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Enhancement of Seed Germination and Uniformity in Capsella bursa-pastoris
through Seed Pretreatment

Jae Hyun Lee', Gi-An Lee?, Kihun Ha®, Soyoung Park®, Ju Yeon Moon®, Hyang Suk Kim® and Jin A Kim’"

ABSTRACT

Received: 2025 November 17 Background: Capsella bursa-pastoris is a globally distributed weed that has long been used both

1st Revised: 2025 December 05 as a food and medicinal resource. However, despite its potential applications, its germination con-

2nd Revised: 2025 December 22 ditions and related cultivation methods have not yet been well-established. When seeds are sown
3rd Revised: 2025 December 30 mjxed with sand, as commonly practiced by farmers, the germination rate remains very low and

Accepted: 2025 December 30 the germination period is prolonged, making cultivation difficult.

Published: 2026 February 28 Methods and Results: In this study, we subjected seeds from four accessions of C. bursa-pastoris

(CB-8, CB-9, CB-10, and CB-16), collected from different regions of the Republic of Korea, to

various priming treatments to improve germination rate and speed. Under moist treatment at a low

temperature (4°C for 3 days), germination rates varied among the accessions, ranging from 20% to

60%. Half-scarification enhanced germination, resulting in germination rates between 87% and

100%. Among the chemical treatments, soaking in 50% H,SO, for 30 min yielded germination

by-nc/3.0)) which permits unrestricted rates of 57%r90%_, whereas soz}kin_g in 30% NgOH fpr 5 min completely’ inhibited gepnination

non-commercial use, distribution, ~ (070). To synchronize seed germination, we applied moisture treatment for different durations (3, 5,

and reproduction in any medium, ~ OF 7 days) prior to half-scarification, and compared the germination speed. Under the condition of 7

provided the original work is properly days of moist treatment before half-scarification, the time required for all seeds to complete germi-

cited. nation was shortened to within 2 days.

Conclusions: C. bursa-pastoris displayed variation in germination rates among accessions, and
germination was improved by half-scarification and soaking in 50 % H,SO,4 for 30 min. Pretreat-
ment with moist treatment at 4 °C before half-scarification further enhanced germination rates
accession-dependently. Extending the duration of the low-temperature moist treatment to 5 or 7
days increased germination speed, and in the 7-day treatment, all accessions completed germina-
tion within 2—4 days, allowing for uniform seedling production.
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OXH& - op7[et -sh I -
HZeo R olgHo] gi=d frYddMe A el
A= AMEEROH, a3 dEdis 28 9A), Y,
WU XE 5 k8 5HoR S8HIrhe 715e] "ollth
elsoMe g8 9 ok AER dy 200, Y
7d9EA 1 o Yol Bl g9 8 Ao, Aok = 1%
of ARgHThaL AEdek. gk, AT, ks, Ak 1 BE
ZYZEE Ash, Wlg A8 F o 2t deel T8
AT (Ha et al, 2023).

Hoh= FAE s shaA] v fFrHel Blule o, o
ARRge] ksl HA Aol AlEle] el SIE &
3o s d¥e] HE onlshet, Yozt fat ofEA
de] o]l Ealar Wole] olel Aujol] A3t w3}
e A A &gt Yol 22 JHANIM 2 F
A% FAF Ao meh Ak 2ol HHAA (myxospermous
seeds) E3] A} A2 2] Bl (non-myxospermous)
3 FAZ YHZITE (Toorop et al., 2012). (myxo-
spermous seeds) T & 71 Wo| FAe] A9, FAPE
S 5, AE AT gERd g5, gedEEe s 4
E22E Y Tt e A9d QiE ISk, o

i
=
[¢)

Aoz

£ 0Y 3o F3) Az o) PHA FA P
ol A ESF Aol ek BAe] RAY F7hel SR fA,

a3 wE S5 B, Axs ok e s
gsle] wols ol 7|3t} (Deng et al, 2012; Deng
et al., 2015). L, HHd F3) FAjet v T F
7ol wolg-g HlwdS o, ¥FAA F3] FAle] ool
] =t} (Toorop et al., 2012). o= SRk AALe Apgt
oluf A 5 Hukgl $bd& SEsh=tl frelskAIRt (Deng
et al, 2012), Holol] AH3t AN = TAe| & FTE
Aslste] 238l8 WolsS U F IS HolEh

TAF FHE ] tigt 2=e] AS WAUS F =,
Aol Aget Sdxzlo] 2AE w7hA] wols oAlshs o
&S 3t} (Park et al, 2019). A FHS FA wlFAYSl
met A ol TR ERET 90 BRI R Qs
o7t JAFEE 224 FH, A U 94 EZ=E s &
ol7b A== AEA FH, vl mdso R WolsHA] = ¥
B2, A FH A FEA FH aRlo] St
Fe-AYA FH, B2 FH a9lo] EIE 23 FHoltt
(Baskin and Baskin, 2004). Ak FH-2 F (species) 5|
HolAuk, Fdgt 7 AT @ 2 &) A= F9] A
22 ok AEfeA wiel wet Fo] f¥ Aot gt
A 4 Ytk Han ef al., 2014). £2 Zeto|d
< T2 FHE Eulsial Wol] x| ¢
2l FFAE v AAE 7sE, 8
g g euR] AL, S g, Al B 5 Aske
A3t gAks) o] ARl S RS Sl ol Zask A

p

N

=

2L (seed priming)
Yre] SRS F
2}

O
= o
& WY, AP B
3}

=
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A FRE 2 st dolet 7] RO s s
AR oZH] ool USSP F Uk A =
14 (hydro priming), 3}8} 3~zZ}o]d (chemical priming),
AE Z2}o]W (osmotic priming), A& ZZ}e]H (bio priming),
2] ZZlo|¥ (physical priming), 5 & ZZo|d HHo|
ATFERJLL, ThFet de 2= B A 2ol A8-E A ok
(Han et al, 2014; Hassan et al, 2023). 8 ZzZlo]&
S ol &8st WhHo R FAE I AR <t =l HAAZL
54 i T AxA7E He R, 3 A dold
A7) dl Gl (Harris, 1992). ©] Wie |
sutetr)ef 22 AEolA] ol 5EI fH 3] #dUA
MAdehs vl a2 og AREEO| it} (Fu ef al, 2024). 3}
g zgfo|y2 FAe| FIE dF AAXINAY FAANA F
Zpe] BEAE Eolal wWolE XY= WHoE it
(H,S0,), S2¥824 (Ca(OH),), AotdAAMIESR (NaOCl)
59 glsterzo] AMEEI Qth (Han et al, 2014). Sabina
vulgaris®t Adansonia digitata®] 73~ H,S0, *E|ehH 53
ZZo] AslEoA wie] i FE SNV, T4 F9
o] Elut=o] FA} Wolgo| =AU (Hassan er al., 2023).
@*]2] (Halo) Zeto|W2 318} zajo|d] Wb 5 shu= 9%
A ¥F (NaCl, NaNO;, MgCl,, KNO; 5y EgHE g
TAE At BRSOl Wols fH WS A
7171 f1g o, A% ZefolW> PEG (polyethylene
glycol) &Moo £H HelHES 23l A 8 HTsl=
WHoltl (Han et al, 2014; Hassan et al., 2023). H}o] 2
zZglo|ye FAE vjAYEo] EE LA HxHT = W
HoR, mAES AE S FX6hH, Wl o]l Ee]
B o] AE AAS Bt dadd rAdERs
Pseudomonas, Enterobacter, Xylaria®} Bacillus7t ¢t &2
Zeto|y2 FAfl wisteld (E8]4) AFolv 4 =&
o] g3l Tk AE)F dElE WA= WlHelth T E 4
Ay ol WolE Wellshes &84 dHES AAsE 71414
7 Hmechanical scarification)} A w4 2 & 2=
AR ER Sl TR 7 S5 EFoEA ot
28 P 7 e A MEYE Zaold (solid matrix
priming) 2] 5 Thgk WHol St} (Lee et al., 2011; Han
et al., 2014; Fu et al., 2024).

FE (2017l W= ol A FriM = FAE el
Sb 11 vleR Efsle] sgshkat], okl 30% oldkE W
ow 3 A7)e| wet dolrkA] Ao gl A8 F i
uit} ol Al7|7F #dstA] @ith ol Wole] Ajuiel &
AZIE d&al7] ojfdthe AE BHoFEr) ey o) A
EdX A% *E] (moist stratification, wet pre-chilling),
GA; B KNO; 5 th¥st Zetold WhHS A83i3is o A
A 10%14 Hd] 48.51%2] ole-g Bt} (Toorop et al.,

tlo ol
Mo n

1SS
o

o~
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o[ SAt eolof| O|xl= Hek

2012; Rezvani et al., 2014). o= AL 5& A7 2 =}
ol W HAsIE AU Aplg Yol AFEe] w2 TA T
ob&d Exdst WoplE /AT A, olF Bl ARA
A oJEES} A P ERES dlaste] Wole] o
Aol gk thARA] At} 2]-oloF Akdellxe] g0l a3t
Aoz e F s Ak

ole] & Aelr= thFst Zetold 7} A2 A 717k
Hs7F U] x| oE Yol AlsEe] Wolg 9 ol Lo 1)
A IS Hla-tAsiglen, ol Fall Weolo] Al Hy

=

H]
3 SL 917 Yol TR AAE WS AASHLAL Si3iT)

[s]g=]]
oy

M=

b=

SAL |

2 Aol ARE Tk AekRe, FAYE, AVE, A
oA ANKS Copsella bursa-pastoris (L) Medik. [K281355
(CB-8), K281356 (CB-9), K281357 (CB-10), K281363 (CB-

K281356
(Hwayang-myeon, Seocheon-
gun, Chungcheongnam-do)

K281355
(Gyowon-dong, Gimje-si,
Jeollabuk-do)

3 K281357
U~ . (Poseung-eup, Pyeongtaek-
: si, Gyeonggi-do)

16)]°] EAtelth (Fig. 1). T2k 8ol &g 243 A3} wol

Haslkes 98, 9 e 94T FGFHAALAE (National
Agrobiodiversity Center, NAC)ZH-E] 7} AF19] A5 B
Hrol 20241 99l W A%T FTAE ol v XY &
4T AL H& A2 3Y, dF7)3IATt (Toorop et al.,
2012). A2 58 A2 FAR= 499 (2017004 7P o}
o] =9 (27%) 20C A0l sttt (Young Taek
Yang., 2017). 2 &2 (HB-302S-2, Hanbaek Scientific
Technology, Koreays ARE-3led 4d 271 (16717} 3F71/8%]
ZF FNeIA 27 A & doldE MAES %c’:ﬂﬁ-L HER
o|2ste] Aulstaact. 20251 19l YAl Fste] FAb
S Hdselglal o] S Ayl ARSIt

X} 45 © MK T
FTA= 0.01% Tween 202 H7FsE 1% NaOCl &4 5%
F A F, GasE 33 AFHse] BEe ARG %

H FA+= pH 57 Z7NA 1% plant agar (Duchefa

K281363

Y
4 ) o -
gun, Gyeongsangbuk-do)

Fig. 1. Accession numbers and collection sites of Capsella bursa-pastoris. The four accessions obtained from the National
Agrobiodiversity Center (NAC), Rural Development Administration were originally collected from natural habitats in Jeollabuk-do
(CB-8; K281355, 35°47"10"N, 126°51°42"), Chungcheongnam-do (CB-9; K281356, 36°03'052N, 126°47'10"F), Gyeonggi-do

(CB- 10 K281357 36°59'25 N 126°51°27"EF), and Gyeon%sangbuk do (CB- 16; K281363 36°22'53" "N, 129°22'04"E) provinces
in South Korea. Plant i images were captured usmg a digital camera with a color chart and a scale bar included in the frame.
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Olxlfad -o7[et - sPlE - Hd - 2501 - gk - 20t
Biochemie, Haarlem, Netherland)2} 12 MS (Murashige and Skoog) Ao} 2 pE

(with vitamin, Duchefa Biochemie, Haarlem, Netherland)=
A|lzgh wol wjx|of] X4dste] 20T, A 270 (16417F 3/8A]
7+ hel AEAGlA Wol B AS3I3AT

EHo] 258 $4F ol wpAe] A F 4CAN Ao
s A2 (Y, YR A FH e Sasde

o, g2 Fd el RES 92 Bushs hRTE ol
sloich B2l F9 Blube BHo] A=Y XS dyd 2
o] el 2mle] Hart MR FAEUS o S8
Hulgoz pEsle] 712 WO Z 30~50%S Aehele]
YBIAIL (Lee et al, 2011), M2 Lo} wiz]o] X)4Fa}ct.
33 Asts T3 sshy FH Ele d3yY A5E FAE
H,SO, 50%0l ZHz: 158, 308 FA s AY FASER
(NaOH) 30%°l 5 FAsted Fadaiaitt. shst A2 Foll=
ZHF3E RS AAS] S8l iR 23] AlEgE & gt
At Zlo| A7t Wolgs} Wolko| nX= JIS ol
270 FH EH A E stEeo] Bl flE, i o

< i et Ay 3d WA Ao BE AeTe
LT 20N TL 7170 AR

=3 F9 (22 A424) Bt wEoz wol wixe)] 3w
222 4T 20T 27 337 S8 A2l F A 7]
&3 294 e wasdd. 7 B AgE EA5L
A& ok wiAe] A=),

4. A 2 W K2

Hlw

X2l TRl TE 2ol wWot 5=

Wolullol A F, 4TA 747} 3
2 sasigon, 4L

s A

Az}l ZAFSHSA T
5. 2ok2 & 2or S 24

HZ Uoke2 7F Zeto|d Ayt B AlRE Ve R 2
T AHEJE W AN O, 77| AHele 7F A EE
1094 3uks0= Fef3iit). Wol o e 251e] 7 o
£ JIEo® AAHst o, wol& [Percent germination:
PG=(N / S)x100 (N: & o} S: & Al A7), Hd
dtoll 4= [Mean germination time: MGT= X (Ti x Ni) /
N (Ti: A & ZARS; Nii AP Wol; N: Sole
)] ¥ Ha olEE [Mean daily germination: MDG = N /
T (N: T ol T & ZAKRIP)IE AT (Han e
al., 2014).

&
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1. 3U ARY Wo| AHISSe| BA wolg &l
ool A AMAlskE AlEe] FARs 1~5C] AH2A FH
o] elgtdt} (Jeon et al, 2013; Rezvani et al, 2014; Song
et al.,, 2015). ATHEE (K281355 [CB-8]), =49 (K281356
[CB-9]), A71% (K281357 [CB-10]), ZAAE% (K281363
[CB-16]) 478 A AAY o] Fxp= ol vl 27 & 4
TCollA 3d47F A2 57 A28tk (Toorop et al., 2012).
ol AT (Y, 2017004 7P wolgo] =9 2% 2
71 20C (27% Wolg)S A8sle] AEAGINA 257 T
ol fF=sial 7t Alse WolgS AT (Fig 2A).
CB-8, CB-9, CB-10, CB-16 A%< Wol&2 77t 60%,
40%, 20%, 20%=, FAs A slolA Alsell wek
40% o)iFe] Wolg 2jo]E BT} (Fig. 2B). 2+ £ o}
£ vk o]de] AFENAM AT TAE A AGe
w}l ol zlolE HYow, 949 A AlFel mEr %
o}g2] o7t AEH, ol e Folgke AF X3 A
Bl wE Wolgo] g F Uthes A ov|gth (Lee er
al., 2003; Gang et al, 2017). ¥ A3 AEZ ARE3E Y
o] ATEL] MR AE Aole 1= AEE & A7t §l
RO}t A=A ] Bef wolgo] g gt} (Fig. 1, Fig.
2B and 2C). ©] A3k Uil AAYsk= Yol Alee] Fd%
o] AR tE F USS HAFT} (Fig. 1).

. 7Y Eju} ukdo] 2 wolg skt

ol ko] wolge] tiekst zeto|d) Az W Ee] X
dks gRIsh] Hal, B84 Z2teld [1/2 scarification
EA A = 7EA sFEA Zeteld (50% H,SOs, 30%
NaOH) #2]Z 3l A& 4TC) 5& A3 CB-8, CB-9,
CB-10, CB-16 Al%E2] Wol& (60%, 40%, 20%, 20%)2 H]
wate] E87 W (172 scarification)yS 23 CB-8, CB-9,
CB-10, CB-16 #A%9] ZFA wrol& 77k 100%, 87%,
100%, 90%=, ©]& 715 dolgo] 47-80% WI=HAIL F
AdoZE fogt S7H1S BHAFUT} (Fig. 2B and 20C).
50% H,SO, &9l 3027+ HA Ak 4, CB-8, CB-9,
CB-10, CB-16914 22t 90%, 67%, 77%, 57%2] Zol&S
H3AoH, CB-9E Algt 379] AlsolA SAXCE o3t
Al Fol&o] 7189t (Fig. 2B and 2C). 50% H,SO, &
Aof 1587 HA AEgt 9= CB-8, CB-9, CB-10, CB-
16904 ZF2F 47%, 53%, 40%, 47%2] Wole-S BoL) A
2 F& Aol vlarste] Wolgo] =R F3uTt (Fig. 2B
and 2C). FAEle T2 £ ol AA1A dolgs &
BA717] A8 R AREEW, 3 FARE 25-30%°]
KOH -&¢l] 30-40i7+ 2] & FAlste] o118k & g3t

R
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(A) Cold treatment start after Sowing after

sowing priming treatment
3 3 Growth chamber at 20°C ‘
| | | | | | | |
| | | | | | | 1
0 1 2 2 4 5 16 17

Day
(B) Germination percentage of each priming treatment
100% . -

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Germination percentage(%)

4°C H2504 50% H2504 50% NaOH 30% % scarification
3 days 15 min 30 min Smin
m(CB-8 m(CB9 m(CB-10 m(B-16
4°C H,S0, 50% H,S0,4 50% NaOH 30% %
3 days 15 min 30 min Smin scarification
CB-8 60% 47% 90% 0% 100%
CB-9 40% 53% 67% 0% 87%
CB-10 20% 40% 77% 0% 100%
CB-16 20% 47% 57% 0% 90%
H,S0,4 50% H2S04 50%
15 min 30 min

CB-8

CB-16

CB-10
NaOH 30%
S5min
CB-9

CB-8 CB-9

CB-16

CB-10

% scarification

CB-8

CB-9

CB-10

CB-16

CB-10

CB-16

Fig. 2. Germination of accession seeds under various priming treatments. (A) Timeline of seed priming treatments. (B) Germination
percentage of accessions for each priming treatments (4°C for 3 days, 1/2 scarification, 50% H,SO, for 15 or 30 minutes, 30%
NaOH for 5 minutes). Data are shown as means = SD, with statistical significance assessed by Student’s t-test: ‘P < 0.05, P <
0.01. (O) Germination status of accessions after 2 weeks for each priming treatments.
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o] EL9t} (Han ef al, 2014). Wyo] Fx1¢] 7%
30% NaOHell =] 2] sl1S o oyt A8 == edgke
o2, gAgE 7EE 2dos Alg"Y (Fig. 2B and
20). o] AFoAM 50% H,S0, 30% A =72k 12
scarification * 2], 53] 87%~100%<] wol&S HOl 12
scarification 2|7} Wo| Fx}e] Wolol] E3}AQ] xZeto|d] v
HAAS RIS Wol Fak= Hdd F3] FApel| vls| B
A4 F3) FAko] wolgo] o ==l (Toorop ef dl.,
2012), 1/2 scarification A= FAke] & F5 W8l
oS A7l 90 R Had Fort EEFe
2 AAE Ao] FAe] WolES A AT AeE A
S B3 FAE dold o f2o] WA g & Ay
o] F3|E EI YA B AFo|A 1/2 scarification X2
H o] FAke] A9 APel WA A F Aol wEsiit
. ol 83t TAE half-cutdte] Holg-S FIAITL Aol
A BYE B B2 fARE FHoR AEET (Lee er
al., 2011).

AL F& Ae AL A4 79 sl $4 2
olg-S A7 Wol Fxol| thdh o]Ae] Aoa A&

Ha A 717o] das T4 wolgo] FIETE Bt

ATt (Rezvani et al, 2014). T4 S 918 58 A8 &
To S AE Fo wE tEd, oFe $x= 5T
82%, MERR= 15CoA 93.3%, A= 15T 20CA]
100%, MZ28f7 Ak 20TCoHA 7P 22 dolgS 1Y
t} (Jeon et al, 2013; Song et al, 2015). Yo Zatl]

T FF A7) 2= 242 2As] 8l wiAel A8 F

AHE 4T} 20CoA 242t 3U7E 58 A2lsinh. & A2
S, A dols Pl 7P B3 0|U™ 172 scarification
A E SIANL AR ol viR] o] ARFste] 25 & Woks
< H|lwsYk (Fig. 3A). 2L 23}, CB-99] dolge 347k
20Col- 55 A7 3 1/2 scarification 28] Al 67%<] 2
ol&-S, 4T 3Y7 & gl ¥ 1/2 scarification *]2]
Al 93%¢] Wolg-S Bt (Fig. 3B and 3C). 4C &7}
20C Azl vl FA; Wokgo] 26% FIEUSLER, 4C7t
Yol Fatell Aeet & A8 2= SRIHATE v, CB-
8, CB-10, CB-16°14E #-2]w] g 2jol7} A== eigiet. 1/2
scarifications &3 &21% FH e} ol Yol F4F fd
Elgbol] @291 whHolA R, CB-99F 70| 1/2 scarification®
2% wolgo] Be Aol ¢ 1/2 scarification A 4T &
& AYE Fol Tolso] FFHS BT AAF Al
A Malus domestica, Juglans regia, Corylus avellana &A}
o] 74 s 9l A A s, olw F2F W
abscisic acid $FgFe] 7431 gibberellin $Ho] F718F9L,
A, o, e Balg Bl wolo] Wag ohulwits

T gl S71slo] olgo] el BAHAT (Chen

=

=

30

- 2Isks . ZIxIo}

T'_—I_|_:‘ =

et al, 2015). & A7 AIIME 12 scarification (FA
Ahrio = Yol Fxpe] wolg2 Pt (Fig 1B and
10), Aol et Ag)d F4 et destAY 8 & A
A 717ke] Fol FAke] FAEE RS AEFHoz 12
scarification A|2]¢} 4C 584 2| & Hasle] Wolgs =Y
T USS HAFAULh
3. X2 2] JI2t S0l W2 2ot 55 Hlw

ol FA= AR ol £xvt det i & A5 Hol
gk TR} wpRRte 2 wolsls FAF kel Wol A7) x|zt
el =7|% gt} olefdt o= Wol £ AJA] 21 7|3H
of Ax FEA Ho] =FEo] TAkE L i Aol &
sit}, olsrle] A AL (20C) A 717ko] AojdrE
Hol Altdo] JFAR L, HF WA medhe 717k F
otk A+ A3t Atk (Song et al., 2015). A& (4C)
T8 A 717ke] Wole] Wol Lol W= JEFS ERIT
7] 13 172 scarification *|2] A 34, 54, 797+ A
225 slo] FAE Aot Fol ol wizjel] 2438
(Fig. 4A). 3¥7F A2 F& AEg 49 BE TAke] wof
A 4-62 (CB-8, CB-9, CB-10, CB-16 ZtZ} 4, 6, 6, 5Y)
29 ¥tk 28y 597k A2 oM = 2-5¢
(CB-8, CB-9, CB-10, CB-16 z}z} 2, 5, 4, 4%), 747t2]
AL F& AYY A$oeE 24Y (CB-8, CB-9, CB-10,
CB-16 77} 2, 2, 4, 3¥)=E ©5=ct (Fig. 4B). 7+ A%
o] Hadoldy (MGNE ¥t 23, CB-82 3U7F 38
Al 2.23Y00|A 5U7 77 ABA] 22U R Hadeold s
023U TEAF oY FAXHSZ = Fovst 2folzt Gt
CB-9= 397+ 597 Aol FdaAl 2.869 48FHAUS
U 797 AHEA 2192 FHrdold vt 0768 TEEATE
CB-107} CB-169] 7-¢- 3¥7F AgA] 242t 3.03, 3.1Y &8
HAAL, 597 AEA] 397 M e} wlaste] 74z} 0.8, 0.44
o wh=xEo] 223, 2,668 AQECE 797 XAl 3U7E A
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Fig. 3. Germination of accession seeds after 1/2 scarification following moist treatment under two temperatures (4'C and 20°C).
(A) Timeline of priming treatment. (B) Germination percentage of 1/2 scarification after moist under two temperatures (4°C and
20°C). Data are shown as means = SD, with statistical significance assessed by Student’s t-test: ‘P < 0.05. (C) Seedlings of each

accession after germination.
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Fig. 4. Germination period of accession seeds after moist treatment. (A) Timeline of each moist treatment and cumulative
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germination percentage assessment. (B) Cumulative Germination Percentage of Accession Seeds after 3-, 5-, and 7-Day Moist
Treatment. (C) Mean germination time (MGT) of each accession seeds af%er 3, 5, and 7 days of moist treatment. MGT was
calculated using the formula: MGT = 2(Ti x Ni) / N, where Ti is the number of days after sowing, Ni is the number of seeds
germinated on day i, and N is the total number of germinated seeds (D) Mean daily germination (MDG) of each accessions
seeds after 3, 5, and 7 days of moist treatment. MDG was calculated using the formula: MDG = N/ T, where N is the total
number of germinated seeds and T is the total number of days observed. Data are shown as means = SD, with statistical
significance assessed by Student’s t-test: *P < 0.05, **P < 0.01.
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