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Figure 1. Glycyrrhiza glabra seeds collection sites; A: Kashmar, B: Joghtai, and C: Iraq
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Table 1. ANOVA of different Glycyrrhiza glabra ecotypes seed germination under different levels of

pretreatment and culture medium

Source of variation DF Maximum Germination
Ecotype 2 513.18**
Pretreatment 2 2841.68**
Culture medium 1 2.62™
Pretreatment x Ecotype 4 192.43**
Culture medium x Ecotype 2 0.51ns
Culture medium x Pretreatment 2 1.68 ns
Culture medium x Pretreatment x Ecotype 2 0.82 ns
Experimental error 36 0.88
C.V. (%) 3.02

n.s. and **: non-significant and significant at 1% probability level, respectively
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Figure 3. Means comparison of maximum seed germination in different Glycyrrhiza glabra ecotypes
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 4. Means comparison of maximum seed germination in different Glycyrrhiza glabra ecotypes under
different sulfuric acid concentrations and distilled water
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 5. Seed germination percentage of Glycyrrhiza glabra (Iragi ecotype) under no pretreatment (a)
and 98% sulfuric acid pretreatment (b)
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Figure 6. Means comparison of different Glycyrrhiza glabra ecotypes X different sulfuric acid
concentrations and distilled water pretreatments effects on seed germination percentage
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 2. ANOVA of morphological traits and root glycyrrhizin content in different Glycyrrhiza glabra
ecotypes grown in /2 MS culture medium containing NAA and IAA hormone treatments

o Number of Root Root Root fresh Root dry Glycyrrhizin
Source of variation d.f. . . .
lateral roots length diameter weight weight content
Ecotype 2 0.77" 9.28" 0.04 " 1057.96 ™ 0.04 " 0.40**
Hormone 6 1.36™ 10.51** 0.17m 901.83™ 6.13** 0.16**
Ecotype x Hormone 12 2.83* 11.54** 0.21* 2053.61** 7.22%* 0.07**
Experimental error 42 1.33 2.92 0.095 550.44 1.18 0.015
C.V. (%) 16.34 25.36 26.01 22.45 5.23 12.29

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Figure 7. Means comparison of lateral roots number produced in different Glycyrrhiza glabra ecotypes in
% MS medium supplemented with different levels of IAA and NAA hormones
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 8. Means comparison of root length produced in different Glycyrrhiza glabra ecotypes in
Y% MS medium supplemented with different levels of IAA and NAA hormones
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 9. Root explants response of different Glycyrrhiza glabra ecotypes to 1.5 mg.I* IAA in
% MS culture medium after 21 days; ecotypes a: Joghtai, b: Kashmar, and c: Iraqg
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Figure 10. Means comparison of root diameter produced in different Glycyrrhiza glabra ecotypes in
Y% MS medium supplemented with different levels of IAA and NAA hormones
Means with common letters are in the same statistical group at 5% probability level (LSD test).

OKashm ar OJoghtai Mlrag
120 ©
fe oo 3] 9
g 100 i Y o T S ¢
£ 80 2 2 E
£ _ I
= 1
g 60 o = E < < o
2 <5 < & o 5
£ 404 _ =1 Bl S L
5]
S 2
0
0 0.5 1 15 0.5 1 15
IAA NAA

Auxin concentration (mg.I-)

Y MS cutS Laoms 53 olucn ot ik slaged ST s sad W5 gbady) F00s peile amlie VY IS8
NAA 5 1AA oy se, 50 Ciline sl L oas 28

Figure 11. Means comparison of root fresh weight produced in different Glycyrrhiza glabra ecotypes in
Y% MS medium supplemented with different levels of IAA and NAA hormones
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 12. Means comparison of root dry weight produced in different Glycyrrhiza glabra ecotypes in

% MS medium supplemented with different levels of IAA and NAA hormones
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 13. Means comparison of glycyrrhizin content produced in different Glycyrrhiza glabra ecotypes in

% MS medium supplemented with different levels of IAA and NAA hormones
Means with common letters are in the same statistical group at 5% probability level (LSD test).

mle ol 5 LIS 51 pblS VA 4 Kol
4.0.9}‘5: 6)\3}0*36)3\@:- 4\5,\4}“& W‘Jju;.mb
oA g 5 oS Gl 3 ol 02 ol el ]

“ 3
9 \.be)\.\ac- )‘ dM))\ C;\.«.a ‘553)\.5 uLth
Lol ol o Glas i aS s v.;\.m,\JyL.a



Yva

Gl 5 i, b Gl e Bl uw\» ST P
130 6 Ve ot oS Lo iy by agalS
Mgy 45 Gy 5b did (S0 58 G Ol e by,
5300 & 05mS 5 0l 355 5 cailen b sdy ) 2
Bss 4 b Al pbesn sty SUT Lk
5,8 (Y.-..) Bagherani , Ghadiri .53l
Slp o 4dds YO S 4 AV Kossdpn sl Sl iy
Glaod Gaos VO Sialenr s 5 Ol &)
5o (YY) oL&ea 5 Shirazi .ocsls 550 olocp
2ol et cbod Goales S 4 plees
) 2 oede S ool f Kol anl Cilise
wle sl i 2o 5,08 5l a)lse 5o s ol
ol o 0 L S aul ey O 2 ‘i’; b.j
Pei-sheng et al., ) w55 3,15 olocpas sl
5 (YeY) oL 5 Carruggio J- ! L (2008
ol 5l 88 5 i sS) slad Y PEpps
s Jolss e J.QL 4 oles e » oo\ Fabaceae
Ol CeSu Co e od ol s 51 (S5
Sotler aons 53 bgme ol 5y, s S
2 S s sy ol s s kel by
Sl el (Sl s et Cute B
355 bk sl doe (S35 il )18 ,50
S Gosbay s bl o8l ol s LA el
Sl s Jome ik ) ens 6)3T@-=.- O SORTILPRY
4 Cad (Gt So4lem Ol Sl Gle L5aS 50 i
pliel Sas bl Sl eaz oslaen Sl sl
Ko Jlassa p s5os Ol &
W}S\ 9 O Jilie )UT NER )\J@M 4 cole |
Slosas a8 L )8l ) 5550 Olao 4JS 5
A Al Gl Slme s Si3dsse
(s chle o tj) Gz byl i a4 g LS
G S rlal b g Coolie gy 0m O pas |
53 Sl (la) aessn G ae pae Ll a o Sl

Yoooked P4 als o) e 5 ool LS ol aslda

Chen et al., 2016) cul saz La S 3 >, oo
S Sl LS (5SS sl ay
LG ale azy, b)) 2l sas plas slaplal
2l Gbodalu b 5 e gs5 bis O
5 55 Sl & A bl oo Sl s gl ases)|
o4 |l CnS g cled gl Wg e o b
oS s b sy il 4l s bodale S Sl
Sl o g Selr st M (et b ylusla)
olS sba S s s ean plae Joke oS
Abirami & Kumar, ) eagle marmelos asle 5,05
Thangavel et al.,, ) Decalepis hamiltonii .(2013
5 (Da Silva, et al., 2013) Croton floribundus (2014
) L.l (Baque et al., 2012) Morinda citrifolia.
Ul 5ok 2SS ce e s 4ol CI@' »Je-
b age 450 Glacdale sy (alogn sbnl (YL
Baque :Choi et al., 2000) » 5 o plol a2y, ctS 5o
5 Body goales wons iasn ol oo et al, 2012
sbosw 5 sl Dl e C)LM
Gl 53 Ay S Glime 5 Ss5e
S Sy gl 5 el glael a4 gl e 1)
55 e gachle 4 @\J 2 Gle LS Sl 2L
S 5 (IAA) ab gl Sl Sl S Sl
23 M g i s xS Ll 5 (NAA)
Aol 5 haile <l solas i 28 s r\-{
O &S ol pla Lok Ol mbs sl S sdl e
Sl boad Sl plocn wd Glasd 5o Soalee as)s
Felse 51 S Ld aalem skl Gl AN S sl e
Gl oLE ) 55 S | b g 50LS i (NS
Saday (S 5 hoys gt Jal2) ol bl o
35 513 e 5 (S5 Jolss 5 slias pame 5l o
&S Gk olsx 3 b 5 . .(Carruggio et al., 2021)
ol Gialer ol a8 Jol syl 5 S
o> (Baskin & Baskin, 2014) azl . 13 sk
B BN P SCIVN [ LY 54 ) PRSP L5 W



w8385 eS| GBS e

Manss apse,en w8b) osr 5 hosss (Sidnsb
A sbasy, SIS 5o (s )i sl sl
J>le 2l s goe (Sorin et al., 2005) x)ls i
CL“ Sl b oolge L oba, (S55da 5
GaomaSl 03933l 5 basain, 5o b o0
Klerk et al., ) 55 5l culie coaS bme 53 gy
by ol cwS byle s oz, oWl al (1999
S sB S e ol SCBE 5 S (VL ok
5 g5) s, asle 6 S0 Jalpe Il ) b st e
555 i slse (I b oS (] S5 dp 5 o
Praveen et al., ) Xz alade, » % oS pte
'cw\i (YN4) o, 5 Thuy Tien zas35 s (2009
Sz, 2le Sl oSl olen 4 4ty ladisain)
4 o S 5Somn SBAsaiss 5 25 A8 o 2o
il bhazy, @LSUSE 3 a) b,
K3 g Flia
Lile 5o am, il 25 5 Wy ook
bos moast sbodsle s (a8l
Sl s Gl s s s Sl st
S
Sbdsain, Sl b sbasy, S5, Wl leag
o8 Ll s dsadl oS 5l as eSS,
L, BS S Lame BA 5 NAA s, by

- DLl (Y‘\\) Q\)&AA 9 Lee ‘G\J}a.u é\j

TR W S SOV NUWH LI ey
oS ol 55 (08 5 o S5 S \YY/AAE S/NY i L)
L (Y--q) ol 5 Praveen ises X3S 52
My oshte 4 NAA ey 5n 51 N ses Sie 0/F 5,08
Andrographis = oS S, a3l oA,
4 ol e sl MS ciS bs s paniculata
L a3 Sosnl ads a3l (s pln Vo elose il 5l
03,5 aiy LS L v/0 (s Hles 51 ) oS ol s
03 rjfgkw Se 0033 Kase 18 b Ll 5
ol Bl Gus by S e plaea Sl el 1)
slaz,, MS cuiS L ;o 450 sbodale WJs

YA-

0 Ay u"jj*«-"@ Sl 2 IR S0 olio &S
S oS Ll a e Ll s e S
cdl S5dds e Olaw Lld 4 C Sl ) 15 65

Ll 4 s INAA (e 50 059 ) Sor5n sk
2 il Jlgme bl Bld 4 (aals) ol G ae pas
sl Jlel et 5l Qb Jols mls Julis
3 5 Ak KSslsose Olio ssg 5 S
2 ea S ady wilS Sl &S ghsba g ol (S
IAA 5055 d 55 p S /0 L saz 2 b
S ol S s L ez, sk ol
35 2 6V b ol il b cils peimen
MWy YU Sus 05 b plbas, NAA G TAA (5,50
99 jb g_,\kl\.é LJ’“"‘J’A‘ \J t‘,w DL 45 k.;\} DL ..;\.:5
5o ead My slaazy, Jsb 51 NAA 54 5,58
IS sbacy sl 5 5 awlS o U s S
D18 s (V44) L 5 Klerk as Lol s
LD tjjw qu \AWS\ Lﬁ)\':’ :j)\SAS.,\JA;
I e 53 w0 S oo ) gad g slaasy ) s 5 00
walS bazy, Job sbssl 5l gl Gz sk ol L
L (Y1) oLs 5 Thuy Tien uoes 558 g
5o dilize LS Gbadisai, wlhat, ol 2l
shaw 4 ws S o) 8 Gz glapnS) 58 Ll s
slackle 5 plsl b s, o 5o eas s laas,
P u‘g\.ﬁm S L.m 0 oAl Jles! 6\.bu,.....5‘ il
Saigen, 5l mrasy, g sl NAA (5,50
L IAA 45 &SJL’. BLEREE"! wt&a LS\A'J 9 L}.ujsw
adoy saasa s ol as, G Gl Al slackle
a) ooy 2ba, B osles oSl 5 e ol
GG sk 28 L (5o s S 0oy Bl

..,\,p; Lis 350> U 55 NAA (s, 00

Joloe 513U samy IS5 anlp s



YAN

sl anals o\J.a.Mg s> ool ol u,;“\.“g Lzl

S 5l
o ol p e oY e 5 de o) a6
o ol b sl ey cS,a s s pla

Sy Sa ey ol sl s plabesls

References

- Abirami, H. and Kumar, P.S., 2013. In vitro
regeneration and extraction of secondary metabolites
in Aegle marmelos L. Correan. Asian Journal of
Plant Science Research, 3: 99-106.

- Ayabe, S., Takano, H., Fujita, T., Hirota, H. and
Takahshi, T., 1990. Triterpenoid biosynthesis in
tissue cultures of Glycyrrhiza glabra var.
glandulifera. Plant Cell Reports, 9: 181-184.

- Bais, H.P., Govindaswamy, S. and Ravishankar, G.A.,
2000. Enhancment of growth and coumarin
priduction in hairy root cultures of Witloof chicory
(Cichorium intybus L.cv. Lucknowlocal) under the
influence of fungal elicitors. Journal of Bioscience
and Biotechnology, 90(6): 648-653.

- Baque, M.A., Elgirban, A, Lee, E.J. and Paek, K.Y.,
2012. Sucrose regulated enhanced induction of
anthraquinone, phenolics, flavonoids biosynthesis
and activities of antioxidant enzymes in adventitious
root suspension cultures of Morinda citrifolia L.
Acta Physiologiae Plantarum, 34: 405-415.

- Baskin, C.C. and Baskin, J.M., 2014. Seeds: Ecology,
Biogeography, and Evolution of Dormancy and
Germination, 2nd ed.; Elsevier Academic Press,
London, UK, ISBN 9780124166776.

- Carruggio, F., Onofri, A., Impelluso, C., Giusso del
Galdo, G., Scopece, G. and Cristaudo, A., 2020.
Seed Dormancy Breaking and Germination in
Bituminaria basaltica and B. bituminosa (Fabaceae).
Plants, 9: 1110.

- Carruggio, F., Onofri, A., Catara, S., Impelluso, C.,
Castrogiovanni, Maria., Lo Cascio, P. and Cristaudo,
A., 2021. Conditional seed dormancy helps Silene
hicesiae Brullo and Signor. Overcome Stressful
mediterranean summer conditions. Plants, 10: 2130.

- Celik, M.M. and Nizami, D., 2019. An experimental
in-vitro study to evaluate the anti-helicobacter
activity of Glycyrrhetinic acid. Revista Romana de
Medicina de Laborator, 27(1): 63.

- Chen, S.L., Yu, H., Luo, H.M., Wu, Q., Li, C.F. and
Steinmetz, A., 2016. Conservation and sustainable

Yoooked P4 als o) e 5 ool LS ol aslda

dens] &,,w.\f Al polie Glycyrrhiza uralensis
4 o b Lsba L ALl 5 S 8
(Rl YoV 5 VYV X/0N ol 4 o ja) ala
38 ol ede .(Jing et al., 2016) sls 53l
S a5 slgima Skl sl 2 s 0 S e ¥
AR YN Sl (08 55 0 S e /% Slaie L) )
Sl Gl 5l el
Loas ol plas gy cnl oo cdale adg s
Sdsse Slio iy 5o Bl oS S5 252
Sl 5l Sl s S 4 cund C ST ) s
5SS S s s Llsss G oml S
ot Cudly il Sy ok cols b esls
als Byl 4 cod a) el Glse 25
sbesSs ol 5o sl Gl Wy S ws S
5 Sas ol (85 5 | paame s il goles
S w3 5 Labie wdd Lisiw Sl gplie ol 58 5 sad
Ao p SN 51/0) Besie 5 VG sk 5 )8
5 2k e YL NAA G TAA g 5l S
V/INY 5 NAY Gl & cwja) ) u,jj.w.Jf
wls wilS o sSlay; s (Kas ol p 875 55 S
S a8 i, T2 & G ol oo IS ssba
5 83850 2 Gy (S e cBlE 5 g Ll
iz Glacas S o At ey Cew) M ol

s

ol Jlel pamen cwd I8 506 Gluen
ol Wy Nlge cmlie sl 2S5 Sser
03 Sl olacp ma gbacy; 5o 1, djf—u-g o 550
Aas ml Bl b gae Hsbay lacs s Lle
el slal & ams e olas Giagn ol Glaasl
ele (o)l oS s e ipos A Az Aedas
ol syl gbedabe Ws Gl slasSlal
p-”\;é ol 5 plis C’\"" 5o elad ol oblS
b ol ol Jals 5l el a5 e 45 45
Le L @.ﬁ)‘ﬁ N game Olpslo 5 Wy ate) o
o5k 5 sasidu Sl Ml bl s (b



S35 50 2 eS| S S e

Adventitious root culture an alternative strategy for
secondary metabolite production: A Review.
Agronomy, 12: 1178.

Klerk, D.G.J., Krieken, W.V.D. and Jong, J.C.D.,
1999. Review: The formation of adventitious roots:
new concepts, new possibilities. In Vitro Cellular &
Developmental Biology Plant, 35: 189-199.

Lee, Y.S., Yang, T.J., Park, S.U., Baek, J.H., Wu, S.Q.
and Lim, K.B., 2011. Induction and proliferation of
adventitious roots from Aloe vera leaf tissues for in
vitro production of aloe emodin. Plant Omics, 4(4):
190-194.

Mousa, N.A., Siaguru, E., Wiryowidagdo, S. and
Wagih, M.E., 2007. Establishment of regenerative
callus and cell suspension system of licorice
(Glycyrrhiza glabra) for the production. Sugar
industry technologies, 9(1): 72-82.
Namdeo, A.G., 2007. Plant Cell
Production of Secondary
Pharmacognosy Reviews, 1: 69-79.

Pei-sheng, M., Yu-hong, W., Xin-guo, W., Jia-jie, L.
and Ying, H., 2008. Conditions and Stimulation for
Germination in Glycyrrhiza uralensis Fisch. Seeds.
Agricultural Sciences in China, 7(12): 1438-1444.

Praveen, N., Manohar, S.H., Naik, P.M., Nayeem, A.,
Jeong, J.H. and Murthy, H.N., 2009. Production of
androghrapholide from adventitiousroot cultures of
Andrographis paniculata. Current Science, 96: 5-10.

Ravishankar, G.A. and Ramachandra, R.S., 2000.
Biotechnological production of phyto-
pharmaceuticals. Journal of Biochmistry Molecular
Biology and Biophysics, 4: 73-102.

Russo, M., Serra, D., Suraci, F., Sanzo, R.D., Fuda, S.
and Postorino, S., 2014. The potential of e-nose
aroma profiling for identifying the geographical
origin of licorice (Glycyrrhiza glabra L.) roots. Food
Chemistry, 165: 467-474.

Elicitation for
Metabolites.

- Shabani, L., Ehsanpour, A.A., Asghari, G. and Emami,

J., 2009. Glycyrrhizin Production by In Vitro
Cultured Glycyrrhiza glabra Elicited by Methyl
Jasmonate and Salicylic Acid. Russian Journal of
Plant Physiology, 56(5): 621-626.

Shaheen, A., Munawar, A., Naveed, A., Yaser, H.,
El-Hendawy, S. and Abd-El Gawad, A.M., 2020.
Micropropagation of licorice (Glycyrrhiza glabra
L.) by using intermediate nodal explants. Chilean
journal of agricultural research, 80(3): 326-333.

Sharma, S. and Thokchom, R., 2014. A review on
endangered medicinal plants of India and their
conservation. Journal of Crop and Weed, 10(2):
205-218.

- Shirazi, Z., Piri, K., Asl, A.M. and Hasanloo, T., 2012.

Glycyrrhizin and isoliquiritigenin production by

YAY

use of medicinal plants: Problems, progress, and
prospects. Chinese Medicine, 11: 37-46.

- Choi, S.M., Son, S.H., Yun, S.R., Kwon, O.W., Seon,

J.H. and Paek, K.Y., 2000. Pilot-scale culture of
adventitious roots of ginseng in a bioreactor system.
Plant Cell, Tissue and Organ Culture, 62: 187-193.

Cintal, J., Morgenstern, B., Bauer, G., Chandra, P.,
Rabenau, H. and Doerr, H.W., 2003. Glycyrrhizin,
an active component of liquorice roots, and
replication of SARS-associated coronavirus. Lancet,
361: 2045-2046.

Da Silva, B.O., Amaral, A.C.F., Ferreira, J.L.P.,
Santiago, L.J.M. and Louro, R.P, 2013.
Micropropagation and in vitro production of
secondary metabolites of Croton floribundus Spreng.
In Vitro Cellular & Developmental Biology Plant,
49: 366-372.

- Ghadiri, H. and Bagherani Torshiz, N., 2000. Effects

of Scarification and Temperature on Germination of
Licorice (Glycyrrhiza glabra L.) Seeds. Journal of
Agriculture Science Technology, 2: 257-262.
Ghahraman, A., 1999. Basic Botany: Anatomy and
Morphology, Vol. 1. University of Tehran Press,
539p.
Hurst, W.J., McKim, JM. and Martin, R.A.,
1983. High-Performance Liquid Chromatographic
Determination of Glycyrrhizin in Licorice Products.
Journal of Agricultural Food Chemistry, 31:
387-389.

- Hayashi, H. and Sudo, H., 2009. Economic importance

of licorice. Plant Biotechnology, 26: 101-104.

Hu, Z.B. and Du, M., 2006. Hairy root and its
application in plant genetic engineering, Journal of
Integrative Plant Biology, 48(2): 121-127.

Isbrucker, R. and Burdock, G., 2006. Risk and safety
assessment on the consumption of Licorice root
(Glycyrrhiza sp.), its extract and powder as a food
ingredient, with emphasis on the pharmacology and
toxicology of glycyrrhizin. Regulatory Toxicology
and Pharmacology, 46: 167-192.

- Jeong, J.A., Wu, C.H., Murthy, H.N., Hahn, E.J. and

Paek, K.Y., 2009. Application of an airlift bioreactor
system for the production of adventitious root
biomass and caffeic acid derivatives of Echinacea
purpurea. Biotechnology  and Bioprocess
Engineering, 14: 91-98.

- Jing, L., Wang, J., Li, J., Liu, S.H. and Gao, W., 2016.

Salicylic acid induces the change in the adventitious
root of Glycyrrhiza uralensis Fisch.: bioactive
compounds and antioxidant enzymes. Research on
Chemical Intermediates, 42: 1503-1519.
Khanam, M.N., Anis, M., Bin
Mottaghipisheh, J. and Csupor, D.,

Javed, S,
2022.



YAY

Food and Biotechnology, ICCFB Vietnam,
Malaysia, 15-17 October.

Tripathi, L. and Tripathi, J.N., 2003. Role of
biotechnology in medicinal plants. Tropical Journal
of Pharmaceutical Research, 2: 243-253.

Vispute, S. and Khopade, A., 2011. Glycyrrhiza
glabra L. “Klitaka”: A review. International Journal
of Pharma and BioSciences, 2: 42-50.
Wongwicha, W., Tanaka, H., Shoyama, Y.,
Tuvshintogtokh, 1. and Putalun, W., 2008.
Production of Glycyrrhizin in Callus Cultures of
Licorice. Zeitschrift fur Naturforschung, 63:
413-417.

Wu, S.Q., Lian, M.L., Gao, R, Park, S.Y. and Piao,
X.C., 2011. Bioreactor application on adventitious
root culture of Astragalus membranaceus. In Vitro
Cellular & Developmental Biology Plant, 47:
719-724.

- Wu, S.Q., Yu, X.K., Lian, M.L., Park, S.Y. and Piao,

X.C., 2014. Several factors affecting hypericin
production of Hypericum perforatum during
adventitious root culture in airlift bioreactors. Acta
Physiologiae Plantarum, 36: 975-981.

Yoooked P4 als o) e 5 ool LS ol aslda

hairy root culture of Glycyrrhiza glabra. Journal of
Medicinal Plants Research, 6: 4640-4646.

- Sorin, C., Bussell, J.D. and Camus, I., 2005. Auxin

and light control of adventitious rooting in
Arabidopsis required ARGONAUTEL. Plant Cell,
17: 1343-1359.

- Srivastava, M., Singh, G., Sharma, S., Shukla, S. and

Misra, P., 2019. Elicitation enhanced the yield of
glycyrrhizin and antioxidant activities in hairy root
cultures of Glycyrrhiza glabra L. Journal of Plant
Growth Regulation, 38: 373-384.

- Sujatha, G. and Ranjitha Kumari, B.D., 2012.

Establishment of fast growing in vitro root culture
system in Artemisia vulgaris. Journal of Agricultural
Science and Technology, 8: 1779-1790.

- Thangavel, K., Ravichandran, P., Ebbie, M.G. and

Manimekalai, V., 2014. In vitro microrhizome
production in Decalepis hamiltonii. African Journal
of Biotechnology, 13: 1308-1313.

- Thuy Tien, T., Le, C.T., Nguyen, H. and Minh, V.,

2019. The induction of Beta vulgaris L. adventitious
roots in in vitro culture for betalains. 4th
International Conference on Chemical Engineering,



Iranian Journal of Medicinal and Aromatic Plants Research, VVol. 39, No. 2, 2023

Effects of auxin elicitors on root morphology and glycyrrhizin biosynthesis in
Glycyrrhiza glabra L. ecotypes

A.A. Alizadeh Everi!, M. Parsaeian®* and Z. Ghasimi Hagh®

1- Department of Agronomy and Plant Breeding, Faculty of Agriculture, Shahrood University of Technology, Shahrood, Iran

2*- Corresponding author, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Shahrood University of
Technology, Shahrood, Iran, E-mail: mahparsa.cb@shahroodut.ac.ir

3- Department of Horticulture Science and Plant Protection, Faculty of Agriculture, Shahrood University of Technology, Shahrood,

Iran

Received: October 2022 Revised: January 2023 Accepted: February 2023

Abstract

Glycyrrhiza glabra L. is one of the valuable medicinal plants of the world, whose
glycyrrhizin, the most important triterpenoid metabolite in its roots, is widely used in food and
modern pharmaceutical industries. To overcome the seed germination problems, the risk of
plant extinction due to the indiscriminate root harvesting, and the slow rate of natural
biosynthesis of secondary metabolites, it is necessary to study on this plant root tissue culture
and use elicitors to increase its glycyrrhizin biosynthesis. In the present study, the seed
germination rate of two Iranian licorice ecotypes (Kashmar and Joghtai) and an Iragi ecotype
was investigated at different levels of sulfuric acid pretreatment. In addition, differences
between the ecotypes in terms of morphology and root glycyrrhizin content were studied in
response to IAA and NAA auxin elicitors with concentrations of 0, 0.5, 1, and 1.5 mg.I* in
% MS medium using root explants. The results showed that all three ecotypes obtained the
highest seed germination in the 98% sulfuric acid pretreatment for 40 minutes. The Iraqi
ecotype was placed in the statistically best group in terms of all traits except glycyrrhizin
content under control and some hormone levels (esp. NAA) conditions. In the Iranian ecotypes,
the auxin elicitors application significantly improved the root traits and glycyrrhizin content.
Kashmar ecotype produced the thickest roots using 0.5 mg.I" of IAA and the highest root dry
weight (5.8 and 5.4 mg, respectively) using the medium and high concentrations of NAA and
IAA. Joghtai ecotype also produced the heavy roots with 1.5 and 0.5 mg.I* of IAA and NAA
(100 and 79 mg, respectively). In general, the medium and high concentrations of 1AA and
NAA (1 and 1.5 mg.I"*) caused the highest glycyrrhizin production (8.82 and 7.83 pg.g* DW,
respectively) in Kashmar ecotype roots. Therefore, selection of appropriate ecotype and auxin
elicitors application can increase in vitro production of biomass and root glycyrrhizin content in
G. glabra.
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