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Effect of Seed Treatment on Improved Germinability of Agastache
rugosa O. Kuntze

Hyeong—Gyu Joo, Jung—Eun Lee, Jum—Soon Kang*
Department of Horticulture Bioscience, Pusan National University, Miryang 50463, Korea

Abstract

This study was carried out to establish optimal conditions for breaking dormancy of Agastache rugosa O. Kuntze seeds. A
series of experiments according to seed maturity and treatment with plant growth regulators were performed to improve
germination percentage and synchronize germination of the seeds. In addition, it was conducted to test whether the useful
effect of seed treatment before sowing leads to healthy seedling and early vigorous growth. The average seed size was 1.85
mm (length) x 0.82 mm(width). The seed size was much smaller than other vegetable seeds. Seeds colorappeared dark brown,
the shape of the seeds was oval and the weight of 1,000seeds was 352.8 mg. The optimum germination temperature was 22C.
Light exposure during germination did not affect germination promotion, suggesting that 4. rugosa seeds are a kind of dark
germinating seeds. Seed dormancy lasted for 40 days after harvesting, and GA; treatment of dormant seeds could break
dormancy. There were significant differences in germination percentage and rate according to the maturity of seeds. The
germination percentage of mature seeds was 10 — 18% higher than that of immature seeds, and germination rate was 2 days
faster. GA; treatment during growth regulator treatment improved germinability, but BAP or ethephone treatment did not.
The optimal growth regulator concentration of for germination was the combination treatment of 100 mM GA; + 100 mM
BAP.
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1995; Choi and Lee, 1999; Kim et al., 1999; Lee et
al., 1999; Lee et al., 1999). W17IoA= (Lol
Solgh AR, BAG 5 £4)0 EET WAES &
7] 18] ErlA e A 1 2L Welo of
8343 9l MiZTRE 4 Al2H9)E oFg % Algo
2 Abgaka 9, 7140 BgstelE ehdaol
shelel b4 golu], AeiEky Ak diet 972
e ek AIE) 8 4 gl Aol 7] St

(Lee et al., 1999).

HEZo]| &35h= Bl Mentha arvensis  var.
piperascens Malinv), X}Z7|(Perilla  frutescens
Britton var,. acuta Kudo). AF}SHIsodon inflexus

(Thunb.) Kudo) A=} e 2] & 2 frAlt Fito] gle
L2 eh Wls] them, I AR -G ol A = -
FlthLee etal., 1999). thit o] 50] FAd w2 ohd &
okl Sl A FE Aot

= R APFEE °F 1,000 Hehofl o] =1 =y
FRA 7|EHS, FARSE, Wt dasd 5o
£ 74 o] HojR|aL Qlof sl ol ARt A SR 1R
A8 B k0] 944 L Bol4o] Qi A2e
2z 3k FFrgo] o]fofxor & Hart itk
(Zou and Cong, 1991; Shin and Kim, 1998; Kim et
al., 1999). SHA, 2] Helakmo] RS Qg Eo)
SoHE ol A R FRARS Hol A
% Fast] A9AEe AujeEolt 4:247] So
e} b 4= Utk Lee et al., 1999).

Al G7HA] i FEEollA] He2d 7152 Bt
Zus 5 oht @E o] HArE N Qlal(Fujira
and Fujita, 1972; Charles et al., 1991; Cho et al.,
1997; Lee et al., 1999), o|& -85 11754 A&
TRt w2k w7Fe] A= AER 7t
Fe 2 4 S Aotk

Jefupuf kel AuiAl FAH SR SAEH O R
QIFE ASAuR7 | o HAL A3k Hokgo] A = AL Slrk
Ao &0l A ol52le 917 35 FAA 2 =
AIRZZA| A 2](Khan, 1975; Persson, 1993; Bewley
and Black, 1994; Karssen, 1995), priming *]2]
(Bradford, 1986; Khan, 1992; Parera and Cantliffe,
1994; Kang and Cho, 1996; Kang et al., 1997), 33 *]
ZJ(Rood et al., 1986) 50| A|et=al itk A|F7HA]

AE
=

%57 - o]

e
vzl et sulel e AEdEEY 4

71573 A7l st A7 o] 9L Fujira
and Fujita, 1972; Charles et al., 1991; Cho et al.,
1997; Lee et al., 1999), 2ol8-S FAAZ = =
psao| 1 A1gAQ) FAH 2] HhHS H1F] o] Folx]
#] 949k,

2| AR o) O & A7 ol iRk o]
S0 WA oFe) fiso] Flofut Hlxgke
o] TEA 2] QYA Fo] AhH o Bast
whebA] 2 QA wjzake] A A S st 915
FApo S 7142

2. M= 3 Y

2.1, BARE

2 Ao AR Hl 2T A= A BFAIA9Y
of FAE AFstA TAE] 544 2ARFA(Fig. 1),
Apazizsto] sC WAkarel A st Al ol Fo]
AR TS AR RE AYS I FHAA,
F Y AN LS 2ARSETE
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(Thermo gradient table, seed processing, Holland)E
o510} 15-30C712) 2C 712 0 2 wlol. o125 g5}
Hrol& i} | FHholgo sl 50% Hote]] & Q F=
A48 2ABHgck
ol A2 petridish(9.0 cm)©f S<5X|(Whatman
No.2) 2748 771 ol 2 4 1009]9] 412 3ys.0
2 X gsto] AASHIrk MokAIE B4 A4
13714 12417 1A 0. 2 3t gl o, ol g 2
o] £)5 H31 1.0 mm o)A A1AE AE 712 s},
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Table 1. Morphological characteristics of Agastache rugosa O. Kuntze seeds

Seed size (mm)

Length Width

Seed shape

1,000 seeds weight

Seed color
(mg)

1.85+0.2°

0.82+0.03 Oval

Dark brown 352.842.3

“Mean =+ standard error n=3.

N;: Noj| t3t50% R A 7FA] drol= Z2x14=0] 31|
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3. EXZ0f [E Lot

Hj2gko] Zapdlotol I Al 2ARFIA}15,20 Y
25C o] g27]o| A (B35, 16X At ot
e A skt olnf 2ARE F352 Wo| A7l
12.16 w/m® itk

2.4, §HY 7Y

W2} SR SFAS el ol e
%3218 Aelo] S phego] 1% S AISHES 821
AZ1 %-5Cof| A1 0, 20, 40, 60 2 120 47F 22} AA5h
o] GH£719] 2521 C G710 A] Hok BTt Ty 2AFS}
ik watk 2}7h) Al7|e AR vl F40] 100
mM 9] gibberellic acid(GAz)E #|&|5lo] FHEM} &
1= AASFTE Gibberellic acid(GA;) X 2HWHE
9cm petridisho]] 3 g&] £2} 92 5 100 mM 2] GA; &
H-5-20 ml 353t 20 Coll A 4412 F 2| A 2] BFlch
GA; A e 283t FAE AI5to] SAREH | Hob

e AR AAIS A A ol 4ol o) 8519]

~
1 oo doh

3:0
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2.5. Bz Hof| mE 2o

FA0] &AL Holo] m)Al s IS 2AL]
el vl F maoll A A4EAIel nl4EA S AEele
o A%EA el nl4EAe) A7) Ee F 7} 2419
AL AL EAR ST, T} el BAE )4
A PR FA0) A4 wol ne ERE E4)
250 Wm0 47197 A4 215C,20C,25C 9
30°C 2] g2 Wol7|olA Wolga} Ty ZAR AT,

2.6. ASUHZHA &2lofl 2t HOEE! St

W27 F 2] ol Al KakE Al ia) A
AR Ae)E sk AR AR A=
gibberellic acid(GA;), 6-benzylaminopurine(BAP) &
Ethephone & ARE-5I3IT) A& 247 o] A 25
= GA; 9 BAPE= 100 mM, 250 mM, 500 mM ¢332
™, Ethephone-2 10 mM, 25 mM, 50 mM % 100 mM
A2 et

T AR AA] S8 T o Rt ol Ayt
= AAsF1AF GA3; 9} BAPE Z+ZF 100 mM, 250 mM
5500 mM 5= 4§18 2Asiolck AR
A A2 HPH-8 3 go] EA129 cm petridishol] Yt 7+
2to) s 2R AP AA) §o8 20 mL B
T A2712] 20 CollA] 4412 MR A 2] sh9ict A2 &
B2 287 AB0] AL olA] 12417F ARA7 TR
15°C D25 ColA] g27] oA Hropd & ATt &
AEA-L SAS 2 1Z(SAS 9.4, SAS Institute Inc.,
USA)Z o} 45151}, HAHLE(AVOVA)S AA]ak 0.
], H7t B 1= S A TS(Duncan’s Multiple range
test) 774 o] 85120ck

3.1 BXEY

| 23 FA2 Fej A 545 AR A3 A 27
< 1.85 mm AL, FAF 1 H|=0.82 mm =2 T AH4F
Aol Blsf) 7] 7} 22 A FALE B Aok E3H
HE2352.8 mg O = AIHFTAG FAHA P2 o]

9T, FAF 7S . 70| Yrk(Table 1),

ey

3.2, HiEE BXIQ| otz +H

W23 A 0] Wohg-2 ol e o] T 91o] 20%
ulRko 2 U el w2 E40) ol e 2
2C A5 pehE s, FA5 A4k ol s 15%,
10AI 18%, 13QAol A 19.5% Wolsto] Tt
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Table 2. Effect of germination temperature on percent germination and Tso of Agastache rugosa O. Kuntze seeds

Germination T ©) Germination (%) Tso
ermination Temp.
P 5° 10 13 (days)
15 152a” 16.5b 175a 4.02b
17 15.0a 17.5a 17.5a 392b
18 13.0b 14.0 bc 142b 392b
20 11.2 be 12.0¢ 122¢ 3.84b
22 16.0 a 18.0a 195a 334¢
24 13.5b 15.5b 17.0a 3.55¢
26 12.2 bc 13.0¢ 16.5 ab 3.79b
27 7.0 ¢ 13.5¢ 14.0b 458a
29 13.2b 17.5a 18.0a 383b
30 95¢ 11.0d 112¢ 3.59¢
“Days after seeding.

YMean separation within columns by Duncan’s multiple range test at P=0.05.

Table 3. Effect of light treatment on percent germination and Tsy of Agastache rugosa O. Kuntze seeds at 15°C, 20C and 25C

. .. Germination Tso
Light conditions %) (days)

Germinated at 15 C

Dark 184a* 4.16a

Light 194 a 3.82b
Germinated at 20 U

Dark 222a 354a

Light 230a 344a
Germinated at 25 C

Dark 20.2 a 348a

Light 19.0a 342a

“Means in columns with each germination temperature were separated by Duncan’s multiple range test at P = 0.05.
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22C Aw2 H7}E| 9]t Table 2).

3.3, BZZ0]| U= Zoky
o mhE w2 T4

ol o2 ARG At

= Table 33} ek, w23 FAR= 2] £A) ol &

Alglo] tok&ro] 23% o] 5k Wigkek. Fittoy FAfe]

Hlo} = A 27k0] 34719 1-5.0] 1oL phytochrome

red(Pr)2} phytochrome

far-red(Pfr) =2

o]Fo1xl

phytochrome 2] 7]2}of] A]u}j =]t Profl w] 3| Pfro] vl&

o] %2 Afefoll ] ol 7} & 21tk Rood et al., 1986).
e v 3 Sapttolol o] 1A Tofsta] ek
3.4, EHM AXN
HlEGoA FAFEA S T} olee Fe et
shA)7] 20l BAR ehelA Gl GA,; Helstol
F9 et IS Ak Table 4)

HlE G A5 ol go] 3.2% Hakslel 1 5
olgl oLt A7IKte] ket o] A1A5) etk
of otgo] JLEIIck 53], A4 40U e] Wolgol
18.72 A3 3L, 6041120 A& EA1=34.0%
9432.7%9] o}&-S Wo] Flo] et gl uetA

Ml A 409 HES] FRAS 2 S0 o2
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Table 4. Effect of storage periods on percent germination and Tsy of Agastache rugosa O. Kuntze seeds. Seeds were light —

germinated at 25°C for up to 20 days

Storage periods Seed Germination(%) Tso
(days) treatment 5z 10 14 (days)

0 GA; 100mM 6.2 8.2 8.8 442

Untreated 0.0 2.4 32 5.43

20 GA; 100mM 9.3 333 38.0 6.09

Untreated 1.3 4.6 4.6 4.19

40 GA; 100mM 22.6 36.7 38.7 443

Untreated 16.0 17.3 18.7 3.04

60 GA; 100mM 34.7 38.7 39.3 3.96

Untreated 32.7 32.6 34.0 4.18

120 GA; 100mM 38.7 40.7 40.7 2.79

Untreated 20.0 32.0 32.7 4.00

Significance Germination Tso
Storage periods (A) HAHAY *ok
Seed treatment (B) o Hkk
A X B kk sk

“Days after seeding.

YN, #, s

FUEQ W2 $14) GA, Aol Frvtekt avt
7k 9eatlan, AEAT FAE GAsE Helsteiehe

ulo}g0] 8.8%0] Eajato] Frela Bzl 2] okt
O}, 20 B 40U AE FA A= GA; Z2]of| 2
ol ool ZRIE .

5Col| A B2 3F S AR= 60 UH-E] 34.0% Hols}
o] Frlo] A1A3] EfmhEII. olelg Ak A2 ¢
ol tobolA g zlo] Sabakel vl wol 4 £do] 2
Agse|o] grtEfue} 5 Ao Mo £215 A 0w vt
FlthKhan, 1975; Karssen, 1995).

W22 T ZxJo|| A dlolr} x| I 5= 1oL ujo] 71
2AQ W&o 2 fto| MG EFS B A
Q=24 3 9] oFsKKarssen, 1995)2} 422 2] 1]

ez 013k v AR Q3 Jorgel Ask
(Karssen, 1995)3} 2} o]] ol &2lo] 2 H o
X AR -|T7l 01-03] dlolr} x| A=k
QNIA] O 7 LB AP S0 i AL 2 KE] o|ety]
9, w7} w55t 37]7} 2131 Bl 93] o] 2o
X7 97 o] A7k S5 A o] ofaiA] wolrh
758tk a8y wiRsF 2= A)EZ2 S dolgo]

Nonsignificant or significant at P < 0.01 or 0.001, respectively.

3.2%0] EF3FS L, 60 0] FHEE] 34% o) Hhotato]
Fm7]7b0] oF 40 A= & k] QJTH Table 4).

5. Bxtds Fxof| ME ok
HE%%WAHG@Eﬂ%ﬂ%ﬂMﬂ%%@%
AT Q2] o] ek otah doldhte
o= @ARE 217} QA Fig. 1). J5FA= vlsF
Aol ujaf wolgo] 15C,20°C 9 30 C0ﬂ/\1h°k 10%,
25 Coll M= 18% =3kt ok = A d47g o
waaﬂMEidq

S AR ol o] TAgle] vlEF AT Ty o]

2¢] ZJE EMQ_U:L O]{—H’(S]—ﬂohg_ igo] 15 Coﬂ/\_l
Rk o]9h 22 )4 o] hobx] e who]
Z]0] u|4: 9l ujAARe] oJokF9I0] ulj-8- 2] o] ujridto)|
Q15 A o 2 gt Bewley and Black, 1994). A<

e} e S gob g ohao zko o
Aol W] ool Rt ofef3h Bt} ¢

A}
o ) $4 5 A M 0= Ao Qs EXet EA)
Elo] Q7L ool 22o] ZAjo] oJ3t A0 5]
ek,



82 293t -

2T a7t FEokal e M2 AFAE 9
31 AR 2 0] SAER 0] She il opL g} n)ds 2]
A o} wheto] A E oo} 8t Ao}, W2

0] 2E A E ALt Hlﬁﬁ H}—o]-%o] Eodjel ks s
XPXHE 7fsto] WolEAl 7laE AR SARA
o] ST S A OFE 011—EID}

100 [
go | Germinated at 15°C a

60
40 a

=
o
So

Germinated at 20°C

J
n

Germination(%)
B

Ty, (days)

Germinated at 25°C

a

40 ]

b
zﬂ_lltil;
0

Germinated at 30°C

40 a
b
ol Il
0
Mature Immature
Seeds maturity

o N = (<> o O N S~ (=2} © O N A O 0O N £ [e>) o]

Mature Immature

Fig. 1. Effect of seed maturity on percent germination and
Tso of Agastache rugosa O. Kuntze seeds at 15C, 2
0°C, 25 and 30°C. Bars with different letters are
significant by Duncan’s multiple range test at
P=0.05.
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3.6. WHZHA Xzlof| ofst WotEX!l Sut
T TV L]
£ 2 o)FIA = S 7 AYA

7 7]szo] SHE|ojof Rt} Al S8R AA| TAMA 7
= W2 ZEof| A ol S-S St H o B AR
CH(Parera and Cantliffe, 1994). o]23t Z-2 0 2 vl
S Bl oS F7 A1 5 Q= H ] AL

A2 AR A7) 2AL FE8}4} 59T Table 5, 6).

AEAYERAA S 9 s o] whe dokgat ot
o= 2ol 7k U sdeh 58] Al AA 7R
o GAs; A 2] @A - A]) A= A 2ol TAR
0] 24% o]/} Wolsto] Fxj 2] FAFe] 16.2%0] Hl5}o
12% A5 Wropz%l al7F Q1 LA, ot (Ts) .=
A e] Sk H]af 0.5Y e whE dols B ik

AP 7171 BAP= A 2l 5= ofl A §lo] GAs
A 2o vlsf Holgo] Wkttt A5%= 21 100 mM o 4]
Hrokgo] w3k, A2 E =7t oA (500 mM)
obgo] A it o2 dl UF<2l ethephone A 2=
= A el s eof| A ] g of vlsf Hokso] Wok=t,
59| Al s a7t =255 Woks T d4fo] =5t
AT}, 100 mM & ethephone 2| 2] of| A= Z|F*Eol&0]
7.8%F ol T2 16.2% K o} Wokgo] Wkt wet
A] ethephone | 2]+= v Z23F F-A}ol| 4] olE oA A|
ZAtt.

Hrol7} E53h v 23k 42 GA; + BAP Z-8-4¢]
P A5 =41 100 mMoj| A Hokg SR a7t =9ke.
L, FE7F oA aalrt A she| iok wheba] s 2ak
AL WolExle 913k 44 AlEAHRAA A=
100 mM GA; + 100 mM BAP &8 #1THTable 5).

Aoz HolEx E43 oA =4 OW%EOH
ol A =H, GA; A 2]of o) Wolr} Fx1H A
ABA G} -2 droldA)] 5419 F & A5k 7] ?<1
erao] wallE kA7l Al o & s A EtBewley
and Black, 1994). 51 BAP 2] GA; #g|Hrl=
o531 avp7 Eek=d], o= Alo|E7tohd & ot
Al RRAA|A 5 Hotol] 1A 0 2 yhofsiA|vk x|
£ "rolZ 7 o A4 Tosth= Khan(1975)2] X119}
_n_/\]_z;]— 7&14__ Eodr,}' _o] HLo]-}_x =32 ZAL=RS| a ol-g;]
A e A Alo| ETfopd o] 8- A g = =4
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Table 5. Effect of plant growth regulators (PGRs) on percent germination and days to 50% of the final germination percentage (Ts) of

Agastache rugosa O. Kuntze seeds at 15C

PL b i Conc. Germination (%) Tso

ant growth regulators” )
¢ & (mM) 5 10 14 (days)

GA; 100 16.4 26.6 28.4 4.86

250 15.7 24.7 26.6 4.78

500 14.4 22.8 24.6 4.89

BAP 100 12.4 18.6 22.0 4.66

250 9.8 16.2 20.3 5.18

500 8.8 13.0 18.4 5.08

Ethephone 10 5.4 10.6 12.6 522

25 6.3 8.8 10.2 4.92

50 5.0 6.8 8.6 4.86

100 42 6.2 7.8 4.84

GA;+BAP 100 20.7 322 34.0 443

250 18.3 28.0 28.0 434

500 14.0 22.0 22.3 452

Untreated 7.4 14.2 16.2 532
Significance Germination Tso

Plant growth regulators (A) kX ook
Concentration(B) *k **
A X B kK *

“Seeds were soaked with different plant growth regulators and their concentrations at 20°C for 4 hr. After soaking seeds were
washed for 2 min and then light — germinated at 15°C for up to 14 days.

Days after seeding.

X*, RE RE

Significant at P < 0.05, 0.01 or 0.001, respectively.

7h0) A g Ofsl Woh&-& A7 Ak 19

_\1

/‘ozo]'}— A 9] F57 2 s ol Defste] 25 Col| A
oPdE AR A JJrE A9 Q1 k- 15 Col Ak
GA; A 2] FAol| A Wokao] =L, Tso-> S5 3
Tk HHH BAP A 2= 3] 2] At Hlsf dokgo] 3
= Sick

9 GA, + BAP 384 2]51% GA, T BAP T
Ay aolERe] AT} gL, 2 A Aol

100 mM GA; + 100 mM BAP £-8-32| ¢t &
2] Zx}2] Wolgo] 20.7%%. 1} 100 mM GA; +
100 mM BAP Z-8-32]%= 38.7% lo}s}o] 18%2] dt
o557l &E7E AUt Table 6)

2 A15]0]| 4] GA; + BAP &
GAZF AFE S 714 Hafslis i 40] TS

852 wolE3 22l
=2

ﬂrb

Z7]

o, AJo| £7}0bd 791 BAP= EAHjof £A)5H= ABA,
coumarin, phenoilc acid 5 TolJA| &2 9] 242 =
ShAl7I 0 2 ok B 202 ATk

422
2 WP WA RIS S, A
a7to] Bz EApio} &

> Lo

o

[e)
Aot} Q1 H-8-8 SFAIAZ
4= = AR S E RS Eislr] S8l ==l
o} ok&e| B +X}7<i‘1101] 3t e gl HEE
3 27K 2 o] =5 AR | S8l =49l
o} vz $A 2742 1.85 mmS, FAF HHl=0.82
mmz T g vjsl] 2717} A9kt Egh WY
F2-352.8 mg O & A PFAL Ak TAL]F- Holql
31, FA} AR 8- ZPAjo] Qe wjgkR Ffe] ot

2-2-22°CaL, Wololl= o] A HofshA] ek FAt
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Table 6. Effect of plant growth regulators (PGRs) on percent germination and days to 50% of the final germination percentage

(Tso) of Agastache rugosa O. Kuntze seeds at 25C

P b ! Conc. Germination (%) Tso
ant growth regulators” )
srowh et (mM) 5 10 14 (days)
GA; 100 20.7 304 36.4 4.60
250 22.7 28.7 30.0 457
500 18.7 28.7 28.7 4.45
BAP 100 16.7 22.7 24.0 3.91
250 15.3 18.7 21.3 4.44
500 18.7 22.7 233 432
Ethephone 10 7.2 14.0 14.0 5.04
25 9.3 11.3 13.3 4.68
50 6.0 11.3 12.0 4.67
100 6.7 12.0 12.7 4.58
GA;+BAP 100 26.7 372 38.7 4.16
250 20.3 32.7 33.0 4.34
500 24.0 28.2 30.2 4.83
Untreated 16.7 20.0 20.7 423
Significance Germination Tso
Plant growth regulators (A) kX ook
Concentration(B) ** **
K% *

AxB

“Seeds were soaked with different plant growth regulators and their concentrations at 20C for 4 hr. After soaking seeds were
washed for 2 min and then light — germinated at 25°C for up to 14 days.

Days after seeding.
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Significant at P < 0.05, 0.01 or 0.001, respectively.
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