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Design and Development of Web-Based Decision Support Systems for Wheat Management Practices
Using Process-Based Crop Model

dasy

- NSEP - M MY - Zepze

Kim, Solhee * Seok, Seungwon * Cheng, Liguang - Jang, Taeil - Kim, Taegon

ABSTRACT

This study aimed to design and build a web-based decision support system for wheat cultivation management. The system is designed to collect and
measure the weather environment at the growth stage on a daily basis and predict the soil moisture content. Based on this, APSIM, one of the
process-based crop models, was used to predict the potential yield of wheat cultivation in real time by making decisions at each stage. The
decision-making system for wheat crop management was designed to provide information through a web-based dashboard in consideration of user
convenience and to comprehensively evaluate wheat yield potential according to past, present, and future weather conditions. Based on the APSIM
model, the system estimates the current yield using past and present weather data and predicts future weather using the past 40 years of weather data
to estimate the potential yield at harvest. This system is expected to be developed into a decision support system for farmers to prescribe irrigation
and fertilizer in order to increase domestic wheat production and quality by enhancing the yield estimation model by adding influence factors that can

contribute to improving wheat yield.
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i} o] thFE Aol A Aulste 2HE AR uf ot
tEA| 71deE 2o ofgar 4 Al 9 el wsiet
22 QJFAQ1 adlof whet Akl & P mZIth (Kang
ot al, 2015). o2} ofel Z7H9] SiRleh ZAL =
wheh Q] Aol WAIsto] mE BAof Uekl Ak
7S A7)0 = ofel=o] it (Park et al., 2018; Seo et
al., 2020). Song et al. (2022)2 -2|L}2} 3 A W49 95%
7F leAjofw, F7t 9] A A0l 2 ha OIEPI_ Lt F7t

A4S midlel A 2ol AEYS AR Ul
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B 7]k 1ex] AnkEts e AAIRIS
Stk T ol A5 QMg AR FAES F8 T T 4
2 dpros B Pl 5 ICT 7AAle) Avke 5717 (=
& TS 5)Z AL 71 SABAAGEA
(Agricultural Product Processing Complex, APC) AFIESIE
o ”Xloﬂ/ﬂ %“33}—‘5 T - A5 - A9 dHelHE #Hst
2 a1 9tk (KIFA, 2024).
AR A TS BT AT 5 A A
7142 AT AR AR AR nejste] AAS H|E 3,
Wh 2] 20 5 248 AR £ A AR
=93, o2 95 HERRL e A A2
Bl (Decision Support System, 0]0}- DSS)& A|otal= v}, Auj

202095 st

B3t o) wpe] mE AR A% o2 AE AT
24 el et 5710) aagel eg & 4tk

Ed| =28 U =S 24Tt R EQlstHA AT}
45 gk = e 27| Well ot RS Al
Az e Dot Qlet ojnf Bagt mgo] uprg7|ut &
E12% (Process-based Crop Model)o|th. 1} 7|8t A&
o A SRRt Te) AR el 34 agle)
WAL o A2 4L AR mOlsh] TR, A
SAER BAaQ 9 Pl thet Bt s
23] 7| 5Hst 27lolA] AEY| A% HakE mejs 4 9l
oFst b4 7)uk ZE 1y 712d APSIM (Agricultural
Production Systems Simulator) ZHE- AJAL of| & A|AElO] B
& FHE FAEE i, 2Ea X Eo] (Open Source
Software, OSS)= A|g&]o] thefet 27 oA 9] BEs
7Nste] Bakers dl&d 4 Utk (Kim et al,, 2015). 5471
W e 7 ARG g o R E Eﬂ“ﬁ toleE SHoE
X—I;(]-Uﬂ §]—7:] ?Ji‘ﬂ;(]-g_g} E.?Q ] XP‘:'/\§]-'D'3= /\]-0]_,]
A% AE ARt 4 4 0'3’— T2 AfolA 285

_\1

1L ek SRA[RE Elofe| ] gt Hofl Rigeted, St HolE
Mo| Brg ZHZofgt A L3t 42 97, BelukA mo)7| uf
£ol 4 1 Beolel WALl Ae] FHE DAL

of
ARl AR 3] of e Tale 2L 9t (Chang et al,
2023).

ol HELo] ORPAA A YA A
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AR B, A A5 ST 5 TR 2R A
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5 o5 A 2217, e
|2 S5 A W A1 s Efel 7] 5
A PMPéXéOﬂ E%Q & 5 Sl AdETEs A
%Atk Kim and Cho (2022)+=

3719] 2 A2, g4

G }
HE /MoE 4% 3 1
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o] 8 A HHE AlFshe AlLEE AR v Qlck
= ESRIAN= 7lYth 55 (Agriculture and Agri-Food
Canada, AACF)2} g¢3sle] 47t A& E= (Annual crop
inventory) & 2Hgsto] Fiubtt M oA AufE] = AR
T 2 A eSS ESksto] Algskal itk (ESRY,
2017). o|5 Fl FAE YrhotarA} sk sHlolA 2= AlE
Al = AR 2 A= 2ol diet ARE Xﬂ*ﬂ
oz gFefdze] A & FuS AAstetol =e

= A2EE 7R B Qlok kv ed Ak %ﬁ =
APAERO] A AntEsY ARAY FHE F6f 20207
E] 2022\d7b4] 3137 QHsA] st 2] drfjof 61.5 ha
TEE] ARtE 2] dha AR E 2AJEEL dlo|EAlE
2 AAE 5 9 29, v el 24 52 F 9l
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(KIFA, 2024). 2R S 3 A5 5 eFElol8E st
04 A5 B sies EAskL SR EA GIS A =S
Zgoto] Aol B2 571 GAEA AdS 9 AL
Q%ﬁ B, gu] 2] B oof 5 YeE YEE AlTth
ERE A= F A FEi7E ARty Sshit 5
TUIAE THER 223l FrateHA EshdA ol
Aef oapdrgo] @A A &5 Aald 2 & AV
o

do] SJAHAE IR Tekg sk slo] e
Aol thet 87k A 27ketaL sick olof
STAMEREHAF (Korea Agro-Fisheries & Food Trade
Corporation, aT)-2 “gH10] ‘o] A& <A FAske]
AP, cofr]olf, ‘PwpihE’ EFA] oAb sh=tlol Ea
= _/’\_ OL‘:_ }_v:./Kl-% /\:LO]—X—] ;(] OJ _br]_/ﬁ' E’-E}H\%?_ lnA]-%%E.
AR A 2H] (4], NongNet)2 7le8}4ict (aT, 2023).
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1. AAR 4

ATl TET W Al oA AsEe 3,
AR 9 o] 7R T W ) ek Ao
2 7hsi0, A1810] WS $I3) ANk oA RES of

Select simulation date

Goto] JRE Algshs Wz AASIIH (Fig 1). o] Al
LlofMEs A | @A 71dHIeIHE o838t @A A
dhel AL 7YoL, TA 715 BEAR @S i
S8 G2 27| 54 A 7157 AGEE ARe 7HdsHd
WA L ASIo] AR YRS AlFaH a0
2 gatlck ol Bo) A g o) 7)ol chet
Ao] B4 grefek, ol 7 NoR of2e 3 4 lck
ESH 104 HE AAAE Ve, T B ASollA 1) 1
2 R 4 glol, MM 24 2 4 ek
o2fet o5 7uk AR AT ] Y Q4= AR
VAR B BT ERS B3t @AY A
AS/JHE L3 vl HlS, 223 A AR oR 89
3 2= 9ltk 2 ATolAE dRle) MR B8-S st
g olgsto] v eI ARE 2Hske] BAo
8313 Tt (Kim et al, 2014). T 7|RIR L gATERe
z2aRoR AFET o] A T TRIUS AG
A Hireloll AA|ste] g3lioF s, & At M Aol
ZRIOHE AAJste] A5t o] 8Ate wE TS
A 2)54A] orelels o83 4 QR HAAE . Yog n
2, ARGARE A HAS) S50 T

O
Tge A AES 383 2 9ot

APSIM Scenario Dashboard
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Fig. 1 Framework of web—based wheat farming decision support systems with APSIM scenario
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2. APSIM R &

APSIM (Agricultural Production Systems sIMulator)-> 7| %
wisjol] w2 ABe] A diZel F2 BeEs 3y 7w
ZHE el 2y QT o]tk (McCown et al., 1996). AIPSIM
I 2E w2 7 AE 2E2 g, B V1S, @

2 & ol ol wet ofluAl, &, U4 wehe 7Hte R
ado 2= AJAS HOJgttt (Batchelor et al., 2002). £3]
APSIME F& 250 A82 ZELS o2 okl EoF
37 (pH, A U 9l T BORrE 52 Qe et
2= glon], GISe} Al F7Hel AT dZo] rssith
(Wang et al., 2002). APSIM-2 7|4} 2 E0F 3173, Al o]
upe} 20| s £ s TR AR =N FHA] At
A= ST o AL siselu A Jike 23S
Slth= wdo] Qltt (Keating et al., 2003; Asseng et al., 2013).

7 oy} yedt APSIM-Wheat ©E-S CERES wgl
(Ritchie and Otter, 1985)2 X E=t Hﬁj&i o I3t FEE
HEE oo AFa A3 B AR A A e oj=o
Al2|AJo] AZE|QIc) (Brown et al,, 2014). 2 U &£ 71
% AuE WHE 58 Fo JedRe olgwi Edt

RS
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(c) Precipitation

APSIME AXZHE 7|dto g rdo] JLAE o], A|AHS o
F= 2 7lse0] 5o R ApdE o] g 4= qlok T
= Y9 7jEew EO“H FolEo] A% wjAYSE
o]tk APS]M— SWIM3 HES o]83le] Eof U] £HS 1
oJstar Qlet SWIM3 H32 1244 YAH Ee|ng s, 7
A= "4 4] (Richards, 1931)0]] th3t 4~37] dj4S E3) E9J
552 343ttt (Huth et al., 2012).

2 Aol A ARt AR LA AR A dl& % 43
SRR AU 25 7IREe & 7R, K, & %ﬂl of §
of wk& i3 AskE Ttefsial, o] 2axsket 4= Sl AlA|
A tfeke HES= Aol Hikolr}. ofof %‘EEI?ZA
A& Lgsto] 7142 #ste] whE PakEE d&st= o
UolA APSIMo] Zgtsirtar sptsio] AlAg] Yof gafsted
ch B2 AFoA ARESE B2 APSIM 7.10 rd2180]ck

Average Temperature (*C)
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(b) Average temperature
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(d) Soil moisture

Fig. 2 Meteorological conditions for the top—, mid—, low— five years of wheat production by growth stage
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Uasl MaE - HAY - HEY - A
&, QBT E, AUEE, ARy, HAARE, T, S5 E 1SS E F52 w2X1EA oA 20159 ApERE A
082 71 A Algdhs saTlolddl 9 SIS 5 MY EFFEEH F5HE A 69673, fi}%‘
(ASOS, Automated Surface Observing System) H]o]E]S Zh& Triticum aestivum L)Z AR5 3732 F74do ]
g} 3% 7)o el APSIM BEE o]gato] 54 o sho] getobgo] Wil do] =2 AW (548 "otk
A} AFEIE 7208 2BHA|7]0] AAYARES oSl T (RDA, 2023).

gt 74 71ddolEl S o]83te] APSIM P02 A 7| ¢
gl K o] BARES 4511, o] At F $3HA7]9] Ak
ol 7M=& 1089] (7ha)e} 7 e 1489 (S7Hd) 9]
71%% 27L& NZEkste] vlmEAsch
A2/l Yol A AR Q3kE = Al7I9F 72 A3kl
i gAst] $iste] A TAE 3R BaklE, A,
E“*‘ﬂ ﬂs°ﬂ fHﬂO% M3k 4= Qlek 7R 2
25, e, Eee] tigt o

g T:L——% %"‘J‘%H 74t (Top, Mid, Low)oll w2} -3} 3lrt

jui]

it

(0]

(i 2. L 7], T2 2] 2 4] 95
o JelrlnE o], B o el Sebln
X weik Basic, ol 4 H ] WA gl
thet AR ABORN F4 B FA ojng vle Y
A5 4 A AIES I - sl
. & x{ui2t2] oMY XIEA|AY HEY Hot
1, 22 Hlolg M¥
o EE U AR

284 H7HE Slste] W A A5 915 AdYole

Hamra-myeon, Iksan-si Jeollabuk-do

-

g

Location : 36°02°01.0"N 126°53'42.0"E
Area: 400m?

Raw space: 280mm

Sowing density: 210plants/m?

Fig. 3 Geographical location for field tests in wheat farming (Harmra—myeon,

A% B AREAAAE oAb Febd Aoz, W

© Al 400 mioled, £ v miet Ezre] A
T 280 plants/m®, AJA17HAL- 210 mmo|t} (Fig. 3). H]|FEA|
Bl 2 AR e 1A 364 ke Niaiz 7],
9o} 5 54.6 keha ]2 AAGIT A7k 109) 55
stol o 8749l 7k Afslelon, TAAS) SE A 2029
109 229, Z=3Felzp 20234 69 1320tk

Lt 71&xtz Hx2

wy A5L 9Jsto] AMATE el 27l 2022
102 shEste] 2003 6% Se2kglol] we) 1 R

71kl wo] Ak TRIAL B 109 192E 6
2 30U7HA] RS 1981 ARE] 20221717 L&ataL, EA
URE XA s, 2022 104 195E 20239 £ dx7A]
BEARE ST, EFURTE 69 0U7H) I A4S
Hold A0 3 d0de] e IAARE A U
slo] YRS TS At 2 AR F P
tiet glofel= Al-Eal QA gk, Penman-monteith 412 A

83l A

Iksan—si, Jeollabuk—do)
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INZH XYUNAY M7 Y 75

2] AskA| ekar, AseA o whe Ad
glo] gepink =33t HlolHE AAE A=
2 AT 4 AT st

= RHgs] offtks S40] Slth ]

T2 AEAE (phenology)& F4HL
2 o] Aol wet Au) e 2gs Atk &
QO A L | ARTAS A3] J5to], North Dakota
Agricultural Weather Network Center (NDAWNC)o| 4] A A gt

S8 AARE T (Accumulated Growing Degree Days, GDD)||
w2} 37 (Sowing), A 7] (Tillering), A1%7] (Booting),
sk 9 247] (Heading), 54| (Ripening), 45| (Harvest)

% oA R FE5ko] Table 1of] A2|ak3ltt (NDAWNC,
2023).

Table 1 Growth stages of wheat by accumulated growing degree
days (GDD) suggested by NDAWNC

Wheat growth stage | Accumulated GDD (unit: C)
Sowing 0-538
Tillering 538-1,396
Booting 1,396-1,539
Heading 1,539-1,768
Ripening 1,768-1,825
Harvest 1,825

Table 2 Parameters related to soil moisture in APSIM

2. APSIM Ii2olE| MH

APSIM 12 58 S1EKe ST 298 AL
ofof T}, B3] EOFEAe] mel, Beke] mgo] Hepuw,

NBEROIA 2 5 HOIE = AT AE
#o] EALS AGFE (Clay Loam, Q4240 227} 28%, ]
A7} 37%, HET} 35% o] BEE] 9l EPE FEY
Au|2o AFSHE EFEAE ol5to] APSIM shet|g
2 4shAr). EoF] §AUE (Bulk density) = Zo]e} T
317 1050 glem' = Z-§ 31, Eop43 steu]ei EAo
w2} 10 cm ©9 (F Z©] 80 cm ©|U), 80~100 cm, 100~150
em, 150-200 em7}] % 11gA|9] Zlolo] whe zjz}e] Eofs
n gl sletule ghe 45t (Table 2).

A2 SER0l0 mE M

oM 58 U il B g
sfol @A) Ayt 4t of :
} 1 91 Aisiolel A o
FOR AQHE ALl Xﬂ%ﬁ L agng

] EAEHAL Fig 404 39 14771 @A) 2
7o ﬂﬁf_} dolgolnz shte] Alo] TeiAt 2& SHoldt
90, 39 19 059 F17He T HRLEE ol §te]
¥I9IE Holr). o] IHEE Fa) Aeet et U] 3
FEETt B 4099] Fitol j3) B WL el 4
Ick 39 19) o)0} £ BES Urhuls 7+ (34 ul2)

w
ue
0=
= Ho
2
I

1-—n
-

Depth layer BD AirDry L.L.15 DUL SAT Wheat L.L.

(cm) (g/cm®) (mm/mm?3) (mm/mm?3) (mm/mm?3) (mm/mm?) (mm/mm?3)
0-10 1.050 0.150 0.290 0.400 0.590 0.290
10-20 1.050 0.260 0.290 0.400 0.590 0.290
20-30 1.050 0.290 0.290 0.400 0.590 0.320
30-40 1.050 0.290 0.290 0.400 0.590 0.320
40-50 1.050 0.300 0.300 0.400 0.590 0.350
50-60 1.050 0.310 0.310 0.400 0.590 0.380
60-70 1.050 0.320 0.320 0.410 0.530 0.410
70-80 1.050 0.330 0.330 0.480 0.530 0.480
80-100 1.050 0.340 0.340 0.470 0.520 0.470
100-150 1.050 0.350 0.350 0.460 0.510 0.460
150-200 1.050 0.360 0.360 0.440 0.490 0.440

BD: Bulk density (g/cm®)
AirDry: Specified air—dry water content (mm water/mm°® soil)

L.L.15: 15 Bar lower limit of soil water content (mm water/mm? soil)

DUL: Drained upper limit (mm water/mm® soil)
SAT: Saturated water content (mm water/mm® soil)
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25- | Sowing |

| Tillering

tavg("C)

-5 - —— 2022-2023 tavg("C)

Booting | Ripening |

—— past 40yrs Average Temperature(*C)
-10- -=-- 2023 tavg(°C) past 40yrs
2022-11  2022-12  2023-01  2023-02 2023-03  2023-04  2023-05  2023-06  2023-07
Fig. 4 Average temperature and GDD trend by wheat growth stage
400 - o102 S053087 2003081 ]
4134.20 rnl-_r/.‘
‘E“ 300 . o 3493.95
o
g g 285370
= ki
= 200 - £
§‘ & 221345
Q
o Ripening
o 20230530
1573.20
100 -
Heading
20230519
- !
2022-11 2022-12 2023-01 2023-02 2023-03 2023-04 2023-05 2023-06
Fig. § Precipitation trend and simulation by top— and bottom—vyield year during past 40 years
oM A Feie 407t BFLES olulsie], 4 el ZdlolelE A WHOR TS EYSE YRE 3
BFLEE 7|S% do| AALES etk o= Wel 4 A AehE VIR0 R AAIRE 9] ST 519 S B
5 Wdof| JE F= 7IEC R AAE Bl =0 Ao £ BN EN E S A9 4= ok (Fig 6). AR AR
Hers o ASHATE A 5 e olE 5= 9l 71V v R o Ak A& AR FASIIH. A
oh Sl A 2Rl 2 @ AH GY 1ol vl P FelEe] PeTo] w1 oo diste] AyHow
AR e BHsIY o, A&k vwsly] $iske H 3L 75 slARE EYeil EGFFRAAE S8l AAIte
2023 AA| =5 H2A HAoR mABHH: = AgHor @71t 7hssit= 5740l Qi olol] APSIM
AR AR A4S AR ArgS At wRe FUT B4 2A6A 714EA 27 wistel w4
71EGA} o] 58] 72 ik APSIM Al o] AS 55 AlES % dato|n g, ARf Aee] At AdEiet Bk
A AS) 10%h B8] 10%2] A ek BES Alzsl SR gk 2a)EE ) el gejls WA $70)
Sk} (Fig. 5). 9HA] Fig. 4} o] 7lske dA Aol S 52 7k g AL l=Aol g e = 5
7l ds & ¢ flenE BAVES S8 Auee 4 gom ol= FrlollA T A T o JAEAS A
NS TAISHGl o H, AA| Ak} v wsty] fiake] ARSo A A = Qe & Eol, EYE Y AF et
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Fig. 6 Soil moisture trend and simulation by top— and bottom—yield year during past 40 years
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