EE R RS ST 169: 35-52 (2025)

W =

71t (Brassica oleracea var. italica) By = /2 5 EY) 12 & 0 BV s 16
T EENRKAAERES - TR REEETE AR ESIMRERE > &
T 5 5 (Standard Growing Degree Days, GDD)JA4: & HATE M 7S 4= BH R
w7 » BN EDRR IR A TS 2 NHEE M - A% 5 ERIL—EfSLE
BT RIERIE 2 JRGE T B IERDRTHAIBEI (Modified GDD) | 25 EHK
B 4258 1E A B EAE TR ER A TRy A8 e 1 B 28 P 4 - ANHF 9 B 522021
2025 FRINEALHIEEER M A FRAEER(n=35) » Ik - EA KR
FEREEHEY - &8 I #%(n=23) B B 40 5% > (n=12) » #EECHRIT
REUEZE H RSB REIT O « (& 1F GDDIEEIK R [6] 4= B 8 By 2 A 4R PR 42
R R4 IR SETEYIR A (Cut-off method > FFRE30°C) » 458 4 EHAERFH
=TS E(Triangular penalty method » f%##:522°C ~ FPE30C) » il Bi{g % E A
B (Thase =5C ) 2 HEAEGD DI HES TEL S © 45 RFUR > fEGDDREZ A FRK
Bl Enm R T - 24 FHIRUM 25 =721280-1380 GDD - [ IEA- % BEiH
940-990 GDD - ZREfift] 2 A E » BUNIEEGDDA A i = i B H
5 EHIH B (Heat Penalty) - & 1EGD DR RI AT A 2501 I 5 AR 2 i 2
28 B EIZEENY 2 B HITE B UL 950-1050 GDD > [t » AT A
1632 4287 24 RHAPIME(E & 73018 IEGDD » A2V AR R T 2 R EE K
EAMEERE M WEEH P RCEM O = R 5 219 5 4 B E4793 GDD
e HES RS > R T SRR MR ERE B R - ERE
SEMEM Eala% E 7302 IEGDDE AFEsF s {LTH# » 1 2L10002 IEGDD

-

LR P S RIS ST R S 1122 5
g ch B S BB ENEIASE B BISE S - BhEAEE -
St Al E S S E T LR E TR R -
*HEEE ¢ 9R(E(E > Emall: changcw@tcdares.gov.tw
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E R BRUCHITRARAE - AU RE Bt ERAE P Bk 5 2 6 288 1 D S i S
s o TR EPHE - AR R R R B e E SN 28 wIfE
FoREATREREE MR A EDREEHARSS -

BEERTE | B0 - BIERDR - SRR - BRI - YT

il

Bl

FH It (Brassica oleracea var. italica) &+ FAERI ZEZ B LIEY) » [FETHEE
KHEE » EER AN - BINGHERE(LEEY) - 28 H 196075 HEE B mid
% HERZERT > HAl2ZME RS F51,500-1,7500H » FEEBHEZEN
i > FE{EE10fEIT » BREEESN > JRAE R 2 BN TER3E > SHEIE N B 5L E -
FTHEEEBEPNEMN BREM ZPRPCHIEQ LA Z2RRAE3 F)ARREOFE A 2020 ;
TEEN 0 2025) o AR ZE A fr 20T REE - PKASEREERKR » TFEEZ
RSB E > TR HTREOE | REHERE S RCRAMRHIFER
B AT B HHAR E M AU RA SR IR IR R T -

M R B E AR ERBRE L T EBBR T - i FIEEEB8LERER
&) F520-22°C » TAEER S A i R A& Fy15-18°C (BREE A > 2013) » FHFEHF57{EEL
fERR S B MBS R(25C) B BEAE S L - TEER 2 F (OIEER A P2 -
AEE - SR ~ B LK E & T % (Bjorkman et al.,1998) o FFZEIREE R » {EFTAL
I R B T m R W R i Ry R R SRS B, > SR SR BB E S NE Y 5
(phytohormones) #7438 - #E (M3 A 5% 5 (F /750 S (Heather et al.,1992) o L4}
SRR N O] BE 4R A AEBR BRI > BEUEE S LB SR — B AnERU A 738
& Z IREEEFE A > 2021) -

FE M (Growing Degree Days, GDD) 5y H Bl &2 FE I E 1= A TR 2 AL f5
& o Dufault(1997)AFfE A B WL P ELE L A HER 1% » B LS CHE AR
B LB W 1R AT BT B o (4R GDDRR (8 25 B E T AR B
RECRE RS > (EVREHERAN - (HEEATERBE T » &/ LB BEYEHE
B e R > A RHERFERNEYN > EERESRSRMER - BEAEWeiESL - 8
{5 Ry it 20 > S5 BT BT BE 28 A 5P L ELAE Bk 88 B 7 I 28 B4 /5 B 52 (Bjorkman
et al.,1998 ; Tan et al.,2000) o JAFE 52 EFH L3 B LEREUE) 2RI~ 88 5 % il
FEEFRN - HolFEER SR ETT THMH (Grevsen, 1998 5 Alina et al.,2010) © #51%
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FI{E 4 GDDIE S » & & fih = B AR 2 A3 5 H#NS - BEEYETHMNE & AR
%—3; o

28 E R R AN AT (EE miE 4258 - R EFH— 12 A 20 M B S fk 4
HIERES - M H A B = AR 28 BV R N 2 BERCR 2B - Fialg
FEErR¥E TEBFESEIE « 8RS TR EEMERERE S E G o 8§ ’/
e RN ERELE H RS EEE - @0 o] s s B I H e B9 P i FEORT A -

It W R ZE RS R AN A SR E A A B P B 2 AR B PR - ET&*}“%%TE;&?&%
B SR e Z T ER O -

KA —E DA BPEEL Btz 0 S0 S AR B ETRH 2 (E IE DR TN 284
DUE SRR cn BT SRR T AT REEE AR 2 R SRR 2= « NN [ B E i
A > BRESHERS (base temperature)y| » & 5540 A PR (upper threshold)si DAELRRE
RS ~ B B B = B FEAH B cardinal temperatures 0 FE DRSS E T 2% R A H
wEhn HE TR RS Hidr s FRRETE(cut-off) 1 = F 7RIS H [ K7 [ (triangular temperature
response) 2 5.2 i (Baskerville and Emin, 1969; Yan and Hunt, 1999)  AWFZEAKIE R
TE%E/EEEEQETEE?"?&}%EH%Q*% FreEd RIEATEA RIS AR E AR FE 2 SalR
fillEEE - 2EAERHLBOCEAARURE EIR - AEA RIHRE ER#ER22C ~ ERRR
30°C » DASBRETESR A mrm e T 2 28 5 IHIEH 22(Bjorkman and Pearson, 1998 BREE A >
2013) - sERESE2021 22025 P HIM & (R HE A B ER » SaHT R %2 H
FoRER BN EE TR R {%TIM#Z{I“E%&(MOdlﬁ(%d GDD)THAIEEAS » 3B
sg HAEF A LB BRI TEOR 2 £ 7 Ak B 2 P 14

MEIETTA
— ~ HEM R ER R Bt Rh
bR L EEFE LR A anE 4258 Hatiati et - sliHE - (DETEEELER
i FH (BZABRA AT AR » 24°00'N,120°32'E) : Q)EALMITHEAEE SRR P HE - B
Eﬁjﬂz B o VBRI R 202 1 £ 20254F » HLETEs Bl S il 4 8 2 2 S IR R B -

F BR RS MEE

ARge S 355 B 52 BUEfH B R URAC Bt 2 T BUR (T 5 —) - Reifat =+
BitE R A2 R ARUHFTRIBEME A 0l T A AR A B RS o3 By = (B R (e Be 5 - FRkEE
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FO-10AEE > PHHAESR > n=11) » IEZEHE-1HEHE @ AREE - n=20)KiE
HFREEQ-B3HEM » RIS > n=4) -

TERE R T B EREE SRNg | > Autsee B2 AR 8 a/ Ny T IR S | o
B2 Y B R BRI AR A 8 I RAE By T AL HEZH (Calibration Set, n=11) ; > 2L
WA E I EEE RN AEBAFIEE - R BHEILFoEN2E > EHAR
HErB & 580 BB LE 7 IEAAENRY T 52 ERE6 4H (Validation Set, n=24) ; - fafs
AR IR E 2 - HbE s m s R0y B TN EME T -
= REERKER

ZHRZE R (B0 i R0R S E0R) B E #3750 & 2 228 RS, -
A HEENE B P AR R EEERRENE " = B Mk (S
72G600) » TriE R HEIEEE T HEN RS C2G980)

s ERETEEN

BEeTE R BFIERE S e AR HA T EERES ) E T BERER
B HEATERE o B R 8 (Toase) 8% E 555 C » 1422 I8 Dufault B Dhankhar &
Chandanshive (Dufault,1997 ; Dhankhar et al.,2017) 7 #/f5¢ -

(—) R R ( Standard GDD Mode)#R FE GG ME BRI > Ak LR

& o sFRAHAT -

GDDgtg= 2 max(0, Tayg,i — Thase)
j=1

H A Tove i R Z51 H Z SEHI RO Toase IEVIAE R 2 B BT R (REE SRS -
(=) BIERE N (Modified GDD Model)™ & 51 20 R (5 =0 ¥ 75 TE 2 A 6] 3%
BIEE 2 ARG ARz s R PR P EERAEEEEFEAN 203 KF
TEFIEEE b A B (Bjorkman et al., 1998) 2 BF3E - 4 B HAHI > By
AR TEA R - 3 RlE AN E s RIRH S8
1. &84 KH(Vegetative Growth Stage) : EFHHRIREH > FHEAEER K
EVEZ RE > HERITZEE S o SRHFIEVIER A (Cut-off Method)
BlE H-FHERORE#EEE 2 FIRREE - {£2L EIREME A RURE 28
BomatE - DUB R SURERE N A B ARG 2 BVE W R E G M NgE - It
B EIROR SR & 208 Rfg 2 B 7 30 B &2 E R S By i B
degree-days T B & (Baskerville and Emin, 1969) ° {15 [H 2£(2013) 7 Bt
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Fefatl > FACRAEI0C ALY EE FREREE % > HEV B eI (A0
_\Abﬁ)}l‘ﬁ 3@ ﬁ?ﬁ%iﬁa/mﬁ(Tupper)ﬁf’:;O C ' E /—_FE _I%:Ilﬂ = IH:IKFMEJ\%
EfE RCRAHRE -

Terr= min(Tay,,30)

GDDyeg = max(0,Tefr-5)
HhTeff F57HBURNE (effective temperature) » F2n&E FIRBAEE R R &
AN E BRI E ZOREE & H SR AR 30 CHE » TerS 7 Tave
B30 CHFRIPI30°C AT » DA SR SRR N B E = 7 -

2. A FE 4 F B (Reproductive Growth Stage) : P13 H 28U H - B = A&
y£(Triangular Penalty Method) » DAFEHRE R & (Tbase) E‘L/ﬂnr (Tope)Ed 5 150 1
)*?%me?éﬁ%mﬁﬁiﬁz b o A REZEEYSE B HR T BRI AT 2 B iy
& 0BRSS R R R 2 N Iﬁ/\ﬁh"%mﬁ?ﬁrﬁ%i R B
ZANG AR R B BR 206 (Yan and Hunt, 1999) - 2% Bjorkman &
Pearson (1998) ¥ F (AL b2 W% EAEIF 38 B i H25 CRF & 4 1F
T (Arrest) G2 o A5 & HE H 7RO 2= 8% FrRUE énIHEE@Li}%:(TOpt)
F522°C ~ ERREGERE (Thax) £530°C © & SFoRE B i BURT - 28 5 3RS
i P AR 5 R A RORES o R ’%Zﬁl?/m(GDD:O) °

0 if Tavg <5

DD,y = { Tavg—5 . if 5 <Tayg =22
(22 —5) x e 229 if 22 < T,y <30
0 if Tavg = 30

EIEGDDIEA - L lEB ERAARNZH BREIERA & RREHEE KET30
GDDZ & H » Wi yEds Rl - WHRXHEUR HAEEERIE > EH=AEE
ETRORETE  BRUCHEATEN > R 2 A TR B EEE i&%mﬁufﬁ Ji?i
Al » 3%E F51000 GDD - & HEM HE ZBEE ZCZERIRWRIEZ HIH > BlE
FOHIERUR H - TR FUIIRBEA T IR R 8 2 48 HiRr 2= (MAE)

A~ PR LRSS R
RIER > SUBRt KR =38 H 408k > AWTFTR YA TE - S8 ENE T

AL PR ER R 52 e m i B T A 5% 5 A B > 5 B (] S B H R H S skA VB
B (n=23)PII{E - ZUS Rk T (E N REN 22 2L = 22 o DNIEAHT ST Rt © s
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AR ZHIESETERERIAEARTE K DIRIRERTE e EA RIVAMBR F
(Physiological Constant) °

A H 2 MR A EEHEZRH B - & REEEZSZIMEE 2 58 BlE
Fohy THEMIREH o BB EEEREATEE RIS -

RE(LERRE MEYIFT BB 2 S0 RE e IR - AR ER T AERERE
(Heat Penalty) | » stEAFURE—HRT MHEEEFROREXRRE ) BHE T EBERRE
FAE ) 228 AL E beriBRE MEYIAT B g 2 sl A: 5 i -
7N WETAHR

sl B 8% F I Microsoft Excel TR I BIRUR L - PR A K7 /AR fR ) 2= M R (%
% (Pearson correlation coefficient, r )/ i75e RN FE A4 E HE AN » WETE S
FEE AT N WA 2 88 BLA B (Coefficient of Variation, CV%) > DLEFE AL >~
T E M B TEHIRE

m R
— \ RIREHERR B FHIER

ARHHFE 2 %E2021-20254F ] 3 5% H R B E RO R —) W E FRK(9-10H) »
EA(11-1A)KIREQR-3A)EREEEY - tE R IR 84 BRI EREE
FEIMERE - FRBEEFEEE18.051.1°C » EIESICE M A0 4 188 1 & F
(15-22°C) > FEAEE/N1.17TC)  RIFMHEETE > P EEERIECREURST71.0+7.4K >
BEREREE - PREEEPEER22.841.9C » WIHIEEEE25CE30CL FE
R HOP S SRR B 64.054.0K © IR EBFE P RIE B21.1£1.9C » 2R
WE AT RIREE > P EE B RBCRE R 64.3£2.9°K  ELEFAHML -

FMREREE R KRB S9E 86K 2 (Bl —) » & HIR AR KERE
X HEEAEIREEAEEIR  WEHEZE27TR - IFEERICREELEE
A 2 BB IGIEER 441 > AIREZ A EERH ~ ROl - £ BB ER A E NIRRT
RZILFEFE -
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Table 1. Summary of meteorological conditions and growth duration of broccoli ‘42’ in
different cropping seasons

Mean Mean Growth
Cropping Season Planting Temperature Duration Range Sample Size
Month (oC) (Days) (Days) (n)
Early Autumn Sep - Oct 22.8+1.9 64.0+4.0 59 -70 11
Winter Nov - Jan 18.0£1.1 71.0+7.4 60 -86 20
Late Spring Feb - Mar 21.1£1.9 64.3+£2.9 60 -66 4

Note: Data represents mean + standard deviation. Statistics are derived from35 field datasets
collected between2021 and2025.

Effect of Planting Month on Broccoli Growth Duration (n=35)
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Fig. 1. Effect of planting month on total growth duration of broccoli. Red, blue, and
green indicate Early Autumn (Sep-Oct), Winter (Nov-Jan), and Late Spring
(Feb-Mar), respectively. X-axis: planting month; Y-axis: days from planting
to harvest.
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MG TR Z EATREEE RIS £MHE - & 782.2 GDD(IEAEEF
64.6 GDD) «

BIERUR - B FAEHEIE BRA4Y 717 GDD BFRIRETESF 0L - BN EEE B
TETHERIEA > AFATTR P IR B R E Ky 730 (Z1F GDD » SYBLSEGEEE | BEEEAET
(782.2-64.6 =717.6) » LARLAE Ko FIEACEF o0 LRAENHY 288 FHF I E - DAUBUE BT Bass
SHAVP B HERS - 57 & BB A JE BR8] 7 7 -

EEERUREAT B 2 EIER0R & 1056.9 GDD » MEERUEEGTHE 2
BEA I 4ERTR Ry 1024 GDD -

xR EEARPFLIIEE SRR FEHEEEE)(0=11)

Table 2. Derivation of the vegetative growth threshold based on winter calibration batches

(n=11)
. Ogiggf d Vé%ga?ﬁ/e Standard Modified
Batch ID Planting Date Initiation Duration A GDII) . GDD
Date (Days) ccumulation Accumulation
21-Winter-01 2021/01/14 2021/03/10 55 743.4 743.4
21-Winter-02 2021/01/29 2021/03/25 55 795.5 795.5
21-Winter-03 2021/11/11 2021/12/30 49 743.3 743.3
21-Winter-04 2021/11/11 2021/12/30 49 743.3 743.3
21-Winter-05 2021/11/25 2022/01/16 52 717.6 717.6
21-Winter-06 2021/11/25 2022/01/16 52 717.6 717.6
23-Winter-03 2023/11/07 2023/12/29 52 841.5 841.5
23-Winter-04 2023/12/07 2024/01/29 53 717.7 717.7
24-Winter-02 2024/11/28 2025/02/05 69 841.3 841.3
24-Winter-03 2024/11/29 2025/02/12 75 899 899
24-Winter-04 2024/12/03 2025/02/12 71 844 844
Mean 57.5 782.2 782.2
Standard
Deviation (SD) 94 64.6 64.6
Set Threshold 730 730

Note: This table only includes batches planted between November and January with complete floral
initiation records (n=11). The threshold is set at the mean minus one standard deviation
(rounded) to cover the requirements of early-maturing individuals.
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= BREREIFRREINZREMLE

By a0 B Z MY > AR A 28355 I R B EE (2 4 HL
SEAH)HETT oM o bhlk TAEXEGDD ) Bl T{EIEGDD | EAEZEE P2 EFHHEME
BRI REGEES) -

GERBEUR 0 FERRCEMAL R > fEEGDD Y P BFEE B 1211.9 GDD » 88
HEL(CV) E512.4% 5 {EIEFGDD1118.7 GDD * CV 57.0% - {EithG EEft I » &=
#EGDD Y 14 B FE{E F51103.2GDD > CV 5514.4% » {Z1EGDD 2 -1 R FE(H 55 948.6
GDD > CV£55.6% » IEAHtXH > fZREGDD 2 39 BERE{E /5962.5 GDD > {£1EGDD
7 B R {E 5952.5 GDD » MfEER 2 CVIEB7.7% ©

T = RRERURBEE ERR R A FE R R 24 5 R REEUREEEL
Table 3. Comparison of accumulated GDD statistics between Standard and Modified
models across different cropping seasons (n=35)

Croppin Mean Accumulated Standard Coefficient of

Segfong GDD Model GDD Deviation (SD)  Variation (CV%)
A]iilrlgn Standard GDD 1211.9 149.8 12.4%
Modified GDD 1118.7 78.8 7.0%
Winter Standard GDD 962.5 74.6 7.7%
Modified GDD 952.5 73.1 7.7%
Late Spring  Standard GDD 1103.2 158.6 14.4%
Modified GDD 948.6 52.7 5.6%

« B B EfERE (Heat Penalty) 2 81047

B 1 35F A R Pk isE B R LAY FFK (21-Early Autumn-01) ~ IE4(21-Winter-
01)EdHf % (21-Late Spring-02) & 1AL T 2R 2 2 - FEFRIVIEAQRF
AITEME) » BERERLCELE R R EE % — 2 24 [ERE(E£17.3 GDD ; AT
B EER R RO A A E) B EGH B A ER) T - EEGDDEEM S 0 75
AR T S E255.281155.8 GDDAY R ENE T -

RS (E IEGDDRE RS » ARIHFEIE3SEE R B " 58k, B TR ) &1
EEk > BRI - BERREFIQI-FERK-0D)IH FAaEME - 10H LAIFTF YRR B
229-31°C > 10H FAEI R P ECRE 1 17224-26C > DIEEH#EGDDIE 3 T /E £ fE £ 4Y
43K (K10 H Je) B2 mT ER UL P8 - (HE R EFEFEFI63 K - (ZIEGDDREE = HIFREY255
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GDDAARES » HFTIRIE Ry SSRAEFTIRUL » /0% - WA 21 B4 -02) 122
FIEEH - 4 BRI TR - BEEGDDIE 2 4 BH A - FUIISS AR -
e TE ORI A 3 T A S0 = R DB - SRR S SO B 199 > 13865 K
T TEHIRULE  BLEFRE66 R 5 F— L -

1600 Comparison of Accumulated GDD across Three Cropping Seasons

mm Standard GDD

mm Modified GDD
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Fig. 2. Comparison of accumulated GDD for representative batches across cropping
seasons.

BT R B B R E R IR A S e T EERUBER BERE) , AN TME R S
B HHr21-LateSpring-03 A 4= JH 4 = HA 2848 = i & i RN THHAB ZE R = (=2 —) >
Ty 0o HO [0 B 2 BB AR 5T A S 2228 > Heat Penalty 23 1T Ko BRI A TE R 25t 25 > B sk
PRz EERNER) - St BB RE L 250 2 BT S & L RBISERE » 2%
WA A JE AR R RA (R E992.7 GDD - B & F5989.5 GDD) - B2 R E I H S
FOR&ITE28-29C » FFEEEM30CHE LRIV GV - TIEZF o BRENH | BN R
R ENI0A A BEFCREF VI ZIE - R e RS > BRER
HA s o 2 AERUA(4-5 F)EREOR TR R [BIF+ 2225-30°C « PEBF R AEERAE K - DA
FEEGDDIEAETE - RER SR 2 & SR > E IEGDDAE AR ZE i T =/ i
il Topt =22°C , Timax =30°C ), o FEERGAE B PR 2K B AR i s ]

AT LA TR A RSP I Rom By B B 8 (x) > EA[E B (Heat Penalty) fs S (y)
BTG MR AT - SRBURWE 2 W28 E EHEIR?2 =0.65° p<0.01)(E=) -
MO 2=k
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y =22.53 x -401.28

W UL BB D7 R ZCHEA - & A TE A BRI ROR Y72 17.81 CHF » Heat Penalty
AIRERFAG B IEAE 5 HAELERERI(R T » ¥90R S EJF1°C » Heat Penalty&J34/122.53
GDD -

VU ~ FRK R B AR M FE B 2 A0 B TR 22 S bk
Table 4. Comparison of GDD accumulation and prediction discrepancies between
representative Early Autumn and Late Spring batches

Comparison Item Early Autumn Case Late Spring Case

Batch ID 21-Early Autumn-01 21-Late Spring-02
Planting Date Sepl6 Feb26

Actual Harvest Date Novl18 May 03

Actual Duration 63 Days 66 Days

Modified GDD Model

Total Accumulated GDD 1125 GDD 1013.5 GDD

Predicted Days 55 Days (Error -8 Days) 65 Days (Error -1 Days)
Standard GDD Model

Total Accumulated GDD 1380.2 GDD (Overestimated) 1169.3 GDD (Overestimated)
Predicted Days* 43 Days (Error -20 Days) 58 Days (Error -8 Days)
Heat Penalty 255.2 GDD 155.8 GDD

Note: Predicted days for the Standard GDD model were simulated assuming a harvest target of
1000 GDD for comparison purposes.

T Bk AR Z B BE(Heat Penalty) 73 A1 P& B 4Rt
Table 5. Distribution of Heat Penalty across growth stages in Early Autumn and Late
Spring clusters

Vegetative Reproductive .
Cluster Growth Penalty ~ Growth Penalty Primary Source of Penalty
Early Autumn 0.5:09GDD  92.7494.7GDD Reproductive Growth Stage
(Sep-Oct)

Late Spring (Feb-Mar) 0.0+0.0 GDD 89.5+67.7 GDD Reproductive Growth Stage




46 EPEEEN R T am s — 7 I

Relationship between Reproductive Stage Temperature and Heat Penalty Actual vs. Predicted Harvest Days using Modified GDD Model
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Fig. 3. Linear relationship between mean  Fig. 4. Scatter plot comparing actual
temperature during the harvest days to predicted harvest
reproductive stage and heat days using the Modified GDD
penalty. model (n=34).
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FIFH AW R E I IEGDDE X 2B (2 &P 730 GDD » 24&FHHE
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PEERUCR S EL B — 20k
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Table 6. Prediction error analysis of harvest days using Standard and Modified GDD
models across different cropping seasons.

MAE RMSE

Cropping Season  Sample Size (n) Model (Days) (Days) CV(RMSE)
Early Autumn 11 Standard GDD 13.18 15.11 23.61%
Modified GDD 8.64 9.78 15.29%
Winter 20 Standard GDD 5.55 6.55 9.22%
Modified GDD 6.25 7.12 10.00%
Late Spring 3 Standard GDD 533 5.89 9.25%
Modified GDD 4.33 52 8.16%
Total 34 Standard GDD 8.00 10.11 14.84%

(Excluding extreme

i 0
heat-forced batch) Modified GDD 6.85 7.95 11.64%

Note: MAE is the mean absolute error between predicted and observed harvest days. RMSE is
the root mean square error, with greater sensitivity to large errors. Lower values indicate
better prediction accuracy.Prediction error analysis was conducted after excluding the
extreme heat-forced batch21-Late Spring-03.
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Appendix Tablel. Full dataset of field observations and GDD model predictions.

Batch ID Planting  Observed  Actual  Actual Actual Actual Predicted Modified Predicted Standard
Date Floral Date  Harvest Days Standard Modified  Days- Error Days- Error
Date GDD GDD  Modified (Days) Standard (Days)
--- Early Autumn (Sep-Oct) ---
21-EarlyAutumn-01 2021-09-16 2021-10-26 2021-11-18 63 1380.2 1125 55 -8 43 -20
21-EarlyAutumn-02 2021-09-16 2021-10-26 2021-11-18 63 1380.2 1125 55 -8 43 -20
21-EarlyAutumn-03 2021-09-30 2021-11-15 2021-12-07 68 1329 1221.1 53 -15 48 -20
21-EarlyAutumn-04 2021-09-30 2021-11-15 2021-12-07 68 1329 1221.1 53 -15 48 -20
21-EarlyAutumn-05 2021-10-14 2021-11-23 2021-12-15 62 1110.4  1096.8 56 -6 55 -7
21-EarlyAutumn-06 2021-10-14 2021-11-25 2021-12-15 62 1110.4  1096.8 56 -6 55 -7
21-EarlyAutumn-07 2021-10-28 2021-12-15 2021-12-27 60 987.1 987.1 62 2 62 2
21-EarlyAutumn-08 2021-10-28 2021-12-15 2021-12-27 60 987.1 987.1 62 2 62 2
22-EarlyAutumn-01 2022-10-07 2022-12-15 69 1340.2  1175.8 58 -11 49 -20
22-EarlyAutumn-02 2022-10-21 2022-12-30 70 1212 1163.3 55 -15 52 -18
23-EarlyAutumn-01 2023-10-06 2023-11-26 2023-12-04 59 1165.6  1106.7 52 -7 50 -9
--- Winter (Nov-Jan) ---
21-Winter-01 2021-01-14 2021-03-10 2021-03-23 68 963.7 046.4 7 4 71 3
21-Winter-02 2021-01-29 2021-03-25 2021-04-06 67 10414 9449 71 4 65 )
21-Winter-03 2021-11-11 2021-12-30 2022-01-14 64 94() 94( 69 5 69 5
21-Winter-04 2021-11-11 2021-12-30 2022-01-14 64 94( 94() 69 5 69 5
21-Winter-05 2021-11-25 2022-01-16 2022-01-24 60 840.4 840.4 73 13 73 13
21-Winter-06 2021-11-25 2022-01-16 2022-01-26 62 870.8 870.8 73 11 73 11
22-Winter-01 2022-11-10 2023-01-19 70 10934  1084.2 63 7 63 7
22-Winter-02 2022-12-01 2023-02-10 71 939 939 77 6 75 4
22-Winter-03 2022-12-16 2023-03-01 75 953 4 943.6 80 5 79 4
23-Winter-01 2023-01-05 2023-03-17 71 951.5 951.5 75 4 74 3
23-Winter-02 2023-01-18 2023-03-27 68 946.6 896.4 75 7 7 4
23-Winter-03 2023-11-07 2023-12-29 2024-01-08 62 991.6 991.6 63 1 63 1
23-Winter-04 2023-12-07 2024-01-29 2024-02-12 67 923.6 9202 73 6 73 6
24-Winter-01 2024-11-11 2025-02-05 86 11662  1166.2 7 _14 7 _14
24-Winter-02 2024-11-28 2025-02-05 2025-02-14 78 946.5 046.5 ) 4 ) 4
24-Winter-03 2024-11-29 2025-02-12 2025-02-21 84 1025.7  1025.7 82 2 82 2
24-Winter-04 2024-12-03 2025-02-12 2025-02-21 80 970.6 970.6 83 3 83 3
24-Winter-05 2024-12-05 2025-02-21 78 937.8 937.8 84 6 84 6
25-Winter-01 2025-01-02 2025-03-18 75 927.3 916.8 82 7 81 6
25-Winter-02 2025-01-13 2025-03-24 70 879.6 877.2 81 11 78 8
--- Late Spring (Feb-Mar) ---
21-LateSpring-01  2021-02-09 2021-04-05 2021-04-15 65 1054.6 9624 69 4 63 -2
21-LateSpring-02  2021-02-26 2021-04-25 2021-05-03 66 1169.3  1013.5 65 -1 58 -8
21-LateSpring-03  2021-03-12 2021-05-17 66 1279.6 929.8 98 32 55 -11

23-LateSpring-01  2023-02-04 2023-04-05 60 909.2 888.8 68 8 66 6
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Establishment of a M odified Growing Degree Day
Prediction Model for Broccoli in Taiwan's
Subtropical Climate*

Chia-Wei Chang **, Chin-Yuan Chang °, Yu-Chen Hung *
and Wei-Ling Chen °
ABSTRACT

Climate change-induced high temperatures in subtropical Taiwan reduce the accuracy of
conventional Growing Degree Day (GDD) models for predicting broccoli phenology. This
study developed a Modified GDD model for the primary cultivar ‘No.42’ using35 cultivation
batches (2021-2025), incorporating stage-specific physiological constraints: a cut-off method
(upper limit 30°C) for the vegetative stage and a triangular penalty function (optimum22C,
maximum 30°C) for the reproductive stage. Compared with the standard model (Tbase =5C),
which overestimates effective thermal accumulation under high-temperature conditions, the
modified model more accurately reflects crop developmental responses by excluding
ineffective heat accumulation. The vegetative-to-reproductive transition was identified at730
modified GDD, while heat-induced developmental inhibition (“Heat Penalty”) averaged
approximately93 GDD in early autumn plantings, albeit with high variability. These results
explain the systematic underestimation of harvest time by conventional GDD models under
warm conditions. Accordingly, thresholds of 730 modified GDD for floral initiation and 1000
modified GDD for harvest are recommended to improve prediction accuracy and support

production scheduling under increasingly unstable climatic conditions.

Key words: broccoli, Modified Growing Degree Days (GDD), heat stress, heat penalty,
phenology prediction
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