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ABSTRACT

Traditional paddy field irrigation mainly uses flood irrigation and achieves water-saving effects
through different irrigation intervals and irrigation water depths. The adjustment of irrigation
intervals affects irrigation water consumption and rice yield. In this study, 12 blocks of lysimeter
obtained from the Irrigation Technology Extension Center of Chia-Nan Management Office,
Irrigation Agency, Council of Agriculture (former Taiwan Chia-Nan Irrigation Association) in 2018
and 2019 were selected. The study analyzed the optimized parameter of the Decision Support

@ System for Agrotechnology Transfer (DSSAT) model and further assessed the impacts of different
irrigation intervals on rice.

The Extended Fourier Amplitude Sensitivity Test (EFAST) method was used to establish the
parameter values of the model crop varieties of the 12 plots in the lysimeter test area. The optimal
parameter combination of each plot was analyzed using grey relational analysis. The crop variety
(Tainan 11) parameters were tested, and the average value was the best. The crop variety parameters
P1, P2R, P5, P20, G1, G2, G3, and G4 were 643.1, 123.4, 531.2, 11.26, 37.99, 0.026, 1.501, 1.065,
respectively.

The different irrigation interval water depths were compared with the total irrigation water
depth of 3 days, and the optimal rice yield was obtained when the irrigation interval was 8 days. The
rice yield rate was increased by 8.47%, with 56.77% savings in water.

Keywords: Paddy field, DSSAT model, Irrigation periods, Grey correlation analysis, Extended
Fourier amplitude sensitivity test.

Ren, W.L., & Yeh, Y.L.* (2021). “Parameters Optimization and Application of DSSAT Model for Paddy
Rice Growth Simulation.” Journal of Taiwan Agricultural Engineering, 67(4), 29-41.
https://doi.org/10.29974/JTAE.202112_67(4).0002




_\H

Ik

BBV B BV & o b EE SR B R
(R (EF Z [P & A 2 2,500 mm - (Rl (E
Y261k H S & - 2B/ KEIEHM A £ 20 R SER K
RARIK » THER/KE =M » BER/KIGEERKLE
By 7115 % » HX Iy REHE - & HEERE = AR
0 - WLUEBKIES - K RaEXEREaFY 2
— » HIEMHEEERAK - MEGKEER T 2 LIS
R BUAEEREF K » DUKRERSE 2 K& Ry
RE - HE (197 EIEY) 2 sl Eied - KAEHYFE
KEELHAEY S ARG K E R % -
It FEARIKERBERT - BB ERAEST SOKE
JEEARC - BREER K ERVAI 2 A O E R -

IKAERES < Bk Ra - He —(1988)F5HIK
T3 AT 25 A B RE BR FA B BB R /O AR 2 BB /KRR
B R e o BV K 8 KB E R - R
PR 22 - WFEEFHE Ry 7.5 K - BhEHIE
Ky 3-4 K~ MEREACES Fy 2 REFHE 1 K - BUE
FH S5 (2014) Bt /KA A B P B By 70 BE R B R F G -
LA 80 %82 100 % Z /K& /7 AIAE 7 ~ 10 ~ 13 K Z i
FERRRE A TE /KRR B - 1B R4S IR AT15R1 > 100 %2
FERKERLL 7 R EHARE 2 RSNy - i — -~ —H
VB Z /K REAE B CHART HY ZE B R By )N » B ZKREE ™
P 14.0%~74% -

KA A RS (A DSSAT CERES-Rice B
ORYZA Rice Model » Hr DSSAT 5 > [ 47 &
BT o A ST A EFA > 41 CERES (Crop-
Environment Resource Synthesis) F1 CROPGRO (Crop
Growth) ZFIfH4H% - Ruthie F§t ¥R EIEYIFIZEA
[5] CERES ®JA(FYIfFEHS4 - &5 CERES-Maize »
CERES-Wheat + CERES-Rice % - CERES fHfH {#
MR R L R 2 2 BTl - AE DSSAT 5=
EHSEEYVRRSF 2 BB R EET
A EmAE - fER WA EACE - ERDKEE LN
THEFTRIGHZ eSS - It DSSAT (A {E Ry
FIRFE A e A E RS e 2 TR - ml gt ¥ HE RS
SREGHE W77 22 - DSSAT 27 (B85 By nT H (i S flfst i
B 7k EYAERE - TEUKINEIRE S % 75
BERIENEAMEY) £ K28 (Jones et al., 2003 5 T3L
A5 2012 ; BIVEHE - 2011 5 & [aiFEZE > 2010) -

H AIEEEHZE 2 ] DSSAT i /%02 » 41 He
et al. (2011); Ahmad et al. (2012) ; Amiri et al. (2013);
Jeong et al. (2014); Ngwira et al. (2014); Devkota et al.
(2015); Dias et al. (2015); Jiang et al. (2016); Anderson

E TR
1

» |
hERE L]

et al. (2018); Boonwichai et al. (2018); Malik et al.
(2019) 5 BRIEEZ(1996) ; ZEFAMR(2013) 5 BRALLE(2014)5E
¥R DSSAT AT S EEY 4 i@ » Hp
Basak et al. (2010) #2%] DSSAT A B 5l R 5
LA E T U A [F i A KSR E Y 2 52
2o MBS PI2012) M ] DSSAT Hi={#t ¥ pk & —
FRPE/K RS AT TIERE - A B RS R AT S AR
FEREmiE R T - EEAMINNEL - EREEIRUR
[E(25.6 °C) s himiasE 3 °C DL E - g ERIERECD - 1
HIEYARREMS @ foft b7 AIEREEY4EE
RE -

R PR B B~ B AP i FHEY A2
— - TR AT BT DL AR B 7 M7 b 2 Bl - 4se
{ERZERREES - FRRKEZEE - BIESMAHAE
HES3 M o KRN 57 MT(Grey Correlation Analysis, GRA)
5= Deng (1989)Ffrfg t & — & 73 iy 71 &L B
B 2 M T - G 4E(2004) 52 F1 [ 5k {E ik
K AREEEREEK - #R(E 75 (2008)F FT LRI 1%
SEALEUKEERE ~ 302 - PG ELK R
% 4 AT (REES T EE S K E K Z &
fir o ZREHLQ012) LUK BRI - A AN ME B 4355 A T

M KE 2 BOETT I ITELRL ¢ Bl (2006)F1] FH KR @

oA - ¥ 16 (EFESCRE R A A B 2005 S BREEHY
10 TR EMIRE TAR ARF s -

G BHERE > EEUKRERILUSE R E - I
A [E] R SRR BB B KOS B B /KRER. © RIVERE
SRR SRR B AUK B RoKieE R AL > A
WoE~ BV RSER DSSAT a5 - ity
12388 ) 2 5 P e FH /KR B RS o HE R P 00 2 02T
sl it 2018 —HfF 2 SUEREURHE T 2 Bum (b
{8 - HERA 2019 SE—JfE 2 sBaBus e T -
R EHEA RS 2 s S HE B2 S bR -

Z - B

AERZEREE Y 2018 FEFHECERIEK
FER R KSR bR (I 52 F e /K & - 2018) 82
2019 FE/KiE HEURERE 2 7K 73 PEHIEL /K BER 7rA
(GICTHH AR H/KAIE - 2019)5F 5 2 5BREdS - /K
AIHIRFIE By 2018 FREL 2019 2 2 H &2 6 AL —
SAME > /KR B A 5 11 55

2.1 WEE T

A B Y G TR & 2 TR R &




JOURNAL OF TAIWAN AGRICULTURAL ENGINEERING

VOL. 67, NO. 4, DECEMBER 2021

DOI - 10.29974/JTAE.202112_67(4).0002

& e FH/KH) 52 e B R (SR BRI 3 pe e FHK A )
/é/ﬁﬁﬁﬁﬁ&t‘ftﬁu Blataline - HslaENaE
—HUCREE - FRYBUAROR - [P & ~ 7558 8 ~ U -
JRlE SR > DAER BtBRtE A - SR NEE 12 (|
3.0 m x 4.7 m ERLZ R HE(QE 1 FR) > B2
MRAEAFESURREEICE - 2k TsliEfas—
BEHERA - AR HRERAESEEAE T - RIS
AR

|6 S5 w4 3 52 1
(15 cm) [[(20 cm) || (10 cm) || (0 cm) |[(15 cm) || (20 cm)
{20 cm}{[{25 cm}|| {0 cm} [[{10 cm}|[{20 cm}| | {25 cm}

R6 RS R4 &3 R2 x1
(10cm) || (2 ecm) || (15 cm)|[(20 cm) || (10 cm)|| (0 cm)
{10 cm} || {0 cm} || {25 cm}||{20 cm}|[{10 cm}|| {0 cm}

fEE: ()5 2018 F—HIE Z A FESUBTE > { } 5 2019 FF—
HIE Z A RSURRRE -

1 THRREFZEERAKANEZAEREERKIMTH
BhigiRetaREZH R EE

22 REER

SRERERHE B &S ATacE . — SRR
Geul MBI AR A H Z = i (°0) & EIR(C)
2 Pl & (mm) KK P8R B (MI/m?) - ASCERA 2018 42
1 HZ 2019 £ 8 A ZREEE - BAEREs KRR
ZERHIRI > AEs\ B 5 F 5 B A - AL -
PPl B A G ABLREE T -

2.3 LTIEER

DSSAT ST 2 HIRE R Rt Wb DU

HAZEEMFE AR a2 2895 0 HIL
AHNAFHER(EREE » 2017) -
1 BEXX@MAZTENERMTENTIEET AL

WH Bt (%) Wt (%)

H 1 7.0 62.0

2 6.0 70.0

3 5.0 52.0

4 7.0 69.0

WS 7.0 65.0

H6 8.0 70.0

a1 8.0 58.0

752 9.0 60.0

7583 6.0 66.0

75 4 8.0 54.0

7g 5 8.0 72.0

7q 6 7.0 65.0

2.4 B} &Y

DSSAT =75 2 A5t 2 Hi ke H 3 ~ iERLZ
> W S E (kg/ha) FREREER > ERLZ SE
R2AUR -

x2 HAMAZERERES  QHRARE

L (] & (kg/ha)

At H H#A ] W o
2018 43 H 26 H 110 55 55
20184 511 H 110 55 55
201942 H25 H 51 77 213
20193 H 10 H 51 77 213
20193 528 H 85 21 43

IEIE%E*:I'

DSSAT #5375 i A s L H A ~ B¢
&/&/E%ﬁﬁ%/%é/ﬂﬁ S ASCZ R T TR e
- B A i 2 R K B A 28 -

= - DSSAT =X N A ER

AL Z HASBURELEM 2018 F£—HfE s
S - MiEABRRERIERA 2019 S 2 HlERE
15 - R REE Z slBniasin A 2HEA - $HEHEY)
e S5 (o P e e (o 0 B A 2 A A 12,000 {1
2% WfEM R GBS A4S E DSSAT = - (=i
TT1RHE - BB T - SHEAS 8 &EE
SR HRRSESEETRRE it E L 28
95 WiEHREEMtET LT IRME  SEFEOER R
HAHERZZE -

3.1 DSSAT #3748

DSSAT  (Decision  Support  System  for
Agrotechnology Transfer) fEzCE1E 1986 HFEEEE
HEMT - BERERINILRE T 5 IBSNAT IHH - i
HRFFUETEERE LR - SR B a5TERK
Z:4 0 1 DSSAT fHAZEME(AIE 2 FR) © DSSAT f5
F/H#E CSM-CERES-Rice Z 47155 » b £ = a] 5
BT E R SRS B AR R AT 5B - T4
T &M RN R AR B /KRS 2 A BARAR - 1T T
AR A BIEaiE RS C&E - S - 1S
BHREER @S AR [ & - KIGHE &)



TR T ARG R

EHESE PHE

HEE - BER) - (FYaeEGECKERE) - FYE

77 =N(REAE B HA ~ FiiE 07 =X - fehe 2% ) R A AR RE
<~ HHAEL ] & (Jintrawet, 1995 ; Ritchie ef al., 1998 ;
St’astna et al., 2002 ; Sarkar, 2006 ; Amiri et al., 2013 ;
Ritchie, 1998 ; Shelia et al., 2018 ; BEIHESE » 2014) -

Seasonal loop

Main
Program
CSML.FOR

Run
Initialization | |, oput
Module
Seasonal
Initialization Land
% Unit
Module
Rate LAND.
Calculation FOR
a
19
i)
> I .
= ntegration
A

3.2 DSSAT HAZERAKREN

DSSAT 37 KEREIR FHEH R T2 AT
TR 2 ZERCE TR J77ABE R Priestley-Taylor (1972)
£ HoOF A= (1) 7 (Ritchie, 1972; Ritchie, 1985;
Jones, 1991; Akumaga et al., 2019)

— ‘Weather.for
—| CO2VAL.for
— OPWEATH.for
— HMET.for
Primary Secondary || oo
Modules Modules
s  SOLAR.for
Environmental | | —  WGEN.for
Weather 11 Modification 1
odification | I wrumMoD.for | [ AUTHAR for
o Planting AUTPLT.for
- L~ CHEMICAL.for
{ Harvesting }__‘[ OPFlood.for
S | Flood_Irrig.for
{ Irrigation
— IRRIG.for
— FertType_mod.for
L Fertilizer —{ L Paddy Mgmt.for
OM_Place.for —
Residue
-{ Management F.._' | Fret_Place.for
Placement
Tillage.for
Tillage

Soil-Plant-
Atmosphere

Soil Temperature

Evapotranspiration

TillEvent.for

—-| Soil Dynamics

|-

Soll.for ]

o

—

INFIL.for

[

OPWBAL.for

—

RETC_VG.for

RNOFF for

SATFLO.for

TILEDRAIN. for

WATBAL.for

WBAL.for

WBSUBS.for

—‘| Soil N %—' SoilOrg_init.for

Soil P

|—'—' SoilOrg_init.for

CE_RATIO.for

CENTURY.for

DECRAT.for

EFLOW_C.for

IMMOBLIMIT_C for

INCORPOR_C.for

IPHedly_C.for

NCHECK _organic.for

LITDEC_C.for

|, Cere organic
matter

OpSoilOrg.for

NCHECK_C.for

SoilOrg.for

OPSOMLIT C.for

Century
organic matter

SoilOrg_init.for

PARTIT_C.for

RI_Caleshk.for

—

|

RI_GNURSE for
RI_Grosub.for

Plant.for CERES-Rice

|

RI_Ipcrop.for
RI_KUPTAK for
RI_Nfacto.for
RI_Nuptak.for

RI_Opgrow.for
RI_Opharv.for
RI_Phenol.for
RI_Rootgr.for
RI_Tillsub.for

RI_Transpl_g.for

RI_Transpl_p.for
RICE.for

2 DSSAT EAREEAFERENXE

RPLACE_C.for

SENESADD_C.for

Soil CNPinit_C.for

SoilNoBal_C.for

SoilPoBal_C.for

SOMDEC_C.for

SOMFIX_C.for

SOMINIT_C.for

s

SOMLITPRINT_C.for’

TSOMLIT_C.for




JOURNAL OF TAIWAN AGRICULTURAL ENGINEERING

VOL. 67, NO. 4, DECEMBER 2021

DOI - 10.29974/JTAE.202112_67(4).0002

aA(R, -G)
ET, =———=
P A(A+7y)
AP ET, B Emm/d) > o B—HEE > i
1.26 » 2 RyZE 38782 (MI/kg) » A Fo7k SRR IS &Ry
R (kPa/°C) > R, By KIS RS (MI/m?d) > G fHEH £
HEEGEEMI/m?) >y FyRfEHE #(kPa/°C) -
1£ DSSAT #5z{> Environmental Modification
g h - 280 (PET, ) Bl + 8 S IR (ALBEDO) 2

sFEAFH A 2)~=(S) AR (Akumaga et al., 2019;
Ritchie, 1998) -

PET,, =23.923xT,; x SRAD
x(0.000204 —0.000183x ALBEDO) .......... )

x(TD +29)

ALBEDO = 0.23—(0.23~ MSALB)e "7 ... 3)
ALBEDO =0.23+(LAI-4)x2/160 ... 4)
TD =0.6XT,, + 04X T, oo, (5)

B HFHEATZ ST B AT K@) HFEERZ
FTEAT o 1l SRAD Fy R[5 84T E(MJ/m?d) » MSALB
Ry T SRR LAT RyTFEmfada s D Rt (8 KR
FECC) > T ~ T 730 R HEm0R RS H R EOR
(°C) > Ty & EEFME - 5hy 1.1 > HORE B A #6E
B Fy 5°C-35°C » AJA 35 °C B{&L 5 °C » AlIFR(E
A= (6)3 (7 EF(Akumaga et al., 2019) °

L& T, KIL 35 °C > Tag HIETHRATAIZ(6)

Ty =1.140.05(T, 0 =35) oo (6)
28 Ty TRFY 5 °C I > Tag HIETRAFANZ(T)
Tpy = 0.01™ 8020 (7)

1 DSSAT 55,2 Management f55f 2 Planting f&
4o stEKEEREZAFHE > RIBEFEEE
(Growing Degree Days, GDD):-51.2 » HTi2at4015(8)
Ffi/ (Hoogenboom et al., 2010) »

GDD = Z[w—b] ............................. (8)

At GDD R HEE T (RS H iR ERE
(°C) & Toin REEHREAE(CC) : b BEAFELE -
RAEYNE (LA RATEE > T ZKREERER Ry 9 °C -

£ DSSAT 532 Soil Water f5l5g - T3S 8 7 B
TR AR T B ook > HEURH EE
FER - HEEKE TR HIRE AT
W=09) ~ A0 A DFTR  EEIPKZEE AL
A(12) : HOK P 25 R AL (13)FT5(Porter et
al., 1999) -

WP =DPxWPpx10.0 .. ... 9
FC=DPxFCpx10.0 . ..., (10)
ST =DPxSTpx10.0 ..o, (11)

A WP Ly AZEE(mm) - DP By T IR H|H 28
(cm)> WPp By DL ZE B, R AR 1) + 3 5 /K & (cm¥/em?) -
FC JyHREA /K& (mm) - FCp Ry LIS /KE Ry kA
7 FEEEKE (emY/em?) - ST 14 7KE (mm) » STp
Ry E /KRR (cmY/em?) -

DRN = (SWC=FC)XDRNp ...........ooooovoceee.. (12)

A H DRN Fy#E B HF/K & (mm) » SWC Sy 185K
H(mm) » DRNp B HHPEKE(1/day) -

SWC" = SWC +(INF — ESa— EPa~DRN) ......... (13)

i SWC™ B+ /K B FEFH{E(mm) - INF B A
28 (mm) » ESa BB H L3568 8 (mm) » EPa JiE
YIRFEE R (mm) ©

1F DSSAT &3> Plant f&#f#% CEREC-Rice &
RETEMmELER R — RS R
Hot &ML BB S AR % - TR a4
BB NS A SRR S B R (4 - T
YIE R TETE B B RMBIE A - (BTF
%05 min (PRFT, SWDF1) » E.d# PRFT » SWDF1 43 Bl By
SEFES |28 S E AR EE oK SR T - i
il RS SBa S AR SR 28EE
PP A RIIPL) OB BRI A E(P2R) Bl
ZEARIPS) ; BITEEG S H E(P20) LR Bl & Mk
AR 2BURTEIE MEEAE(G]) : BHIE(G2): Sy EE
T E(G3) BB 2 (5 8(G4) (R8> 2015) - DSSAT
CERES-Rice fHzUHY 8 {E{EYE (H S B0 s
ERRBERERMER  M2ERTHESE
DSSAT = (i fl M #4401 3 For(Singh et al.,
2014) -



&3 DSSAT #RAZKiEmiESHEER

$EA e ok M EEE
e B Pl 210-900 GDD (°C)
BE FfCEE SR H & P20 10-14 hours
JIE EEEISURIA% P2R - 5-250 GDD
R EE AR P5S 300-900 GDD (°C)
NEZERAN LR i Gl 30-100
EE k= =R TA=E G2 0.022-0.030 (g)
iR SYEEAI G3 0.3-2.0
SR 32 (35 G4 0.7-15

3.3 995 MR ERREEREEERERA

ARICER Simlab 2 22 % 4 % 77 7% (European
Commission-IPSC, 2004) 3 4= p /KB AE 28 > ¥ 5] 57
ffii (71 # (Uniform Distribution) 2 %% [ i 840 =4 (14) e
5 o

_ Weight;
F)=2, RighrVal; — LeftVal,

i=1

HH n A EE#E(Number of Intervals) RightVal #1
LeftVal 255 i {lil @AY T IRME(E - RIS EE i
iMe » (RightVal-LeftVal)>0 : Weight, > 5 i {#71&
EIFVHEEE - MFTAREE A1 1 -

SHH BRI FE R RS 2 BHVE R
(Variance) 5 =i 45 SR8 SLAVE B R (Saltelli et al.,
2000) » SRR IE AT 775 255 K B BURR M Sy B
TSR BURN AT Bl EURN & > T BE 2 Bk
e S R AR IR ERE S T e (e =
e RIS RN E - 2RI TA
5218 5140 Morris j£(Morris, 1991)~ [E]§f £ (Venables
and Ripley, 1994) ~ Sobol j%(Sobol, 1993) Bl {# 17
& F& fa B 0% (Extended Fourier Amplitude Sensitivity
Test, EFAST) £ (Saltelli et al., 1999)% - A H
EFAST 243 #f1 > EFAST /245 Sobol JAEL{E T TENIEE
fbgi (Fourier Amplitude Sensitivity Test, FAST) 7 {&
B BN BRI R — T 2 H UM T T - #%
J7E R R R B E 28 A — (L E %
TISH s WIS WG R A S 80E FE—(HEERUH
o RIS R BT S8 s WERAE > HEK
Hla &S S T L EE AT JE ST EE AR E
MR - AL Ah 4 ) HIfE I b B E S B H At 2
B T AE R P 5 [RERE A5 SR AY B BB CRIA S -
2014) -

E TR
1

» |
hERE L]

EFAST A2 78— S o » 4575 B
R b WR—4EESRE S BC%E h DLYMYEA R+
5 Zow WIELTE @ 5=2Mipar(o-ny* T max( @~ Zo
TFEPZ REFRE - I HAEREE Z,FE09 M [
L AEFFTEEAE Z AN T 2. 857 M B FESR
PEVEFPTEE A Z A% - it EFAST B2 BURMERS
TR A AIZ0(15) 7~ (Saltelli ef al., 1999 ; Lauret
et al., 2006 ; TLTRIEE » 2014) «

(N-1)/2 2 g2
Zw:M,m(w~h)+l (4o +B2)

> B

w=l1

ST, =

= ST, By a¥Ad 5 =X > 48 BURG ME: £5 1% (Total
Sensitivity Index) > @ = Mmax(w_,)+1 B3I h RFHER
EAEBETERE THE 25T RSO N ARG TR R
EEEIERE 0 G ER  N=2Mw+l ° 4, 1B, B
o M T B 0 M T 5 T (Interference
Factor) » —fi%H{ 4 5 6 -

Confalonieri et al. (2010)}5 H S EEEITTREL
AR Ry 11,363 X 0 (R » ASCERF] EFAST #9£
B E(LEER 12,000 H28 0 Wik 2E 2557
ffi > i R sE= 45 % DSSAT i » [T
12,000 ZAE#EE o

3.4 IREABKE D E R T fm AR AR R

A {ER R TR 2 E R (L SR
F I B (2012) Fi5 H Bk E gk o A S — e 2 2B 0 8 Y A5
= o DRI AT (5o F 20 AE TR JTRE R n=(16)
Fir o BRI - IRBAREAEEAT Y 1 0 455 AARME -
1
n 2 y(xy(k),x; (k)

o xo(k) BERIFF  xi(k) Bsat BEFH1 - xo(k)Ed
xi(k) 73l By 3 xo B2 xi AE56 & BEHVHE -

A DSSAT PR 12 (B S8R fE
BEIERIEAR - B HaESBuET o fifeE -
WS BOE AT & 5 5 o AR SO A Rz B R R RS (R B
(Pearson Coefficient of Skewness)iE{ T B {REE T fifs
GE » HOTREAMHADFTR GEICFE - 1991) » AR
B AZE SPSS Statistics 17.0 #E{T/3H  Fefa{HIEA
SRR R 95 &M . BT IR » 7
An=(18) ~ =(19) X QO)FrR(EEESE » 2006) ©

7(x9, %)) =




JOURNAL OF TAIWAN AGRICULTURAL ENGINEERING

VOL. 67, NO. 4, DECEMBER 2021
DOI - 10.29974/JTAE.202112_67(4).0002

st S, B HBREEE ¥ BEATHEE m,
BB s B -

mm ~ AT Ry SO mm ~ FFEIEIT R 60 mm ~ FLEUH
K530 mm ~ SER Ry 30 mm > ESTEEREHA B -
AR AR -

X - D e (18)
n
: M BRAFEER
o= ;Z(x—,u) ............................................ (19)
P — 41 BERNSHEEL
—1. Xﬁ</-l< +1. Xﬁ ................... (20)

i X BIEATE 0 o RIEAERE > n iR A(E
8o x RRAREEE - p REEAIIE -

3.5 FEHARREE

ASL(HEH] DSSAT FEEfT/KigA: fefFide - L
HHER - ASCEM 2018 F£—{EalbaEk Bk -
TERE T 5 RyREBESOE 2 RERTREDA 3 R ETRIR R
HIEAEREEARE 2 13 K > (RSN DLy BEWI R EE
FERHRE > JAPEEREE R AR 345567829
10~ 1112~ 13 K> —3k 11 B - AREAFELER
PEE 2 BRERK AR E A > ASCGRIE SO
BRZKZE Ry 25 mm ~ Sy BERISH By 30 mm ~ STEEREHA R 40

SEEE{4LL EFAST JE4 B edE - (# R 3B
S5 DSSAT 15 > ef& Al FH K BETSH 2 H iy
HEER 2B - KRS S 2 S8 A IR
B SR EHE > BREENFR 4 For o AR 1
W2 -F3-FA4-FHS5-FHO6-~7H1-~7H2 737§
4~ 755756 ZIREBEE - 25305 0.977 ~ 0.988 -
0.964~0.990~0.985~0.981~0.987~0.984~0.9720.973 ~
0.962 ~ 0.993 o Lt IRBHBEGERITZE 0.95 DIk >
FORIIATEE R Ry AT -

AI(EF SPSS HEfTSEURE Mg E > 5THE
8~ SFI9ME ~ R - RGO TR - B
F 12 tHS B EERTE 95 %EEEE B REHE -
GERBURAFER 5 Fn > S eSE R Ry R AR a0
3R o HIFE 5 KB 3 BT E TS 2 BV

&4 DSSAT EAERZIFYMmESHRELER

& Pl P2R P5 P20 Gl G2 G3 G4 TR RERERE
1 551.9 227.0 492.2 11.79 30.77 0.025 1.769 1.048 0.977
B2 857.5 75.5 490.6 10.11 30.84 0.028 1.242 0.919 0.988
53 538.4 70.3 418.4 11.39 36.10 0.029 1.805 1.383 0.964
4 701.6 2373 655.5 11.54 36.64 0.023 1.088 0.866 0.990
R 854.8 715 473.8 10.27 32.81 0.027 0.632 0.858 0.985
6 835.1 130.4 606.1 11.49 30.25 0.028 1.511 0.855 0.981
71 832.0 59.8 434.9 12.82 39.71 0.028 1.739 1.246 0.987
75 2 554.9 2224 688.1 11.29 34.05 0.025 1.642 1.081 0.984
753 303.8 180.0 672.6 10.26 44.42 0.028 1.839 1.318 0.972
75 4 835.1 8.1 405.8 12.48 30.35 0.021 1.295 1.316 0.973
755 330.6 14.4 381.2 11.35 76.44 0.020 1.910 1.089 0.962
756 521.2 183.8 655.0 10.31 33.55 0.026 1.537 0.801 0.993

=5 DSSAT EXFMEREYRESHERZERA T RRES M

EX oA Pl P2R P5 P20 Gl G2 G3 G4

i 628.3 103.0 491.4 11.37 33.80 0.027 1.590 1.065

Pig{E 643.1 123.4 531.2 11.26 37.99 0.026 1.501 1.065

fEte 204.1 83.9 115.9 0.88 12.83 0.003 0.376 0.209

95 % R 758.6 170.8 596.7 11.76 45.26 0.027 1.714 1.183

95 % KR 527.6 75.9 465.6 10.76 30.73 0.024 1.288 0.947

(REE(28) 0.430 0.089 0.206 0.237 2.846 -0.891 -1.188 0.271

fmEES i a1 Fifw Fifw Fifw Fifw Vi a1 Fifw




&2- ///”_\\\\
Ny

\

/

300 400 500 600 700 800

S HE M
()P Ui e oA dh 4 1 R B R AR )

300 400 500 600

2HE MM
(c)PS 1@ f oA dh 4R LR B R AR )

700

30 40 50 60
B HME
()G Uy A7 s SR SR B R Ak )

0-
0.018 0.020 0.022 0.024 0.026 0.028 0.030 0.032

0 50 100 150 200 250

2 & RME
(b)P2R 1R & A7 ¢ 43 2 R B R AR B

100 105 110 115 120 125 13.0
S 3G A
(d)P2015 F& A7 b 42 Y1 R R Ak ]

24 E M
(DG21 & A e 62 92 R B R A

075 100 125 150 175
2 H G A
(2)G3 1 e AT o S S R B R A5 B

1.0 12
S HE MG
()G & oA h 8 582 R B R AR )

3 DSSAT EXERFMMESHZFEESHBEER

2t - Pl G2~ G35 3 (H2HEH AR > P2R

P5-P20 -~ Gl ~ G4 & 5 ([HSHEFR AR -

AH 2B P B P EATRIGER

HEFTHRR YA - (EAESR ATIGA
%i@ﬁ%%’zéﬂéz R? RyfefE

2 0.5717 > 41IlEl 4 F

1 2018 J2 2019 4227
H R A7 5 0.2108
1% o EE 11 SEEYaiES



JOURNAL OF TAIWAN AGRICULTURAL ENGINEERING

VOL. 67, NO. 4, DECEMBER 2021
DOI - 10.29974/JTAE.202112_67(4).0002

600 - 1200

500 L - o 1000 £ o« . -
BOd00p e - Bogo0f | et
%éi 300F e %g 600 f——|_mfust .
& 200 L & 400 ° .
=z y=0.1359x +294.95 =z .

. i E y = 0.3024x + 488.05
g 100 . R*=0.1323 (g 200 . R2—02108
S : : : E  Oboin
~ 0 500 1000 1500 2000 "~ 0 200 400 600 800 1000 1200 1400 1600
K 1% # 2 (kg/ha) K% 2 (kg/ha)
(2201842 Pt & ER TR E B FE ()20184F 2 Fradh & TR TR E B W5 E

3500 5000

3000 L] 4500 I
s 2500F Y =20567x-2353.4 . 4000y -5 7188¢ 29571
P R%2=0.5671 #3500 R2=05717
s 2000 o Lo E =

---------------- °

g_ 1500F R B £ 5000 B
5 1000 o e i %(5)88 T

500F g e . e | | FI00E e . .
~— 1000 1200 1400 1600 1800 2000 2200 2400 "~ 1000 1200 1400 1600 1800 2000 2200 2400

F % & 2 (kg/ha) E % & 2(kg/ha)
20192 v Z 2 REFE W FE (d2019F 2 P B 2 2RERE EDHE
B4 SEXRZSHMPUSSFHEEERES ZOEE
#*6 =M1 REMRESHZERSITER
S FE P1 P2R P5 P20 Gl G2 G3 G4
@ SHEE 643.1 123.4 531.2 11.26 37.99 0.026 1.501 1.065

%7 Pl -~ P2R ~ P5 P20~ Gl ~ G2 ~ G3 ~ G4 4584y
R By 643.1~123.4~531.2~11.26~37.99+0.026 ~ 1.501 ~
1.065 » W15% 6 Fi ©

4.2 EBRHERBRYHESERE

BB SRR « RE - RS
F5 DSSAT BixHi AFIHL » Tii/KRErS A RS ER 2

68.65 % ~ 69.97 % -

BEAh » RHEFRERT 95 % b T IR SLFEfEY) S S
A BT EVERE A TR - HE SR
CEERBURTNE 6 o 7 95 % b~ PR ASHERAE BB
FEEREEE T BILL 7 KRB 6 K 7 HEREHRE Ry fE -

RT7 ERHEXE CERRRAKRREKERLEZ

4=

IKRUSIORRK TR RS 74 5T SEHTA L = —
3OOEBIERIGE - FUE(RBREL 5t emme mm n UER g
BSERFBURAFR 7 R - A BB EARE T 7 S5 5 (days) (kg/ha) (%) (mm) (%)
SFEGER S FE 1,527 ~ 1,838~ 1,923~ 1,967 ~ 1,939 3 1039 - 1515 -
2,085~ 1,923 ~ 1,519 ~ 1,579 ~ 837 ~ 891 kg/ha - j& %1 4 1058 1.83% 1175 22 44
ZESVEMIAER 3 K2 ESILERGERER - 8E 5 1028 -1.06% 995 34.32
SEEHARE > A B HIIR ST B 5 0.00 % ~ 1.83 % ~ -1.06 % ~ 6 1061 2.12% 805 46.86
2.12 %~ 2.50 % ~ 8.47 % ~ 7.80 % ~ -5.00 % ~ 0.10 % - 7 1065 2.50% 755 50.17
2637 % ~ -33.11 % > frﬁ/ /Ejgz,%lﬁﬁm 2555 B By 1,515 8 1127 8.47% 655 56.77
1,175 ~ 995 ~ 805 ~ 755 ~ 655 ~ 585 ~ 545 ~ 535 ~ 475 » 9 1120 7.80% 585 61.39
455 mm - W 5 R © etk o R EEBHIEE 2 REAE 10 987 S00% 45 64.05
F/K R BEIEE 3 K MEAE F/K R LI T » 6 SR s £ R
IKETAY LA R 0.00 % ~ 22.44 % ~ 34.32 % ~ 46.86 % ~ 12 765 2637% 475 68.65
50.17 % ~ 56.77 % ~ 61.39 % ~ 64.03 % ~ 64.69 % 13 695  3311% 455 69.97




1600
1400 £
#1200
#
25,1000 g
A =
) 800 =
= 600 F 585 545 U%
ﬂ\i 535 475 455 400 RS
5 400
= ook 200
0 . . T - 0
3 4 5 6 7 8 9 10 11 12 13
AR (R)
KR - R EER % E
3500
3120
3000 F 2959,,32%9 ..... e... 2868 —= - TR
2665,...@ T -e.. o LR
- ... 2388
2500 -2
# 2000133 . 877 1957
2R e ...
3 1331
&, 1500 .. 114]..4
£ 1000
338 315 336
300 a0 e S A S R T
0 :

34 5 6 7 8 9 10 11 12 13
A (R)

6 SHEEM 95 % L FRUEERERPEZEGE

+ xA
ﬁ N :%l:lnlﬂl

ASCHIA EFAST I Ingetalin@inti s
TRV a2 HUE - D F R D M 2 f
SR E  REFFEVSESBEETRE - SRER
PHE 28 R - RIL - 2R 1 SRS P
P2R~P5-P20~G1-G2~G3 G4 47| By 643.1~123.4~
531.2 ~ 11.26 ~ 37.99 ~ 0.026 ~ 1.501 &1 1.065 -

HORE SRR R e B B IS RS R -
BEIRE 5y 8 RZEERRE > MR 3 RIEBHIE &
E AN 8.47 % > JRATEI/KEY 56.77 %

FABTFEATISA1.Z DSSAT AR 11 5K
FERSED RARER P AR SR 2/ 11 90KRG
TESBGETTLUTNOIFE + (DAE A R K R T BR AU
EHOKERE > H AU i (R LR B KR
B2t > DUAEBTERELER] - Q)R REZ A
[ S8 A B S f B ST TR R R
11 /KRS B AR RIS AR 2 » TR A fE Ry KlERIsk
FEBHRC/K Z K8 - Q)R MIFAE AR 2R 11 57K
FeR e A tE 2 HURHE A - DU R B B R /KR
hEZFE  EHERESGEEE AL - (4)FTH]
JH DSSAT fe=U R R 11 S /KRAE R I BREE E b
T RORIREEA KRG E B 2 AR -

. Akumaga U., D. Alderman P., “Comparison of Penman—

Monteith and Priestley-Taylor evapotranspiration
methods for crop modeling in Oklahoma,” Agronomy
Journal, 1171-1180, 2019.

. Anderson, R., Keshwan, D., Guru, A., Yang, H., Irmak,

S., Subbiah, J., “An integrated modeling framework for
crop and biofuel systems using the DSSAT and GREET
models,” Environmental Modeling & Sofiware, 108: 40-
50,2018.

. Amiri E., Rezaei M., Bannayan M., Soufizadeh S.,

“Calibration and Evaluation of CERES Rice Model under
Different Nitrogen and Water-Management Options in
Semi-Mediterranean Climate Condition,”
Communications in Soil Science and Plant Analysis, 44:

1814-1830, 2013.

. Ahmad, S., Ahmad, A., Soler, C. M. T., Ali, H.,

Muhammad, Z. U. H., Anothai, J., Hussain, A.,
Hoogenboom, G., Hasanuzzaman, M., “Application of
the CSM-SERES-Rice model for evaluation of plant
density and nitrogen management of fine transplanted
rice for an irrigated semiarid environment,” Precision
Agriculture, 13: 200-218, 2012.

. Basak, J K., Ali, M.A., Islam, Md.N., Alam, Md.J.M.,

“Assessment of the effect of climate change on boro rice
production in Bangladesh using DSSAT model,” Journal
of Civil Engineering (IEB), 38: 95-108, 2010.

. Boonwichai, S., Shrestha, S., Babel, M., Weesakula, S.,

Dattab, A., “Climate change impacts on irrigation water
requirement, crop water productivity and rice yield in the
Songkhram River Basin, Thailand,” Journal of Cleaner
Production, 198: 1157-1164, 2018.

. Confalonieri, R., Bellocchi, G., Bregaglio, S., Donatelli,

M., Acutis, M., “Comparison of sensitivity analysis
techniques: A case study with the rice model WARM,”
Ecological Modelling, 201: 1897-1906, 2010.

. Devkota, K.P., Hoogenboom, G., Boote, K.J., Singh, U.,

Lamers, J.P.A., Devkota, M., Vlek, P.L.G., “Simulating
the impact of water saving irrigation and conservation
agriculture practices for rice-wheat systems in the
irrigated semi-arid drylands of Central Asia,”
Agricultural and Forest Meteorology, 266-280, 2015.

. Deng, J. L., “Introduction to grey system,” Journal of

Grey System, 1: 1-24, 1989.



JOURNAL OF TAIWAN AGRICULTURAL ENGINEERING

VOL. 67, NO. 4, DECEMBER 2021

DOI - 10.29974/JTAE.202112_67(4).0002

10.

11.

12.

13.

14.

<

16.

17.

18.

19.

20

Dias, M.P.N.M., Navaratne, C.M., Weerasinghe, K.D.N.,
Hettiarachchi, R.H.A.N., “Application of DSSAT crop
simulation model to identify the changes of rice growth
and yield in Nilwala river basin for midcenturies under
changing climatic conditions,” Procedia Food Science, 6:
159-163, 2015.
European Commission, and IPSC, “SimLab 2.2-
Reference Manual, Ispra,” Italy, 2004.

Hoogenboom, G., Jones, J.W., Wilkens, P.W., Porter,
C.H., Batchelor, D.W., Anthony, L.H., “Decision support
system for agrotechnology transfer, (DSSAT) version
4.5,” Honolulu: University of Hawaii, CD-ROM, 2010.
He, J., Dukes, M.D., Hochmuth, G.J., Jones, J.W.,
Graham, W.D., “Evaluation of sweet corn yield and
nitrogen leaching with ceres-maize considering input
Society  of
Agricultural and Biological Engineers, 54: 1257-1268,
2011.

Jintrawet, A., “A decision support system for rapid

parameter uncertainties,”  American

assessment of lowland rice-based cropping alternatives in
Thailand,” Agricultural System, 47: 245-258, 1995.
Jeong, H., Jang, T., Seong, C., Park, S., “Assessing
nitrogen fertilizer rates and split applications using the
DSSAT model for rice irrigated with urban wastewater,”
Agricultural Water Management, 141: 1-9, 2014.

Jiang, Y.W., Zhang, L.H., Zhang, B.Q., He, C.S., Jin, X,
Baia, X., “Modeling irrigation management for water
by DSSAT-maize
northwestern China,” Agricultural Water Management,
177:37-45, 2016.

Jones J.W., Hoogenboom, G., Porter C.H., Boote, K.J.,
Batchelor, W.D., Hunt, L. A., Wilkens, P.W., Singh, U.,
Giasman, A.J., Ritchie, J.T., “The DSSAT cropping
system model,” European journal of agronomy, 18: 235-
265, 2003.

Jones J.W., Ritchie, J.T., Crop growth models In:
Hoffman, G.J, Howell, T.A., Solomon, K.H. (Eds.),

“Management of farm irrigation systems,” American

conservation model in arid

Society for Agricultural Engineering, 63-89, 1991.
Lauret, P., Fock, E., Mara, T.A., “A node pruning
algorithm based on a Fourier amplitude sensitivity test
method,” IEEE Transactions on Neural Networks, 17(2):
273-293, 2006.

. Malik, W., Isla, R., Dechmi, F., “DSSAT-CERES-maize

modelling to improve irrigation and nitrogen

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

management practices under Mediterranean conditions,”
Agricultural Water Management, 213: 298-308, 2019.
Morris, M.D., “Factorial sampling plans for preliminary
computational experiments,” Technometrics, 33(2): 161-
174, 1991.

Porter C.H., Braga, R., Jones J.W., “An approach for
modular crop model development,” Agricultural and
Biological Engineering Department Research Report, 1-
13, 1999.

Priestley, C.H.B., Taylor, R.J., “On the assessment of
surface heat flux and evaporation using large scale
parameters,” Monthly Weather Review, 100: 81-92, 1972.
Ritchie, J.T., “Model for predicting evaporation from a
row crop with incomplete cover,” Water Resources
Research, 8: 1204-1213, 1972.

Ritchie, J.T., “Soil water balance and plant water stress,”
Understanding Options for Agricultural Production, 41-
54, 1998.

Ritchie, J.T., Otter, S., “Description and performance of
CERES-Wheat: a user-oriented wheat yield model. In:
ARS Wheat Yield Project. ARS-38. Natl. Tech. Info.
Serv., Springfield, Missouri, 159-175, 1985.

Ritchie, J.T., Singh, U., Godwin, D.C., Bowen, W.T.,
“Cereal growth, development and yield,” Understanding
Options for Agricultural Production, 79-98, 1998.
Ritchie, J.T., “Soil Water Balance and Plant Water
Stress,” Understanding Options for
Production. Dordrecht, 41-54, 1998.
Saltelli, A., Chan, K., Scott, E.M., “Sensitivity Analysis,”
New York: Wiely, 58-66, 2000.

Saltelli, A., Tarantola, S., Chan, K.P.S., “A quantitative

Agricultural

model-independent method for global sensitivity analysis
of model output,” Technometrics, 41(1): 39-56, 1999.
Sarkar, R., Kar, S., “Evaluation of management strategies
for sustainable rice-wheat cropping system, using
DSSAT seasonal analysis,” Journal of Agricultural
Sciences, 144: 421-434, 2006.

Shelia, V., Simfnek, J., Boote, K., Hoogenbooom, G.,
“Coupling DSSAT and HYDRUS-1D for simulations of
soil water dynamics in the soil-plant-atmosphere
system,” Journal of Hydrology and Hydromechanics,
66(2): 232-245,2018.

Singh, U., Ritchie, J.T., Godwin, D.C., A user’s guide to
CERES rice - V2.10, 92-97, 2014.

Sobol, I.M.,

“Sensitivity estimates for nonlinear



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

mathematical models,” Mathematical Modelling and
Computational Experiments, 1(4): 407-414, 1993.
St’astna, M., Trnka, M., Kren, J., Dubrovsky, M., Zalud,
Z., “Evaluation of the CERES models in different
production regions of the Czech Republic,” Rostlina
Vyroba, 48: 125-132, 2002.

Venables, W.N., Ripley, B.D., “Modern applied statistics
with S-Plus,” New York: Springer, 57-66, 1994.

FSE B T B S EYIISE RIS R B
I E7KOERE - 55 8 HH - 55 63-68,73 H - 2012
BALAEAREARE - T KIEHEUEEM 2 K1k
HIBE KBRS - Il ARBEAKFE R
BB R R > 109 H 0 2019 -

He=» TEBMASEOKEN 2 o 8latss ) - B
BERERETEEZ 1979 -

HE= - Hisz s ~ REE - FEWL - FERPKEE
o LB A - 1988 -

REFPE 5 2 IEME - =i AT BT Morris H1 EFAST
f CERES-Wheat FSIBRLME ST | - BL3EHEMER S, -
545 555 10 # > 55 124-131 H > 2014 -

FEES T IE AR R E F FE e A T K
VIR VAT SRS PN NI N
JFRE 64 H > 2012 -

THFE 0 T KIBSURER . R E R T,
B TLF SR HOREE T AR TR ZabH 3w 0 R B 63 H»
2017 -

SHRE - B - J740EE 0 T ER U TR R
2B EEN T 228 ) - BEIESH 3
60 555 3 HH - 5 68-81 H » 2014

MASTE > T FERTIKREIE AT R B K & K& R v
fli 3 BITLFR RS R ER R TR ZaBH 565 o
100 E > 2008 -

IR ~ 3P0 (EIL R ~ MRV - B TSR
SRR TR, > TPEIRA/KHIKE > 55 3 B
5 92-95 H - 2014 -

ZINkk - T DSSAT (YIS BLaatis i P o e HI
FHEERES (L KEEETE 2 thR, - BlILEZ
BREAYEREREL BT YIS
0 2db v 162 EH > 2013 -

wR$H » T CERES-Rice {E¥JfEHHIGRE Z (FYERS
BOIRURE S E E AT, > BirsEAREE

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

&R G R b R BRI P A st 4H AR L 5m S
&dk > 80 H » 2015 -

wE - METRCERIET) - BB > &

1991 -

EHEEST ) HEEETEE > AmEFHRRE G AIRAE
&k > 2006 -

LOREKFIZ > T B R 106 F2 21T Kt
SHEH o AKCURFEFR 0 2017 -

B ~ FFIASR - EOUE ~ IE - S5 IE - 5HHEE
TRATHE > KA E A R AR B AR L R R IR A
58 NDVI Z KRBT A L - 1R ~ BRS B AR P&t -
51 B5 3 55 199-206 B > 2004 -

Pl ~ REFEEA - T IR ERAMR S S A B A S A e
SHAH G onbbaBR PV ER | o RS ER R S5 S |
2006 ©

EEEREIAKHE - " A HSUER LK TEETK
WA o EEREEEKFE T EEITRK
B 75 5 0 2018 -

B miE ~ 2L - Vinay Nange ~ FESEESE - kT - £
e~ =il - T DSSAT MR B g A N CREE MERERY
JERE R SRS | o SR R EENTST 55 28 B 3
HA > 55 64-70 H > 2010 -

OB ~ TRISAE R TR E TR E R KAEE
HHEIKURER B IR ) B TIEEH 5 60 &
5518 55 81-90 B 0 2014 -

BeEs > TEMESIEREEME T, o B
TAZEER - 55 42 5 1 H] 0 5 74-82 H > 1996 -
B T RS Ak KR A B R R K
BZEE | > B RRE LR TEZLE LS
BEEE - 128 B > 2012 -

PIEHE - ST - 4 - 55— - AR > T DSSAT
TEVI R GETIH R R BER | - BEESER & 11
HA > &5 5-12 & > 2011 o

BiAMGT T RAEEE NREEE R B LBl E RS
fE o BT PORE AL R T AREE SR 0 BRE
97 B > 2014 -

WisBH : KB 110505831 H
fEeZ B8 : KBl 110 £ 07 H 03 B
EZHY  EE110% 08811 H




