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Abstract. Biostimulators may open new avenues for alternative cultivation technologies for
ornamentals. Dwarfing makes it possible to use new species and varieties in public areas. They can also
be used as potted ornamental plants. During dwarfing, the habizus is more bushy and the internodes are
shortened, which is commercially advantageous. Matthiola incana (L.) R. Br. is an annual ornamental
plant, which, although less significant in Hungary, is still bred and marketed by many companies
worldwide. The effects of Bistep and thigmomorphogenesis are investigated in different ways with ‘Bona’,
‘Hala’ and ‘Mela’ cultivars of the Varsovia cultivar group. As a result of our measurements in previous
years, that mechanical stress are proved by affects the morphological properties of plants, and the Bistep
biostimulator strengthens the organ properties of the plant. In summary, in the case of the biostimulatortreated group, it was observed for several cultivars that the vegetative parameters produced significantly
higher values than in the case of the control groups. Mechanical stress treatments significantly reduced the
size of fresh root mass in all three cultivars compared to the control groups. It can be concluded that
mechanical stimulation can be used in a greenhouse environment to change the growth rate and to produce
marketable plants.
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INTRODUCTION
There are significant climatic differences between the western and eastern parts of
Europe. While the main centers for the production and breeding of ornamental plants work under
a rainy, humid, more balanced climate, droughts and temperature amplitudes are increasing in
central and eastern Europe. The large size of most ornamental plants tolerating the Hungarian
climate does not allow this.
In the ornamental plant sector, plant hormones and other growth regulators, mainly
retardants, are essential for the production of quality goods, but this is increasingly limited in
many countries from an environmental point of view. An everyday technological trick in the
cultivation of ornamental plants is the use of physical and chemical reinforcement to produce
stocky plants (SÁNCHEZ-BLANCO ET AL., 2019). Dwarfing based on mechanical contact of
seedlings can be a new method. Modification of habitus can also be achieved by mediating and
reacting to mechanical stimuli. This is what science calls thigmomorphogenesis.
An important question in ornamental plant production is how to grow plants in the least
polluting way possible. If the plant has an adequate supply of nutrients, it is more resistant to
diseases, pests and adverse environmental effects. Plant stress increases the number of pests in
the urban environment (DALE ET AL., 2017).
Biological biostimulators and retardants may also be suitable to support alternative
forms of ornamental plant cultivation, including dwarf mechanisms and technologies.
Biostimulators used in the measurements
The primary function of biostimulators is not to introduce nutrients into the soil against
fertilizers or to control pests and pathogens as in the case of plant protection products.
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Biostimulators bridge the gap between targeted effects and potential benefits in soil and medium
(JARDIN ET AL., 2020).
Natural biostimulators can play an important role in reducing the use of key chemicals
due to climate change, so they can increase production in a sustainable way at relatively low
cost. Their positive effect on the production of horticultural plants is mainly due to bioactive
compounds that promote growth and development, such as phytohormones, amino acids and
nutrients (ZULFIQAR ET AL., 2019).
Biostimulants consist of one or more bioactive substances and generally have a positive
effect on plants. Their use, compared to their effect on fertilizers, is not at the expense of yield
and product quality (TOSCANO ET AL., 2018). Their use has been growing rapidly in recent years
and decades. Revenue from biostimulators is estimated to increase to $ 2 billion in a few years
(VELEZ ET AL., 2014). The European Biostimulants Industry Council (EBIC, 2012) defines plant
biostimulants as substances and / or microorganisms that act naturally on plants or root levels in
the soil: plant roots and the microorganisms that interact with it.
Ferbanat L (Bistep) (rights: UAB ALJARA)
In recent years, many opportunities have been found to make it more marketable and
compact, not only for food plants but also for ornamentals. Pentakeep-V, Kelpak, Radifarm and
Ferbanat L are also proving to be extremely effective biostimulators in ornamental crop
production.
Ferbanat L is a complex nanofertilizer and plant conditioning agent based on humic
acid and containing microelements, which has a positive effect on physiological processes.
Humus and humin compounds have a direct and indirect effect on the plant organism. Their
indirect effects are soil structure formation, nutrient supply and utilization, and the uptake of
toxins. They have a direct effect on the permeability of the cell membrane, so they require less
energy to pass through the membrane. They increase the enzymatic activity of respiration and
accelerate oxygen delivery, resulting in increased rates of protein and carbohydrate synthesis
(KLESKANOV AND KLESHKANOVA, 2009).
Mechanical dwarfing in horticultural practice
Tigmomorphogenesis is a term used to describe plant growth, which is naturally
triggered by abiotic factors in response to a mechanical stimulus, or artificially by simulating
adverse agroclimatic events (DRANSKI, 2013). The word thigmomorphogenesis was coined by
Jaffe from the Greek words “thigmo,” “morpho,” and “genesis.” The response to the mechanical
stress (touch, smoothing) actually affecting the plant was called thigmomorphogenesis (JAFFE,
1973). LATIMER (1991) found that physical disturbance of plants or plant parts results in
mechanical stress on the plant. This stimulus also reduces weight and size. The role of ethylene
is important in thigmomorphogenesis (YOSHIAKI AND OTA, 1975).
Plants are also able to sense very delicate stimuli. Their roots are extremely sensitive to
touch due to their progress in the soil, and so the shoots of runners are also sensitive as they need
to feel and recognize the mechanical support during their growth (MISHRA ET AL., 2019).
Some evidence suggests that thigmomorphogenesis may be mediated by ethylene
(JAFFE, 1973). In Epipremnum aureum plants, individuals running on the retaining wall form
larger leaves than the drooping varieties, due to thigmomorphogenesis and gravimorogenesis
(BENEDETTO ET AL., 2018), exposure of air roots and shoots to thigmomorphogenetic effects.
Height was also reduced when applied to Solenostemon scutellarioides plants under vibration
stress, and treatment also increased stem mechanical resistance (SAFAEI FAR ET AL., 2019). This
can also be observed in nature. Cereals and other herbaceous plants often recover after wind
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damage, and even woody plants can partially straighten back if adequate access to water and
nutrients is available (GARDINER ET AL., 2016). When researching mechanical forces, emphasis
is also placed on measuring root fixation in the support medium - finding the point that does not
yet damage the plant (STUBBS ET AL., 2019).
Mechanical stress can also be effective from a plant protection point of view. In
mechanical stress measurements applied on Acacia koa plants, it has been shown that mechanical
stress can enhance disease resistance genes (KAUZE ET AL., 2016). LATIMER AND OETTING (1999)
found that during twice-daily conditioning, sometimes with 40 mechanical smoothing effects,
more perennial ornamental plants’ were infected with pests. It was found that mechanical
conditioning consistently reduced the number of Frankliniella occidentalis and Tetranychus
urticae on plants. Mechanical disturbances resulting from shaking and baling during balsam pine
harvesting induce ethylene biosynthesis and regulation to regulate needle absorption
(KORANKYE ET AL., 2018). Bending of the stems of Pinus taeda seedlings resulted in dry matter
accumulation in the stem and root system, mainly in the lateral roots, to the detriment of the
decrease in leaf surface and dry matter content. By bending the plants, the stimulated seedlings
showed a higher survival rate and growth rate (DRANSKI, 2013).
MATERIALS AND METHODS
Varieties
Matthiola incana (L.) R. Br. Cultivars were used for our measurements. Matthiola
incana L. is an annual ornamental plant that is popular and has many good properties. It grows
purple, pink, white and purple flowers from a silvery leaf rosette. It is mostly used in flowerbed
plantings (HISAMATSU ET AL., 2000). Three members of the Varsovia variety series were used
for the measurements. They are all full-bodied, fragrant. Their final height is 50-60 cm, they are
usually used as a cut flower. Varsovia ’Bona’ is yellow, Varsovia ’Hala’ is purple and Varsovia
’Mela’ is pink.
Soil
Sowing was carried out in Klasmann-Deilmann TS 3 Fine type 416 medium, then the
seedlings were planted in Klasmann-Deilmann TS 3 medium basic medium type 425 and grown
in this soil until final evaluation every year.
Place of experiment
Our experiment was carried out between March 2021 and May 2021 under greenhouse
conditions in Budatétény. The average greenhouse temperature was 20 °C during sowing and
seedling growing. The plants were not given extra light. They were irrigated once a day from
sowing to final evaluation.
The seeds were sown in TS 3 Fine medium on March 3, 2021 in propagation trays. On
March 29, 2021, the seedlings were transferred to plastic 7 x 7 x 8 plastic containers. In the two
weeks following containerization, the seedling were waited for to acclimate to the new
environment and then began treatments on April 12, 2021.
The treatments
Plants were divided into treatment groups. 25 plants from each of the three marked
varieties were included in each group. The following groups were made:
1. Control group - only irrigation water was given
2. Bistep 0.2% - A 0.2% solution of Bistep was received at the following times:
• April 12, 2021
• April 22, 2021
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• May 3, 2021
• May 13, 2021
The biostimulator was applied by spraying. Each group received 150 ml of Bistep solution during
the treatments.
Manual mechanical stress
Plants so treated using a brush were described by Latimer et al. (1991, 1999) twice daily
until final evaluation. Treatments were performed with a brush for 10 seconds per treatment.
During the treatments, mechanical stress was applied to the shoot apex of the plants.
Machine mechanical stress
Based on the plans of Prof. Miklós Gábor Fári, he made a prototype of the mechanical
dwarf machine we used in 2009.
RESULTS AND DISCUSSION
The effect of Bistep in the studied cultivars was significantly detectable in the
treatments. The treated plants became stronger and more stocky compared to the control group.
The difference in height can be statistically confirmed, although this shows only a small
difference for each variety compared to the results of the control group. Leaf surface was
significantly higher for ‘Bona’ and ‘Hala’ cultivars. The results of the decrease in green weight
and leaf weight showed that the percentage of water loss in the individuals treated with Bistep
was statistically higher than in the control plants. In this context, however, root length values
differ significantly for varieties. In the case of ‘Bona’ cultivar, the cultivar treated with Bistep
biostimulator had the lowest root length (9.17 cm), while in the case of ‘Mela’ the average root
length was 16.95 cm, which is significantly higher than the root length measured in the control
group (13, 20 cm).
In summary, although the Bistep biostimulator has apparently made the treated individuals of
Matthiola incana more potent and vital, this is not statistically or only weakly detectable. The
effect of the biostimulator was not the same for the varieties, but the variety effect and the
genome effect must be taken into account. Adverse effects of Bistep were detected in several
measured parameters. Root mass and leaf size also increased in the treated plants, as found by
Kovács et al. (2017).
Effect of mechanical stress
The effect of brush treatment was detectable in terms of the parameters of the treated
varieties compared to the results of the control group. The plants treated in this way remained
significantly lower, their leaves became denser, and the habit of the plant became wider and more
spacious (Figure 1.) In the case of the group treated with mechanical mechanics, the height also
became lower, the apex of the leaves became bent back.
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Fig. 1. Effect of mechanical stress on the ‘Mela’ variety (2021)

Height was significantly reduced in all three treated varieties compared to the control
group (Figure 2.). While the mean height of the control group was between 28.19 cm and 35.01
cm, in the brush-treated groups this value was between 24.04 cm and 29.93 cm. In the groups
treated with mechanical mechanics, the mean height values were between 19.6 cm and 22.92 cm.
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Fig. 2. Mechanical stress effects of plant height (Values of P < 0.05 were considered statistically
significant)
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In the case of leaf number, the average leaf number of the control group in terms of
‘Bona’ variety is not statistically different from the leaf number values of the groups treated with
mechanical stress treatment (Figure 3.). The average number of leaves in the brush-treated
groups also reached statistically higher values for ‘Hala’ (45.27) and ‘Mela’ (52.27) varieties
than in the control group (34.6–39). Regarding mechanical mechanical stress treatments, the
number of leaves reached lower values (33.87 pcs) for ‘Hala’ and higher (38.2 pcs) values for
‘Mela’ than for the control groups.
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Fig. 3. Mechanical stress effects of number of leaves (Values of P < 0.05 were considered statistically
significant)

Leaf area was also significantly increased for ‘Bona’ (24.6 cm2) and ‘Hala’ (27.19 cm2)
compared to the mean leaf area values of the control group (18.13 cm2 and 24.43 cm2) (Figure
4.). For ‘Mela’, leaf area sizes did not differ significantly between the control and mechanically
treated groups. In the case of the mechanically treated individuals, the leaf area was significantly
reduced in all three treated cultivars compared to the values of the brush-treated and control
groups.
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Fig. 4. Mechanical stress effects of leaf area (Values of P < 0.05 were considered statistically significant)

Fresh green mass values also differ significantly from the control group results for all
three treated cultivars. In the ‘Bona’ variety, the 22.24 g achieved in the control group was
significantly higher than in the brush-treated group (14.05 g) and the mechanically mechanical
stress-treated group (14.39 g). The mean fresh green weight of the control group of the ‘Hala’
group was 23.06 g, a value that was also significantly higher than the mean fresh green weight
of the brush-treated group (19.69 g) and the mechanically treated group (12.17 g). For the ‘Mela’
groups, the mean fresh green weight of the control group was 19.97 g, while for the treated
groups, the parameter values were also statistically different (12.27 g – 14.96 g).
Fresh root mass values yielded similar results compared to the previous ones (Figure
5.). For all three treated cultivars, individuals in the control group resulted in significantly higher
fresh root mass than the treated groups. Brush-treated individuals produced significantly higher
average fresh root masses in all three cultivars than in the case of mechanically treated herds.
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Fig. 5. Root length as a result of treatments (1.: control, 2.: mechanical stress 3.: brush 4.: Bistep)
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Flowering data also correlate with vegetative measurement data. At the most advanced
stage (May 19, 2021) were individuals in the control group and inflorescences in the groups
treated with the Bistep biostimulator. In the case of groups exposed to mechanical stress,
flowering was delayed. It has a positive effect on flower size, as found by KISVARGA ET AL.
(2014) AND TAKÁCS ET AL. (2015).
CONCLUSIONS
In summary, in the case of the biostimulator-treated group, it was observed for several
cultivars that the vegetative parameters produced significantly higher values than in the case of
the control groups. Ferbanat L strengthened the root system, as found by TILLY-MÁNDY ET AL.
(2011).
Both manual and machine stress effects had significant verifiable effects.
Plant height was significantly lower in all three cultivars than in the control group. The number
of leaves in the case of individuals receiving manual mechanical treatment was significantly
increased in the cultivars ‘Hala’ and ‘Mela’. This result is also related to the findings of LATIMER
AND THOMAS (1991) AND KOCH ET AL. (2011).
Leaf surface size was significantly increased in the ‘Bona’ and ‘Hala’ cultivars in the
brush-treated groups, while no significant difference was detected in the ‘Mela’ cultivars. Under
the effect of mechanically mechanical stress, significantly lower leaf area was observed in the
treated individuals. The apex of the leaves treated in this way curved downwards.
Fresh green mass was highest in the three treated groups in the control groups, while
fresh green mass values were lowest in the individuals treated with mechanical mechanical stress
treatment. In the brush-treated groups, the fresh green mass values were significantly lower in
all three cultivars than in the control groups. However, these values can also be related to lower
heights.
In summary, mechanical stress treatments significantly reduced the size of fresh root
mass in all three cultivars compared to the control groups. It can be concluded that mechanical
stimulation can be used in a greenhouse environment to change the growth rate and to produce
marketable plants, as found by Börnke et al. (2018).
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