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Abstract

Background and Objectives: Valeriana, a genus in the Caprifoliaceae family, includes
several species, notably Valeriana officinalis L. (valerian). Valerian root extract contains
various bioactive compounds, including valerenic acid, valeranone, valepotriates, and gamma-
aminobutyric acid, which have been widely used as sedatives to treat sleep disorders such as
insomnia. This study aimed to evaluate the induction of valerian hairy roots using three different
strains of Agrobacterium rhizogenes (A13, R1601, and LBA9402) under four different growth
media compositions: (1) MS full strength, (2) MS supplemented with KH,PO,4, NH;NO;, and
KNO3, (3) MS supplemented with KH,PO,, NH;NO3;, KNOs, and CaCl,, and (4) a medium
containing MgS0O4, microelements, Na2EDTA, FeSO4, and vitamins.
Methodology: This study was a factorial experiment based on a completely randomized
design with eight replications under laboratory conditions. Seeds of V. officinalis were obtained
from a commercial supplier (Pakan Seed Company, Isfahan, Iran) and germinated under
greenhouse conditions. Before sowing, seeds were washed with tap water and distilled water.
Seeds that settled at the bottom of the washing vessel were selected as they were expected to be
the most viable. They were soaked overnight in water before being washed with a 10%
detergent solution for 10 minutes, followed by surface disinfection with 70% ethanol for 30
seconds and 6% NaOCI for 5 minutes. After rinsing four times with sterile water, the seeds were
germinated on solid Schulz medium, without growth regulators, at 25°C under a 16-hour
light/8-hour dark photoperiod (45 pE m=2 S71). Hairy root induction was performed using spray
and leaf disc methods, and transformation was confirmed by polymerase chain reaction (PCR)
analysis for the presence of rolB and virD genes. Hairy root induction rate, lateral branches per
centimeter, number of hairy roots per explant, and dry weight of hairy roots were measured after
60 days. Essential oil was extracted by hydro-distillation and analyzed using gas
chromatography (GC) and gas chromatography-mass spectrometry (GC/MS).
Results: The study confirmed that the tested A. rhizogenes strains could induce hairy roots in
valerian. The fastest hairy root emergence was observed in explants inoculated with strain A13,
occurring within 10 days. The highest induction rate (92%), hairy root dry weight (272 mg), and
number of hairy roots per explant (19.2) were obtained in leaf explants inoculated with the A13
strain and cultured in MS medium supplemented with KH,PO,4, NH;NO3, KNO3, and CaCl,. No
significant differences were observed in the morphological traits of hairy roots induced by
different A. rhizogenes strains.
Conclusion: The findings indicate that growth media composition, appropriate A. rhizogenes
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strain, and optimized growth conditions enhanced hairy root biomass production. The Al3
strain was the most effective in promoting mass hairy root production, particularly in MS
medium supplemented with KH,PO,, NH;NO;, KNO; and CaCl,. Given the complex
physiological processes involved, valerian hairy root cultures can preserve valeric acid found in
vegetative tissues. Future research should focus on identifying the optimal growth media
conditions that maximize vegetative growth and secondary metabolite production in valerian.

Keywords: Valeriana officinalis, Agrobacterium rhizogense, culture media, hairy root dry
weight



e e s 4l caS b gy At AA

ol s (29318 LS ydge (SUALs 5 by 0 b yFl Caliste (S g § 4l Sl Lo Eg5 W

(Valeriana officinalis L.)

Y . Y [ P AN
R R NP R - SRUSEV PRV
Ol eomelss st el sy oDl ST ol&ils 1 (53,5LeS JaSs M sdStils asl 3 (s S5 aiim gl Lils =
y-filizadeh@scu.ac.ir : Ko s Sy ol al ol g canls o &asls (o3, 5LaS suslasls (bl el s sl 05,5 Oletils oJ giuce sty 5 — Y

Ol eomelys st el s oD ol 3T ol « haSs o Moamns 008zl 555,815 3T 5 sl 058 o, luils =¥

VEY st Ak el VY il ool sl AR oLl il sl

oS
doed 5 o5 My sl LS5 by Ws 4 (Valeriana officinalis L) culdl b ool oS sy b 5 aile
e Slaay xS s g salind oo o s OB s el olasl s S (8 (S ol 4 (Sl
2 2l iy (315 5 s Sloopas B Lol en 450 sbhad plie JSas oly 038 ol s 4 dlesis (LS
bl b ol oS se slaazs; ai) Ll leaig (bl ot 0580 Cpmme LS 550 OLS 5 Ay
Lo g5 lr 5 gl cilie sl oy, (LBAJA02 R1601.AL3) 555505 o Sty ST (s Sk cikiie st ¥ 1 o0l
MS Full Strength; MS-KH,PO,;, NH4NOz;, KNO3z; MS- KH,PO,; NHiNO; KNOjz; CaCly; MgSO, ) cws
Al gy emle 51,3 (microelements, Na2EDTA, FeSO, and Vitamins
ok el @\-{—%U)T Ll 5o SIS AL Sl s CJI’ B s JusSt Sose 4 Ghiss cnl i, s s
YO &l amss s, SSUl 4y Soalem ) p MS al S bme g @K‘;‘%hﬂ Gy b s cenS 5l o ol
2 8 i Sl cele A iy, cel VP 5s b s G JsesSn FO 5 a0 Yo cugh, ‘.ul,fd's\u A5
laz, Ul as g glain ¥ sl sbazalS 5l oS0 L mals okt Gl (LS 5 Jo S sadisen)
S5 sl PCR 2815 j-’;ﬂ P 5 Bl -ML 5 S Sewd 5 Sl s 50 & r}uﬁ\w;ﬁ Sad e 5l 850
Aoy Eors 5o Ve Sl am JesSems 5 slad S sleaismin, 00 o saazy, A eI VIrD 5 rol-B o5 polazs
053 5 sy ogo 4 LA 5 e sbaazy, sl 5 e Sl S dsb s e ates o3 Olasil slaw 5 s S s
38 Se3Inl 3as B 5l am gl Sas
i ol i ol 3 5 ge a2y, Wl 4,08 A rhizogenes (s SU L;@.L)'T Sl s S 0l plis G s il
i s ol 5 S B (iliie (slaay g 4S5l (LS lad S 5 S S Asain, oiles] s 45 o
oS Lama 5 ALS Gl S s 53 S digai s oS ol 0Lt 3o ol gl 3 S ol s Aty M5 SUlagine b
2o 35 op e g ol bt 2a)ls oL L3 e a; aiy Kos S5 e MS-KH PO, NH/NO;, KNOs, CaCl,
(328 VA/Y ) Wt gaisn, onfge slbady, slaw (pfdkf YVY) ose laady, Sad 055 (a0 AY) baisai s, 3l 5
i W e g, g ab Slosas 5o Gl dme Ml S ob Gl s g s S e 4 by e
S sanlie o Sl Gl slaay g dhon sy
oLl 4 v-<-~4 6;~§--‘> ssba bl e b oS s oo sbazy; ad g aS sl olas uﬁibj o) IS S A
53 el e slaaty; Gt S el Sl ag as, Luls s Ol eS8 bow (oL 8L clie 45
b Gkate gy s 0l ol ol il i) Gal 53 e g0 SNy sl Bis 4 06 (S5 558 sam szl b



14

P U B VA P IN K A PR eI

Ll e oileare ‘Ji-.'.ﬁ Sow S Gy 2 sat] Ol 2o elS s a5l e ple Ol Wy s gy My ey

Sssmp Gloss el 51255l b paols sbed sl o5, YU 5l i 200l oS e sbraty,; ay ol oS

]

omse aaty, Sas o5 S e G555l (ﬁf'ﬂ‘.};‘ ol i g0 dST slao 3l

P S P WP S YL PEU gﬁﬁfer‘j sl !
Filizadeh &  Houghto, 1999) s,: . olacl
Bhatt et al., :Rezaie et al., 2010 :Goodarzi, 2010
.(Penzkofer et al., 2014 2012

5wk OS5 ples sl & @.L?U'T 5!
JPESY BTCSE S PN Ik S ST, LR PN O E5
s\ Sheslial a)ls SNb pley 4 5l 5 solasl 2
bodnle cal oss) 5 o M5 Sl B il s
.(Namdeo, 2007 Hu & Alferman, 1993) ¢y, &
OS5 M5 s 50 S50 Gl b 80 slbasy; S
il o S Sl Gk 5l e slse Gl 45l
0 4l olS s g (Verpoorte et al., 2002)
Sl 22 05 elalise 32y b LS Slaelyl
4 axg el ol ool 5 s s, W o)l
fﬁ.jf\eﬁjﬁ wle Sos 0 2525 | g;ﬁ?.)\j’ K
Geier et ) .5 8 (Agrobacterium rhizogenes) 555!,
o Jsl 5l ens Mg e lbas, .(al., 1996
S 0 W (S5 5 olaiil b g 235 bl s 5L
Lo G¥sb Glooss oo asl olSy el 4 506
(Jenifer et al., 2012) sl o ws; 50 S5 ol
5 M, ol S sl ol ol Gl Slidos e
Lo (oS5 il it Jolse 4 e slaady, (S15
el 0l Ol 5 ol Gad e oW S
Baron :Akasaka et al., 1998) s ls Siw p 5 505 31
Kim et al., <«habaud et al., 2003 «t al., 2001
.(2004

azy; M5 (S5 wdige o3 Glae Gla iy
rxﬁg\w;ﬂ AL ) eslad (g5l K8 e

dodio

S rme (Saad ok bl oblS
G253 YO-Ae Jol sl xS ool 5 0 b 5L
Bauer & Bronstrup, ) £so o0 o swme olgr Coras 3l
olud s (WHO, 2008 «Kwiatkowski, 2010 2014
3ol Oloys Gl (8 pie (20l oblS b
Sl oolse Sl L oS a3 pls 5 pldl slacslay
T 5 eslizal ol slasols (Sl 5 e sla gl
Fitzgerald et ) cul 2l Js 5y o Kaza sba
SblE Ll LS5 K s sl @l 2020
SLE (S5l d el 5l iy Jyame (sl
B R W B P VR LTS | L3 WP U P
olE L)l Slitie ab slse .(Sen et al., 2009)
sl bcols, LB ‘@@VU 5 ek sl s
2o s T Y PTG X UL T S WU
Cud G55 Bl s gl 5L T L el oS
.(Kamboj, 2000)

Ll s Jele oo oblE o5 sl
S8 s beaale bussSUE ay I
dugran et al, 2015) sl o 45l slbed sl
.(Fernandez et al., 2007 :Damnjanovi¢ et al., 2010
4 (Valeriana officinalis L.) el foe os)ls olS
5> KMl sl 5 JU Nl (b ol SluS 5 crals Mo
olasl samso s (B oS olye 4l Ak,
spigp ool s s oLkl asmsel)]
Bent Akhondzadeh & Daliri, 2004 {Hobbs, 1989)
Sl ol b o 55e wle o zege (et al., 2006
Lol an &S J-J@ Sk P9 ) 9 Ao ShaS e Sl


http://jct.araku.ac.ir/?_action=article&kw=27394&_kw=%D8%A7%DA%AF%D8%B1%D9%88%D8%A8%D8%A7%DA%A9%D8%AA%D8%B1%DB%8C%D9%88%D9%85+%D8%B1%D8%A7%DB%8C%D8%B2%D9%88%DA%98%D9%86%D8%B2

e kg 5 4l ciS Ja g5

Bensaddek et al., ) 5,15 oSe alal, 4 56 SLS 5 L
Saravanakumar et al., :Gitz et al., 2004 :2001
(2012

S Gladame & el ool oles Giliie sla oo
SoSata (1 gl QliE dlpe oS5 4 s b Sk
WS ol b oblS asl olSy Ay o
ciS slalame S5 imen (Sharifi et al., 2014)
2SS o glde jole Gl o Wl
o) olwasg (el ad il S e ldas,
Sl e YU s, LBl 4 56 bl
e Gbos o JSIT Lol 456 e sl
Atropa belladonna ) <Ssule ool oS azy; 5o s
Gloazy; S Lama 5o apisel clile sl L (L
e O g ag S sl GaalS b sba e
Kamada et ) s> 8 s ST s s 5 05503 Ll 58l 4
» Saravankumar .(Bensaddek et al., 2001 <al., 1986
A o) e it 45wl aolasl L (YY) oS
Withania ) sboo ool oS ise laas,
2l 4 cus BMS csS L s (somnifera L.
ol Gy S a Lo

Aoy Moo My oleang Goe b Gl ol o
MS Full Strength; ) Jels czS e [l s
MS-KH,PO,, NH;NO; KNOz;; MS- KHyPO,,
NH;NO3;, KNOs, CaCly; MgSO, microelements,
45w 4w b ol o» (Na2EDTA, FeSO, and Vitamins
R1601 \A13) 35550, ps Sk Sl 8L il
S8 ol Gbkisy, HU coo (LBA9402
Sewd 5 il @LL i, 5 JesSeme 5 lad
elll i ol oS se Glaazy; as, (S

A g

i L sigy 9 9lse
<ol CJLJ ciS bow oS 5

s Ktlyse s opl 50wl Jol S Lo

Baron et al., ) wsls plas oS pas 5o 1, 55530,
.(Kim et al., 2004 :Chabaud et al., 2003 :2001
oL 5, Baron .(V44Y) ,L,&a 5 Granicher
So\as 5 Kim (Y« +¥) 4, , Chabaud (Y- -\)
olGdss s (Y-V-) Goodarzi , Filizadeh , (Y. -¥)
S el 655l b e slaany, Wy glallos
» L Sas wtige 5 53520 rﬁ.f-g\w,ﬁ 1"
IR AR @&Qbﬂ Lyle s Al (LS
iS5 ab eobasln, ane) o S Slidies ks S
Jole wsain, e &S ol plas (o8 b ay )l 5 cal
23 49l OlS 5 caldl 5 i se Glaats ) sl Lo g
Ohara et al., :Lee et al., 1998) 355 s o yume gl
.(Barik, 2005 :2000
o Park , (Y44Y) Shimomura , Yoshimatsu
el ge sl6las Dlidss s (Y- -+) Facchini
(Papaver somniferum L.) _sbezs oS sl oo
Ko S el 55550 \’ﬁjg\fﬁng il glasls L
15834 5 LBAY402 slasls & oy plas obl mls
Sl ao s VL Gl 5550 s SUs ST L
5 Shirazi Clids wls Woy (Ao, 00) Sasu,l 5
Glycyrrhiza ) ol cpws oS o, (Y4NY) o,
W, oLS 5 (Y-\Y) 4, , Piran , (glabra L.
da Sasul 5 ol 3,50 > (Portulaca Oleracea L.)
S ols ol 53snl pm St ST SL L il
Cabbge it haoe 5 L g isain, OLul
5 (YY) oL, 5 Solemani .s)ls 56 Wl so s
ways oS (Sl ol 5o Ksaiin, o JHL 250
Sk gai 5, a5 Wols o Lzs (Artemisia aucheri Boiss.)
AL et g5 4 s 55V b (Sain ) olpr
sy 5 (Yoo A) ohSKas 5 Rahnama ..s S sl
355320 028U ST G Gy ey & sl ol
S ST R PP (M CIRA N K SP S
2 2lE alse ol Ll Sl plas Kos Slies
s ) s sbrasy, ['S\f o, LS bow



ARl Gy b s eSSl am alesl 53 00 slas
N B as)s ¥) MS 4l eSS bsw (g
YO los b oaa, S8l 4 Siale ol GBT ass
e Jses S YO 5 aos Yo cush) ol S sle an s
654“)\3 celu Ay play, cell Vo 4l o o
sld S 5 5SS bdsen, w8 Jae
slain ¥ b sl sboazalS 51 8L L il iy

i gl 50, b2 ST S sl
AlL3) - 55550 fﬁf-ﬂiﬁfﬂ AL sl s
sy cal cuss oKl 31 (LBA9402 .R1601
5 Al e 0 55 68w a5 ag Ol S5
ool sl am s YA sl 5o g b LB oS Lo
FA Caea SOU Lal,a 5o adds 5o 5o VAL L S
o 03 polie 4 ax g b as el ws) 5 S el
SS s 1 5 el »gwrgj ST PRtS--1"
ol 5 o pgg\w 0-lude o SL e s, 5l
S 3t Bl tS L & S g5
oS lelas Oldas /=278 4 (¢ S ODeno
4aB> 53 59 Yoo Lol S sl amys ¥ o SL
JSss 5l e s Pl aids Ve Oue 4 aa sl
Vs Sk w45 Gis mb LB L (o 8L Gy
Zhou et ) s> S wlol 5 ks ST il Laos 2 Lo
S oaws o cell ¥ S 4 Jslos ol (@, 2011
a5 YA los Dy aids 5 e VAL L gL S

RERPS RV St Ll s é\;:é‘ﬁ\w

sALLLL s, mdls
slazald clad (bS5 5 5 sSsms bdsais)
0=\ Glaoslal 5o (S Sews (2as 5 05s, VoY
g b ol e bas S S ag sl
Ospeilomsm 53 AkdEs VA Sdea 5 o5 WIS
sks LBAQ402 , R1601 A3 U S, clas e

P U B VA P IN K A PR eI

3 QT OLS 5 5 Gdhe cts 5 s polie Jula S
oS 5 (Murashige & Skoog's, 1962) 55 b pels s
4 (KNO3) wln ol as Jols gdie oty ole
(NHINO3) 5 50] &l ad 5o 25 oo YA+
CaCly, ) w8 2 1S 2l 53 ¢ 5 Jes V5O s &y
Olad welty Sge il 5o 28 e FF- s 4 2H0
ol Sl il 5o S e VWV s 4 (KHPO,)
A 53 p Sde YW/A o 4 (FESO4 7H;0) I
o S iskes V/EA s & (MGSO044H,0) ¢ 5: st Uil o
s A o e 0 s 4 NaFe-EDTA 2 s
e Sk Voo Llie & (CeH1206) Jss sl o ol
3gde ol S B ananl s eslizal 2 s
EITS SIS C WA R TP
Azl & el cwss

ol olS s sbasy; as, ble leag
S 5l dols sbhwsmin St cos Coldl i
(;e.f-ﬂ-zbﬁ AL e 4o VL 5 Seme 5 slad
il il a2y, 5 cS Le Sl 03 55520
AL las Sl b 6 s st bl s
38 g S

el i Ldy G542
olgol Hd oL eS8 a5l Gl e psls oS 5
(S8l 0 gt s Sl S 6l s S Ay
& el FA S 4, :\;dﬂb Y o ek
sbackle U a8l Go b s bk e ba
5 (ad 00 p 8k VFee 5 A ) e il
dedllisias olaly (hoss Vo) Seosdse
a)p was 8 wael (Wisniewski et al,, 2016)
0 et b Al e Sler 5o sl Gl Jsisas
b O 5 et wids Sy S 4 aoss Ve J)
K83 N+ Sde o y3 V0 o kMg 53 3l 13
55 Ol sn 5 s ks u.j 23 et lg Lo
A Ll (55,5508 by anly 3131 o8l o8y le



e kg 5 4l ciS Ja g5

5-CCTGACCCAAACATCTCGGCT-3'
AL RI) s laazy, saSUl sedl
oo ol 5> e J S ol gy ALB g g o5y Sy ST
Sl aly Joli PCR slos Lyl & ags § eslica
ol S sl amys AF s aids  Coes DNA 4yl
amyn AF L5 4ids ) O 4 S DNA oleazs ol
A+ Sden lazi, S5 DNA & S5kl Jlasl ol § sl
Loy Sl g a8 5 ol 8 ol amys 05 s il
o) 3 sl x5 VY 55 436 4+ Taq polymerase ., 51
RERAEN sl S il 4y VY o aids Ve Ll b s
Bio-) sl 5,55 S 5l i w5 Sl s ) ln
<) gel read ol woys N 38T U5 L (Rad
b sy b ¥e oy el G Saasy (el K
ool b sl G J3 3 e -3 8 ol &y 4
Dini ) az o,ls s eSe cinsSls J5 o6& 5 UV S 5 5
(Torkamani et al., 2014

My ol p oA caS sbbow 0w
oo sbady

5 I sSomr sLasin, Sl Az, ool Lseb Sl e
2 ofse At S /N0 el i oS gla S,
cuzS b F 51 i) e 00 bl 2 e Yor )]
MS Full Strength;  MS-KH,POs ) bl
NH;NO3;, KNOjz;; MS-KH,PO4 NH;NO; KNO;3,
CaCly; MgS0O,, microelements, Na2EDTA, FeSO,
sl b s, S8l Sl ) o &ews (6, (@nd Vitamins
STSE SICRVPPTIRSSTISPIE | R AN O WPUSI )
Sl b bany, Sas s oo aad S
38 55 Sl

dJL“T ~ P
Jo S 5) S50 p5 ¥ Jola p2le3] sla 586
AL3) o ¥ s LS s [l S, s
MS Full ) CI“ f L cwS b (LBA9402 4, R1601

2 435 53 5 A b LSl Sid 5o e Xa
SFRACCIPVR TS (RGN K S WP F LT
5 MS S bama 53 (Sl 3 il Slles xias
Osemsilpmsm Jsloe b () (22l (255 5o ¥2MS
S35 Joiel Ko Ay 555305 o Sbs ST 8L
Slo BB 4 gt Sas Gl basen, 5 as plxl
53 kg sgme A&l Gy b w8 Jame
b cele FA cae 4 ol S sl anys YO
Lo 4 bagais, o SL Ble Gl aad A&
Ssmtl 2 e S de 00 sl gl MS oS
Loyl Sea Ls 5 Jaxe (Cefotaxime) S s
Vo Saea ol 8 sl as o YO sles 5o 4ids 3 s A
0dd gliiecd (SBA a0 55 e LAD 03l gl 4dSs
P S 00 s Ve S e s el s s
b el Jas nias cotS oSl pie Syismsl 4
53 kg olndl Al e dim 3 (68U S Gl
Gty b 5 B S S HLS, 55, V-0 Y Jol s
sl S e ISP IS Sl s s
O s, S Bl sla i glaa ool

el sl olge 4 C“d‘

Sl S el b g et SS9 U
(PCR) 5| oy (sls 525
T-DNA by Jusl b dpe gboas, S
sdse & 5552b pn Sk ST Sk R s
slaasy, ool s as el el o oS 4i5ai
S ol T-DNA (g5, 55250 sps 2ba, b S se
Sl skt e 4 L(Krolicka et al., 2001) sz oLl
el bl Sl pas 5 oise slaaty, ils
wolansl b S5l KS L shad lo i (a8l
solal SHEl b Jls a8 oLl VirD 5 rolC o5
Kaz eolizel 5 e ja VirD 5 VIFB o5
5-GTTCTCGCGAGAAGATGCA -3'

5-CAGTTTCGCATCTTGACAG-3'
5'- ATGCCCGATCGAGCTCAAGT -3



RS

25 S anylis s, 0 ch.u 53 (L.S.D) Hls gime s

S 23] Slaay s 4 ol oLt s ol s
LS o s am, Wl a4 56 Al rhizogenes

ccilize sy g &S 5l ol glad 6u3j 9 S sud
My ol e ﬁ\-' C“'L oo ol caS Lo

LY Joas) aals 8 g0 Ay,

P U B VA P IN K A PR eI

Strength; MS-KH,PO,, NH;NO; KNO;; MS-
KH,PO,, NH;NO; KNOz; CaCl,; MgSO,,
5 (microelements, Na2EDTA, FeSO, and Vitamins
s (alole 5 S Kes) che ¥ 03 il )
(s Saty, K doss 4 by el o
5 paile K dsb 5o ise 4t o3 Ollasl sl
plmil 4y, Coson s, s sbasy, s
S5 51 eslimad b ssal s 4 slaesls oSl LAl
ks 4525 355e (SAS, 2002) (ST 425 e
o 4 saz L Seslnl ol Sl 283

el i ools oS Sl e Al laddass Wy bl b ol a4 =\ Jsas
Tabel 1. ANOVA of some treatments effects on in vitro hairy root production from Valeriana officinalis

M.S.
Hairy root Hairy
S.0.V. df. Hairy root induction root induction le;:gf; of Number of
dry weight percentage from percentage from hairy roots
branches
cotyledon explant hypocotyl explant
Replication 7 258.07™ 0.0420™ 0.068" 0.008" 1679.5™
Culture medium 232.27%* 3.0515%* 798** 4.50* 2.42%%
(C™M)
BaCter('g; strain 2 465.74% 13.280%* 1322%* 9.6%* 1.89%*
SxCM 6 1688.7** 17.305** 1604** 12.44** 1.99**
'”d“a'(cl’:\’/l')“eth"d 1 121.88** 6.2160%* 319%* 3.45%* 1.09%*
CMxIM 3 66.32** 1608.7** 2345** 1907** 3089**
SxIM 2 341.53** 1009.9** 845** 1408** 3356**
SxCMxIM 6 2567.9** 3122.6** 1008** 2311** 1987**
Explant (E) 1 190.86** 20.060** 390.46** 173.561** 417.28**
ExCM 3 49.430** 68.530** 37.281* 44.670%* 102.35**
ExS 3 32.850** 87.350** 34.128* 52.770** 100.35**
ExIM 1 32.805** 103.12** 37.91* 88.23** 78.25**
ExCMxSxIM 6 41.940** 68.530** 40.920* 57.607** 78.530**
EXpeerr'r'Sre”ta' 336 74.55 0.00618 3.7536 0.007 142
C.V. (%) 55.90 0.02 17.90 5.90 16.20

ns. *

.~ and "": non-significant, significant at 5, and 1% probability levels, respectively.
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Table 2. Means comparison of some treatments effects on in v

itro hairy root production from Valeriana officinalis

Hairy root . Halr_y root . Hal ry root Number of Number of
] induction from induction from -
E IM BS CM dry weight lateral hairy
(mg.I) cotyledon hypocotyl explant branches roots
g- explant (%) (%)

1 185+ 5.7° 66+ 4.2 56+ 5.3° 3.75£0.20" 12.25+1.8ad

Al3 2 230+ 5.3" 75+ 4.6" 73+6.1" 5.45+ 0.27° 14,15+ 2.1™

3 260+ 6.1° 91+ 3.9° 87+4.9° 6.50+ 0.42° 18.25+ 2.7°

4 210+ 4.9" 67+ 4.8 60+ 4.7" 4,15+ 0.24" 13.15+ 1.8

1 155+ 4.7¢ 57+ 3.5% 46+ 3.7° 3.25+0.19* 11.10+ 1.5

d 63+ 2.9° 52+ 4.5 4.30x 12.85+1.9°¢

R1601 2 215+ 5.2 0.25¢%

S 3 228+5.1" 78+ 4.1™ 68+ 5.7¢ 5.15+ 0.42° 14.55+29"
4 180+ 5.8° 69+ 3.7° 55+ 4.2¢ 3.25+ 0.30% 13.17+1.9"

1 114+ 3.9' 49+5.1' 41+ 7.1 2.50+0.18° 10.15+ 1.2

LBA94 2 177+ 4.7¢ 58+ 3.4" 50+ 6.3' 3.75+ 0.28* 11.50+ 1.4"

02 3 205+ 3.7" 63+ 1.9° 54+ 2.4° 4.50+ 0.35° 13.10+1.2"
4 188+ 6.9% 54+ 2.3¢ 47+ 4.9° 3.25+0.22*  12.35+1.8*Y

C 1 194+ 6.5° 70+ 3.7° 63+4.1" 4.15+ 0.38" 13.15+ 2.1°
Al3 2 241+ 6.4" 81+ 3.9" 69+ 2.8¢ 5.75+ 0.42° 14.45+ 2.3°

3 272+5.9' 92+ 4.1° 80+ 5.3" 7.50+ 0.52' 19.20+ 3.1¢

4 225+ 4.4° 72+ 3.6" 66+ 4.7¢ 5.10+ 0.38" 14,75+ 2.3°

1 172+ 4.9° 61+ 2.4° 54+ 3.3 3.50+ 0.26* 12.15+ 1.7

R1601 2 235+ 4.6" 69+ 3.2° 62+ 4.1" 4,70+ 0.32° 13.45+ 2.1

LD 3 242+ 5.7" 83+ 3.9" 72+ 3.6" 5.35+ 0.35" 15.25+2.8°
4 212+ 7.2" 72+ 35" 64+ 4.5" 3.75+ 0.28* 14.30+ 2.3°

1 155+ 5.5° 53+ 4.2¢ 45+ 3.9° 2.75+0.15° 11.25+1.4*

LBA94 2 193+ 6.8% 61+ 3.6° 50+ 4.6' 4,10+ 0.25" 12.82+ 1.6°

02 3 215+ 6.1" 66+ 2.2% 57+ 3.4* 5.15+ 0.35° 14.55+2.2°

4 210+ 6.4" 57+3.2% 49+ 4.4° 3.40+ 0.25* 13.70+ 2.4*

1 177+ 4.8° 61+ 3.5° 54+ 53 3.15+ 0.20° 11.05+ 1.5%

A13 2 219+5.2¢ 69+ 4.2° 60+ 3.8" 4.05+0.33" 12.85+2.1°

3 248+ 5.7" 80+ 3.7" 73+3.1° 5.75+ 0.42° 15.75+ 2.6°

4 200+ 3.8' 60+ 5.2° 54+ 2.9° 3.80+ 0.28* 11.70+1.8Y

1 147+ 3.5e 56+ 2.1" 50+ 3.2' 3.10+ 0.25* 10.75+ 1.2*

S 2 205+ 6.5 59+ 2.7¢ 55+4.1° 4.10+ 0.35" 11.10+ 1.4
R1601 3 221+5.3" 70+5.3° 63+ 3.7" 4.55+ 0.35° 13.45+ 2.2"
a 62+4.1° 56+ 3.4° 2.95+ 12.30+1.8*

4 172+ 6.1 0.21%

LBAGA 1 105+ 5.8 43+ 6.2' 39+ 5.7 2.10+0.19' 11.05+1.1*

02 2 158+ 5.2° 55+ 3.9" 50+ 3.3' 3.35+ 0.21* 11.25+ 1.3

3 198+ 3.2¢ 60+ 1.8° 53+ 2.4° 4.15+ 0.32" 12.85+ 1.6°
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Hairy root . Halry root . Hai ry root Number of Number of
E IM BS CcM dry weight induction from induction from lateral hairy
(mg.I) cotyledon hypocotyl explant branches roofs
explant (%) (%)
4 168+ 7.3° 49+ 2.1 44+ 3.2° 3.05£0.27° 11.50+1.49
H 1 180+ 5.8° 66+ 2.9 61+ 3.17 3.45+ 0.33% 12.90+ 1.9°
Al3 2 228+ 5.4”- 77+ 4.4™ 70+ 3.5¢ 4,55+ 0.49° 13.55+ 2.2¢
3 258+ 5.5° 85+ 3.9" 78+ 4.1" 6.10+ 0.519 14.30+ 2.4°
4 210+ 3.9 66+ 2.8* 57+ 4.7° 3.95+0.27¢ 12,95+ 1.8°
1 164+ 4.7° 58+ 3.1" 54+ 3.3° 3.40+0.41* 10.85+ 1.3
R1601 2 219+ 5.2" 60+ 3.5° 58+ 2.7¢ 4.45+ 0.38° 11.15+ 1.5
LD 3 228+ 6.8" 76+ 2.7™ 71+3.1° 4,90+ 0.43" 13.11+ 1.9¢
4 190+ 6.1° 68+ 3.1° 58+ 2.9° 3.15+ 0.29% 12.05+ 1.6™
1 147+ 4.1° 50+ 3.8' 41+ 2.5' 2.35+0.19' 10.80+ 1.2*
LBA94 2 177+5.9° 56+ 2.9" 49+ 1.9' 3.75% 0.40* 11.25+ 1.7
02 3 205+ 7.2* 59+ 2.7¢ 50+ 3.1 4.55+ 0.36° 12.90+ 1.8°
4 195+ 5.8 51+ 3.1 44+ 4.2° 3.15+0.31* 11.65+ 15"

E: explant (C: cotyledon and H: hypocotyl), IM: induction method (S: spray and LD: leaf disc), BS: bacterial strain, CM: culture medium (1: MS full strength, 2: MS-
KH,PO4, NH;NO3, KNO3z, 3: MS-KH,PO,4, NH;NO3, KNO3, CaCl,, and 4: MgSQ,, microelements, Na,EDTA, FeSO,, and vitamins)
In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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