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Impact of Rehmannia glutinosa Sprouting on Seedling Quality and Quantity
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ABSTRACT
Receiqu: 2024 August 7 Background: This study addressed the issues of uneven sprouting and yield reduction in Resman-
1st Revised: 2024 August 20 nia glutinosa when traditionally sown directly into open fields. A plug-tray seedling method incor-

2nd Revised: 2024 September 11
3rd Revised: 2024 September 18
Accepted: 2024 September 18

porating a sprouting process was employed to try and mitigate these problems.

Methods and Results: Sprouting R. glutinosa, the rhizomes were sown into 72-cell standard trays,
covered with soil, and maintained at an average daily temperature of 25°C and over 98% humidity.
This is an open access article ~ 1he sprouting periods were set at 3, 4, 5, 6, and 7 days and three cultivation methods were analyzed
distributed under the terms of the ~ to compare the effects of sprouting: conventional direct sowing of rhizomes in open-fields, rhi-
Creative Commons Attribution  zomes plug-tray cultivation, and sprouted rhizomes plug-tray cultivation. The results showed that a
Non-Commercial License (http:/ 5 days sprouting period was the most effective in terms of shoot length and weight. Sprouted rhi-
creativecommons.org/licenses/  zome plug-tray cultivation followed by transplanting significantly outperformed both the conven-
by-nc/3.0/) which permits unrestricted 0131 direct seeding cultivation in the open-field and non-sprouted rhizomes plug-tray cultivation
non-commerqal use distribution, followed by transplanting, with an underground yield of 2,040 kg/10a and a catalpol content of 5%.
and reproduction in any medium, . . . . . . .

provided the original work is properly Conclusion: Sprouting effectively enhances R. glulmosa y}e:ld and quality. Further research is needed
cited. to address the challenges of root development in vegetatively propagated crops compared to seed-
propagated crops and mechanization studies are required to improve the transplanting efficiency.

@ @ @ Key Words: Catalpol Content, Plug Tray Seedling Method, Rhizomes, Seedling Quality, Yield and

Quality Enhancement

M A o (Lee et al., 2020).
A2 7k Zdeiell whEh ARG (i), AR ),
A8} [Rehmannia glutinosa (Gaertn.) Libosch. ex Steud.] A& (BMHE)CE FESIH, 8 AHEOSZE= catalpol,
& #43} (Scrophulariaceae)2] thaA B ZAEZ =S aucubin, rehmanin, GABA (y-Aminobutyric acid), 5-hydro
153l] S5, B, WEY 5 FELlsHA ARSI A= oF xymethyl-2-furaldehyde (5-HMF), vitamin A 5°] 2.1, o]
|2Zo|t} (Jeong et al., 2004). =Y Au] WA 87 ha & Zol catalpol> XA &} AA|Fe] AFAHHEOZE, 5S-HMF=
ZAF FQA, AAES 548 Eo g HIEQOM (MAFRA, X3 AuAgEoz dEA Juk (Kim ef al, 2000; Lee

jud

2023), A= B S AE AE, AE 95, ebselal, et al, 2017).
3 A, 8 AR, ST A Aot o] FojA 2 Reina 5 (2013)2 iridoid HlFAZ LEZ aucubin®] 4t
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ek, 44 9 Bl Rs7b dow wad o gl
(Chapouthier and Venault, 2001; Foster and Kemp, 2000).
T WA712F Aol diEwA X&) &) Ak A
T7F Tkl o]FoIA AL ¢lo] (Huang ef al., 2016; Li er
al., 2017) &5 2 Q8 AR 2 A77152E Ade] S}
7} 71 == ZHEoltt (Han et al., 2022).
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al., 2015; Zhao et al.,
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=t Yo g FrllAE #7] 6 mm - 10 mm, Zo] 2 cm
o] 42 £22 AEsle] vgste] Al (Lee er al.,
2019a). Lee 5 (2019b)yS w55 2 o] & 7)A8h7o] B2t
A AF Sof B, T2 79 Tol AT & 3leH, &

ol

o) em7t w3 Az Fobrh RUsh Rale] oA,
Jrdgol Wi 2wk 345 Lebba Rulvh ol dojd
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sl QS fAS] 9% A
(Lee et al., 2019b).
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Aot} (Han et al., 2022).

Z# 1 Be A% viRy
AL 71FoR Ak ofyd
Ty 5E E{SH AR =
VA = ] L el e
(Park et al., 2011). T3
= A Aiks Eﬁgg

Za
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o & (Jeong et al., 2016),
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Ho] FAdsaL 14
(RDA, 2019).
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71E FEAE APl T2 A4 o]FoA fou,
< 715%s), Azgel, 1ela WelE S 5 91F 8o
2 el A ) AL Aol tigk Be/de] o AR|AL Utk
webr] okgzMEe] S8 AT Gid] o] FofR|AL glom, &
3] AFME Zea EFo] SHE st FAA ﬂﬂ&} =3
B 717+ AAsks A7 A=A (Lee et al, 2019a,

2019b; Lee et al., 2020).

2 Arelxe 71 deE ARHL e =4 e
wje] A T shRl Soked] EadAde SEIL S5 &
£ GFE G@5s] A8 AE9Y] A4S =9skiTh ols
Sl AEe71e BdE Brkekal A%e] Rt e B4
ato] Age] Feja SR i A IS oS A5He
2 ATsle], AdA B st wERe] 2ge A
T & Sl ZEsE S Akt @

Mz &y
1. 532 M=ER

B ApoMe Ao =2 AR 20239 39 Aol o
TERNETYE AFEGAN TR NG B FF] A
2 Hopito} 39 ske7bA] 4C WAl Bad F, 7o)
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2. HEIRI|

Wrjol] 22 AFESR= 4 =3 (60 cm x 30 cmyel] Yol
HE JE (Seoulbio Co. Ltd., Eumseong, Korea}g ANz,
2. cm A719] A& FLE A5G T AEE FAt (Fig.
1A and 1B).
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Fig. 1. Sowing process in plug cell trays after sprouting. (A) filling the seedbed with growing medium and sowing Rehmannia
glutinosa rhizomes, (B) covering the topsoil after sowing Rehmannia glutinosa rhizome in the seedbed, (C) maintaining optimal
temperature and humidity by covering the seedbed with plastic vynil, (D) transferring the sprouted rhizomes to a 72-cell plug tray.

Fig. 2. Sprouting status of R. glutinosa rhizomes according to the number of days after sprouting (DAS). (A) 3 DAS, (B) 4 DAS, (C)
5 DAS, (D) 6 DAS, (E) 7 DAS. The scale bar size is 1 cm.
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Table 1. UHPLC-MS/MS analysis conditions of catapol in R. glutinosa.

Parameters Condition
Column Unison UK C18 (3.0 X 150 mm)
. Solvent A Water (containing 0.1 % formic acid)
Mobile phase — — —
Solvent B Methanol (containing 0.1 % formic acid) : Acetonitrile = 50 : 50
Time (min) Solvent (% B) Curve
0 5 5 5
Gradient elution ! > > 100 >
5 5.5 100 100 5
5.5 5.6 100 5 5
5.6 8 5 5 5
Column flow rate 0.4 md/min
Injection volume 1p0
Column temp. 40°C
4. R ZF 9l Sk RA} NC, USA) Z2a# S A83te] A EAHEA] (one-way
Zeja 5o 24& Hrisp| d = J‘r—'— 19 Yo analysis of variance)S S35t 2™, Duncan’s Multiple
AP 24, AP S, A 2, A 52 1 2 24 Range Test (DMRT)®} Student ttests ©]-8-3lq 5% 5=l
Fom, aF £ 33 o] FY Aol st 2 X} A A A 7 B frol8s AET (p < 0.05).
St & 49 kel =4 AAEIlh 27F A= 30 cm, F2F
A 15 2 AT, B4 T @ A B 3 B2 A 29} U A
T HIES Fot] HE (%)= AXekith
109 skeol]l Al oM AdHos At Ags 75 1. HEIRD| UXE | 2 Tt
sle], A F ol Bo 38 AHF B2 AAT T A5 A% TS AE sl Eel Eglold] B = 19 o
o] o], AA, FAE 733Ut o AAE | 2} B EZ HGrloA], AAREe] 24 RE ST

5. Catalpol &&F &AM
Catalpol ¥ ¥ Sigma-Aldrich #|3¥ (St. Louis, MO,
USA)S AR3IAAL, e oF 0.1 g0 3l s471x A
< 1 ml e 80% methanolol] #EFsle] 30 7+ 259 &3
% syringe filter (0.45 ym)Z ©33}3}] Vanquish Flex UHPLC
(Thermo Fisher Scientific, MA, USA)Z A& HAIsl3t).
A4 272 Table 13 2t

6. SH 24
FA 242 SAS Enterprise 7.1 (SAS Institute Inc., Cary,

5 Aol 7.0 = 08 em 2 7P =L (Table 2), AV TF
< 54 A ATE R AE97] 7 A A A7
L1 g - 12 g0 Yelsdth. #E97] 5 o 2} o] % A5
A% dele datd ez 4 wdsiglon (Fig 3), #E7] o
7} STkl Wt Akt 2= folHoR S

oled A% AT BF F 33 A Aol AAIF 2 2} 2A}
M= FARHA Uelsor, #E$7] 5 o 2 22Tl A
A 2 AR T 5ol fUHeR A YEEt
(Table 3, Fig. 4).

HE$7] Al A 71 d5sta F4E TNV

Qe T 2aelx A7 sdE ul, edgyee] A

Table 2. Growth characteristics of R. glutinosa rhizome seedlings observed in the initial survey (19 days after planting) based on the

number of days after sprouting.

DAS" Emergence rate (%) Shoot length (cm) Shoot weight (FW-g) Root length (cm) Root weight (FW-g)
3rd 99.0+0.8™ 5.5+0.6 0.7+0.1° 2.5+1.0 0.0+0.0™
4th 99.3+0.9 5.1+0.6 0.7£0.1° 2.3+1.2° 0.0+0.0
5th 99.0+0.0 7.0+0.8° 1.2+0.3 2.8+0.8% 0.1+0.0
6th 98.3+0.5 5.5+0.6 1.2+0.2° 3.2+0.7% 0.1%0.0
7th 97.7+0.5 5.8+0.8 1.1+0.2° 3.8+0.8° 0.1%0.0

DAS; days after sprouting. Mean values + standard deviation from triplicate separated experiments are shown. Means with different letters in the

same column are significantly different at the 5% level according to Duncan’s Multiple Range Test (DMRT, ‘p < 0.05).

™, no significant difference.

288



Fig. 3. Growth state of R. glutinosa sprouted rhizomes sown in 72-cell plug trays and harvested during the first survey according

to the number of sproutin

ays. (A) sprouted rhizomes for 3 days, sown in plug trays, (B) sprouted rhizomes for 4 days, sown

in plug trays, (C) sprouted rhizomes for 5 days, sown in plug trays, (D) sprouted rhizomes for 6 days, sown in plug trays, (E)
sprouted rhizomes for 7 days, sown in plug trays. The photo at the top was taken immediately after harvesting from the plug tray,
and the photo at the bottom was taken after the topsoil was removed.

slollA #E97] A a2 Hshy, dsks ¥ slEge] &
7¥elaa, AEAsl) STkl Aol aglon 3 &
8 497t dEHe 845 Ui (Ko er al, 2012), o
A Ag Fzxoll Eske AEloA (Sorghum halepense)
s AES7|7t BelEr] W A5 95 Yepda A
Eg7ld %7t mxle 9] Ho} (Loddo et al, 2012).
oFgF 2807 AMGE L oFg2E A7 el 2

ol
AT

73] AEg7)o) mAs 2% TS A5k A5 =Y
AF7}F FY = AT} (Retana-Cordero et al., 2021).

oA HES7) Aele 27, T2, RelE7) 5 Ak
olgshe AHEl Sk F4S o] 9l s, of

$4E A PN 558 Pl WS g
W Asos G% WAsk] o] Asel WA £
E.

o

o W% Fasleh. B AR T A Ak A5l

Table 3. Growth characteristics of R. glutinosa rhizome seedlings conducted in the second survey (33 days after planting) according to

the number of sprouting days.

DAS" Shoot length (cm) Shoot weight (FW-g) Root length (cm) Root weight (FW-g)
3rd 6.8+0.7" 1.4+0.2" 5.0+1.2"™ 0.3+0.2™
4th 7.4+0.6" 1.7+0.4% 6.1%+1.5 0.3+0.2
5th 8.8+0.7% 2.3+0.4° 7.6+1.4 0.3+0.1
6th 8.7+0.9° 1.8+0.4% 5.6+1.7 0.2+0.1
7th 8.1+0.4% 1.7+0.2* 6.4+1.4 0.2+0.1

YDAS; days after sprouting. Mean values + standard deviation from triplicate separated experiments are shown. Means with different letters in

the same column are significantly different at the 5% level according to Duncan’s Multiple Range Test (DMRT, p < 0.05). ™;

difference.
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Fig. 4. Growth state of R. glutinosa sprouted rhizomes sown in 72-cell plug trays and harvested during the second survey
according to the number of sprouting days. (A) sprouted rhizomes for 3 days, sown in plug trays, (B) sprouted rhizomes for 4
days, sown in plug trays, (C) sprouted rhizomes for 5 days, sown in plug trays, (D) sprouted rhizomes for 6 days, sown in plug
trays, (E) sprouted rhizomes for 7 days, sown in plug trays. The photo at the top was taken immediately after harvesting from the
plug tray, and the photo at the bottom was taken after the topsoil was removed.

B F4S ¥ yHYe 9, HE97] H8 e S Z91 EFo] g% X7 RE97] X7 B #4248
ol Aoz et ZARE A3, 95 33 A Aol AAISE 231 AS A4
= A T A 2 AE7F 23 g} 7.6 g0 =2, &

2. AMEIRI| gnt "Wt g9-7] 59 2} AHe]ellA o E=7 YRt (Table 4).
AES-719] A8de WUkt 8, AE 971 f5el ot Aol = 2] o ZAK o] =H| 7|80 HYOE AL
E AF ARES vwsidnh 3 HA Aelfere AES HI e A AuRple Eolgo] @A ¥ths dolth
71 4 glo] EFlole] T2 A FEsIAL, T HA A Fol #UAS Eolr] fal B AN e HET] d8S
oM E 59 2P & Bl T2 BalA Fea Egelz SR AETIE S8 4 Bdel $28 35d &
=74 3ok HAEZS HolE 3 3T &% 25C, £% 98% oS

Table 4. Growth characteristics of R. glutinosa seedlings observed in the second survey based on the presence or absence of sprouting.

Sowing method Shoot length (cm) Shoot weight (FW-g) Root length (cm) Root weight (FW-g)
SRTC" 8.8x0.7 23+0.4" 7.6+1.4" 0.3x0.1
RTC? 8.5x£0.7 1.9+0.3 5.6£1.0 0.3%0.1

YSRTC (Sprouted Rhizomes Transplanting Cultivation); sprouted rhizomes sown in plug trays after sprouting at 5 days. ?RTC (Rhizomes
Transplanting Cultivation); rhizomes sown in plug trays without any sprouting process. Mean values + standard deviation from triplicate

separated experiments are shown. Statistical significance was determined using Statistically significant value compared with control group by
unpaired student’s t-test (p < 0.05).
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B2t =2

AN RELE 3 & Baa] £ Zela Efo]d
sEeATh F7HE HE97] Azle B3 34 flo] A%

A% T A T} A 284S Fols =l &%
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3. A 4% 20}

O
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=ASH HlE] ISR F7H sk AldH| ¢}
AH7F e dnt, webs 71 A ol vlsl A o]
o ofof A& Thsst AlAFl o g B 4 itk REST] 3
7 4e] gl mE Aole oIl WEREA] B3]
uwZo (Table 5 and Fig. 5), 7P A8 o] =34d 5
A 2F AE97] AEE B8 =4 Auiel Fe2la Edlo] g
ToF Bladls W, BE7] A7t FoHQ0 T S
UeRdth (Table 6 and Fig. 6).

2zl o BE AT o dolgol

7]
=l

o)
4 -

E3L 4dst

o A uf &aEo] =& Flo] HAYY|E 34—1—5}% 2
oA, FASBAXE Wolel o] w9 FQ3%k x|tk
(Weston et al., 1989; Leskovar et al., 1991). X]%L ol R

IZX|

ZAEZ 23 SHAA F Zolgo] a3}
TS lT—Z]OH ﬁ]—%—é‘]—‘_ io]—%_‘l ok 70%thol] £

2 BASE A

T UofA, A
71 4= 3ok lﬁ%b} 22 Edlo] 3%
i%Eloﬂfﬂ 1194.5 kg, =4 35 A2lolA 1,309.0 kg o2 @
sle] #E97] 34 gjlole 2 S5 A7t AukAiEgel
Hlgl] 7] Ash FA7F PolX =t (Table 6), ©l&= &8
a2 Ego] 141011*1 o] & HEEY oA 13k el 719
3 Aoz A=) WalEPo] Aol AETF L5t B
ol A W mgHo] MAH Bl 7] Aso] SXHE
o} (Lee et al., 2023).

Teh} @A) JlEHoRE AWM AR s U
2zl A Edlo] Wf #ejEde] & o] FofAA] = ol
AUtk F7HR FAA AEvEoly HelEdoe] dEE
Q3 Aow Azs)

=212
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2ol
= exdl 32E Se| A7 A7}

Fig. 5. Evaluation of R. glutmosa rhizome quantity according to the number of sprouting days. (A) sprouted rhizomes for 3 days
sown in plug trays, (B) sprouted rhizomes for 4 days sown |n(§)

sprouted rhizomes for 6 days, sown in plug trays, (E

) sproute

lug trays, (C) sprouted rhizomes for 5 days, sown in plug trays, (D)
rhizomes for 7 days, sown in plug trays. The scale bar size is 5 cm.

Table 5. Growth and yield characteristics of R. glutinosa rhizome according to the number of sprouting days.

DAS" Emergence rate (%)  Plant height (cm) Rhizome length (cm) ~ Rhizome diameter (mm)  Fresh rhizome yield (kg/10a)
3rd 88.7x£1.2"™ 30.7x£1.9™ 11.7x2.6™ 14.9+3.5™ 1,525.6£743.4™
4th 89.7x1.2 31.9x1.6 13.6+3.2 14.6+3.4 1,997.3+£342.2
5th 90.0x1.4 31.3x2.2 13.6+3.5 16.6+2.4 2,040.0£731.6
6th 83.3x7.3 32.1%2.1 16.0+4.0 14.4+4.3 1,388.3+967.6
7th 84.3+£4.5 31.5x2.4 14.4+29 16.3+3.6 1,652.3%£991.2

DAS; days after sprouting. Mean values + standard deviation from triplicate separated experiments are shown. Means with different letters in

column are significantly different at 5% by Duncan’s Multiple Range Test (DMRT, "p < 0.05).
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Table 6. Growth and yield characteristics of R. glutinosa rhizome according to sowing method.

Sowing method  Emergence rate (%)  Plant height(cm) ~ Rhizome length (cm) ~ Rhizome diameter (mm)  Fresh rhizome yield (kg/10a)

SRTC" 90.0=1.4 31.3%+2.2° 13.6+3.5 16.6+2.4 2,040.0+731.6%
RTC? 88.7+1.7 33.6%1.5% 15.3+3.6 13.9+4.2 1,194.5+£35.4°
DSCY 76.7+8.1 22.1+2.1° 14.5+2.6™ 16.5+4.4"™ 1,309.0+342.2%

YSRTC (Sprouted Rhizomes Transplanting Cultivation); sprouted rhizomes sown in plug trays after sprouting at 5 days. ?RTC (Rhizomes
Transplanting Cultivation); rhizomes sown in plug trays without any sprouting process. ?DSC (Direct Seeding Cultivation) ; direct seeding of
rhizomes into the open-field without using plug trays. Mean values * standard deviation from triplicate separated experiments are shown. Means
with significant difference measured by Duncan’s Multiple Range Test ‘p < 0.05). ™; not significant.

Fig. 6. Evaluation of R. glutinosa rhizome quantity according to the sowing method. number of sprouting days. (A); SRTC
(Sprouted Rhizomes Transplanting Cultivation), (B); RTC (Rhizomes Transplanting Cultivation), (C) DSC (Direct Seedlng
Cultivation); direct seeding of rhizomes into the open-field without using plug trays.

4, HEEM Table 8. Content of catalpol in R. glutinosa according to sowing
AE$7) A Ao, 3 A HTE 54 = 05%, 4 method
 HETE 55 + 03%, 5 Y HETE= 5.0 + 04%, 6 L Sowing method Catalpol content (%)
1) a
TE 49 £ 07%, 283 7 A HBTE 50 + 03%2 L SRTC) 5.010.4b
2
wom, A2l 7k o3k xfole AFEA] Sk} (Table 7). RTC3 4'4i0-1b
Catalpole YA oA 71 HA] )7 RO 2 (Kitagawa, DSC? 4.5+0.9

1971), 9 Hhol] W 2)39] catalpol TS HAS Az & VSRTC (Sprouted  Rhizomes ~ Transplanting Cultivation); sprouted
o o °n rhizomes sown in plug trays after sprouting at 5 days. ”RTC (Rhizomes
H471 5 A APl 50 + 04%, S22 Edo] s5 A2 Transplanting Cu|t|vat|on) rhizomes sown in plug trays without any

ol 44 + 0.1%, 2B A 3= oA 4.5 + 09%= sprouting process. ?DSC (Direct Seeding Cultivation); direct seeding

. - o =ers of rhizomes into the open-field without using plug trays. Mean values
e BE7] AeTellM el =2 Ave SRldis + standard deviation from triplicate separated experiments are
(Table 8). shown. Means with significant difference measured by Duncan’s

X5 catalpol TS EAo] QS o] whot], 3| Multiple Range Test (p < 0.05).

L

(]
Ax 250 92 Wk (Kim et al., 2020), catalpol F

Fol Bers kst &Aool grsitke Bt 3l (You
Table 7. Content of catalpol in R. glutinosa according to the et al., 2011).

number of sprouting days. g BAF 2, AT BAS FRHoE 7S

DAS" Catalpol content (%) AEC 7| FAo 71 APAu)e] =] DA u)e} S E

3rd 54057 AO1E ol8 AL, Yt FAE PIAAIE Aske

4th 5.5+0.3 gk xS 273 2Z717F 15 mm AZ7F g8 AEZ (LA

Sth 5.0+0.4 o] g0z )=t (Lee ef al, 2019a, 2019b), 15 mm ©]

6th 4.9+0.7 Ao @ AZAo] o ulgo] BES] 5 A A oA 59.2%

7th 5.0+0.3 2 Z#a Edgeo] g HYelA 50.0%, 183 =4 IE

YDAS; days after sprouting. Mean values =+ standard deviation from 2o 54.7% KT} wol RE|SL7] THo] AENE ol
triplicate separated experiments are shown. Means with different 5 =
letters in column are significantly different at 5% by Duncan’s H 713k Aoz nEm, %2 JEd0] catalpol FFE T

Multiple Range Test (DMRT, 'p < 0.05). ™; not significant. T AT F=F )
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N

B2t =2

B M9 catalpol $HF A= Al x]o g,
83l A3k catalpol $HF (3.67%)°l HIE =

=49 (Lee et al, 2020), o] A& EA4A] Agig
15 mm & 222 AYsl £33t Aoz A==}

Ao Al JPad &L Fislal] ekl 2

T TS W2 7)1l @%ﬂ‘ﬁ o (Kim et al, 2020), E
go] §H WAL FolgS =l -2 Ul RES7] 2
< Aesi FHY e T W?’h Lozt A 2le] 7145}
A7 7T Aoz o FHr).
ARl 2
B AT 2T AIPATFAY (RS-2022-RD010298)<]
A el o3l o]Fojzl Aoz o]e] =Gt
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