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Germination Characteristics of Medicinal Crop Adenophora triphylla var.
japonica Hara as Affected by Seed Disinfection and Light Quality

Hye Ri Lee', Hyeon Min Kim', Hyeon Woo Jeong', Myung Min Oh®, and Seung Jae Hwang

1,2,34%

Division of Applied Life Science, Graduate School of Gyeongsang National University, Jinju 52828, Korea
Department of Agricultural Plant Science, College of Agriculture & Life Sciences, Gyeongsang National University, Jinju 52828, Korea
3Institute of Agriculture & Life Sciences, Gyeongsang National University, Jinju 52828, Korea
“Reserch Institute of Life Science, Gyeongsang National University, Jinju 52828, Korea
>Division of Animal, Horticultural and Food Sciences, Chungbuk National University, Cheongju 28644, Korea

Abstract. This study was performed to investigate the seed morphological characteristics and dormancy type of Ade-
nophora triphylla var. japonica Hara that high valued medicinal crop and to select the disinfectants and light quality
for germination rate improvement. The seed disinfection was carried out using distilled water (control), NaClO 4%,
H,0, 4%, and benomyl 500 mg-L". The light quality treatments were set to dark condition (control I), fluorescent
lamp (control II), LEDs [red, blue, green, and combined RB LEDs (red:blue = 8:2, 6:4, 4:6, 2:8)] with a photoperiod
of 12/12 (light/dark) and light intensity 150 £ 10 pmol-m™-s” photosynthetic photon flux density. Although the Ade-
nophora triphylla var. japonica Hara seed was an underdeveloped embryo (E) and seed (S) with an embryo (E):seed
(S) ratio of 0.4, it is germinated within 30 days, and seed moisture saturation was reached within 6 hours after
immersion. After seed disinfection, the mold incidence rate was significantly inhibited, and the final germination rate
was the highest at 87% in the benomyl seed disinfection. The final germination rate was the highest at 92% in the red
light, and the mean daily germination was the lowest in the R2B8. Therefore, there is almost no dormancy in the
Adenophora triphylla var. japonica Hara seed, and benomyl seed disinfectant and red light were effective in the
improvement of germination rate. So it is considered to the high value of use for medicinal crop Adenophora triph-
Vlla var. japonica Hara cultivation.

Additional key words : benomyl, dormancy, mean daily germination, underdeveloped embryo
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Z¥| (Adenophora triphylla var. japonica Haraye= 3%
I oA 2EAEEA, g3, g3, Sl S
=Ujel] 105 o)de] ApgskaL Aot Fhe =, F,
A TA EXslar o, vt gEstar At
E AIGAA T2 s o] Bl Ule ofa%
< UEE o]gHojAH, el APbolg} st it
HS=3E kgt Qe Zo= duix A8 2 oRgRER
) o]&H1l JrthHam %, 2009a; Park, 2010). ZHhe
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saponin, inulin, polysthicol, lupenone, daucosterol &=
gfslal Ao (Gorovoi 5, 1971), J ofgke =
9 1 85 dEddels) Y ¥ (Ham T,
2009b)e} zH| Hglo] ddolME|o|E FEE9] it
#5237 5o Haso] ti(Choi 5, 2008). T3 =
simat A AN, HARHE BE 5o angt ol
shl oRAEA AHIZE F7REAl tK(Choi &, 2008;
Chung 5, 2016a, 2016b). e A47)E 2Fo=ZH
Y7} Eoka glo] AdAHNOTE FEHE 4
28 AT F glo] tEle] AEHT U, F

EHA SIS, 2009; Ji 5, 20100 FUAE

7152 (Kim, 2007) =l &3k 77} ooy,
tje] Fxpdel, S5, A Ao} 2L Azl
Sk A7} wEsk] s ofe Aol
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TS FAREY WolSAd wet dobr7|ef R
o] AEg AIFS FUHBaskin?t  Baskin, 2014;
Nikolaeva, 1999). Ak FAFES wlo] T Je)e}
v 5 Bl uet okeAl B, Baskin
Baskin(2004)°] &Jshd F4F FAFES A9y F9
(physiological dormancy, PD), ®E}& & (morphological
dormancy, MD), ¥E|A2]4 % (morphophysiological
dormancy, MPD), =&]%] % (physical dormancy, PY),
T2]al 2% F3(combinational dormancy, PY+PD)O.Z
TEET FHAE wet AR e 12354, AEA
ARAEA, Zefo|d), T 5 T4 AA7E B8
st} FApdole] APz T 259} M B FQ
St 942 39 FBd TAR FEE =l (Kwackd)
Kang, 1985), W&o} Fxk= F3o U= phytochrome
o] wollge] sl (Hopkins, 1999; Kendrickd}
Kronenberg, 1994), 21& Fof we} gl 713 do}
7} EXEH ZHL)HFolMe Fidol oA @ 5ol
WIS (Borthwick 5, 1954; Carpita®}t Nabors, 1976).
TS 0 e AEE TAs ARz Bt AEAd
He WA A ZE Al 2 I¥lE E & U
(Giraitis?} Walcoot, 2007), 24 T= #AdE A= &
5317] 28l sk Aeiv B84 A2l Aldeit 8t
34 7] WHo 2+ oFAIEAKC,H,0,, acetic acid), A
Z(Cl, chlorine), 2(ozone water), XJO}AALIEF
(NaClO, sodium  hypochlorite), ZHF8}4~(H,0,,
hydrogen peroxide), °|€FE(C,H¢O, ethanol) 5°] UL
(Delaquis 5, 1999; Fett, 2002; Kim¥} Kim, 2001;
Kim %5, 2001; Hwang®} Choi, 2008), 2|2 *|2] W
< 28 A, W 28 AR, Ag9A49d sl ok
meba] B Ao 524 aRTPER] 2HES] ZY At
FHEARS ARk, B2 A=A wE 2] FAF

o Wol5de PR Slsl FAEA,

d

e o

1. x| &ei A FHSEY
Z¥| (Adenophora triphylla var. japonica Hara) SAF2]
FHE Al Slsl HYolA2]#2(CD-20DPX,
Mitutoyo Co. Ltd., Kawasaki, Japan)E ©]-&3}] o]}
TS S, 1,0008F52  FAAZ(EW220-3NM,
Kern&Sohn GmbH., Balingen, Germany)S ©]&3l =
). FAE A5 W w Audt o 33k
(Eclipse E200, Nikon Instrument Inc., Chiyoda, Japan)Z}
ToupVeiw software(version 3.7, ToupTek Photonics Co.
Ltd., Hangzhou, China)s ©|-83}] wignle] A3 o
Al wet7] 21l (embryo)2t FAk(seed)?] Bl&

Ao -A =25, M2sd M4 20194

FEANE ) A0 oA

¢l Embryo:Seed(E:S) ratio (Vandelook 5, 2007y 7l
Abeldeh. el Exke] EEjF FHEY AR5 At
PN

7] Al A SHETl HAANA TR A 27
A HA 2473 T AAAR]D 5 WEE AR

Aez SAst] Tyo BFrds AAslth

2. BX Aa=x2|

2=A ol wEh ) TRk ARE Alldr(total
plate count), &#°] A& (incidence rate of mold), L
i WolEAS AR fs ApldaiER
(NaClO)(Yuhanrox, Yuhanclorox Co. Ltd., Seoul, Korea)
4%, I8~ (H,0,)Hydrogen peroxide, Daejung chemicals
& metals Co. LTd., Siheung, Korea) 4%%} Hl'=d 43
A (Farmhannong Benomyl, Farm Hannong Co. Ltd.,
Seoul, Korea)s 500mg-L'0F 343l ARSSIaL, o
ETEE SHTE o8It A $AE 4aFA &
© Sl suRt JASAR F SRl 103] ol Al
23} petri-dishel] filter paper 282 231 10084 49+
Boz AT, DEIA e ZRIE REGT
k. 2HE  AEAYAA2E] (C1200H3, FC Poibe Co.
Ltd,, Seoul, Korea)llX] 335 (FHF32SSEX-D, Osram
Co. Ltd., Munich, Germany) 3}ollA &% 29+1°C, FF7]
12/12(light/dark)?} 335=A](HD2101.1, Delta OHM Co. Ltd.,
Padova, ltaly)E ©|83l =  150+10umolm™s’
photosynthetic photon flux density(PPFD)Z W} 3738
ARt &5 & FAY] A¥E Aldr(total  plate
countys ERISI7] 943l Tryptone Soy Borth(TSB) HIA]
o =gk TR 28°CollA 24X wdsiiaL, wiAl <l
o] ¥d¥ TFS colony forming unit(CFU)/gS 2 A
sk, T2la, Bl WARE ) FH e} 7]
R B9t Fgelrh BT A B4 NS 24 %

= Yeio.

3. 3 %2

A EAe] Aol mE WolSHE 2] 9
U AL A2FelA 33352 LEDs(LEDs, ES
LEDS Co. Ltd., Seoul, Korea) 3}l &% 29+1°C, 35
7] 12/12(light/dark)?} 3% 150+10umol'-m™s' PPFDZ
Holghds ARSIt 3E AEle 930 red,
blue, green LEDs®} #3421 RB LEDs(red:blue = 8:2,
red:blue = 6:4, red:blue = 4:6, red:blue = 2:8)*] 1
il == = 2 B A T vl 34
AR AFES JPsidnt. FES SHs] fal %
EAMA(ILT950, International Light Co. Ltd., MA, USA)
£ oS, A7t ks Fig 1o vERidh 7}
2= petri-dishel] filter paper 278 Za1 100824 45+
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Fig. 1. The relative spectral distributions of light used in a closed-type plant factory. A, fluorescent lamp; B, red LEDs, C, blue LEDS; D,
green LEDs; E, R8B2 LEDs (red:blue = 8:2); F, R6B4 LEDs (red:blue = 6:4); G, R4B6 LEDs (red:blue = 4:6); and H, R2B8 LEDs

(red:blue = 2:8).

2oz AYSY, AL GBS FHFE BET

AT}

4. LOISY =A

AEA1Y] FFe Fdd wWE Y Z7]
(initial germination)y> I5 & 4YA71X] dolE FA}
= AR, HF WolS(final germination)yS I5
3 10€A7HA1Y] T ol 5 AR HFT ol
o Tl 50% ool 2QF= U(Ty), YLH ol
(mean daily germination, MDG), & ¥A] £} 4= tH]
7P ol wolgt G7x|e] F ol A} 4 HIER] W
O] (germination energy, GE)YE AXFIATHEdward,
1934; Gordon, 1971).

5. MEAMA ¥ SHEM
EE dodde 10094 Moz Ssialon, A
HAATS] EAEAL SAS ZZIUW(SAS 94, SAS

Institute Inc., USAYS ©]&3le] EAHEA(ANOVAYS 4
Asta, B 7F vlue 979 9544 (Duncan’s
multiple range testyS ©]-831 5% oA ZF A
g 7+ FoAde AEEY. 282 SigmaPlot 271

@ (Sigma Plot 12.0, Systat Software Inc., USA)S ©]-&
Sl Uehsic.

nE

Z3 9l

2 FARE et 4ol 1.3mm, % 0.6mm, 1,0008F
o] 252mgol™, E:S ratio’} 0.4% vl =77} A =2
719] 50%= EA 9o S9F A2 2] Bed m
Al FAlo]tK(Table 13} Fig. 2). Martin(1946)°l <J3hd
A W] ) =777 A FAe] SRl 9x|gk 7]
A% (basal type), HIS] Ao|7} Hof FuE e} AU
2 oAb wiRE AL e FHi)l AREE
(pheripheral type), Hi7} ¥l 7ReHIE HEske FEIQ)
=% (axile type)o =2 uje] Fejol wet FAL A 3
7THIZ EREY 25E9 s 2E<] e vl
Pe7t P02 AoEr). ol HAA FA= Hl
o] Aol7t L8t Fu7) Holzl & fo] E&3hd
A olstdthFig. 2C2t 2D). v A J FAo] wj
o] A7= FAF A7) UMl oF 40% 7R oL, o) Z
A 80% o il AEeE AeE Kol ws
(underdeveloped embryo)® HGELE vIEHIE 71 &

Table 1. Seed characteristics of Adenophora triphylla var. japonica Hara.

Length (mm) Width (mm)

1,000 seeds weight (mg) E:S ratio”

1.3£0.05" 0.6 +0.03

252 £3.36 0.4 +0.03

“Embryo:Seed ratio.
YValues are mean + SE (n=10).
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Fig. 2. Microscopic view of seed (A), underdeveloped embryo (B), developed embryo (C), and radicle emergence (D) of Adenophora

triphylla var. japonica Hara (scale bar = 100 pm).

Table 2. Total plate count and incidence rate of mold of Adeno-
phora triphylla var. japonica Hara seeds as affected by disin-
fectant type.
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Fig. 3. Changes of imbibition rate on Adenophora triphylla var.
Jjaponica Hara seeds during water soaking time. Bars represent
standard errors (n = 4).

AR dubo Feld i = Fued FUsA
< A, Zl) FARs I F 302 W wels
gusle] gy FEe ohd ez ddEn F
Aol i 9 e Sl R Fees BN
A3k 3A1E Wl AL FATE 60% oV SR,

7FlA] eske(Fig. 3). @, WomielE A= A
200 & 39.8% TUIINCOM, dHolE T4 124
Zb kol oF 41% S7Iste] EspdElel] =29t Aoz
THE vh flo] A Foll wE A A AR Aol
7F e Aoz FAAETKCho 5, 2014; Choi 5,
2018). Baskin? Baskin(2004) o3} EejHoz F
A WER o] FEA Rajed ot A= A
=22 Fole} s 27] $A FARG His) 5
F FA FAZE 20% o1% SIS Fdol
daditt, | SAk= 3ARE Wl 27] FAR
60% ©)d S7FEAL 6ARE Wil AEsPIEjel =2

)

-

o
a
Y

5

e o ¥ Mo nf
2

At Weld ) EAE 2e)H feo] gl Ao
cheic.
%A ER0] WE B EA] Qut Adsel 2

Ao -A =25, M2sd M4 20194

Total plate count Incidence
Treatment” (CFUJe) rate of mold
& (%)
Control 6.52 a¥ 6.00 a
NaClO 5.60 ¢ 3.67 ab
H,0, 6.20b 4.67 ab
Benomyl 6.26 b 2.67b

“Control, distilled water; NaClO, sodium hypochlorite 4%; H,0,,
hydrogen peroxide 4%; and Benomyl, benomyl 500 mg-L™'.
*Mean separation within columns by Duncan’s multiple range test
at P <0.05.

Photo: June 20, 2018

Control

Benomyl

Fig. 4. Antimicrobial activity of Adenophora triphylla var. japon-
ica Hara seeds as affected by disinfectant type. Control, dis-
tilled water; NaClO, sodium hypochlorite 4%; H,0,, hydrogen
peroxide 4%; and Benomyl, benomyl 500 mg-L™".

o] WMAE-S Table 29} Fig. 4o JePiT Lut Mg
oF Fgo] HAIEL iRl I EE Al
ke A3t Yepdth dut Altgss NaCloolA
5.60CFU/go 2 A% &} 7P A Jehton, 3%
o] BRIE-S benomyloll X 2.67%Z 7P WAJo] oAE]
At NaClOog T3 HAFE o]83F AT oJshd
5 ZAl A4S 100mg LS XEst A9 F At
FA Tl Blsh 1log HAslaL(Park 5, 2007), B2
glo} F2W FARN calcium hypochlorite 20,000mg-L'E
Aslds W Gt At feldos FAaEAT
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Table 3. The germination rate of Adenophora triphylla var. japonica Hara seeds as affected by disinfectant type in a closed-type plant

production system.

Initial germination rate”

Final germination rate®

Treatment” (%) %) Tso™ MDG" GE" (%)
Control 122° 81.7b 37a 11.6 b 375b
NaClO 12a 83.0 ab 45a 11.8 ab 44.2 ab

H,0, - 86.5 ab 37a 12.3 ab 442 ab
Benomyl 10a 872a 45a 124 a 58.7a

“Control, distilled water; NaCl0, sodium hypochlorite 4%; H,0,, hydrogen peroxide 4%; and Benomyl, benomyl 500 mg-L".

YInitial germination rate: germination rate at 4" day after the sowing.

*Final germination rate: germination rate at the 10" day after the sowing.

“Tso: days to attain 50% of the final germination rate.

YMDG: mean daily germination (number of total germination/total measuring days).
“GE: germinative energy (total number of germinated seeds until the date of most germination/number of total seeds) x 100.

‘No germination observed.

*Mean separation within columns by Duncan’s multiple range test at P < 0.05.

Table 4. The germination rate of Adenophora triphylla var. japonica Hara seeds as affected by light quality in a closed-type plant produc-

tion system.

Initial germination rate”

Final germination rate’

Treatment (%) (%) Tso* MDGY GEY (%)

Dark 0.5 ab" 88.2 ab 3.7a 12.6 ab 470 a

FL - 83.7 bed 3.0b 11.9 bdc 48.7 a
Red 15a 92.0a 3.0b 13.1a 545a
Blue - 80.2 cde 4.0a 11.4 cde 432 a
Green - 88.5 ab 3.5ab 12.6 ab 575a
R8B2 02b 85.5 abc 40a 12.2 abe 46.7 a
R6B4 02b 77.7 de 40a 11.1 de 46.5a
R4B6 0.5 ab 86.0 abc 37a 12.2 abc 432 a
R2B8 1.0 ab 745e 37a 10.6 e 477 a

“Initial germination rate: germination rate at the 4™ day after the sowing.
YFinal germination rate: germination rate at the 10" day after the sowing.

*Tsp: days to attain 50% of the final germination rate.

“MDG: mean daily germination (number of total germination/total measuring days).
'GE: germinative energy (total number of germinated seeds until the date of most germination/number of total seeds) x 100.
“Mean separation within columns by Duncan’s multiple range test at P < 0.05.

‘No germination observed.

(Park 5, 2009). 2=A] 5ol wet 27] Wol&T Ty,
oA FoJHRl Aozt AT, HFE dols, MDGoF
GE= URTHTH A% Xgjox] dolgo] e 2
7} VR TH(Table 3). Moon 5(2003)8] AATol|A a1
F AR HYTE HESS § A5a9E AR 29
ZTHT}E benomylol| A ool oF 30% FEHAS
o, W Eo] 7k ®© Zo=w ®HuH ul o}

B w2 ) TR Wol5AdL Table 49 YEh
Wtk AAgelA] 27] Wolgd HF Wolgo] izt
1.5%9F 92.0%% 7FF Egtom, & Wolgo] 50% o}
7] Qe U949l Ty 3UE FFo ZAgolA
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7F4 #@A A~25Act. MDGE R2B8 LEDsOIA 10.62
2 Yol 7 Ao, GE= EE AT
7} 43% oPdoe® ol Ael7} fIdth. Hwang &
(2008)] ArellA] Walsga} Hagol|x] A Z7] W
olgo] Egor, T QAFlA Wolgo] WYANE F
ol Wl o7k ATk SPst TR AAHolA
90%, WAFI} ZAsoA 60%2] WolES HIou}
A3} SFalsEe 20% v|ko 2 wolgo] Ygltial B
T5AHLee 5, 2011). B3 BRI E= 27 &
olgo] MBI} ZAG 73%2 =gkou} v 3UA=
B IAGe]l 100% HolEAtka B EItH(Cho

=
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A= Bl et B Tl A 9
Aoz FeE),

AnHoz B AFA e 1mm U< vlA|
ARs AL, FHEHA] FAY FAS sl
mhe- &2 FHs she ZeE Add B3 benomyl
AEAE FFAR] F3o] IS AAstaL wols &
doll EHAR] AmARHA AT Ll kel o]0
7Fsd Aoz g, gk ohle}, ) FAe
of A JFS A LA HAGol|A 71 Wolgo]

[ele]
L P

30, of
o (o
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£
8 2L Hi

& WA

nr =

o\

PN
& 5
o ¥

Py | o
= S

A=k

R

FgA RSl

A= IFIPHA ¥l (Adenophora
triphylla var. japonica Hara)2] FA FelEA4Y FH
FE APk, Hoks S Sg AEAlet FES A
W) e FEATE T4 A5 SRR,
NaClO 4%, H,0, 4%%} benomyl 500mgL'E ©]-8-3}]
ArElFer, FEAE = YEZ(control 1), FFs
(control II), LEDs[red, blue, green, RB LEDs(red:blue
82, 64, 46, 2:8)[5 57| 12/12(light/dark), F=
150umol'm™-s' photosynthetic photon flux density® 437
31} F FA+= emryo (E):seed (S) ratio’} 0.4% W]
sl FAATE 309 ool oyt =, A 6AIZE Th
of xsPelo] =gttt A} A% & benomyl *2]o
A Fgo] WHo] fejFoz AAF o, HF Ho}
0] 87%= 7P =UTH AAgelA HE dolgol
N%E 7P wReH, dIBEolE R2BgIA 7t
AT A ) FA= FHol A9 gle
benomyl Z:=A|9} Zago] Woks ol Aol
e k82T Il Aol o]8TEA7F =& Aol #
T

F71 FAe: vl vied, dddols,

o

Ab AL
£ e =08 A @IS PI01385201)
o] Aol o3l A=A
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