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Abstract

Romania assists at the present time to an increase of production crops for ornamental plants and as a
consequence an increased demand of planting material. Thus, improvements of the current multiplication methods
are sought after. Lisianthus russelianus Hook. (Eustoma grandiflorum Grise.) is a relatively new floral crop to the
international market, known for beautiful flowers of various colors and for having a long vase life. This study
focused on the development of an efficient protocol for rapid regeneration of this species following known basic and
applied aspects of lisianthus biotechnology but exploring new potentials. In the course of experiments conducted,
for in vitro multiplication there were used nodal segments (1.5 cm) with axillary buds from three F, hybrids ‘Echo
Lavender’, ‘Flamenco White’, ‘Mirage Pastel Pink’ that were inoculated on MS basal medium supplemented with
0.50 mg 11 TDZ, 1.0 mg 11 BAP and 0.50 mg 1! AIA. The results show that the medium with BAP was most effective
for obtaining the highest shoots number compared to medium containing TDZ. For rooting induction, two different
concentrations of auxin IBA 0.5 mg 1" and 1.5 mg 1! were used simultaneously on MS basal medium. The highest
roots number occurred when using 1.5 mg 1 IBA. Both the number of shoots and rooting regeneration were
dependent on the cultivar. The highest shoots number was achieved for 'Mirage Pastel Pink’ hybrid (6.91) on the
medium containing 1.0 mg 1* BAP and 0.50 mg 1 IAA.
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INTRODUCTION

Lisianthus (Eustoma grandiflorum Grise.) is a
herbaceous annual or biennial ornamental plant
with beautiful flowers slightly resembling roses.
The species belongs to Gentianaceae family, and
the present cultivated plants were derived from
an American wildflower that is native to the North
American prairies all the way from Colorado to
Nebraska and down to Texas. Lisianthus experi-
enced a spectacular ascension in the floricultural
assortment in recent decades both as cut flower as
well as potted plant. This fast expansion on flower
markets was due to its unmatched qualities such
as color of flowers, long vase life, and the possibil-
ity of obtaining productions all year round (Toma,

2009). Older authors like Hecht et al. (1994), not-
ed more than two decades ago that lisianthus was
already well known for its long vase life, size, and
different colors of its flowers.

In Romania Lisianthus was introduced in 1980
at Codlea Brasov in greenhouse production (Toma,
2009) but nowadays the assortmentis very limited
despite the fact that on the international market it
is recognized as one of the top 10 cut flowers in
the world (Esizad et al., 2012).

The breeders in the recent times have
developed a variety of hybrids and cultivars with
many superior characteristics such as larger
blooms in a wide color range, as well as double
flowers, heat tolerance, different flower shape
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and size, disease resistance, lack of rosetting etc.
(Harbaugh, 2006).

Eustoma grandiflorum is propagated by con-
ventional methods: generative by seeds and veg-
etative by cuttings. Propagation by seeds shows
a wide range of variation for certain traits due
to their heterozygous character (Furukawa et al,
1990), also the germination rate is low at 34-39%
(Winarto et al. 2015). In vitro propagation can be
effectively used for rapid multiplication and as ex-
plant are often used: stems, axillary buds, leaves
and meristems in order to obtain homogenious
material for increased high-quality yields in large
scale production. However, some authors (Rezaee
et al., 2012) showed that among different lisian-
thus plant parts, leaf explants were best for ob-
taining callus, while the lowest percentage of cal-
lus was emerged from internodal stem explants.

The methods for micropropagation of Lisian-
thus grandiflorum have been developed or perfect-
ed by many researchers throughout time such as
Semeniyuk and Griesbach (1987), Furukawa et al.
(1990), Paek and Hahn (2000), Jain et al. (2010),
Mousavietal. (2012), Rezaee et al. (2012), Akabari
et al. (2014), Kaviani et al. (2014), and Winarto et
al. (2015) and others. Thus, various researches
conducted in the past have led to the development
of increasingly efficient protocols for the rapid re-
generation and in vitro multiplication of this spe-
cies. Some studies indicated that from several cul-
ture media used, the basal MS medium containing
3 mg 17*1AA, 3 mg 17! NAA, 0.1 mg 1 kinetin, and
B5 medium containing 0.225 mg 1! BA and 1.86
mg 1 NAA were the best media for induction of
callus in lisianthus (Rezaee et al,, 2012).

The objective of the present study was aimed
to investigate further the efficiency of different
medium composition and growth regulators for in
vitro multiplication of Eustoma grandiflorum and
obtain results that would enable researchers to
identify the best type of medium for this species.

MATERIALS AND METHODS

The biologic material used in the experiments,
was comprised of three F, hybrids of lisianthus
(Lisianthus russelianus Hook, syn. Eustoma
grandiflorum Grise) as follows: ‘Echo Lavender’,
‘Flamenco White’ and ‘Mirage Pastel Pink’. The
seeds obtained from Sakata Company were
sown in controlled conditions in the greenhouse
at the USAMV Cluj-Napoca. After three months

the seedlings obtained were used as source for

explants. Nodal segments (1.5 cm) with axillary

buds were excised from these seedlings to be used
for in vitro propagation.

These explants were first washed in running
tap water for 30 minutes. Then, the excised nodal
explants were treated with 2% (v/v) sodium
hypochlorite (NaOCl) and 2-3 drops Tween 20
for 20 minutes in a laminar air flow chamber.
Next, the explants were three times rinsed in
double distilled sterile water (ten minutes each).
The explants were cultured on the MS medium
(Murashige and Skoog, 1962) in two variants:

V, - MS + 0.50 mg 1" TDZ (N-phenil-N’-1,2,3-
thidiazol-5-yl urea) + 0.50 mg 1! [AA (indole-
acetic-acid);

V, - MS + 1.00 mg 1" BAP (6-benzyl aminopurine)
+0.50 mg 17 [AA.

In the current study the effect of IBA (indole-
3-butyric-acid) in a concentration of 0.5 and 1.5
mg 1-1 on MS medium was evaluated to determine
the rooting of regenerated shoots.

The medium of all variants was improved with
3% sucrose, 0.65% agar. The medium pH value
was set between 5.7-5.8 prior to autoclaving (20
min. at 121°C and 1 atm). A growing chamber was
utilized for culture incubation at a temperature
of 22+2°C and 16/8 hours photoperiod. The
light intensity of 2500-3000 lux was provided
by cool-white fluorescent lamps. Every 4 weeks
subcultures were carried out.

In order to acclimatize the rooted plantlets
plastic pots containing peat were utilized. To as-
sure high humidity the plantlets were covered
with polyethylene bags for two weeks. Acclima-
tized plants were transferred into greenhouse
conditions.

For each variant, 30 explants were analyzed
and three replications were made. The data ob-
tained was subsequently analyzed using analysis
of characteristics variance (SPSS Inc. Chicago, IL,
USA) for bifactorial experiments (3 x 2) and means
were evaluated by Duncan test (5% level).

RESULTS AND DISCUSSION

Proliferation

The results of this experiment showed that
the concentration, the type of cytokinins and
hybrids used significantly influenced the number
and length of shoots.

Bulletin UASVM Horticulture 73(2) / 2016



170

POP et al

Tab.1. Effects of culture medium (M), hybrid (H) and the interaction (M x H) upon the numbers of

shoots of micropropagated Lisianthus

Culture medium

Hvbri MS+0.5mg1'TDZ+0.5mg MS+1.0mg1'BAP+0.5mg1' Mean of
ybrid .
111AA IAA hybrid
V, vV,
Echo Lavender 25¢c 4.08b 3.29B
Flamenco White 33¢c 6.15a 480 A
Mirage Pastel Pink 3.6 cb 6.91a 5.33A
Mean of culture medium 3.12M 5.69 N

SD 5% for two means of interaction H x M = 0.95-0.96 F=891
SD 5% for two means of hybrid = 1.13-1.14 F=4.66
SD 5% for two means of culture medium = 1.0-1.01 F=25.7

*Differences between any two values followed by at least one common letter are not significant

Fig.1. Shoots on V, medium supplemented with 1.0 mg 1 BAP
(source: original)

Analyzing the influence of Lisianthus hybrids
and the culture media on the number of shoots
produced by micropropagation, the data obtained
is presented in Tab 1. Concerning this character
both variants (culture medium and the hybrids
used) had significant effects. The highest number
of shoots per explant was obtained in hybrid
‘Mirage Pastel Pink’ (6.91) and the lowest number
of shoots for ‘Echo Lavender’ (2.5).

The influence of culture medium on the
number of shoots produced by in vitro culture is
also significant. A great number of shoots were
obtained on V, medium supplemented with 1.0 mg
17 BAP. The strongest influence on the number of
shoots had the culture medium (Fig. 1).

Interaction between the two factors (hybrid
and culture medium), shows significant differences
between variants. The hybrid ‘Mirage Pastel Pink’
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generated the highest number of shoots (6.91) on
V., supplemented with 1.0 mg 1" BAP versus 2.5
shoots obtained for the hybrid ‘Echo Lavender’, on
variant V, supplemented with TDZ (0.5 mg 17).
Other authors reported the highest shoot number
of 2.62 per lisianthus explant (Esizad et al., 2012)
or 2.68 (Kaviani, 2014) on MS medium fortified
with 1 mg 1! KIN without NAA, while other studies
report the maximum of 5.80 shoots per explant
obtained on medium containing 0.1 mg 1! BA
along with 0.2 mg 1'NAA (Kaviani et al, 2014). It
can be noted that the results obtained for ‘Mirage
Pastel Pink’ in the present study on V, medium,
exceeds the results of these three sources.

Length of shoots
Table 2 summarizes the experimental results
on the influence of culture medium, the hybrid



In vitro Plant Propagation and Crop Improvement in Lisianthus (Lisianthus russelianus Hook.)

171

Tab. 2. Effects of culture medium (M), hybrid (H) and their interaction (M x H) upon shoots length

(cm) of in vitro propagated lisianthus hybrids

Culture medium

MS-0.5mg1*TDZ+0.5mg 1! MS-1.0mg1'BAP+0.5 mg

Hybrid Mean hybrid
IAA 111AA
V, V,
Echo Lavender 134 c 137 c 1.35C
Flamenco White 2.05 ab 1.48 bc 1.75B
Mirage Pastel Pink 2.24 a 1.98 ab 211A
Mean of culture medium 1.86 M 1.59 M

DS 5% for two means of interaction Hx M = 0.32 F=39.0
DS 5% for two means of hybrid = 0.33 F=6.84
DS 5% for two means of culture medium = 0.35 F=2.24

*Differences between any two values followed by at least one common letter are not significant

V1 V1
Flamenco

DEcho © whte Ml
Lavender

Pink

Pastel

V2 V2 Echo

Mirage Lavender
Pastel

Pink

Fig. 2. Shoot length for two variants of culture medium (source: original)

and the interaction of these two factors (M x H)
on shoots length. The data obtained revealed that
there are significant differences between the three
hybrids analyzed.

The hybrid that generated the longest shoots
was ‘Mirage Pastel Pink’, with an average length
of shoots (2.11 cm), followed by the hybrid
‘Flamenco White’ (1.75 cm). Culture medium had
a non significant influence on the length of shoots.

In case of the interaction between hybrid
and culture medium (H x M) it was observed that
there are significant differences between hybrids
as follows: the longest shoots were recorded for
‘Mirage Pastel Pink’ hybrid on V, culture medium
(0.5 mg 1*' TDZ) (2.24 cm) compared to the
hybrid ‘Echo Lavender’ on V, medium (with 1.0
mg 17 BAP) which had the shortest shoots (1.34
cm) (Fig. 2). Some authors obtained the best
shoot length per Lisianthus explant of 2.058 cm

(Esizad et al,, 2012) and 2.158 cm (Kaviani 2014)
on MS medium supplemented with 1 mg 1 KIN
without NAA while others (Kaviani et al. 2014)
obtained similar maximum shoot lengths of 2.07
cm on medium supplemented with 0.1 mg 1?
BA without NAA. But as it can be observed the
results obtained in the present study for ‘Mirage
Pastel Pink’ on V. culture medium is similar and
only very slightly exceeding their results.

The data obtained concerning the length
of shoots using cytokinin (TDZ) indicates that
the callus formation on the base of the shoots
prevented the formation of a greater number
of shoots. Thus, in this variant the shoots were
produced fewer but had higher lengths than when
benzyl-amino-purine (BAP) was used.
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Tab. 3. Effects of culture medium (M), hybrid (H) and their interaction (M x H) upon the number of

roots for in vitro propagated Lisianthus

Culture medium

Hybrid MS - 0.5 mg 11 IBA MS - 1.5 mg 1 IBA Mean hybrid
V. v,
Echo Lavender 8.2a 10.7 a 9.5C
Flamenco White 17.8b 38.2d 28.0B
Mirage Pastel Pink 30.4 c 574 e 439 A
Mean of culture medium 18.8 M 35.43 N
DS 5% for two means of interaction M x H = 2.82-3.07 F=3.88
DS 5% for two means of hybrid = 1.99- 2.08 F=3.88
DS 5% for two means of culture medium = 2.07 F=4.75

*Differences between any two values followed by at least one common letter are not significant

Rooting of regenerated shoots

For induction of rooting, seedlings were
transferred to MS medium supplemented with
auxine, respectively indole-butyric acid (IBA)
with 0.5 and 1.5 mg 1* concentration (Tab. 3).
Roots started to appear about three weeks after
inoculation.

Rooting response of the explants was higher
in the presence of 1.5 mg 1! AIB (57.4) for ‘Mirage
Pastel Pink, while other studies revealed the
favorable effect of NAA for root formation (Esizad
et al., 2012, Mousavi et al., 2012, Akbari et al.,
2014, Kaviani, 2014). However, while Esizad et al.,
(2012) obtained the best results with 0.5 mg 1!
NAA on MS medium similar with Kaviani (2014),
Mousavi et al. (2012) observed the highest number
of roots per shoot of Eustoma grandiflorum on B5
(Gamborg) medium supplemented with 1.5 mg
1' NAA. Moreover, other studies conducted for
lisianthus report that the largest number of roots
and root length were produced on 0.2 mg 1 NAA
without BA as well as on 0.2 mg 1! BA plus 0.2 mg
11 NAA (Kaviani et al., 2014).

There are several other reports on suitability
of NAA for rooting of ornamental species (Kharrazi
et al, 2011, Mii et al, 1990, Ilahi et al.,, 1995).
Ali et al. (2008) found that among the various
concentrations of NAA and IBA, the best rooting
response was obtained on MS medium containing
1 mg 1" NAA.

Regarding the rhizogenesis in dark conditions
for lisianthus, the results obtained by Rezaee et
al. (2012) in their comparative study of different
culture media indicate that the most rapid
root formation probably occurs in LS medium,
compared to B5 and MS medium.
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The type and concentration of auxins used
influenced both the number and length of the
roots. These observations confirmed similar
results obtained by other authors on various
cultivars of carnation when different kinds of
auxins were used (Mahdyech et al, 2011). Also,
there are several reports on suitability of auxin-
free medium for rooting of carnation cultivars (Mii
etal, 1990, llahi et al.,, 1995).

After formation of the root system, plantlets
obtained were transferred ex vitro on peat
substrate (Fig. 3). But other authors successfully
used a mixture of burned-rice husk and organic
manure 1:1 (Winarto et al., 2015) or peat and
perlite 1:1 (Esizad et al., 2012) for acclimatization
of lisianthus regenerated plantlets.

Auxin has a major role in root induction
through its effect on the first division of cell
which forms root initials (Farooq et al., 2008).
Salehi (2008) found that the rooting process of
carnations is highly genotype dependent and
there is a great range of variation among carnation
cultivars and this cultivars present different
requirement for in vitro plant growth regulators.
Also, he underline that the general medium for
rooting of different carnation cultivars, is not
possible. Results of the studied conducted by
Salehi (2008) showed interesting results. Plantlets
with higher root numbers have the lower root
lengths. But the results obtained in the current
study did not confirm this negative connection
for lisianthus. In the researchers conducted
by Ali et al. (2008) it was found that among the
various concentrations of NAA and IBA, the best
rooting response were obtained on MS medium
containing 1 mg 1* NAA. Also, there are several
reports on suitability of auxin-free medium for
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Fig. 3. Plantlets prepared for acclimatization and planted in substrate (source: original)

rooting of carnation cultivars (Mii et al, 1990,
[Iahi et al.,, 1995). Notwithstanding these reports,
in the current studies it was observed that auxin-
free medium did not determine a good rooting
percentage, maybe due to genotype differences.
The obtained results are in accordance with the
findings of Cuzzuol et al. (1996) and Jagannatha et
al. (2001).

The rooted Lisianthus plantlets obtained in
this study were successfully acclimatized and
transferred to greenhouse where they displayed
normal growth and a survival rate of 90%.
Recent authors report similar survival rates of
90% (Winarto et al., 2015) for lisianthus ‘White
Lavender’ or of 98% in the study conducted by
Kaviani et al. (2014).

CONCLUSION

Based on the results of the current study can
be concluded that several factors as hybrid, the
type and concentration of growth regulators can
influence favorable the micropropagation and
the rooting of lisianthus. Obtained result shown
that there was significant differences in the
average number of regenerated shoots between
the cultivars, with the hybrid ‘Mirage Pastel Pink’
producing more regenerated shoots than ‘Echo
Lavender’ and ‘Flamenco White".

Itcan be concluded that the use of BAP resulted
in a significantly higher shoot multiplication
compared to TDZ. Application of BAP in the
medium compared with TDZ stimulates also the
length of plantlets.

Rooting of regenerated shoots was depended
of genotype while the best rooting response
took place for 1.5 mg 1 of IBA auxin. The rooted
plantlets were successfully acclimatized and

transferred to greenhouse (with a 90% success),
where they displayed normal growth.

Concentration of 0.5 mg 1 TDZ, induced the
formation of a smaller number of shoots with
different lengths due to stimulation of callus
formation.

The high rates of proliferation and good
survival percentage after acclimatization make
these results an excellent choice for large scale
propagation of lisianthus hybrids and the viable
alternative for micropropagation in order to
promote this ornamental plant for green houses
in Romania. These methods may be successful for
the large scale production.
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