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ABSTRACT

Nodal segments from greenhouse grown adult planBalvia guaraniticavere used to evaluate the effect of culture
media and growth regulators on the micropropagata growth. The highest multiplication rate wasadted on
Murashige and Skoog (MS) medium supplemented vd2yw®1 of 6-benzylaminopurine (BAP). The best condition
for rooting was MS medium with 2.88 indole-3-acetic acid (IAA). Rooted plants wereaassfully acclimatized
and exhibited a normal development until maturlt\sing the described protocol, approximately 35 pdaper
explant were obtained after three months.
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INTRODUCTION (Pereira, 1971). This giant sage species has been
characterized as octaploid with 2n= 84 to 88, the
Salvia guaraniticaBenth. belongs to the subgenuslargest chromosome number within the genus
Calosphace characteristic of South and CentralSalvia(Harley and Heywood, 1992; Alberto et al.,
America (Harley and Heywood, 1992. is an 2003).
ornamental and medicinal plant originally fromDifferent from other species of the genBalvig
South Brazil, Paraguay, Uruguay and Argentinathe major components of the essential oilSof
and actually cultivated in North America andguaranitica are sesquiterpene hydrocarbons
Europe. The popular names attributed to thi¢§germacrene D-elemenep-caryophyllene anfi-
species are: blue anise sage, Brazilian sage, anideurbonene), whith about 4% monoterpenes
sage, among others. It is a semi-woody perennigVallverdu et al., 2005; Carrer et al., 2007).
subshrub that exhibits a bushy, somewhat opehedative and hypnotic properties of the ethanolic
habit with upright, branching, square, dark gree@xtracts ofS. guaranitica(Medina et al., 1989)
stems typically growing 90-150 cm tall. Theirhave been associated with the presence of high
leaves (5 to 13 cm long) are dark green, ovategoncentrations of the flavonoid cirsiliol and cadfe
wrinkled, pointed and lightly-toothed. This speciesacid ethyl ester (Mader et al., 1996).
flower from mid-summer into fall and is The propagation o8. guaraniticais made by the
characterized by terminal spikes (20 to 40 cnseeds or stem cutting. However, to our knowledge,
long) with 3 to 12 bilabiate, tubular, deep bluethere is no documented literature concerning the
flowers (3 to 5 cm long) with purple-blue calyxesmicropropagation of this species. Some other
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species of the genuSalviahave previously been explants per treatment. Data were analyzed
propagated (Frett, 1986, Hosoki and Tahara, 1993fatistically by the analysis of varianc&NOVA,
Cuenca and Amo-Marco, 2000; Avato et al.followed by the Tukey test, at a level of
2005). significance set of 5%.
In this context, the objective of the present workRooted plantlets were acclimatized for 20 days in
was to develop aim vitro propagation protocol for plastic chambers containing a sterilized mixture of
S. guaranitica contributing to the conservation sand and soil (1:1). Acclimatized plants were
and commercial propagation of this species. transferred to the greenhouse and evaluated
periodically for morphologic traits.

MATERIAL AND METHODS

RESULTSAND DISCUSSION
Nodal segments measuring 2 to 3 cm in length
were excised from two year-old plants of alnitially the effect of five culture media
commercial population of. guaraniticaBenth. supplemented with 2.2g@gM BAP was evaluated
(Floricultura Ursula, Nova Petropolis, RS, Brazil) on the multiplication and growth &. guaranitica
between September and Dezember 2003 he results (Fig. 1) showed that MS and LS media
disinfected first in 70% ethanol for 30 s and thersupported the same multiplication rate (4.30 to
in a 1 g drif sodium hypochlorite solution 4.25 shoots/explant), whereas the number of
containing 0.01% (v/v) Tween-20 for 20 min.shoots per explant on N6, B5 and QL were
After rinsing with sterile distilled water, the rdd significantly  lower (<1.5 shoots/explant).
segments with two dormant axillary buds wereMoreover, shoot length was significantly higher on
implanted vertically onto the culture media.MS and LS media (data not shown).
Cultures were maintained at 25 + 2 °C with 16-fThese results could be attributed to the;WOH,"
photoperiod and irradiance of 10-génol m? s*, ratio on MS and LS media, both with 66:34,
and evaluated after a period of 30 days. Theompared with the others (92.44:7.56 for BS5,
culture media used in this work consisted of th&0:20 for N6, and 83:17 for QL), or to the
salt and vitamin solutions of Murashige and Skooglifference in total nitrogen content, 60.01 mM on
(1962; MS), Linsmaier and Skoog (1965; LS),MS and LS media, and less than 35 mM on the
Gamborg et al. (1968; B5), Chu et al. (1975; N6)pther media. The nitrogen NONH," ratio is
and Quoirin and Lepoivre (1977; QL), with 0.4 mgconsidered an important factor for nitrogen uptake
dm® thiamine, 100 mg dif inositol, 3% sucrose, and pH regulation during plant tissue culture, and
and 0.7% agar (Merck, Darmstadt, Germany). high total nitrogen concentration can modify plant
The effect of growth regulators onresponse to growth regulators enhancing the
micropropagation was evaluated on MS basahorphogenesis and plant growth (George, 1993).
medium supplemented with 2.22 and 4iM 6- MS medium has been used with success in the
benzylaminopurine (BAP), kinetin (KIN), 2- micropropagation of other species $dlvig such
isopentenyladenine (2iP), and thidiazuron (TDZ)as S. leucantha(Hosoki and Tahara, 1993%.
The effect of BAP concentrations (0 to 8 88), valentinaand S. blancoana(Cuenca and Amo-
as well as the combination of BAP (2.22 and 4.4Marco, 2000),S. officinalis(Avato et al., 2005),
uM) with the auxins indole-3-acetic acid (IAA) and S. brachyodon (Misic et al., 2006).
and indole-3-butyric acid (IBA) was also testedIndependent of the culture media, the
The effect of I1AA, IBA and NAA &  multiplication was obtained by the development of
naphthaleneacetic acid) concentration on rootingxillary buds. Basal callus and adventitious buds
was evaluated. The experimental designs wensere not observed.
fully randomized with three replicates of 30
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Figure 1 - The effect of culture medium on the micropropamatifS. guaraniticaMean and SE.
(n = 30). MS- Murashige and Skoog , LS- Linsmaied Skoog, N6- Chu et al., B5-
Gamborg et al., QL- Quoirin and Lepoivre.

To test whether different cytokinins influenced thg4.44 and 8.881M), shoots were stunted due to
multiplication of S. guaranitica axillary buds hyperhydricity.

were inoculated on MS medium, supplementedHyperhydricity was also a limiting factor in the
with BAP, KIN, 2-iP, and TDZ in two propagation of other Lamiaceae species, such as
concentrations (Table 1). The media supplementddavandula dentatgEcheverrigaray et al., 2005)
with BAP (2.22 and 4.44M) were the most and Salvia miltiorrhiza (Chen et al., 2005). As
effective in promoting the shoot development, bubbserved in otherSalvia species (Cuenca and
reduced shoot length. Further tests showed thatmo-Marco, 2000, Misic et al., 2006)S.
shoot multiplication was dependent on BAPguaranitica exhibited a strong apical dominance
concentration (Fig. 2). The highest multiplicationthat resulted in slow growth of axillary buds and
rates were achieved on MS media supplementet production of adventitious buds, consequently,
with 2.22 uM. Under high concentrations of BAP a low multiplication rate.

Table 1 - The effect of different cytokinins on the propdagatand growth ofS. guaraniticaMeans + SE{ = 60).
Within each column, values followed by the samtetedre not significantly different (5% level- Tyks test)

[pM ] Shoot length [cm] Number of shoots per explant

Control 0 5.59 + 0.5% 1.95 + 0.23¢
BAP 2.22 3.35+0.2% 4.40 +0.33
4.44 2.42+0.21 3.32+0.473

2-iP 2.22 3.54 + 0.3 1.75+0.17
4.44 4.36 + 0.47° 2.67 +0.34°

TDZ 2.22 4.77 + 0.46° 1.76 + 0.17
4.44 3.84 +0.3¢" 1.96 + 0.26™

KIN 2.22 6.62 + 0.64 1.55 + 0.1¢’
4.44 6.71+0.458 1.56 +0.18'
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Figure 2 - The effect of BAP concentration on the micropragdaan of S. guaranitica .Shoot
length (dark bars) and number of shoots/explanttéAdars). Mean and SE, n = 60.

In order to increase the multiplication rate,length inS. guaranitica NAA and IBA did not
combinations of 6-benzylaminopurine (2.22 andsignificantly affect these parameters. However,
4.44 uM) with 1AA (1.14, 2.85 and 5.7uM) or  even if not significant, a reduction in root length
IBA (0.98, 2.46, and 4.92M) were evaluated. was observed with the highest concentrations of
Explants cultivated in the presence of auxindNAA, which were associated with basal callus
developed roots, but the multiplication rate andormation. Root induction by auxins was
hyperhydricity were not significantly affected previously reported irS. fruticosa(Arikat et al.,
(data not shown). These data differed from thos2004) andS. brachyodoiiMisic et al., 2006).
reported by Misic et al. (2006) i8. brachyodon, Micropropagation rate and rooting efficiency were
for which the combination of 30.0M BAP and maintained in long term cultures (six months with
0.57 uM IAA resulted in the highest shoot subcultures every 30 d). Rooted plantlets were
regeneration. However, these results indicated thatclimatized first in plastic chambers and then
the multiplication and rooting could be achieved irtransferred to the greenhouse. The acclimatization
a single step using an appropriate combination ajccurred at a very high rate (98 %). All the plants
BAP and IAA. transferred to the greenhouse (234 plants) were
Rooting of 2.22uM BAP grown plantlets was grown until maturity. No morphological changes
easily achieved after 15 days on MS hormone-freaere detected in micropropagated plants. Using
medium. In this condition, rooting percentage washe described protocol an average of 35
100 %. Similar results were reported in othelcclimatized plants were obtained per explant after
Salviaspecies, including. valentingS. bancoana three months.

(Cuenca and Amo-Marco, 2000), and. In conclusion, the present results showed that
miltiorrhiza (Chen et al., 2005). However, in mostvitro propagation of S. guaranitica through
Salvia species, a treatment with auxins stimulatexillary budding using MS medium supplemented
rooting, increasing the number of roots and theiwith 2.22uM BAP for micropropagation and 2.85
length. uM IAA for rooting could be a reliable method,
As can be observed in Table 2, the addition of 2.88llowing the conservation, as well as the selection
uM 1AA to the culture medium significantly and propagation of good clones of this
increased the number of roots, as well as rodhcreasingly important ornamental plant.
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Table 2 - Effect of auxin concentration on rooting of micropagated plantlets &. guaranitica(Mean + SEn =
60). Within each column, values followed by the sdgiter are not significantly different at the $8@el according

to Tukey’s test.

IAA [ pM ] IBA [ uM ] NAA [ uM ] No. of roots per plantlet Root length [cm]
0 0 0 2.52+0.60 1.08 +0.27
1.14 0 0 2.22+0.48 2.10+0.57°
2.85 0 0 5.27 +0.58 3.82+0.57
5.71 0 0 2.60 + 0.47 1.72 +0.44
0 0.98 0 2.36 +0.47 1.55 + 0.36°
0 2.46 0 2.83+0.58 2.72 +0.56°
0 4.92 0 2.00+0.49 1.37+ 0.38
0 0 1.07 2.55+0.4% 2.16 + 0.48°
0 0 2.68 1.85+0.61 1.13 +0.41
0 0 5.36 2.11+0.58 0.75+0.29
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