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Summary

Introduction: Echinacea purpurea (L.) Moench is a valuable ornamental and medicinal plant used in human
and animal medicine. The technique of micropropagation using in vitro plant culture is an promising
alternative to obtain large amounts of healthy plant propagation material in a short time during climate
changes and environmental contamination.

Methods: Clonal propagation may be applied for the multiplication of selected genotypes under controlled
conditions. This technique also allows acclimating the new plants to elevated temperatures.

Objective: The aim of this study was to determine the influence of micodermine, nystatin, miconazole
on purity seed and their germination (n=800, four groups, three replicates). Next aim was to evaluate the
influence of various concentrations of four cytokinins on induction of adventitious shoots using shoot tips.

Results: Benzyloaminopurine (BAP), meta-topolin (mT), and additionally kinetin (KIN), and zeatin (Ze)
(1.00-2.00 mg I'') with indole-3-acetic acid (IAA) (0.1-0.2 mg 1) in Murashige and Skoog (MS) medium
have been used. Testing the effectiveness of BAP (1.0 mg ') and mT (1.0 mg I'') with IAA (0.1 mg I') in
MS medium has been caried out for 15 explants in three replicates. For rooting of plants (n=60), IAA at
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concentrations of 0.1 mg 1"and 0.5 mg ' (three groups in duplicate) has been used. Finally, the effectiveness
of acclimatization of rooted plants (n=60) to ex vitro conditions was assessed. All antifungal substances
have been effective in the obtanment of 100% purity of seeds (n=300). Application of mycodermine resulted
in 51% germinating of seeds with signficat differences vs. control seeds (p<0.001), vs. nystatin (p<0.05)
and vs. miconazol (p<0.05), and during 16.90+4.26 days without statisctical differences vs. nystatin and vs.
mycodermin. MS basal medium supplemented with BAP (1.0 mg 1) with IAA (0.1 mg 1) produced the
greatest number of adventious shoots (n=144), resulting in 9.6£2.77 shoots per explant on average with
signficat differences vs. control medium MS (p<0.001). However, this result was not statisticaly significant
compared with medium MS supplemented by mT (1.0 mg 1) with IAA (0.1 mg 1) (8.93+3.99 shoots per
explant) and with MS supplemented with BAP (2.0 mg 1) + IAA (0.2 mg 1) (7 + 3.39 shoots per explant).
IAA at concentration of 0.1 mg I and 0.5 mg 1" produced of 100% of rooted plants (n=40) similarly as MS
medium without IAA (n=20) (differences between groups are not statistically significant). Moreover, 70%
obtained plants (n=42) have been acclimated to ex vitro conditions using elevated temperature of 35°C.

Conclusions: Compared to previous study, our experiment showed that low concetration of BAP and mT
to effective micropropagation without callus induction can be successfully used. Our results provide the

proposal for rapid protocol of clonal propagation of E. purpurea (IDA variety).
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INTRODUCTION

Echinacea purpurea (L.) Moench from Asteraceae
family is a valuable ornamental and medicinal plant
cultivated worldwide that possesses wide range
of pharmacological activities, such as antiviral
against ie. herpes simplex virus, influenza, and
coronaviruses (SARS-CoV-2) [1, 2]. Extracts from
E. purpurea contain mainly caffeic acid derivatives
(cichoric acid, caftaric acid), lipophilic compounds
(i.e. alkylamides), flavonoids and polysaccharides
[2, 3]. In phytomedicine, aerial parts and roots of
E. purpurea are used mainly both in external and
internal applications, i.e. for the prevention and
treatment of common cold, and upper respiratory
tract infections as immunomodulatory, anti-inflam-
matory, and antioxidant herbal medicines [2-4].
According to historical data, E. purpurea was applied
for the treatment of ulcers on horses’ back caused
by saddles, insect and snake bites, burs and wound
infections not only in animals, but also in humans [5].

In recent years, globally observed climate changes
(warming and drought), as well as increasing en-
vironmental contaminations, cause a serious risk
of a decrease in the quantity and quality of seeds,
germination efficiency, plant condition and plan-
tation yield of E. purpurea. The changing climate
provides agriculture with previously unknown
challenges, i.e. in flowering phenology, or chemical
composition of plants. Moreover, weather anomalies,

such as droughts or frosts, pose a real threat to the
success of horticultural and utility crops [6, 7].

In accordance with current state of research,
global warming and water deficits have a general
negative effect on plant growth during the
growing season of medicinal plants. Elevated
temperature and drought may lead to limiting
obtaining of raw material by lower biomass and
seeds production, as well as exposure to diseases
due to weakened plant resistance to pathogens. In
addition, there are also other challenges resulting
from environmental pollution with heavy metals,
polycyclic aromatic compounds, agrochemicals,
microplastics etc. Therefore, alternative ways for
vegetative reproduction for healthy plants are still
needed. On the other hand, there is well known that
all parts of E. purpurea contain valuable secondary
metabolites, but their biosynthesis and stability
depend on many factors. The role of climate changes
in secondary metabolite production in medicinal
plants is still under research [8]. Many results show
that the impact of high temperature on metabolites
production of the plants is positive, because the level
of secondary compounds may increase with relevant
elevated temperature. However, a number of studies
showed also negative impact by down regulation in
the production of plant secondary metabolites [8-
12].

According to Holopainen [9], warming may have
a negative impact on secondary compounds in plants,
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i.e. decrease of phenolic compounds. Echinacea sp.
contains phenolics and thermolabile alkamides, the
major lipophilic constituents occurring not only
in the roots of E. purpurea and E. angustifolia, but
also in the aerial parts of E. purpurea, E. pallida
and E. angustifolia [13], which level in plants can
also change [8]. The thermal lability of alkamides
is known from study focusing on the effect of
temperature on the stability of chemical constituents
of E. purpurea root formulation. In this observation,
Livesey et al. [14] showed that the level of major
alkamide has been significantly reduced at 25°C
and 40°C. Various effect of drying temperature on
constituent concentration (alkamides, cichoric acid,
polysaccharides) in E. purpurea has been described
in American Herbal Pharmacopoeia [15]. The
impact of elevated temperature on the level of main
alkamides and cichoric acids in living plants should
be investigated.

Today, variability of the biosynthesis of chemical
compounds should be systematically investigated in
the era of climate changes, because this variability
depends from the rate of photosynthesis, activity
of enzymes and expression of genes, which change
during elevated environmental temperature. How-
ever, there is well known that secondary metabolites
facilitate plants to adapt to global climate change
as a response to abiotic stress [8]. For this reason,
relationships between temperature and biosynthesis
of secondary compounds in various scenarios.

At the time of climatic crisis, an alternative and
promising way to obtain large amounts of healthy
plant propagation material in a short time is the
technique of vegetative micropropagation using
plant in vitro culture growing in a phytotron. This
method may be applied for the plant multiplication
under controlled physicochemical conditions and
without organic and nonorganic contaminations
[8]. Plant in vitro culture methods can be used to
reproduction of healthy genotypes for production
for breeding purposes, providing the parent
material for crossbreeding. This technique allows
acclimating the new plants to elevated temperatures.
Micropropagation methods (in the last stage) allow
for gradual hardening and acclimatization of the
E. purpurea plant to environmental temperature at
35°C (ex vitro). Then, through selection, clones that
are more resistant to higher temperatures can be
obtained.

The environmental contaminations, including
heavy metals, pesticides, microplastic, xenobiotics
(i.e. medicinal products), toxins (i.e. polycyclic
aromatic hydrocarbons, PAHs), efc. are another
challenge. Techniques of plant in vitro culture

including in vitro propagation allow to obtain
healthy plants without biological and chemical
contaminations [16-18]. According to Hasnain
et al. [18], plant tissue culture coupled with
biotechnological approaches leads towards su-
stainable agricultural development. It should be
noted that this method has several advantages over
conventional plant propagation techniques, such
as irrespectiveness of the growing season, thus
opening new opportunities to the producers of
herbal/pharmaceutical industries and farmers; and
an extremely efficient and cost-effective technique
in aseptic conditions [18], large-scale production
of clonal plantlets, solving many phytosanitary
problems [16, 19]. In this way, new plants of E.
purpurea obtained by in vitro techniques can be
available all time in healthy stage. Regenerated
plants are a source of effective propagation material
with a selected clone phenotype valuable plants E.
purpurea.

The aim of this study was to determine 1) the
influence of micodermine, nystatin and miconazole
on the purity of seeds and their germination,
2) the influence of various concentrations of four
cytokinins: benzyloaminopurine (BAP), meta-to-
polin (mT), kinetin (KIN), and zeatin (Ze) (1.00-
2.00 mg I'') with indole-3-acetic acid (IAA) (0.1-
0.2 mg I"") in Murashige and Shoog (MS) medium
on the induction of adventitious shoots using shoot
explants (small rosettes), 3) the influence of IAA
(0.1-0.5 mg I'") on rooting, and 4) effectiveness of
acclimation on ex vitro condition.

MATERIALS AND METHODS

Our in vitro experiments are a preliminary study
on E. purpurea (IDA variety). In the first stage
of the experiment, three commercially available
antifungal substances have been used to pre-
treatment procedures of surface disinfection of E.
purpurea seeds. The seeds of Echinacea purpurea
var. IDA (IWNiRZ-PIB) were obtained from from
the Seed Bank, Department of Breeding and Botany
of Crops, Institute of Natural Fibres and Medicinal
Plants, Poznan, Poland.

Eight hundred seeds have been tested in four
groups. Basal medium MS with half of mineral
salt (n=500, three replicates), and mycodermin
(1 g 100 ml™" autoclaved water; n=100, three repli-
cates), nystatin (5 mg 100 ml"; n=100, three repli-
cates), miconazole (1 g 100 ml"'; n=100, three repli-
cates) were used to soak seeds for 60 min to obtain
microbiologically pure seed material. Next, seeds
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were surface-sterilized using 70% (v/v) ethanol for
1 min followed by rinsing in commercial bleach-
ACE solution (3:1) for 20 min. After sterilization,
seeds were washed three times with sterile deionized
water in horizontal laminar airflow cabinet. These
seeds were placed in basal Murashige and Skoog (1/2
MS) medium, on Petri dishes and were incubated
in controlled conditions at 25°C under 16-h
photoperiod. After seed germination, phenotypic
selection of seedlings was carried out and 20
prospective genotypes were selected for further
research. Evaluations of the influence of cytokinines
on stimulating adventitious buds in shoot tips of E.
purpurea in controlled conditions have been caried
out. For medium MS supplemented with BAP
(1.0 mg I'") and IAA (0.1 mg 1) 15 explants (all or
fragments of single rosettes; three replicates, n=5) in
in vitro containers have been used. Similar process
was performed for medium MS with mT (1.0 mg1")
andIAA (0.1 mgl) and control medium MS without
plant growth regulators, using 15 explantates (three
replicates). For preliminary test, 5 extraplants were
used for medium MS with KIN (1.0 mg1"') and IAA
(0.1 mg I'"); Ze (1.0 mg 1') and IAA (0.1 mg 1),
and BAP (2.0 mg ") and IAA (0.2 mg 1"), and mT
(2.0 mg1") and TAA (0.2 mg ") (one per treatment,
n=5). The cultures were incubated under a 16-h
photoperiod in containers placed in phytotron. The
control explants (group) were cultured on a MS
medium devoid of plant growth regulators. Cutting of
individual shoots (rosettes) from in vitro multiplants
was repeated three times. The rate of multiplication
has been calculated. Single shoots at the age 30 days

were placed on the same MS medium with plant
regulators. Fragments of adventitious rosettes after
separation from multiplants have been transferred
to MS medium with (or without) IAA (0.1-1.0 mg
I"") for rooting. In this stage, 60 regenerated plants
have been placed on medium MS supplemented
with auxin IAA at a concentration of 0.1 mg I
(n=20, two replicates), on MA with IAA 0.5 mg I
(n=20, two replicates), and on control medium MS
without auxins (n=20, two replicates). The rege-
nerated plants with well-developed roots were re-
moved from in vitro containers and washed in
autoclaved water, next placed in pots with sterilized
soil under glass covers and grown at 35+1°C (16-h
photoperiod and photon flux of 80-100 gmol m?
s'). After 7 days, the glass covers were replaced
with plastic covers and plants were progressively
exposed to the environmental humidity. New plants
were transported to greenhouse in order to further
observations and investigations.

Statistical analysis

In all experiments, statistical analysis was performed
using Statistica 12.0 (StatSoft Inc.). Biological test of
seeds and biotechnological test using cytokinines
were repeated at three times for each experimental
group. These data were analysed using ANOVA,
and the statistical significance was determined by
Tukey’s test (HSD) with a p value of 0.05.

Ethical approval: The conducted research is not
related to either human or animal use.

Table 1.
Summary of effective surface sterilization of seeds
Antifungal Seed culturedon ~ Pure Pure P1.1re Germination .
. . : germinated . Seedlings
Media substances MS medium seeds germinated seeds time in days [n]
. . 0 .
[60 min] [N, 3 replicates] [n] seeds [%] [mean +SD] [mean +SD]
1 ¥%MS Nystatin 100 (33, 33, 34) 100* 34% 0.34+0.47* 15.27+5.42° 34
(5 mg/100 ml)
2 % MS Mycodermin 100 (33, 33, 34) 100 51% 0.51£0.5¢ 16.90+4.26a 51
(1 g/100 ml)
3 % MS Miconazol 100 (33, 33, 34) 100* 33% 0.33+0.47* 17.21+3.94° 33
(1 g/100 ml)
4 % MS - 500 (100, 150,250)  371° 16% 0.16£0.36° 12.75+4.43° 80
SUMMARY 800 571 29% 0.29+0.45 15.53+4.51 198

Mean values in column with the same letter are not significantly different at p<0.05 (Tukey’s multiple range test).
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RESULTS

Seed germination and initial seedling growth

Results showed that mycodermin (1 g 100 ml* of
autoclaved water), nystatin (5 mg 100 ml"), and
miconazole (1 g 100 ml™") were effective in 60 min.

Application of mycodermine resulted in
51% germination of pure seeds with significant
differences vs. control seeds (p<0.001), vs. nystatin
(p<0.05) and vs. miconazol (p<0.05).

An ANOVA analysis revealed significant
differences in longer seed germination time after
the use of all antifungal substances compared to
the control group (nystain vs. control, p<0.05;
miconazole vs. control, p<0.001; mycodermin vs.
control, p<0.001). Seed germination was initiated
after 12.75+4.43 (control) to 17.21+£3.94 (myco-
dermin) days. (without statistical differences vs.
nystatin and vs. mycodermin).

Results are summarized at table 1.

Shoot initiation and multiplication

After 4 weeks of in vitro growth, the seedling were
used as source of explantates (shoot tips) to esta-
blishment of shoot culture. The results allowed the

selection of genotypes that effectively multiplicated
as multishoots under the influence of BAP, mT, KIN,
and Ze. After comparing the results, the induction
of multishoots was repeated three times using
lower concentrations of BAP and mT. MS basal
medium supplemented with BAP (1.0 mg 1"') with
IAA (0.1 mg I'1) produced the greatest number of
adventitious shoots (n=144), resulting in 9.6+2.77
shoots, on average, per explant with significant
differences vs. control medium MS (p<0.001).
However, this result was not statistically significant
as compared with medium MS supplemented by
mT (1.0 mg 1"") with TAA (0.1 mg 1) (8.93 £+ 3.99
shoots per explant) and with MS supplemented with
BAP (2.0 mg1") + IAA (0.2 mg1") (7 £ 3.39 shoots
per explant). A total of 388 adventitious shoots
were obtained from all tested variants (table 2).
Cytokines such as BAP and mT are frequently used
in biotechnology to promoting auxiliary buds and
plant development by stimulation of cell division
and shoot organogenesis in tissue culture [16, 20].
In the study on a robust in-vitro protocol for shoot
multiplication of Echinacea angustifolia, BAP has
been previously used [21]. Tyub et al. showed the
highest rate of shoot induction and a regeneration
of shoot resulted in 25 shoots per explants (shoot
tips) at a concentration of 4 uM (corresponding to

Table 2.

Summary of effective induction of in vitro multishoots

L Adv. . ;
MS media with plant Explant  Adv. shoots shoots Median Min  Max Main phen.otyplc
regulators [n] [mean+SD] [n] observations
BAP (1.0 mg!") + B Leaves normal; no
+ +
1 IAA (0.1 mg 1) 15 9.6+2.77 144 9 6 15 roots
mT (1.0 mg1") + d Leaves normal; no
+ + [
2 TAA (0,1 mg 1) 15 8.93+3.99 134 8 5 16 roots
KIN (1.0 mg 1) + . b Leaves normal; no
+ a
3 IAA (0.1 mg 1) 5 3.4+1.14 13 3 2 5 .
Ze (1.0 mgl") + . b Leaves normal; no
+ a,l
4 IAA (0.1 mg 1) 5 4.6+1.14 23 5 3 6 roots
BAP (2.0 mg 1) + . bed Thickening of shoots,
+ N
> IAA (0.2 mgl") > 74339 3 > 4 12 lack of roots; callus
mT (2.0 mg1") + . b Thickening of shoots,
+ a,b,¢
6 IAA (0.2 mgl") > 48248 24 4 3 ? lack of roots; callus
7 MS - control 15+ 1° 15 1 1 1 Leaves normal; adv.
roots
SUMMARY 65 - 388 - - -
Mean values in column with the same letter are not significantly different at p<0.05 (Tukey’s multiple range test).
(+) - three replicates, (#) - one replicate
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Fig 1-2.

Multi-rosettes on medium MS suplemented by BAP 1 mg 1" and IAA 0.1 mg 1"

1 mg I'"). Previously, Koroch et al. [22] showed that
MS medium supplemented with 17.76 yuM of BAP
(corresponding to 4 mg 1) and 0.269 uM of NAA
(corresponding to 0.05 mg ') produced the greatest
number of adventitious shoots of E. purpurea.
However, in our study, at the base of shoot ex-
plants under elevated concentrations of cytokinins
(2.0 mg 1), callusogenesis has been observed.

Results are summarized at table 2 and figures
1-4.

Rooting

For rhisogenesis induction, isolated 4-week-old
single shoots (1 cm or longer) were transferred
to MS medium alone and in combination with 3
indoleacetic acid. After 5 weeks, the highest quality
rooting was observed on MS medium supplemented
with different concentrations of IAA. However,
fast initiation and short time of rhizogenesis
were achieved under the influence the IAA at a

Fig 3-4.

Separated single adventitious rosettes from medium MS supplemented by BAP at 1 mg 1! and [AA at 0.1 mg 1"
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Table 3.

Summary of rooting of single plants in vitro

MS medium with IAA Plantles [n] Rooting plants [%] Phenotypic observations (after 35 days)
1 0.1 mgl! 20 (2x10) 100% Roots thick, small in size
2 05mgl! 20 (2x10) 100% Roots thick, numerous, long
3 Omgl! 20 (2x10) 100% Roots of medium size, numerous, long
SUMMARY 60 plants 60 plants -

Mean values do not differ significantly between groups.

Fig 5-6.

Rooting of separated single adventitious rosettes on medium MS supplemented by IAA 0.5 mg 1"

Fig. 7-9.

Plants after rooting in vitro: (7) MS + IAA 0,5 mg 1, (8) MS + IAA 0,1 mg1?, (9) MS

kerba polonica
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Fig. 10-11

Acclimating process of rooting plants

concentration of 0.5 mg 1. This concentration of
IAA can induce more adventitious roots which
were thick, numerous, and long. After 21 days of
culture, rooting percentage was significantly higher
(100%). After 35 days, all plants using all treatments
including MS medium without auxin. All results
have been summarized at table 3 and figures 5-9.

Hardening/acclimatization of regenerated plants

Rooted plants were removed from culture, rinsed
in water to remove agar, and transferred to pots
with gardening soil. After 21 days, 70% of obtained
plants have been acclimated to ex vitro conditions
using elevated temperature of 35°C. Next, hardened
plants obtained by clonal propagation were trans-
ported to the greenhouse.
Results are shown in figures 10-11.

Study limitations

Studies using an increased number of explants
obtained from selected genotypes should be
continued. Selected genotypes multiplied by in
vitro using chromatographic methods should be
phytochemically assessed. Plants obtained using
the in vitro method in breeding tests under natural
conditions should be assessed. Moreover, genetic
stability with chomosomal phenotype of new plants
should be assessed using flow cytometry. Observed
callus development on explants on MS medium
supplemented with mT and BAP at a concentration
of 2 mg 1" is considered as adverse effect during

micropropagation. Regenerated plantlets growing
at callus may show phenotypic abnormalities and
genetic variability from diploid to polyploids. For
this reason, the use of low concentrations of growth
and development regulators is justified. On the other
hand, during climate changes, including increasing
environmental temperatures and drought, plants
may change: not only their phenotypic features,
but also their biochemical features, including the
content of secondary metabolites responsible for
their pharmacological effects. Therefore, those plants
with altered phytochemical characteristics should
be included. Hardening of plants from greenhouses
to the field should be done due to adaptation and
productivity test.

CONCLUSION

Micropropagation technique used in experimental
plant biotechnology (plant in vitro cultures), are
an effective way to obtain healthy plants of E.
purpurea by vegetative reproduction. Our results
have shown that cutting individual shoots from
in vitro multiplants was effective. New plants were
effectively rooting and acclimatizing to ex vitro
conditions. Preliminary study showed that rapid
multiplication is a promising way to obtain large
number of new plants which can be used as seedlings
and propagation material in gardening.
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