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Absteact Nogdal  sgoems  were
prepared from  ihe stems of in vilro
propagmied sabvia plams The explants
were then oul lenertudinally, {hesuph
the sifes of the dormant axillary bueds
g two lmives. The vesporsss of the
spit-nodal  explams to durk  ininal
ipcidhation, thidisaron (TDA) and o
bonsyiadenine (BA) alae o plus T
m MS Mumashipe and Skoog. 1901)
madiym wore studied  In sequontial
consermmtve oxponments  ln the first
part of e study, 1he oxplams were
guitured on  the mednun crther licking
fontrel) or contmning LMo 4 oM
TDZ, The cultures were kept ailber
directly undor light ar after receiving a
week  of megbanon m the dark, The
duta showod that  more shools were
peneraed from the oudtures  tha
roccived  the dark  prelreatinent dhan
those miamtained direcly  ander light

Exmslence of 2 pM THZ was (he
gplimum  concentraion 0 regonsrale
aarpsal shoots of which hugh percent
{8%9%) formod rools on secandary basal
medimn [with & uM andole-3-batyric
aid {IBA)] ang ox vilro sumaved
(74%3  Sebsequenty. i addinon of
BA @ w3 gM) 10 ihe modhum
contmning 2 ubi TINZ was investipated
The gresisst number of  shools per
gxplant was obtnned fratn the cultvres
s TDZ {2 uM) contininng mcdingm
when suppleinemied waibi 2 or 3 M
BA This sumly presents z new results
supgestiig & benefiinl  use of dark
pretreatment, TOZ and BA plus THZ in
tissue culture ol salviz, The wiljzation
of sphi-nedat explants may be wselul m
both  wucropropagiion and in coabling
rhe ropression of desirable foreigy
gonel(s) mig salvin ponome, eapeoaliy
v Agrobacteriym

introduction

Seebvier spp eoukd be propagated
wt vitro via shoot probiferation from
axiflary  buds of intace stem nodal
secliong on mechum with
beozylademne  {BA) (HMosok and
Tabara 1993, Mederos-Molina <
al. 1997 Tawilik and Noga, 2001)
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but the shoot moltiplicatian ratc s
gsuaily low.  During the last decade,
oo the other hand. a strong cytokinin-
like effects of thidiazuron {TDZ) has
besn consisently reported 1 fssue
culture of yeveral other plant species
{Rabaopis and Yorpancdor, 2000,
Fola o al. 1990} meluding
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ornamental  (Henny and  Fooshee,
to90: Andradc et al., 1999) and
medicmal  plants (Li et al., 2000)
TDZ 1s used to dcfoliate mature
green leaves of cotton before harvest
(Henny and Fooshee, 1990). Al low
concentrations, it shows a eytokinin
activity (Fellman et al., 1987). TDZ
has been reterred to  as “cytokinin-
ke compound” because 1t does not

have  the punne  stmcture  that
characterize the conventional
cytokining

In contrast tc BA, thidiazuron has
been shown to be several folds more
¢ffecuve 1m c¢nhancing in wvitro
adventitious  shoot mtiation and
proliferation (Cuenca el al, 2000:
Fiola ¢t al, 1990. Snskandarajah ct
al,, 2001y Furthermore, recent
studies suggpested that cornbination of
TDZ and BA s more cffective than
TDZ alone (Khalatalla and Hattor,
1999: Kim ctal, 1997) In addition
to the supplements of plant growth
1egulators (PGR) in the mediuin,
dark pre-incubanon of cxplants is
rcported to cnhance the process of
adventitious meristem initiation and
shool prohferation (I.cblay et al.
[991. Nehra and Stushnoff, 1989
Sriskandarajah et al., 2001) There s
a uced to study the responses 1o these
PGR supplements and explant pre-
treatments of 1 witro cultures of
salvia as being an important spice
and medicinal plant for which there
has bcen  no  reliable  shoot
regeneration protocol.
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While ntact nodes are suiable
for micropropagation, wounding the
explant area of competcnt fissucs

stimulates  adventitious mcristem
OIgan0gENests (McClean  and
Grafton, 198Y) Wounded tissncs

also is required in the production of
genetieally cngneercd plants
especially when the introduclion of
the foreign penc(s) 1s mediated via
Agrobacrerium [t shoot regeneration
occurs from a wounded cxcised
explant without an intcrmediatc
callus phase, the chance to induce
variants 15 reduced (Evans and
Bravo, 1986). Thus preparation of
nodal tissues for plant regencration
in such a way would be useful in
both  micropropagation and the
application of the molccular based
manpulations of gene transfer for
improvement of salvia. The presem
studv, thercfore. was implemented 1o
mvestigate the regencration of salvia
plants from split-nodal explants in
response 1o dark prelreatinent,
drfferent concenrtrations of TDZ and
combinations of BA and TDZ.

Materials and Mcthods
[- General procedures
I-A. Explant source axenic-plants

Salvia shoots. 3-7 cm long. were
detached from 6-month-old plants,
These shoots were  sectioned mto
cuttings of smngle nodes The nodal
cxplants were then surface sterilized
with calcium hypochlorte [Ca (Cl
0).]. About .5 g/l Triton X-100,



wetting  agenl, was added to the
caleium  hypochlonte. The explants
were stirted for 15 min i this
stenlizing sotution, Then the explants
were nmsed 4 times in sterilized
distilled  warer  under aseptic
conditions and were blotted to drv on
a sternthzed filter paper before
incubating them in 200 ml baby food
jars eontaming 25 ml nutricnt
medium. The medium was prepared
according to thc MS (Murashige and
Skoog, 1962) recipe. It contamed 30
u/l sucrosc and 8 g/t agar. The pH of
the medium was  adjusted to 5.8
before autoclaving at 120° C under
1.2 kg.em” The nodal culturcs werc
incuhated for 4 weeks at 23° C undcr
cool fluorcscent hght (40umel.m™ s
16h/day). Proliferated axillary shoots
were  repeatedly  cexcised  and
scetioned into  nodal cuttings. These
nodal cxplants were suhcultured on
fresh  medium  to  produce  and
maintain sulficient supply of axenic
explant-source matcnal.

1-B. Preparation of nodal segments

The cxplant used in this study
was sphit-nodes (SN). This cxplant
was the excised stem nodes of the
axenic plants after being cut. passing
through rhe axillary bud sitcs on the
botlh sides of the node, mto two
longitudinal halves. The prepared
explant consisted of the nodcs
attached to 2-3 mum stem internodal
porttons. The sites of the dormant
axillary buds werc gently seraped to
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remove orgamzed buds and pre-
existing meristems. The split-nodal
segments were cultured with their cut
surfacc  contacting the medm,
Investigation of adventitious shoot
regeneration from thesc cxplants was
conducted utilizing MS mcdium
supplemented  with  thidiazuron
{TDZ) and benzyladenine (BA) alone
or plus TDZ in sequental
consceutive-cxperimcents.

I1- Specific study

II-A.. Expiant culture on medium
with thidiazuron (Expt. )

In this expenment. the medium
(shoot repcneration medium. SRM)
was  ulihzed Jacking  (conirol
treatment) or containing 1, 2, 3 and 4
wM TDZ. Two cxperiments werc
carricd out. In the first experiment,
the explants of the SN were
incubated for a weck 1o darkness
followed by 4 weeks under hight. [n
the sccond one. the SN were kepr
during the whole 5 wecks under
illumination without the dark pre-
treatment. The temperature and light
conditions werc the same as indicated
ahove The experimental design was
randomized complete-blocks (RCBs)
with four rephicates. Onc SN explant
was cultured in each baby food jar
Twelve jars were used  for each
trcatment per repheate.  Sampics of
one SN cxplants per replicate were
taken at the end of the first and the
third weeks of thc incubation tor
anatomical analysis



The percentage of the explants
regenerating shoots  (responded
explants) and the vitrification rate
(%) were determined 4 wecks after

the culture.  Subsequently, the
cxplants  were subcultured on MS
medium  lacking TDZ for shoot

¢longation. The total number of the
regenerated normal-shoots (at least 1
cm long) was deterrmuned afier 4
weeks  of the subculture The
harvested normal  shoots  (non-
vetrified) were  rooted on medium

with 5 uM indole-3-butyric acid
(IBA). The rooting was a RCB
cxperunent  corresponding  to the

preceding treatment of the SRM The
pereeitage of the rooted shoots and
the number of roots formed per plant
were determmed Rooted shoots were
(ransplanted m  plastic  pots
containing a tixture of sand and
peat moss (i:1, v/v). The transplants
were  watered  with  half-strength
Hoagland nutrient solution The pots
of the transplants werc kept in
acclimatizanon hoxes for 10 davs.
The plants were  gradually
acclimatized to  the ex  witre
conditions and the survival rate was
calculated.

iI-B. Explant culture on medium
with beuzyladenine (BA) alone or
plus TDZ (Expt. 1I)

SRM were preparcd containing 1
or 2 or 3 uM BA alone or plus 2 uM
fTDZ. The SRM with 2 uM TDZ

alone  was uscd as  reference
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treatment Thus this experiment had
seven trealments. The concentration
of 2 uM TDZ was chosen based on
preliminary observations on the
nodal cxpilant responses to the TDZ
i the abovementioned cxpenment
(testing different supplemented levels
of TDZ). The expeniment was
arranged i RCBs  with four
replicates. The cultures were kept
darkness for a week followed by four
weeks under  Lght. Otherwase, the
imcubation  conditions and  the
experimental  procedure  including
data records, rooting,  and
acchmatization were the same as
indicated elsewhere above in Expt L

II- Histological procedure

Explant samples for histological
analysis werc immediatcly nmmmersed
in fixing solution (FAA) The FAA
solution composed of a mixture {10:
1. 2, by volume) of ethanol (100%)).
glacial acetic acid and formalin
(40%) plus 7 volume parts of water.
Followsng dchydration 1 ascending
cthanol series. thc matcrial wax
nfiltrated  and  then  embedded.
Microtome sections were cub 13 pm
thick and mounted on glass slides.
These scctions were  stamned with
safranm and then 1n fast green.

1V- Statistical procedure

In both cxperiments. the data
were  subjected 1o @ combined
analysis ol vanance (ANOVA)

(Gomcez and Gomgez, 1984). For the



vitrification  rate, the square root
transformed data were used for the
ANOVA  Otherwise, the onginal
data wcre used. Those data of the
shoot regeucratton on mediun with
different concentrations of TDZ were
combined over years (2000 and
2001) and culturc conditions (dark
pre-treatment and the culture without
recerving this treatmeut). The data of
the shoot rcgencration on medium
with  benzvladenine (BA) alonc or
plus 2 pM TDZ, were combined over
vears., Years and replicares werc
considered random cffects in both
cxperiments  The “Least significant
Differences’ (LLSD) were calculated
at 005 level of probabiity to
scparate differcnces  between means
of ihe TDZ concentration 1n the first
experiment. Dunnctt’s test was used
to eompare all treatment (BA and
BA plus TDZ) with the medium
contamning 2 uM TDZ (rcference
trcatment) m  the sccond experiment
(Steel and Torric 1980} LSD at 0.03
level  of probability was also
calculated to comparce rwo means of
BA and BA plus TDZ when needed.

Results and Discussion
[-General developmental responses

Single  shoots developed from the
wounded tissucs of oue sidc of some
cxplants (10-20%), on the medium
lackung TDZ and BA supplements.
Such shoots prew slowly On the
contrary. the cnltures of iutact nodes
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(Tawfik and Noga, 2001) readily
produced single shoots on both sides
of 90-100% of the explants.
QObviously, these  contradictory
responses occurred as a consequence
of the mterruption of the mtegrity of
the pre-cxasting nodal meristems as a
result of splitting the explant in the
present study.

On the other hand, after a weck
of incubation on thc SRM with TDZ
(Expt.}) and also when BA alone or
plus  TDZ (ExptlIl} was added.
enlarged tissues were observed on the
place of the wounded axiliary regions
of the SN explants They were palc
grcen  and wath thickness of about 3-
4 mm in the cullures incubated m
darkness  In those cultures kept
under light, the enlarged tissucs were
dark preen and 1-2 mm thick. While
the cnlarged tissucs developed from
thc wounded axillary sites of the
nodes, the attached intemodal tissues
of the cxplant turncd brown.
Histological obscrvations ndicated
the existenee of sevcral disunct
menstem nittals (Frg. 1A and B) n
these enlarged tissues after 2 weck of
the culture. Differcntiated Icaves
were found in the third week of the
culture (Fig. 1C and D) Muitiple
shoots and shoot-buds developed on
both sides of the SN duning the fifth
weck after culturimg (I'ig. 2A). These
rcsults indicate that TDZ and BA
alone or plus TDZ were necessary to
initiate new menstcms from  the



Fizg. 1k tA snd B) Longimdinal sections in the expanded axiflary ussucs
developed on  the wounded nodes of sahia splu-nodal ¢xyplams a weak afier
icubation in light and darkmess. respectively. om ME medivm containing 2 pM
imdigzuron. {TDZ)y and beneyladenine (BA). noles (he mmibatuon of several
adventitdous meristen sites (mrows). (C and D) Loogitudinal sections showing
differentinred leaves afier 3 weeks of the culture.

compeient tissues mthe place ofthe the data were pooled over years
removed  pre-gxisting  menstems.  (Table 1 and 2: Fig. 3).
5 b B ati ? f .
oot :Jmlg*tt!_on Uﬁcurm.i woekes IT-A., Cultures on medium with
after transferring the nultiple-sheots Eo ; _
; : thidiazuron (TDZ (Expl. 1)

onto  the medium lacking plant o i : 3 ;
o lator (Fig. 2B). N Plant regencration of salvia was
;?1‘0?: ; t re%;j ! {Iagﬁi ) :;r mot  sigmficantly affected by the
m.c a:e :1 roots i c:ru?u v 3 WBS;J *  nferaction  between  the  dark
SHUSEMCY,, JE S Chmiene: pretreatment  and  the  differem

the st o sh_uots;?m]_;:d‘rmm ia;d concentranons of TDZ, Only the
et e : ]
i iy - TR CAVES (HB, main  effects due to these factors.

) on rooting mediom with 3 pM ; .
e therefore, are preseunted i Tables |
IBA. The plants were acchmatized o 2 P

{Fig. 213} to the ex vitro conditions
{Ihp. 2E) Ti-A-1. Light V. dark
pretreatment:  More shoots were
regenerated on cxplants reccived a
L i . week of dark pretreatment {Table 1)
Vs cxistence o sinilar tieody in during the incubation on the SRM
hoth yoars was revealed by lackof g i itk TDZ.  The
s s ﬂf‘. L% vatioos: (e 19 percentave of responded explants and
the unracton - between:. “the the rate of verdfication were not

U ﬁ1_en[s ‘:‘jn?f:fa'm 'I‘hhzra_\mre:;z significantly affccted. Whether or not
sppiteant' SHERILILeS Wt the cxplants received the dark

vears in both experments, therefore, B nl. the footing response of
the regencrated shoots did not

TI- Quantitative evaluation of the

4

- ™ i i



miuence. Also the survival rate of
the produced plantlets did not
sigmficantly differ (Table 1). These
results sugpest that the beneficial
cffect of the dark pretreatment in

the number of the
from the SN

InCreasimg
regenerated  shooi

cultures of salvia resulted. most
likelv, from increasing the mumber of
the newly

induced  meristematic

Fig.(2): Plant regencration of salvia from the cullure of split-nodal explanis: (A}
Multiple shoots grew on both sides of the nodal sites after 3 weeks of incubation on
M5 medium with 2 uM thidizauron (TDZ) and benzvladenine (BA). (B) Shoot
clongation 2 weeks afier subculmning onto the medmm lacking TDZ and BA, ()
Plantlets obtained from the cut shoot when transferred into rooling medium
comtaining 5 pM indole-3-btyric  acid (IBA), (D) Transplants in acclimatization
boxes, and (E) Plants after acclimatization to the ex vitro conditions

regions from the competent explant
tizsues. Simular enhancoment cffect
of dark prefreatment was noficed by
researchers m pear (Pynss commmnis
L) (leblay et al, 1991) and
watermelon  (Citrullus lanavus
Thumb) (Compton, 1999). About 3
folds mcrease in the number of
regenerated shoots was obtained by
dark pretreatment in the Comparula

carpatica Jacq. culures of different
explant types (Sirskandarajah ot al:..
2001). Imitial dark pretreatment is
suggesied to enhance the process of
new menstem  initation.  This
treatment could avad
photoinactivation of the endogenous
plant homones during the crincal
mitiation phase of the menstems
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Fig.(3): Percentage of responded sphi-nodal explants (A}, and vurification rate (B) i the
cultures on shoot induction MS medium with different concentrations of benavladenine
(BA) alone or plus 2 ub thudiazuren (TDZ) for 3 weeks as conpared with the medium
containimg 2 ub TDEZ alone {reference medinm, the top amow-headed horizental line), In
{2} 15 the mumber of shoots harvested per the explant during 4 weeks of incubation on the
medium lacking TDZ and BA while the average rooting percentages and the number of
roeis formed per shoot on rooting  medinm with 3 M mdole-3-butyric acid (IBA) are
shown in (120 and (E). The average survival 1ate 1$ presented in (F). Dty are averages of
two years (2000 and 2001 Stars deoote significant deviations from the reference
mediumn osing Dunnett’s test at (105 level of the probability, Verlical lines are the “Least
Signifieant  Differences” o compare two mesns of the BA and the BA plus 1127
treatments at 0.05 level of the probability
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Table (1): Plant regencration of salvia from the culture of spht-nodes as affected by the dark

vs. light pre~-incubation treatments.

Induction/proliferation Mcedium” Rooting Medum Ex Vitro
Pre-incubation e aaan e S
treatment * Responded Vitrificauen  Shoots/ Rooting  Root Survival
explants (%) (%) node (no.) (%) (no.) (%)
Dark 2000¢ 813 150 10.8 819 38 65.0
2001 794 16.8 12.1 85.0 4.0 66.3
_Average 80.4 159 11.5 833 39 657
Light 2000 794 163 6.6 819 34 64 4
e 2001 844 00200 LIV 794 3888
Average o B B2 8B BOT B0
Dark vs Light ns® ony #xl s ms s

Cuitures were maintained erther dircetly under cool white light (16h/d) of after a week of pre-incubation
in darkness.

® Contained thidiazuron (TDZ).

¢ Contained indole-3-butyric acid (IBA).

! Variance due 1o vear and its interaction with pre-trealments were not significant,

“" Non-significant and significant (P < 0.05), respectivcly.
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Table (2): Plant regcncration of salvta from the culture of split-nodes as affected by the concentration
of the thidiazuron (TDZ) m the induction/proliferation medinm.

Induction/proliferalion Medium® Rooting Medium ® [x Viro
TRZ e

(M) Responded  Vilnfied Shoots/ Routing (%) Rool (no ) Survival
_explants (%) shoots (%)  node (no ) (%)
IpM 2000° 323 11.3 6.5 86.3 47 68.8
2001 86 3 13.8 7.0 82.3 4.8 70.0
Average 84.4 12.6(3.5)° 638 84.5 48 69.4
2uM 2000 82.5 13.8 10.1 86.3 438 700
2001 g1.3 173 il3 830 4.5 750
dverage. L S X TEX N [0 | q7 R
IpM 2000 76.3 16.3 9.3 3.1 61.3
82.5 138 102 i3 638
79 4 17.6 (4.2) 9.8 3.3 626
788 21.3 28 58 8

" Comtained indole-3-butyric acid (IBA).

¢ Variance due to ycar and 1ts interaction with pre-treatments were not significant.

¢ Between parenthesis are square root transformed values.

° To separate means of different concentrations of TDZ (P < 0 05) avcraged over years
" Non-significant.



(Harlmann et al, 1997, Nehra and
Stushnoff, 1989},

MI-A-2. TDZ concentrations: Great
number of shoots was produced from
the SN explants incubated on the
SRM with 2 uM /I TDZ (Table 2).
The eoncentrations of TDZ higher
than 2 puM did not increase the
number of the harvested shoots per
the nodal explant culturc Less
number of shoots was rcgenerated in
the culturcs of the SN on the medium
with | M TDZ than with 2 pM.
Victor et al (1999), found that the
supplements of TDZ resulted i an
overall increasc in the agcumulation
of the endogenous purine cytokimins.
It is suggested, therefore, that the
stimulation of shoot regeneration in
vitro by TDZ 15 related to the

endogenous level of the purine
metabolites Optimum TDZ
concentration  differed.  therefore,
from plant species 1o another,

according to the physiological status
of the mother plants, the explant type
and incubation econdition of the
culture. As low as 0.02 to 0.1 pM
TDZ produced the greatest number
of adventitious shoots and shoot buds
i cultures of hypocotvl cxplants of
Sycamore maple (Acer
pyeudoplatanus) (Wiihelm, 1999).
However, 20 pM 1'DZ was the most
effcctive  concentration in  salad
bummct (Poterrum sanguisorba L)
(Babaogly and Yorgancilar, 2000).
In common lavender (Lavandula
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vera DC), 2 25 uM TDZ was found
optimuin (Andrade e¢f al., 1999). The
concentration higher than optunal
TDZ or other purnne cytokinmns
produced hyperhydricity in eommon
lavender {(Andrade et al., 1999). In
the present study of salvia, on
average, 13% of the cultures showed
symptoms of witrification on the
medium with 1 puM fDZ (Table 2)
The changes in the vitrifieation rate
were not sigmficant when the
eonecntration of this cytokinn-like
compound (TDZ) was elevated to 2
pM. However, further increase of the
TDZ concentratton  significantly
mereased the witrification rate. As
high as 23% of the cnlturcs showed
vitrifieation in the existcuce of 4 uM
TDZ (Table 2).

Another common adverse cffect
of high concentration of the
eytokinins, 1 general. 15 the
difficulty in  rooting of the
regencrated  shoots (Khalafalla and
Hattori, 2000, Tawfik and Noga,
2001). The inhibition of root
formation on the TDZ-induced
shoots 15 due to the increase of
ethylene production (Khalafalla and
Hattori, 2000), Use of 3 pM fDZ in
salvia (Table 2) was shown to reduce
the number of the formed roots per
plantlet while 4 pM decreased both
the percentage of rooted shoots and
the number of the formed roots per
plantlet. In particular, the decreased
number of roots per plantlet secmed



to reducc the plantlet survival ex
vitro (Table 2). Therctore, lower
percentage of plants denived from
shoots regencrated on the SRM with
3 or 4 uM TDZ survived during and
after the acclimatization process than
those obtained with 1 or 2 pM  The
overall resnlts presented here for the
different tested concentration of TDZ
suggest that 2 pM was the optimal
level for plant regeneration of salvia
from the split-nodal culturcs.

[I-B. Culture on medium with
benzyladenine (BA) alone or plus
TDZ (Expt. IT)

lixcept for the number ol shoots
jproduced per explant, no swizneficant
differences were detected among the
vanons BA TDZ and BA plus TDZ
supplecments 1n the SRM (Fig. 3).
More shoots per SN cxplant were
obtaincd when 2 pM TDZ (reference
trecatment) was added nto the SRM
than using BA at concentrations of'
or 2 or 3 uM (Fig 3 C) The more
cftectiveness of TDZ for shoot
regencration I comparison with BA
has becn widcly documented, for
mstance, i European beech (Faguy
svivatica L)) and Oriental beeeh (&
Orienralis  Lipskt) (Cuenca ct al,
2000) and n Rubus (raspberry and
blackberry) (Fiola et al., 1990) TDZ
was reported to induee as much as 4
to 6 tmes the number of shoots
produced per explant on medium
wilth BA (Cucnca et al . 2000, Fiola
¢t al., 1990; Snskandarajah ct al..
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2001) The optimai ctective level of
TDZ 1s about one tenth the level of
BA (Fola ctal, 1990). The data of’
the plant regeneration obtawmncd 1n the
present study, is on  linc wath thosc
reported Trom different plam specics

howcever, these resnlts are considered
new 1n tissue culturc of salvia.

The combination of 2 pM TDZ
and 1 pM BA was similar to the use
of sole 2 pM TDZ rcparding the
number of the harvested shoots per
SN cxplant {Fig. 3C) Howcver,
supplements of 2 or 3 uM BA plus 2
pM TDZ incrcased the number of
thc rcgenerated shools as compared
tc 2 uM TDZ alonc Combinations
of TDZ and BA have been recently
pointed out as a treatmeut for the
most effecuve responscs of shoot
regeneration in vitro wm a number of
plant speercs. These included, for
instance, faba bcan (Vicia faba 1.)
(Khalafalla and Hattori, 1999) and
green ash (Fraxinuy pennsylvanico
Marsh.) (Kimetal., 1997) BA may
be involved in a complementary wav
to the action of TDZ (a subsututed
urea compound) for stimnlating the
accumulation of indogcnous purine
cytokinins.

There has been a great recent
interest 1n  cxploiting the potential
apphications  of  ccllular-  and
molecular-based biotechnology m the
improvement  of  cconomically
mportant plant species
Regeneration  of plants from mduced



adventitious ineristems and shoots is
essentially required to rcalize the
potentiality of such applications of
biotechnology. In this context, since
the present study utilized wounded
tissues of a pre-existing meristem
and excluded an intermediate callus
phase, it could be useful in both the
clonal multiplication and the
production of genetieally modified
salvia plants via Agrobacterium-
mediated transformation. A
combination of 2 pM of TDZ and

BA is proposed for salvia
reeeneration from split-nodal
explants.
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