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ABSTRACT

Background: There have been no studies to date on rhizome development and optimal harvest timing for Resimannia glutinosa. We
therefore, undertook this investigation.

Methods and Results: R. glutinosa ‘Jihwang 1’ was sown in early May and harvested in early November. Growth investigations
were carried out at intervals of 10 days between 90 and 180 days after sowing (DAS). Leaf length, leaf width, and number of leaves
increased until 150 DAS but decreased after 160 DAS. Rhizome length increased until 120 DAS subsequently, rhizome diameter
increased rapidly between 130 and 150 DAS. Thus, the key period for rhizome enlargement in R. glutinosa is thought to be 130 to
150 DAS. Fresh root yield increased sharply from 916 kg/10a to 1,914 kg/10a between 4 and 5 months after sowing (MAS). Dry
matter ratio increased gradually from 19.2% at 4 MAS to 24.4% at 6 MAS. Finally, the level of catalpol, a key active ingredient,
increased sharply from 0.41% to 4.21% between 5 and 6 MAS. Given the dry matter ratio, catalpol content and yield measured, we
suggest that optimal R. glutinosa harvest time is 6 MAS.

Conclusions: Based on our results, the key period for rhizome enlargement is 130 to 150 DAS and optimal harvest timing is 6 MAS.
We anticipate that these and other results of this study can be used to inform cultivation of R. glutinosa.

Key Words: Rehmannia glutinosa, Catalpol Content, Dry Matter Ratio, Enlargement Stage, Harvest Time

M A o] &3FHoL}, HZole €9 (Orobancaceae)ol| EEA|71A

U 233} (Rehmnniaceae)® W= E2]57]%= $H} (Albach

thAA ¥l X3} [Rehmannia glutinosa (Gaertn.) Libosch. et al, 2009; Xia et al, 2009; Refulio-Rodriguez and
ex Steud.]> F=o] dikAloln, F=, d=, WHEH Al Olmstead, 2014; APG, 2016).

A s}, B3 A 3ellE R leutea var. purpurea, R. Ao 23t 7)o A Ak AEE AuER= -2
glutinosa var. hemsleyba 52 WHWEEC] BEX3= Fo0Z H Ugl 2H A7 Q3 JAeE 498 2 Jix] o)t} )
JAEGO, Hodls e ERTCE FHEEL e ARl U Ae] FAhdA| = "‘a‘ T4 AR AS, AR OE, B
t} (Wu et al, 1998; Chang et al, 2014). A% &2 6 7} Folm, e sk, 9 AH, F5 24, A Sole o=
o] o7 o]FojA lom, kA #4a} (Scrophulariaceae) F717F AMistar Tk 20179 71202 A &9 M=t AiE
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Oltk=

A2 210 haoli, spf) Arkak2 1,686 EO0= ZAFEUTH
(MAFRA, 2018).
A2 AR o Al Alsh (o2 ez A

=]

il

)2_

ol-gsk=Hl, 7k ZdEiel met Al TR FREY. S, T
SHA 2 A& elE AR Chit), AT As AR

@EcHtsD), AA T RS SA @R R HEsk, g
()2t &5©] THET} (Chang er al., 2011). Shdolla =5}
Z35AL CHEH), AR (Fakts), Bsh @F5)
59 Aol AMgHo] Y3, F2 AR ZE aucubin, catalpol,
rehmanin, 5-hydroxymethyl-2-furaldehyde (5-HMF), GABA
(y-aminobutyric acid), manninotriose, stachyose, verbascose,
rehmannan S 5°] R IENS™, catalpok AYA|3 (HHbE)
I AR @S] AF FECE, S-HMFE A% (it
)] AFAAESE dHA Ut (Morota e al, 1989; Park
et al., 1989; Chang et al, 2011; Liu et al., 2013; Lee et
al, 2017a). 3, E50 2= FPls}, FAeiA|, 9, B,
AAHAEEE Sl A7t A= Ao LAt (Shieh er
al, 2011; Reina et al, 2013; Jiang et al, 2015; Kim et
al., 2018).

ORgAHE-L TN AWIEA 1,000 ha o]3le] 2w A&
2 S8 A7 FE o FaL o], 71xAFTE Bel F
=39+ AAolth oRgAER] A% gk rRPIAE A5 7]

ZATE 2] wolal e 2p3u)$A|e] Wk B4, wit

g

spdel] Het A Tl B34sk Aol (Park er al,
1998; Park et al., 1999). 53], 4] FHE o|8sl= 2ES]

A5 vgiAI 7= Al 717F A © 8 A7) 2" Fast
71Z AFEA 3L, FupiMe Ay 25, I9F Bl mE
HtiA] 7)o HEAE Buso] oyt (Huh er al, 2002;
Kim et al., 2012), Ao HE o]2dt A7} ATt
w2 AFs 2] Ay 71 AR 9 g A 2
Aol 712257t s vgAZlE 79

dotr 7] sl skt

=il
=

sz, A4 Fa7)E

yH
o

M=

b=
153

1. Mo ¥ H2E2 =5

Ao AMEH FZ (Seed Rhizome)ye Aol E2tzshd
orgZE AHEAGNA 2018 39 kol S xg
[Rehmannia glutinosa (Gaertn.) Libosch. ex Steud.] 13 &
Zo| AES st ARSIt 22 dRbE o= il
H3 e #7120 6 mn - 10 mm Q] XS w2 A5}
Aol ARSIt A5 2AE 97 NS AR sHEE
o]-&gk &7] Al (F73 60 cm, E°] 50 cm)yE 3HASH, A
2 Agle 27k A7l 30 cm, F7F A 15 cm 2 4 AN
A2 &kt

&0 0|48 - T
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A ARE A AlRT= A
3L, AR = 224 30 em
o, Al wjA = G2y 3
AEZAES}E AL A8 Al
et AeHte] S A
180 d7kA] AAlsIar, Ak 4482 4 714 79 1 €
= 6 JHE7EA] 3 Wl AA ARSI S A E A
A AL TEXTH AFEAT 2APIE Tk AAE
Atk

FA71H B A8 (http://weather.rda.go ki/index. jsp)S ©|
43 A3, Auj 717 e EE 49 1247C, 59 18.0TC, 649
224C, 79 26.7C, 8¢ 27.1C, 9¢ 19.1C, 10¥ 108C=
Uepgtom, 43S 49 121.0 nm, 5€ 117.0 mn, 62 64.5
mm, 7€ 172.5 mm, 8¢ 313.1 mm, 9& 175.0 mm, 10¥ 112.5
mm 2 VFERsk

Ae8s 4 A Az 9 =
2 FAEA 10 A Bt Ax ST AlEe A
Al (FHE AN ERA WHE F 1 kg A 3 vHEste] X383
o AEE 342 ol Ak

R
L

=

FAXRAM AxeEs 50C

7%

oS
=

Nz
A AEA

o

AL (%) = % 100

Al
BN BN

[s1 = 4
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2. Catalpol M

Catalpol E %2 Sigma-Aldrich #|¥ (St. Louis, MO,
USAYS st AREFIaL, A2 20 mgo] w3 € 541
Z AL 1ml2] 30% methanoldl] et 15 ¥7+ 233}

=29+ Agilent 1100 HPLC System (Agilent Tech, Santa
Clara, CA, USA)S ©]&3}9 3, columne Zorbax Extend-

Table 1. LC condition of catalpol in R. glutinosa.

LC condition
Column Zorbax Extend-C18 (4.6 x 250 mm, 5 /m)
Column oven temperature 30C
UV wavelength 210nm
Solvent A Water
Solvent B Acetonitrile
Flow rate 0.5 m¢/min
Cradient elution system
Time (min) ~ SolventA  Solvent B
Initiation 97 3
Mobile phase 13 10 90
19 10 90
25 97 3
Injection volume 10 4
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Fig. 1. HPLC chromatograms of catalpol (A) and R. glutinosa sample (B). (A); catalpol standard, (B);

root sample of R. glutinosa cultivated for 6 months.

C18 (4.6mm x250mm, 5 um, Agilent Tech, Santa Clara, CA,
USA)S o]&3lith. B4 24L& Table 134 73, catalpol®]
chromatogram Fig. 13} 22t}

3. SH=A

AHAI= SAS Enterprise Guide 4.2 (Statistical analysis
system, 2009, Cray, NC, USA)E #4181, 3 whesh 2
I e X £ EFHX (means £ SD)E HERIAT Al
827re] 942l Ao]= Duncan’s Multiple Range Test
(DMRD)E 7% 5%CI4 AF3IATE (p < 0.05).

Zdyt ¢ o

h =)

1. MSAD|of| W2 X U Kol £
QA FEo Ae v T 90 LollA 100 L Aolo] F
AsHA SV, 9] A 3 & 110 LelA 120 4
Atolol] F43] S7FHATh (Table 2).
Ao g ¢4, 432 3% ¢ 150 ¥ B8PS A A
HAoM, 979 A= I F 120 o
0= 150 o o]F7H A} Foj=

velstth, S8R, X8 [Rehmannia glutinosa (Gaertn.)
Libosch. ex Steud.]2] A+ A2 A4 d4e A 95
120 dol¥ Al o]2A =i, I HEL2 =7t

-
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Table 2. Growth characteristics on aerial part of R. glutinosa by

harvest time.
Harvesttime  Leaf length Leaf width ~ Number of leaves
(days) (cm) (cm) (no./plant)
90 15.7+2.4¢ 7.9+0.7¢ 13.0£2.0°
100 19.6+0.5% 9.6+0.4% 16.3+0.6"
110 20.0£1.2%  10.0+1.3%4  17.0+1.0P
120 20.2+1.6®  10.6+0.2% 23.7+0.6
130 20.8%£2.3"  10.5%1.3% 23.0+2.0°
140 221+1.2°  10.5+0.8® 25.3+3.8°
150 22.0+0.4°  10.9+0.7° 24.0+1.0°
160 19.1+1.2° 9.5+£1.3"  17.7+1.2"
170 18.3+1.6" 8.9+0.9>< 16.3+1.5%
180 18.0%1.1% 8.5=0.6 13.3+0.6°
CA" 0.130 -0.004 0.039

'CA; correlation analysis between harvest time and aerial part.
Means values = SD from triplicate separated experiments are shown.
"Means with difference letters are significantly different at p < 0.05
by Duncan’s Multiple Range Test (DMRT).

SITth 150 dold g4 ol=r, 21 Fojl= Ydolxm A
AR AoE UERT
A 2 AR Ao
A, o) 2e A F9
T 120 dolw Ho] A2 o] ® oz AztEHh
(Table 3). =73 (A9l #71)e] ZAF o T 130 HolAd
150 & Aol AT Hltj7} o] Rojxlom, 21 o]Fo= 7

Aoz AX kot BARCRE felgol gigic. Wt

[e]

R

A F 120 Ao AL
v Aol7k YoBE 3%



Olefe - 852 - 0[28] - 7HH - 55 - 0|92 - FW| - &5H

Table 3. Growth characteristics on underground part of R. glutinosa S By}
by harvest time. =870 wWE ASEA B4 Ad xAre] A% a9
Harvest time ~ Rhizome 'Rhizome ' Number of (0 130)# oFs}t ofo] AkATAIZE UEREOH, 944 (0.039)2
(days) length (cm)  diameter (mm) rhizomes (no./plant) (-0.004y2 Az 7%] 71 79l Q= Aoz LEptt) ukd)

"I -V [eanuALEE BATS AN A
Do TR e G e Al daed e a2
+ c =+ + 2

110 22102090 111942339 50021.00 (0'890) =73 (0.983), ? ©. 776) E IR el
120 2620+0.70° 11.58+218°  4.90=0.50 AT ERATE. S, A X]'SP%Q AR 4
130 27.20%1.50° 12.20+3.19°  5.00=1.10 A del Ay veten, |94, 95, 9 BT 2
140  27.90+2.30° 14.18+1.94>  5.30%0.60° Z, 2ot = ko] AEaAIZE YebdTh (Fig. 2). ZEu
150 27.90+1.70° 16.61+337°  5.70=0.60° 273k gAguto] kst ko] AluAlZ} LR, AE3}
160 28.40x1.80" 16.78=1.53° 5.70+0.60" }\t ABBA T} ALl Q= Ao = L]-E]—%;E]— E3] gl A

170 28.40%=1.20° 17.88+1.86° 5.30+1.20°

[ox 20 H .j.x]— A l-:-_O_
180  28.20+0.50* 18.24+1.72° 5.70£1.20° A5t el Hs) 04702 =5 (059791 =2

CA" 0.890" 0.985™" 0.776" 0;94 HEAA7Y LET.
i ’ i FEAEANE ZEL] FFol E}E‘r A5t AeE A7

CA; correlation analysis between harvest time and underground _ <1 Aol ZIARELS] A o
part. **; significantly different at p = 0.01, respectively. Means values o Tish Bk geliul, F1e) Ay Aol 2 el

+ SD from triplicate separated experiments are shown. "Means with L 7370l Fol=e AIZIFE A OFr«] wAT Aol dojt
e o tipcanty diflrent atp < 0.05 by Buncan's ok w317} SIG1 (Lee er al, 2018), QU] BF= A%

o] wahrh A5 ASE/IS} Aol Arky ATk (Park

et al., 1986). Lt} 719 79 o|e} W= RHte] 7
M Age] vitls a2 F 150 %O]?‘i e oz ddd A A0l SIS Aok AakEe] SRt Hal
o} 24 ®sEe AF)e] A 9 3 90 DollA 100 2 7F YATH (Kim e al, 1996). AZe] AS- 2Tt wAKS)
Aolol FA9 SV) olEolosl, 1o Aol BHE AE £ AU HE T 160 2 ATl 239 A4 BN
s Uk SR, ALl A 4l B9 5k AFE B BAY A Aol R, oA 3
T F 120 Yol Aol o] mirEH, 140 Yol 25 = ?7]'°P<] okth. ey G AEe] ARl ol=2=
7F Aol )29, 150 Qolwl g} Ae] R Qo Aslel Al Hosh B Ao wol Agel A%
Vet 3, AAe] Aol Bz A7lek Alaktel ul 71, e the ARE sR, Wlske visa Ha)
G SEE A7} i 5 150 A A9 ARk A & AR AzEn.

3% off

ERL
= RD
B NR

LL Lw NL

Fig. 2. Correlation analysis between aerial part and underground part. LL, LW, NL, RL, RD, NR
indicates leaf length, leaf width, number of leaves, rhizome Iength thizome diameter,
number of rhizomes, respectlvely T 5|gn|f|cant|y different at p = 0.05, p = 0.01,
respectively.
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2. FEADIOl WE XEe| fEsEd

ZA|gFe] HlthA)7|e} AAsted, A 2 AI71E Adsl] 9
sk A A A T 3 4 ERE 1 it A
staE, 95 & 4 sl Aol 916 kg/10adl E3243F
GO}, 5 /MYdlE 1,914 kg/10aE F743] E718l690H, 6
NYell= 1,884 kg/10a= FF HAslloy FAX o2 /<]
n]3k xpol= QUUTH (Table 4). F=3F, A8k AHEA @anE)
of Al T2 71EA AL AFE (Bh)eE Hrhr] ¢
Sk 7150] 27 15 mm AR (Lee et al., 2019), 3% &
150 doll= 16 mm 2 AE (L) 7152 15 mE g7] &
of d&F 7Holx #A7E Sl AI7IE Az old Ax
£ AsHte] BtiAI7|9F ABAARR, A &e] ke 0E &
5 7HERE 7 Zo= AZtEEd], o] Al7e Aol H]
7t ks == AZIQL 3 150 93 YX|ske A

52 I 5 AU

go

—_

o)
2A

3. TEADIO| WE X|&e] HA=E1} catalpol

AEES B 3% § 4 MLole 192%, 5 MYell=
21.1% 283 6 MLl 7FE =& 244%z Jeh), 438
A7I7F ZoldTE 1EES =ok]= 7 &l YERTH (Table
4).

st}

[= K'ejru

A2 BT BEaL S5 AR (uti)s Alsials

T 7S AA SAS @) R o] gHnh A% @
Mg ye Alxskes AN 7 S88Al FAFske 2ol A
28], dEeo] =olof SA Aikrgo] wolA7] wii
olty. 2y} ofok= WHE A )] AR (b )
&80 Yolof o] Bol 1her] wiieel Asal AzdA ol
Me AEEO] e XFg A5ttt mebs XS 3k &
6 7H ol FFsl= Zlo] AdT Aoz AsH, A
g (i) §=o BF w7Fe] Zvird @ @ A

AT B35, e F 5 AN 6 4 Aol 2713t 7}
5% Ao AlREdh

Z 35 6 /MY 421% > 3= & 5 L

3 4 70Y 0.09% O 2 JERITH (Table 4).

Catalpol =52 I
0.41% > J&

<)

Table 4. Rhizome yield, dry matter ratio and catalpol contents of
R. glutinosa by advanced yield trial (AYT) time.

AYTVtime?  Fresh rhizome Dry matter ratio  Catalpol
(months) yield (kg/10a) (%) (%)
4 916+54">  19.20+0.02°  0.09+0.01°
5 1,914+29° 21.10+£0.30"  0.41x0.01"
6 1,884=14° 24.40+0.20°  4.21x0.10°

DAYT; advanced yield trial, AYT time; 4, 5, 6 indicates 4 month after
seedling, 5 month after seedling, 6 month after seedling, respectively.
Means values + SD from triplicate separated experiments are shown.
*Means with difference letters are significantly different at p < 0.05
by Duncan’s Multiple Range Test (DMRT).
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M= 9l 42t 54

53], 3g ¥ 5 MY 6 MYe FEFS A fene

o] 7} §12 01}, catalpol RS 10 Bl o) Sou} T &
HLFE 6 7MY Alolell catalpole]l FHEHE A7IYUL &

2 AG 15 FFolEE FEA7], AR Aol ulet
catalpol o] 1.74 - 2.23%= TFEA R == (Lee et
al, 2017b; Lee et al., 2019), ¥ AFoM= AuiA| 7]l wh
2} catalpol Skl 0.09 - 421%= U B} =4 VeRgth
olgfgt ol 7|E9] Ate FEAIIE B HFoE B
Aot FEAIZI7E Dgtom, Aul7|7E BgE Aolstelr] Wi
o7 A7k B3 B ATE 4 /Dol 6 MYEE vY) 2
catalpol S%|0] HA] o= AIZI7HA] &S 31917 wiitel A
27F F B0z AY7hET

g 5 5 7ollA 6 7Y Alolell catalpol gl w43
sofut=tl, 2 o= I F 6 MEAl= A7 108
skeo 2 A7t oln] Wi Al7e)7] wiiEo = Ayztdc) ©
2 FGAENA F89E] ST wiEell AAE7E U™ o] %

g

of g sh=dl, T4, B, 2ok, Arlelr A g
o] 10 ¥ skeoll ©el F¥Htta BHyH b St} (Kim ef

al., 2000; Kim and Park 2013; Kim er al., 2015; Lee et
al., 2018). WA A olefgh k@AEET} M5 73]
oM E T 6 7ol catalpol o] FHZ3] E=olHW
Ao ® AY7tEr

Catalpol> AJ=x|&e] FHAE 93 A EEL=
A3, et Aol o] Fr AsA=
P glom, o] 2SS olgst HHEE
Aol gk S3x F5E U= A
2003; Lee et al, 2017a). 284 oj
AR e A e W&ol AL, FHRddE
catalpol 0.2% °©1’d& T30k dtke 1ol Utk (Lee er
al, 2017b). 35 ¥ 5 7HEL catalpol FHO| 0.41%= 5=
oFd 71EA| oldol7] whie s AV §lS sl
CEARl= )

2 A7 d4E THeElRd, A% 15= 1
A Atolol] F438] H|t7} dojube RS ¢
g7} catalpol TS I = W, I%
o] 7Fsd Aoz Azt =5, HES
of wal 7 Ae, A AR 2=
oNx 6 7HE Abold 27FEE Vs

2 AT Ade A Al ® A7) 2-o] gk A
o] 71ZARE AT T IS Ao=E A7tE, 57k Ay
A7 280l Egol 2 Zog Algdnt. 2eu A E7kl
A AuElE FEo] tslER, 9 E7F fAFolA 2ole
Fool gk Ak EF5 EE HgiA7]ol Zfel7} A] o
Fof tigk A7 o Had Aoz AztE

(Zhu et al.,
Aobols Xl
3/

o)
AR



Ol - B50| - 028 - T
AR =
B ATE SEUE Y $F FEad 9 g ay
71% AT AR FEARE: PI01437101)3 20199 % &&=
154 FPQIEAAeY AEATY g Ao o) o]
Soxl Az olo] ZA=HY .
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