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ABSTRACT

Background: Refimannia glutinosa is a perennial herb belonging to the family Scrophulariaceae and is used in traditional oriental
medicine. This study was conducted to evaluate the appropriateness of plug-seedling cultivation for replanting of R. glutinosa.
Methods and Results: The seed rhizomes of Rehmannia glutinosa ‘Jihwang 1’ were harvested in the middle of March, 2018. Direct
seedling cultivation was conducted after air curing for 3 days. The seedlings for transplanting were cultivated for 30 (30D), 45
(45D), and 60 days (60D). The mat formation rates of the 30D, 45D and 60D treatment seedling were 81.3%, 100%, and 100%,
respectively. Of the tree treatment groups, flowering occurred only in the 45D and 60D treatment groups, and their flowering rates
were 7.3 +3.06% and 13.3 + 1.15%, respectively. The agronomic characteristics and active components of the three treatment
groups were evaluated in comparison with the DS1 (directly seeded group, control) and DS2 (directly seeded group, replanting)
groups. As a result, the leaf length and leaf width of the 30D seedlings were higher than other treatment groups, but the number of
leaves per plant was statistically the same. In addition, root diameter and yield of the 30D seedling were statistically the same as DS1.
Moreover the catalpol contents of 30D, 45D, DS1 and DS2 group seedlings were 2.23%, 1.86%, 2.50% and 2.08%, respectively.
Conclusions: Taken together, these findings suggest it is feasible to use the plug-seedling cultivation method for replanting of R.
glutinosa. seedlings. However, further evaluation of the economic aspect is needed.
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M A b & 2ro|al QU] it} (Zeng er al., 2017).
Agre et 71 7olN Asol Fu AR SR 7
A8} [Rehmannia glutinosa (Gaertn.) Libosch. ex Steud] Az} =R Ax 5 29 kS AQsk 2R UxR|
2 thaA A EEA] dita (Scrophularlaceae)oﬂ &3, == oA A= T Yo, A FARRE 2 Z2k AR F

1 QrEKot}, AAZKA Rehmannias e 6 o2 ©]F0iz]
& £o7 duA glon, A Xﬂ Qg 5 718 F R
chingii, R. henryi, R. elata, R. piasezkii, R. solanifolia)<-

, 745 b, dFelt). 2017 7o 2 =hy) 3] Au)
22 210 ha, $HAL 209 ha, YA 1,686 =0T
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EAE| 2 Xg M= 3 2 45
Aol 5 FYFol Fdashs Aol A, T TUE 7F SEE AEisls W A4 7 e 7Y A4, 3
20109 o2 FxF F4L e FAlolH, AFe] U A @R B4 5 S8 A4 tigk At o] Rzl
20104 1,750 EellA 2017 877 £o= 2010 oj¥] < wpr} glok
50%7F At Ao F ettt (Lee et al, 2017). e B A3= X8k BAL 98t T8 89 A 7t
A& A5 (rhizome, YWHH o2 B2 XA )S o]& 58S Hrrel] S8l FAssth 3k olg WUty S8k
sk, 7hskA] 2 ASE AR (EHEE), *374312 Xl SEH 77 e vE J4E, FE, TG FH T AR
23 A A @), RG-S FoF ARle] FHE = 9 At A 2AF B AL AAS skt
o] @zttt AA T A& 9 AH WSt AEse A
SR8 (0= %Lffﬂu} (Lee et al., 2017). thalql=+ok Mz 2 ukH
Aol w2 A8 A9 S-hydroxymethyl-2-furaldehyde
(5-HMF) 0.1% °©’d= ELTOr?SHo? gfal g Ee] e 1. M5 54 TAF Y MR A
A el et A BAE g T g2 glom, '&511 /éfﬁoﬂ AREE T2 AHYd SRRt g A
kAol catalpol 0.2% ©]4}, verbascosideZ 0.02% ©]4 ol 20183 39 dlkeol| =EE zl%P [Rehmannia
shaallor stol= 7150] ATt (Lee et al, 2017). glutinosa (Gaertn.) Libosch. ex Steud] 1& = 01]/\1 =5
AFE ghdollA ASI FEE), AANER (H2kHE), TFeale] AMgaliT) ANk o g X|ge] FT 4 F7] 6-
Aster D), ST SREY) 59 952 AL 10 mm, o] 2 cmE o]& st A & Aol ARE-
FHol ¢ Ma er al, 2000), & AHAESZE aucubin, ST 29 ¥ SEE 50 ¥ EdO] 4.5 cm x 4.5
catalpol, rehmanin, 5-HMF, y-Aminobutyric acid 5°] U2 cm x 5 cmyE ARSI, AEE -,T7]/\j /g EE ARSI
™ (Morota et al, 1989; Park et al, 1989; Lee et al, H, S SB 7|17 20 A W HEeEE 209+72C
2017), B AdE-SZ+= fructose, galactose, glucose, mannitol, 2 Yepdt}. B3 S5 A% /\]7]‘; H2] A71E 5L
raffinose, rehmannan S, stachyose, sucrose, verbascose 5] 7] 9E] 60 ¥ EE 3¥Y 314, 45 ¥ Ee 49 15¢,
RIEAC} (Liu et al., 2013). 30 9 BE 49 3099 2+ :L]}—O}Ojﬂ- E dAE 9
Age] Aule FAE FFIAY T2 (seed thizomeye  FUIEL 1 WHE T 100 4 3 HHEsle] ZAREIGOH, v

oj2al=t, TE Y o2 F 7)Ao Aol EQFYE A% E P& BE EfoldH st WE Y AFE =
Zol B, T2 7 5ol dof & & Aok 53] xEa ARt Bk =3t FHile S 7F SE A7] HE B
257t S g FoPt =oAL #YsHA] KehH, A st Aekalg).
Zo] BiL 257t §438] Sephe ZAgolle T 8ol ¢ Ao PE%%—O—E A AFT (1 mx5myE AX|st
ot} Ay o R FrlolA = FolEol 80% LW HAZ A, AAARE 2747 30 em, FHAE] 15 cm 0.2 3L

Je skA] 2ot (Lee e al, 2018), BE]o] FHojz <3 =

o7t B v BAXYS T He, ofw) F2o
o sttt =3k BAS A ASAUI7E 3 AR =
A Aakero] 2haske el dedl, SE Al ol A
SA7] 28 BAIE dTE F Ae T2 HRbe] 2 Jth
o ZEoXe SHel gk A+ P“LO] o l=Hl, AL
FollMe Edo] &7] ¥ AX S8 A7l i) Bard
vh A, DIl e SHe] A g4 A7l ol tia] B
2% v} T} (Chae et al, 2014; Park et al, 2016). 53],

- o =
‘__:q‘HE

oRg2E}l B oMM = B8 Fo A 2 A S
tholl thell ©2E ul Atk (Ahn and Yu, 1996). 22} A
gho] Ag- AF7HA] AR &S AT (Morota et al., 1989;
Park et al, 1989; Liu et al., 2013; Lee et al, 2017), &
Zo| A3 AT (Kim e al, 2002; Kim et al., 2008), A=)
o thet A= YJey (Choi et al, 1993; Choi et dl.,
1994; Choi et al., 1995), ZA7} opd = 2|3
o SR gzt A7 A5 o]Fojxl vyt glew, § o}

FIE o %
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™, Al wiXE Y 3 §HRoR Stk F29] v
<4 4 ke (4%_ 30027)0“ O}-/\}\-—U:] FH GAH T2 B
e 59 sk (59 30200 WAk el Ao 4

Sk 9 100 2 F 89 Tl ANERT, Ak
WgzASh ANF AL 10 2 S (102 30l A3
Aom, AEFARs v 30 4 3 vk SigiTt

L

2. Catalpol &H2F 44

Catalpol EFF-2 Sigma-Aldrich #|# (St. Louis, MO,
USA)S Fdste] ARSI, HHS 20 mge] &€ 544
Z A%E 1 L] 30% methanole] AEBlA 15 87+ &
FZE3 &) syringe filter (0.45 um)E o333l ARSI

#2412 Agilent 1100 HPLC System (Agilent Technologies
Inc., Santa Clara, CA, USAYS ©]&3} 3, column Zorbax
Extend-C18 (4.6 x 250 mm, 5 /m, Agilent Tech, Santa Clara,
CA, USA)S o] &3t ¥4 27L& Table 13 23,
catalpol®] chromatogram Fig. 13} 2t}

)

“
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Fig. 1. HPLC chromatograms of catalpol (A) and sample (B) from R. glutinosa.
Table 1. LC analyisis condition of catalpol in R. glutinosa. U Ek
LC condition
Column Zorbax Extend-C18 (4.6 x 250mm, 5 zm) 1. S0 SR HE gdg o JHS_"‘I—%
) B el % o] A7 WE FASES 30 Lo 81.3%AL
Column oven temperature 30C
UV waelenath o B, 45 do] HW 100%7} == &4—% & 5 AU (Table
waveleng! ! 2). 7H§}g SH 30 Ao 0%, SH 45 Dol 7.3%, 60 U
Solvent A Water o 133%E SH 7]7+0] ZAoJASEE AL Sojul=s AL o
Solvent B Acetonitrile 99t B Age Efo] S5 A s A= 41 4= Y
Flow rate 0.5 min Epto, #8 2glel g+ DS19] 7% 32 92 Jeht
Time (min) SolvnetA (%) SolventB %)  E&°] FE Aloll Foi7k =7 deoful= 2l& & 4 AUt
Initial 97 3 Nekeel IdE FIle Y, dd2, 25 78 5 o
271 e 735 A A o} 37t
Gradient elution system 13 10 90 8A7F lew, Fof A A& A2 A g} e
0 0 Aths Ba7F 9o (Hwang ef al, 2016), B71¢] 7% A
19 2015 7] Ao slo} B3y} walRicks Bt Q E‘r (Jun
25 97 3 et al, 2013). SFE7A] A3Fe] Aslel] mHE ole] tiEt ¢
Injection 1044 T ol AE & S G, B Aol Edlo] &
H A=A R R =30E olf= AA ] wE 5}
o} Bajel gJerow AzEolAL, 1 olft Edo] SH
3. SNA=M AL ko] H7] wigol] A2l =EFE7] @A, A

A¥AI= SAS Enterprise Guide 4.2 (Statistical analysis
system 2009, Cray, NC, USA)Z ®AI5}13, 3 wHa-slk A}
e HoA| £ XFHA} (means = SD)E UERNAT. A|57F
o] 9%l Z}ol:= Duncan’s Multiple Range Test (DMRT)
2 FFE 5% ST (p < 0.05).
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o] A5 Aol A =FH7] wjiEolth.
A8} [Rehmannia glutinosa (Gaertn.) Libosch. ex Steud]
o] 815 30 U 45 A W] ¥ FEE BHH, 30 doll=

W Ex FAEIAT 2] vt dojubx] ggkony, 45
< #g] vjg7E dojur] AlEket eIt (Fig 2). =3 &
B 45 dEEE 7 dojwen, 60 Lolle f4o] 30 ¢
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Table 2. Mat formation rate and flowering rate in R. glutinosa.

seedling.
Seedling periods ~ Mat formation rate Flowering rate
(days) (%) (%)
30 81.3+3.1° 0.0%0.0°
45 100.0+0.0° 7.3%3.1°
60 100.0+0.0° 13.3=1.1°

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).

Fig. 2. Mat formation of different seedling periods in R.
glutinosa (left; 30 days, right; 45 days). The bar size is 2
cm,

A

45 Hof| Bls LojA SHO| w3t =] AlAkg
o2 FAE

AF7HA k&AES] S8 7I7R ALl WEAA] kot
g2 ZAEoA By ® vl oshd, o] 4kl SHE 30
A, XE §H+= 35-50 &, @79 XEH §H5E 6 /19 o]
Aol dasitiy ByE vl 9ok (Kwon et al, 2011; Park
et al, 2016). T3k, 3= S8 7]17k0] 90 Yo] Fojzd 79
slEo] FEHefo] HAEIths Bt U0e™ (Chae ef al,
2014), FF°] A= olBT; AJARF 120 Lol Beo] =37}t
Jojyth= 7t AT (Ahn and Yu, 1996).
webs] A& F2 AH SH 7|7 =sph AR o
CFEE 30 HellA] 45 A Alelrt AAE A= vedEH,

[e]

L

ol st Eﬂ'}‘]au'g‘ "‘%‘H 60 Y& X‘ﬂ.ﬂ’{ﬂ— .,%_E_ 30 ¥
I FH 45 A& ABste] st
2. Ngko] Zp|0 8% Ms M

Age] SRS olg 1Y TFs3e Wrkel] sl e
Z 49 gl 2L A% AT Os)s g4 F @ &

pul

HY B Al7le] Aukgh A2l (DS2)E el WSttt

205

Table 3. Aerial part growth characteristics of R. glutinosa.

Seedling periods  Leaf length Leaf width No. of leaf
(days) (cm) (cm) per plant

30 23.6x1.6° 11.4+1.0° 19.2+2.3°

45 21.4+1.9 9.8+0.9°  20.0+2.4°

DS1 21.6+2.0° 10711 20.1+1.8°

DS2 20.2+2.2¢ 10.0+1.0¢ 18.8=2.37

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). DS1, DS2 indicates directly
seeding, directly seeding (replanting), respectively.

o

30 U3 45 d A= DS29F 22 A7 S
ol H2AEHATt A S Ao ATl B
100 Lol ZASISITE AV AS 5L 47
BAAYN ool JRARE, 98 92 felidel 9

(Table 3). EF 30 4 >DS1>S8H 45
DS2 =22 YERter, ¥ S8 30 ¢ >DSI1 > &
H 45 Y, DS2 <=2 Yesit)

ABHE- A 5L HAAHCE FAHSE fFoido] UM
3, 71 A3= Table 49F 29)kth. <] ¢ DS1HTE tf2
Aol 2go] B A A B, 2739 45 DSI,
S 30 ¥ >DS2>8&H 45 U o7 yehton, ik
AR AFE SH 30 ¢, DSI>FE 45 9 >DS2 08
UERETE 53], 8 30 €9 4% SH 45 ¢, DS29F 2]
EAo|AM 2] Ag7|7ke] 5 /YR Yl DSIET 1 7fEe]
Aokl Estar Abeo] DS1 BAPY 2Tk
e A7)0 AAE DS2dll His) SH 30 I3} 45 L
Arkerol =Tt oleldt Ad= A ¥o] SHE T3l A
USS HolFH, BE o]&dh=

B3l Aol SUHEITRE A
T} (Ahn and Yu, 1996).
3ol Ashte] Ag 5EAS T8 B W, &5 30 ¢
T HAGE XEte AR el Alg Bdo] A=
gt 2]t DS19} W= st 28y S8 45
o H2AgE M| e AR BAF A<l DS2
B} Ago] eald o), A8 Al X2l DSIETh= &
3t

A AHE 8l ERe
Ty dhdst=d Ald F83 7]
T2 2 FNE SQte® By

o=

@ 15

o

Q2 ol @

o
=5

e 3
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Table 4. Underground part growth characteristics of R. glutinosa.
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Table 5. Catalpol content of R. glutinosa.

Seedlingperiods  Root length Root width  Fresh root yield
(days) (cm) (imm) (kg/10a)
30 215+2.1°  1537+1.76"  2,046+107°
45 21.5+1.7°  12.74+2.43%  1,767+50°
DS1 242+2.6° 1457%2.44"  1,939+61°
DS2 221+23%  1411+1.79%  1,546+47¢

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). DS1, DS2 indicates
directly seeding, directly seeding (replanting), respectively.

1

sk AE (B 5% (P
FYGAl w} vh=y, ®BE 2wl
Fs EE BE o, S5 30 & %

15 mm W= FEA @)l 417k o=
o} Eg AR SH 30 9 AT 13} frAkst
of B2 a3t 7MY =95 o o JUTh 2BY SR 45
Aol A AR BA3 DS2B T S Fkon), &
7do] kot AEAd @@l EAZE de AeE YEhstth
wEba A @A) NS B 28 o, 1S
<1 A% 717k 45 A B} 30 ¥ Bwst P A
gt oz ke

TS

) HEN Aol v o
4= Hol7h ik,

o] A o] 7o

ole]
27e]
Ao

[e)
= A
(e}
749 DS
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3. 212 51 X|&9| Catalpol &2

Catalpol o] ¢ DSI>SH 30 ¢ >DS2>SH 45
A2 ERITE (Table 5). 2|82 §5 717k w2 catalpol F
F SH 30 4] A AAHE AEig A2+l DS1ET
= catalpol shafo] yigkon} Al w2 Azel DS29]

Hlal E2 Ao vttt A F548 4w A 1359
% catalpol sheFo] 1.74%=2 Hig v} J=u] (Lee et al,

2017), & AFoM e Aol ATl Wt 1.86-2.23%=
Ueh 7]E Aol vial] =] YRt o]l xpolzF Al
H A FelM 2 ?-ﬁ} A171¢] Zfo|&2 AztE]=d],
T A= AR UE AR deiA

Atk 53], oFg2 A 55 A7)l
2} sk W3} ZEP‘— ®B7t 9tk (Kim ef al, 2015; An
et al., 2016).

2 AT 8 A7IE 10 € SkeolUARIRE, A AtellA
o] g A7IE 3 ¥ sk & o]zt A7) Wil olzist
/4o sheF 2polzt SUE A= AlsHL)

A= 01:%73,4»_ _-_sLEH h=h U;H J,];Go] =3 7]7]. 30 OE] ;g
LolH, 281 §EHE 53 HAe A 3 I7le] S

717k 27t Agolm BAFFS BAT e 2= YE
Sk Bgk 2730 o] AEA @iE)el® A7 fle A

f[]le

Sl

\j
=l
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Seedling periods (days) Catalpol content (%)

30 2.23+0.04°
45 1.86+0.05¢
DS1 2.50+0.02°
DS2 2.08+0.01¢

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). DS1, DS2 indicates
directly seeding, directly seeding (replanting), respectively.

02 YERGOH, catalpol TFE 7]E B2 A2 v
=A JEh E8l §5E 9 B0 ¢ aHFYS &

F g9tk et B ARATRE A4 el nashlds
SEo) Sx ET U I A% £Y 37t 5

wE AN RS 7S AA4 BAol H Hed Aow
A

ZAel =

B ATE 3205 AT 9 EE%Y 2 3P WY

71E MY AT AR EHAIRE: PJ01437101)J+ 20199% F&
84 AHLlEZe Awdrd A Aol 93 o]
Folxl A= olo] TAL=HYTH
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