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Abstract

Bitter gourd is an important vegetable crop in Taiwan, with good
nutritional and medicinal value. Taiwan has many excellent F; varieties that can
be locally grown, however, in the context of business related to bitter gourd
varieties, the storage stability of bitter gourd seeds often exhibits seasonally
unstable characteristics, especially hot season seeds showing a much shorter
storage life. Due to the ongoing effects of global warming, the gradually increasing
temperature might further decrease the storage time of bitter gourd seeds, posing
a future threat to the bitter gourd seed industry. However, there is limited research
on seed vigor and storage-related aspects, and the storage characteristics of bitter
gourd seeds remain inconclusive. This experiment aims to build seed vigor data
along the developing process of hot season gourds, compare the seed vigor of the
mature seeds of hot and cold season gourds by accelerated aging method and
investigate the conditions for inducing secondary dormancy and their effects on
seed quality. Level V seeds of hot season bitter gourds have reached physiological
maturity, with the highest germination percentage. Although their vigor is lower
than that of cool season seeds, they already exhibit desiccation tolerance. The peak
proportion of level V seeds coincides with the complete color change of the fruit,
indicating that this can be used as an indicator for seed collection in hot season.
Since bitter gourd fruits grow faster in hot season, the time for establishing seed
vigor is shorter, although it didn’t affect germination performance at 30°C, 50% of
the seeds were not able to protrude their radical root at 23°C. Accelerated aging
tests show that hot season seeds have lower vigor and are more prone to
deterioration, which affects their storage. In addition, using accelerated aging

combined with the radicle emergence test can effectively test the vigor of bitter
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gourd seeds, the recommended condition is 41°C for 3 days for accelerated aging
and 23°C for 90 hours for radical emergence test. Bitter gourds seeds are orthodox
seeds. The secondary dormancy of bitter gourd "Yue hua' seeds originates from
endogenous factors and can be induced by temperature lower than -10°C, which
can then be broken by treatments at 40-50°C, the recommended condition for
secondary formancy induction and breaking is -20°C 1 day and 46°C 10 min,
respectively. The sequence of induction and broken of secondary dormancy in
bitter gourd seeds do not significantly negatively affect the vigor of bitter melon
seeds; instead, they can improve germination uniformity. If dormancy seeds have
better storability, it may help solve the problem of poor longevity of hot season
bitter gourd seeds and the potential threats to the bitter gourd seed industry in the

future.

Keywords : Seed vigor test ~ physiological mature ~ harvest mature ~ seed storage

characteristic ~ global warming
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=% (momordica charantia L.) ¥ - fas¢z2 A2 7= (monoecious)
ARG RV AR R o T % R IR YR E A 4@
P BARA R A agEd T AR R KOES S TN 2 F o F 5T
SREE R EERLF I ARG EE IR LR PR TA S B2 M
o fAFAARREARIER DEF T ADEFERRTIRAAI > B H
Loy g 3 TR REBRAL ALY F AKR AR

BAAEL RS > FBEF I 202 30 4EF (3RE > 2000) -

Z¥FAERE

SARELF G AIRANE FEY ORI T oas 2 T A YR
B FEAES LR EARG ER A AP PREAY
(momordicine) >yt > FAMIRE A - BE P K LHNF I EG B
TP i A > B hedi R #m}?—}ﬂ- A & Pend-e B (plantresources
of tropical africa database, PROTA) - # # » = A% (charantin) ~ 2% (vicine)
& 5 Pk-p (ploypeptide-p) A i EE AEF P LB TE L ER L 0 F T
TEAPGEFERSE G NS E ok T UG anE xk&ﬁ%/‘]\f}%&—‘g e n
#4p # (Khanna et al., 1981; Sofowora, 1993; Yeh et al., 2005) - iT# * %47 3
Fdpg o FAY - kR FE G B o HIV aE s B P e 3
v (ribosome-inactivating protein, RIP) ¥ 1 ¢ 2 cnipEfi 2 4 Eit > Ed
Pk Fed g S hin RB RS 6 g B4 02 =42 type-1RIP
MAP30 e € o & o e 2 BIHF T o Flt o 5N BsF § B RSE R 1)
TALT AR 2432 (Fangand Ng, 2011) ; o »E B S 5 B > Fp fE+

4R AETARER
e A A
_ \ﬁ;‘gﬁ#
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ARG B EEP RIS SRR B o AT iRk
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EiFRid > FE LT AR (BRE 5 2000) -

BfdF g T ALY DR E T R RSP ERITE R MY LFD A
AR R T URBHESET EA L F T (lagging phase) ~ F 2k F
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BN AT e B F LR S e P P R e 0 R A fES i E R 3
KEFTZEFPHERC FITYPPEECRBEL R o320 P wiedic
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B2 et foi R ek AR S B E R L o i T

REBT ZRFEEBTH AT RAFHERCEHAT T T v 4 F 753
Bor IR E A LRI EHAEED 2 2 L3 (physiological mature, PM)
(Bewley etal., 2012; TeKrony et al., 1980) - %t -k H f&+ 52 &€ * & » # £ 5] 5 -k
FRRTER TR Py AR AR R B R R
P BB 4EpEd > A FORF TRIT R FHE RIS R

(harvest mature, HM) (3% » 2015; TeKrony et al., 1980)

2 BRI ET LA

BT ALY FFIRRT]T EREET DT bk A E
kPILE G BEE > HY BRI EE L DPEFF 2 - (Delouche, 1980) »
B AFHFNFREESPBIFAF RO AF AL RAL 7S IR

% (Farooq et al., 2011) ; BTAFOAER/IFT AN I FE
%ﬁ@%’mﬁﬁﬂg%ﬂidﬁﬂfﬁ’a&m@?uﬁﬂ*$ﬁ%ﬁi
0 F 722 B E (Keigley and Mullen, 1986) » A @i it @ % F 2
EWNBRERFITFRY PRI FTAIEG AEARAETE R

P T a4 o 7 B R (Bita and Gerats, 2013; Godwin et al., 2023) -
FIE I FTHE
- ~FHTRER
BT ERT A 2 BIFER o A W EZE (imbibition) ~ A

(activation) 14 2 4 5 (growth) o ;& B8 &+ P-id -k o i jbref fEP FRend b
T B L HpFEF N FRA TR 400 1 5 G112 i opade ™ F R P
g o R R 4 o X R LR A 3B e s P fE S

FkFA EF AR BISORIBFY o FTH RN RIBL R
et W ENFERBOMPEHRES LR B R B RA £ 97 F (Ibrahim,
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2016) -
S FTREEF TR TR M

T A A TR AERTE Y A k2 Bz RS
LA AP T A LA A F T a4 (Bewleyetal., 2012; Carrera-

Castafo etal., 2020) > €4 ¥ f: % (phytohormones) /% 1 3 ¥ it * #fx g
£ 44 > HP x gk pt (abscisic acid, ABA) ~ £ 4~ 4 £ % (auxin) 11 %

RSB F - 370 0 BA SHET Y P ABA fF AT HF T L
g 5 g 0 fa S F T A B8 ABA eh 3 B M e ABA g
#R DT FE TP W ABA 7 RS 2 8 ABA st R RET o
L pEd ABA £ & B E AR GRS & 4= & (osmoticum) ki EH T b
Pl s S EH SR WP R SR KT R A i~ T Y e ek
(Gubleretal.,2005) - Auxin sc Jg 8 AL & fEE - A+ L F 23k B
Redg iRt %y £ Fles H ”}E?cif;ﬁﬁ’»ﬁiﬁi e I N PR A P o L
AEF P o GAV NFHAAEF DRR -~ AR AR L DR TEES
cp g 0 B fA+ 874 & (Cohn et al., 2005; Finch-Savage and Leubner-

Metzger, 2000) °

I FTEREAIF T AR

ﬁé;ﬁ?{f?%;ﬂéf'l%‘#f’&ﬁq fgg’ﬂﬁlﬂfiiﬁkﬁ_‘g ‘?—g‘gq:"
Z2_— > I‘{‘%&Jﬁ’?i/ﬁm/m)i] ?1'7}@*]??”/”\“5:’\?%3”2‘% I&é‘;%
.‘9_-!— ", , )ifi'\ll{‘ Tfé_j_ é%p%‘b{; y = jrﬁ?%%‘z’u ﬁ&’y‘ ’ é: fi%ﬁ

¥R Rw AT w RS e 7 5 (Totterdel and Roberts, 1979) 5 % 8 & &
NBETRE AT FTAAOAIFIVEEER I a A P IS A
F 8T N4 0 miFEEME w4 (Watt and Bloomberg, 2012) o
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E & T RA
-~ kR AR

T RRPTEATRAGEF T RBE TRV REAZEF R AR
LELLPR Iz B OB RBEFFTHE 7 R 3RED § b3 &
03 F S o fiF KRR X FIF S AT R F R R Fl R o
ABA # 3 & 2 f+ kR eE % > @ GA -~ ¥ % (brassinolide, BR)

R ¥ re 4w ph a3+ chik R (Cohn et al., 2005; Gubler et al., 2005) °

~ B R R

A+ RRET RBHFEA LGS 47 &R (primary dormancy) % =
B kP (secomndary dormancy) e 47 B (R ¥ A& = pr T KRR & 2 TL KR
LI FTEY I 2 AP IREFT - BFRE R bl
SRR B R E B E R R e s R ) & R S kb
Bied 975 Mo BEFF P INd Rprdlp T - R b R k2
ety & o = & ik (secomndary dormancy) #dp 7 JU3t g 5 kB 41
Fenfd+ R d T BRI B R F R L A TR
(induced dormancy) (Baskin and Baskin, 2004; Penfield, 2017) > &|4c#-% i i
f$enF AT E 3 2 ok T A7l A2 ek kP (skotodormancy) (Bewley,
1980) 14 %2 K48 + 1 * B F &K T 73l 4 A ik PR (thermodormancy)
(Cantliffeetal., 1984) ; pt ¢t » st kRE ¥ € § & { H ¥ { HFigi K
3774 (Penfield, 2017) -

=~ FAAS iR

4.;

EAEF B G RAHBR IRET R kR Y RS E G &
TR RS g

(Wangetal.,2003) ; # {4~ S ik R A5 256 o T2 R R ANy #F]
7

Frs

k%ﬁ;?ujﬁ&%mﬁy%%ﬂﬁﬁkﬁﬁm(%’NH)
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NEABFTERREFHETRAVEETEF A 2R Hr 2 NS
i B F oA IRRPR o I NEF RERPE TR R "% (Ebert and Huang, 2015) © f
FrEFR > 2ARIF TR I3RS F R SR FEA TR AT

SRR AR~ RR (% 0 2021)

A+ R B+ 7 -k F (moisture content) % RERIEBIE AR F M o
T AORFARR CERAF O EFE EAARE S F 2 o J{HELE ST
DLEANERET o ZORFARM B RARM AT E A T U E AR o Fpt o ik
PR+ nRE A 5 ¢ 4] (orthodox) ~ B &5 4l (recalcitrant) ™ 2 ¢ [ A
(intermediate) (Pritchard, 2004) - & &% 3| #& + 3z % 7 < |+ 5 (dessication
tolerance) > &+ 7K F ¥ % K1 2%~6% > % 10-5°C ¥ iF- 75 ¥ & 3 Bt &
T -20°C SR T AR R 0 - BT TS 4 S Bt et

R R T A LV UEE - R R T S B A
K2R 15%-20%  FH-E K FAEL E GG FRBF 2 et
AT FEAIF T4 o BUELPFFEFFT TR &200C 2 hF F
BEBRREG BT RRE G E DT T s R nfE S S A A
(Chin, 1990; Chinetal., 1989) o » FAlfa+ A3 itd faLo g2 F > ¥ N AL X
- TARR g e R > A R RF 2 R 10%-12.5% 2 B B

Al & 5-10°C =+ > BZFE RPN B R R R FARMGRT iR ARE o

\

|

PR A8 Sk LR FER A OC TR B A AR A § AT

=

§ AR e b gz g 3963t 853 (Ellis et al., 1990) -

=~ EFAAT A

FABF AN O L X 5 RS A h 0 2 R
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Bl i+ TALERE A S A 5 & 53145 (Royal Botanic Gardens,
Kew) ¥ bz K F A% 27% S350 12 B2 25 /5 73

78.0% 2. TR A 0w BELDT AT T Atic R R R (58 5 22000)

o

3~ a‘g 4% B gLEL > Ebert & %7 7 #Fl 31-18°C 3 -20°C eniE &R
B¢gik5 A+ &A% 54 (Ebert and Huang, 2015) » Hemal % L% 3|35
AfEF AMERE THE- F8F Y A% T % (Hemal Fonseka and
Fonseka, 2009) » Lin % #-35 A fd+ 7R3 B WL 84%REFE 2 8- £ A 3
TR At 'K 60% (Lin et al., 2005) - -2 R FEEFF T E P o (Asian
Vegetable Research and Development Center, AVRDC) 12 0°C 11 T 0§ B & &
ZABF PR EHBIBIREGT R EAF TN 0 PR HTOR
Fiped BAIEF hig K #1E o Bopper fr Kruse 4p & = A fE8+ 8-20°C ehis
BeERBIRZFYT > LEFEYOF EDVIRAEF T4 0 B -20
°C E ¥+ T kmm 2Lk > FPin i & A+ 2.0 #7348+ (Bopper

and Kruse, 2018) °

= AT AR BRI

wEfE+E & (longivity) 25 £ 4 A {rf R hikiz 07 e &
(Solberg et al., 2020) > *% 7 &+ RERIER 0 KRR MY ERERFE b
LTS R KRR S FOB I AR R RPN
PP iR A+ = b 422 F] leafy cotyledenl (lecl) -~ abscisic acid
insensitive 3 (abi3) ~ transparent testa (¢#/) 4 %2 aberrant testa shape (ats) % % %
AR EERAF KR TE P ¢ RAT {5 P ARERERY 44
ET w4 o AR orAF KR Efrd &5 T 4pk (Clerkx et al., 2004;
Debeaujon and Koornneef, 2000; Ooms et al., 1993; Sugliani etal., 2009) - X @ >

Nguyen % 2 JLFP £ (0K B & & & 1p M A %] Ability after storage (GAASI-
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5) fedt kR B 2 L F] Delay of germination (DOG) E_& #pch > ¥ 2 I
DOGI-Cape Verde Island iz i % 7k F] 3 4v 8+ KRR ML ehle B Ar i 107
fa+ i3 8 'L (Nguyenetal.,2012) 5 pt b > Ao & ¢ & FRI|HEF R

fed & &= f APR SO (Zhang et al., 2021) » 2 x F AT F A fEF REE

fed 2 6725 B F i B (Jurado and Flores, 2005) - & + it » f&+ ik
RPfrd E AP RR TR TH 2T P BEFL Al SRR PR TR

B e Ko faT A 2 B B i .
&~ A ERRA

- T AR SRR

fa+ &4 (seedvigor) . * Uit fAF SRR LEME > ¢ TRIFT
FAW SRy IR BT EAERNE AREREEFE Marcos Filho,
2015) - W% #a+ & & 1 ¢ (International Seed Testing Association, ISTA) #-f&
FRBDORIEIELLFTE AR FZ IR TE oA FT 2L R
Heh2 2 2 ZRA4F%G P RF & 2 88 5 3% (standard
germination test) ~ #vik £ it /2 (accelerated aging test, AA test) ~ "3 R 1%
(radicle emergence test, RE test) & » i 2 £ #rjE {7 enif 5 Sl ",‘T? o+ h
B4 5 @ &~ (final germination percentage, FGP) ~ £ & % 3 7 7 &+ 25%
(GT2s) ~ 50% (GTso) ~ 75% (GT75)*7 % P & st > Rat syt g T8 5
PF ¥ (mean germination time, MGT) » & ® o fp 3 5 & F 1 2 3 ¥ A &
(International Seed Testing Association, ISTA) -

G FE YRR 4 RS Y D ¥ e 2E S

FF @GS T MEE T A R F R B R4
ERET TR AT R o ISTA #f6t kBE S E 2 2 &
?,—':_«’f;(? p%]ﬁﬁjﬁ&\? _]_3’-1;]3@2“7!lF;]?ﬂm;"i‘géxﬂ‘.rr&A\llﬁﬁfpF\
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A KRB G AT T AS TS A s T ol
T T AT TAI T UL GHEATEME 2 AN ATEAS

SREXFIFEFRED ARFEE R 7 a0 A R 7 §F s
o

3
o

EURERE SR LT SPRN L T SON E
¢ o HP AT PIEILG 2k 2 5 (International Seed Testing Association,

ISTA) -
- N RER YRR O

TR T FRTR T RV AR F T IRFERFRH %aifﬁ
TR A EBRAET O T AR P U LERITE N =2 mm FF YT
PRI F TSRS FEDEL 4 TEARL I RMROAT LA o
BHETEkS = MR R NE R A B4y Mg 5 i R 5-7°C (g B
KEFHTHRP > A MR EFTERT OF T RPIEFEPF
(coldtest) » F| % MR € R fA+F e T 57 "% > ¥ EHRL DFF X IR
i~ (Totterdel and Roberts, 1979; Wang et al., 2018) > F]pt 5242 R d17% 7 12
PG E N ERRE BT ARRA D E R R ORR Y L RSB
IR A i g o R-H - PP R FGPre 20 FF FGP i (7w jF 247 0 35
- BEVALAPLFEI P 2T FE BB B Q@ﬁ%?QJL%ﬁ’%U%

i ¥R fE+ =% (Perveen et al., 2010) o

B b LRGBS bR R RORET BT § Pl iy RehR
TR TP SRR 0 BT B B 4 40-50°C hF R 0 ¥ T RR
K#J’L 75%-100% > 14 I%Eﬁf@—k \2;\1']{ J\ f 32 Loy %J—IA—?KF&?V% N ,_#,

11
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LGB R XFHES HE T L R (Kapoor et al, 2011) >
Garcia ¥ H F4eif £ F e B 5 & M if k4§ F  (Garcia and
Coelho, 2021) ; McDonald % R| £ 4vi £ R0 2 F EEF A+ o
% % ¢ (McDonald, 1999) - #vi# € f* g2 @ i B foiR &R 0 F & Bfedyil o
Hsu % i * 40°C / 100% RH eif i 4esg % it 5 A48+ (Hsu et al., 2003) -
Masoumeh % 14 45°C/95%RH JdZ % A 8+ (Masoumeh Asadi etal., 2023)
Al-maskri % p] & * 45°C/100% RH a2 % A8+ (Al-Maskri et al., 2002) >

Lz iFt g fAaig LR oo

12
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FoF R
-8 -ERAEEIFEHEIER

AF&RFIEA LR 25 (BT 0 ca 0 285 FERIE - %
FAREF NG SRS > nd 2 p koRiRfE 24hr > T ¥ 2K 6mL - Sk
ZFAr e o 30CRLPFERTREFRY o FRPRNEE 2mm S48 3
K Rp 2 Rgd N R B FFELFLEETY By kAL 4
SPAERB R ORATEAEATIAADEE%R R TIERFT 5 2022/5/15
Bk 24tk e R E 2 A EHBT FHE% - EHRTIEFFT A B 5 2022/8/29
% 2023/2/6 > & fEiE 40 FREHK -

TR L FBAIP R R ERF LS KA 455
cm x 333 cm x 27.7cm> § 42 L) F EEFRERITBHE AL ZAFH

e

350 THEARE AT o LN RERERPE R AFEE R F

AEFED NS0 XA PRI 202 F N2 RIE R TR E
fﬁagﬁ’%}bi’ﬁlg e %PB rg)i‘**ﬁ""’Tj""ﬂﬁ.'wkﬁgl.”if#ﬁﬁﬁt
Eo ¥ EAME - R P T R EALZRE > Ee2EBT

FRTRERTINGEFE > TRF T2 RERL TR PR IRE 2-3
FRES - ABT o S AR ERARERRAL L TR RTINS 2
Bc RRARA R RE VR g DL R 2 ERE

HhEE SRR T R EAR (2014) L F R TEp 4

N

k# > w# 0.68 mm/day ~ =¥ 2.39mm/day + % % #) 3.63 mm/day ~ $% < &)
2.25mm/day > FiF 2 HIRR B LR A B o g b3 B 1S F g 25 1500 #
2 d ¥ 17 (benomyl) -RiZ i ridme ko IR % SRR 2 TR B P Is AR
fofs e 8 PR IRF R §ARE A 400 B 2 ok T Iz 4R F
FLEFF - F AR DRI IHFIAERDEELERTE v g 22
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£ F 5 prfas- = 1000 & 2 £ %4+ (hakaphos blue 15:10:15) ki3 % » %
- & ARieE 7 p g as 1000 B 2 74 (basfoliar 15:30:15) -Rizi% » & &

 F MItsE 7 prp s 1000 5 2 7 % #F (nitrophoska solub 8 : 12 : 24) -ki%

BEZAFEF AARAD BB 0 3 2022/7/12 B 4etds o B3 P B
W2 TR RARBEIRERLE P > BEFF S S 6-1028 0 5 p
Pk T o BT ppic o Xk R4k (6 X #ic (days after pollination, DAP) #
Yo% F o 1-13DAP & 2 P #fc— = » & = B~a % > [4-22DAP & p $4c1 b
TENBEFEF AR EFTET NG T RBHRATT AT KD EE T
BB R4 EDPTFEZIN T ABEY34C o BMEH26°C 0 398 ¢
30C -

REZREFREF BEORGER 0 UFEIVEES 5P e BEFORA
Piih e 7EEF ALY 5 2022/11/15 32 12 * & - d 36 2 R4
HF32P 5 FAEPEFTNEFIED 20-25C 0 B MR H 15C 2 R ¥
C  #EEFAEHLE2023/47 K3 674 > d £HIRHEE 22
PoSsFAEDEETNEF RS MC > MEH24T > 2R 929C - &

fets B+ 2RI A WD 6% L RF T 4Crkig* o
FoSCEFEIETSRRPRE

ol E L E R o AR SR MR S - A S SR )
RppE A T2z A (BRE 02000)0 A A IV B2 sfEFERE T
FE R CBRCRBBEIALAEH  F LA 20 AT IV BT K
100 R FATEHAFFTHRPIG > BL IV 2V s+ 523 % (2021)
TRIEZ A ok EF %ﬁ+ﬁéwgﬁ‘%C7'¢wﬁuﬁ%§*$i

6% (T HHFETTHERLF ) 2 RFBEUINFT T a0 g R

5
4

[
I

14
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[(100 = 47455 K F (%[ (100 — F £ 5 KF(%)]d 485 £ - @ P £
TR B PRI ET TETN P REZEEFTAC kG * T ig

TR EEFT N4 P
FZH A3 FTHRR

fa+ AR T a4 iRl A kyy ISTA R Bfd+ B3 K5 - =0k 33
Axd o R K ENICR2ERRRTEAT T E% 0 & L4 L4
EEFS RS o FTHRE L RN 22 2mm BREF L 140 > ks
A PREFF T FkER T EER%FE T E AL (standard final germination
percentage, FGPsw) ~ ¥ 324 5 pF ¥ (mean germination time, MGT) ~# 5 7
A v 25% (GTas)~50% (GTs0)~75% (GTrs) #7% PERF 2 % 5 BAR (GTass)e

B ERRPRERAERRNZR T F L4 E4F 0 & E4F 258
B S ETERRTLG MR R RS 23C > His i B8 Tk
o BAie® 6/ )RR - X 8RN 2222 mm 2 5 ko T

3+ 8 FGPre © MGTRre © GTrezs » GTreso » GTrers ' %2 GTrezs7s > 14 % -2

P B2 FGPre 82 FGPsig 18 1740 BEAL A 47 0 i 0 35 8 942 2 32 o0l - B~
BpERFE R R FRFFRLARKY IR AL AFT AN

WEBRBEA T P BEAFT I DA 2 FFIHT 0CTRERT P 0 RA

ABET A A= 2 fFF R I 02%KNOs B k2 g ¢ R T

RO ERT AR RR IR A RER
FEHAR B ERER AhhdE £ s r 200mL = =k
“HEN 100 % RH> BFRBFENE TR ~BIFRL T £ 5

FHOoORRSL2EA B LA I0RRTF  E R RRIL G 40-42°C 0 i X
15
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Bei 1-6% > B pBdi- g UERBEFTERHRPFEFFT A o REID N ek
Z @it d P F T 2B LB AT e E IV IE R S 41°C/100 % RH iF
SRRk E RN EL R AT RT FH LRI ER 0 RS 4]
C/100%RH &~ 0-6 p 18 » £ IR D 24R > F IR 4 €4 > = €4

25 4B o Hbl S A0 2 i o
$I & RMEZAHI BGAFELTE

AR RAEF 2P L IFE A2 T A B (F) g+ v HE > R
R FEF AT FRFE 6% IR EF T REBRREFLAF T A S
99%-°d B FIEH R F R RIREE T F TR GO TIPS A B
B+ M2 BT RPlERTIEE LD Kf FAA o T BRPRGE EIE 2RISR
BIEERZ0~5--10~20C R 5 1-3p » 5 EJ2 4 E4F & £4F 25
RS o RIRS A 2w R 1 P TR TR R e 2 &
":Lf‘iil o

FRLBREGE R GE 2 RE S B AL B 100 kT 0
R ES LB RE 1 P Bfd S T ARG ME B2 5 Tk Y g
BRI IAEE LA BIRF AL RE G BB AL S 404244446~
48 2 S0C» FAIL L% r 6 ¢ fF > B AIRRIAPI EHURELH
o ot RER B At 2 2555102024080 A £ B - ¢ fETF 5 3T E
TwR L PpE URPRRNZEFRPAT ETRP F eI 40 F £

25 RAEF 0 RIS A E 2 &g e
R SR Ru A 1

2 SPSS %tit#c#8 (Statistical Product and Service Solutions, SPSS) i {7
ANOVA (analysis of variance procedure) % = 4 47 (alpha=0.05) > {¢ 12 Tukey

HSDtest £ 7 2 > AP 7 FFHLELRER > VA FTHI R

[y
[op)

doi:10.6342/NTU202401205



pF )2 Student t test & {7 & E_o
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y=2F %%
- R EEAEIFET IO T K

RESAOR 2SI BB IRTRANT 220 0 R F AR AET

A (M 1) e % &2 %% 1-11DAP £-i# # 4c > 12DAP B4 » T 53
FPEEREESEEFTAUL 147TcmE 4l em BT EE G 186 ecms . K ;2
Sem; # € A 8DAP w ¥ AR F kB > P & B 5 9-15DAP > d 23 g 3 4
3 180.7g > BAFEH220g(F 1) &%t mpme & 16DAP %355 iy %
¢ » 17DAP B 45d g by B oig§ > 20DAP fF Sk F30e =24
%9 8T 2535 kAT o

PEEAOH 2B AT SREAT RAESL TRV s [0 &
BRSSPI sfaF DM AR L hfte ¢ BRIV BT
Boo A s R kARd P B RREV BfES P R IIEES T OB P AR
(BI2A) e fF *hpddicd B 35 SA] -1 3 I B 54 &P 1
IV sL Tl (F2B) TEHMAT A PG Lol R L
FH AT RPEY ML BT X BN (5 R B L s P R
CHRFFT LIV I V ahEd AFEARLTE (F20) wimibid
20 % (% 1) > $RPFF 5 14-22DAP ¥ » 14-16DAP 4 IV &fa3 1 3heh
B (£ 2)  17DAP 3 V i+ § X WM F (R 3)> » £5%9 B4l
FOOER P RBEFTR OV i BE R4 0 2 A& 19-20DAP ¢ 36.3%
+ A3 80.6% SEFEET R ER 0 AR FEAMATES
20-22DAP &t fEF ant il BEEF AR o

1% RSB AEREY

IV 2 V &iTifi+ h FGPsw & %873 %% 100 % (R 4) » & F 32

LR F 3P B A RPN 2 I &3 R L35 504 o 378

V sfgd v g 5 (MGTsu 2 GTswso) B F k-~ AR (GTswzsrs) ~
18
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HMERE (23 BE kI ABEV 5+ FGPsu~ 7 # 52 35
FEAR IV % fd+ 1 FGPsua T " 63% > R ¥ F 5 fdF F T X2 F T
FARRFLEE 0 IV 2V sirhfid s LAGERBLER3 PR
ey (B4qck 3) -

AR E T A Sl oV BATEAS 2T E TN Y 0T %

RN FEOT A LFT SRR RS (A kT o RAR

4

FrEMEFGPsw 2 & 4w gt bl 2 63% fE+&r R ik g T ER S

T

F_*

Rte B 5 2%KNOserss d ¥ > fEF A3 PP aBmE T I FT A

¥ (24 IV &3r@EHFP > T33% EF T4 P FET AT 0233%
RARAETF ~33% F A T IR ARILE 0 90% fEd AF Y
PR LI E T RF 10 % BT fEET R D o w2 KRN B4

Lo A BT X GER Sy A o
FoE R ECHRI RIS E T ARADY

,ﬁﬁkﬁ’%ﬁ?%}ﬂ{rﬁ%\ ;%JU@_; ’ T_Ltl/E-f:’ 4‘"--@"5 fL ’FGPStd/J»"ﬁ E%ii‘- ’
e F A+ MGTsu ~ GTsurs M 2 GTswos7s B F Fop Flafa+ & (% 5) o 4

BT IR B AR 0 FGPaasw T M RAXE- A A E AT T AR

Y-

914:

Beo 18 40°C % (@ 2k % 2 i (B 5)> A 5465 FGPaasu 27 B F £ B

L

(% 5  BHREBRBDAFT2LBF 2H5FF R AW - > BT

ck‘

RS 3 F T R P i F e g o 41°C IR 6 P A R R EMAS D
FGPaasw @ 100 %7 "8 2 20 % > #fw Eﬁ‘ﬂl ME y=-13.57x+102.14 » X
% 7EpEF (leath time for 50% of seeds, LTaas0) % & 3.8 B » 42°C % it 2% {
% 0 F 5P WY & FGPaasu ™ " % 0% > LTaaso » 24 P - £ F &+ 41°C
21 42°C 1 LTanso & % 5 25 P fc 1.8 B °

FEUERFRERFE AR 25T F T S G Lok o (e
19
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PR E G ek A A2 RFT Sl o LR LEX IR G
B R EHACZ E AL R 2B BT L6040 & 41°C E i AT 14 p i
# M H MGTaasw * GTaaswzs » GTaaswso > GTaaswrs ~ # GTaaswzs7s 7 & 5-6
2 RTET S EfrCKRFEFLE g ERAKRFIINCHET I

2RV L T Mo 4P 2 RITRFREFALR 56 P 2 IR 2
MBI ELAF TS (25 TEHRPTZEA DSR2 BT o THE
FE 3 FARSY o R ECHE T Sl S ) o RS o Y
A2°CRIZ 1 P e+ 37 $BfrCK B F LR 290 1 rJd2Zitd 7 58
Bdong v ® 41°C mJd2 5 p & 42°C &2 4 p Ta.é DINFEF A F T A
(% 5)°

TR AR HRAR 410C T X (L AR A nE AR AR BB IR
B4R I enpE RS 1 e dR P P R @ 48 1S > FGPaare» L ¥ 4vid X it
RILPERE 4o T (B O)c REREF 6P PRI MPRBLLR IR
ghd =15 30hr £ {5 & 114hr > FGPaared 100% T 3 63% c #1F f+

AR ARE  E fe2 w0 FGPre 5 45% > e J2 6 P {6 FGPaare "% 5 0% >

AR 4R N2 R A B E_36 hr v 66 hro % it ad® #) & MGTaare~ GTaarE2s
GTaareso ~ % GTaarers 28 7@ FAPM S8 252 > R E B £ FTHF S
Ml X AIZAPP A EHERFFLE (£ 6) 0 st 0h o gk AT
fgd o RAIF LR 230C TR E O BT LET AL F o & AR
e A fE S o AR S P B EARTHERAS L HSX I A
(% T)o X ad2wm » BEMAF W45 %7 1204 23°C st gFy+o §
B FIR T 15 % s AT <475 %L AT 0 B A TR B
FI30CLEE-F>*F 50%@E+ 37 > H° ar#fa+ 28dFy £
L2AP o ATERFHIIICETHET - LRILL ARREFET (R TB)-
FERT LI 6 R FEAMET 07 £ 30°CHE Y (B TA) 3 REE AR
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FRPRRNFE - FREPEFL R XA A BRI P EE AT
F AP s A P fEF 69 FGPsw fr FGPre U238 §F » 2B 1 90hr i &
e BT chr A U 5 0.9548 40 0.9383 » FptE PR (S 90 hr 3 & i 0l

- PR pE R EL (B 8) o
FZE BEIT AT B GRFELER

M22-10°C R BV M ERFZAEF sk 0 12 0 2 -5°C AR
I3 P HEHBEFEABIFT LAV RFHEFRE g ?E%Fé“g“ﬁ%‘ff@f';%
FFHAvm 18 > -10°C idZ 1 P oav 8 60 % 2 f8+ 3 » K& RR 0 2 3 P
T 92 % 2 A E R 0 -20°C 2 1 P TV ET] 100 % 2 R
(B 8)c MEAIL ¢ HATE AT g ¥ Sl S P &0 A-5C 2%

T s MGTstd~ GTstazs > GTstaso~ GTstars ST d@ P A 48 £ @ 3 4> 2 d 3% GTsas
AT GTswrs B 4e e 5 > FHBF T EAERF @ 3 Lt 2 o 3-10°C 2 kit
ToBFOFT FHEG AN CK 2 A FRIEEFERF A RA G L3 (% 8)

40-50°C ehg i 317 2 F vdT AL G oA Fenst KR 0 R R R AR
B ITARLATARST ~ 7T PFRPARE > 46-50°C AR 5 A A8 H T T T RLAT
455 ihzc otk 0 40°C RIS & AL 20 A4 (1 9) o 485 5ok i kiR g
AprR o F TS APM SRR F L o R LR S 9E 1 X F] GTres
GTre2s 3 15 ~ »* GTre7s> GTre2s7s $7®0 & 07 8 5 FAR %2 (% 9)°
DR PR ERO PP EGpE T AR A EZ FRHAT R

r
m?%‘zﬂ—'\o

EA_"F

%
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=% 3

F-§ #MEZARBIFTIOF T EK
TEESACLR2EAEIHEES I I IV saPBER IV IV 5K
ik FARY (B 20 $RAEZATIRINETA 1T 2 IV Bfg+ ahipdt 3 K5
Al h 89.6%% 62.0% T 28% IV 3V PR T 24% > TR
5 R E (k0 2021) - ¥R TeKrony & #7132 fd+ 2 7 MBS 5k F
BlLE R T D IV B2 A AT At e F o AT £ R P
oo ¥ FRFTHFEFIERSIV IOV B2 A3 EF LB sk 5
Ao R AEF B IFEd e P~ B iR brig » oK (TeKronyetal., 1980) o
g IV %5fdF O FGPsw 73 %> B2 HF v 22 ¥ w > Eis S
W& xR 2EF 2 I H (physiologyical mature) » 3 7 iE 2 AR K RV
Bfgd L 3V mfE+ 0 FGPsw 5 100 % > 2 4 7 i 5 2 KA R AT F Rt
IViajg+ (& 3fcHl4) #IVEF Z kFRIAEFFTERZ TR
WA (10 2021) M7k FAE T 5%-6 %is 2 30°C TREFE Y %k % 2
RFEFT 0% BIFETE A F T 90%NIVET = > Hx IV
Fihgp g At M A2 o AR A AR EARY - oV B FTE S 1 FGPsy
S100% 2T HFT S LR R EF kTS FGPsw iR T HEF AR BT
ViafEd 3 B REME . ¥ SRERORE ¢ SR i o B T
(harvest mature) » > R4 fd +  (6.25%) & 7 # T RT#EAF L 0 K 2%
KNO; B2 » 7 3 5 > %3 2 4 hkmfEF (£ 4) - E05 2 Anms IV
BET ARV BEFEIFE TR FEALY ) Tekrony £ IEF LT ok
AEPL R EA RIS F TN A LR BE X AR F T NS AR
Mo EIEERSR AT ZESAREDW AT s & (TeKrony et al.,

1980 ; 32 % - 2000); V &fd+ 2 L5 A P g B ikfR > e -2 R 5w F

22
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e itk (2021) 27 #rH 2 gLE: 3 7 ¢ (Ebert and Huang, 2015 ;
%h02021) o gt th oV o mfES BB FORFEAY 0§ 6.25 %A i~ ik
B P 2%KNOs 7B > dEA F T S F w0 (F4) 0 2 RRT R AL
B+ A WEARGFE o LR BT RA - Hoang % 4 (2013) # -k i»
A $ AT T RmRZ AT - 2 AT kB F 038z HO g!
DW P& ¢ i& » =t B iR o Perkun % 4 & I F/EF &7 ok FF Pk R
L GE 0 TR A A FORE g Bk kA A kar ks Bk
RAes 7 e &5 M (Pekrunetal, 1997) c 28 % 7 » A2 R 2k 533 WiE
fed MR RR B RFALFTES AP FE R EAY
TEEACR2 R RLES B (I7TDAP) B4 ILE B & &
SV afEF o 57 A 34 AP R2ES 20DAP) ) PV B Fu
FIEF L ARAFIFI FIEEHEEAR I NRFRIEF S
FTRAFIEF 2@ TRFEF (B3)eFimg-4pdin %

e frfdF SR B Elias 3R ED Fofd+ 2% & d $HLP

Pt}

bt

o

FPAELH FRd FEAAFEII ISR AT AT AR T e

TR AMES > LEFRSRLET LG R E2L B 645 (Elias and
Copeland, 2001) ; * 8 % & d B @ F F LB+ 7 4 2L R hpr i
(Crookston and Hill, 1978; TeKrony et al., 1979) - 1§ i m % » B = 3§
Afrd AL EFED SR OB o Fiex RIS S S R g
FARFUBEAFFTAASH F LR F T AR 1020 2 12
# B+ &7 (Maynard, 2007) « = AR5 AF APBFT 3 4n D 4o 518 5
ARk L SHA o KA 0 ARV A EBELZ AR R
EdFVRL < FEREFFIRAT G RS o mm i R R R

# o
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FoE -RFIRERAIFHNLE

B+ E% (seedvigor) % Ufp it fAF TR LA ¢ FRFFT
FAW By IR BT EERNE AR EE S (Marcos Filho,
2015) ; Flgt > 2| 4TfEF EH L B 800 FGPsu 5 k4R A7 fero B3 & G
T AR S8 MGT~GTso &)~ % 7 BAR (4o GTasgs) ~ 1 & /&8 4iF
BT T 2 i v B fad L B oo

FREERFTLARMEF 0 RIS s B G 30 2 20 % 0 A

H b il # TR R 30°C T iR T ER O PGP F LR > B F

F8+ MGTsw ~ GTsurs 11 5 GTswzsrs B F fp Fiefa+ & (2 5) 0 81 &3
BTEAERFETEORAFT IR FFER 2 AROFTFE SR+ i
FGPsu 2 m 38+ B ¥ L % > g 5@ 5 2 A R SRS il 7 R0
BT R o F T AP 28 (MGTsw~ GTswso )~ % 7 FA R (GTsias-
75) B FGPsu { § & * MA R FTEEAZTHFT S FPL R -

4vig £ 1 (accelerated aging test, AA test) - 21 % ;% (radicle
emergency test, RE test) 5 @ AR+ EHPE & 32 o i £V HRfE

FEBEBEFBORAT TR FRAEI SNk PEF A
R

7f ¥R 3 zﬁm@@%]ﬁ ¥ & 40-50°C » i% Ifi’ﬁm 1A Bldra
AT E g AfESF & * 45°C (Masoumeh et al., 2023 ; Al-Maskri etal., 2002) -

AFEF & % 40°C (Hsu et at., 2003) o & 3EZk 12 40 ~ 41 2 42°C & 7% A+
TRERGE BRI EF Y IIFERHE > A AR TR
£ T FGPaaswAX M » ¥ RFERHF ¥ HEF» hd BFLFZ0EF N
a4 v )z r41°C £ v 3% 2 42°C 214 2 2 7 # 2 5 f8F FGPaasa ™
o L, LR EIBERIER (R 5)e BHA T o b kG RET AR

> & MGTaasu 2 GTaasus7s $g @I 2L0 L+ 3 7 FAEE ~ E45 >

=t

AR BB JILERY B3k okams P BB FAE LA
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R TR L ETE T Bk BAp G TR o peh s XL 2R 14 X
P> MGTaasw 8 % &34 > £33 4 X {5 > FGPaasu M3t 50 % ~ # 1 2
5 > MGTaasu > B4et 2o FifaF ¥ RE L rbrr 2 8 500 4

AT mfé"";}’} & BB o

_L,.~L

g3+ kLAY gREB R B REBIGEk ) F AR T R
TARBIE T a4 P TR T kY @ v df B (ISTArule > 2021) 0 € B
RINFTEFAPM SAETE (RS B F T IR AN EREFTE
BT+ 3@ M-I WERF O H T @ FRES RSB P
FIb AR DRI > B T @ AP S EcnT MRS WA ] R R
BAD > F R A B ST AN A P EiAx s
AMgRAES > BdpF R ER R E AT X gk o AFERY IR
2 auR R A (2021) 2% 923°C > @ REoon 5 ¥ P A% A fi+ 5
pE gL (B 6 fr8)e 4rik £ (LB B EEINA 41 2 42°C 305 il
BACTHFEMBIFTF A BT EEORRACT R R

g F RERE > PR RN RERER 41°C40°C kit g

E%
\\-\-

HERABIFTFAVEER X D2 suehAJZR B LV RBRIES P
PEFECEFR UL BT R oRTF TR FAAROTFE TR A [ F
PREF YR (BSfr&5) %%y A%+ % 4+ € (International
Seed Testing Association, ISTA) #73& & cFvE 424 4p 15 o

BT E 2w FGPsy £ F AL £ > RHRAFHI F T 38 F L
FGPRre » $ i > 4vig & (b o d@ ) B AT 38 Sk Ag T AT = ot
GlPeig P A B RFA RO ERRL BT 7 R e )P 1R

HEEMT RREL (2 56 ) FR pES AfES EH i bod 1

o

B SR T B RS 0 AR TS 2 0 BB R E R deig
E L EIT R B SR { S AR o MBS NIRRT g T (R 5k
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6) - Back % (2018) #-f&+ X L (403 R AT HE Y » FRIBFTRL fp+
NHMETOF T EARME By H o I e X R RPRAE T
FocthBREABTER MR EEIRERT L BRI A RS TR
Rt e A+ a4 1+ o w7 & i Slkdp o
BEFF  HILB IR B9 20 % > FF BAES 5V afET
NMenpFiE 3 XS5 F 22 22V BFIVHENNEF FS5XEF
B P AT KA BRI SRR T 3% (B 3) o
REAS EIR PIFR D B 5 30 % > H Y BARY T 10 X 0 FpR
FRFIFRIFFZ2EFIEEAIM EA G RE DR R L & 4
B B AT R AKRGER IR STRP O P RAFLLER §

GRS hd RS RS 2 LB T OB S £ R T R

e T g0 & IR At i (Li et al., 2017) - Hasan & 4 4 )
BRETRHRTNFREIFETE AR TR FARL B A T FRF
Py E 4 s fid (Hasan et al., 2013) » F i 3 B AT 7 BE T2 kR
Pef ootk (2021) g R FERT R EEF BYF T AR B FGPsu T & &
R SR hfa+ - R0 @ FGPre R ¥ 004 2 2 12 3Lfd 3 $ 1R i g
M BRPF IS Lt PO REET BADREYF T
» G EEP e TR 0 7 f2f FGPsw # % = FGPre "% ™1 (B 7) 23 &= %
ik o FIt o DL AT FRPERFR OB ASREFETRAZTE TSR B
BRI 7HEF T LEPRM FHEEFFEOR AR EF SRAE R
P A DT fog 7R A - CRLRES N
FoESFTARETRREZ R RR2ZFH

TAES BARGEN S LIS o RFRNA A T N E 0 ] 0°C

2. B T & ¥ & (Hemal Fonseka and Fonseka, 2009) 12 2 #-18 % -20°C
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GERER E RS AT LA T4 (Ebert and Huang, 2015) > 325 35 A

4%%ﬁﬁyﬁ}onmrkaQO&#y%m%ﬂ%@%ﬁ%ﬂﬁi

-

B2HFTEF LB RA DS E LR TP PR KAT BB EE 3
BASTiTEL AR AT G LAY  ARRE T B RILY
FEAD BT REE 0--5°C AL 3P 2 BEESAMIF TR A
TG AR L0 FAET P R R IR MT-10°C T B4 2 T
ied 0 20°C kIR 1 p BT Ty fE YR @ik i (B 8 fr# 8) > ¥2 Bopper
fr Kruse (2018) #dZ % % — 3k o AU HF F ASL B & KRR o
B 400C 2. BB T MR AT T a0 P AR R EAILE R A A K 4o
42°C g2 20 m4Bskic R B+ 2 F T E AW w4 T 97% (% 9) ° 5 #F MR
BgBchde 2 5 Vi 4 0 FER LR R KRR g A = o W R E =
F 78w vk (triphenyl tetrazolium chloride, TTC) # | °

- R E ARG L SABEE TR 0 R B s kR (F
2011 ; Wangetal.,2003) - 2% > ¥ ME A SR 253 8 FE%F > 4 &K
BEIEABPRBI P TR A o B2 P T R AT B

T?fé 2 AEFEF 25% 2 F T REAVEFEIER I EFY G

BB TR RS AR5 T72% fv96% 2.8 5 | 4 b (data not

shown): FJH 32 A8 B 285 4 B F R 4o Btk 2 R B
A+ PIE G R PP LR o IR BT A Fl&Efaa R oo ¥ b F
ﬁﬁ%ﬁ%%ﬁ%%%ﬁﬁ4H%;rﬁfﬁ?’%?ﬁﬁﬁﬁéﬁié%
A PR BRI GRS R F) S TR T T
A+ p A5 E -
Fr & #ELAHT AR EELTR

T BT MR AT T s RO TR R e T
VB 2T R m| T B2 FWER L200C ASL 1 P o drRLIE SRS
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46°C rd® 10 ~ 48 (£ 9) o St HRRTA 2 7007 ¢ i+ 5 2 kE
G B HAI VBRI FTEAR o A b KRGk B S 5 R E D
TRl B E R S R R FE AT R L R i
Rt 2op o 1 B8 S MBS R OR AL - A o FARE SRR
i mEATE gD R R R e RO At g Fa - R
sfa 4 £+ > Bopper fv Kruse (2018) #7i¢ * thg-fE 82 AfT 3 #7# * e fd
Ao Ed R A KRR EE A ER LR A & o TR RO R
APl RO R o PR rF R d FRFE DT B RR L S
BB B R hE R (thermodormancy)  # iR 3% 5 /87 7 10 i K
BARKEFF B bldcf BEAF 8] 28°C 1} hF R &4 E s RR
I

M OMOR RIE Y P48 F ar 4 (Daniel et al., 1984) o #A @ = A FrELR I 4R

Foenlfa) s MR sl AT R s B R AR FI T i - AT ehs s
AR 0 & 37 2 504 iR (cyrodormancy) o ok fE e £ TR 2 4 ik

G AR eI g d MORAERA O P S EE KA (warm stratification) &
i (T4 (ISTA,2017) 0 % fo 2 Bufe st B oS A A 5 & #c% 2 A2 4 a f e ik
F, > Baskin % A % 12 3 323 ~ 15 3 25°C enif i k=L 2 S AX2fa 5 2
AL £ I f PR ARE BT R T A0 4 RS (Baskin et
al,2002) - KA+ % AT % B KA L 3 B et Akl 0 TR R A
Rl BREHEIFI AP TS ‘“%J%i?ﬁﬁ%ﬁ%“ﬁ%ﬁo
Crane ¥ A FRF L FFETHF B2 B+ 2-18C R A I g5 4 » ¥
LA 45°C B IT R AR o A IR FFIEG 77 R RAR G HR

N~

ff’]i ‘f.—r_ﬁ'x ’ g e T m/_w.)i/}{q v B fE @ifé"" ?— v 'ﬁ’é');f ?Wéﬁ@%%
FGR R BBV ARMAE T A T A RN LG RIRA G g
FAxpe - 2B 477 2 =5 A3 (momordicine) ¥ i & 3 #F iz ehfF it (Crane et

al.,2003) » v FiE—- KA I o
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Table 1. The seed characteristics of the five developmental levels of bitter gourd ‘Tai li No. 2’ harvested in hot season.

Seed level
I I I v \%
Fresh weight (g/100 seeds)? 1.47 5.12 10.63 18.45 23.84
Length (mm) 514091 b 10.5440.86 ab 13.03%£0.58 a 13.67£0.44 a 13.23+0.53 a
Width (mm) 2.48+0.48 ¢ 542+0.37b 6.831+0.34 ab 7.32£0.29 a 7.93+0.24 a
Thickness (mm) 0.76+0.17 ¢ 1.57+0.43 b 2.84+0.21 ab 3.6410.32a 3.92+0.19a

Data of seed length, width and thickness were presented as mean + SD (n=100).

Means within each row followed by different letters are significantly different at P<0.05 (ANOVA and mean comparison with Tukey HSD test).
? Data of seed fresh weight was presented as mean of 100 seeds (n=1)

Hot season seeds are harvested in summer, 2022.
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Table 2. The changes in seed developmental levels along with the maturing process in

bitter gourd ‘Tai li No. 2” harvested in hot season.

Seed developmental level (%)

DAP

I II I IV \Y
14 16.09 a 29.64 a 9.99 ab 44.28 a 0.00d
15 22.89 a 9.73 be 14.58 ab 52.79a 0.00d
16 17.57 ab 7.43 be 2129 a 53.70 a 0.00d
17 15.49 ab 19.47 ab 2337a 28.65b 13.02 ¢
18 11.70 ab 25.17a 14.73 ab 17.85 be 30.56 b
19 12.06 ab 18.72 ab 13.18 ab 19.70 be 36.33b
20 6.37b 257c 3.90b 6.57c 80.59 a
21 3.00b 7.49 be 1.04 b 7.32¢ 81.14 a
22 2.23b 6.64 bc 4.51b 851c 78.11 a

Means within each column followed by different letters are significantly different at

P<0.05 (ANOVA and mean comparison with Tukey HSD test).
Value is mean of 5 fruits.
Hot season seeds are harvested in summer, 2022.
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Table 3. The desiccation tolerance and germination parameters of the seeds of different developmental levels of bitter gourd ‘Tai li No. 2’ seeds

harvested in hot season.

FGPstd (%) MGTsta (d) GTstaso (d) GTstazs (d) GTstars (d) GTstdzs-75 (d)
seed level fresh dried fresh dried fresh dried fresh dried fresh dried fresh dried
II 0 - - - - - - - - - - -

I 0 - - - - - - - - - - -
v 73.33b 10.00 b* 6.23a 5.00 a 5.67 a 450 a 4.38 a 3.50a 7.30a 5.50 a 293 a 2.00 a
A" 100.0a 93.75a 4.47b 476 a 4.07b 3.72a 3.32a 3.23a 4.63b 5.27 a 1.31b 2.04 a

FGPstd - Final emergence percentage, cumulative emergence percentage till end of the observation (14 days).
MGTstd - Mean emergence time.
GTstd2s ~ GTstaso ~ GTstdrs - Time to reach 25%, 50% and 75% of final emergence percentage.

GT stdzs-75 = Seeds emergence uniformity, calculated by GT std7s — GT stdzs.

Value is mean of treatments (n=4). Means within each column followed by different letters are significantly different at P<0.05 (ANOVA and

mean comparison with Tukey HSD test).

*means significant at 5% between treatments. Statistical analyses were conducted using student’s t-test.
Germination was tested at 30°C.

Hot season seeds are harvested in summer, 2022.
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Table 4. The desiccation tolerance, seedling type and classification of non-germinated seeds of seeds of different developmental levels of bitter
gourd ‘Tai li No. 2’ seeds harvested in hot season.

Normal (%o) Abnormal (%) Hard (%) Fresh (%) Dead (%)
Seed level

fresh dried fresh dried fresh dried fresh dried fresh dried
11 0.00 - 0.00 - 0.00 - 0.00 - 100.0 -
I 0.00 - 0.00 - 0.00 - 0.00 - 100.0 -
v 73.33b 0.00 b* 0.00 10.00a* 23.33a 0.00* 0.00 0.00b 3.33a 90.00*
\Y% 100.0a 93.75a 0.00 0.00b 0.00b 0.00 0.00 6.25 a* 0.00 a 0.00

Value is mean of treatments (n=4). Means within each column followed by different letters are significantly different at P <0.05 (ANOVA and
mean comparison with Tukey HSD test).

* means significant at 5% between treatments. Statistical analyses were conducted using student’s t-test.

Germination was tested at 30°C.

Hot season seeds are harvested in summer, 2022.
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Table 5. The effect of temperature on accelerated aging of bitter gourd ‘Tai li No. 2’

seeds harvested in cool and hot season.

eh 2 8

NS

FGPpasta (%0) MGT aasta (d) GTaastso(d)  GTanastazs () GTaastars (d) GT pastdzs-7s (d)
Treatment
w S w S '\ S w w S W S
CK 0d 100a 95a 420ab 6.16b* 3.75ab 4.93c 3.13a-c 425c 4.38ab 7.13cd* 1.25b-d 2.88c*
1d 100a 80ac 220g 450cd*1.63f 275d 131g 225de 194h 5.00e-g*0.63de 2.75c*
2d 100a 80a-c 2.80d-g3.8lc-f 220d-f 260d 1.63e-g 1.50f 2.70f-h 3.67gh 1.08b-d 2.17 c-e
3d 100a 60a-d 2.60e-g 3.58d-f 2.17d-f 240d 1.63e-g 1.60ef 258f-h 3.75hg 0.96b-d 2.15c-e
40°C
4d 80ab 90ab  2.88d-g 3.89c-e 243d-f 250d 2.14c-g 1.64ef 2.71e-h 450f-h 0.57de 2.86c*
5d 90a 80ac 4l1lac 463c 358a-c 2.83d*32lab 217d-f3.96a-c 6.33c-e*0.75¢cd 4.17 ab*
6d 90a 80ac 3.78ad450cd 2.75b-f 3.29d 238b-f 1.80ef 4.38ab 6.00d-f* 2.00a 4.20 ab*
1d 90a 70ac 3.33b-f293f 217d-f227d 156e-g 1.50f 292d-g 288h 1.35a-c 1.38de
2d 70 ab 55a-d 243fg 345ef 1.88ef 3.17d* 1.44fg 1.69ef 242gh 4.08gh 0.98b-d 2.40c-e
3d 70 ab 50b-d 2.71d-g 3.60d-f 2.30d-f 3.33d 1.88d-g 1.83ef 2.65f-h 4.38fh 0.78cd 2.54cd*
41°C
4d 50bc 25d 3.00c-g 3.80c-f 1.83f 3.25d* 1.42fg 2.63d* 2.75e-g 3.88gh 1.33a-c 1.25e
5d 30cd 0Oe* 3.67ae- 3.25ad - 2.75ad - 3.63b-d - 0.88b-d -
6d 20cd 0Oe* 450a - 400a - 350a - 450a - 1.00b-d -
1d 90a 65ad* 256e-g 6.92b* 1.90ef 7.42b* 145fy 4.63c* 2.58f-h 7.96 bc* 1.13b-d 3.33 bc*
2d 50bc 40cd 3.20b-g 8.63a* 2.63b-f 9.40a* 2.31b-f 550 b* 2.94d-g 10.50a* 0.63de 5.00a*
3d 30cd 25d 3.00c-g 8.00a* 2.50c-f 850a* 1.75e-g 6.25a* 3.25¢c-f 9.38ab* 1.50ab 3.13 bc*
42°C
4d 20cd Oe* 350af - 3.00a-e - 2.50 b-e - 3.50c-e - 1.00 b-d -
5d 0d Oe - - - - - - - - - -
6d 0d Oe - - - - - - - - - -

W and S represented the seeds. Hot season seeds are harvested in summer, 2023 and cold season seeds are harvested in winter, 2022.
FGPaastd : Final emergence percentage, cumulative emergence percentage till end of the observation (7 days).

MGTaastd : Mean emergence time.

GTaastdzs © GTaastaso © GTaastars @ Time to reach 25%, 50% and 75% of final emergence percentage.

GTaastdzs-75 © Seeds emergence uniformity, calculated by GTaastars — GTaastdzs

Value is mean of treatments (n=4). Means within each column followed by different letters are significantly different at P<0.05 (ANOVA and mean

comparison with Tukey HSD test).

*means significant at 5% between different seasons. Statistical analyses were conducted using student’s t-test. Germination was tested at 30°C.
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Table 6. The effect of accelerated aging time on the germination parameter obtained by radical emergence test in bitter gourd ‘Tai li No. 2’ seeds

harvested in cool and hot season.

Aging REoonr FGPaare (%) MGT aare (hr) GTaareso (hr) GTaare2s (hr) GTaare7s (hr) GTaare2s-75 (hr)
time
(days) W S w S w S w S w S w S w S
CK 98.75a 45.00a* 100.0a 45.00a* 62.03d 60.57¢c  56.60d 56.83cd 51.19d 49.63bc 65.61d 65.13¢ 14.42ab 15.50
1 90.00 ab 40.00 ab* 93.75a 41.25a* 54.38d 5146¢c 47.54e 45.63d 38.66e 3998c 57.06¢ 5494c 18.41a 14.96
2 85.00b 22.50abc*95.00a 26.25b*  72.38c¢ 77.50b  66.76¢c 73.88bc 61.52¢c 64.06ab 75.17c 84.44 b* 13.65ab 20.38
3 63.75¢ 18.75bc* 70.00b 25.00b* 72.36¢ 8297b 68.05¢c 76.88b  62.06c 6581ab 75.81c 91.50 b* 13.75ab 25.69
4 40.00d 11.25c¢* 42.50c  20.00b* 74.04c 86.64 ab* 70.50c¢ 85.13ab 64.56c 69.00ab 78.19¢ 97.13 ab*13.63 ab 28.13
5 10.00 e 500c 33.75¢ 17.50b 95.10b 101.36a 96.78b 99.00a 82.88b 83.8la 100.6b 113.63a 17.70a 29.81
6 0.00e 0.00c 6.25d 0.00 c 1155a - 1125a - 1099a - 115.1a - 525b -

W and S represented the seeds. Hot season seeds are harvested in summer, 2023 and cold season seeds are harvested in winter, 2022.

FGPaarE :
MGTaare : Mean emergence time. GTaare2s ~  GT aARES0
GT aarezs-75 © Seeds emergence uniformity, calculated by GT aarers — GT aaRre2s.

Final emergence percentage, cumulative emergence percentage till end of the observation (7 days).
~ GT aarers © Time to reach 25%, 50% and 75% of final emergence percentage.

Value is mean of treatments (n=4). Means within each column followed by different letters are significantly different at P<0.05 (ANOVA and mean comparison with Tukey HSD test).
*means significant at 5% between different seasons. Statistical analyses were conducted using student’s t-test.

Accelerated aging was carried out at 41°C and radical emergence was tested at 23°C.
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Table 7. The seedling/seed types of bitter gourd ‘Tai li No. 2’ seeds harvested in cool
and hot season after accelerated aging treatment.

Seedling/seed type (%)

Accelerated
Harvest
aging time season
(days) Normal Abnormal Hard Fresh Dead
w 100.00 0.00 0.00 0.00 0.00
° S 45.00 0.00 47.50 7.50 0.00
w 92.50 1.25 3.75 2.50 0.00
1 S 41.25 0.00 42.50 11.25 5.00
W 95.00 0.00 3.75 0.00 1.25
? S 26.25 0.00 53.75 15.00 5.00
w 70.00 0.00 23.75 6.25 0.00
: S 25.00 0.00 47.50 18.75 8.75
w 41.25 1.25 50.00 3.75 3.75
* S 20.00 0.00 47.50 21.25 11.25
w 33.75 0.00 47.50 17.50 1.25
’ S 17.50 0.00 55.00 13.75 13.75
w 6.25 0.00 66.25 27.50 0.00
° S 0.00 0.00 77.50 1.25 21.25

W and S represented the seeds. Hot season seeds are harvested in summer, 2023 and
cold season seeds are harvested in winter, 2022.

Value is mean of treatments (n=4).

Accelerated aging was carried out at 41°C and germination was tested at 23°C.
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Table 8. The effect of lower temperature and time on the secondary dormancy induction
and germination parameter of bitter gourd ‘Yue hua’ seeds harvested in hot season.

Treatment Germination parameters (days)
Eoegperat“re (To:a”;‘; F(C;‘)/F;)S‘d MGTsa GTswso  GTsas  GTsurs  GTstnsts
CK 0 99a 244 c 191c 1.45d 243c 0.97
1 98 a 2.89b 243b 2.15bc 272D 0.57
0 2 97 a 3.01b 250 b 2.20 be 2.80b 0.60
3 99 a 3.01b 250 b 2.22 be 279b 0.58
1 97 a 2.89b 243 b 2.14 bc 2.72b 0.58
-5 2 93a 3.58 a 3.16a 2.69 ab 3.58 a 0.89
3 97 a 3.72a 330a 2.89a 3.65a 0.76
1 39b 2.82b 2.37b 1.90 cd 2.68 b 0.78
-10 2 18 ¢ 294 b 246 b 2.06¢c 2.81b 0.75
3 8c 2.75b 2.31b 194 cd 2.66 b 0.72
1 0d - - - - -
-20 2 0d - - - - -
3 0d - - - - -

FGPstq : Final emergence percentage, cumulative emergence percentage till end of the observation (7 days).

MGTstd : Mean emergence time.
GTstd2s © GTstd7s ~ GTstdrs © Time to reach 25%, 50% and 75% of final emergence percentage.

GTstdzs-75 - Seeds emergence uniformity, calculated by GTstd7s — GTstd2s.
Value is mean of treatments (n=4). Means within each column followed by different letters are significantly different
at P<0.05 (ANOVA and mean comparison with Tukey HSD test).

Germination was tested at 30°C.
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Table. 9. Effects of secondary dormancy induction and breaking on the germination
parameter of bitter gourd ‘Yue hua’ seeds harvested in hot season.

Temperature (OC) Ernlﬁr;:]eute) FGPRE (%) MGTRE (d) GTRESO (d) GTREz5 (d) GTRE75 (d) GTREz5.75 (d)

CK 0 99 2.44d 191c 145¢c 2.43 ¢ 0.97 a
CK-SD 0 0 - - - - -
20 97 2.68¢c 2.56 ab 2.40b 2.69 bc 0.29b
40 40 98 2.68¢c 2.55 ab 2.39b 2.68 bc 0.30b
80 99 2.71 bc 2.59 ab 2.46 ab 2.71bc 0.25¢
20 99 2.70 bc 2.58 ab 2.44 ab 2.70 be 0.26 ¢
42 40 96 2.62¢c 248b 236b 2.63¢c 0.27c¢c
80 95 2.62 C 2.49b 2.35b 2.65¢C 0.30 bc
10 93 2.62¢c 250b 236b 2.64c 0.28¢c
44 20 97 2.63¢c 2.53b 2.37hb 2.65¢ 0.28¢
40 99 2.65¢c 2.53b 2.39b 2.65¢c 027¢
80 98 2.61¢c 2.48 b 2.35b 2.63¢ 0.27¢
5 99 2.73 bc 2.59 ab 2.44 ab 2.72 bc 0.28¢c
10 99 2.68¢c 255h 240b 2.69 bc 0.29 bc
46 20 99 2.65¢ 251b 2.38b 2.65¢ 0.27¢c
40 99 2.63¢c 2.49b 2.36b 2.65¢c 0.29 bc
80 97 2.66 C 2.55b 2.41b 2.66 C 0.26 ¢
2.5 91 2.80 ab 2.67a 2.48 ab 2.86 ab 0.39b
5 94 2.80 ab 2.67a 2.44 ab 2.88a 0.44b
48 10 99 2.79 ab 2.66 ab 2.48 ab 2.85ab 0.37b
20 96 2.78 ab 2.63 ab 2.47 ab 2.83ab 0.36b
40 96 2.68¢c 257b 2.39b 2.72 bc 0.33bc
80 97 2.87 ab 2.76 a 2.56 a 2.93a 0.37b
5 96 2.81ab 276 a 246a 292a 047b
10 94 2.98a 2.89a 2.69a 3.06a 0.37b
50 20 99 290a 28la 26la 295a 0.33 bc
40 97 2.88a 2.80a 257 a 296 a 0.39b
80 97 2.81 ab 2.74 a 2.45 ab 291a 045b

FGPre : Final emergence percentage, cumulative emergence percentage till end of the observation (7 days).

MGTre : Mean emergence time.

GT, GTresg ° GTgress - Time to reach 25%, 50% and 75% of final emergence percentage.

GTress.s - Seeds emergence uniformity, calculated by GTop,c — GTeye.

Value is mean of treatments (n=4). Means within each column followed by different letters are significantly different
at P<0.05 (ANOVA and mean comparison with Tukey HSD test).

*means significant at 5% between different seasons. Statistical analyses were conducted using student’s t-test.

CK means seeds that didn’t go through low temperature while CK-SD represents seeds that were treated with -20°C
for 1 day.

Radical emergence was tested at 23°C.

RE25
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Appendix table 1. The abbreviations of germination parameters used through this thesis
Abbreviation Meaning

FGPstq Standard final emergence percentage

MGTstq Standard mean germination time

GTstazs Standard time to reach 25% of final emergence percentage

GTstaso Standard time to reach 50% of final emergence percentage

GTsta7s Standard time to reach 75% of final emergence percentage

GTsta25-75 Standard seed emergence uniformity, calculated by GTstd7s - GTstazs

FGPge Final emergence percentage under radical emergence test

MGTre Mean germination time under radical emergence test

GTrezs Time to reach 25% of final emergence percentage under radical emergence
test

GTreso Time to reach 50% of final emergence percentage under radical emergence
test

GTrezs Time to reach 75% of final emergence percentage under radical emergence
test

GTRrezs-75 Seed emergence uniformity under radical emergence test, calculated by
GTRE75 - GTREZS

FGPaastd The FGPgyq of accelerated aged seeds

MGT aastd The MGTgq of accelerated aged seeds

GTaastd2s The GTsdys of accelerated aged seeds

GTaastdso The GTsdso of accelerated aged seeds

GTaastd7s The GTsd47s of accelerated aged seeds

GTaastd25-75 The GTsdzs.75 Of accelerated aged seeds

FGPaare The FGPge of accelerated aged seeds

MGT aare The MGTge of accelerated aged seeds

GTanrezs The GTrezs of accelerated aged seeds

GTanreso The GTgeso Of accelerated aged seeds

GTanre?s The GTgezs of accelerated aged seeds

GTanre25-75 The GTgezs-75 of accelerated aged seeds
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Fig. 1. The growth curve of fruit length (A) fruit width (B) and fruit fresh weight (C) of bitter gourd ‘Tai li No. 2’ harvested in hot season.
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