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ABSTRACT

Background: Licorice (Glycyrrhiza uralensis Fisch.) multiplies vegetatively through cuttings, but
for farming this process is considered too slow. Therefore, it is necessary to develop more efficient
and sustainable methods for producing licorice and its medicinal constituents.

Methods and Results: Nodal segments (1.0 c¢m - 1.5 cm) were removed from healthy licorice
plants to provide explants for micropropagation. The most successful shoot height and multiplica-
tion occurred using 2.0 mg/¢ BAP + 0.1 mg/C IAA in MS media. This media also provided the high-
est regeneration frequency (77.3%) and shoot formation (3.5 shoots/explants) after 16 weeks of
culture. When in vitro plants were supplemented with activated charcoal (1.0 g/€) to reduce hyper-
hydricity, the survival rate improved to 90.0%. A treatment of 2.0 mg/C NAA in half strength MS
medium proved to be superior for improving rooting capacity, with a maximum of 100% rooting.
After acclimatizing to room temperature, the micropropagated plantlets were transferred to a
greenhouse mist room, and grown in perlite / vermiculite (1 : 1, v/v). There was a 93.3% survival
rate after eight weeks.

Conclusions: Our experiments confirm that in vifro growth and multiplication of plantlets with
micropropagation can be optimized to mass produce healthy and vigorous Licorice plant.
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% glol# 2 (Fiore et al., 2008), &< (Gupta et al., 2008),
&< (Rathi er al, 2009) ¥ FLH=27] T3 (Kwak and

Hxe FH &= x2S (Glyeyrrhiza)®] T = Park, 2004) 5 THFeE &50] R EAT oA HER= B

2o =, AMlgel, & T A AA oF 30 94F & of8 AR AEoE tddt 258 UEle T8 oF8
(Nomura et al., 2002)°] EZshH, AF38l 1, opro} &) 2ol AN F Qg it ool oEdt A FEs
2] Sof gkl A Bajrp B AXRX oA st 98k tiFo] FAdIh (Lee ef al, 2019). A E FUH
(Kiyotomo et al., 2012; Marui et al, 2012). L 939 Eo7 ¥y 9o (KTSPI, 2016), =W AAke

7o) By 9 BEZy)s A8o] 7hssle] 9 A7 & & 37 EO® (MAFRA, 201958 Yol o2 43
S FE AsHEeERE FEET O (Yoon, 2009), I3l thEFgite] Aalsit),
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Zz=2 71 FAEA MEst 3 =St

Az 2 SANANS sHev 4 gl
(Sawaengsak et al., 2011) EZIFA2HE0]7] wljio]|
Sf BAE fA) 98 ERAE 0§ WHoR
dlob g}, ko Ao FANT AL
= & PHOE 40% - 50%= wTFEE ARSSE
(Sharma et al., 2010) S2]&0] Yol I/ 54 7
Zo) WE 24E FEINE BANE AT 2.
o] BR3P (Sudha and Seemi, 1994), 7] ®
Pl 71e] FAFAOIY GYA WA urh
T AL, FAAE S IS AT
2 4#HA At} (Bajai er al., 1988).

7o) T 9l PEOR vl] 2718 olge U7
wj ¥ (Dimitrova ef al., 1994; Kukreja, 1998; Thengene ef
al., 1998; Oyunbileg et al., 2005; Patel and Shah, 2007)
T B2 Aol BHAE Qlth Mehrotra 5 (2012 T
Slolg J wlekE A2E Aasislel A7) BE B 394
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o AF ARE AT 5 e FsAS BaFT
Aol A% 715 2ho] mRE R A% 2 S

S AFa] el 22.6C, 23.9C, 254TC, 268CE 27w
EjdollA AuiEt A3be 10 a F A 2547C, 2.078 kg
o7 =gtom 268CoA 1,875 kg 08 o] Yol ow,
ol AHE AR} 70| & W& AHEo| Hxe] A
Fo] AS7] A 2 5= S50 feEleh 2dolga Wtk
(Kim et al.,, 2019). ©1¢} &S] Gong 5 (2004 ¥H=71=%
(G uralensis Fisch.) ZE730] GIZQl HAS 23]

Zdol& 10 cm 2 Aetste] YZEZIAQ] IBA, NAAE SEE
2 Al AHEgE AoelA] FAE E2E 80% tiHlE IBA

i)
=

1,400 ppm A2 Al W& 90%=E UEFEO T, NAA 200
ppm A Al LFE 86%E F 8IS Wtk Bith

B2 AoA A Tz 7y A H88 e
iz Aol tiste] AT oY (Kukreja, 1998; Sawaengsak
et al, 2011), F=] wix= A ZPchr WU
(Mousa et al., 2006). Badkhane 5 (2016)2 #x<] 71U
AL gk ZREFS sfustaa A, o 9, F7] et
o] gal A, Ak F-21¢} nit] 715 ARESte] o
FES stk BEkiTh Oyunbileg
2005)% 7z 7IH HAS 98] mir] 2 A =)
Gamberg’s B5 Hix]ol] 21&474=4AQ0 BAP, 1AA 5
xS Fedoke Bart ok
AFelA, TR vit] 2715 o]&gk A7k i}
Z 2 FAEA 23 T4 2 UEs 9
F7lEdE A viAl S et 7]
YUehte 348t Gk, hyperhydricity) 87
A7171 {8k F71=2 48 (charcoal activated) 52
HjeFsisler, 719 eshste] iz Akt = e A AR

AA—

B
S

i=] O]
T

(
==

N oo ot > o of
i) —_
ﬁn‘i

O
o

of\ ot
0%

2 P d

K
>

o

ot o

41

= Bgstuat FAsan.

ol gjud
= oy

W

FU

1. AIEME

E Ao ©wFE0E (Gleyrrhiza uralensis Fisch)yS
AN5=2 ARSI

Aze] wit] Z717F 23k FE8 4 cm - 5cm&] Zo|=
49X 59717 AFH st AP AN E2= Eo oF 30 &
7+ 7ESHAl AlF st &, I-WIA] (Vision scientific, Daejon,
Korea)ollA] 70% &S 150 meo] ©71 B+ wa¥ (74 81
mm, o] 132 mmyel] 30 27+ HAEt] A7 F9]9] FHE &
=313 3% Aotd 2AMJEF (NaOCl, Yuhan corporation,
Seoul, Korea) & 150 méo] 7l HaF FE|HolA 15 &
et AABH 4255 5 AdolA D 150 mf o]
20 fFEgollA 5 4 3 3] MFsT

AlF g Aol ghR® AZF B9 1.0 cm - 1.5 cm FE

o= dokste] fEAdd 7 1 7he] dus AT

==~
o

1

H

7z E7125H 228 fxshe 2 oY all
freske S Y] Aest wix] 2108 FHsk] 9l
HigFeli o, AxE fFwsbr] fg = v viAlE MS
(Murashige and Skoog, 1962) B 4.40 g/ £ ¢} Gamborg’s
B5 (Gamborg et al, 1968) 1A 3.16 g/ L S AL,
sucrose (Junsei Chemical, Tokyo, Japan) 30.00 g/ £, gelrite
(MBcell, Seoul, Korea) 3.80 g/ £, AgNO; (MBcell, Seoul,
Korea) 1.0 mg/ £, L-glutamine (MBcell, Seoul, Korea) 0.10
g/ £, ascorbic acid (MBcell, Seoul, Korea) 0.10 g/ £ ol Zt
7} Agske AEAYZEAE NAA (MBeell, Seoul, Korea)
0.1 mg/ £, kinetin (MBcell, Seoul, Korea) 0.5 mg/ £, zeatin
(MBcell, Seoul, Korea) 0.5 mg/£, BAP (MBcell, Seoul,
Korea) 0.5 mg/ ¢ &2 1.0 my ¢ & &5 Z& 23 A2
t} (Table 1).

THIZE fFEslr] 913k S2de] wix] 28-S MS HjA]
£ AF&3F L, sucrose 30.00 g/ 4, gelrite 3.80 g/ {.
AgNO; 1.0 mg/ £, adenine hemisufate 0.05 g/ £, thiamine
hydrochloride (MBcell, Seoul, Korea) 1.0 mg/ £, polyvinyl-
pyrrolidone (PVP, MBecell, Seoul, Korea) 1.00 g/ £, ascorbic
acid 0.10 g/ £ ol Zt7} Agjske A EAEEA= NAA 0.1
mg/ £, IAA 0.1 mg/ £, kinetin 0.5 mg/ £, zeatin 1.0 mg/ ¢,
BAP 1.5mg/ £ ¢ 20 mg/ b & T 52 2o = 7}l
et & Az, AES 58 AR

71 A Al Fesh o] WA Eo] tRIxE %
2 Al MS WA E AME-3F AL, charcoal activated
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(MBcell, Seoul, Korea) 1.00 g/ £ 71t wjR] o agar

(MBcell, Seoul, Korea) 9.00 g/ £, sucrose 30.00 g/ £,
AgNO; 1.0 mg/ £, adenine hemisufate 0.05 g/ ¢, thiamine
hydrochloride 1.0 mg/ £, polyvinylpyrrolidone 1.00 g/ ¢,

ascorbic acid 0.10 g/ £ o] ZZ+ X2sh= Agﬂzz4%%‘§~

NAA 0.1 mg/ L, TIAA 0.1 mg/ ¢, kinetin 05 mg/ { , zeatin
1.0mg/ £, BAP 1.5 mg/ L & 20 mg/ 4 5 %E%tif&

o2 FHriste] wide &
ZAYSIST (Table 1).

Z} BiA]= 0.1 N NaOHZ A3 pH 582 2439
NHEZEZ gelrite 3.80 g/ £ Z agar 9.00 g/ L & H7}sF o
S, 250 ml 2] Wikl 80 m A EFEta wPHF7] (AC-
60, Daihan scientific, Wonju, Korea)E ©]&3l 121C, 12
719} stellA 20 B7F B & 231 o AMSIATH

g 2712 23£1C 257t AAEE ool oo

N SesE 9 A

(&F7] 16D), cool white HH5, 30 mmol-m2s™) 0}031‘4—
v g T Alxe] A ‘:’ok’\}Q AR W 6 F

o 4 Az F=

}—/‘]“3]'/«}\‘:]‘-

Wl 717k o) w4 F HHo® 2 3, Rz &
2 ke 4 F 740 2 3] A wjgsle] § F7F wik

siaact. Al Axe] v £715 715°lA 1 em - 15
o2 AT e BAT Aol o]4jsle] Iz §7]
o]—}‘,\\jr,

3. 92 viY

719 talzelM HelE fieshr] A S il
71 AEAe] e =718 Adste] 12 MS ¥iA] (2.20

g/ £ ) sucrose 30.00 g/ £, AgNO; 1.00 g/ £, L-glutamine
0.10 g/ £, ascorbic acid 0.10 g/ £, charcoal activated 1.00
g/ o Ztzt Hrkshs A1 EA gﬂzzajﬂ]% BAP 0.5 mg/ £ ]
NAA 2.0 mg/ £ 9} TAA 2.0 mg/ { S ©= Hz]3le] 27}s)
}\)\q—.

Hjx] A ZE pH 5.82 %3+ U2 agar (Junsei Chemical,
Tokyo, Japan)E 9.00 g/ 4 ZH7}8F 3 250 ml vjFH ] 80
me A B35l 121C, 1.2 719t slolld 20 878 39 9

sto] 231 o3 ARSI 8 F7F wiFSHATE (Table 1).

4. 719 =3}

)7k s P g el
AEA = W &7100A Ao} F3HoR
T3} 1G-S Aot gk A=A FHE
(Paek et al, 2016).

719] =5hE flete] mikE frElHellA et dA8E
FAEAE 7AW o FAEAY] o wieg wix]7}
FoHGA 7Rl 22 Aojd T, perlite9}
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Table 1. Media combination of nodal explants of licorice cultured
on MS and B5 medium supplemented with auxin (NAA
or IAA) and cytokinin (BAP, Kinetin and Zeatin) alone and
combination in culture.

Period Concentration of growth
Stepof of Medium Treat- regulators (mg/ £ )
culture culture (g/£) ment Auxins Cytokinins
(weeks) NAA IAA BAP Kinetin Zeatin
1 01 - 1 - -
2 - - 1 - -
B5 3 - - 1 0.5 -
4 01 - 05 05 -
5 01 - - - -
Shoot 6 01 - ) i 05
forma- 4,8
tion T 01 - 1 - -
2 - - 1 - -
MS 3 - - 1 0.5 -
4 01 - 05 05 -
5 01 - - - -
6 01 - - - 0.5
17 01 - 20 - -
Shoot 2 - 01 20 - -
00
muli- 12,16 Ms 0 T 120 05 -
plication 4 01 - 15 05 -
5 - 01 15 05 -
6 01 - - - 1.0
1 - - - -
Rooting 24 MS 2 2 - 05 - -
3 - 2 05 - -
vermiculiteE 1 : 1 (v : v)E EFS FEE FH|gE & 72
EAE sHE W5 A7 90 mm, =o] 113 mm)el] £ ATt
719] &stre] $AZRAL 23 + 1C 257t FX =3 Hl

8H, cool white F45,
a0

& (&F71 16D
ool g ZekiE FAS
= A s E skt
FREAL] FEE ERISHHA NZE 2F7F 2 &
28 S FojFro] 9]7]9] e AMAF] H-SAIA <
AsAL 719 wsF dEE g ofd Ngzﬂ
A A &3} 81~°r*oﬂ A2l =8l 4 F &

30 gmol-m™-s™)
F=7F & fA1F

SISES
3z

=2}
23]

Szl

P, el 4TS ¥ A% 5L AL, A %
SJHE AL 23} § F F LS AIFROR A% 54
& zAbsI,

5. SRz

RE Agle Sdonix] 3 vkE 24 siglen AlY A
o] EAe pCE FAT7IAQl COSTAT (CoHort software,
Berkeley, CA, USA)E ©|-83to] 4hiA (ANOVAYS Al



Z=2| 7| FAEA M2t 3 =St

gt ¥ Duncan’s Multiple Range Test (DMRD)Z F2]3S
5% FeollAl A3 (p <0.05).
ST

1. 22 Bie] U1t
% (Glycyrrhiza uralensis Fisch.)) vIC]|Z7]olA 71U sj

o] 2% frmehs WASAE daed WA B 4

3 g

[e] ra=
24 FRE FEAY 5 AE 3498 U S 58S 24

Aoz MS HjR| Y
A g wix] oA
, Az5 67 N, 52

wEoR b S5

ST vl 4 T3 A% A *3%
NAA 0.1 mg/ £ ¢} zeatin 0.5 mg/ L &
Az JAE 73.2%, 7o) 6.0 cm

A4 AEE 71.1% 5 JeRo] A

Az

A5 542 YR (Table 2).

2152842744 (plant growth regulatorsy= 215 A§7go] &+
oets AETERS THshs AR, AE NG A=
275k TR x| AFEATL wiA] e H7l=Eojopet ul
[e)

Fol 2R0) 2 WAL A% 9 BT 5+ A e
Klerk et al, 1997; Fehér et al., 2003).

EEF7A 7 (Diospyyros kakiye]l 71 wkellA] A=
F Ao thek A2 el Zols 12 MS )

A 22g/ 4 BAPY 2iPE ZFZ; 2 uM-5uM = zeatin

/\ o]o] /\1;(1]
1992).

ol¢} BEo] Yang
rostratum®] A7FNGF Al A Z2Ar
22 W, AEE
kinetin 2.0 mg/ £,

4 Wi7A] kol Y93t} (Tao and Sugiura,

=

o

2021y FAAE  Ranalisma.
o] £A2) 7
60%l tiHlal A=Al BA 20 mg/ £,
zeatin 02 mg/{ % IBA 0.5 mg/{ & X

O /\]}—4\_

23S u AEF 44NE F ol TlsIom, AlET
el zeatin? SA1S I L0 X3S wl A=A
Aol FEH AT HArst),

Sharma 5 2010y 7H%e] 7] HHOJOW z—t— 79 -
30 Dol YAEReH, Axe 17 - 9 7 A= FEHAT
3 HE up 2 Age] Az} Tr/\}“GPME‘r.

Hjek 8 3} Az % A EACF Table 22 AR
MS iAol NAA 0.1 mg/ £ 9} zeatin 0.5 mg/ £ S z23=]2]sh

HiR]o M A% FAE 68.8%, AlZx Aol 7.0 cm, AZS 82

AN, SAEA BEE 627%CE AWE A& EA4o] 7k
Fosilt. 4% nitEr)E o8-8 widolA Badkhane®t
Yadav (2016)= Az A% AL FEshe AEALZEA,
B7], AR - A7 B A g el Faks wot Bt

|
O] £7] 9 30 & 7402 AFs0A 71 uldskaiS o
A& EAo] tErty wglon nir] £712 o]{3L o
MS ulR]el] BAP 2.0 mg/ £ F7} Al 9, Aokt Az

ol A% 3uM-10puM H7He BiAE AMESIS o BAP 3.67 NZ AZXIAHE 66.7%= %9}\:}; StAET 2 Al
= AP gad Hso] wol Y, 2iPH} zeatin® A A= AAZAA A2 wel AxFAHE 46.3% - 71.1%=
sfUThe dA AlAA 7= A4S RYA, 53] Ed*%%’:r—"— YUehY vt 23S HATH (Table 2).
zeatine 2 v Hroll <F HX|YF nit]E thA] HAA|Z o]
Table 2. Effect of various concentrations of auxins and cytokinins on in vitro shoot formation in MS and B5 medium of licorice after 4
weeks and 8 weeks in culture.
Concentration of growth regulators (mg/ £) After 4 weeks After 8 weeks
Shoot Shoot No. of  Survival Shoot Shoot No. of Survival
Medium NAA BAP Kinetin Zeatin formation rate length shoots rate.  formation length shoots rate
(%) (cm)  (ea/explant) (%) rate (%) (cm) (eafexplant) (%)
0.1 1 - - 50.2¢ 4.6+0.29 4.4+0.1% 5839 53.5% 52+0.1%% 50+0.2¢¢ 50.20f
- 1 - - 44.8° 5.0+0.2° 4.0+0.1° 52.7° 4228  56+02" 45+019 4468
BS - 1 0.5 - 4914 3.9+0.1¢ 4.9+0.1% 63.4¢ 45.0% 4.6+0.3¢ 5.5+0.2¢ 52.5%
0.1 0.5 0.5 - 71.8 6.4+0.3* 6.2+0.2° 695  66.2° 73+02° 7.8+0.3* 64.0°
0.1 - - - 63.0° 45+0.2% 56+0.3" 67.8" 59.1° 52+0.1 6.0+0.2> 545
0.1 - - 0.5 67.1° 5.1+0.2° 5.2+0.1° 63.5° 61.0° 6.2+0.2" 5.8+0.1 60.6%
0.1 1 - - 51.2¢ 45+03% 3.2+0.2" 53.6° 4238 4.9+0.1% 442019 45.88
- 1 - - 55.24  41+0.2d 3.4%0.2" 46.3f 484" 46+0.1° 4.5+02¢ 40.4"
MS - 1 0.5 - 62.6° 44+029 43+0.1% 6049 5529 50x0.2¢% 52+02bd 50,20
0.1 05 0.5 - 68.0° 49+0.2° 4.8+0.1¢ 61.0¢9 604> 5.8+0.1* 59+0.1" 58.3%
0.1 - - - 62.0° 4.0+0.19 4.7+0.1¢ 64.3° 52.5% 45+0.1° 5.5+0.2 48.4°8
0.1 - - 0.5 73.2° 6.0£0.2° 6.7+0.2° 71.1° 68.8% 7.0+0.2* 8.2+0.3* 62.7%

The results represent the means = SD (n = 30). ‘Data with different letters on the columns represent significant difference according to the

Duncan’s Multiple Range Test (DMRT, p < 0.05).
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5| - Fiel - 2

2. Il RAIEA M2SiE it SAI

hlzE f=7] Hs A5AAZEAE ANETD w2
2 oEA Mg dellA S22 12 T2 71 FAEA
Ag 54 AR MS 712 A] o] AEAYZEAE IAA
0.1 mg/ L ¢} BAP 2.0 mg/ { 2 %3 223+ A, A2F 4.6
A, Az 7ol 53 em, FAEA4 BEE 100% 5= it
2l As EAol 7P rsiod, S 16 Tkl
NZF 35 MFE, A2F 44 cm D A EA BEE0]
773%% ASEEAJo] v Futo g Z=2 Y=o "ol
I uF A A 9] 33} GEukib, hyperhydricity)7} 259
T} (Table 3 and Fig 1). ¥ 16 F3fellA wix] Ad=
I3t HYELS FH7] 552 % iHIE] NAA 0.1 mg/ L &}
BAP 2.0 mg/ ¢ X3 AT ¢ 40.1% EoH, AEE
74.0%2 7 GHAl ZAFERITE (Table 3).

Pack & (2016)> I<r3hel 2EA|] 7] 7keal Aokst
), 543t 74, ek AlXH, At AlE=, FHEH
g B 5o o dio] #EETia ¥lTth Kohjyouma
5 (199552 7=z o} ujdollr MSEiA]e] BAP 0.5 mg/ L
9} IAA 1.0 mg/ £ & H2]gt Z2A AS EAo] %o,
BAP 2 mg/{ - 3 mg/ L, IAA 1.0 mg L = A7IEI9S we
thlz 2 feshe 7FE e wixzgolztar skt
o= cytokinine®] H7} wEol wel hx 4% F2o JIS
HzlthE S RIS = T

ol9} ##&te] Badkhane 5 (2016} cytokinine &9l
mE A5 548 AR g8 x 2AAF eEE A
@, S, vie E718 MS 7]EujA]e] BAE 0.0, 0.5, 2.0,
3.0 mg/ 4 2 AT 7 vy 7] FEolA BA 2.0 mg/ ¢
Z A3 B AxF 367 £ 067, AZIFHE 66.67%=
A& Aol A YERtiaL Basielrt

T3 Shahl Dalal (1980)°] ¢]3Ha BAP 0.5 mg/ £ $}

Tor
=y,
N
N

IAA 1.0 mg/ L& ZFHET 4% 3 2] 2lzxolA 4 F F
o= 4 7l o] SAE AlxrE AT Wt

Azl 7Y wg FHe R s AEgo| Holx|a I
Hi<F 71 A=Ae] s, FEjF, AEF oAl A
3} GEKfb, hyperhydricity) WAje] #H2E AT} o= 2z
7IH g Al s FAE T shvie 2SS
Hi A 258 AokeiAl 2= vl JH == H= sk
Eolt} (Pack er al, 2016). o] HE =2 ujFol vjgF 7]
o §438] wix7}F ARSlE A viA] i) o FF F=Le o]

Fig. 1. Comparison of in vitro plants of hyperhydricity and
normal in Glycyrrhiza uralensis Fisch. (A); in vitro plants
of hyperhydricity, (B); in vitro normal of plant.

Table 3. Effect of various concentrations of auxins and cytokinins on in vitro shoot multiplication in MS medium of licorice after 12 weeks

and 16 weeks in culture.

Concentration of growth regulators (mg/ £ ) After 12 weeks After 16 weeks

Shoots ;J%O(g ,\sjtoe' n?f Survival  Shoots 5’\}‘1(;0?5{ ,\s‘?e' n(w)f Survival F ZIFr)le i
Medium NAA IAA  BAP Kinetin Zeatin  length rate length rate ydricty
e e e e S gy e

explant)  explant) explant)  explant) (%)

Control - - - - - 31%01° 3.0£0.2° 1.0=0.0° 60.0° 3.1x0.1® 1.0=0.19 1.0+0.1® 63.0° 552
0.1 - 20 - - 47+03" 3.1+0.2° 1.0+0.0° 100.0*° 5.4+04" 26+03* 26+0.1* 740  40.1°

- 01 20 - - 53+05" 4.6=07° 1.0=0.0*° 100.0° 4.4+03° 35+03* 2.7+02° 77.3* 21.2®

s - - 15 05 - 64x0.6% 44x04> 1.1%0.1* 100.0° 4.2+02° 33x02% 22+01* 73.3° 2.4°
0.1 - 15 05 - 57+05" 3.9+04™ 1.0+0.0"° 100.0° 4.7+0.3"> 2.7+02° 27+02° 753"  14.0°

- 01 15 05 - 48+0.7" 3.0+0.1° 1.1%0.1* 100.0* 4.2+04> 22+0.2¢ 25+04* 76.0° 3.7¢

0.1 - - - 1.0 5.7+0.7° 3.5+0.4™ 1.0+0.1* 100.0* 6.4+0.5* 3.5+0.4* 23+0.1* 79.0° 16.9®

The results represent the means = SD (n = 30). "Data with different letters on the columns represent significant difference according to the

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

A 228 47 2EEs Eorgsl gﬂi A Al
wR|o] Aksl 2 wokA] TAF S9] 93] 2L Joy|Eg o

3}

23t ZAHE sfdstaat ilksiAl #—Jﬂ A7vete 2
ZJ&t, polyvinylpyrrolidone, ascorbic acid, silver nitrate 5|
At} (Lainé and David, 1994). ¥l& 25 A|Ask=s A+=2
Oyunbileg 5 (2005 A& W 71 2 EA 9] A4S 97
sl HlE fAF B 7L e, aisiAl s st
ascorbic acid2 ARE-3IS of 2EdE 4 ATk AT
Table 40|41} Zo] AIZE F=sl7] $18 AEAd=d
AE NEZY I 24 AHEgk dielx de 24
9 st WS ZERAT)7] flete] SAElE 12 TRl MS
718u =zl ek 1.00 g/ £ 2} agar 9.00 g/ L S FH7ISH A
BjollA] AEAGZEAE IAA 0.1 mg/ L &+ BAP 2.0 mg/ L &
3 Mgt A, AzF 42 1A, AR ol 62 cm, FA]
12 /WA, F218A AEE 100% 5o Akl A4
o] 7F¢ =rsisith.

Azl wiF 16 F2F Sl st Aol A
& Table 3-Jr 7o HHZ]XﬂOH %“é% 1.00 g/ £ Z} agar
9.00 g/l =
mg/ £ 9} BAP 2.0 mg/(% Z3t ﬂﬂ g 735,
Az 3.1 MNA, 2z 4ol 6.6 cm

-

=
E4

90.0%= A& 540 FwslL, At BHE 0.0%=2 4
AR A EAE vl (Table 4).

Pack 5 (2016)& I5312 Fulels 78 991 IHE,
ek 7 t'7 153} B8l s, 1w AR EEA A, ot
& T RN “‘*35}5}1 T oM, AR 7] Hi
FollA A Al e 2 (KO rkls MgH)E H
7¥at AElolE (gelrite)S AFEEH 3} Ao 271819

ajl

A;I_
= =

2 g3tk E¢ Chakrabarty 5 (2005)% Abzh 9)d o) &

(M9 EMLA)®] Egupgt 21, 7Iuujesse] Added,
F3lRe] Yol QoA pyridine nucleotide AJ4ke] Zshd

°—‘°ﬂ*1‘: AR Qo vlsl FHaske AdE Hehlie, o

= Jr3kE 2lolx] NADPH A4F e 54 471 =0
S3L AW THE WoRitE S ndtia Basieit:

o]} tjEo] AR 71U vl Al gelrite 2.0 g/ ¢ F7}s}

‘ii—% o st BAPE; WS G, 2; ], 35 B, 4
She #Fr3ks 4 (3% Awe wha %*gﬂ 1% Difco
Bacto Agar 8.0 g/{ & ¥S o I53E 1 (W% AR

AER 4 v A& Hopxltia Hisle] & A7Ae} Hlés}
ST} (Nairn ef al., 1995).
4. J|U AlEHI9] Y= %C

Az 70 A EA 0] B £ 918 718 = vl 24
FAF 2 kel A 12 MS (2.2 g/ L) iRl A EAGA
AZ NAA 2.0 mg/ £ &} BAP 0.5 mg/ { S 23235195 )
ma)g= 597) Wa] Zlo] 83 ecm B Wt EAlo] 7P 4sE}
Row, FAEA AELS 100%E BSF EAo] M 3t
At} (Table 5).

R ARG sl @S AT B
< SXAFI7] 98] 2% 1.0 ¢/ £ 9 agar 9.0 g/ ¢ 747}0}
Al e = FF 40 0 - 59 A0, wE] dole 7
cm - 93 em 2 MWk ow Higl o] EQit) Dumassz}
Monteuuis (1995)8] H M= B S -.C’TEEL o EAJEle]

Avks P2 FES oA A9 EY pe ARE ATY

o= WEw WAL FAY § A sled 2 9

oF 22 AdE B3

wa) wjodel] Qo] AAZREA F L4 272 1AAS IBA
o] 739 geFst AEAC] 7Y Be] Ao eyl &

Table 4. Effect of various concentrations of auxins and cytokinins on in vitro shoot multiplication in MS medium and supplemented with
charcoal activated and agar of licorice after 12 weeks and 16 weeks in culture for reducing hyperhydricity.

Concentration of growth regulators (mg/ £ ) After 12 weeks T6After 16 weeks
Shoots ;%oct)sf No.of Survival Shoots ;‘%O?;c Nstoe' no]f Survival }:_' E;F:ier_
Medium NAA IAA BAP Kinetin Zeatin  length (ea/ stem (ea/ rate length (ea/ (ca/ rate YrateCtY
(cm) explant) explant) (%) (em) explant)  explant) ) (%)
Control - - - - - 3.1%0.1° 3.0+0.2° 1.0=0.0° 60.0° 3.1+0.1° 1.0+0.1° 1.0=0.1° 63.0° 56.32
0.1 - 20 - - 46+049 352029 1.0+0.0° 100.0° 5.7+0.4* 2.7+0.2®® 2.2+0.1*° 77.5*  0.0°
- 01 20 - - 6.2+04° 42+0.5° 1.2+0.17° 100.0* 6.6+0.4* 3.1+0.2* 2.0+0.0" 90.0° 0.0
MS - - 15 05 - 7.8%0.6° 4.7+0.4" 1.0=0.0° 100.0* 6.8+0.4* 3.0+0.2*® 2.0+0.1®» 90.5* 0.0
01 - 15 05 - 54%0.6° 41+04° 1.1+0.17* 100.0* 5.2%+0.3* 1.9+0.2° 2.2+0.1° 75.8° 0.0"
- 01 15 05 - 6.1+0.7° 55+0.4* 1.1+0.1° 100.0° 5.9+0.3% 2.9+0.3* 2.1+0.1° 83.3*  0.0°
0.1 - - - 1.0 6.3+0.8" 3.2+0.3° 1.0+0.0° 100.0° 5.4+0.3* 1.4+x0.2" 1.7+03" 857* 0.0

The results represent the means = SD (n = 30). ‘Data with different letters on the columns represent significant difference according to the

Duncan’s Multiple Range Test (DMRT, p < 0.05).
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Table 5. Root formation and shoot development in 1/2 MS medium supplemented with plant growth regulator of licorice after 24 weeks

in culture.

Concentration of growth

regulators (mg/ £ ) Ro(o/t;ng Shoo(ts I)ength l\(lo./of STO%S [%(;)/ of slterg (N;)/. of Iroott) Roo(t Ie)ngth Survi(v/a)l rate
9 cm ea/explan ea/explan ea/explan cm 9
NAA IAA BAP ’ P ® » ’
- - - 86.7°  3.5x02° 1.0x0.1° 0.2+0.0" 2.0+0.2° 3.8+0.2° 66.7¢
2.0 - 0.5 100.0* 9.7+0.9% 3.7+0.8% 1.9+0.4% 5.9+0.8% 8.3+0.4% 100.0*
- 2.0 0.5 100.07 9.5+0.4° 3.1+0.9° 1.4%0.3% 4.0+x0.9? 7.9+1.8% 83.2°

The results represent the means = SD (n = 30). ‘Data with different letters on the columns represent significant difference according to the

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

&7 ¥}, Sharma % (2010)> MS Hi=|el TIAA 1.0 mg/ £
=02 FHrield el Aol AEo] 7|9 AEe] AEES
= Eth AT Shaheen 5 (2020) MS HIX] o)A

Gl

|l

[e]
i
—L
=

30 >

qJ

o ro

IS}

=] e X
=

IAA9} NAAZF 7HE 7hxe] 71U 2AlEAe] He] 348
=S u NAAZ 6.0 mg/ L9 302 AHglsl=s A%
£o| 78%= ZAMESOH, 14 A A= 4] FAo] =7
Zsl9al 3 F ] 71 33 NE S BAo] 433t
Tl BAsinh 2 A9} o] Kukreja (1998)= 74z
ARl NAAE 502 AME3IS e %o U I4
A&k wr A EFUS] BAPS ZFOE NAA 0.5 mg/
BAP 1.0 my { Z Agsl= 7% o] 7P EHH 0
2kal 3t

Hzo] 71 wigRe AS 545 W
ARKICZ w8 F Bl miE] EV|2HE o
A os Fsl Asstiaer MY 12
AL AL, vl 24 Fxpel B
o AU (Fig 2).

5. 719] =3} IR MK EM

719] =5k 717PE 8] eSS AR A9EEs
&3l 4 F B A% Zo] 99 cm, AZRF 1.
9.5 cm, BE4 5.0 M/FQAT) x &3
T AELLE TT9%E AAEFHo=r 719 3lsle] 9F-87
233k o7 ATt

719 <3} 8 F T AxA 179 cm, AZF 2.5 WA, B
o] 24.6 cm, BEF 24 AR, AESLE 933%0 =
449 wslre] AS YeERITH (Table 6 and Fig. 3).
719] oA AEES ATEH 71953} 47PN AES
779 %S JEFAREE ole wEE (U)ol A= AEE
2 7Ide] 59 3 o] dgo] AgF o o] FoR|A]
ool Qo] Far gkor, 7|Fe] 47t Ha i 5o H
o7 o]FX|R] k= 797t Hol AEE0] sk 9

o))

=
S

Ir

o] H7)% 3} (Pack et al., 2005). 7rx wi¥He] 7|9 &
3l 8 F & AELo] 719 3 4 FHEG 2L olfE=
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Fig. 2. In vitro stolon organogenesis and plant regeneration
from cultured nodal in Plants were regenerated Gly-
oyrrhiza uralensis Fisch. (A); nodal segments, (B); shoot
induction from nodal stolon with NAA 0.1 mg/ ¢ and
Zeatin 0.5mg/ £ on MS medium after 4 weeks of culture,
(O); shoot multiplication with IAA 0.1 mg/ £ and BAP 2.0
mg/ £ in MS medium after 12 weeks of culture, (D);
elongation of roots culture with NAA 2.0 mg/ £ and BAP
O.El') mg/ £ on half strength MS media after 24 weeks of
culture.

7 TSRS AlQlslal AEES AR

93.3%=Z oo, o= AXEAL] FFA Yol /¥
AR 7s FEe] HAUAL = 719 w8t 4 5
ztel] UG FHEE = AREAAL B A7do] 1.1 mmE ol

A AR A 5ol BT (Table 6).

=) e X
=
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Table 6. The growth characteristics of acclimatized in perlite and vermiculite (1 : 1

acclimatization.

v) of licorice after 4 weeks and 8 weeks in

Acclimatization period  Shoot length No. of shoots Root length No. of root Root width Survival
(weeks) (cm) (ea/explant) (cm) (ea/explant) (mm) (%)
4 9.9+0.3 1.6x0.1 9.5+0.5 5.0x0.8 - 77.9%9.0
8 17.9+0.6 2.5+0.6 24.6x0.1 2.4+0.2 1.1x0.1 93.3%x11.5
The results represent the means = SD (n = 30).
Aze] 719 =3k fel Bk & 201 = vv)e] £

Fig. 3. Regenerated plantlets acclimatization after 2 months.
A mlcroprop agated plantlet grown in perlite and vermi-
culite (1:1 = v/g after 4 weeks of acclimatization, (B); Ex
vitro plants transfer in soil, (C) Ex vitro plants grown
elongation of root after 8 weeks of acclimatization.
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H o A o Ayso] FEita oem (Mehrotra ef
al., 2012), Yadav 5 (2013} 3 cm - 4 cm Zo]e] &3} 10
N - 15 709 et e MYEE 101 19 HER B
g, BEF 2 xFo] HuE Esl= vdBAd £713L 15
A B TAE 24 2o AIRE o FslEe] 87% ]
g AEES BAYa Stk

470 - 5719 94 7F viYREE peatmosset EY (1 :
1 = viv)ez &3t 3ol 20 4 F<t AulE & Peatmoss

o AEF EFE (1: 1 = vWE BZo1E & o Al

e W 7P =2 *3—7‘:'% (77.7%)°] TF=J oM, EY,
AL 22l (1 : 1 1 = vwiv) EFEAM= 7 22 A

& (11.1%)% E?&‘E}E’_ 31T} (Shaheen ef al, 2020).

ZAR| =
2 A7 2N TsAAR EAIRIE: PI01261001)
o] XYoo= o]Foxl A=z ol A=Y}
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