.0, 13.8), (48.0, 11.5),
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(49.0, 11.5), (50.0, 15.0), (51.0, 15.5), (52.0, 14.3), (53.0, 13.8), (54.0, 14.4), (55.0, 13.3), (56.0, 12.8),
(57.0, 13.0), (58.0, 14.1), (59.0, 15.1), (60.0, 15.0), (61.0, 14.8), (62.0, 15.0), (63.0, 14.7), (64.0, 15.3),
(65.0, 14.5), (66.0, 14.0), (67.0, 13.9), (68.0, 14.0), (69.0, 14.5), (70.0, 14.3), (71.0, 13.8), (72.0, 14.0),
(73.0, 13.5), (74.0, 14.5), (75.0, 15.7), (76.0, 15.6), (77.0, 15.5), (78.0, 15.3), (79.0, 15.0), (80.0, 15.0),
(81.0, 14.7), (82.0, 14.7), (83.0, 14.8), (84.0, 16.0), (85.0, 15.9), (86.0, 15.5), (87.0, 15.8), (88.0, 16.0),
(89.0, 16.4), (90.0, 17.0), (91.0, 16.1), (92.0, 15.8), (93.0, 16.3), (94.0, 16.0), (95.0, 16.3), (96.0, 16.8),
(97.0, 16.6), (98.0, 16.1), (99.0, 16.5), (100, 16.4), (101, 16.4), (102, 16.8), (103, 17.0), (104, 17.3),
(105, 17.2), (106, 17.0), (107, 18.1), (108, 17.2), (109, 18.7), (110, 18.6), (111, 17.7), (112, 18.3), (113,
18.5), (114, 16.4), (115, 17.0), (116, 16.3), (117, 17.8), (118, 17.3), (119, 16.8), (120, 15.8), (121, 19.0),
(122, 19.5), (123, 18.0), (124, 17.5), (125, 17.5), (126, 17.5), (127, 17.8), (128, 17.5), (129, 17.8), (130,
18.8), (131, 19.0), (132, 19.3), (133, 19.0), (134, 19.3), (135, 18.3), (136, 19.3), (137, 19.5), (138, 19.8),
(139, 19.5), (140, 19.0), (141, 18.8), (142, 19.0), (143, 19.5), (144, 19.4), (145, 19.3), (146, 19.0), (147,
18.8), (148, 19.0), (149, 19.0), (150, 19.0), (151, 19.3), (152, 19.8), (153, 18.8), (154, 18.8), (155, 19.0),
(156, 18.5), (157, 18.5), (158, 21.0), (159, 19.0), (160, 19.0), (161, 19.0), (162, 19.0), (163, 17.8), (164,
19.0), (165, 19.5), (166, 18.5), (167, 19.0), (168, 19.0), (169, 19.5), (170, 20.0), (171, 19.5), (172, 19.5),
(173, 19.5), (174, 19.0), (175, 19.0), (176, 19.0), (177, 18.3), (178, 18.3), (179, 18.8), (180, 19.0), (181,
19.0), (182, 18.8), (183, 19.5), (184, 19.5), (185, 19.5), (186, 19.0), (187, 18.8), (188, 19.0), (189, 19.0),
(190, 18.5), (191, 18.0), (192, 18.8), (193, 18.8), (194, 19.3), (195, 18.5), (196, 18.5), (197, 19.0), (198,
18.8), (199, 18.9), (200, 18.8), (201, 18.8), (202, 18.9), (203, 19.0), (204, 18.5), (205, 18.3), (206, 21.3),
(207, 19.0), (208, 18.5), (209, 18.3), (210, 18.8), (211, 16.5), (212, 18.3), (213, 18.5), (214, 18.5), (215,
18.5), (216, 19.5), (217, 18.8), (218, 19.0), (219, 19.0), (220, 18.5), (221, 18.3), (222, 17.5), (223, 18.5),
(224, 18.3), (225, 18.0), (226, 18.3), (227, 18.5), (228, 18.6), (229, 18.8), (230, 18.5), (231, 18.8), (232,
19.3), (233, 18.8), (234, 18.5), (235, 18.3), (236, 19.0), (237, 19.0), (238, 18.8), (239, 19.0), (240, 19.3),
(241, 19.3), (242, 19.3), (243, 19.5), (244, 19.0), (245, 19.0), (246, 19.0), (247, 19.0), (248, 19.0), (249,
18.0), (250, 18.3), (251, 18.3), (252, 17.8), (253, 18.5), (254, 18.5), (255, 18.8), (256, 18.5), (257, 18.8),
(258, 18.6), (259, 18.8), (260, 18.5), (261, 18.5), (262, 18.5), (263, 18.5), (264, 19.0), (265, 19.3), (266,
18.8), (267, 19.3), (268, 18.5), (269, 18.8), (270, 18.5), (271, 18.5), (272, 18.0), (273, 18.0), (274, 17.8),
(275, 18.3), (276, 17.8), (277, 18.0), (278, 18.3), (279, 19.0), (280, 23.8), (281, 18.3), (282, 17.0), (283,
18.3), (284, 17.0), (285, 17.0), (286, 17.0), (287, 17.3), (288, 18.0), (289, 17.3), (290, 18.3), (291, 17.8),
(292, 18.0), (293, 16.8), (294, 17.8), (295, 18.0), (296, 17.5), (297, 17.8), (298, 17.5), (299, 18.0), (300,
17.0), (301, 17.0), (302, 16.3), (303, 17.8), (304, 18.3), (305, 17.8), (306, 17.8), (307, 17.3), (308, 17.0),
(309, 16.8), (310, 15.5), (311, 16.5), (312, 16.5), (313, 18.0), (314, 17.0), (315, 17.0), (316, 17.3), (317,
17.5), (318, 17.8), (319, 18.5), (320, 18.5), (321, 18.5), (322, 18.3), (323, 17.8), (324, 16.8), (325, 16.0),
(326, 17.3), (327, 16.8), (328, 16.8), (329, 16.8), (330, 18.3), (331, 18.3), (332, 18.5), (333, 18.5), (334,
13.5), (335, 13.0), (336, 16.5), (337, 15.3), (338, 15.5), (339, 14.5), (340, 15.0), (341, 9.00), (342, 14.8),
(343, 15.0), (344, 14.9), (345, 16.0), (346, 13.8), (347, 17.3), (348, 15.5), (349, 16.3), (350, 14.5), (351,
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12.3), (352, 11.9), (353, 12.0), (354, 12.8), (355, 10.6), (356, 10.7), (357, 11.1), (358, 12.1), (359, 12.4),
(360, 12.6), (361, 14.3), (362, 11.0), (363, 12.0), (364, 11.9), (365, 12.7)

sun_hr = GRAPH(DOY)

(1.00, 10.9), (2.00, 10.9), (3.01, 10.9), (4.01, 10.9), (5.01, 10.9), (6.01, 10.9), (7.02, 10.9), (8.02, 10.9),
(9.02, 10.9), (10.0, 10.9), (11.0, 10.9), (12.0, 11.0), (13.0, 11.0), (14.0, 11.0), (15.0, 11.0), (16.0, 11.0),
(17.0, 11.0), (18.0, 11.0), (19.0, 11.0), (20.1, 11.0), (21.1, 11.0), (22.1, 11.0), (23.1, 11.1), (24.1, 11.1),
(25.1, 11.1), (26.1, 11.1), (27.1, 11.1), (28.1, 11.1), (29.1, 11.1), (30.1, 11.1), (31.1, 11.2), (32.1, 11.2),
(33.1, 11.2), (34.1, 11.2), (35.1, 11.2), (36.1, 11.2), (37.1, 11.2), (38.1, 11.3), (39.1, 11.3), (40.1, 11.3),
(41.1, 11.3), (42.1, 11.3), (43.1, 11.3), (44.1, 11.3), (45.1, 11.4), (46.1, 11.4), (47.1, 11.4), (48.1, 11.4),
(49.1, 11.4), (50.1, 11.4), (51.1, 11.5), (52.1, 11.5), (53.1, 11.5), (54.1, 11.5), (55.1, 11.5), (56.2, 11.5),
(57.2,11.6), (58.2, 11.6), (59.2, 11.6), (60.2, 11.6), (61.2, 11.6), (62.2, 11.6), (63.2, 11.7), (64.2, 11.7),
(65.2, 11.7), (66.2, 11.7), (67.2, 11.7), (68.2, 11.7), (69.2, 11.8), (70.2, 11.8), (71.2, 11.8), (72.2, 11.8),
(73.2,11.8), (74.2, 11.9), (75.2, 11.9), (762, 11.9), (77.2, 11.9), (78.2, 11.9), (79.2, 11.9), (80.2, 12.0),
(81.2, 12.0), (82.2, 12.0), (83.2, 12.0), (84.2, 12.0), (85.2, 12.1), (86.2, 12.1), (87.2, 12.1), (88.2, 12.1),
(89.2,12.1), (90.2, 12.1), (91.2, 12.2), (92.3, 12.2), (93.3, 12.2), (94.3, 12.2), (95.3, 12.2), (96.3, 12.3),
(97.3,12.3), (98.3, 12.3), (9.3, 12.3), (100, 12.3), (101, 12.3), (102, 12.4), (103, 12.4), (104, 12.4),
(105, 12.8), (106, 12.8), (107, 12.5), (108, 12.5), (109, 12.5), (110, 12.5), (111, 12.5), (112, 12.5), (113,
12.6), (114, 12.6), (115, 12.6), (116, 12.6), (117, 12.6), (118, 12.6), (119, 12.6), (120, 12.7), (121, 12.7),
(122, 12.7), (123, 12.7), (124, 12.7), (125, 12.8), (126, 12.8), (127, 12.8), (128, 12.8), (129, 12.8), (130,
12.8), (131, 12.8), (132, 12.9), (133, 12.9), (134, 12.9), (135, 12.9), (136, 12.9), (137, 12.9), (138, 12.9),
(139, 12.9), (140, 12.9), (141, 13.0), (142, 13.0), (143, 13.0), (144, 13.0), (145, 13.0), (146, 13.0), (147,
13.0), (148, 13.0), (149, 13.0), (150, 13.0), (151, 13.1), (152, 13.1), (153, 13.1), (154, 13.1), (155, 13.1),
(156, 13.1), (157, 13.1), (158, 13.1), (159, 13.1), (160, 13.1), (161, 13.1), (162, 13.1), (163, 13.1), (164,
13.1), (165, 13.1), (166, 13.1), (167, 13.1), (168, 13.1), (169, 13.1), (170, 13.1), (171, 13.1), (172, 13.1),
(173, 13.1), (174, 13.1), (175, 13.1), (176, 13.1), (177, 13.1), (178, 13.1), (179, 13.1), (180, 13.1), (181,
13.1), (182, 13.1), (183, 13.1), (185, 13.1), (186, 13.1), (187, 13.1), (188, 13.1), (189, 13.1), (190, 13.1),
(191, 13.1), (192, 13.1), (193, 13.1), (194, 13.1), (195, 13.0), (196, 13.0), (197, 13.0), (198, 13.0), (199,
13.0), (200, 13.0), (201, 13.0), (202, 13.0), (203, 13.0), (204, 13.0), (205, 13.0), (206, 12.9), (207, 12.9),
(208, 12.9), (209, 12.9), (210, 12.9), (211, 12.9), (212, 12.9), (213, 12.9), (214, 12.9), (215, 12.8), (216,
12.8), (217, 12.8), (218, 12.8), (219, 12.8), (220, 12.8), (221, 12.8), (222, 12.7), (223, 12.7), (224, 12.7),
(225, 12.7), (226, 12.7), (227, 12.7), (228, 12.7), (229, 12.6), (230, 12.6), (231, 12.6), (232, 12.6), (233,
12.6), (234, 12.6), (235, 12.6), (236, 12.5), (237, 12.5), (238, 12.5), (239, 12.5), (240, 12.5), (241, 12.5),
(242, 12.8), (243, 12.8), (244, 12.8), (245, 12.4), (2486, 12.4), (247, 12.4), (248, 12.3), (249, 12.3), (250,
12.3), (251, 12.3), (252, 12.3), (253, 12.2), (254, 12.2), (255, 12.2), (256, 12.2), (257, 12.2), (258, 12.2),
(259, 12.1), (260, 12.1), (261, 12.1), (262, 12.1), (263, 12.1), (264, 12.1), (265, 12.0), (266, 12.0), (267,
12.0), (268, 12.0), (269, 12.0), (270, 11.9), (271, 11.9), (272, 11.9), (273, 11.9), (274, 11.9), (275, 11.9),
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(276, 11.8), (277, 11.8), (278, 11.8), (279, 11.8), (280, 11.8), (281, 11.7), (282, 11.7), (283, 11.7), (284,
11.7), (285, 11.7), (286, 11.7), (287, 11.6), (288, 11.6), (289, 11.6), (290, 11.6), (291, 11.6), (292, 11.5),
(293, 11.5), (294, 11.5), (295, 11.5), (296, 11.5), (297, 11.5), (298, 11.4), (299, 11.4), (300, 11.4), (301,
11.4), (302, 11.4), (303, 11.4), (304, 11.3), (305, 11.3), (306, 11.3), (307, 11.3), (308, 11.3), (309, 11.3),
(310, 11.3), (311, 11.2), (312, 11.2), (313, 11.2), (314, 11.2), (315, 11.2), (316, 11.2), (317, 11.2), (318,
11.1), (319, 11.1), (320, 11.1), (321, 11.1), (322, 11.1), (323, 11.1), (324, 11.1), (325, 11.1), (326, 11.0),
(327, 11.0), (328, 11.0), (329, 11.0), (330, 11.0), (331, 11.0), (332, 11.0), (333, 11.0), (334, 11.0), (335,
11.0), (336, 11.0), (337, 10.9), (338, 10.9), (339, 10.9), (340, 10.9), (341, 10.9), (342, 10.9), (343, 10.9),
(344, 10.9), (345, 10.9), (346, 10.9), (347, 10.9), (348, 10.9), (349, 10.9), (350, 10.9), (351, 10.9), (352,
10.9), (353, 10.9), (354, 10.9), (355, 10.9), (356, 10.9), (357, 10.9), (358, 10.9), (359, 10.9), (360, 10.9),
(361, 10.9), (362, 10.9), (363, 10.9), (364, 10.9), (365, 10.9), (366, 10.9)

Harvest GDD

GDDH = if SumGDD>0bsGDDF and sun_hr<ObsSunhr then SumGDD+GfillGDD else 0
GfillGDD = 570

INlhav = JDHav-StartDOY

JDHav = if SumGDD>SIMGDDH then DOY else 0

SImGDDH = 2363

Management
DAT1 = 37
DAT2 = 55
FertAppll = 25
FertAppl2 = 72
StartDOY = 222

Nitrogen demand and supply

Apcum(t) = Apcum(t - dt) + (NAppl) * dt

INIT Apcum = 0

INFLOWS:

NAppl = step(FertAppl1*0.12,DAT1-offset)*(1/0.3)*(exp(-0.2*(time-DAT 1-offset))-exp(-0.4*(time-
DAT 1-offset))+step(FertAppl2#0.12,DAT2-offset)*(1/0.3)*(exp(-0.2*(time-DAT2-offset))-exp(-
0.4%(time-DAT2-offset)))

beforharvest = Ricegrowingperiod-7

DATEHF = IF(DAT>=beforharvest) THEN 1 ELSE O

NAvail = NAppl*Recovery+SoilSupply
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NDemand = IF(DATEH=1) THEN 0 ELSE (IF(DAT<=0) THEN 0 ELSE (IF(TotalCropN<35.0) AND
(DAT<20) THEN (RUR*TotalCropN) ELSE
MIN(5,0.035*GrowthRate,(MaxNCon*(CropWeight+GrowthRate*DT)-TotalCropN)/DT,IF(LeafN>=100)
THEN 0 ELSE 9999.9,IF(DATEHF=1) THEN 0 ELSE 9999.9)))

offset = 1
RUR = 0.2
SoilN = 0.6

SoilSupply = IF(DAT<=0) OR (DATEHF=1) THEN 0 ELSE SoilN

MaxNCon = GRAPH(DAT)

(0.00, 0.04), (20.0, 0.0255), (40.0, 0.0215), (60.0, 0.0195), (80.0, 0.015), (100, 0.0125), (120, 0.0115),
(140, 0.01)

Recovery = GRAPH(DAT)

(0.00, 0.015), (5.17, 0.09), (10.3, 0.115), (15.5, 0.155), (20.7, 0.225), (25.9, 0.28), (31.0, 0.325), (36.2,
0.39), (41.4, 0.445), (46.6, 0.5), (51.7, 0.57), (56.9, 0.655), (62.1, 0.805), (67.2, 0.4), (72.4, 0.00), (77.6,
0.00), (82.8, 0.00), (87.9, 0.00), (93.1, 0.00), (98.3, 0.00), (103, 0.00), (109, 0.00), (114, 0.00), (119,
0.00), (124, 0.00), (129, 0.00), (134, 0.00), (140, 0.00), (145, 0.00), (150, 0.00)

Yield and straw weight

Ricestraw(t) = Ricestraw(t - dt) + (strawrate) * dt

INIT Ricestraw = 0

INFLOWS:

strawrate = IF(DATEH=1) THEN WSHT-Harvest ELSE O

Yield(t) = Yield(t - dt) + (Harvest) * dt

INIT Yield = 0

INFLOWS:

Harvest = IF(DATEH=1) THEN WSHT*Yield _convert ELSE 0

Grain_wt =40

Max_yield = 4000

Sim_yield = if CropWeight>15000 then MIN(Yield,Max_yield) else Yield
WSHT = CropWeight/(1+RSR)

Yield convert = GRAPH(Grain_wt)

(25.0, 0.25), (27.9, 0.3), (30.7, 0.35), (33.6, 0.4), (36.4, 0.45), (39.3, 0.5), (42.1, 0.55), (45.0, 0.6)
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