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Abstract: Viola wittrockiana is one of the most popular ornamental plant, cultivated for its beauty, uniqueness and resistance.
The global use of pansies in decorating outdoor spaces, such as gardens and parks, has determined the production and cultivation of
an increasing number of varieties regarding flower’s colour and recent researches are supporting achieving this feature. The main
aim of this article is to investigate in vitro growth and development of pansies by using two different culture media: liquid culture
medium provided with filter paper bridges (Blidar type), and culture medium supplemented with agar. Both cultured media are
based on Murashige-Skoog formula of 1962. The control is represented by the classical solid culture medium, and the tested culture
medium is represented by liquid culture medium (agar-agar free), provided with filter paper bridge. The role of this paper bridge is
to maintain in close contact with constant nutrient concentration the seeds and then the vitro-plants of Viola wittrockiana. The
analysis of the results of this experiment revealed the superior efficacy of using filter paper bridge in vitro pansies’ growth
compared with the solid culture medium. This result was achieved by monitoring 5 biometric and 2 gravimetric parameters for 60
days.
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INTRODUCTION

Viola wittrokiana, common known as pansy, is an
hybrid resulted from the breeding of three different
species: Viola ticolor, Viola lutea and Viola altaica.
This hybrid is cultivated as an ornamental plant
especially in gardening. The genus is part of the
Violaceae’s family, and includes about 500 species, all
known for their resistance to various environmental
factors and also for their ornamental qualities given by
special colours [25].

Pansies are perennial in cold climate, expressing
two flowering periods: spring and autumn. The plants
vary in heigh, between 10-25cm and may have either
herbaceous or bushy aspect [1]. The flower of garden
pansy has an unique geometry consisting of five petals:
two superior, two lateral and one large inferior [23].

Plant breeding evolved from the traditional method
to the use of biotechnology techniques. Thus, genetic
engineering and plant biotechnology become important
and inevitable in its future development, because using
these new tools it can be achieved, in a short time, new
hybrids or varieties in term of productivity resistance
[17] or extraction of new compounds. In the last years
more experiments were made on pansies using
biotechnology. Thus, in 2007 it was developed a
regeneration protocol starting from callus and using a
traditional agar-agar culture media supplemented with
2,4-D and BA [22]. At pansies, it was also reported the
influence of different sucrose concentrations for in
vitro pollen’s germination. When the sucrose
concentration in agar medium reached 30%, the
germination  was  at  a  maximum  [13].  Other
experiments were made on plant’s anthers and the
results showed that callus formation depends on the
type and concentration of growth hormones that are
used [14].

A very common method applied for in vitro
technologies is using agar-agar solidified culture

media. In the recent years new methods have been
developed, such as using liquid media and different
types of paper bridges.

Still, there are few references in scientific literature,
regarding the use of filter paper bridges as an efficient
method for in vitro cultivation of plant, and most of
them  are  published  in  the  last  ten  years.  Two  of  the
relevant aspects of using a liquid culture media
provided with filter-paper bridge, in comparing to agar-
agar culture media, are as following: reduced costs in
experiments and decrease environmental pollution [4].

One of the first scientific articles that showed a
comparison between using a liquid medium and an
agar-agar culture media, was published in 1991, by
Mohmand and Nabors. Wheat was used in that
experiment and the results demonstrate, that total and
embryogenesis callus was doubled and presented a
significantly higher number of regenerants when wheat
was cultivated on liquid culture medium provided with
filter paper bridge, compared with agar-agar medium
[16]. Zhongxu and al., in 2001, showed an improved in
vitro rooting process in different fruits plants on filter-
paper bridge compared with agar supplemented media
[24]. One year later, an experiment using Trapa
japonica revealed that the indirect regeneration process
starting from callus was at the same intensity on both
culture media: liquid and solidified [11]. Another study
on Litchi chinensis, revealed that the germination was
more efficient on paper bridge [12]. In 2004 Blidar
promoted new type of filter paper bridges, and after a
series of experiments on maize and wheat showed that
plantlets grown on filter paper bridge had a significant
development compared to the plantlets grown on agar
medium [3, 7, 8]. Another experiment made in 2012
revealed that the highest bromelain enzyme from
Pineapple was observed in leaf tissue after 4 months of
in vitro culture in liquid medium with filter paper
bridge, followed by agar supplemented medium [21].
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Presently there are only two references regarding
negative aspects of plantlets grown on liquid culture
media with filter paper bridge compared to agar
supplemented culture media. The first experiment was
realized on Ananas comosus aiming caulogenesis on
two substrates [2]. The second was about the effect of
paper bridges, antioxidants and activated charcoal on
development and growth of protocorm-like bodies of
hybrid Cymbidium, and the results showed that the use
of paper bridges effected the growth and development
of protocorm-like bodies [20].

However this in vitro technique was used in many
others experiments, and on different species. From
these experiments it should be mentioned the
conservation for three years of potato (Solanum
tuberosum) micro-plants grown into in vitro at low
light and temperature conditions [15], or regenerative
capacity of callus of ornamental strawberry Fragaria x
Potentilla [19]. Others experiments were realized on
tabacco (Nicotina tabacum), alfalfa (Medicago sativa),
poplar (Populus euphratica), and many others. A very
interesting study, developed over several years, was
realized on the orchids Cymbidium hybridum. The aim
of this experiments was to observed some aspects such
as: microelements deficiency effects on orchids grown
into in vitro growth on filter paper bridges, the use of
fructose in the nutrient medium and the caffeine effect
on orchids grown [5, 6]. Another article published in
2011 showed the importance of filter paper bridge in
secondary metabolism at micropropagated Hypericum
perforatum grow. The results showed that the highest
concentration of phenolic compounds and hypericine
were observed in shoots grown on paper bridges and
partial immersion [18].

The objective of this experiment was to continue
previous experiments realized on filter paper bridges,
using a liquid culture media, on another species namely
Viola wittrockiana. This experiment also included the
solidified culture medium supplemented with agar in
order to obtain clear comparative data between the two
techniques.

MATERIALS AND METHODS

Plant material. For this experiment were selected
uniform and mature seeds of species Viola wittrockiana
Matrix  F1,  red  variety  (Viola wittrockiana Matrix F1
Red Blotch), the seeds were purchased from commerce
(producer: Agrosem Impex SRL Tg-Mureş, Romania).

Growth conditions and inoculations. The selected
seeds were kept for 10 minutes under runnig tap water
and disinfected using a sodium hypochlorite solution
5%, from a commercial bleach (ACE-automat). The
disinfection was made for another 10 minutes, after
that plant material was rinsed with sterile distilled
water, for five times to remove disinfected solution.
For inoculation were made two Murashige-Skoog
(1962) modified mediua: agarized with 7 g/l agar-agar
solution (VRA) and liquid (agar-agar free) provided
with filter paper bridge (VRPB), Blidar type (BFPB)
[3]. The agarized medium was considered as control

experimental variant, and both types of media were
free of hormons and aminoacids. The number of
recipents and the number of inoculta were equal, 50 per
both variant. After inoculation recipients were
maintained at 23°C±1°C, in a growth chamber. The
cultivated  seeds  were  kept  in  the  growth  room  for  60
days under 16-h photoperiod, light being produced by
daylight white (6500K) flourescent tubes (20 μM m-2s-1

PAR).
Growth measurement. Plantlets grown,

measurements and observations were made during 60
days,  at  an  interval  of  10  days  each.  Biometric
parameters analyzed and compared to each plant are as
following: length of roots, length of strain (hypocotyl
and epicotyl), number of leafs, length of leafs, dry
weight and fresh weight.

Statistical analysis. VRA was considered the control
group and the values registered were taken as
references for experimental variant VRPB. All statistical
analyses were made using Microsoft Excel.

RESULTS

In terms of morphological, biometric and
gravimetric parameters monitored in the experiment, it
can be considered that overall, that using filter paper
bridges and liquid medium (tested lot), compared to
solid medium (control lot), improved plantlets grown
as it can be seen in the following.

Measurements and observation at 10 days of
experiments. Seed gemination rate, the first parameter
analysed in the experiment, at 10 days after
inoculation, presented a higher percentage for seeds
disposed on filter paper bridge (VRPB), compared with
those on agarized medium (VRA),  and  this  trend  is
maintaining along the entire experimental period. In
the  observation  made  at  10  days  it  was  observed  the
emergence of roots in both experimental lots. The
highest value of roots lengtht were observed at the
tested lot (VRPB), compared with the control (VRA), the
percentage difference was 13.9% for liquid medium.
Plantlets biomass expressed in grams had higher values
on liquid medium compared to the classic solid
medium for dry weight parameter (1.16 mg, with
5.45% superior than control).

Measurements and observation at 20 days of
experiments. At 20 days the most significant change
appeared in the lengtht of roots, the higher value being
seen at plantlets on the solidified medium (22.31%
compared with VRPB). From morphological point of
view it was observed the appearance of hypocotyl,
epicotyl and leafs at the plantles cultivated on both
types of culture media. For four biometric parameters:
root length, hypocotyl length, epicotyl length and leaf
length the percentage was equal on both media types
(0.05/vitroplantlets).

Measurements and observation at 30 days of
experiments. At 30 days it was observed differences
between epicotyl length and  the number of leafs:
plantlets cultivated on agarized medium had a higher
rate of growth than test lot VRPB. Regarding roots



Analele Universităţii din Oradea, Fascicula Biologie               Tom. XXI, Issue: 2, 2014, pp. 74-78

76

length, the values were superior for the vitroplantles
cultivated on paper bridges compared to those
cultivated on agarized medium, the percentage
difference being over 6.86%. The same trend was
observed for hypocotyl length, where the values were
higher for the plantlets cultivated on liquid culture
mediun, compared to the control (31.69% difference,
0.9 mm raported to the absolute values) (table 1).

Measurements and observation at 40 days of
experiments. At 40 days, differences appeared at roots’
and hypocotyls’ length, the plantlets cultivated on filter
paper bridge – VRPB – had superior values compared to
those cultivated on agarized substrate – VRA – (at root
length with  6.11mm  or  58.9%,  and hypocotyl length
with 1.23 mm or 37.8% higher compared to the control
lot), all these values were statistically significant
(Table 1). Another difference was also observed when
measuring dry weight, which  was  with  132.3%  in

favour of the vitroplantlets placed on paper bridge
compared to agarized medium (Table 1). For all others
parameters left the values were higher on control than
the sample.

Measurements and observation at 50 and 60 days
of experiments. In the observation made at 50 and 60
days  was  determined  the  same  growth  trend  as  above
described. At 50 days the roots and hypocotyls length
were higher at plantlets growth on liquid culture
medium provided with filter paper bridge compared
with the agarized medium. From statistic point of view
the difference between this two lots was significant:
root length with 6.59 mm (56.95%) higher for the
sample compared to the control and hypocotyl length
with 1.66 mm (48.53%) was superior for the plants
placed on paper bridge compared to those cultivated on
agar. For the following five parameters: epicotyls
length, leafs length, number of leafs per plantlet, fresh

Table 1. Statistical processing of the data measured in the in vitro plants of pansys (Viola Wittrockiana Matrix F1 Red Blotch), cultivated on the
following culture media: VRA – agarized MS culture medium (control) and VRPB - liquid MS culture medium with paper bridge

VRA (control)
(agarized media)

VRPB
(liquid media with paper bridge)

No.
of

days
Statistical data X ± Sx s2 X ± Sx s2 ±d % Signifi-

cance

Germination faculty (%) 80 ± n/a n/a 76 ± n/a n/a 4 5 n/a
Root length (mm) 1.23 ± 0.56 0.32 1.40 ± 0.93 0.86 0.17 13.83 ns
Fresh weight (mg) 3.44 ± n/a n/a 3.08 ± n/a n/a -0.36 -10.47 n/a

10

Dry weight (mg) 1.1 ± n/a n/a 1.16 ± n/a n/a 0.06 5.45 n/a
Germination faculty (%) 81.8 ± n/a n/a 82.6 ± n/a n/a 0.8 0.9 n/a
Root length (mm) 7.08 ± 0.49 0.22 5.5 ± 0.79 0.62 -1.58 -22.31 ***
Hypocotyl length (mm) 1.61 ± 1.24 1.53 1.5 ± 1.37 1.9 -0.11 -6.84 ns
Epicotyl length (mm) 0.27 ± 0.44 0.20 0.25 ± 0.43 0.19 -0.02 -7.41 ns
Leaf length (mm) 0.16 ± 0.37 0.13 0.12 ± 0.32 0.1 -0.04 -25 ns
Leaf no. 0.05 ± 0.21 0.04 0.05 ± 0.22 0.05 0 0 ns
Fresh weight (mg) 6.12 ± n/a n/a 5 ± n/a n/a -1.12 -18.31 n/a

20

Dry weight (mg) 1.12 ± n/a n/a 1.18 ± n/a n/a 0.06 5.35 n/a
Root length (mm) 9.62 ± 0.49 0.24 10.28 ±1.17 1.37 0.66 6.86 **
Hypocotyl length (mm) 2.84 ± 0.37 0.14 3.74 ± 2.07 4.28 0.9 31.69 *
Epicotyl length (mm) 4.81 ± 1.14 1.31 3.11 ± 0.8 0.98 -0.64 -35.35 ***
Leaf length (mm) 3.37 ± 0.71 0.51 2.17 ± 1.33 1.78 -1.2 -35.61 **
Leaf no. 1.18 ± 0.39 0.15 0.74 ± 0.44 0.19 -0.44 -37.29 ***
Fresh weight (mg) 14.12 ± n/a n/a 15.54 ± n/a n/a 1.42 10.05 n/a

30

Dry weight (mg) 1.72 ± n/a n/a 2.42 ± n/a n/a 0.7 40.69 n/a
Root length (mm) 10.37 ± 1.2 1.45 16.48 ±1.12 1.26 6.11 58.91 ***
Hypocotyl length (mm) 3.25 ± 0.51 0.26 4.48 ± 0.77 0.59 1.23 37.8 ***
Epicotyl length (mm) 5.59 ± 1.21 1.48 4.72 ± 1.36 1.87 -0.87 -15.57 **
Leaf length (mm) 4.48 ± 1.12 1.26 3.93 ± 0.82 0.68 -0.55 -12.28 **
Leaf no. 2.03 ± 0.88 0.77 1.44 ± 0.76 0.59 -0.59 -29.07 **
Fresh weight (mg) 22.16 ± n/a n/a 17.82 ± n/a n/a -4.34 -19.59 n/a

40

Dry weight (mg) 1.98 ± n/a n/a 4.6 ± n/a n/a 2.62 132.32 n/a
Root length (mm) 11.57 ± 0.96 0.94 18.16 ± 1.02 1.04 6.59 56.95 ***
Hypocotyl length (mm) 3.42 ± 1.1 1.21 5.08 ± 1.28 1.66 1.66 48.53 ***
Epicotyl length (mm) 6.26 ± 0.93 0.87 4.92 ± 0.86 0.74 -1.34 -21.41 ***
Leaf length (mm) 6.31 ± 1.22 1.5 4.52 ± 1.35 1.84 -1.79 -28.37 ***
Leaf no. 3.1 ± 0.65 0.43 2.12 ± 1.45 2.12 -0.98 -31.62 **
Fresh weight (mg) 67.66 ± n/a n/a 24.06 ± n/a n/a -43.6 -64.44 n/a

50

Dry weight (mg) 6.72 ± n/a n/a 6.36 ± n/a n/a -0.36 -5.36 n/a
Root length (mm) 13.64 ± 0.7 0.49 23.15 ± 1.36 1.86 9.51 69.72 ***
Hypocotyl length (mm) 3.52 ± 1.12 1.26 6.2 ± 1.01 1.02 2.68 76.13 ***
Epicotyl length (mm) 8.52 ± 0.94 0.88 5.7 ± 0.86 0.74 -2.82 -33.1 ***
Leaf length (mm) 6.82 ± 1.12 1.26 5.6 ± 1.26 1.61 -1.22 -17.89 **
Leaf no. 3.14 ± 0.53 0.28 2.85 ± 1.23 1.51 -0.29 -9.24 ns
Fresh weight (mg) 68.7 ± n/a n/a 25.98 ± n/a n/a -42.72 -62.19 n/a

60

Dry weight (mg) 9.16 ± n/a n/a 6.4 ± n/a n/a -2.76 -30.14 n/a
Note:  X ±  Sx  [average  (cm)  ±  standard  deviation];  s2 – variance; ±d – difference to the control lot in absolute values; % – difference to the control lot in percentage values; based on p values
(significance of difference to control lot): ns – no significant difference (p>0.1), * - low significant difference (0.05<p≤0.1), ** - significant difference (0.01<p≤0.05), *** - very significant difference
(p≤0.01); n/a – not applicable.
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weight, and dry weight the measured values were
higher for plantlets cultivated on agarized medium
compared to those cultivated on filter paper bridge
(Table 1).

At the last observation made on this experiment – at
60 days – there were the same trends previously
observed regarding the growth report of these two
experimental groups. The roots and the hypocotyls
length were higher at the plantlets placed on filter
paper bridge compared to those cultivated on agarized
medium. The absolute values for the root length
parameter had 9.51 mm growth difference, with 69.7%
more at the vitroplants cultivated on paper bridge
compared to those cultivated on agarized substrate. The
same characteristic aspect was observed for the
hypocotyl length where the percentage was 76.1%
higher  for  VRPB,  than  VRA, this values are statistical
sustained (Table 1). All others biometric and
gravimetric parameters had higher values for the
control lot: one important percentage difference has
been registered at fresh weight parameter, presenting a
plus with 62.19% compared to those on liquid medium
provided with filter paper bridge.

DISCUSSIONS

The results obtained in this experiment revealed the
appearance of clear differences in the growth and
development of Viola wittrockiana vitroplants starting
from seed germination, all these depending on the used
culture medium and the period in which the
observations were made. Thus it can be considered that
there are two important periods in growth and
development of vitroplants namely one short term
growth, under 30 days and a long term growth up to 60
days.

First 30 days.  It  was easily observed from the first
days after the inoculation the presence of a higher
germination rate  for seeds placed on filter paper bridge
compared to control medium, supplimented with agar-
agar. This results can be explained considering the
rapid access of vitroplants access to nutrient and
minerals into the culture medium. Seed germination
rate when seeds were inoculated on liquid medium
provided with filter paper bridge had a higher value
compared to the other experiments in which seeds
germination was 90% [10].

Another important aspect observed in pansy plants
development, had been the proliferation of the roots
and strains much intense and faster at the tested
vitroplants – VRPB compared to the control lot – VRA.
In others experiment it  was observed the same intense
and fast growth of roots. In the scientific specialized
literature similar data were registered, for example at
wheat, where the cultivation on liquid medium
provided with filter paper bridge has facilitated the
growth of length of roots and leafs, leaf number, and
high values of gravimetric parameters such as fresh and
dry weight compared with the caryopsis cultivated in a
solidified culture medium [7]. A superior increase of in
vitro plants roots and stems initialized on filter paper

bridge reported the agarized medium was observed in
the experiment made on maize, where the difference
reached after 21 days was 290.02% [8]. Also, at
Jasminum officinale it  was  observed  a  more  rapid
growth of roots for vitroplants cultivated on liquid
culture medium provided with filter paper bridge
compared to agarized culture medium [9].

High values and beneficial aspects of plantlets
growth and development on filter paper bridge were
observed at the gravimetric parameters: fresh weight
and dry weight. As expected, given the fact that
through filter paper bridge the seeds hydration is
facilitated the seeds germinated faster than on agarized
support, this determining an accentuated and fast
increasing of vegetative organs and in overall a growth
in plant biomass. The same tendency was observed in
the experiment conducted on Helianthus annus were
the parameters such as: fresh weight and dry weight
reported to vitroplantlets placed on agarized medium,
had values of 25.5%, and 5.57% [4].

Growth in the medium term of Viola wittrockiana
vitroplants, after 30 days from inoculation, presented
some difference in development compared with to the
fist 30 days period. The sample lot kept the same high
growth at roots and hypocotyl, but were observed
stagnation of other biometric and gravimetric
parameters such as: length and number of leafs, fresh
weight and dry weight. At plantlets grown on agarized
medium the values of these parameters were higher
compared with liquid medium.

An intense and accelerate growth of roots mainly
favours the development of an intense vitroplants
culture  growth  or  can  be  used  as  a  stage  in  some
micropropagation experiments.

Faster in vitro seeds germination and vitroplants
growth on Blidar type filter paper bridge (BFPB), leads
directly to reducing the time until they reach the
optimum dimension for subcultivation or for
acclimatization, respectively is contributing to saving
the electricity needed to ensure optimum conditions of
temperature and lighting in vegetation rooms and
through this decreasing participation at the
environmental pollution.
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