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Germination Characteristics of Taraxacum ohwianum Kitam.
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ABSTRACT

Background: Many Taraxacum spp. plants are widely used in medicine, but some of them have propagation problems, such as
strong dormancy and poor germination rates. This study investigated the effects of temperature, gibberellic acid (GA3), and potas-
sium nitrate (KNO;) on seed germination in 7araxacum ohwianum.

Methods and Results: The seeds (NIBRGR0000135524) were exalbuminous, and their length and width were 4.54 + 0.032 mm and
0.97 +0.029 mm, respectively. Various germination temperatures were tested (15, 20, 25, and 30 C), the optimum temperature for
germination was found to be 20 C (31.3%). High temperature (30 C) resulted in non-typical seedlings (thickened and crumpled cot-
yledons, with a restricted root system). To increase the germination capacity, GA; (200, 500, and 1,000 mg/{ ) or KNO; (20, 50, 100,
200, and 500 mg/{) solutions were used as pre-soaking solutions instead of water. The GA; treatments increased the germination
percentage and rate, but germination percentage was higher with the KNO; treatments. Under the 50 - 200 mg/¢ KNO; treatments,
the germination percentage exceeded 80% after 12 days, and 50 mg/{ KNOj; was notably effective (91.2% after 15 days).
Conclusions: 7. ohwianum seeds showed improved germination at low temperatures. The best method for germination was pre-
soaking in 50 mg/¢{ KNOs for 24 h, in the dark at 4°C, and then incubating the germinated seed at 20°C for 15 days.
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M oA €53 9t (MFDS, 2016). 1S AE2 02 AR5 o]
2 2ol A= ofUANE, FHE BEloA AEs|as
AEY (Taraxacum ohwianum Kitam = =3t} A EZ (pancreatic lipase) A3E f?} )T g9 (Kim and Kim,

ZE3 ZBR G} skt B¥EE, Sfjoxe Ao & 2011)e E=AT (Staphylococcus aureus) A31EA] (Sun
F&he thdA ZEolth (NIBR, 2013). $glullles & 8% e al, 2014)°] BUEJY, AdEe IuEE @A %
o] IEYS AE BEVEY, dEvEd EWEd), FUEA S, AEESY AR 5)S 88K aldose $lEA
GEMEY), F2AMGYE, euse, Agvsd (Y9 Al & Mok er al., 2010), AZzolME rtslase} =
E£9), s 9 IgviEy EWHEd)e] BaFEJAY &3 (Choi e al, 2013)7F HALEo] lomE 2ofoF A2
(NIBR, 2011), ©] & AMYUNEH e} HF2RAMGNEA = Ast /i 7FsAol Eoh 28y AE5484 Eds2s S d+

Zo|t}. 7} n 53kl 53] AgEAte] wotdprE B vt glo] &
HEE AES o 2RE RRANE AMEolgha (Schitz H AARS 913 AA|F el wolEA A7t Dasit)
et al., 2006), S-EUElIME WS, MGUE, eusaet z 25 gFEe AAHHo g =2 g APl E she

IREde] A7k Aok (epd: 239 (HAK)E ©l ), A Wsds Pokeo] wol A4 dus et ofHs)
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dolg g Holgn Y WolgdAd FHE F3l A
of Agtst FAWH sto] Ha3lth (Ahn and Choi, 2000;

Kang et al., 2004). A4 ‘1% ] Z= dol=xo] ByE 3w

Eg9} FUEHE 70 Y5 wolslar AeAFe os) @
olgo] PEE FHRIS EOM , 304 o) A7k A

AR T 3 FxANA WolEs wolEA At Baud up
2Tt (Ahn and Choi, 2000). A-&xde v L4 A&
o] FHeE EXlsk= 838 QoA (Jung and Kim,
2009), A717ke] A2FAA2E Ag vl ST A4 vl
AL F2oz FASY 744 59 FAI7 YA 5 7]

el Wolr|7ke @EA7|A ol I e &
S22 Wby Jlde] F Qi

mebr] 2 Ate ARIEY Ak AAWae st 285
3l Wolx7e sl flste] Tk Fey 54, €8 4
Z, A4 doler 2 WA (GA) FAE (KNO3)°]
ol FRel miX= S A sl WolEAS sk
A Y= ATt

al

J1 UpH
=

oy

M=

1. &lez
ATANEZ AR ANEE (Taraxacum ohwianum Kitam.)
TAh= 20124 59 259 = WAL diAEHeM A

A} BEO F=FE (NIBRVP0000417518)0.2 A 2bste] =+
HAEARI T HESISA, T2 (NIBRGR0000135524)= o}
A4, A4, By, 299, o5 58 AAsI 124
(15C, 10%)plA S35 10% nRko 7 Ax I 7oAl
A ETALS 7T (—18C, AEE 40%)el BE (3d
67143ttt
2. BXO| HEIsH 4 Y S=HAS

2] HEH = EARAE (SMZ1500, Nikon, Tokyo,
Japan) 2 #H&3ITE Tk A7]= tiA97M}t (DS-Ril,
Nikon, Tokyo, Japan)2 ¥ o|u|X|E o]v|x] £ xg2 73]
Q1 NIS-Elements BR 3.10 software (Nikon GmbH, Vienna,
Austria)2 Z43190H, T2 1008 F 208 7249 st
o 3RO Zolo} UH|E 4% & Htd ZFeAE T
ST 219 HYFE 214|157 (Contador Pfeuffer GmbH,
Kitzingen, Germany)Z 1,00084 Al & FLHARA L
(MS1003S, Mettler-Toledo GmbH, Greifensee, Switzerland)=
TAE S, R0 R FPste] Htd} FFAE T
=

FAE Wolsl7] ol International Seed Test Associate®]

tetrazolium test (©]3}, TZ HIZE) WS o3 o] 3-8
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alo] 28-S ASsIITh (ISTA, 2014). 32 At daw
(Single edge blades DN-52, Dorco, Seoul, Korea)Z $F Z
Ae W 5 Bag ZJXse] 20T 184]7F Bt A=)2)ak
HHdTE AASL FAE 2, 3, S-riphenyl tetrazolium
chloride (T8877, Sigma Chemical Co., St. Louis, MO, USA)

al,

2 1% IMF SN W3 30T 2003 A F B
Be Ausiel B4 i wje] 98 Hmsh YehE sar]
Aow sl B8 BT,

3. BAL ot A

TAE 7 A 70% AeE (30%2)F 2%°] NaOCl (10‘#)
07 AEsly R 53] FASIATE 10084 729 A
wale] AYsgon], EOT Wot HHS sk,

ol HH LERAL 3] s A5 FAE gl
24717k SRt AA @€, ¢x7) § 9#A (Whatman No. 2,
Whatman Ltd., Maidstone, Kent, England)ys Y2 HEzZ|T]
=] (10090, SPL Life Science Co., Ltd., Pocheon, Korea)
Well xaFste] zbzF o2 2524 (15, 20, 25, 30C)akA
2097k FotATE 33t

HEY2ATY F S GAE AHSSIel WolEd &
$E A7a] s A58 FAE GA HH (0, 200,

500, 1,000 mg/ £ )0l ZA] @4C, dZF7) F oAzsie] 2419
3, A7) Aol welF oz i £ 20T Aol 20
A7 HolALE TPt

TSk AR ogh welER gHE ATsh] flete] &
A= KNO; 9489 (0, 20, 50, 100, 200, 500 mg/ £ )l
A (@C, d=xA) F oftsto]
ol 75 23t

e

XAFsiRen, 20CAA 2047F

o} 33 A0 wE wolEAS BAER) 7k AFeA
E 3 239 7HH o7 Expe] Wl S ZAVeI L, W

ol-& (germination percentage, GP), H&olA QYU (mean
germination time, MGT), o} %=X 4> (germination speed
index, GSI), Yo}t U= (germination uniformity, GU)?} Ts,

@F ¥ AT Lokgoll tiF 50% Lo/ mddhed] a8
= 717HE ol et 2ol ARtsIATE (Coolbear et al.,

1984; Gavassi et al., 2014).

GP = (Zn/N) x 100

MGT =X(Tyx Ny) / >2n

GSI = S(NJ/T,)

GU = S[(MGE-T,2x Ny] / (En-1)
Tso=Ti+ [(N2)-n[(T}-T}) / (ny-ny)
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Ng ZAF 29 ol = Ti; niZhbdl 289 717}, Tj; nj7HA
2e¥ 7178, ni; HF EokE ] 50% u]w}zu =7
o} <, nj; ﬁ% Wolg the] 50% ZIE F3 wol 5

4, S

2E AgLe mbEoz 3 E I, Microsoft” Office
Excel 2007 (Microsoft corporation, Redmond, WA, USA)S
Ab&stel Had ZFAE Fetal, FAZEaY
(Statistical analysis system version 9.2, SAS Institute, Cary,
NC, USA)ES ©]&3l] ANOVA (analysis of variance) %
DMRT (Duncan's Multiple Range Test)E 3392, 5%

frola<eoln zF Azizhe] foldg mlasiint.

2

b=

oE

1. SXIC| e EM U 51

AEY (Taraxacum ohwianum Kitam.) FAR= Aeto] &
TR EEEHAL THEFY] E717) e T4 BYeR £
T FZelt} (Fig. 1A). 271 Zo] 4.54+0.032mm, 1]
0.97 +£0.029 mme] 37, Y F2 0.97+0.087 go] AT} SAFe] &
He FIG A3, FREAR TZ BB 27 uj7h -

AHozw Homoz ALy H AE)r}t v ks sle] &
Ho] e Hoz AAEJ} (Fig. 1B).
2. 2EFH| st LoISH

AsE FA wole Afle]l WA BEEE 43 (Fig
20 f20] EEHE #F (Fig 2B)C.E ZH2F #EE 0
o, Wkl F7pe] 70% ool WEHE Ao] wEA e

alo] frurh WA FdshuA wolrt /A E A,
gczﬂtﬁ /\1340]])\1 HLo]_7]. HB}.E}” ;\];d—‘_ o= 20C§
I 29§ oyt AJAtEo] 109714 Hetstal 10 o] %
ole 719] wolalA] YTt (Fig. 3). AHEd Ex= 20Tl
N BARCE felall AT wolad wolks} 94519
o, Fggolhe el wolddws} 7P vol wolrt &

|\

Fig. 1. Seed morphology and viability by tetrazolium test
of Taraxacum ohwianum. A; seed morphology, B;
tetrazolium-stained seed. Bar, 2 mn.

L 717k Zot T APFE & = AUATH (Table 1). ¥H
32 30CpIME ot AAENS ¥ o}, Wolk=rt
gy, wolre] xjdo] TR Waly) Ao udalx] Fa}
= HAAEE 3G (Fig 4, Table 1).

AdAoll A AE U (Song et al., 2015)9} Zuj R4
T (Choi, 2012) 5 U3 AAAE Zx} FEet Tor]=
olgo] FHHA RO AY HIAE S8 &0 Tl
7 BAE vp Qlvh 25 $AO] Wolgd Wolk s 4

Aale 7P¢ 23 29 5 3R}E (Phartyal et al., 2003),
R Wy Ao P vIXEE (Washitani, 1985),
AR o7 AES =235l Yes 24} dolga) do}

E mh',

SEg F8h fHO) PPl wae] AP LE AL
WA Bkt 7 WolE WY w9 AERE o}
o, A7 AEEE Pgwolr gl welErs yushs

o] (Choi, 2012), & AoA ARIEY A= Hole] 4
A%, AHA xR} fHo s 25 TS u) ol HF
25 20CH, T2oM = ol FHe| Ago] Az
v Al 2ol Folsof & Aoz ATE ST

10 mm

Fig. 2. Germination process of Taraxacum ohwianum. A; the
cotyledons emerges first. B; the roots emerge first. Bar,
10 nm.

Table 1. Effects of temperature on the seed germination percentage,
time, rate and uniformity in Taraxacum ohwianum.

Temperature  GP" MGT? Tso”
) % day S Yy
15 28.9ab*  9.0a 3.6b 6.5b 7.6a*
20 31.3a 6.6C 5.2a 3.7¢c 7.8a
25 23.7b 7.9b 3.3b 6.6b 7.9a
30 15.2c 8.3ab 2.1c 8.4a 8.2a

Data represent the means (n = 3). *Means within a column followed
by the same letter are not significant based on the DMRT (p < 0.05).

YGP; Germination percentage of 20 days after sowmg MGT; Mean
germination time. GSI; Germination speed index. *GU; Germination
uniformity. *'Tso; The time to 50% final germination.



50 1 +15°C -+20°C -+25°C -30°C
40

30 A

20 ~

Germination Percentage (%)

10

Days after sowing

6 7 9 12 13 15 18 20

Fig. 3. Effect of temperature on the germination of Taraxacum
ohwianum. Mean values + SD of each with 100 seeds
from triplicate separated experiments are shown.
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Fig. 4. Growth of Taraxacum ohwianum seedling according
to the different temperature. A; normal seedling
development at 15C, B; normal seedling development at
20C, C; abnormal seedling development at 25C, D;
abnormal seedling development at 30C. Bar, 10 mn.

3. Xltlizelol ofst woI=Zl St

A ols F8ke GAs= thEAd A +
U2, FHeute] AadgEdz Agsin, AeAe] gAa
Fe} =2 el a-amylase 4 7S £3 dol 22187
7} B3 B} Itk (Kim and Lee, 2013; Yoon ef al, 1999).

AEY FAE GA; (0-1,000mg/ £) 3|AH o= Axja]st
A7 GAye Solsdt WolE s FIAATH (Table 2). 53]
GA; 500 mg/ £ Ag]ollx HF Wolgo] FAHCR fFolst
Al 7P E=RAL (40.9%), Bdolhdae 59UR tiET
ol B AT (6.80)HT} 132% DEF M, Lol
722 2T @7)ET 53% S7HE AT B3 ol 3 a2}

ol

FrHEA

o
ofy

o

L

pu

180

. __,Ll__jéi

. 20
17:!—[_0

MM

3

Table 2. Effects of gibberellic acid (GA;) treatment on the seed
germination percentage, time, rate and uniformity in
Taraxacum ohwianum.

GA, GPY MGT? 3 4 Tso”
mgt) @ day ST YTy

0 29.4b* 6.8a 4.7¢ 5.2a 5.6a*
200 303b  5.6b 5.9b 3.0b 5.1a
500 40.9a 5.9ab 7.2a 2.9b 5.1a
1,000 33.5ab  6.4ab  5.5bc  3.3ab  5.0b

Data represent the means (n = 3). *Means within a column followed
by the same letter are not significant based on the DMRT (p < 0.05).
YGP; Germination percentage of 20 days after sowing. ?MGT; Mean
germination time. YGSI; Germination speed index. *GU; Germination
uniformity. *'Ts; The time to 50% final germination.

I Berh BdH R ISsiem v
ottt (data not shown). &HA
23] oyt Al A=, A3 Aol
=4 T4 T3 GA, (1.5 mM) Aol xe Holrt
AA =)o} = Aol FARE A3t =EHATH (Kim and
Lee, 2013). W2} GAE WES 21E9] F4} Wols 3
& oy, Az sxe met Wolssgdo] e,
e oyt oAlE 4 glen® Aeses 2d% Javt

S Aoz BRI,

o] Zo
Y &

AEE

dutr o g oA E Fx} Wolg-2 AuiRHE T} ul$- vt
o1, 50% o]ale] W& WolgS Hol= ZoE BIEY )

t} (Kang et al., 1997). &
8} A77F Bol XY=
3l YEAeAA A

o] FAlel whEA
AR H S TEEof
et al., 2014).

B Ao IS FARE GA; 500mg/ £ 2] 2 wolg,
Hol& o} Wolgal o] PO, FE Tole-S 40.9%
2 2TEG 148 F7ke o] wolge] SV Ha, &
(90% W2, =Fshsel] (90% o), XA (80% Wel)et
o] okgAlER ZESHE oA EHT; Wolgo] Yol e
3= 8 Wdolgs AT F e WS e Zavt
= Ao Hdsie] F7|9RE o83 WolEHATE X

S Y (Kim ef al., 2014, 2015; Lee ef al., 2014).

= &50] JIFE o E] AE
A=), oRIAES AdsElr] ¢
JES Frr}t Fosh, I T F
Wolslo] YRR AL 5 Je

3t} (Kim et al., 2014, 2015; Lee

=

=

(<)

4, P70l QJst YOIET S0t

2 FHEl 215 AREEE KNOy= #7197 5 shyt
2, FHe, Wolsxl g f8o] 17sh S-S fEshe A
o2 ByH vl 9t} (Raisi e al, 2013). KNO; 27} F
el vXE G 712k HERIA] ekgkon), Tk &
AN KNO© &3] A EZ2AMS] R (citric acid cycle)<]
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Table 3. Effects of potassium nitrate (KNOs) treatment on the seed
germination percentage, time, rate and uniformity in
Taraxacum ohwianum.

KNO Gp" MGT? Tso”
mg) % day T Y Gy
0 26.1c* 6.4a 2.7e 5.7a 7.9ab*

20 48.4b 6.8a 7.4c 2.9c 6.6b
50 91.2a 6.2a 11.1a 3.6bc 7.0b
100 85.5a 6.5a 9.8b 4.8ab 8.1ab
200 80.7a 6.8a 9.1b 3.5bc 7.9ab
500 50.2b 6.7a 5.0d 4.5ab 9.1a

Data represent the means (n = 3). *Means within a column followed
by the same letter are not significant based on the DMRT (p < 0.05).
YGP; Germination percentage of 20 days after sowing. ?MGT; Mean
germination time. *GSI; Germination speed index. *GU; Germination
uniformity. *'Tso; The time to 50% final germination.

SE7F S/ E He
RISt (Bewley and
Black, 1994; Raisi et al., 2013).

= A7oldE AREd FAC KNO; F& (50-
200 mg/ £y AT3IS W Lolgo] 80% ooz T
3L (Table 3), WolEw BT 23 H2)7F A4 JH=
Washe AR 53] dvtr Al Hs) Hevt w
2 2= Bt} (data not shown).

E3] KNO; 50mg/ £ Tl FF @old 912%% GA;
Z2lo} vlawste] wolgo] 2.28) o) YEAL, WolEEs)
W= dolt A7t grol AL FAlo| Wolshs WolEA

BT} (Table 29} 3). Wo} 7HA & FE/RA] LQHE
AAE ke Hardolhadare BE AHETIA 62-6.8
dollom BAHOR Fofgk ztol7t §lo] KNO; AEl= &
ot QAo AL Qe ASZE AREE I
OPYAE FA| Wolol] KNO; -8 HAA 27} A5 AR
=), AFIE e}t sY&e ANERS} Taraxacum koksaghyz
Z2h= 7H2F 20mMP 500 mMe] KNO; -8l ola) o}
7} 229 v 9™ (Levitt and Hamm, 1943; Park et al.,
2014), REHSE ol9ollE AA AAE) TA= 100mM
(Kim et al, 2014), & FFESH) 4= 200mM (Kim
et al., 2015)°] KNO; &< A Zg]e] sl oyt £
© ZoR BiEIth mEbA KNO; Agle oPAE T4
Hols I F e &AL WA W F SR AL
=, A& Foll wet ol FFS A= = Aolvt

-
S0 mE A Ael A 2 5y A7t

= [e]
54

=

it

oo

Sfs AR AFPWAAZ
A1 st 9%
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2012y A=Y FAk= AE F F s 80-90% Hotst

3, 25 30¢ T 5T 60Y A= 85% o)A o}
ste] FHAdo] kil sl o), B AtelA 3d e Bt
AeAFdH (-18C, RH 40%) AHHEY A= wolgol

30% W2 WAL, KNOol 9]sled #olgo] 90% Ule|=

A FFEALE Wb ANEY FAks ARG FA &
2 FA RN 23} FHo] WSk F o= AR, o]=
KNO; A2 eld § = 2oz IRIFUTH

2EZ20] G824 A ARE Qi A BAl %
olxlE Aol felahy] witel Wolxze Fgsr] flsiMe
ol W ol Wolr 7k, & FUA ) I SAKE XL
gElojof gt} 2 dellA] Hokgo] 912%= 7MY wUH
KNO; (50mg/ £) A2 7ol e g wolg ¥ opa} o}
A2QUF7E AL HolE ot wEr S| Wolshs 54
Bk

web] AEY FAE AL (18T )Pl A7|EE0] 71s
s, ARIEY S22 AR fslixE TS KNO; &
A (50mg/ L)l AL AEE 197 HA F 20C AdxAs)

=
of TiEale W Ago] FaHAL BRT F U,

A
o

ZAel =

B ATE SHAEALS =7 oA E A S &
&) SAGARI (@AM E: NIBR201519101)2] A el ¢J8) o] F
o}xl A2 olo| ZRA=gU )
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