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A8} [Rehmannia glutinosa (Gaertn.) Libosch. ex Steud.]
2 U AZE AARRFe] 2000 598 EellA 20201 ol =
A2 F8 FgE F shveltt
(MAFRA, 2021). A2 5222 A4t} (Scrophulariaceae)
19, Z=l & 6 52
¥k AR dHA AUtk (Hong er al., 1998).

1,005 EC 2 =4 =73

of S FF HAEo

Kyung Ho Ma’ , Young Ho Yoon® and Jin Tae Jeong”'"'

ABSTRACT

Background: This study was conducted to determine the effect of temperature, light, hormones,
and after-ripening treatment on Rehmannia glutinosa seed germination to provide valuable infor-
mation for its breeding and cultivation.

Methods and Results: The seeds used in this study were harvested from the ‘Jihwang-1-ho’ culti-
var. The seed length and width were 1.13 + 0.03 mm and 0.86 £ 0.02 mm, respectively, with a seed
coat characterized by polygonal cells. The germination efficiency was evaluated at various tem-
peratures (15, 20, 25, and 30°C) and light conditions (light/dark). The optimal germination condi-
tion was found to be 25°C with light (91% germination). Pre-soaking the seeds with gibberellic
acid (GA;) increased germination, and the highest germination (72%) was observed with 1,000 mg/
£ GA;. Additionally, this also increased the mean germination time , germination uniformity, and
germination index. The seeds that matured at 45% and 70% relative humidity showed the highest
germination rates at 32 and 24 weeks, respectively.

Conclusions: The best method for R. glutinosa seed germination is maintaining 25°C under light
conditions with after-ripening treatment for over 16 weeks. Pre-soaking the seeds in 1,000 mg/C
GA; for 24 h further improved their germination. Rehmannia glutinosa seeds were classified under
non-deep physiological dormancy.
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A Syt 2AYAZ 2|3} Aol ¥ %6}04 715
o] Q1S AR oHYARE MEZ o= AulE] & FeRE
ol-§ *l A5l (G o HEE XH)S 7HeHA %—%—8— A
A&, Az AR, AA T S0 3} (Chang
et al, 2011). A 7771525 HAilo] =olAHA] 259
715730l #et A7} theFEAl o] FoIX|aL o] (Huang ef
al, 2016; Li et al., 2017) &5 =) A77154F e 2

)8 ARR-9] 2717 ZuEs 2HEo|t)
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3IERl - ZolE - 2Hel - o= - 0IES - 2US - HTIEY
A& dutEo 2 25173 = Gy e r & 24 A7 7o EAE Adle] ZEH ]3] (Whatman No.
A517] wEe F2 AsE EoF A AT+ (Lee et al., 2, Whatman, London, England)® %39 &8 A|7]3lo

2019a), Al A2l (Lee e al, 2019b), 8= A4 = 7}
(Lee et al., 2018, Kim er al, 2020) 52| 97} s
o]FA| AL o} FApe] ol e #gh A FEg
A7goltt.

Park 5 (19992 It A€ A& FA}o] Yol A+E
&gt v Qlovt, Fxpe] ol R FErk Apate] A&
2} wrote] ZnkARl A8 ¢lddl= eA7E dSdch. ¢k
G AsHdE B3 YA He

2 g
7 B STt

i

s} wone

o] Bagh Agoln, 4
F4 Woksd ¥ 712 A7t asih

wWep 2 Aol A% F4] 9% e L B2 o}

4 Q7sh £, Y, TR, §4 A7t dobd el v

A FFL AFse] A {F, A Rok So ZARE

AFSIA ST,

3L

o =

pu

=
SA

M
1. ABE
Aol A8E FAE FHRE 2l A9 FH

S5 okgAE AFEAGNA Aug AF1s (R
glutinosa ‘lihwang-1-ho’) FAE AF3le] AM&siHoH, 2}
71 SR SAPEOR 2 20189 7Y 249 AE TAF

o}, GAAE] B FHA 7L Lolel] mX=
20199 79 30 AE 2R ARSI 7R
gt A= AT TAE F xS T ARSI,

Wobg o B FAE 2 gL

sk

U rlo mw

=

7

—

2. BAL JI2 S AL

— o
A8 [Rehmannia glutinosa (Gaertn.) Libosch. ex Steud.]
A 2 FE SARAE flete] AFT FAE TSR
20 | 3 pkRo® et § ASAWA (SZ61, Olympus

=
[

Co., Ltd.,, Tokyo, Japan) DP-manager programs ©]-&-3
2L JHl, 271, A Fo] FAe SFsIT dYee 2]
2 1,000 He] FAE AR ER s 3 ik o
= A5kt

nAgd B AAE AxH AFEE gold-palladiume 2
2 B7F o] 28 3sko] (lon-Sputter, MC 1000, Hitachi
Ltd., Tokyo, Japan) ¥ -, FAPHAEWZ  (Scanning
Electron Microscope; SEM, SU-3500, Hitachi Ltd., Tokyo,
Japany2 o83l ST
A FESTES A T4 1 g2 2.0 mb o] wlo]ARF

Hol| Y31 1 2} SFpol AAIste] Ao Basisin. ol%

=

7}

5
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T 24 5 ol A FRGE

At (Cho and Lee, 2016).

ANS0H, 7 A7 ZAN

%W, = [(Wae W) / W] x 100

Wy 2 72 gl

A7)

520
H

T, W IF A FA, Wi 271

3. BAI LOoNH

25 g Fxo| wpEg A wol AL AT TAE B
Aste] 5 ZEE 98l EFE T4 55l oF 6 Y
Ar A2 A5 & ARt

ol dge ALggt FAE AY A &5A 500 my L
(Benomyl, FarmHannong, Seoul, Korea)oll 30 &7} XA &
FHTE 3 3] ol P & ARESIITE FAF A 50
YA 3 WhE FALIRE FE3te] 90 mm x 15 mm F| EZ]T|A]o|
o 3}A] (Whatman No. 2, Whatman, London, England) 2
Ae 23 275 oF 7 mlE A7, BEA (12 A7
BF 12 A7, A, Lxws AAAA (Muli Room
Incubator, Vision Scientific Ltd., Bucheon, Korea) J2]8iX]

o] A2l

ol 712 f2o] 1 m ol E2HAL WE FoE
9%, 1 9 7H0R & 14 Ak EARSACE

4, GAKIe] ¥ F5x2Pt gololl 0lxl= Pt

GA; A2l == 24 A7 31t AA SR, 25 + 1
C, Bx700A Wolg-s AN F53]8] (after-ripening)
= AEe TAE Yol FHA e FToleFol ¥ F 25
+ 1ColA AEFE 0%, 45%, 70%2] 3 7K ZAog v
319021 (DS-55GP, Dasol, Seoul, Korea), %5 SA| %71
o3-S ARSI, o|F 2, 4, 8, 16, 24, 32, 40, 48 59
TA FolgS ARIGIOH, 1 oldll= 7] WS TY
sHA Kegsd

5. 2ot S8 ZA
Lol 54 AR HE WokE (GP), FH okl (MT),
dol#A® (GU), LeFA S (GI), RLG (relative light

A8t

= O
o=

germination, AGigh)

GP (germination percentage, %)= (N/S) x 100

MGT (mean germination time, days)= 21(Ty* Ny)/N

GU (germination uniformity) = 2 [(MGT-Ty)*- NJ/(N— 1)
GI (germination index) = (T, N,)/S

RLG (AGiign)) = [(Giight — Gaark)/ (Giight + Gaar)] % 100



A& SXfe| S 3 ot 5

N: 5 ok, Ty A F 2ALS, Ne 24} 929] o}
2= = 1=l
o

, S: T A FAF f!:, G]ighti %ELO]'%, Gark: ?:]'E'——I_LO]'%)

6. SAXZ]

AHAI= SAS Enterprise Guide 4.2 (Statistical Analysis
System, 2009, Cray, NC, USA)Z #A3}%x, 3 vkEog
S A HdA] £ ETEA (means £ SD)E HYER
Ak AlE 7k 591421 Ze]= Duncan’s Multiple Range
Test (DMRT)Z ol 5%elA AE3H (p < 0.05).

2} o o

1. A 2Fale] S
A& [Rehmannia glutinosa (Gaertn.) Libosch. ex Steud.]
Z210] gy EA 3 Ay =7]= o] 1.13+0.03 mm,
H] 0.86 + 0.02 nm 2 S8 =S, do]qH]o] &2 1.35
£ 0.118 YepIATh AHE52 1014 £ 53 g2 A7|7}
o9 2R wA] FAR ERIFIOH, 7|E AT A (Park
et al., 1999)9} FrASISITE (Table 1).
Ao 9N FHl= 3 AZZ Z2AE Hlon, BYgL
oA BRd oz ohefsAl YERdTh 4 EHS 5
28 4= e G og o]Fojxl 2 R Y]

T2 B
2 G (grid wall) F4E0] ZAAT, Aole e &
el E717F BES YA (Fig. 1).

A 27, FHl, T3¢ FERE A Abxe #Ed &
Jetl A& 22 T2 4719 F99] Fx= AL v
o} Eo g Wal7A] A S e o Wk 4
= T osidolth AR FARE F9 F2E VKL e
g3} (Orobanchaceae) EFw-el FTAF FH| AFollA
Pedicuralis & 5 22 BRI FA2] ZIA| 27} o]
s ks a=TEe] FHE ol F=H, ol2d T
o] Fele At Bl WA de7A] ol 5 Sl A9
# 7zl B vl 2lom (Dong er al, 2015), ©2 b}
gor B g T2 FElx 2o o) Hel xd 5
Je TFEE e Aog Az

Li & (2018y2 FAFAAFEHH (Scanning Electron Micro-

scope, SEM) #2S Edt 23 X3 E2 Aor] Ex}] Fig. 1. Scanning electron microscope micrographs of R.
Ego Ez o) wHEl &~ oJe Za ddo olmslols glutinosa seed. A, seed characteristics; B, grid wall of
54 5 1 RS F e 78 IEE dFsisle, seed coat; C, surface of grid wall. Bar = 500 im for A, 100
AT Al vehd FA) B, F9 12 T EF HelA g for B, 20 un for C.

Table 1. Seed morphological characteristics of the R. glutinosa.

Size .
- - - Color Shape Surface 1,000 seed weight
Length (mm)  Width (mm)  Length/Width Ratio (mg)
1.13+0.03  0.86=0.02 1.35+0.11 Brown  Obovate to elliptic Reticulate with polygonal wall 101.4%5.3

Each value is means = SD from triplicate separated experiments.
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si5e - Zofg - QE - OlHE - 0fS - BES - HIF
Table 2. Changes of moisture content in R. glutinosa.
Soaking period (Day) 0 1 2 3 4 5
Moisture content (%) 4.8+0.3" 62.5+6.6" 66.2+0.6" 63.0+1.6" 64.6=0.4" 64.1+0.8"

Each value is means = SD from triplicate separated experiments. "Means with difference letters in column are significantly different at 5% by

Duncan’s Multiple Range Test (DMRT, p < 0.05).

ks 543 2 A7 A

e A% B Ba AT A

S 9le Fa 54ow ¥ad
A FA0) Bel4 FH

-

AT TR el 8 A ¥ HE
49.2%2 YERJOH (Park er al., 2019), ¥o|F2
$ 24 A|7F o]F 75.0% ©]& YERHe] (Cho and Lee,
2016) EE1% FHo| gle TAE TR, Ag=
S AZE Hef Fyo) ot i T Al eglol
2 A= (Table 2).

2. A} Lol EM
2-1. 2% U X0 2 SAF 2ol
A& FApe] 2HA o} 24 TS 9

) 3 APl eme
Y2200 ek okl Xjols} AL kg

=
9__1;_]

w2 WolgS 15CAA 20.7%, 20ToA 89.3%, 25Tl
91.3%= YERAL 30CoMEs A 77k B0t wolr) H%]
o)t

aRSolA] ol whE Wolg-2 15CoA 16.7%, 20Tl
A 44.7%, 25CoAX 70.0%, 30TCAM= Hursa} nRv R 2
wolslA] kot Mo dxzld vlE] AAHoR H
wolg-S YepAth B2 20Te 25ColA 7P =& o}
&2 71590, 7 A 7+ A FelAde] fisie 25C
oflA 91.0%%] 7P =& wol&S B (Fig. 2).

Park & (1999)2 39} A2l A& FA}e] ol A-ol|A]

=

Y271 A7 glo] AF FAe] Wolgo] 1SCAME Wop}
) ek, 30T Fdel ABE FA7E 201%S] 1Y

flei

[e]

2 dol-g-S YERTaL Bion), B Ao 30T

A wobt 54 gk ol A3t vhebant.
FA ek AF 94, A% ew, EF Aol 5o me

teFstAl vEPE & dom, A3 21 9 7] o= jlgh
FF= AL F Utk Ve AFolME oS HF 3 4
218 A BASHA ot B AT AFE HReE A
ol FHs7= oyt webA e WolH g Sls|
3l FAFE=wol] (thermogradient table) 52 53 A
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Fig 2. Effect of temperature and light on germination per-
centage of R. glutinosa. Each value is means = SD from
triplicate separated experiments. "Means with difference
letters in column are significantly different at 5% by
Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 3. Relative light germination (AGg) of the R. glutinosa.

Temperature (C)
15 20 25 30
AGig (%) 10.37+3.06 33.72+2.31 13.26%1.16 N.D

Each value is means = SD from triplicate separated experiments.

3 371 AFo] o How ALRHT)

RLG (relative light germination, AGijg) AT ESA7F
Wolsh w ol thu] Qhdele] MlES FAE UERH o
2, ol xR 05E] +100% ARele] ol $1x18far, bt
o} FA= 05 -100%2] ol I1x3t} (Saatkamp er al.,
2011). A|&e] 739 wolgo] 7 w2 25Ce] Z71ofA
RLG (AGjgy) #1326+ 1.16%2 FA} Wojol] Wo| Hg
gk gitold AR ERIEUTH (Table 3).

;S_I‘_qﬂ_o] A= AJE o

A= AEESY FA (non-dormant seeds)y= HEZ
I GEAN B woprt 2 HM,| o5 F W FUF U4x
7 B} gx7loA wolgo] e S Helrh wgh wol
of Yol A3t T2 Ago| W 2xd =3 & Fofl &
ofstA, 7hgol Wolshe o Af AR =2 25 =

=5+ 7o) v} (Baskin and Baskin, 1998).

AGS S0l AHste HeR o3t K S e
ofF Pt ol M A= = Age] S S AR
A EE 5EolM 797k grijE 22 F 8 dAol 24
HoA Ahxst, 9dellx] 1097 o FEE SIT + 3



K& SXe|

ol SO, W/kEelA wolgo] A
H & vFolE o A2 FHol A9 §l
Zhe Zlo= wdddh

2-2. GAs X2P} Zololl DIXl= Aot

GAAEIR Q1% A& Fxk= 2oke (GP), Fadotds
(MT) & of2] 43 A3t gl vldsie] 713t Lol
(GP)2] A FAHE7F 26.0+6.0%= 7Hg W% Om, GA; A
ol wel, 0 mg/ L, 10 mg/ L, 100 mg/ £, 1,000 mg/ L
A2l g B A7 47%, 45%, 57%, 13%S e o]
GAs®l =7 Eoldas dokgo] A wole A%e ¢
ERNQIO U GA; 0 mg/ £ &} GA; 10 mg/ £ &) Hg]o|A] wol&
o] zpol= FAHSE oo flUTH (Table 4 and Fig.
3).

GA; 0 mg/ £ 7} fA]2le]l wia) dokgo] wtet] 1 919
< 24 AZF FA mAR Qlel FAge] Hls) F3) W

=

Table 4. Effect of GA; on germination percentage in R. glutinosa.

GCA;
concentration  GP(%)" MGT? GP GuU?
(mg/ £)
Untreated  26.0=6.0¢ 6.9+1.1° 2.5+0.8¢ 9.7+1.8*
0 46.7+5.0° 5.9%03® 51+0.3° 9.4+2.2?
10 44.7+3.1° 53%05" 52+07° 53+2.9°
100 56.7£3.1" 4.6+0.5¢ 7.5+04> 3.9+1.4"
1,000 72.7+4.2* 3.6=02¢ 11.2+1.1%° 0.9+0.5°

'GP: Germination percentage, “MGT: Mean germination time, ?Gl:
Cermination index, “GU: Germination uniformity. Each value is
means = SD from triplicate separated experiments. ‘Means with
difference letters in column are significantly different at 5% by
Duncan’s Multiple Range Test (DMRT, p < 0.05).

BE 70 ; §
£ wl
& 0] \
20 — §
. |
GA; concentration (mg/L)
Fig. 3. Effect of GA; on germination percentage in Rehmannia

glutinosa. Each value is means = SD from triplicate
separated experiments. "Means with difference letters in
column are significantly different at 5% by Duncan’s
Multiple Range Test (DMRT, p < 0.05).
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al

EAM
=o

ot

F57} 2 olRoiay] WEow BEEIT. Hely GA; 10
ng b o FEE AF Pobgo] 9P FA G Row T
A=eH, 7HE = FE GA; 1,000 mg/ b M=
727 £ 42%% TE w5} sl A oR felsiAl 7t
4 Ee Woha S BTk

BeEold (MGT)E Hole BE $xke] g9l Toh
dFZ FAEF 69 £ 1.1 UZ 7P AL, GA; 1,000
mg/ £ €] 73%- 3.6 + 02 Y= ThE A} Hlasle] FAXL
2 RO P B 958 Uehih WMol Srg A%
FEAIGE TolA] 4= (GI) 9A] v AR F3E7) 2.5 £ 0.82
7 AQEAL, GA; 1,000 mg/ £ AE7F 112 = 112 7P &
Uk Woltd®: (GUYE Eobe] #ddS vehd =2 4
Tt H3d A9 -L009, SRV 255 LT At
= ¥x17] 9.7 + 1.8 Hlal GA; 1,000 mg/ L S 2] 7
$7F 0.9 £ 0.5 7P¢ =9t} (Table 4).

AEZA SR GAE 1,000 mg/ 4 TF2E HAAEsk= 4+
A T2 dokes FA P HISl 46.7% TEoE A
3, Hageldd (MGTy= 33 o 9FAH o, dolA4
(GI), WoHFUE (GU) = G2 olgir),

GAs A2l FAhol 271 i Fuekse] go o gt
o 2 shueltt (Mello et al, 2009; Lee et al, 2015;
Cho et al., 2016). Baskin?} Baskin (2004)2 F#}o] F4
S A% F9H (physiological dormancy, PD), ¥EN4d &
™ (morphological dormancy, MD), F&l-42]% FH (mor-
phophysiological dormancy, MPD), 224 F% (physical
dormancy, PY), &% &% (combinational dormancy, PY +
PD)O.2 FE3H=H, PDE e TAES Ui ABA
(abscisic acid)2} GAS] 3ol &) oy} 2dHETY 3}
ATk

TS PDE Y A=el wet w2 Al FH (non-deep
PD), 7+ A213 F9 (intermediate PD), 2-& 423 Fd
(deep PD)C= et dnbd o vhe Aeld FHe] 9
GAAMEE i FHo] 474 Efgbett (Baskin and Baskin,
1998; White et al., 2000).

B ATollx GA; A7t Sokg ) el 58
=t a3 oR AgFon, k2 A FH FAR
& 4 ek ollg ZAF= Ryu 5 (2016)0] AMFAREE
TAE ISR GAE Azlsie] T4 Holol| rlAle 9=

BEAIA] 7]

o O

ZARE ATl GAsS 1,000 mg/ £ 9] 0% 24 AZKE
< Ak A AuEA S Lok SUIslAL Bt
LolAE Al F low ofF Bl AWlEAse] e
Ae)d Fag 2he AR 7RG Ak fARRI

2-3. ¥5 2] IRl WE Lolz Hst

g 4 S $5 A 717k we gl Wl ArE



. o0
IO

ok

KSRl - 20

L=
ol

kel 20199 79 AT TAE AHEFEE 0%, 45%,
70%2] 3 7HA ZACE 2, 4, 8, 16, 24, 32, 40, 48 F2
T4 2] 717 o] $AF ol AR

BFEe] BE 24 24 F 7= $5 HE] 717ke]
735l wet FA; wokgo] BF RFEL 0% s
ZANME AL 260+6.0%A2H T4 2] 717k] 32
It T ol 747+ 11.0%E =78, A
T 274 FAXHCE folshA 7P w2 dof
HERNRATE ddlEE 45%1M % 0% PIRZIRIZ 32
o 80.0+4.0%= 717+ Wol] 7P #2 oS vERY
&S 70%°] 739 24 F 743 $oll 73.3 +14.0%
7|7kl FH dolgS BHom 16 oA 40 F
FrolFel Zole itk 3 79 s 24 BF
oA Hire] Wolg-S UER o] Foll= $5 A 7)7ke] F
7tetm FAHOE Apo] §lo] wolgo] FAFUTH (Table
5 and Fig. 4).

Park 5 (1999)2 1 W B¢ F53 =3 Fapt dols
ol FH @] A AARIET £ AeA Jdlss
of WE A T T HA APTE BgE] sl

T2 gt e FAE Ax AAste] FHEN} skt

IEZ1Q1 Wi olm, F2}e] s Er) HlSEhA s

= RS
sE 9 32 $9L T BEGT 94 Ao

QS o
O.
X

3@ N o o 4N
L o F1

o
o>

=2z 7}

ol

3
4
Lo,

[ rlo
>

ol
Fr
o

A [s]
o

o
8

Iy
60

Germination(’
5w
8 38
W\
>
i,
s

20 -0 0%

10 k- 70%

0 2 B 8 16 24 32 40 48
After-ripening(weeks)
Fig. 4. Germination percentage of after-rirening period over
a range of relative humidity in R. glutinosa. Each value
is means from triplicate separated experiments.

o
o

0

Mok

ORHE - BUS - FTE

fo

fob
M0

(William and Gerhard, 2006; Chae et al., 2012).

TA S0l mAle Fro| ol A AH3 AFelA
Baldos®} DeFrank (2014)= Heteropogon contortus % A+5
BHEE 12%2] 2 FolM 5 AYd 3¢ S Lot
&o] 7P wom AEE 75%MA A T A A
G FAe] 29 E4do] 7Pt Atk WAk bt 9l

Quail?} Carter (1969Y= Avena ludovicianaSt A. fatua %
7o) $53 AEH gk 2E9 AiEEe] FFATlA
312 (25T, 30T, 35C)lA s 90%e AdE FAk=
AEE 43%04 A FAEG o W] FEEA0AL 519
t}. XS Basking Baskin (1979 Draba verna®l FAE
T4 AEshe A 70%, 80%, 90%2] =2 AUleE £
stllM FEAelE AAshs 2ol 0%, 10%, 20%2] W 7
Fo 2URG Wolso] Erh B3I
Aey A7l men FAe] 43 DAY e
Ao ABEE Ggspl Uerton, A9e] A% 45% 3
#& 2AMME o 32 F F43H Aol dohas 7MY &
= Ae) wes et
Jet duEoE Ak 1es e FUEEeId A%
P wEA IS B3 A e sl 7St

lo

BN

o &

= —
W A7)H AEESE Qo2 LA At} (Pritchard and

Dickie, 2003). webr] A71x7gde] o3 ¢ FE7b 2
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Table 5. Germination percentage of after-ripening period over a range of relative humidity in R. glutinosa.

Relative After-ripening period (weeks)

humidity
%) 0 2 4 8 16 24 32 40 48
0 26.0+6.0M 32.7+11.4% 527+58% 540+53% 573+573¢ 64 7+42MC 74741100 7474237 68.7+9.9"
45 26.0+6.0M 34.7+11.0M 527464 66.7+6.1%0 72.7+6.4 74 0+14.0""80.0+4.0" 78.0+5.3%P 75.3+8.14P

70 26.0+6.0M 40.0+11.1750.0+2.0" 62.0+0.0" 66.7+2.3%

73.3214.0% 71.3+3.1%  71.3+16.0™ 64.0+7.2%P

Each value is means =+ SD from triplicate separated experiments. "Different capital letters in the same items indicate a significant difference
(DMRT, p < 0.05) among germination percentage of relative humidity. Different small letters in the same items indicate a significant difference
(DMRT, p < 0.05) among germination percentage of After-ripening period.
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