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FvE e IR ER] - W9 8UR » R EMRMEIR(ERS ~ R~ BE R G H
B ) EEBECHINGER - BiE - BREE - 3 AGNE M) RS E
518 (R B B 8 (H E JFB (genetic advance) B~ H BIFEIUE ) - Har5EE
FETL AR ~ = K uises By HRR 2 L 2 e RS & MR TS Sl B & e
& RVrMYB26a ~ Vr Det1 ke PDH 155 [B] i 5 PRI JRE A1 A H MR BAE ki e A = v
ZIIRE > fR At RERA MG A SR - 2T EE 0BRSS
S EL BRI E M B CERUCB 1) 2 i &« APRAE R S A EI M ] e
BRI PSS 11 A B2 RIS B e = R Rz R0 - HNEE
Je RN A2 BRI BRI AT B AF S8 » 1% SEIERT T 25 31 25 PRt sl R
FRAGEE I (genomic selection) @ DUEE & B IS E M BRS E S 2 VBRE 2 ih &
Gams > AofERE8G s EES S Eg RAER RS+ THE &
17 SR SR R E B L FR SRV B S A SRS > DUtk EE - 7
A~ [E B A MR A B R o

BASET @ &R oo AN - 2O ~ RENEREME: - B A

il

Bl

4T (Vignaradiata (L.) Wilczek) & oo Nl & R T RHEY 2 — » 20Kk
&E) - BEEAY - BRI E(Kim et al., 2015) - (KA 4t - &4
AR MY AR R B T SRR AC % > 4% A TN B S R R R R A e o
WEE > e ElEYEE  HIN &MY RER SRR RAHE G B BRI G - B2 )T
i S A S E 0 T AR A YR A E Bl 09 S (Ong et al., 2023) < 4 5.1
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FERIEFA OO o T EE M M S FEAE A 2o B E DA RS s ~ R g ae Ay > Hp DL
EIRE Fo t S RV &k AR BOME B - 5 = ERE R S50%LL b HR ) S ] -
L4 T E R 721 kg/ha (Nair et al, 2012) - TR ESHEEAEY T 7+
MHREMARNE R - qERIZE - T3~ BB - S/0MER - Skt
B R ELOR (R R > FA 0 oy 2R A 2R E Y fn i (Nair & Schreinemachers, 2020) ©

b=V B AL - BIMLAEY AR L HE R —1R - R BRI ER MR
BN B AR Tt & A 2o 8 - B o o2 S8 AT Bl 2 35 700 35 B/ 477 7 B 11 AH B
(Meyer & Purugganan, 2013)° &k 5. & HIEH (EY) > L2 MEE X BRI 2R » v B A -
-~ FREEYETRE - FHnREERNS  ERBLEEITIAE - Y%A - 4
FARE -~ AN - Zy2 e LRI - BTG R GVEA — 2 7N - &
EUFETE B (harvest index)(& » L EHECT B 7 A T KB R 5% - B R 2 Rk
EiL {7 39 5 2 i f (Pataczek et al., 2018; Mehandi et al., 2019) - H i &84k G A% L&
B SRR EE R mid o Nk BN IR AE RAUEY) - EFASERAR —2 R
WTHE DAL RS T FEMEBER - #£1 BAEERARS - DUATER
45K Ry AL e > N TR E 49 551,480 kg/ha » T HEARER UL Y 2E & R4 F51,083
kg/ha (5% > 2021) o BIFE_F&k S UTREER 0 25 B R BB L BR UL > FE S 22715 » &R0
6-7 H FETE ~ 10-11 F Ui - K A Bk & U R A% 70 3R DL £5-10 em JiE #E 17 $R UK
(Astanakulov et al., 2022) = fEq&E] - 27 H i #EfEOwool il » H A AR EAEES
JEEFRE A ST - Weal il S P L IE - U E 8 /51,580 kg/ha (Kim et al,
2009) o FEAR - BT EEE-RAVBTSCEUR » 4k AREF I 0.5 M NaCIfE Fy3% BEELRZ e R
H o Al A LU R (Gunathilaka et al., 2025) -

HILAFER > HEEsELEFRASESE ~ BREE - iRt RARE RS
(determinate growth habit)f%k & i %/ H B (Dikshit et al., 2020) - RS HIE
AR FERERE TR FEETE SRS - sesiks - HEY)H
FEEYE UM 1018 & & 20V {E B ffE (Schafleitner & Nair, 2020; Kim et al., 2015)
o £EKERECUE FEEMERER > HRESE 00 (World Vegetable Center)fRTF
11,832 AR Vigna BiERE » HIERREYEEERZE - FEEER SR - =
A NEF R ORFET 2 &kt £y (Kumar et al., 2022) UEGEERUE G
BIFET ~ FEAEE BB EME(y H4R - EMS) R TR ERE T L > B HERE
Rl FREILRG AR B BH R B ER W) ~ BB m 1 (T2 5 ~ T 70 R 2Y) ~ i (AL
BREUR ~ B ~ B - RIEE ~ IRIBWRE) ~ DiaE (B & - 385 - IHF)
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KEERRSESE IS & (Huppertz et al., 2023) - £85I {1 B Fr S 5L N e 34 5 18
J71H > TR VrMYB26a #E5% R 12 PEHI A< Fi 24 (pod  shattering) AR HY T 3805
 FRHAYE S LB i e SO B (AR i (pod twisting) W FFEUR &
A B 2L Y 5 SR B b AR DR 9 % DU AR B (Lin et al., 2022) 5 PDH1 ¢ 57 F 4k o SR 36
BRI B — 857 > HEAZEARE b R FE T S ERERE » 2 4 FF A F R R e ny B 2 AL R (Li
et al., 2024; Marsh et al., 2023) ; VrDetl B2 JHVE 4 = M4 (determinacy ) EAFE R 4E &
AL et al., 2018) » AR RAE IR P &I EE - Bk R R EAE
7 FIRED ©

Grix bl o &k R nMNEERAY 2 T RMEY » 49 4000-9000 - Fif £E 5 M 2% 3t
BIME - & EEEZ AN M - JEM P REE S TERF RS - 77
THEED ~ BN B A VIR I R R TR e 2R mE H s ~ fieEwi
JEEYHERE T - EE T e REEENELE - ARG EE RS IR
FrEls (& » DI SR R R ~ i BT e -

S RRERET

&k 5N A R LS 5 57 B R B 38 {# (genetic  constitution) ~ ERIF [ - (environmental
factors) Kz & 5 E P FE it (agronomic management practices)ZE 25 B[R Z 5228 - (HNERHA
s BB LB AR TR 2 BB o LB (H 2 R MR B R R Y b 2 S L A
& H A RRRRAVR MR - ITFEHRET » S E FEBEMRE A =8 EE R (high
genetic variability) ~ =75 {#3(high heritability) S Z1E 1Y IE HHERE - BUR_EAUH IR 5 iE
A EEA R B (Lin et al., 2022) -

MR PRSI EEEE RS R AEYE B RAR - B EEE INERE
TR 5 BRAE H St H B it o e 6 78 B R (A ER A Y i 4 - U R A i A
I LR SRS A R B MR - EEEMIRER 70 » B B[R0 B Al B s BT R
S LR A L PR S0 20 B 14 1T % B AL B R 7 B 4 S e B i 28 TR il R R Y IR 32
TEM > il B8 I BRg e M AR B E A -

— ~ FERRMEAR
(=
Khattak ¢ A (2002)89/55 H1 45 &k S YRR = [F <2 R IR RE (additive gene
effects) B 2A 1 FL NS (dominant gene effects)PZEdl] » Hrt LR NIBIE R L - A A
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> RIS & E Y 22.5 & 63.8 cm(Shiow & Alves, 2002) - ZZIEMFZET » e
HIEZREERSN 60%  HHEEEEER Rtk N e EAHEN R ZEHE
73 [ElRFIR = B EE PR AR A B HI 2 IEAHRE (Perera et al., 2017) » RGN ZIRESE L
H 8 Pl sp oAt 3 S v I Pe ik e B A 4= = 2 8 (Khalilzadeh et al.,
2012) - &% EAAFERIAL - SR AVEARAE R ELEEARE - B0 AR [F) AR R PE
HYZE SR B R A E MRV -
()i

R AE B IPEEIR N EE B E SR CHAR A FEEE MEtk o PR EE
PRSI » 3 A T HE TR & (B ENEMZRE)im £ » kS K £
S HMRER S S (PIAIEEE ~ PR & - FELUR/N ~ BRAH MR D R S o
TR (GIAZENIHER)m & ERERRES ~ R - RAEEE  BEE
KITHHE © BN Reék E B E 2 B » BEAR S SN2 ME £
Ry ) G AR SR E AR (B M echies )Y 2 (Tomooka et al., 1991) -
BFFEAEREET » S BER S R R (pod clusters) MR S IEAHNEE - 13 SR F B EAfE T
FE SR IEAERE « R > # e Ry Bedh = AE Y B 25 A MR (Khajudparn: & Tantasawat,
2011; Saced et al., 2007) -
(=Bt HEL

&k FHYBATE H¥i(days to flowering)fF A [F]ER 5 B AL PR RY {7 AT B 1Y 78 {58 5
T BAACIS LY Rt 34 &2 70 KA % (Gayacharan et al., 2020) - HHFEEUR - BATE
H S LG+ S5 8] (flowering  duration) Fi A [EY AR FrfZedi] - HBHAT H #isz 21
= M IREL R FE (quantitative trait locus, QTLs)FAEHTZ(Dudley et al., 2025) - K& sr4E
mn AR B HAEY) - KBRS BRI S FERAZ % - flS DTF BA =iE(E
o RIEEZ MR RIS 2 SR R A BLER BT IR - HYAC G R > 2k T B P i & B
FHTEHHE MR (Imrie & Lawn, 1990) ©
(PO H 8

&k BRI H #(days to maturity, DTM){EA [F] AR AU ] B I 1 8 (A8 S
LR HIRGHLT Y 67 2 86.6 X A [EI AR F BNV ARAER » A S EHE
BEM - HEVHRMIRE A S EFE# J(Ahmad et al., 2014; Gayacharan et al.,
2020) - {EEfERTES » REVHBEFH RFNEEIEE ] » S EEENEA SR
CGRERP RV - A BIAEE B R H s E 2 8 B i -
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“EEMAR

(—)3E

SRR SR BB T B 2 [H B A B AV IE AR - TR AR B R g 1
b AR R E Y S 5 REE FfHE(Saced et al., 2007; Ahmad & Belwal, 2020) - %
B thEUR - SRR B Bk E 2 A AMES I EFRIE » EIE AR N+
& ERENE » PRI A Ry &k o 5 Tl R SERY B FS A (Sneha et al, 2019) -
(Z)BEMEH

ZIAMIT S 1 B A B B At R R IR 2 T B A 18 R A B TR 4 (complex
associations) * 411 - Fyfi B ELTE 75 B (seed yield) 2 FIHVAHRBH M A — - BEA &4HEE
.75 TEAH[E8 (Tabasum et al., 2010; Singh & Kumar, 2014) » [E&{E 531 (path analysis)4s
SREUR - Bk EEEE T & B A I A RUE o ERAHRE i se A EEE 1245628 A
9 SEALES L e B R E ARV AR - (BRI E M 25 T EHE I
{EHA(flowering stage) ~ FEI{ZAT 42 (L BAT » T BRIk IR P2e 172 Wit 4R (Somta et
al., 2015; Akhtar et al., 2021) - Ffir B EA #WARERYEF206 - MR B A4 T 5 iE
sFE I BB B FE I (EE -
(ZEKREE

HRE BRI A FsBa iR T E BRI 2 PR E F8 R IR A [H]
P - BtkE B B AMEEEER - HA2@FIRY ZINERSUERTZER] - R AT &
BEHUET TR RV IEE I B (Sneha et al., 2019) - HEFEHEHY - fERIVIRITEAZ so B4k B
PR S - Hossain % A Q01 D)HYEER - HEAREEAE S %5 (40 PR/m™) i) 158 = /Y H
HESEZE 1,124 kg/ha ; [IRLMERZE (10 PR/m?)RIE R IR RBILEARES) - BPRE
B 5.6 g0 THIEE By 47.5 g o A EIERABR RS B+ 0 83 - KRG T -
HMREE IR 3.27 ¢ £ 10.71 g Z[Hj(Hossain et al., 2010) - 475 1% 1 55 5 5 1 T R
B e B Reg ke HEMER1A21.9 ¢ £ 32.0 g BE S R EId01E 11.7 g (Deepthi
et al., 2024) - BEffkE BB EBIRE RG] B mEE s i sEEREE
RérE il ReEEEZE R — -
(VU

BIML a8 A2 20 R 48 Y EL DRI B AL » 11 [Bf) s PR I FeB B L A (BT Y 2R R =X - |
VWMYB26a 21y 32 Bd 24511 (pod shattering resistance) £ B 5 58 52 14: )% % (hard
selective sweep)HVFEFEHES I > [T WrDetl $2eilHy << TR m A& =R Al 3R 55 e R A PR
(soft selective sweep)HJfE=(Lin et al., 2023) 4 - PDH1 BRI HEDL AT T A8 2442
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il (pod dehiscence control) Hf B /A B #/E H > UF EFRHMEY 2 i 89 B (parallel
domestication) {52 (Li et al., 2024) -
(FL)RCGRE

&k Y FE SR B[] 25 1 (synchronized pod maturity )2 B R AR A L ER U R 38 14
iR RRERGAARERD - DVEHET 2 RERUL - I RIRIS IS EIRCAS - Tah A (2009)
WFFE » ERERERETHIRR R B B A R PRI e (B2 1) H B AR A T A
H > HESEFREEHSR  ETIHRERECR S AET - R4 2 2 A RAHRS 7
ShESIRA 4 (L R B B A R ANEE 078 B IR RR I - 1 23 L (i B A R =
FIRERIER IS o SRS RAZE 88 FR - B anih A Y NM92 ~ NM94 ~ NM89 Kz VC1560D [T
& mAE T R E AR - ik e+ Bl s Tl bR E ERE
MERVEAR S fEM R (Hamid et al., 1995; Khattak et al., 2001) -

& G

RGBT ek F A RGN B R EE - Etrib IR &G ~ oRE - BITE
HBR A HE EREMHINES3CH - BiLE - BiER - 2O REEESE - 5%
WS TE B AR MEIRPREBR SR AR - B 7 th B = 38 AR FOE H #EfE (Somta
etal, 2015) - FEEHRE L - AEEVERMEIREFINEEEL > SF2ER IR SES
e SRR - Gk FREPRIRS ~ SRR R E BE pE A [ AHRE (Hossain et al.,
2010)  FHFEHVER LA S BERAERA - ERE AR > NIEFE 2 2] 4 KAYA
LRI - S REMEE AR R T A BIH B BHIBRER I - B 2B HV R LM
HERLFEER(Lin et al., 2022) » &SRR ERINIEY) - BHEAE 60 £ 90 RN -
it K ERNERER > e NERMER  mESEEHYE - HEH
PREEAE B B IR (K(Karimi et al., 2019) B4Rk G ARG &R - DUFIRRE T
Ak - FaEEE NI LB T - BRI BIRA &y > BOR AR EYIEIN R ARy
o BURFE AT A s DR R 2 IR (Lin et al., 2022) - BCETEGH > 830572
QTLs FHAFHIEL R ~ 2 R [F2D A AR - FE FR B REAY BN - AT A %Y
APZERIESNBARR - A L2 R BE A AE - ST Rr e AR MR T B (558208 1992) -
FE R D (AHERNER G - FFE T8 BT R/NFRIEGEERIE > NI T Bl
BRERH QTLs - FIAENEREEE N R HANEZIERAE T - AstErE B
B —MiR(Khajudparn & Tantasawat, 2011) - 73 5B EHE L - AHBARTFE ] B R
LA BRI 2k IR e (Vr M YB26a) B 52 B a4 2F = 5 PR BRI RN VrDetl -
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Wrse 2 o FFE HY B % &Y (Haplotype)(41 Clade II T-437/C-1058 F1 Clade III
A-14/C-1058)5E49[F(K VrDetl HYFR 2 - iy TEEB a7 =0 feimEEEiRAE R A K
RAFAZNME - Br DHURESN » BB —2M T RE IR o Bl RS O &
HEIRSE—ERILAE 80 | 85 RITERY » (HAIHI TR ZEE —RERITIRULFEFIEREY 22% 5
Ao FHILETAD > R — B A2 AT B HAZ(Shiow & Alves, 2002) - FHFAMERIR
REPENAREES > RN EEA S AIFEEMAENREGRGT > £+
HENDR S SR A RA SR A BRI FAVE RSB o RN EHES - ZRETRER
BRI N AR TER AR REAL - SRR B R E IR ReE S A o

G

2SS NI A O B RSN R SRR R A S T LRI -
o BT O R R - AR S E MR B & )20 BRI B R Y mT e - (R -
FrEEFEAHRAE RV LE  HEZLHNG PN ER  MERESEER &
T L EAHERB L BE BRI - DBk R T - 298 KIEEE MG R
RN ARSI L 2 FRRAR BRI R £ o IR EE MG R 5 2% 8 B HHE
HIF - BEE BRI AIRAERE RS BN ERD Y i - SRR e 8 B A T
RURAEARRES - @R g AR IEL RS gV EEER MRS F1E
soEd QTLs EALAVIER] - EEFFEZLIRME(WMYB26a) K A At e 14: (W Det DR 2 F:NEH
PERERIS LIRS AT - TREE ) T o BN ZE i (marker-assisted selection) YT BLHE « AR2K
» B S HEIRIZH 3584 (genomic selection) ~ 25 ER IS EH(multi-environment trials) Bl =i &3
A4 7341 (high-throughput phenotyping) » R EZfIZRE B fm F < # E BLHER -
BEAb R p BRI EATR E S AV B HAR » TR PR T IR N T BUE A 73
A EF(G*E interaction)¥{ /7 & FARGAARY R - T & 28 & R LA RE A il
HEFE 240 - SURCIT = 284 T F AR T RN B E R B E G H I T5
EHVZERE b DR ARG RN B izl S e EE s Em g g3 A S E
FRIE ~ [P B LB e ek o AU fE 2 B R -
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Genetic Characteristics and Adaptation to
M echanized Harvesting in Mungbean
(Vigna radiata)®

Zhen-Wei Huang * and Hsun-Shih Lin **
ABSTRACT

Mungbean (Vigna radiata) is an important legume crop in Asia, valued for its short
growth duration and adaptability. This study reviews the progress of mungbean breeding
in Taiwan and other regions, focusing on the genetic characteristics and selection
potential of key growth and yield traits. Results indicate that plant traits (plant height,
number of branches, days to flowering, and days to maturity) and yield components
(number of pods, hundred-seed weight, single-plant yield, pod dehiscence, and
synchronized maturity) exhibit high broad-sense heritability and considerable genetic
advance, suggesting strong selection potential. Traditional breeding programs have
established effective selection systems targeting early maturity, high yield, and pest and
disease resistance. Recent advances in molecular breeding have identified key loci such
as VrMYB26a, VrDetl, and PDH1, which regulate pod dehiscence resistance and
determinate growth habit, providing molecular tools for marker-assisted selection.In
Taiwan, breeding objectives emphasize the development of lines combining
environmental adaptability with suitability for mechanized harvesting. Determinate
growth and high maturity synchrony enable single-pass harvesting and reduce labor
requirements, while early maturity helps avoid heat and drought stress. To enhance
breeding efficiency, further multi-location trials and genomic selection are needed to
identify lines with broad adaptability and stable yield performance.Overall, this study
highlights the integration of traditional phenotypic selection with modern molecular

approaches as a practical framework for developing high-yielding, early-maturing,

! Contribution No.1115 from Taichung DARES, MOA.
> Project assistant and Associate Researcher of Taichung DARES, MOA.
*Corresponding Author: Hsun-Shih Lin, Email: linhsuns@tcdares.gov.tw
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synchronized, and stress-tolerant mungbean cultivars suited to Taiwan’s agricultural

systems.

Key words: mungbean, breeding, pod dehiscence, synchronized maturity, marker-assisted
selection
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Tt A B R E 2 (EERED I U R = R A8 1R i 2R 2 1A DL 22 i A A
RN E AR FTA TSRS - HORZE RASHEIY FEE » SLEZE MR 2T > R
e /& B e AN 2 o 2= RASHEIN B RV E 21T » e E T - T - UGFE ~ i
EWEHE R M EEN S EMSEL o W H ARSI EIEE R T 4 d B HIRE G (Life
Cycle Assessment, LCA) ; ZRHEFTEETL(ISO, 2018) - AR LHYER 2 BIaTAL - A& E
(ERPRAE FEEIIRIE 2L » TNA B E(RIRESE RIS > Ie S B R R ik 5%
f& o Bk B2 =REEYZ — » FRERENREE S A EZE AT - KRBy
FH B E R (EAE B e B 48 b an 50 o5 2 PR ZEHERUN 10%2L_E(FAO, 2024) » HA KA 7E
HBb & B8 S 2 A — A EIRY FoR B/ N 2.7 %84 5.7 f5(Ritchie et al., 2020) - FHEE
R R e & A 2 2 155 (Blengini and Busto, 2009; Hokazono and Hayashi,
2012; Janz et al., 2019) » ZA[ > B AIEERRE LR EPMHRBIH I HE AR - TH
e B2 B BN S E /KRG EE B Y I HATE RS AR RS A5 > 1999) » (RIEE SRR E LY
i & BIREEAd A HLA B - AR 5 A A an ARG U704 ot 2 SRR E MR 2
Bl MRS A d FEEA T > DREERA RSP EY o 5 Hh 2 Pt 45 R TR i s
HYENE(hot spot) » 1E Ry i SIS it E AV EE ZKTE - DUE 2 EFPREREE AR FEH

LR

MR TTE

— ~ AmEEFEER

LCAREJRFA 20140 FRHA - SAE 19702 19904F F R S 0T R BE T S - )]
LCATEZHN e RERER - DR IRRCR MR R HUEFE - BB RN IR Bk
HIBE Tt - A= o o BT AL Y FE FH i B2 s f - 7% 1993 47 TE 204N A B P AT A 4H 48
(International Organization for Standardization, ISO) 14000447~ - FREIEISO 14040%8F & >
LCA B LR EE e RS ~ I ~ B4 - il 355 - (HH > B2 REEERHEN
SeEA ay P HHEIR A 2 > HET I (AR B RS AR ~ NBEEE A AEREZ (SO,
2006) » W EFEARWTTAT R AR 2= RASTEI EdER S8 - — M= - A an MR G A
FEA(E F 2P EE ¢ (1) B fREL#I[E 5 € (Goal and Scope Definition) ; (2)4E @ EHEARE & 347
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(Life Cycle Inventory Analysis, LCI); (3)4= &7 & HAE #& 5 (Life Cycle Impact Assessment,
LCIA) 5 (4)4=n FEHARIRE(Life Cycle Interpretation) o [ 4= p FEEARE(L > b - $H¥HE =R
BEHEREY TR 2P BEEILBISO 14067 FAFAL(SO, 2018) » AMHFEHRHcHE Fafta(E
BR o B EERORELIVIR EPIE - WNREEETEITERARREA -

— - BEHEERRATE

" HAREETUE | R IR GRS 2 LR REEN D AfEER
TH H K E Tl R e B Bl S HGE - AWTERAEITRDRE bk e B EENELL - IR
PEER LUR 2 AR R PR R B ST ZH H > FEaHILURE B R A FIY] kg HZ2 i8S
SR RoaPALEEAL - BRI /2 Bk FH/KRE & T 1945 il B - 5% el £ B2 DA oK
BIES ERS > NI FIHAER G A S sl = > s B E SRR e B T RER S
o ok 25 E U By 24018 57 (System Boundary) » RIJUERGERERIEE » FkEEEET
TE/N o QAR S TR R E R S S HER T ERE R - ARS8 2 MRy
HE AT BB NTEE £ - AR Z 2 uE SR aRE SRS E: 1 FRHUSIEES 2.
BUSHI TIPSR © 3. EERPEES © 4. PSR 5 BEFEPEES - WRHRIRIEES RPE BB TIR B0y
% SRASH IR & - A ZE i 2 FE SR RCAIER — PR » REpRE i Z 7 i AH R B4
&R aoREEM -

T~ A5 HEE AR
Table 1. Constitution of the product in this study

Target product Ingredient Material Weight (kg) Ratio (%)
Polished rice Polished rice 1 99
1 package of
i Package PE 0.01 1
aromatic rice
Total 1.01 100
= SamBAEEE SN

ST Eal Az IS KPS E: > #EATERRR JEAHRA ERIAVAR A - 2l il T
1R PR B

JFURT ISP e L AR A AR R A 2 e RS P B - RufEheafeedl ~ 5
E{ESE ~ HERH - S - TEAE - e srE - JOEESE - T st HE(E SRR A
ERPEHRA RV ER BRI mm R E - e E - B OMHEE - 5EiBiE
HERHESEH & ~ B AR ~ AT £ - FEiCERTDEE e g 2 2
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ZEfSIH & - HESRE R H/HEE - WERERRE - IR E B AER R E &
ERFDRE R RS mERAESERDEmEARER ISR SEENE

L EPREENERHE - 55— J7H » HE RS b 8 BRI S ikHEE RS - [HIHH
DI 528 RASHEBUS I TaTE » AWt 2 S B AT AL —HAME Bl AEAE
FHATE180.6 kg FHLEE14.408 kg EA LI EGRIESS » 2024) « FLAN > REEHREMNE
HELSH & 0 IMEM PR TR A -
2. BLE N T FEEY

T REL% - B R R THERZ ~ TRBIBIEAS » FLPEE /B P RER R A E] 2 g
SRHERZESE 2 RS VAR - IR B A EENREAEE  DRZREHAHE S
ZHBE > WREHBOREES  FBHHERRERDGEEREESR - BI04 8IS
WA A REENERAE  (FA N PR ZRFETREIERPRIR -
3. ZE P

TERERETR > JH DL S E R AR S 2R R AR SRR SE R AR 2 H R %
IR LG B s S B RGP ERRSARAY A - (B E S CE . AR - A
SRR - R EEECE R - Wt BB A RER 2 Em AN E -
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AR E R Z S B R = oKL & H > & AR R A REREE
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5. BETEMEEL

HPCRERE RICRAREEY) - IBE R RIS M oRkEL 2 BEREEFE
f#0.01 kg » HE FliHEL0.012 kgCOqe > (LR 4B B BRI 1% » RIELARISO 1406717
FE - B BN T AR AT
£ EHBE R

FFRIPE BE 2 M 455 - BUFERGE ~ S8 ~ BRAC - $RAC - BB5E - B ~ JR0M - 42 -
FREHEOR SALEE EHRES IR B IVIRHHAEOE TR E > RIS B SEE 5 sk
& FlE{ERRPEGEEEY IR EiRBHAEBE RO RS — i E RS - 28K
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Table 2. Inventory items, carbon emission coefficiences and references of LCA inventory
Stage Inventory items Coefficience unit reference
Rice seed 1.8 kg COze / kg Primary data
Liquid nitrogen 1.8 kg COe /L Ecoivent 3.8
Raw materials Liquid phosphorus 0.847 kg CO,e /L Ecoivent 3.8
(seedling Liquid potassium 0.61 kg COe /L Ecoivent 3.8
production) Prochloraz 14.41 kg CO,e /L Ecoivent 3.8
Carbon footprint
Electricity 0.59 kg COe /kWh ~ _roon 1ootpHl
information platform
Ammonium Sulfate 0.5628 kg CO,e / kg Ecoivent 3.8
Urea 1.65 kg CO,e / kg Ecoivent 3.8
Ammonium type nitrogen 2.68 kg COze / kg Ecoivent 3.8
Phosphorus pentoxide 1.18 kg COze / kg Ecoivent 3.8
Potassium oxide 0.664 kg COe / kg Ecoivent 3.8
Lambda-Cyhalothrin + )
) 10.28 kg COe /L Ecoivent 3.8
. Thiamethoxam
Raw(r;altgrlals Kasugamycin 13.69 kg CO,e /L Ecoivent 3.8
ie
cultivation) Tricyclazole 14.41 kg COe / kg Ecoivent 3.8
Carbon footprint
Diesel 3.34 ke COme /L | arbon footprin
information platform
. Carbon footprint
Gasoline 3.01 kg CO,e /L . .
information platform
National GHG i t
Methane emission 27.9 kg CO,e / kg ationa VRO
report
National GHG i t
Nitrous oxide emission 273 kg CO,e / kg ationa mventory
report
Carbon footprint
Electricity 0.59 kg COse /kWh ~ _orooniootprn
. information platform
Production Carbon footorint
arbon footprin
and Diesel 3.34 kg CO,e /L ) ) P
) information platform
Processing Carbon footorint
arbon footprin
Package (PE) 2.02 ke COse / kg . 1100tp
information platform
. . Carbon footprint
Transportation Diesel 3.34 kg CO,e /L . )
information platform
Carbon footprint
Use Electricity 0.59 ke COse / kWh arbon 100tprin

information platform
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SER R E LAV R RS S 1% - PIHELTET 20— HRET - A ST 208 R E i
B [BHY R EE i E BT TELER » AT 225 2 FTRE RN © 55— U7 > s ik 2 B
PGV ENERFTLE - AT T RE R SRS 1S 5 - 1 AR K R R R A A SR EE B 2
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T e

WeHT 2~ PR 2E i AR an P RN E 2 B IE EH - T ORI SRS B (L HE & P Bl
FHREIAEZ P ) ~ Bas I TP B ~ EEmPEES - (H S S MEPS LB IR A - oy
AR H RV R - R R kgHPRAVIREE » 2277 Hla0 T -

— ~ R ERIS RS Ex

JRURHE A P B EL G A i B FH R B > 2yt dl®s -

BHlEEDE—IEREN  ETEE R OIIRIHEE » B TE HEFEREE - R
EURR/SEAE - DM BEERIDANE TR o W RIRATRE — 2 %8 i1 L E s+ B
TERVEE AR FERL I & (175,00082/ S 8AF) » ST REIAMEZIEEAVREEE - UKL Z
RBEEE » REAIGEEEAERHEIRLE HEG008/AH) @ sTREHEABEH ALK
Bk > A6 DI 2 A BRI H R EE (5,075 kg/ D) » 5T E kg HRAVEL
HiREE o STREGERNFR = GREUR > T A R - A E VRS I I PEL F5558
g COqe » WHELEF A HEPTEHAVILETIIREEF167 kg COze > Bkg R HIVRLEBRBEA]
720.033 kg COse © PRI AEFEMSIET » RFHGEER AN > T EiafEed s SR » BENRER
AL B R SRt R AT o0 ik > (HEHEARZ > HILETERIIREEERE A = - ATA
rFTtat > B E SRpR A IR EBIHY5%LL T (O » 2020)  EFESE S AT T
BEH20 %LA FAVEERZR - (HER RSP E MR E AR - HIt - AEEZR I
EH - EEH)IKERSE R EERE T X EEENREER RS 0 1]
DR NI =E =

RS 2 1% DU AR AR Ry B0 - (R (E T B Gra R -
L~ AR - EEE - USREDL K R EEEFERCE T E M FEH B R HEN ENVEE - FRIR
A — Z iRBHAECETH R AU A BB R EE (5,075 kg/AH) » 5FE
kg HRATHREFES S IEREE - ST HEGSR NIRRT - SERER - HEREEIREHE A HEE
F]7.2 Mg COse * M kg H RAVIRFEAE LR TN ZEE]1.42 kg COse » T E A H P HEFEHE
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x= - BHIFEEPLZRIPEESE - WA E O EHEIFE & 5 175,00082 2K
BRI AR
Table 3. Carbon inventory in seedling nursery center of each cropping season. The carbon
emissions per tray of seedlings are calculated based on the seedling production
capacity of 175,000 trays per season.

Carbon Cgrbpn Carbon ‘Ca.rbon
o emissions .. emissions per
Inventory items amount unit CTISsIons per tray of CHNSSIONS pet kg of polished
per season dlings ha of field rice
kg COqe kg COqe
(kgCOx) (o cop)  (ECO) (kg COsze)
Rice seed 52,500 kg 94,500 540 162 0.0320
Liquid nitrogen ~ 5.18 L 9.32 0.0532 0.0160 3.16E-06
Liquid
6.47 L 5.48 0.0313 0.00939 1.86E-06
phosphorus
Liquid potassium  5.18 L 3.16 0.0180 0.00541 1.07E-06
Prochloraz 31.0 L 448.0 2.56 0.768 0.000152
Electricity 4,406 kWh 2,600 14.85 4.46 0.00088
total 558 167 0.0330

X~ HESEAbEE SFER LA R A R AR 8 A b C 2 R Ge BRI - SR o AR
IRBEAY70% o HATE 3RS BEIRRPRIRBESUR F - 2P 280 45 H H RIS 2 i P 4
ZHJZLEE(Blengini and Busto, 2009; Hokazono and Hayashi, 2012; Brodt et al., 2014) > HE
R HIR TR IR 2 R B e - E 2R R /KR A E KRS 720 fhE 1
HAVERRR Z N EEA Y F o AR B R A TR s PR e - RS F /KR 28
RAHSRFE 2 KA F (Kim et al., 2018) » HEE R 2V - Sn iR (el F i i E
MR KB R A S S aV BRI > 2810 > B ATEF 22 0IRER 2 fhi 2 BBk F ES BUR SR (88
7B 4H 4% (Intergovernmental Panel on Climate Change, IPCC){&%k [ 22 e HERUE fitHA
B WNRE HIENBERU S E A sE A iR 2= BB SR EE M » R E#E TTER A
B Ry tEhfE H S BN EF R 2mE IV FIZIDNDC modelHUft 2 (0o et al., 2020) o [£4h -

RS ban EHERU 2 58 L TR E R 2RIV EAE - 72 LAY R B F
Rz TEAR B2 RS S AR =2GEE - AR H AT L2 S £ Z DE
7%(Haber-Bosch Process)®diti » L& SR G RAL200 K FEREL400°C HYARER T DASK
3 Ry AL > LS RAY T 3\(Smil, 2004) - FXRHYERJBLEE > FR M AVRETRIEA
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Table 4. Carbon inventory per unit of field area and per kg of polished rice during the field

cultivation
Carbon
Carbon emissions per
Activity Materlal .us¢': or amount  Unit emissions per o of polished
direct emissions ha of field rice
(kg COQG) (kg COze)
Land )
) Diesel 55.9 L/ha 187 0.0368
preparation
Transplanting Diesel 5.92 L/ha 19.8 0.00390
Fertilization Gasoline 2.63 L/ha 7.92 0.00156
Ammonium Sulfate 440 kg/ha 248 0.0488
Urea 80.0 kg/ha 132 0.0260
A ium t
- MOMHMIPE 960 ke/ha 257 0.0507
Fertilizer nitrogen
Phosph
OSPHOTHS 240  kg/ha 283 0.00558
pentoxide
Potassium oxide 48.0 kg/ha 31.9 0.00628
Lambda-Cyhalothrin
. 0.0789  L/ha 0.811 0.000160
o + Thiamethoxam
Pesticide .
Kasugamycin 0.0152  L/ha 0.208 0.000041
Tricyclazole 0.228 kg/ha 3.29 0.000648
Harvest Diesel 11.8 L/ha 39.5 0.00779
Direct Methane 181 kg/ha 5,047 0.995
Emission Nitrous oxide 4.41 kg/ha 1,203 0.237

total 7,205 1.42
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= BGEMITREEL

FE FHEREERUER - X BRI TROE T HE— P I T 8BS & > ORI T
T EAEI TR ~ BRI B R B AR SR 3TAESE - Ho o i B A R A A Ry ot
HAE ~ EIORMLUEMER - PSRy &R DK B BT - 45
WFRTL - SERBURIEPE BBk g HORR FELY £50.182 kg COze » HorpifiE— 2K 5 FZ 1
5 MR BPRERIN BB EA(R B E BRAS) » NILIRE BRI ER AL A
B ERE > M EE S AT PR ZR R A 5 B 3 2 (Moresi and Cimini, 2025) »
GRS TRy i FIAORPRIN TR mA PRI SR - BUBRE P BUERY
WGP » i R A PR A LR AR B2 RO B AR AT RERE - 16 & R B G S I i R Bl e 4
{EAERRAYEREE - R L AR LE P& B A i —20 38 -

R RSN TR ERATRRPPE SR

Table 5. Carbon inventory during the production and processing stage

Carbon emissions per kg of

o Material ) . )
Activity amount Unit polished rice
use
(kg COze)
Drying Diesel 14,000 L/year 0.103
Polishi d
ol mg n Electricity 45,228 kWh/year 0.0587
packaging
Package PE 0.01 kg/product 0.0202
total 0.182
= B

IS B EFE2 Ay - 5B — R R OE R AV RERE i SRR EE - 55 R
SRR AR T Ry E i » RFTZE 2 22 B EE S RGN A » b 0 o Ay 23 S 5 P K B S oA
fy > HEAbRPEAHRA RV & R SOHE R - NS B i & MR S 7 fnln] 5¢0R - (E PR EL
AR ERESE - BER(E I T > BhREFHBRV IR B R - MAEGEROE N - &
SRR > IEPSEEIT kg I RERHELT £50.439 kg COze » By T 222K H I~ & B 57 FH B T-88iY
BIER > S5 > Em SRS EREHEASOHHE - A ER SRR B R
LUK #i##i(Brodt et al., 2014) - ERAVERTCRIEFEGE - HEE L HRAREHSE
AR I EETEE R AN A5 - A A e B A LA e £ R (B LA

=4

%o
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Table 6. Carbon inventory for transportation and use stages

Carbon
emissions
.. Material .
Stage Activity A mount Unit per kg of
use . .
polished rice
(kg COze)
) Grain transportation Diesel 10 L/trip 0.00418
Transportation . . .
Products transportation Diesel 80 L/trip 0.0411
Use Cooking Electricity 0.5 kWh/time 0.393
total total 0.439

P9 ~ 4 an A HAABETG

HIGE DL B R IBERRFEGE IR - EBWIFR L - FkgHORIR EPI4EET 552.07 kg COze » th

% H AT A S B2 dubhik R BIRDRE & > B2 ~ 10 - 2R E - Higke
IR E PR E 1.0 kg Z24.0 kg COLe VA ik @ BIHYZE SR T N ESETEHE 240 fufd -
HHI& RS - TIEE A RE R BN T RSB bbb - R fE H A — & el
a2 AR B ST o 55— 71 > A LB A S BRYAESR - IS B 9T B AR BRI
E% » RIS FIRRE RS EL - AW9E 2 Bkg R 2P fy1.68 kg COze » =il H ARG &
H11J1.46 kg CO,e (Hokazono and Hayashi, 2012)E13EE]zF{4HY1.55 kg CO,e (Brodt €t al.,
2014) » (KA FEAFIRAFZEY2.76 kg COLe(Blengini and Busto, 2009) ; A #i#E70 %K EH
JFUR S FE B » %5 B EE B JFURT IS PE B - RIARHZE 2 1.45 kg COze B HH BRI 22 B
(2.97-5.55 kg CO.e)(Thanawong et al., 2014) > fj & o 57 HE o it [ AH & (1.50 kg COs.
e)(Wang et al., 2010) - tFlEsR - =& H pitHEEu R P RAEERZ AEFBIH A - H
AR E YRR B M R S B2 RRTENE B AR A E — e —(EEAE - &2~ o
T~ B EH BT B E RS RILEAIREPR 2 b S B RIEME - SEEHIN
FokE R 2 AT mRR R B & 2 n A HIYAHH Y 2%(CDFA, 2013) : HAJTHE#EZA

e A AISEE > (2 HAK S H 8% /E%f;iiﬁmﬁﬁi COEHE 0 R RERAEDR B AR EAK
AR HH R B HE(Hokazono and Hayashi, 2012) » 228 /KAgIEET S B0k ES 7 BT
PR EA » KRR RIS T E fERE A -
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Table 7. Carbon emissions contributed by each stage and the total carbon footprint of the

product
Carbon emissions per kg of Percentage of total carbon

Stage polished rice footprint
(kg COse) (%0)
Raw materials 1.45 70.1
Production 0.182 8.76
Transportation 0.0453 2.18
Use 0.393 19.0
total 2.07 100

A~ AIRERYRR R R

FHATFERFG S AR BURNEZIER R A dh i e BIAY B ENRE > 3 B HH R PR

HH R R b SRR S A RS R AE 7 RZIRFERE - 24RRIE37H H PRET AT RE kbR s -

1.

FHE e FEI: 2R 7K AE Y R GEHER - rT e & R R L R B i B [ (R
LA T HE T o HNMESHYEEK DT NS B H M g A m e e KREHE
B R FEAT 2 )7 ST T s - BFERH 80% B (Alternative Wetting and
Drying Irrigation, AWD) & ZE % Z= 1 [ (Prolonging Mid-season Drainage)’ 8568
RIS RE 22 /D ] DL AT 50% Y FH R R Be BRI (Linquist et al., 2015) » A A HZEIR
T[] 5 S Y RO BE T =Ae Jek D FH RS FRGEHE R 30-70% (B R AR 28 7%) » BAEAR[EIZK
feimiE 2 R AR A 25 S5— 7l AR IR IR A FE R4 52 %1 FH RS FE etk
X (Liu et al., 2019) » 781 » N EEHECERSGE RREHE > # X BRI E SR
WK > A AR AR I B (Carrijo et al., 2017) © 55— 51 » & B R
TEEEHR - SRR TSR R AVE BN R AR - T H AR R S
HJ260-75 %(Cordeiro et al., 2024) * MAEASH 72 AR AT [ (EK50-80 % BEFF
(BRIARER)  BUREEEZIY RS s - (B ES RS R AIRIRET R & -
NEVE RS » BRI R 1 52 522 (Cordeiro et al., 2024) -

. A S b E e B e RE: HE S b G E - AU HE SR £ - 8

EHEHLHIEE S/ L S S IE & 2 5 8 IEFH R (MacKenzie et al., 1998 ;
McSwiney and Robertson, 2005 ; Halvorson et al., 2008) » HZASHY HEIHEER/D » F 2R



26 ZPEEEN BIG SR — N ]

Rz —TER BA R THEREHFAIRPREYS SR ECRHEO E &8 5 B EGIE
AEEY A (AR RE - 2025) » BFFE /R E H S AL EYE - S/Csi S HER S
S > H 2 BHEETEAARE(Cole et al., 1997 ; Freney, 1997) » H &M FH EF%(E » &=
] H D B ARSI IREE > MR EE BT R EE AN > ARl ERTR
SR AV I R S S E R YIS I - MBI E (Guo et al., 2024) » RIIE R
BRI L & A FERE R R E A E - 55— 07 SMbin R EL FEEREAE
FRER TRC R FE AR E IR AR > PRI o] i R 4 S S S I AR A LI (Mosier et
al., 1996; Yan et al., 2000) * B T2 =5 AEHEHRER » R ESAEEHAEZE 2SN - KR
R EEE EAVHERT

3. RZIRVEZENVRERE: TR K T EBRZEN2 % » ME#EENEERILATZE
13-14 % » R FTREGHERIRE R KT a8 TFEREES IR ARz -
EHARAEZEL R SH - RS A REMEL SRS HIR IR PR RIS
SRR IS B AR HE - T 4R R I B = Rl AR IR R = 55— > AT AT
B > e R S - (oK a8 EHREZE27-28 % » HEn
B FURERER OK 7y & 2B E30%) » o] B4 HEaZIR Rl PR TR 5 A DR AH R AR
HE > BTAWFERCRET » WS FORBUINEIK 3 /01 % - B TR HERZIE v] R )
3-5 kg COze(Choudhury et al, 2023) » [Tk 51 » #/K T2 EES % @ AEIEBEELS %
HIERZRHE(Miiller et al., 2022)  55—J7MH » AIIEREYVEREIRACE (G » BEH
BRI RIEYIRERL > Tk T B2 Geat nI A RER Rk (E R BVIR) - mlek/ VS0 RE
PSR VERBE - i5TEEH - BRI R R AR 2R RS - A A] DL D97 %HY
fHE(Quispe et al., 2019) -

i am

AHZE LA dn R HIEEELCA J53% » {RIEISO 140408HISO 1406 7FE4E » HE 1T B &K
P i i e 2R ST RS R S ~ BT ~ i - (SRR E - i 9RAE R
BT > MR SRR & Z S i FH R B B > HAR (BN TS B - RS2
plRéE T A PRI ST S —E0 > BURH R H e S ban S HRROR T Z AR AR - SR =S
kB RS AV IR A - B an BV Rz R - RO E R ERHSE A GR I AERE - R
SRS REHE B A WDEE JIE = 2 th i HH F 6K B BT > R B R /KRR T R b 2R
Y s [EIR A S A PRAHEAE ~ PR AR E SRS LIS - A ROR DS LT BRI 5
TER B TP ES - A5 REPRA T8I S R B DA RN A SR HIERZ » TR T B PR R 5
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FHERBRHEL - ST » ARHIGCHETL Y B R BRI ATAS R, - TR BB K A

EPRZ BRI R HEBH R A ~ AR TS FOF B EEECRINEE S - i

HERER S Ak E B H 25 H AR

1=}

I=ER

%

RIFE RS RBERE BRI ARAERGE > HEHEEHEREEBE T ZEMH

* RETR(E A B R H AR SEAHRE TR E a%lﬁtaﬂa%aﬁi PE

e N

- PR ~ AREESER - 2025 - IUBEIC BT S EmE - BEWREE BiEL 2
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Establishing the Carbon Footprint of Agricultural
ProductsAcrossthe Life Cycle: A Case Study of
Rice Products®

Yi-Chien Wu **, Chi-Shiou Kuo *, Chung-Yi Liao *, Cheng-Hong Li >
and Chi-Yong Teng ’

ABSTRACT

This study applied the Life Cycle Assessment (LCA) approach in accordance with ISO
14040 and ISO 14067 standards to establish a carbon footprint framework for rice products in
Taiwan. The assessment covered the stages of raw materials, production, transportation, and
use. The results showed that the total carbon footprint of one kg of polished rice was 2.07 kg
CO,e. Among all stages, field cultivation was identified as the dominant source of emissions,
accounting for approximately 70 % of the total, followed by production (9%) and the use
stage (19%). Within the field stage, methane emissions contributed nearly half of the total
carbon footprint, representing the primary hotspot, followed by nitrous oxide emissions and
the upstream production of inorganic nitrogen fertilizers. The drying operation was the main
contributor to carbon emissions in the production stage, accounting for more than half of that
stage’s total. Compared with studies conducted in Japan, the United States, and Italy, the
carbon footprint of Taiwan’s rice products was slightly higher than those of Japan and the
U.S., but lower than that of Italy, indicating opportunities for improvement in resource

useefficiency and energy management within Taiwan’s production system. The higher
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emissions were mainly attributed to greater methane generation under subtropical climatic
conditions and the relatively higher rates of nitrogen fertilizer application and cropping
frequency. Overall, the key emission hotspots were concentrated in the field and drying
stages, suggesting that field management practices and energy utilization efficiency have
substantial impacts on the carbon footprint. Recommended mitigation strategies include
promoting alternate wetting and drying (AWD) irrigation and prolonged mid-season drainage
to reduce methane emissions, adopting optimized nitrogen management and slow-release
fertilizers to mitigate nitrous oxide emissions, and improving rice drying processes to
enhance energy efficiency during postharvest processing. The findings of this study not only
reveal the structural characteristics of the carbon footprint of Taiwan’s rice products but also
provide a quantitative foundation and reference for advancing carbon labeling, low-carbon

production, and net-zero agricultural policies in the rice industry.

Key words: rice, greenhouse gas (GHG), carbon footprint, global warming potential,

life cycle assessment (LCA), product category rule, methane
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Ryl B0 SRS i B & (Lilium spp. L)UAEaE M2 B » AH5E
SPAh P R REER] T alFlff | (Chrysal Professional Lilium) k&= "1 S Bi5HT
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FASET Sy ~ BAEEa » R E(b - SESIE - RMREH
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B AT ek & A Rl A E AR B S5 0 R B 8 WIKE B S RO 2E (air emboli)
- BER EEIRE R - BER b > K< i (geotropic bending) ~ k<RI H

(negative geotropic bending) ~ M AE FHERZSIE NN ~ 2G4 R SOffE S an 4 % (Maxie et
al., 1973; Joyce, 1988; van Meeteren, 1992; Philosoph-Hadas et al., 2001; Reid, 2002;
Ahmad et al., 2012) - DI & 215 - Han B Miller (2003)#5 H 58 5 I B & Stargazer’ Y15
RO (3.3C) ErERT e, 2 Bl G I LG E e HE 2% 2 U M: - BEEE /s
b ~ FEEHE (bud blasting) i 4E 55 ififisSay - Han (2003) A5 HH R0 R ek & B 20k Kb
SYIRE » EMIIEEDNESR » BE 7.0 om Z{EEERKIRATE N T SEEEH R
o 2RI RORTE 2 81% > B A0%HIIEEDHE » AR Z UIEHIE & 2%iE 2
A E] DUSEECPRAE 100068 BRI » (RIL » AT LAEE /B BB E 4B ERAE Ryat
{E TR R AT SR AT R R~ 5T -

Fy S i AR AT Rk A Bl 2 A IS 8 > B RS B R R Al 1 T R R TH S PR 3
(pretreatment - S fEEIK pulsing) - FEUITEEFERF IR B IREST o PREERIHY £ 2R E
YRR ~ AR H(biocide) ~ FL LA (acidifier) ~ ZJ& N7 (ethylene inhibitor) KB4 &
SEf7(plant growth regulator) (Reid & Jiang, 2012) - FEFEBEIARI ATHETT H & VI G %
ZiEmE - DLERERCZ H& Brindis’ By - HUJER 2.5 C KA fidEsE ol
A7 K HE oy / NMEEFZAS SR R f CAta T ((EIH T B E i R ZE TR H R - &
100 g-L ™ FEAETERSAERE 20 hr Al (EERSGIER E 7 AL E - i H 52 &30 A HRICE
Rt R ACAEIE PRI B DL (Prisa et al., 2013) < ZR11 » B SRS IR e &5 R =ik
NIEEh 2 (gibberellin, GA) 4Rt 73242 (cytokinin) I 55 frisr 52 5 ¥4k (Han, 2003; Reid
& Jiang, 2012; Geng et al., 2015) - Han (2003)f5H » 38 /A H & Stargazer' #ifH = H 2%
FEMEOREER T EE R 1871 3-4 Kb - E R AR IUITEEE F 199H (necrosis) 2B /b
(blackening) » Z= A EABRTEEFIE HE 50 mg-L™ GA4.7 + BA (6-benzylaminopurine) HIlEE %%
ERIER b o HEER HEFFIEARIF R EREY 5K -

PITERT AT PRI PREER 0 B 22 M B S BRI ORI R I OREER B S
TR R PDRHME RS SO EERE RS2 2R - i B0 I OREERA ISR B a0 BRI
R (silver thiosulfate) k2 14 £ (silver nitrate, AQNOs) » 75 (i FH 58 5 2 &R AE 25 I 7]
REE i E & T 4«(Balas et al., 2006) » (K[ - BrsgploA (i H B FRIT 58 |\ (8ifE) 2
B E (REER B BN - 2= Th 2 AR TR A UIERRAR IR B AR RANT ST » SR R Tt &
HEEHEHZRER(LUTERE "Bk 5504 Tedares”) » [ A S E B EIREE T
HIFERIZETS ~ TT&EE - T - BRREAS - FRIEZAN > TER ) 2R RIS
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CIPREEFIN—F - BEFEHAAREE - il - BE 28 In{ HIREER 2 25 AN HEERR
& IREENVIEREELS: o T PR, 2088 T Z0E Ryjffidik(holding solution)fi - REHIIHIfA:
YIETE ~ FRAHRKRCR ~ FR AR - WA E 28RS ER - RRE VIS D
'H e AR HAFE R PRI TS R (pulsing - solution) YR A s AL > AWTFE 512
IR EHEE Z OrEERE T B 0R ) (E B a VBRI AR 2 v 71 > dGEbi
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% > % 2024 A 2 H 7 HEFEAERKATE(ABE HER BT 0 X) » BENEEZ
5CATkEE » MY 2024 4£ 2 H 15 HHE - BEtHTE 8 K o TG Z OREEE 1l Ry &5 28
CIREEm] T el fEE(H &5 A7) | (Chrysal Professional Lilium; Chrysal International,
Naarden, The Netherlands) 10 g-L! FrZ 83 T 4% | W DLE SRK B IE4H - HiE
BEIAFLED 3 em - WRFUIFCHEAER B AROKS » BIZe@EmE 8L - BmldGEi 5 =
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(73) B 4% £ 22 't (chlorophyll fluorescence) JH 7€ @ K 4% 30 min B Bl (b (dark
acclimation) » DAFERF = TELR 258 53T (Chlorophyll Fluorimeter Pocket PEA;
Hansatech, Norfolk, UK)HIE & MMIEER 26448 1T (photosystem II, PSIT) Y {HES
R (maximum  quantum efﬁciency of PSII photochemistry; Fv/Fm) o E. i Fo
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transformation) °
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Fig. 1. Effect of preservative on cumulative water uptake during 24 hr pretreatment and fresh
weight loss rate after storage of cut lilies (A) ‘Samantha’, (B) ‘Tabledance’ and (C)
‘Touchstone’. Different letters within a column indicate significant differences (P <
0.05) by Fisher’s LSD test. Error bars = standard error.
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Table 1. Effect of preservative on vase quality of cut lilies ‘Samantha’, ‘Tabledance’ and

‘Touchstone’
Total Maximum  Daysto Average Average Vase
water  fresh weight  leaf flower individual life
Cultivar I;zggi‘gnent uptake  increment yellowing diameter flower (d)
(ml) (%) (d) (cm)  longevity
(d)
Water 175.5'b? 8.1a 1.6b 101a 4.1b 42b
Samantha  Commercial 225.5 a 3.7b 54a 11.0a 4.6 ab 54a
Tcdares 202.1 ab 20b 62a 10.8 a 50a 6.2a
Water 163.9 ab 12.6 a 54b 203 a 45b 8.6b
Tabledance Commercial 196.7 a 11.3 ab 9.8 a 21.0a 7.1a 10.6 a
Tcdares 128.6 b 80D 11.2a 20.7 a 6.7 a 11.2a
Water 323.0a 25.6a 44b 18.6a 64D 114 a
Touchstone Commercial 254.1b 17.2b 11.6a 18.7 a 7.1ab 11.6a
Tcdares 285.4 ab 14.0b 11.4a 183 a 7.4 a 11.4a

'Data are means of 5 replicates.
*Different letters within a column indicate significant differences (P < 0.05) by Fisher’s LSD test.
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Fig. 2. Effect of pretreatment on cumulative water uptake and fresh weight changes of cut
lilies (A) ‘Samantha’, (B) ‘Tabledance’ and (C) ‘Touchstone’ during the vase period.
Error bars = standard error.
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Fig. 3. Effect of pretreatment on SPAD reading and PSII efficiency (Fv/Fm) of cut lilies (A)
‘Samantha’, (B) ‘Tabledance’ and (C) ‘Touchstone’ during the vase period. Different
letters indicate significant differences (P < 0.05) by Fisher’s LSD test. Error bars =

standard error.
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Preservative Pretreatments | mprove Post-storage
Vase Quality of Cut Lilies (Liliumspp.L.)*

Hong-Wen Feng  and Yen-Hua Chen *
ABSTRACT

To mitigate the deterioration in quality of cut lilies (Lilium spp. L.) during low
temperature dark storage, this study evaluated the effectiveness of a commercia preservative,
Chrysal (Chrysal Professional Lilium), and a domestically developed preservative, “ Tcdares,”
formulated by the Taichung District Agricultural Research and Extension Station
(TCDARES). Flowering stems of cultivars ‘ Samantha’, ‘ Tabledance’, and ‘ Touchstone’ were
pulsed for 24 h in tap water (control), Chrysal, or Tcdares, and then stored without water at
5C in darkness for 8 d. Compared with the control, pretreatment with either preservative
reduced fresh weight loss during storage by 4.0%-43.2%, depending on cultivar. After cold
storage and transfer to vase conditions, preservative pretreatments delayed the onset of |eaf
yellowing by 2.1- to 3.9-fold and maintained relatively stable leaf chlorophyll levels, as
indicated by SPAD readings, and maximum quantum efficiency of photosystem 11 (Fv/Fm)
throughout the vase period. Effects on individual flower longevity and vase life varied among
cultivars. In ‘Samantha and ‘Tabledance’, preservative pretreatments increased individual
flower longevity by 12.2%-57.8% and extended vase life by 23.3%-47.6% compared with the
control. In contrast, ‘ Touchstone’ was relatively tolerant to cold storage. Individual flower
longevity increased by only 10.9%-15.6%, and vase life did not differ significantly from the
control, with the main benefit of pretreatments being the maintenance of leaf quality. Overall,
both Chrysal and “ Tcdares’ were effective pretreatment solutions. Given that “Tcdares’ costs
less than half of the imported product and is formulated to be more environmentally friendly,
it represents a cost-effective and sustainable alternative for improving the postharvest
performance of cut lilies subjected to low temperature dark storage.

Keywords:. vase life, flower longevity, leaf yellowing, fresh weight changes, postharvest
treatment

Contribution No. 1120 from Taichung DARES, MOA.
%Project Assistant and Associate Researcher of Taichung DARES, MOA.
"Corresponding Author: Yen-Hua Chen, Email: chenyh@tcdares.gov.tw
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Al

A {t#(Brassica oleracea L. var italica) fy 7RI E G & MR S5 RFY) >
By A= HEEBIEm 2k (Fahey, 2003) » JRERPREAE AFDEE - =LA BiERE(LH
fEY) - 28 H 40 FAREERG HEFLR - (DFEEMRD - 52 1966 F1% » KB Rinfd
H5 17 R PRAZ PR B a5 S ((E B2t - 2005) - FHA0_ERFFEdE A ERHEY) AR BCiE
#2(Glucosinolate)2% FH 7+ Tl (Myrosinase) /K fi# 1% 7 4= 7 b @ e B (Isothiocyanate) LA
o TR 38 42 2 AU 22 E R 2 IR0 9075 08 S s [ TR Pl /K it FE ) ]
FH#I] phasel BEZRAVRALIEITRE ST - UG phase2 BEZAVFHCHAE ) » phase2 fi#
FHE A ST — BB EIREYIENI AR - SEVTER LI 2 DNA A2 FAELEE
Yz GE R > 2007) « Hrp LLIF L 2 iboiERS 2 2% = (Nicolas, 1989 5 Bakker et al.,
2009) JHE BRI  (IF AR B E B 113 F 2 BfEE FTELY 1,750 A HH(Hectare,
ha) » FE &Y 34,000 AMi(ton, t) - A5 LA 112 PR TIEI9(E 31.7 ju/keg stH > EME A
2102 7 THEIT - FCRZLIEERRE /T EFNAFEE 11 H2RF 3 H o fiff
BAINTHRA - BERSMEEA TS K » BRI RIS - It ETS 1 EH
73U A% A (individually quick freezing, IQF) AR fIET5-FF LI L - B AT 3R
WE Rk 2 750K IRaIBHE 2AMATE  FAEREIN TS KRR - BRI BN AR
7 AFRHEIYMED - DIEHERIN TSR OK - IRIBERIAEH &R - 106 FifaF L3
ATy 17,000 t2 2 M TR fE2 5 7,200 t XA 2 113 FFAF e AE 151 24,890 t
RN LA E BT W% By 13,912 t » B E M58 ) 2 EHREEE -

BN EBAERIER R 20-22°C » EEREFHERAF 15-18C(FRE A » 2013) < |
&R B R A B P CIR B AYRASE - H a2 B8 EER o Lhatalsf - 24 A
AR (Alina et al., 2010)  FEEHAMIHY SRR R i R A E 2 IRFIR T2 — » HER
R s SRS FET(Mark & Thomas, 2011) » = 5 A0 2 £ BRATACHF LRI EA
EIEBEACE TR - DU ERACEF RN ~ B R EER RS - fLEKEE R E A
GEICEES » EIM S B (EE EBRAY e R & (Heather et al., 1992 ; Alina et al., 2009 ;
PRZEA » 2013 5 Liu & Wang, 2015) » (B HAEFE R RORMT/DHEME 30°C AYMIEHIE
(Thomas & Karen, 1998) -

AL E A FREE R ROR 2= 52 » B SIS VS A —  EER BRI
JRSTHEERIT WA B AV B HIE C 2 5 mT BRI - FEER A B TS - B —THS B
EEENLE  BECEeas = HAIMJIERREEE R EF e mE
HATEER ARG G SR A FEE RAGIVU 7 2 — (I > 2020) © Bsbe M ERE R LK
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B ARG EFRENER  BEEe e EEETNEVEEY-5 - PlREl)
REINA E BT Z et ~ EEAR R EFHME] - DIRRAEEE ERA -

MHERTTA

— ~ B

{E iR B2 i R (P SR aniE - 7l By 42 57 K 4k 8 (BR-8) 2 4 8 KVl i
(WEEgES > 2L 2E) - 4257 HEANKHAFERGE - BAmE R - 216
wANg > R VAR - RSB ERELE BN REEEICE o E
(BR-8) Aty AR A EIME Z it - HAERdl ~ e % - E0Ftk > BA
MSERVRFE - ERCNINER - TR FAERERFACS - B2E T 20 (FD
FA > 2021)(f&—) -

‘BR-8> sa

& — ~ FHioemiE 42 57 5 4k (BR-8) {EERIMEY
Fig. 1. The head appearance of broccali cultivars‘No. 42" and ‘BR-8’.
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=~ BRm RN

ARUFERE P EREZEL R8T (24°08°N, 120°32°E)AEf okl - FH L2 ZREETT
PR 1 BRI T = Al > AR S0 m > W(EHTE) 1.4 m > 778E 50 cm > FREE 45 cm © DA
i R R E B AR B B IRIRRRAS K PAERK oy e e - I PAE T 5 =VERE
EFERCRIE A ~ PiEaE oK BB - Slnlaisdtd# |y 5 A £ F 4t 6 [EftIRFFHERE -
F— MR BHEERE R 252 m?* > U157k 4 (REEE > WISHRERRREREIE 08 2 fRek: -
FEREE AL 193 £ {IFREF TR E R ZAER - BRI S (s Ry
166 % -

A 2 F{ETUREE - 73 ARG 14 K0 A LR 110.09.16 EE B AR 110.09.30
TERE > PAPCJAHES 110.11.24 SRk F f{LICEME - A5k E AR -

T— ~ FACK A2 5B E B A-F It R Z ERE IR ~ TEEFAIME H BRI H
Table 1. Transplanting, floral initiation, and harvest dates for each planting batch in
broccoli ‘No. 42’ and ‘BR-8’

Planting  Transplanting Floral initiation

Cultivar batch date date Harvest date
42-A 110.09.16 110.10.26 110.11.18 - 110.12.13
42-B 110.09.30 110.11.15 110.12.07 - 110.12.24
42-C 110.10.14 110.11.25 110.12.15 - 110.12.27
‘No. 42’
42-D 110.10.28 110.12.15 110.12.27 - 111.01.07
42-E 110.11.11 110.12.30 111.01.14-111.01.24
42-F 110.11.24 111.01.16 111.01.24 - 111.02.08
GB-A 110.09.16 110.10.20 110.11.18 - 110.12.13
GB-B 110.09.30 110.11.07 110.12.07 - 110.12.24
‘ i GB-C 110.10.14 110.11.23 110.12.15 - 110.12.27
BR-S GB-D 110.10.28 110.12.10 110.12.27 - 111.01.05
GB-E 110.11.11 110.12.19 111.01.12 - 111.01.19
GB-F 110.11.24 111.01.06 111.01.24 -111.01.28
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Fig. 2. Transplanting layout for each planting batch. Planting and harvest dates as Table 1.
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[FEERIEA T REEERIRE R ZFR -
Lin - EYMEREIEE A REEEET - & 0P IR SR R - B
PR EPE S BB RR (VB (Growing degree-days, GDD) » ARV ELEVE R
M T RAERV AR BT - R HERTMEYAE RS B BN RE  BOR L E
R BAE (A 2 B Bl i 2 AHRAITSE (Gregory & Wilhelm, 1997 : Kim & Yun,
2008) - AbtFEsr Rt EE B AR MAEERIPNVER - DS A FAEREE
ZREEER AL B E - BURAVET A B H YRR AR R R
MERAL > RFEZ A RIARVAEESE - Robert (199NEFICE A BRRETEMZE T
o EEE SRR RE(0 ~ 1.7 ~ 3.1 ~ 4.4~ 5.8 Kz 7.2°C) 0 DARPAlHE A4 B BRI
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TR Z # D) > 1) Dhankhar & Chandanshive (2017)7AF G558 1 AABERELL 5°C
TR R R EEROREET R 5C » B RESE BB ZFMR -
AT T GDD = 5(Tean — Thase)

2. 8¢t - A NS H e k2 s S Rz A BRI R e -

3CSEIMEENRIY ¢ BB IHEE HAVEENREES » F Rz BRI SPIIEERY -

4. ZROLIEN & ¢ KA F S HAOLIRESN 82 N4 fF A RIZ B0
IR -

5. Z21EERME - FEFHESHERENSE - Fhizd RN BEEERE -

(DEFMWIR - EYEEERNEEERE 7 HRE—X > BRHEE 3 K aFE's

RHIRIPRIE ~ £ fFE - SCRFE - STEA - RHEBREGERILS - SE SHITHERRE

HARIARMEENAN RinE R > WIREEESENARER -

1. PRIE © JREAERE - EMRETER 2 W AR A RE - HENER 90' S —RiE
Hh ZHAERE RS - BERAZ (RER)X(EE2)xn » KRG IERIkKIE -
2. TE)q B B i B R LR 2 it B BB ARG INAR Y - BT R A G ER 1%

FREVEE E W N4ER R 3  fEEE - FIGRAVEN U FFEE R Ry SEfiF E -

3. YABEIEAE ¢ R AR AR EAEE S BT 0 DL LI-3100 AREA METER (Li-Cor Inc.,
Lincoln, NE., USA) JAIEFTAEER Z HEHEfE - NG - EnfEEE ATEN S -
HITER -

4. BMEHWES © FHRESRIERBEZ EEK - &7 B IEEACER IR AEEK - ERIE
HAKNEE HENER B EKRATFamnEE R EE RN RLESR
AREEDN RMERINEBEES -

5. FRF  ARmMERGEEENEER B SEEE A ER -

iHh4% T EifE(Area Under the Curve, AUC) Ry—TEEE S [EI PV &R 7% &
I~ BB ENR E b  BERS TR - AW ZE BR ST /A (trapezoidal rule) A THUETR
7y DEtREHERN EBA RIPE IR BEE(LE -
AUC A [A] R 8 {E B L [ BRI ] - BT IR E A stk A&
FREIN - TNE ER N EALEYIR AR E N 2 AT E - A5EAIH AUC 5HE
TE A TE B B S8 L MRS HL B 89 2 A & 1A 2 AHB# 14 (Sivarajan, 2011 ; Stan,
2020) ; JVARHZELL AUC S/LEHRAE /KRR IRZERE T EEE R A fEiE 2 841k
% & (Soumaila et al., 2008) °
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At > AbHFE2E LAl RS A B IR B R EANE G R E TR - FIA

B AR BHEME TR - DMERBICREFERN BB E RPN BEEEGEE

=) - Het BT R RAEA I K EAME (S | B85 i+ 1R AR DLE MR

A e A MR RRIF [ (ATime) » FHANSEE(EE FIAN SR IR » HAxk
n-1

AUC = Z —(X”f"“) X ATime Hrf > X; 81 X, 57 pIAFRES | HELE i+1 H
i=1

EBEMIREMNIE > ATime FyHARI R E M Z B EER(H) - AUC EFEZ AR

EEE R R RS L B E - W25 o M HEBERET K SRR 2 B
-

N~ FEEEZNHRAZHRE

FoBRET i an il 2 BB L R HORH R BN T - AT SE DAY F AR AH A (5 8 (Pearson
correlation coefficient, )3T RSN T (B0 ~ Ao ~ ~FHHHENRE - RREDCIRE
S~ RiEfEME) A EMHIRRIE - S5 - 55 R - SeifE) BVUHE BIE1R0E
WER -~ WER - ARMEER ~ A RREZGUAEREE - Mool asgt&
SHEAE AR R IETT - DISHEA A RISEEIRRP St E R B 2% -

Y (X=X (V;-7)

B Lm0 B,

r BN W S A MRS RS BT[] - & r (ERGEET 1 AARGIMERA(RlGR © E(E
FORIEAHR - BERNEMHR - tHEAME Z BE DL p-value #EfTRRE » BIE /KL EA
N

o P<0.05 FIREEBEHEA()

e pP<0.01 FIREEHEHERAC)

e P<0.001 Frrflis EEEAHRC**)

RN GESRa R AR IR B GE r Z2EHE - FHAERRE E 7 R LU A%k
e 0.90 — 1.00 : fix/= = MH 8 (Very high correlation)

e 0.70 — 0.90 : =[5 fHEE(High correlation)

e 0.50 —0.70 : P EfHEE(Moderate correlation)

e 0.30 - 0.50 : {EK/EAHEE(Low correlation)

e 0.00 - 0.30 : fix{KE 4 AH BE(Negligible or no correlation)

ARG AN, - 7



58 ZPEEEN BIG SR — N ]

AR LAHBE A 68 SR A R Fll s B B B AL E 2 BRI ERIT N - A A S M IRAY A
B > L—*FBAZ*%/LEJ ’Z*AKI_J_%PB SE B R 2 SRS - AR R R IR (T

R B IR B R B E 2 AT REA -
R AFRESYEEEEE KEEER
Parameter Units  Vegetative growth stage  Reproductive growth stage
*Veg_GDD R GDD
Temperature °C s Pro
Veg_Tmax Repro_Tmax
Relative humidity % Veg Mean RH Repro Mean RH
Solar radiation ~ MJ/m? Veg_Solar Repro_Solar
Rainfall mm/hr Veg_Rain Repro_Rain

Table 2. Growth environment parameters investigated and data transformations

*Veg means vegetative growth stage ; Repro means reproductive growth stage.
GDD: growing degree days ; Tmax: maximum temperature ; Mean_RH: mean relative humidity ;
Solar: accumulated solar radiation ; Rain: accumulated rainfall

R= AFMWIGEERE KH AUC R RE SR
Table 3. Growth traits investigated and AUC-based cumulative data transformation

Parameter Units Data transformation

Canopy area cm? * AUC Canopy area (AUC_CA)

Total leaf area cm? AUC Total leaf area (AUC_LA)

Leaf fresh weight g AUC Leaf fresh weight (AUC_LFW)
Stem fresh weight g AUC Stem fresh weight (AUC_SFW)
Marketable yield kg Marketable yield

Non-marketable yield kg Non-marketable yield

Tota yield kg Tota yield

Rate of malformed heads % Rate of malformed heads

* AUC : means area under the curve.

SR R
— ~ R EZEN

PHEBTCE 42 9f K 408 (BR-8) WVEE B4 REVE 5 HBUETHGT - EEITH D &
REENARmER WHE/ARR - MESHETHES MERERIESEEAR
W 2RARMBEE SR - AEARH AR HERRICH - EfE H BRI A E
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MHBE R EHE -
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BRI (ERRG(E o O SR E IV E B RBUR AR aL - (H28 MR (E - 55908
BMREVERERE A > L C MTGERER)N > F #t9GERAK > C» D~ B =R
HE RS > HERE AP (E ) -

200 r
a L] L
=2 :
— 150 f °
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0 L 1
‘No.42° ‘BR-8’
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[ = ~ FAESRARTE 42 58 F ek EE (BR-8) /N {EHL K2 AR E R 7 1f -
Fig. 3. Distribution of marketable yield for 6 batches of broccoli ‘No. 42° and ‘BR-8’.
Planting and harvest dates as Table 1.
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Fig. 4. Distribution of marketable yield in each planting batch of broccoli ‘No. 42’ and ‘BR-8’

combined. Planting and harvest dates as Table 1.
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m vegetable growth stage
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Planting batch
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Fig. 5. Growth days for broccoli ‘No. 42’ in each planting batch.
Planting and harvest dates as Table 1.
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Fig. 6. Growth days for broccoli ‘BR-8’ in each planting batch.
Planting and harvest dates as Table 1.
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‘42 SPHIAREE C fIRHEERS » F #{tRAVERR(K - 42 504 A-F it
REVABUE B oA AT s T i SR (8] ©) - dlE VAT PUREE] A fEREAF ERE
(16%) » B-F fEZRHA BAEYK - £ F #ERAVA RIS B L7 n] DU =~ R
& A It REERIRHER - BIE LA PUE B REIER B A B RAVE(E - A-C
PRI TE A R R SN - 17 D-F TR RIHAIAT IR N - #ERE AT RE
e D-F fiERFGERIRN - Hf 3L F RN ER S - H REERHER
AlgERE F R EERVHIREN -

2. HALR &k EH (BR-8)

““KE(BR-8)'{E C-F It RHVARUEEMETRE » H A ~ BItKAvAREED T
ST (1) - HiE/\A] AEERE] A LAV RR =2 32.5% » ifi B ~ C fLRAR
=0 1Al Ry 18.2% K 12.6% o A DAYHEER Sk EF (BR-8)’ HYA RFRIE T U EIRRHY £H
NZE - 17 A-F It E SR H AR (E ) > B8R EEY A~ Bt > HE
BRI HSERESS - oHlEs 27.2 J 252°C » fHEEZ T » C-F #itREVEBE KW
HYH SR ARy 22.8 ~ 21.1 ~ 19.8 K 18.5C » (REEITHILREBRERKACIKE EHIE
BRI 0 3Rl R 20-22°C B 15-18°C (BREF A > 2013) » PRETAETEAERIFHYHIE > A-F
R AT BRI H R 4y Al By 22.4 ~ 21,1 ~ 193 ~ 185~ 16.8 k2 16.9°C » HHILH]
ittt A s RS s e H R g B R 1R# 5  CHE A A RIAME H R
FEE R (A RREEMRERNES -
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Bt~ HEemiE 42 50 SR AUER
Fig. 7. Marketable yield for broccoli ‘No. 42’ in each planting batch.
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Planting and harvest dates as Table 1.
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Fig. 8. Rate of malformed heads for broccoli ‘No. 42” and ‘BR-8’ in each planting batch.
Planting and harvest dates as Table 1.
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] *No. 42’ reproductive growth stage
[777] ‘BR-8’ reproductive growth stage
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Fig. 9. Daily rainfall in each planting batch of broccoli.
Planting and harvest dates as Table 1.
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Fig. 10. Marketable yield for broccoli ‘BR-8 in each planting batch.
Planting and harvest dates as Table 1.
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Fig. 16. Daily mean temperature in each planting batch of broccoli.
Planting and harvest dates as Table 1.
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PRIRTERRITREE © Som Al s R IR IR A AR R R HI g - 54 RIIRRYR/KE
0% BEEEICREIEER MBS ORI ERRENES - &SRR
(Arden & Alan, 1986) °
2. A RmESBA RER

AR Rin )7 By B AR T A = B a5 = B ] 2 26 5 TEAH BF (Repro_Tmax
r = 0.744** ; Repro_GDD : r = 0.729**) » i R BRI IR E7RELA B injE
FHEFEIEMHREr = 0.652%) « fifEf RETERAMHMESER T AEAE RIS
R EIRE R BN B ] 2 IEAHRI (Repro_ Tmax i r = 0.669* ; Repro GDD i r =
0.621%)» 75 b4 E BB R A TE A RIS RS2 E 242 57 fEEKE B - B T 24Y
BEAT 15 RaEEM AR R BA- -
3. BRI A BRI s 2

ROEUR B4 RIIVERE R FERE - RS - 5 frE B iy
INEFEETE - Hpaad R = R AN # B 25 S 2 HRI(AUC_CA (1 r=
20.932%%% ; AUC_ LA : r = -0.848%% ; AUC LFW : r =-0.912*%*%* ; AUC_SFW : r =
-0.874%**)» fE BTN 2R S E EAHRI(AUC _CA tr = -0.784%*; AUC LA :r = -0.713%* ;
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Table 4. Correlation coefficients (r) and p-values between environmental factors and four
yield indicators of broccoli ‘No. 42’ and ‘BR-8’

Parameter

Marketable yield

Total yield

non-marketable

rate of

yield malformed heads
‘No. 42’ r p-values r p-values r p-values r p-values
Veg GDD 0.157 0.625 0.292 0.357 0.606 0.037* 0.539 0.070
Repro GDD 0.343 0.275 0.504 0.094 0.729 0.007**  0.621 0.031%*
Veg Tmax 0.431 0.162 0.572  0.052 0.639 0.025%* 0.517 0.085
Repro_Tmax 0.195 0.544 0.360 0.250 0.744 0.006**  0.669 0.017*
Veg Mean RH -0.587 0.045%* -0.572  0.052 0.056 0.863 0.177 0.583
Repro MeanRH  -0.725 0.008**  -0.811 0.001** -0.396 0.203 -0.223  0.487
Veg_Solar -0.312 0.323 -0.220 0.492 0.409 0.187 0.451 0.141
Repro_Solar 0.431 0.162 0.575 0.051 0.652 0.022%* 0.528 0.078
Veg_ Rain -0.767 0.004**  -0.817 0.001** -0.238 0.457 -0.064 0.844
Repro_Rain -0.716 0.009**  -0.796 0.002** -0.372 0.233 -0.205 0.523
‘BR-8’
Veg GDD -0.755 0.005**  -0.627 0.029*  0.797 0.002**  0.796 0.002**
Repro_ GDD -0.887 0.000*** -0.767 0.004** 0.862 0.000%** 0.915 0.000%***
Veg_Tmax -0.785 0.003**  -0.653 0.021*  0.825 0.000*** 0.839 0.000%***
Repro_Tmax -0.862 0.000*** -0.712 0.009** 0918 0.000%** 0.935 0.000%***
Veg Mean RH -0.286 0.367 -0.254 0.426 0.262 0.410 0.262 0.411
Repro Mean RH  0.683 0.014* 0.557 0.060 -0.745 0.005**  -0.719 0.008**
Veg_ Solar -0.627 0.029* -0.504 0.095 0.702 0.011* 0.691 0.013*
Repro_Solar -0.860 0.000*** -0.739 0.006** 0.846 0.000*** (0.884 0.000***
Veg Rain 0.197 0.540 0.161 0.616 -0.212 0.508 -0.201 0.531
Repro_Rain 0.479 0.115 0.377 0.227 -0.553 0.062* -0.532  0.075

Correlation coefficients () were calculated using Pearson’s correlation analysis.

* ** and *** indicate significance at p < 0.05, p<0.01, and p <0.001, respectively.
Veg and Repro represent vegetative and reproductive growth stages, respectively.
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Table 5. Correlation coefficients (r) and p-values between environmental factors and growth
traits of broccoli ‘No. 42° and ‘BR-8’

Growth trait AUC CA AUC LA AUC_LFW AUC_SFW
‘No. 42’ r p-values r p-values r p-values r p-values
Veg_ GDD -0.784 0.003**  -0.713 0.009** -0.789  0.002** -0.745 0.005**
Veg_Tmax -0.932  0.000*%** -0.848 0.000***  -0.912 0.000***  -0.874 0.000%***
Veg MeanRH  0.484 0.111 0.313 0.322 0.427 0.166 0.363 0.246
Veg_Solar -0.263 0.408 -0.158 0.623 -0.270  0.396 -0.201 0.530
Veg Rain 0.814 0.001**  0.686 0.014* 0.750  0.005%%* 0.695 0.012*
‘BR-8’

Veg_GDD -0.209 0.515 -0.380 0.224 -0.366 0.242 -0.377 0.228
Veg_Tmax -0.355 0.257 -0.473 0.121 -0.462  0.130 -0.486 0.109
Veg MeanRH  -0.339 0.282 -0.362 0.247 -0.400 0.198 -0.438 0.155
Veg_ Solar 0.030 0.927 -0.136 0.674 -0.114  0.725 -0.127  0.695
Veg Rain 0.118 0.715 0.217 0.498 0.197  0.540 0.132  0.684

Correlation coefficients (r) were calculated using Pearson’s correlation analysis.

* ** and *** indicate significance at p<0.05, p<0.01, and p < 0.001, respectively.

Veg and Repro represent vegetative and reproductive growth stages, respectively.

* AUC means area under the curve ; CA: canopy area ; LA: total leaf area ; LFW: leaf fresh weight ;
SFW: stem fresh weight
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Table 6. Correlation coefficients (r) and p-values between growth trait variables and four
yield indicators of broccoli ‘No. 42° and ‘BR-8’

Growth trait Marketable yield Total yield non—m{clrketable rate of
yield malformed heads
‘No. 42’ r p-values r p-values r p-values r p-values
AUC CA -0.511 0.089 -0.653 0.021* -0.644 0.024* -0.505  0.094
AUC LA -0.462 0.130 -0.596 0.041* -0.606 0.037* -0.476  0.118
AUC LFW  -0.435 0.157 -0.578 0.049%* -0.644  0.024* -0.518  0.084
AUC SFW  -0.451 0.141 -0.584 0 .046%* -0.604 0.037* -0.478  0.116
‘BR-8’
AUC_CA 0.587 0.045* 0.583  0.047* -0.387 0.214 -0.491  0.105
AUC LA 0.610 0.035* 0.605 0.037* -0.405 0.191 -0.492  0.104
AUC LFW  0.585 0.046* 0.559 0.059 -0.441 0.151 -0.505  0.094
AUC SFW  0.654 0.021* 0.606 0.037* -0.538 0.071 -0.612  0.034*

Correlation coefficients () were calculated using Pearson’s correlation analysis.

* %% and *** indicate significance at p< 0.05, p<0.01, and p < 0.001, respectively.

Veg and Repro represent vegetative and reproductive growth stages, respectively.

* AUC means area under the curve ; CA: canopy area ; LA: total leaf area ; LFW: leaf fresh weight ;
SFW: stem fresh weight
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Analysisof Key Environmental and Growth Trait
Factor s Affecting Broccoli Yield*

Chun-Jung Shen? ~ Yu-Heng Lin®" and Wei-Ling Chen’
ABSTRACT

Broccoli (Brassica oleracea L. var. italica) is an important winter vegetable crop in
Taiwan. However, its growth period and yield are highly influenced by environmenta
conditions, often resulting in uneven curd maturity, increased malformed heads, and elevated
production costs. through sequential planting trials conducted during the 2021-2022 growing
seasons. Environmental variables, including temperature, relative humidity, rainfall, and solar
radiation, as well as growth traits, were systematically collected and analyzed using Pearson’s
correlation analysis to identify key factors affecting yield and quality at different growth
stages. The results showed that, for cultivar ‘No. 42', marketable and total yield were
strongly and negatively correlated with rainfall and mean relative humidity during both
vegetative and reproductive growth stages, indicating that excessive moisture was the
primary limiting factor for yield. In addition, high temperature and growing degree days
(GDD) during the reproductive growth stage significantly increased non-marketable yield
and the rate of malformed heads. In contrast, cultivar ‘BR-8 was highly sensitive to thermal
and radiative conditions during the reproductive growth stage. Marketable and total yield
exhibited strong negative correlations with growing degree days, maximum temperature, and
cumulative solar radiation, while high-temperature stress markedly increased the proportion
of malformed heads, indicating lower heat tolerance.

Overall, the results indicate that *No. 42’ is better suited to cultivation during cool and
relatively dry autumn—winter seasons to avoid high humidity stress, whereas ‘BR-8' should

Contribution No.1121 from Taichung DARES, MOA.

»Research assistant and Associate Researcher of Taichung DARES, MOA

“Researcher and Deputy Director of of Floral Industry Innovation Center, Ministry of
Agriculture, MOA
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be planted in winter to early spring under cooler conditions to minimize heat stress during the
reproductive growth stage. This study clarifies cultivar-specific key environmental factors
affecting broccoli yield and quality, providing a scientific basis for optimizing planting

schedules and for the future development of growth period and yield prediction models.

Keywords: Brassica oleracea L. var. italica, growth period, environmental factors, yield,
abnormal heads
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RATEIK SRS THE S5 5 1 DL B AROKHERE 2,000 % -
— s R EHmRME S ERERERRE

7oF A {18 ik A ) B 2 i o B R HEEE PR R B (B T EF 250 f35)RICE TI35 500 f3%) 0%
12 100 mL fEE /K P ECR R E R & i » Hdr—EIA 2.5 mg /Y3 1-1% - 7l
B 2 hrs [ 24 hrs HURHETT 251 Mk - 285k 2785505 Nutrient agar (NA)EFEAE I
BEERA 28°C » IR AR R o 48 72 hrs RETEEEEE WS EE -
= RIBEARRI R T HMRMEANE R FERE

IR B H R E A LE R NA B2 (PR R PREE %
A 5 mL A ALS R ARk E AL Luria-Bertani (LB) broth 1 » B 30°CHIEFG T » fiEyehg
JEEE > DL 125 rpm AR SRS 24 hrs 18 0 IREL 1 mL £&75 0.5 g #5% 1+ 100 mL LB
broth 1 » EJ* 30°CHEEFEH » MOLIEERHE - DL 125 rpm BUHEFE SIS - & 24 hrs HUEE
—R > BRI =K > BT RSIREE > HL 100 pL 285K NA B8k b 55t 28°C »
FOCIRZ AERMET & 72 hs T RERBEIHREREE - IASWE 12 100 mL LB
broth Fy¥tH& 55 = IWHUBERRIE B 60°C /KA T IEL 10 mins 1%k Bl F=(G1E
RS
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PUEE LIS 6 #REMERY 60 cm*40 cm*20 cm 1543 R 3 2 akEpp i aE—

FIoR - NERE— A& 8 6 X BH—ER& 2 A7 RER/\HERE 2R E
(Plant height)~ #t_F &8 (Weight) ~ %Eﬁ(leaf Sheath length) ~ B [ Z(leaf Sheath diameter)

Koy Eeg(Tiller) -
T NEBRZRHEER S

Table 1. Treatment strains and application combinations in this experiment

Groups Treatment

Control Water

DE DE diluted 2000x

Tcba05 Tcba05 diluted 250%

Tcba05+ DE Tcba05 diluted 250x+DE diluted 2000x
Tcb45 Tcb45 diluted 500x

Tcb45+ DE Tcb45 diluted 500%+DE diluted 2000x

Each treatment received 2 L of different solutions per week.
DE = Diatomaceous earth > Tcba05 = microbial pesticide product (Bacillus amyloliquefaciens
Tcba05) - Tcb45 = microbial fertilizer product (B. amyloliquefaciens Tcb45).

% Ln-l-ﬁ*ﬁ
EEREIE T SPSS12.0 #UiS#E1T one-way ANOVA analysis » FI[[] least significant
difference (LSD) test 1T 95 % {SHEE M NI TS 51T -

%n% 2a nHH

—  WELHMRHENRERERR R E

Fo T RERIR BRI IR 3 LR & S W EBUERGE & R R A V) SR Mt
&AEBIIIANY #2112 2 hrs B2 24 hrs FLEH 3 DB EEECVEE > SERAE—EfE —
FITT » RIS 3 E 07 2 hrs B 24 hrs 7% [T B 2 SRS (RRERY 107 cfu/ml > IR 5%+
FERIRE RGO -
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® Tcba05 product = Tcba05 product+Diatomaceous earth

6.26 6.1
Jl I_I_4'53 :
2hr 24hr

& — - EJTEE A I s L AnRE& 2~ B. amyloliquefaciens Teba0S BREEEL -
Fig. 1. The effect of Diatomaceous earth addition on the growth of commercial Tcba05

107cfu/ml

O P N W~ 01 OO N

product.

B Tcb45 product 1 Tcb45 product+Diatomaceous earth

IIn

24hr

107cfu/ml
S = N W A N I

[~ JEISEE ALY % MR 2 B. amyloliquefaciens Teb45 GREEEAL -
Fig. 2. The effect of Diatomaceous earth addition on the growth of commercial Tcb45

product.
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= REERERRI R MM EYEEERNERTRE

Fo T RIS B AIIN S R O RGN 8 IR S IAL L
Sacit 3 KAV EELE B PRI R A VS IRt SR = R 2 N A A AR Rl A0 =
EAEVURTR > FORRREF B LAY 3 LA EE W E AR B S — 2R = REL
BS1E 24 hrs BERIZEESY 10° cfu/ml > SFEFIREBIRL AL VIR 2 LI T FRIRRAR S » SO e
R REMTERE - SREURY S D WRE RN AT AR SR -

H Tcba05 m TcbaO5+Diatomaceous earth
3.08 3.08 3.09

3.5

108cfu/ml

Dayl Day?2 Day3 Day3 Endospore

& = - B. amyloliquefaciens Tcba05 B FORRREFEALELAR I # L T —R
EERZEHB(LHFE="RNEMTEE -

Fig. 3. The effect of Diatomaceous earth on the growth and sporulation of B.
amyloliquefaciens Tcba05.
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1.6 ® Tcb45s # Tcb45+Diatomaceous earth
1.4 1.13
1.19 116
12 1.09 104 1.01
0.92
1 0.87

103cfu/ml
o
o0]

Dayl Day?2 Day3 Day3 Endospore

& ~ B. amyloliquefaciens Teb45 EPRRSE FNRAREE B BRI e 1 - oSS —K
FER=RZEBELHE="RNEMTEE -

Fig. 4. The effect of Diatomaceous earth on the growth and sporulation of B.
amyloliquefaciens Tcb45.

= ERR{LBMFREEREER AT ZTHUFETERIEZEEMARTRIR

{E7128% Tcba05 ~ Teb45 ~ DE Bi&FEEEE 6 TLIRHER » SiREBR SR
Tcb45+DE FFH R BEE A 3 65.65 g & 54.10 cm SEE{EHAE At e BRAH A1 > B Control FHEL
S3hEE 35.1 g e 12.8 em VBB EALRE Y%7 < B H R L Teba05+DE Eil Teb45+DE 5 5RHL
B > 37k 12.8 mm B2 13.8 mm - B H &S ERFIN S AR REE 2 RE T -
Ef) - FREERMES - 38 - B BN > B85 22 EELERERNER &
FEEAERERE - RERRERSS  BIRE S » B/ HIEWENER R SoRETHEE
MEREVEE R FrEllE - HEDE OSSR AR EEEE DERR BT
2003) o AL B KD S AR B E AR Teba05 EEAEPIAYIERE ST > M Tcbds BA AT
(phosphate solubilization) f itk §5#)'&E (siderophore) » EH] A= oty ~ 5 11 E BLAB4E 22 ) fi
B - W EMEEEEEA > 2020 5 F0%A - 2014) > @iFE 3 AIBCEHEREE 2000 %4555 i
Fi > AR UEE  EE -
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Table 2. Horticultural characters of welsh onion superior plants of different treatment

Group Weight _Plant .leaf Sheath  leaf Sheath Tiller
(g) height(cm) diameter(mm) length(cm)
Control 30.5+9.0c 41.3 £3.6b 91+13c¢ 94+05a 29+04a
DE 30.2+12.5¢ 393+ 0.8b 94+09c 93+0.6a 3.6+08a
Tcbal5 35.5+4.1c 415+33b 10.7+1.7bc 92+05a 43+18a
Tcba05+DE  40.5+11.7bc  47.5+48b 128+1.6ab 9.5+08a 33+06a
Tcb45 40.0 £ 8.6bc 40.6+3.7b 11.5+14b 9.1+£02a 3.6+x05a
Tcb45+DE  65.6+7.2a 541+12a 13.8+14a 98+05a 50+13a

Data is presented as mean + SD. Different letters within the same column among cultivars indicate
significantly difference by LSD test at p<0.05.

P
[l 71

- N &
7 AR Real gt 5L (A)Control (B

(F)Tcb45+DE -
Fig. 5. Results of the Green Onion Growth Experiment. (A)Control (B)DE (C)Tcba05

(D)Tcba05+DE (E)Tcb45 (F)Tcb45+DE.

=B 2 REELIHHEIER > RERIEY)
=L S LEDE B X RAMHE T 5 LR (LB - BAMAAE A
WE S BB I LR A m M EYIRER A DIRE S SR (FIRRE - TR
Mo AR > BN R EmIVEER > 2006) - #1725 PGPR AE A5 EAL

=

)DE (C)Tcba05 (D)Tcb

=4
Al

B 1B

SanE -~ FEE > HEEER S RIEK

a0

4

5+DE (E)Tcb45
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SRR & ~ SRR L3 (LR - Mg N T e p e YRR S e T B R B A 5 i
M:(Zeni et al., 2021) > BINJRAETZ PGPR [R5 Z 8 EPIHERE S © SeAibtFeia tHAER]
F PCR £¢ffra] LLH B. amyloliquefaciens Teba05 Bk Zxi& - MiE L AR ER A
(Iturin-A) BAZLIANEPEZR (Surfactin) 2 H—7 DNA ] B » BUR TebalS EikEAE LD UL
PVE Z aE GBS R IR e L 2= AR B H BRI R (FE A > 2014) < )R
b S fEAR T Teb4s 5% PR E AR SR B - o] 2242 2578 7y il 22 Aok 8 ~ ZE
W~ SEERNEIEYE - WREERIRAEREE - BREREEEGEFA > 2020) -
W TR BE ANV AE S5 - TR TR EYIRYA SRR - (H ] DUE
W/ R AR R IR - B ERE S A B A A TR RS - i = L b na MRy

F&EARY A AR (Chaganti et al., 2023) - AR FEBURWIIRA m (MEVE PRI #E LRI S
FER  MRER I REST AR - UG5 Tebds R G % HBIREREE -

1835 - N LS R S R AT B0 5 35 S VIR I T T > 122 B (5 P RF 2 S AT
B {5 PR Ry A I 2 22 58 » ANt B R R L 2F PR R R PR P B ple Z T A ) B T
SRR KGRI 3% %72 2 hrs B 24 hrs 3HEEE » 45 R TRINY % R 2
FAPREPRAT L > {2 24 hrs FHEE 2 hrs B - HENDRBHUREE > S8 DR ER A
PEE L TP EE RBUREY % A 2 BRI PRIR Lo o Fe A B R PR Y R B R N AR A2
8w DT (R R FH Rk D ARSI IR AT A A (5 5 Y e\~ 12 USSR B S8 B R I ALY
H L HEEEHAM YRS 2 G A RELERIVICR - DIHRRE S5 -
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Evaluation of Plant Protection M aterials Combined
with Diatomaceous Earth for Promoting Growth in
Green Onions!

Cing-Cong Yang * and Chien-Chih Kuo ™"
ABSTRACT

This study evaluated the growth-promoting effect on green onions by applying
commercially available diatomaceous earth in combination with two plant beneficial
microorganisms developed by our station: the microbial pesticide product (Bacillus
amyloliquefaciens Tcba05) and the microbial fertilizer product (B. amyloliquefaciens Tcb45
phosphate-solubilizing bacteria) through irrigation of green onion seedlings.The results of the
experiment showed that the addition of diatomaceous earth to the culture medium did not
affect the bacterial count or spore number of the two strains, and adding it before culturing
also did not impact bacterial growth or spore formation.In the field trials, it was found that
the combination of Tcb45 and diatomaceous earth was most effective in promoting green
onion growth, significantly increasing the fresh weight of aboveground parts (2.15 times),
plant height (1.3 times), and white pseudostem width (1.51 times) compared to the control
group. The sole application of Tcb45 did not significantly increase the fresh weight of
aboveground parts, only increasing the white pseudostem width by 1.26 times. The separate
use of Tcba05 and diatomaceous earth showed no significant difference compared to the
control, but their combined irrigation increased the white pseudostem width of the green
onions by 1.41 times. In summary, the use of Tcb45 microbial fertilizer product combined
with diatomaceous earth demonstrates the ability to promote green onion growth, which can

serve as a suggestion for green onion farmers.

Keywords. Plant growth promoting rhizobacteria, Bacillus amyloliquefaciens, Green onion

! Contribution No. 1116 from Taichung DARES, MOA.

? Research assistant of Taichung DARES, MOA.

3 Associate Researcher of Taichung DARES, MOA.
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£ THE L BB (—66)
Table 1. Background characteristics of respondents (n=66)

BRI BIHAE REL BHolb
Eilss 12 18.2
=2l BN 46 69.7
HAr 8 12.1
- (T2 21 31.8
ARER g 45 682
e 8 12.1
ff’x*l%/ﬁgi 12 18.2
L. P
=B == .
HAM(EZELKRH ~ B AR E MAFSEEHE 5 7.6
AB)
B/ IN— ~ Z4F4R) 9 16.1
B/IN= - TULESR) 11 19.6
EBERR iy
(%;EZ'%EFE) /J\(ﬂ /\Ew&) 20 35.7
[ 10 17.9
HAr 6 10.7
BB 6 50.0
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Table 2. Personal participation and school implementation of food and agricultural education
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£~ R R B S T (n=66)
Table 3. Descriptive analysis of the creation of agricultural experience environments on
campus (n=66)
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Table 4. Descriptive analysis of food and agricultural education experience content in schools

(n=66)
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Table 5. An Analysis of the Application Level and Needs of Food and Agricultural Teaching
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Table 6. Content that should be covered in school food and agricultural education curricula
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Table 7. Cross-Tabulation of Respondents' Backgrounds and Food and Agricultural Education
Resource-Related Items
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Table 8. Cross-Tabulation of Food and Agricultural Education Training Participation and
Lesson Plan Implementation
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Analysisand recommendations on the
Implementation of food and agriculture education in
elementary schools of Changhua County*

Kang-Chi Tseng °
ABSTRACT

This study investigates the implementation and resource needs of food and agriculture
education in Changhua County schools. A questionnaire survey was conducted among school
personnel who had attended training workshops organized by the Taichung District
Agricultural Research and Extension Station, yielding 66 valid responses. The survey
examined respondent backgrounds, school farming environments, curriculum practices, and
resource requirements. Findings revealed that most respondents were elementary school
teachers, particularly those with administrative duties or teaching in science, health, and
physical education. Food and agriculture education was primarily delivered through
integrated activities, home economics, and flexible learning, showing initial incorporation
into school curricula. Over half had attended related training, though only 20% completed
lesson plans. About 70% of schools organized field trips, mainly partnering with local farms
and farmer groups, underscoring the importance of community resources. Curricula focused
largely on “agricultural production and environment” and “dietary health and consumption,”
reflecting priorities in food safety and healthy eating. While dietary experience activities
showed stronger educational outcomes than farming experiences, challenges remained in
teaching material development, tool provision, and cultural integration. Teacher training,
lesson planning, and field trip experience significantly influenced resource use and
curriculum advancement. The study recommends strengthening teacher professional capacity,
enhancing the national information platform to support material use and cross-school

exchange, and fostering partnerships with local agricultural and community resources.

!Contribution No. 1114 from Taichung DARES, MOA
*Associate Researcher of Taichung DARES, MOA.
*Corresponding Author: Kang-Chi Tseng, Email: tsengyj@tcdares.gov.tw
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Greater integration of “dietary life and culture” is further encouraged to achieve balanced

development across the three domains, ultimately cultivating students’ literacy in food and

agriculture and their capacity for sustainable practice.

Keywords: Food and agricultural education, resource needs, resource inventory
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