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ABSTRACT

A process-oriented crop growth model can simulate the biophysical process of rice under
diverse environmental and management conditions, which would make it more versatile than
an empirical crop model. In the present study, we examined chronology and background of
the development of the rice growth models in Korea, which would provide insights on the
needs for improvement of the models. The rice crop growth models were introduced in
Korea in the late 80s. Until 2000s, these crop models have been used to simulate the yield
in a specific area in Korea. Since then, improvement of crop growth models has been made
to take into account biological characteristics of rice growth and development in more detail.
Still, the use of the crop growth models has been limited to the assessment of climate
change impact on crop production. Efforts have been made to apply the crop growth model,
e.g., the CERES-Rice model, to develop decision support system for crop management at a
farm level. However, the decision support system based on a crop growth model was
attractive to a small number of stakeholders most likely due to scarcity of on-site weather
data and reliable parameter sets for cultivars grown in Korea. The wide use of the crop
growth models would be facilitated by approaches to extend spatial availability of reliable
weather data, which could be either measured on-site or estimates using spatial interpolation.
New approaches for calibration of cultivar parameters for new cultivars would also help
lower hurdles to crop growth models.

Key words: Process-oriented crop growth model, Site-specific weather data, Parameter calibration,
Climate change, Decision support system
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Fig. 1. Schematic diagram of an empirical model (a)
and a process-oriented crop growth model(b).
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(Process-oriented crop growth model)o] 7jEt=]o] A}
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Table 1. Phenological and growth parameters of the Oryza2000 model

Phenological development parameters

Parameters for growth

-Base temperature for development

-Base temperature for juvenile leaf area growth
-Maximum temperature for development
-Optimum temperature for development
-Development rate in juvenile phase
-Development rate in photoperiod-sensitive phase
-Development rate in panicle development
-Development rate in reproductive phase
-Maximum optimum photoperiod

-Photoperiod sensitivity

-Transplanting shock

-Table of specific leaf area
-Table of N fraction in leaves on leaf area basis

-Table of fraction total dry matter partitioned to the
shoot, leaves, root,panicle

- Nitrogen parameters

=] School of De Wit A|g<] ®go]7] ufjZol(Bouman
et al., 1996; Kropff et al., 1995), 25 g2 H*
FAlo] frAlstt. whebA, srfjofl 4= MACROS =23
AR de S B e Sttt = EF
of w4 A W 5 2o TEIT A7} WaE
t} ¢}= S0, Shin and Lee (1995)- Oryzal 3L
Apgste] oblol efe] F1ste] nhe YA
Ae AA Tl skt

2000 tfo]l E01, Oryzal &S 7|Wto g B =2
= B da 75 208 1ofg 4 3l Oryza2000
2% o] Bouman et al.(2001) of oJa) 7=, =
WA= o5 E={isto] 715 Ha} G Hrtol -8+
Atk AE S0, 7153 Aute] @9} s o] wE
Bl9] 3 7S Slo) Oyza2000 o] A1§)
thLee et al, 2011; Lee et al., 2012; Kim et al.,
2015). o] Al7l= = =8 Aol et 5 247t
L B A AR S Thefsto] ZiAds] Uzt
= YA Oryza2000 23 FEE47}F tiehs] &
ZroltTable 1). wabA], H420] AE8t calibration2
SlshA Wie] A AFlo] aEm, BERRo)
277} ok A= 4ol Akt melo]

o

il

Oryza2000 BHE AFEE ATES 2 7|53}
oJap7le} Pelsh ASo| grEo|gon), wy E%
of Tigk max T, Kol HA uhE7] E 0|9

RS 9 WUE 5 BFS D] UK
S YT 5 U 7160 2haEgirkLee of

al., 2011; Kim et al., 2015). E3E, JAE(Nguyen
et al., 2014), A Aslx(Park ef al., 2002; o]H-S-,
2002) 5 Oryza2000 X &of =35t 552 371 7l
eto] Aotes =Y 4 Sl oA ZiAE
Oryza2000 2%-2 2H-g-5to] A = ¥ 2gefSol
o= Aol o250 dA P A REk o
Ae AEA 23 i AHEAS RS &8 Soltt
(Kim et al., 2017a).

L 20| Hgel B HSHS By

= S HEo =99 thE 2 52 DSSATY
CERESX.go]t} Cho and Yun (1999)7} Yun (2003)
© CERES-RICE (Godwin ef al., 1992) R&< 9]
so] AA| el Eo] 2837 1) AL 16874

Table 2. Genetic coefficient of the CERES-RICE model

P1 P20 P2R P5 G1 G2 G3 G4
Basic Critical Panicle Beginning of  Potential Single grain Tillering Temperature
vegetative photoperiod  initiation is  grain filling spikelet weight (g) coefficient) tolerance
phase or the longest delayed to number under ideal relative to coefficient
day length  for each hour physiological coefficient growing 1R64 cultivar

increase in maturity conditions under ideal

photoperiod conditions

above P20.
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ek = F-Este] BAdS ollS8k3ItE CERES-
RICE ®&E #FF =9 S7F Hlwz 2o
calibration©] AtfjZ o g2 fo|sl Ho|3l(Table 2) E
Sk DSSAT Woll A}A]| calibration =2 13H0| A|ZE]
o] ge] &g gk

o] wjiZo] FfellAe Wol Z-gEaL Jlow T2
7155 Ato] ZEEAL QUTHKim er al., 2012;
Kim et al, 2013). CERES-RICE 2&& =] 79
g0l iAdstr] gt A7h ZldEe] CERES-
JAPONICA (27153, 2002) Zao] 7furs| et
o] 7§ K& 7]E2] CERES-RICE RFof ¥4~
A 2&(Lee ef al, 2001)3} Fo]8 G5 ©3(Bum
et al., 2006), AAT As|(Park ef al., 2002; O]H-L,
2002)9] W-go] F7H Zoft} o] BEg2 w7l A
Al A8-E HER spglen Frto ARl A 5
FEHEE AlFsH7] QA7 AlAgO] AR =A AP
Zolck. web] B 1A AnlER ATE SN A
Y A=A HED 77 oS Aer AlmEch
Chung ef al.(2006)-2 CERES-JAPONICA R#< o]
gsjo] = Bl AR 7)9s RS S}
ik

IV. 7|El B Y2

o] Holl w7 E A ax(1989)0ll A= Bl v
A7V =244 1Y 95 Fel 7=
whE o] ARk tigh 2 e Al=skRitk
T2, 1 olF FHAQ B sy AL o)F
OJAA = ekt ¥ 2y T U] Horie (1993)

RO

o) 7f¥tE SIMRIW (Simulation Model for Rice
Weather relation)2] =¢]o] A|=%| 3 Q1F5 4 AY
Aol w2 5734 HRAA Gl At
(Lim ef al, 1997). 721}, Zol A= SIMRIWS}
AR A% A7} oliola|x] etk

V. ¥ LEWSDHC| U8 &Y

A AT uke}l o] iR SS9
g2 7| st Tt SoR FgkEo] gtk
(Table 3).

olE theelt FY HopolA AEHoR
A A Fol a4t EAsh, o]g 447t
S5 49, A=ry Fue &o] 7|tHch
Oryza2000 =39 79~ QoA 2|5 8714
20 77k o] Hastqlrt o]t ko= o
A] vy 3t vl o] Thadt EF =9 calibration©]]
ARE STHEAY fAEeR 3 BEEQ] Vo] Ha
she}. Lefu g o] JjAo] o]Foldrt strete &
vl AA| 25} G5l ZgEAY AnpEsgol| 28k
7] ot} o]yt BAINS AA A odF AHlE
Foll AESkL o] tigh sjA R o] AA|=|ojoF gtk

H A5 S 2P o] 83 A5} oSS 7]EH o
=2 SejuEte] 8 A 2A8F, S8S, A
ol tigh F5 H4g AAske Ao] Aol &
A= 57F G919 BoE sh= A ZF iE &5l
et FE5E7E itk Aolth ol Akt of| Syt
oflel 5 AntEsgo] 283 ufjole FAF H
ok LEu FF Rael] 2L A 8 o

=

Table 3. Application of rice crop growth models in South Korea

Application Model Researcher
Performance test MACROS NICS(1991)
Climate change MACROS Yun(1990)
Oryzal Shin and Lee (1995)
Oryza2000 Lee et al (2011) Kim et al., (2015)
CERES-RICE Cho and Yun(1999), Yun(2003)

Kim ef al (2012), Kim et al (2013)

for farmers

CERES-JAPONICA Chung ez al (2006)
Yield Forecast Oryza2000 Kim et al.(2017)
Decision support CERES-JAPONICA RDA(2002)
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Fig. 2. Schematic processes of decision support at a farm level using crop growth models.
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