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Cultivation and Quality Characterization of ‘Dagam’,
a Licorice Interspecific Hybrid Cultivar
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ABSTRACT
Received: 2020 December 22 Background: Licorice is an important medicinal plant, but climate conditions can hinder seed pro-
1st Revised: 2021 January 19 duction. Because it is difficult to produce the seeds, Korea mostly depends on the imported prod-

2nd Revised: 2021 February 15
3rd Revised: 2021 March 24
Accepted: 2021 March 24

uct. In addition, when grown domestically, the standard ingredients do not comply with those of the
Korean Pharmacopoeia (glycyrrhizin 2.5% and liquritigenin 0.7%). Therefore, it is necessary to
develop licorice variety suitable for the domestic environment.
This is an open access article ~ Methods and Results: A new interspecific hybrid cultivar designated ‘Dagam’, was developed
distributed under the terms of the ~ from Glycyrrhiza glabra x G. uralensis (G. korshinskyi Grig.) and is regarded as a high-yielding
Creative Commons Attribution  and high-quality licorice by Rural Development Administration. On average the yield for
Non-Commercial License (http://  ‘Dagam’ was recorded 431.5 kg/10a. The cultivar displayed strong brown spot disease and lodg-
creativecommons.org/licenses/  ing resistance. Additionally, the glycyrrhizin and liquiritigenin contents of ‘Dagam’ (3.0 and
by-nc/3.0/) which permits unrestricted () 70/, "respectively) met, the Korean Pharmacopoeia standard. This cultivar can widely adapt to
non-commercial use, distribution, .. . . . . h
o . most cultivation areas in Korea except Jejudo, Gangwondo, and the mountain-alpine regions.
and reproduction in any medium, . , 2. . s .
provided the original work is properly Furtherrpore, Dagam’ was not showed any cytotoxicity and high cell viability compared to ‘G
cited. uralensis’.
Conclusions: The interspecific hybrid cultivar ‘Dagam’ will contribute to the stability of domestic
cultivation of licorice in Korea.

Key Words: Glycyrrhiza glabra, G uralensis, High-yielding, Interspecific Hybrid, Licorice
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Q1 liquiritin, liquirtigenin 2 isoliquiritigenin
o]=9} licoricidin 59| ofo]AZT R =0|EE
(Kondo et al., 2007).
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(Birari et al., 2011; Singh et al, 2016; Chen et al.,
2017; Wang et al, 2018; Frattaruolo et al., 2019). Z3oF
kst &g, A S Bt 24 T Tlse] okl &
& Tk (Wu et al, 2017; Frattaruolo et al., 2019; Yang
et al., 2020). ¥ut ollg}, ZrxE Avrt =1 7)1EY, §3t
8 3 A ol ol AF, olokE B s Aol
ANx g ARESIaL At (Fenwick et al, 1990). 12|38}
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T 29 &&H Axe Sl AAFES 37 ha
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FE T YTl Jlom, FUAFS 2EF FL=E T
oA A MAR W FEoltk (MFDS, 2019). TS0l 7Hx9]
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1. AR

2 d7e $4E A iR o dielE e (G
uralensisye °l-&el TR oH, 238& o= Frist
sact.
2. FBH 2y

Az $4E A TP tie® skl 2006

B 20159714 S5 S 24 SHAd 52kl Al
i AlES il on ASEA, AFEE FF 2 T
52 U¥IFE FFHE G uralenesis)? Y] 2L 3FA T

AB)EL N-P,Os-K,0Z 17-11-14 kg/10a®] $=02 A&
stath AAATE 2764 40 em, FHE] 35 cm 2 5H9
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EAETEE 234 20 /AR 2ARIGeH, FEEY 54
AR Fale] AAEIATE R AN RN AE
AT ZAPIE Fate] AAEHA

A9H-gd AL 55 (e Y9, TF EHEE &
A, ' @ePdE U2 § 3 0 fYeE Uro] S
Al A4S Hrkstdch. ZAMREAY  (Phoma sp.) 2 B
RS oHHE (0 - 9), SN (Tetranychus kanzawai
Kishida) TSIH= (0 - 9) ¥ Z=EAZ (0 - 9= 7|l
EAZAPIE Fste] AAISIATE (RDA, 2012).
AT W eI e W Ee St A
0), Byt m& 10% v (1), 10% - 30% (3), 30% -
40% (5), 40% - 60% (7), 60% °©1d (9°Z SFHS sl
sttt

3. 4=

A RAYE

FRIseRd A28 o] of
wstth (MFDS, 2020).
Glycyrrhizic acide 294 2= 8e] 22 oF 05 g9 AIEE
ethanol (EtOH) F& H S Agilent 1260 Series
HPLC System (Agilent Technologies, Santa Clara, CA,
USA)S.Z 254 nm 3}l #4931 t}. Liquiritigenine 21348 7+
Z B Bk oF 05 go] A]RZ dichlromethane® 2 &3
¥, 276 nm 37gol|x] HPLC Al=® o2 FA Rt ApAgh

B4 2712 Table 161 YRS

4. ME=sd 58

23 §A8FT A dUlF (G wralensis)S e
(100%, 70%, 30% 2 0%)2 24 A7k ALo)x 3wk 2

Table 1. Analysis conditions of glycyrrhizin and liquiritigenin in

licorice.
HPLC Agilent 1260 series
Column YMC-PACK ODS-AM (205 mm X 4.6mm, 5 /m)
Wavelength 254 nm (Glycyrrhizin) and 276 nm (Liquiritigenin)
Mobile phase Solvent A: 0.1(v/V)% formic acid in distilled water
Solvent B: 0.1(vA)% formic acid in acetonitrile
Flow rate 1 mé/min
Column temperature 40T
Injection volume 540
Time (min)  Solvent A (%)  Solvent B (%)
0-3 95 5
Gradient elution 3 95 5
40 0 100
50 100
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RAW264.7 D&M E (SH=-AH| 22523, Korea Cell Line
Bank, Seoul, Korea)S 96 well plateo] 1x 107 cell2 B
¥ FEES TEEE 24 N7 St AE? F CellTiter 96
Aqueous One Solution Cell Proliferation Assay Kit (MTS,
Promega, Madison, WI, USA) €& Y3 4 AJ7F WESA]
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o] QA E o] FZAHE AA AEFFTOE FFUTH
Fat dite] Brie onE Tirbolzt WHsiion, FEE
UL ANl A EEHIY 52 (EEEEWT 19))
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2ojekxo] YRZ o] 8 u= g2
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5. SAEM £ 8ol Al mEt skeka|el 2EF (scientific name)©]
FAEA-E SAS Enterprise Guide 7.1 (Statistical Analysis A, = 71¥9AES - S5 A7 9
System, Cary, NC, USA)Z B413I007, S98%sh tols <Riv} 271t fAke ofelrb okgaliol shte] siop)
k9] Aol Sudent restE o1& FUAFE % (p < = FEHEE BReH BF 9 ki) 2AF $82 93
005) F& 1% (p < 001N AZFALk AFESY A8 4 Ae A2ERSHA 3, FF % W 5 e 28
= Student’ #tests ©]83l FF b FEE AolE T 3= Ao] $231Y (Kim and Kim, 2003).
F 5% S (p < 0.05). A Kim 5 (2019Y2 G glabra®t G uralensis®] AFAxL
Mt 9ol YRz @ ARFeHoR $AH 54
o} 2 pE de TS 3 G glabra®t G wuralensis®] W3E &
o 71598 5 o AuA Aed Aegne B mrE
1. RIS o AEA sk NFUL BAH SHo= YSHUch
1-1. SMAY (Hantemirova et al., 2020) wetd A" 7z S7hugs -
2006390 2 TG §HFEN S G glabras W2 Glyeyrrhiza korshinskyi Grig2t AT 7| E=
BEOZ G uralensiss F-EOZ slo] wHE Tt 20074 - He Zo] elgsitial e
201030 wHfste] Aozl Fy T4 5 572 (GGU06-16)
< st 54 A4S F9T F SA8IH. GGU6-16 1-3. IRSEY
S GLYES9Z = AlsHS Fofskar Aae AAAIE 2012d THPe] 22 v, oo dele Fedd, A2
(A)
Year | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
G. glabra 1
(M)
.
G. uralensis
(F)
History | Crossing Pedigree selection and screening PYT and RYT Reglotr:iaall yield

(B)

Intermediated type
(MxF)

GGU06-16
(Screening and propagation)

GLYES9

Fig. 1. Pedigree diagram (A) and genealogical diagram (B) of hybrid vareity ‘Dagam’. PYT means preliminary yield trial and RYT
means replicated yield trial. M and F mean mother parent and father parent, respectively.
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Fig. 2. The mor
0); whoP

hological characteristics of ‘Dagam’ (left side) and G. uralensis (right side). (a
e

dlfference between the leaf shape, root cross section and main root.

); leaf shape, (b); root cross section,

plant (biennial) of ‘Dagam’, (d); main root (biennial), respectively. Dagam and G. uralensis showed a distinct

Table 2. Inherent characteristics of Glycyrrhiza glabra (%) x G. uralensis (3) hybrid cultivar ‘Dagam’.

) Leaf Root color Root shape
Cultivar Plant type - - -
Shape Color Cortex Endodermis  Rhizodermis Vascular bundle
Dagam Erect type Oblong Green Reddish-brown  Yellow-white Thick Developed
G. uralensis (Control) ~ Semi-runner type  Round-oval ~ Green Reddish-brown  Light-yellow Thin Undeveloped
o el ol HMIE WS} Felshl PHECL W 14, JHISH, WIS U SEAE
© Fon ErMe 2A, ARMe Aoldy PP TRbe AL 007 on, A4 82 mE UHIE BEDR
o] £} (Fig 2). YxE e Ulfe] fak&o] wdst o wjg) 23¢] 43 277t #om, & 28AK] s 54
A FRARE, v 2 wgdd fass T A o] nh FEAE o iR Afolell ol jldle
(Table 2). U oorbe] 7] 159 mZ WEEZE Hoh 1.3 m Z30S
m, 240] A3 A2 F7h BTh (Table 3). EF TP
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Table 3. Agronomical characteristics of Glycyrrhiza glabra (%) x C. uralensis () hybrid cultivar ‘Dagan’.

Plant Stem Branch Root Main root  Supportingroot  Dry-weight Yield
Cultivar height diameter number length diameter number of root (kg/10a)
(cm) (mm) (ea/plant) (cm) (mm) (ea/plant) (g/plant)
Dagam 90.7" 8.2 11.6" 58.8" 15.9™ 44" 117.5" 43157
G. uralensis (Control) 60.3 7.0 7.8 53.8 14.6™ 3.4 54.9 213.7

Significant difference according to Student’s t-test (p < 0.05 and “p < 0.01). NS means not significantly difference between Dagam and G.
uralensis.

Pz F2 wAss 2NETIe) e AFe] W = waE,
Zurh e 2700 Hesh gke B0 Q) Fujeld

A A7t 7Fs sk EFEolet o AXITE (Table 4). 2. SAEM
2-1. N2
1-5. X9HSM U fHEY Az NEAPES glycyrrhizin S 43 A3} AEF
20143 - 2015371 5 A4S £ 3 7] Aol 2 oS glyeyrrhizin $HEFO] 3.0%% TR (1.9%)R.CF oF
A7 29834 AGAIES AAS A, 10 a B A2 % 1.6 ¥ A= =kod, gigisterd 71F 2.5%S S5

o] WAk E 213.7 kg QlHl] Hg] ‘T 4315 kg O & wh . T3} liquiritigenin % THFo] 0.7%E oFd 715 &
FE UH] 102% 558 Ao = UERGT) (Table 5). 3 319 ¥nk ofug}, Tz HT) 1.4 v Eof F3g 2|0
A 72 R e B AR SR olgeA] 7} UYEFStTE (Table 6).
FFol FoHoR FA FENeH, T AP T T Lee T (201952 #x SAFEY liquiritin S
o] Fish= RHH, tiH|E2 fadke A4S EAth o= o Ak, TP liquritin o] 19.07 mg/gl 2 573
HE Ttz Bk SAEE o] 2R tist & SA4EEQ 93 (1240 mglg) E A7 (1042 mg/g)Hth =
< A, 7149948 2 HEEA @R)e] A P4l S FHE B
718tk o AT

meba 72 AEE ool U AR e FeE 55 22, MIEZ=H
AGHT= AFE 2 ARERAE AlLg SHE odS F ANEFS TP MESAS 43 43, BE FEECA
HshH, s} Al Al w7 goldkal 719 7F 2k oRA| 100 pg/ml olake] FEolA ME=Ado] VYeERbA] ktrh
oA Aujshe Aol FHS ekdHoR FRE 4= S AS (Table 7). 30% ONEHS FEEME 200 pgml o4e] F%

oM 783%°] AlE BES sidlen, tHIES] REERe A
Table 4. Disease and pest injury and lodging resistance of FE2l 50 pg/ml o)EE] 90.0% o5t AESo] Vel
Clycyrrhiza glabra (%) x G. uralensis (%) hybrid type

cultivar ‘Dagam’. Table 6. Comparison of major component (%) of licorice in
Brown spot . . (Glycyrrhiza glabra (%) x G. uralensis () hybrid cultivar
. . Rootrot Mite  Lodging ‘Dagam’.
Cultivar disease
(0-90 0-9 (0-9 - = ———
0-9 Cultivar Glycyrrhizin Liquiritigenin
Dagam 1 0 1 1 Dagam 3.00+0.01" 0.70+0.00"
G. uralensis (Control) 3 2 3 7 G. uralensis (Control) 1.90+0.01 0.51=0.00
0; None, 1; less than 10%, 3; 10% - 30%, 5; 30% - 40%, 7; 40% - Significant difference between Dagam and G. uralensis according to
60%, 9; more than 60%. Student’s t-test (p < 0.05).

Table 5. Regional yield (kg/10a) of Glycyrrhiza glabra (%) x G. uralensis (%) hybrid cultivar ‘Dagam’.

. Gangwon Cheorwon Chungbuk Eumseong Jeonnam Naju
Region Mean  Index"
2014 2015 Mean 2014 2015 Mean 2014 2015 Mean
Dagam (kg/10a) 95.0 280.0 187.5™ 478.5 720.6  599.6° 396.0 619.0 507.5° 431.5 202

G. uralensis (kg/10a)  151.0 720 1115 253.8  155.6 2212 3720 2450 3085 213.7 100
YIndex; Yield of ‘Dagam'’ / yield of ‘G. uralensis’. “means significant difference by Student’ t-test (p < 0.05, NS; not significant difference).
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Table 7. Cytotoxicity in Glycyrrhiza glabra (%) x G. uralensis (3) hybrid cultivar ‘Dagam’.

Samol Concentration Percentage of viability (%)
ample
P (12g/ml) 100% EtOH 70% EtOH 30% EtOH 100% H,O
25 109.7+6.7™ 98.7+3.8™ 98.0+2.4™ 100.6+4.6"
Dagam 50 119.1x1.8" 106.8+0.7™ 99.9+1.8 95.6+4.2"
8 100 119.2+7.0° 102.7+2.0™ 91.9+2.5" 100.2+3.3"
200 105.1+12.8™ 104.4+2.1™ 78.3+1.8™ 102.7+9.4
25 108.7+10.6 98.3+5.9 91.6+6.6 116.1+3.9
Glycyrrhiza 50 122.5+0.9 110.9£23.4 85.3+1.3 110.9+3.4
uralnesis 100 125.1+6.5 108.3+10.6 79.2+1.1 117.8+5.4
200 109.7+12.4 106.2+15.5 77.3+1.4 119.7+5.1

Significant difference between Dagam and G. uralensis according to Student’s t-test (p < 0.05, NS; not significant difference).

o] FAHt (Kim ef al, 2014). 0]
=2Jo] A9 7] wiFel| UnkaZsulo)
4 SH9E 5 v 3ol ol8E 4 3

=
g
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