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Dormancy and Germination Characteristics of Round-Leaved Sundew
(Drosera rotundifolia L.) Seeds Native to Korea

Ju Sung Cho and Cheol Hee Lee*
Department of Horticultural Science, Chungbuk National University, Cheongju 28644, Korea

Abstract - This research was performed to develop mass propagation method of round-leaved sundew (Drosera rotundifolia
L.) for improving horticultural usefulness. Seeds were collected around Hwaseong-si, Gyeonggi-do in October of 2011 and
experimented upon while being dry-stored at 4 = 1.0°C (darkness). Seed length of a major and minor axis were 1.58 + 0.060
and 0.21 £+ 0.016 mm, respecrively, and weight of 1,000 seeds was 6.24 + 0.172 mg. Seeds were thus classified as ‘dwarf
seeds’. Regarding the dormancy type, since round-leaved sundew seeds were dormancy broken and germinated at 20~30 C
under the light condition after wet-chilling treatment for 12 weeks, seeds were estimated to have physiological dormancy.
Germination conditions of dormancy broken seeds were found to be 20 C and light condition (54.7%), but germination
decreased at higher temperature. Percent germination (PG), germination energy (GE), mean germination time (MGT) and
Tso were effectively improved by chemical treatment such as GA3 200 mg/L + kinetin 20 mg/L and wet-chilling treatment for
14 weeks. In conclusion these optimal conditions were thought to be a useful method for raising seedling uniformly.

Key words - Dormancy breaking, Drosera species, Dwarf seeds, GA3, Wet-chilling treatment

YSIR
Lo A7) Droseraceae) o] L0522 Drosera rotundifolia
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Koppler Moorof| 4] AR F10]522] 22| A A2-9] Ti<5
gF 7] %o|n], ERHEE At} WAl Aslp )7t ot EF U
NO: £} K0 FhFo] Uyt cfol| vlsf W] HarE]$IekRi, 2000),
o]e} o] Droserady- 3EJ3E AlFAESS 2 ulgh e oA
FEI S Heu YA S EREE Say] ffeto] G
U= HE3 o FRE Z5}819) 01 (Jang, 2002), ©]F &
Aol FAG FAHE BHlghs AR
(glandular hair)7} Westo] mA|LE-S -2 A8keh= 2t
4 23 (flypaper trap)y A54lE= E-FHHJuniper et
al., 1989).

0|54 22 0] 3~5 cm, FA] 1,.30~5,00 cm, HA19]
U] 7} 0,41~0,99 cm& ZF31, 5.09~24.90 cne] 71 o] 7Y
S0l Alste] ZiEkstAA (RUC, 1993), o]=12Q1 #$171E W
= 2088 SRIRE R e E E3H S AR E ol&
A Wol= R FAEe W7HIE vS =350, A%

(AhT=RIFEMEGLXO) oy, 0|9 R EHE SYH.
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Ago] 7141 SAL Algo] AskAe) Aol Yol ss
AEazA B2 71AE 71,

Fue] ol AR B A A4 H 0 R 745}
o WEIP] OPIEAE B0 B T NIER,
2012), AETASHE ERAES Vod 2 =tkE Al 54l
OJAF A1 22(ME, 2007; 2011) 2.2 XA E] o] glo] HAJH o] 7
o] AAsirh, A3 WAATR= 7W wiRY T+ 9
cytokinins *2]2] 83HJang and Park, 1999), MSH|A] W] £
7195 & AaxY D sucrose?] = A (Lee, 2005) X 7]
W A ool whE AESHKim er al, 2006) 5 A= 2408l
OF ol 215 Wolct, 3l AA o] 1 BRA thepy
2 gl o A 241 8T Rl g,
o Az ol 8 241 3 5] 1l A7} 1t A
ol

WD LAY AR FAL AL L A,
Kinetin 2] 2191/2] HEAF2EA H2)2 FUL el
Ay dolE 2438 4= 9)=4|(Bewley and Black, 1994), A&
o e} ) Aol 9 A T, neb e
Eye s ATolis S FE e 47t
thE 79 Fxje) ek 271 2 Mok AJo] =] thE 4 910
B2 2 (Ferreira and Small, 1974; Crowder et al,, 1990; Baskin
et al, 2001) H7he] F0.2 T8 Aol AAHel Ao
Slofob ahtt, £ Qi el At 70l 20| Yol
SHee 3o)7] Slslo] 24 olgT A A B
Ao auolt), AHess HolS Sa Ee] Fen u
Mloh 27k FHSHL, GA, 9 kineting o} §3+ 5914 ol

A st s,

mg >L

H

Mz H e

Ad A8

To] 32 FAR= 2011 104 20991 7371 = SHgA] Ui
oA ZF7100 ] A Rt o Aol A 24417 2
“gAdsteiet, gAE A 100494 2,0 ml wjo] =7 H(MCT—
200—C, Acygen, CA, USA)o] @2 th2 AlZ)71A(5 X 6 cm, Mr,
Keeper, Sungel, Bucheon, Korea)} 74| 25 X 54(25 X 30
cm, Cleanzipper bag, Cleanwrap, Gimhae, Korea)©]| 5-5-5}0]
A& A4 £1,0C, kzelA BashH] Aol ARg-st
ek,

FA] FHA 54 2Ake vy o] 22|32 (NAS00-1508,

AR LI\ A(Drosera rotundifolia L,) FA10] ST} dlolEA

Bluebird, HongKong, China)@} Zu|4|A2(IB-610S, Innotem,
Yangju, Korea)2 0|-85}0] 7‘0] il,-z— mm) 21,0008 Z(m )%
7L 103]-30; Z?H o}gﬁg O
60Col|A] 48717+ &

A1) L 4 5 S|
Inc., Seoul, Korea) .2 &3}t Th2 IT Plus 4.0 software=
galsisics, ek olEme] FEE FARINALEO-15%,
Carl Zeiss, Oberkochen, Germany) S & 2HJ3}%t}

SECELEE
£ WM-‘?‘% slolstiiAl 7128 SR EE 2 A
2A) s0] W2 OB (A5} o) ZAIT, ol %
A g 4lo] ARE F AT A e A ALY
on HE A= 10094 4510 7 S3aiglt), 7|7 S5
FrEE SAE 2.0 nl Hloja 2R H| Y3 13k FR4=1.51l
o iﬂ A5t A2u 4 +1.0C, =7 i3l o] % 24A17F
7HA 0 2 ZRE 70| BE]H|o] 3 (diameter 90 mm, Advantec,
Toyo Roshi Kaisha, Tokyo, Japan) = Z£1]o] 22 822 A|A
stalen, FAS S4% e A SRE ARSI o5 7
U REESLG ow, FALE] A gl oFef ] Alof] tiiste] 7]
7HE ¥g} 2 2E Uehfglch

Wi NA B FAme), W $R9) 2% FHme)
o WOk g 2A1317] 9jafo] o) H-Gol R £7)
e g0 242 7F | E 2] - A (diameter 8.9 mm)of| T35}
At} 0% 20°C2) A (fluorescent lamp, 23 = 0,5 pmol/m’
/s, 24Xt FxAPol| B 2|5to] 24A17F 7HA © & o] 1 o]

S 52 FAE AT v Eoke(n) = Altski.

il
"

o7 g4
Z7}0] dlo}A @ 1 2 AL 3l of oA 20124 54 15
U] 82 U] AL4E MR B 1344 FehuE A

NBlSith, $4E olag A= A TS ‘?—__1%01 7Fs3t -2
of Y o] 8o =g $183| Yt o|F S 01%}0:1
Z55] 4 ohe He AT A SASE HVM -

1 4]
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Hole 0~10CE YA 9] 2B 2(Crocker and Barton, 1957; P U EZ 0= AASI 2, Duncan’s multiple range
Stokes, 1965), Z127k ShE 24 4 10T A teste] P (0,05 5ol SIS AR,
saHslo] £49) FHEIE REAYO, 157 5 $42 )

Ujo] o} G5 AAIskG Zup 4 pak
3719 FAE HE Al TEH ol oS 21, A2E
2 uEstgl o e v 2 A(fluorescent lamp, 23 £ 0.5 pmol ZAo] EXA
/m'/s, 24XV B2ADI GRACE, 221520, 25 9 3 Z2}9] A=a) th=0] Zol= 711,58 + 0,060, 0,21 £ 0,016
0C=& 7z} dA4= growth chambero] HjZ|3}5tt HE 2= mn, 1,000 6,24 £ 0,172 mgQl njA| x4 o 4~H3lak
10024 4dkE 0 & 23isig on] 24A7F 7FA 0 R 300 Eob £ 59,6 + 4. 51%2 ZAFE|QITHTable 1), Martin (1946)2] Z4}
Hho}ZALE A& ]o]—oﬂq- 37155 9Jsd 0.3~2.0 mm A 0]2] EA}= dwarf seeds=
B2yw, 549 D angelica £A9) 7‘0]7}1 6Nz FY &2
hol& %] ¢t FAANA dwarf seedsZ EFE B} QtkBaskin et al,
127 BN A58 A2lH FAE ARGl A=A 2001), wheba] 2 Atol| ARG Fol A FA= A7 ERA
GA3 (100, 200, 500 mg/L) X kinetin (10, 20 mg/L)S Th-& = 9] dwarf seeds® H-5E| 0] &7 o] GARSE EAJS Solgk 4= Q)
F4ato] HE R 3|43t golof 2447 FA A (4 £1.0C, Aok T oA FAe] S EFRES fARE 2719 244
Q27 BT, O] WS olgsio] S T B A WOIuISIA(8 8% 7 545t F1H(3.9%)0] e} 64} o4l
o 35 A HEIRon, A7]9t BUT HHOR AT TS & 50| H(Cho et al,, 2014a, 2014b), b A0 A
20C, oA WotxALE AAskiTh Aehs AEe] WalS flsf Aake 5402 B2t (Juniper
E3F 2210 A 258 A 7|7k 10, 12, 14, 16 W 1822 et al., 1989).
GeEfRt o A7t g FAs 47|19 sU o R 4] SRR A thA = HAU KI5 2ol gl om, FH 9| 9%
gate] 20C, Wz A WotzARE AAskT, ] ol EFF o] A& A FA7F 501 ) SUTKFig. 1A and 1B).,
95 0] 9] g WA A}, EEo] old Aoz A7t
ZAFE 9 FAA = o] FRIE =T (Fig, 10), o= A 5 Afixel A
o5/ o= 2F Woke(Percent germination, %), Bt zof| o 29| 3|7} A Hojd 4= Q= 2410 HQU]
Hofa @ U4*(Mean germination time, days), Thg 5 24| & | E o8 7P T35 9)F T FHS the2] A7} S
Of5A} > TR 4 ofuff ol FAe] B o pA|(Germination olF= FHE Eol=l(Fig. 1D), Y& D indica®} D
energy, %) X £S5 £2}9] Whog-0] 50%01] Tuslk=g &8 burmanii FAF] T1ERF FEZ(Jayaram and Prasad, 2006)
Y49l Too (days) 5= #ASHGITE s BEjaolwfzbup 2F vl ARSI,
BA o A Y B ¥ 3P°“’ °U4 Lo Tyt
HE HAlE SA] AAsEGIT 28} 3 = Eo]Bl= SAS FA9 74 A4
version 9.3 (SAS institute Inc,, Cary, NC, USA)E o]|-85}¢] A 717t mpE Pro|E FAR] 8-S 2AKSH Aot
Table 1. Morphological and characteristics of Drosera rotundifolia L. seeds
Length Width Weight of thousand Category by =~ Moisture  Color and texture Immediate PG’
(mm) (mm) seeds (mg) Martin” content (%) of seeds (%)

Deep brown to

1.58 £ 0.060° 0.21 = 0.016 6.24 £ 0.172 Dwarf seeds 59.6 + 4.51 .
black, coriaceous

2.5

“Refer to ‘Martin (1946)’in references.

"Immediate percent germination: Non-stored seeds were immersed for 24 hours, and then analyzed for percent germination
for 30 days at 20°C, light condition.

*Values are mean + S.E. (n=10).
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Fig. 1. Seed structure of Drosera rotundifolia L. A: Seed covered with dry testa (a); B : Exposed seed (b). Bars: 0.5mm. C and D:
Scanning electron microscope pictures of seed and testa surface; torn part of testa (c).
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Fig. 2. Changes of moisture content in Drosera rotundifolia L.
seeds during soaking period. Vertical bars indicate standard error
of the means (n=4).
“Means with the same letters are not significantly different
by Duncan’s multiple range test at P<0.05.

A7) 12024X12D) ol 17.8%7} Gt Elo] 2ol T8-S 7125}
OB, O] 75,5~76,2%0) S 0.2 Wk o110l Aol 1

o] 7] kokeh(Fig. 2). Cho et al, (2014a; 2014b)2} AATo)A] 1]

I A A olulk )&} A S o] TAR= 7F 24, 48AI%E
ghol] Hf S5 7155t0] A4 A 7|te] S vt gl
waba] o)A AR A FA 7|7 24A7F0 & A
o, Fujof o3t 540 el a9l fle A E A7
=k

24XZEe] R A B & FEe RS FAR] $A4E 20C,
ol 2)gste] Aut doke-s AR A3} 309 59 2.5%
of ufj-- A Z3t drohg-S B ATH(Table 1).

Baskin et al. (2001)2] g7ollA] 299l Ostergdtland ZFAJ2
D, anglica ({101 F4) A 3EZE FUA oA A
310 15/5, 20/10 E= 25/15 Cof|A] Zapdtol-& 2Alet A3,
EA afjoll AR gt FAel At o7k A= gl o, X o}

& H(conditional dormancy)S sF=AHC 2 H 1% Qth

%=t Sheffield Z2HY 2| D rotundifolia (TI-015+2) FAR=
9] 2458 Al (4C) = Felo] Bkl O L Grime ot
al, 1981), 7§ttt Ontario AHY Q] D rotundifolia A= A&
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= AUt o] 53f ol A& WolEA] 982 7]50] Yt Crowder
et al,, 1990), 3HH 5 491 o7} AL D aliciae
Rayn-Hamet, 4 FHIehS 913} 4ok ukEst 2710]
8359 01 KFerreira and Small, 1974), 2949 Ostergdtland
YO D anglica $Ab= A& o5l wo 2= F
Ho| glutE] QI th(Baskin et al , 2001), WEtA Droserass ZA}
L5 F EL AN PR S0 ARl AR
Sl weh FHEA0] 2A thE 4 A& A2 AZE I

12291 25, 30Col = 227t w245 Hok
£ 7S BIrHFig. 3). EgH oAz o] T~M13YU & 15

ol Aa=|qlet, & o] At ZF SAl(Table 1) =6
1 SoF A2 23t 2A1S 2}25}19)2 wj(Data not shown)
04 &3 5% ]THe] W dohgS 7| Sagl R o527
A= Y717 AL-2 =7t == 4824 (physiological)
WS 7P Aoz BRI QI T3k APYA] ol A 7ol
e ol Adsh dEshs AoE dejA JOBR(KBIS,
2016), To|2Z 9] AFA9] TAHALS Y= ALeGa

el BT Fasteh}ieA Bag Ao R Be

[e]
%
o)
o3
B
ofr
L

w N O

o oy

Baskin et al, (2001)2] Aol A D anglica FAS 185-9]

70

A58 A F Ha2w7h 25Tl o] Aol 25
ZHobgS 2K A}, o] ElutE]o] 919%9] Wokg-S
71E3 v ook, 2ev Y AA e $15C, Wrdoale
okgo] 6% vj-P- Axoto], & A A} ufg- FAFSHS
o, whepa] AR 0| FAkE G dH O] AR 15 0]
& 20~30CollA Fo] etaba s} FAlo] wolrh X3 2
O 7 o], FHEFIRE SleiAl= Al A2 F20C Y]
©]o] 27t QTS AJARRITH

gh 2 Aol A] FEo| R FA= Aegd Al 30T
(1.3 5 A&t B oA He Wols|#] aekrk(Fig,
3). 0]*=Kinzel (1909)2} Crowder et a/, (1990)2] A Lo|A D
anglica R D, intermedia Ao} A] HF=A] 274 0] Q715
1, Baskin et al. (2001)2] Aol A<= D, rotundifolia®l S}
7F oA 25 ok A] ke ATt FARE ZAtole}, ghd
D anglica (Baskin et al., 2001)5 Z3§F3t t}4>2] dwarf seeds
(Martin, 1946)«= Hitold 2212 B 1% v} QIth(Baskin et
al , 1989; 1998) wehA A TILo]|FA EAF= dwarf seeds
EA|(Table 1) FHERHETE of 2} HholE flaiA = 7o)
HFEA]l B Qg 7l o8 wetE i,

Hroly] rol3z] FAtol| Al 2ol T oA o]
31101, 4UR}of| F=Hprimary root) o] QI ITKFig, 4A,
4B). o]F 2% (leaflet) FEHS] HlESFE Slo] A=A, =
AP = LeQl= Pe7I(leaf primordium)7} ¥HEE QI
(Fig, 40), 'Ho} 3 8Uxjofli= 21541520 2349 £l Wddh=
EuA] B8 (glandular trichomes)©| 32T ¢ 0 (Tortora et

al., 1980; Juniper et al., 1989), Z2]& A o] ¢loid FAR

G

15T
*+20C

Light

[=2]
o

o
o

Germination (%)
g8 &

n
o

o
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26

Dark
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Days after sowing (days)

Fig. 3. Effect of temperature and light on seed germination of Drosera rotundifolia L. Vertical bars indicate standard error of the

means (n=4).
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AR 0|22 (Drosera rotundifolia L) FA0] FHx} wolEA

Fig. 4. Germination of Drosera rotundifolia L. seed at 2 (A), 4 (B), 6 (C) and 8 days (D) after wet-chilling treatment for 12 weeks.
A: Radicle (a) shooting up through testa (b); B-C : Developed hair root (c¢) and leaflet (d); D : Seedling, glandular trichomes (e) on

leaf. Scale bars: 0.5 mm.

do
rir
4
rlo

S

M-S 3 )Iek(Fig. 4D).
ASAEES Te | 2349 RN vt 7]
oighE, A%, i avkEs, AR 2 AR 24 50
FAEo] ol EHde] wEst, BE FUYHE Hlrt
(Callow, 2000; Hallahan et al,, 2000), &L} HHE 5= 95
A=l sl 2 THHIL HHEde ST s oA
3] gz of(Juniper et al., 1989), ¥of|2|Ql /o] Wl
- e
& QoA R U] ol e

gt 2F5Hol AU, weba] A2 ¢l 4
371 Helirte EorARl v EFH ] el &
€ Hol7] A9 4~6¢ olijo] Hel= &2 4 3l
SH P F7HAF7E RIEA] e Eojop g Zlo s

H)7fo] 4

2

Bt 8

b

£l

1

)

>

rzio.g

J
& e

j?—“og_, :‘0
pI=pgus

>

3

it
=

wol&A 27
Bo|%2 FA40] Wolg g PN Sotel SEE B
13 Gy §940] 24417F AA AR 2, GAs 500 me/L He]

Troll Al 63.5%2] Z[df Hroka(PG)2 H.G.om, Frajz]to] ]
HoRE0] 8% oo A= SITHTable 2). THH GAg 10037} 200 meg/L
A2 tol| A= HolE] a7} SQ1EA] ¢hot o B2 (Table 2),
AEEO GA7} EHEo| 2] Ak Woks ol kU A
© 2 ghtEt) E3T kinetin & 2]7-0| A= 20 mg/L (60, 3%) |
A Hhokgo] 7 fpotglon, K seof| Al Frafe] kol H]
oo} 4,8 ~ 5,6% & 2 Holrh

GAs} kinetin T8 2jof| wh HolA|(GE), Hatotds
(MGT) ¥ Tsor BlalA5kGITE A1) A, Hophl= He
A el ] FAj2jte] H]sl 66% o] FFE 101, kinetin
10 mg/L A 2|70l A] 99.3%= 7F =AU THTable 2). Hatoted
T e Aol Al FA 2T vlg] 2,3~7.3U0] HEE S
1, kinetin 10 mg/L A 2]t A] 13 5Y =& 71 &R9ket, E35F Tx
T s Aol FA glate] Hsf 5.0 ~ 7.7U0] ©EES
onj 53] GA; 500 mg/L A2 A] 9,39 = 71 Zdet, w
2hA] 2P o] 32 FAR) ot §lojA] GAg 500 mg/Li= T
oR& FFA} W Ty, 2] thof|, kinetin 10 mg/L= o} kAN 2l
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Table 2. Effect of GA3 and kinetin treated after wet-chilling treatment on seed germination of Drosera rotundifolia L. at 20°C and
light condition

PGRs (n/Ly’ Percent germination ~ Germination energy’ Mean germination time" Tso"
(%0) (%) (days) (days)

GA3 0 547 b" 152 d 20.8 a 17.0 a
100 52.1 be 813 ¢ 18.5 ab 12.1 be

200 550 b 96.2 ab 16.5 bc 9.8 ¢

500 63.5 a 93.2 ab 18.0 ab 93 ¢

kinetin 10 59.5 ab 993 a 135d 10.0 ¢
20 60.3 ab 88.5 be 143 cd 130 b

“Immersed in PGRs for 24 hours after wet-chilling treatment for 12 weeks.

YGermination energy : (Number of seeds germinated during the first 4 days /number of total seeds germinated)x100.
*Average days to germination.

“Number of days to 50% seed germination.

“Mean separation within columns by Duncan’s multiple range test, P<0.05.

Table 3. Effect of combined GA3 and kinetin treated after wet-chilling treatment on seed germination of Drosera rotundifolia L. at
20°C and light condition

PGRs (mg/L)’ Percent germination  Germination energy’ Mean germination time™ Tso"
GA; kinetin (%0) (%) (days) (days)
0 0 54.7 ¢' 152 ¢ 20.8 a 17.0 a
100 10 50.0 ¢ 91.1 ab 16.3 b-d 14.0 ab
20 623 b 78.0 b 17.0 be 11.0 be

200 10 53.8 ¢ 92.3 ab 183 b 11.7 be
20 78.8 a 96.4 a 14.0 d 95 ¢

500 10 645 b 978 a 143 d 85¢c
20 68.5 b 96.7 a 15.0 cd 10. 3¢

“Immersed in PGRs for 24 hours after wet-chilling treatment for 12 weeks.

YGermination energy : (Number of seeds germinated during the first 4 days /number of total seeds germinated)x100.
*Average days to germination.

“Number of days to 50% seed germination.

“Mean separation within columns by Duncan's multiple range test, P<0.05.

Hardotd2] Tof AvbzQl 20 HEE oFE Aol F7H4 Q1 GAs9} kinetin®] sleoll= Afo7t Sl A
Lee et al, (2006)2] &1-ol|A A8 7HEPE: FAk= GA; 100 o2 Y7,

mg/L #|2] A ol ik ofuf 2} fhopA] ek -3 2| o] Wls] GAs9} kineting = H & E8A 2| thg 20T, Hxzof
FA 3] T7I8I3T. 2L GAsO| A2l gt 5718 ot A EholEAdS EARE A3}, GAs 200 mg/L + kinetin 20 mg/L
£0] Gadhs A Hol, & At el ke Fde B A ]tol| A Wokgo] 78 8% 71wt oH, A el uls)
T, AP 23U AR kinetin 50 mg/L A2 A ol & M= 24.1%7} B/ A ch(Table 3). 3t 2 2HA| o] -8
7} ERRIE IO (Kim et al,, 1996), A S SAIA = A2l vl M e Woke R, E8ATef oke Y &
kinetin 2|27} 10~20 mg/LY o] 25]7 Wolao] 74k T BT = AU EEA ol whE SRR oA, Hat
© 8% ETHCho et al,, 2014b). WA Alm Fof meb it whoplse Bl Topdr AR 23, okl Bs A2l A 4]
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xjo] Freiah wotE A

Table 4. Effect of wet-chilling period at 4 C on seed germination of Drosera rotundifolia L. at 20°C and light condition

Period Percent germination Germination energy” Mean germination time” Tso*
(weeks) (%) %) (days) (days)
10 36.6 ¢" 144 b 222 a -
12 547 b 152 b 20.8 a 17.0 a
14 715 a 948 a 155D 88 b
16 61.5 ab 100.0 a 140 b 88 b
18 540 b 100.0 a 11.8 ¢ 80D

“Germination energy : (Number of seeds germinated during the first 4 days /number of total seeds germinated)x100.

YAverage days to germination.
*Number of days to 50% seed germination.

“Mean separation within columns by Duncan’s multiple range test, P<0.05.

2|tof| Hjgf gl o, e E8A 2ol A 62% o4 oF
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