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Abstract: This study aimed to evaluate the capacity of Epilobium hirsutum L. (Onagraceae), a wetland plant, to accumulate and
tolerate zinc (Zn) and its in vitro propagation potential. Root-shoot length, fresh weight, pigment, and protein content were analyzed
in the plants grown in different Zn concentrations, including 0, 10, 20, 30, 40, 50, 75, 100,150, and 200 mg Zn/L. In the seedlings
grown at 50 and 75 mg Zn/L concentrations, a reduction in the relative root length, shoot length, and fresh weight was detected. It
was found that there was a negative correlation between pigment and protein contents of E. hirsutum and increased Zn
concentrations of solutions. On the other hand, it was determined that a considerable amount of Zn was accumulated by E. hirsutum
in its roots (10 598 mg Zn/kg DW). In tissue culture experiments, it was found that MS medium was effective for the germination
of the plant (97%). When the growth parameters of plants grown in different concentrations of Gibberellic acid were evaluated,
the highest growth parameters were obtained at 50 mg/L. It has been concluded that the most successful mediums on shoot
development were 1.0BAP/1.0NAA and 1.0BAP/1.0IBA. The highest number of shoots per explant was 1.0BAP/1.0NAA (3.96).
The longest root length was also determined on medium with 1.0BAP/1.0IBA (0.28 cm). Regenerated shoots were transferred to
different concentrations of root mediums. It was concluded that MS medium with 1.01BA has been superior for root formation

compared to other hormone concentrations.
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1. Introduction

Heavy metal pollution in freshwater is a global
environmental problem (Sabreena et al. 2022; Ali and Khan
2018, Tiwari et al. 2015). Rapid population growth,
unplanned use of natural resources, and pollution caused by
industrial wastes have caused a reduction in freshwater
resources recently (Phillips et al. 2015; Akpor et al. 2014).
With scientific studies, effective remediation techniques
have been improved, such as adsorption, biosorption,
remediation, and phytoremediation, using plants to remove
pollution or contaminants from the environment. However,
in the last decade, one of these techniques, studies on
phytoremediation, has gained speed worldwide (Azubuike
et al. 2016; Phillips et al. 2015; Fu and Wang 2011; Hegazy
et al. 2011). One of the heavy metals, Zn, is an essential
micronutrient for plants, and it is the second most common
element found in living organisms after iron. However, zinc
deficiency and toxicity affect plant growth. There is a
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considerable difference in the tolerance of plants to zinc
levels in soil. Zinc-tolerant plants have developed
mechanisms to regulate excess zinc by sequestering Zn in
vacuoles or forming complexes that reduce its harmful
effects. Zn exists in five distinct forms in soils, including
water-soluble, adsorbed, chelated, and Zn complexes
(Noulas et al. 2018). The structure of more than 300
enzymes, such as superoxide dismutase, carbonic
anhydrase, and polymerase, participates in carbohydrate,
lipid, protein, phosphate, DNA, and RNA synthesis in
plants (Nardis et al. 2018; Broadley et al. 2012). Besides,
Zn promotes growth hormones and starch metabolism; it is
also an essential microelement in a plant for nitrogen
metabolism and seed maturation (Ackova 2018; Sharma et
al. 2013; Tsonev and Lidon 2012; Cakmak 2000). However,
increased anthropogenic  activities  and rapid
industrialization caused the accumulation of Zn in the
environment (Nardis et al. 2018). In this regard, the ability
of plants to remove pollutants from the environment and
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convert them to non-toxic forms for a sustainable
environment has become increasingly important in recent
years (Adki et al. 2014; Doran 2009). Plant tissue culture is
a technique used to cultivate and maintain new plant tissues,
cells, or organs under aseptic and controlled conditions on
a nutrient medium (Sarasan et al. 2006). Compared to
traditional methods, tissue culture methods appear as
reliable and practical techniques for large-scale plant
multiplication and conservation of plants. Plant tissue
culture has broad application areas in various fields, such as
environmental ~ problems,  phytoremediation,  plant
improvement, and secondary metabolite production. It is
also a suitable tool for phytoremediation studies (Adki,
Jadhav, and Bapat 2014; Garcia-Gonzales et al. 2010;
Sarasan et al. 2006). There are many wetland plants for
using phytoremediation studies (Eid et al. 2021; Rodrigues
et al. 2020; Schiick and Greger 2020). One of these wetland
plants Epilobium hirsutum L. (Onagraceae), is a perennial
medicinal plant popularly known as great hairy willowherb
(Davis 1965). Epilobium species contain various
flavonoids; therefore, the E. hirsutum plant has been used to
treat benign prostatic hyperplasia (BPH) (Granica et al.
2014). Nowadays, remediation methods are frequently used
to remove Zn pollution in aquatic environments. Thus, E.
hirsutum plants accumulated very high concentrations of
metals and were used to detect heavy metal pollution in
wetlands (Adki, Jadhav, and Bapat 2014; Guittonny-
Philippe et al. 2015). E. hirsutum plant is suitable for the
remediation of especially Cu contaminated areas
(Ghaderian and Ghotbi Ravandi 2012). Also, the
biotechnological methods mentioned in our study are
fundamental to reproducing and conserving the E. hirsutum
genotype, a medicinal plant.

The objective of the present study is to reveal the usability
of E. hirsutum in phytoremediation of Zn in hydroponic
culture, to detect the response of E. hirsutum to Zn stress,
and to develop an in vitro propagation protocol for the use
of in vitro plantlets in the future phytoremediation studies.
With this study, we target E. hirsutum, a native herbaceous
plant in Turkey, and will take its place among the plants that
can accumulate Zn in the literature. Considering this plant's
high Zn accumulation capacity, this research will be a good
sample for the possible use of wetland plants in
phytoremediation studies.

2. Materials and Method
2.1. Plant Material

E. hirsutum capsules were collected from September to
October 2016 from populations in Kopriiéren, Kiitahya,
Tiirkiye (39° 30°27"N, 29° 44°'59"E). In phytoremediation
experiments, the healthy seeds were sewn into pots filled
with soil and placed in pools filled with water in the
greenhouse until seedlings had 8-10 leaves. E. hirsutum
seedlings were transplanted into 2.5-liter pots containing
10% Hoagland solution for acclimatization and kept in this
solution for seven days.
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2.2. Phytoremediation Experiments

To determine the maximum Zn concentration that seedlings
could accumulate a high amount of Zn along with showing
healthy development, E. hirsutum seedlings were kept in
10% Hoagland solutions (pH 6.2) containing ten different
Zn concentrations (0 as a control group, 10, 20, 30, 40, 50,
75, 100, 150 and 200 mg Zn/L) for seven days. Two stock
solutions, including 1000 ppm Zn solution and Hoagland
solution without Zn, were prepared for the experiment.
Calculated Zn stock solution amounts were added to 10%
Hoagland solutions to adjust the concentrations mentioned
above. At the end of the seven days, the roots of the
harvested seedlings were washed with sodium-EDTA (1%)
and ultra-pure water to eliminate heavy metal
contamination. The relative growth parameters (RGP) were
calculated as (1):

Growth parameters in zinc solutions

RGP(%)= x 100 (1)

Growth parameters in control solution
2.2.1. Zinc Analysis

Plant samples (root, shoot, and leaf parts) were dried at 70
°C oven for 48 hours and then ground in a RETCH brand
mortar grinder for Zn analysis. The dried plant parts were
weighed and recorded as dry weight (DW). 0.1 g dried plant
samples were digested with nitric acid and hydrogen
peroxide in glass digestion tubes (Kagar and Inal 2008). The
heavy metal content of seedlings was analyzed by an
Atomic Absorption Spectrometer (Analytikjena ContrAA
300, Dumlupinar University 2018) by Dumlupinar
University Advanced Technologies in Design, Research,
and Development, and Application Centre.

2.2.2. Measurement of Protein and Chlorophyll Contents
of Seedlings

The chlorophyll contents of fresh leaves were determined
by crushing them in a mortar with acetone. The supernatant
absorbance was read at 450, 647, and 663 nm using an
Optizen POP spectrophotometer (Arnon, 1949). 0.5 g of
fresh leaves were extracted with 5 mL of phosphate buffer
to determine protein content. The extracts were centrifuged
at 20,000 rpm for 20 min, and the absorbance of 0.1 mL
supernatant sample was read at 595 nm (Bradford 1976).

2.3. Tissue Culture Experiments
2.3.1. Sterilization of Seeds

The seeds were sterilized by adding a few drops of tween
20 to the 3% sodium hypochlorite for 10 minutes and then
rinsing with sterile ultrapure water three times. Murashige
and Skoog (Murashige and Skoog 1962) (MS) nutrient
medium containing mineral salts, 3% sucrose, and 7 g agar
were used in germination, regeneration, and rooting
experiments. MS nutrient medium was sterilized in an
autoclave at 121 °C and under 1.1 atm-pressure for 20
minutes. Sterilized seeds were sown in magenta vessels, left
in a growth cabinet at 25 °C, and under a 16/8 hours
photoperiod for 30 days.
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2.3.2. In Vitro Germination

After 30 days of germination, in vitro germinated seedlings
with approximately 0.3-0.5 cm shoot tips were transferred
to an MS medium containing 25, 50, and 75 mg/L
gibberellic acid (GAas-filter-sterilized and added to the
growth medium following to autoclaving) for three weeks.
After three weeks, E. hirsutum seedlings were transferred to
MS basal medium with different combinations of 6-benzyl
amino purine (BAP)/naphthalene acetic acid (NAA) and
BAP/indole-3-butyric acid (IBA) for four weeks. The study
used these mediums as the initiation media for in vitro
multiplication. The regenerated shoots (about 5 cm in
length) of E. hirsutum were excised and individually
transferred to an MS root medium with various
concentrations of NAA and IBA to test the rooting
potential. The number of roots per shoot, root lengths, and
rooting percentages were determined after four weeks after
the culture initiation. Plantlets grown in tissue culture were
gradually adapted to hydroponic culture.

2.4. Statistical Analysis

JMP6 SAS Statistical Analysis Program was used to
evaluate the data obtained from this study (JMP, 2005). The
experiments were conducted in three replicates containing
five explants in each culture vessel. F-test and Tukey HSD
multiple comparisons test (at p<0.05 level) were used to
reveal the differences between different Zn concentrations
and average Zn accumulation, root lengths, shoot lengths,
fresh weights, chlorophyll, and protein contents of E.
hirsutum seedlings (Kocagaligkan and Bingdl 2017). All
calculated mean values are given together with their
standard deviations.

3. Results and Discussion (Times New Roman 10 pt, Bold)
3.1. Phytoremediation Experiment

A plant’s tolerance to heavy metal stress can be achieved
through some changes in its growth (Ackova 2018).
Similarly, our research determined a significant relationship
between relative growth parameters and Zn concentrations.
The mean relative root lengths, shoot lengths, and fresh
weights of E. hirsutum seedlings grown in different Zn
concentrations are given in Figure 1. In this study,
increasing Zn concentrations have caused a decrease in
relative root and shoot lengths and fresh weights of E.
hirsutum according to an increase in Zn concentrations from
10 to 75 mg/L in solutions, except for 10 mg/L fresh weight
(86.5 to 55.4%; 79.9 to 63%; 101.5 to 34.2%, respectively)
(Fig. 1).

Our data revealed a statistically significant relation between
increasing Zn concentration in the solutions and root-shoot
lengths and fresh weight of E. hirsutum compared to the
control (p< 0.01). While blackening and rupture were
determined on the roots of the seedlings grown in solutions
containing 40 mg/L and above Zn concentrations, drying
and red-brown spots were also observed on the leaves. It
was observed that the fresh weight of the seedlings
decreased at 50 and 75 mg/L Zn concentrations. However,
it was found that in all concentrations above 75 mg Zn/L
(100, 150, and 200 mg Zn/L), seedlings died at the end of
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the experiment. In another study related to Zn heavy metal
stress, the Lythrum salicaria plant was shown to decrease
the root-shoot length and fresh weight (Bingol et al. 2021).
A similar result has been reported by Akin et al. (2022), and
they also found that increasing Zn concentrations have
produced a reduction in the root length, shoot length, and
fresh weight of the E. hirsutum plant according to the
control, which made it tolerant to the Zn heavy metal by
salicylic acid. Malik et al. (1970) reported that the length of
roots and shoots, fresh weight, and dry weight of
Amaranthus sp. decreased depending on the increasing Zn
concentration, while the root and shoot length of the rice
plant increased due to the increasing Zn concentration.
Ehsan et al. (2015) investigated the effect of Zn on the
Lupinus uncinatus plant. They found that the plant showed
healthy growth in a medium containing 30 uM Zn but
showed toxic symptoms in 40 uM Zn solution, and the plant
died at 50 uM Zn concentration. Aran et al. (2017) found
that the root length and leaf number of the Limnobium
laevigatum plant decreased in parallel with the increasing
Zn concentration. In their review, Bolat and Kara (2017)
emphasized that depending on the increase in the Zn
concentration, the plant's root and leaf development and
iron and phosphorus uptake decreased significantly. Zn
toxicity caused significant changes, especially in the root
system of plants. Several studies have revealed that plants
exposed to high metal concentrations cause changes in root
morphology and develop a higher percentage of branching,
especially in the metal contact area of the roots. Zn stress
also causes a reduction in primary root length (Balafrej et
al. 2020). Thus, the results of the studies mentioned above
had similar findings to this study. As a result, excess Zn
causes growth inhibition, development of chlorosis, and
necrosis in the plant and inhibits cell elongation and division
(Tsonev and Lidon 2012).

120

100 A

80 -

60 -

40

—e— root length
---4&-- shoot length

Mean relative values (%)

20 -
— & - fresh weight

0 10 20 30 40

Concentration (mg Zn/L)

50 75

Fig. 1 Mean relative values of root length, shoot length, and fresh
weight of E. hirsutum at different Zn concentrations

According to the data obtained from this study, E. hirsutum
can accumulate Zn in the whole plant under hydroponic
conditions. It was determined that there was a statistically
significant relation between the amount of Zn accumulated
by seedlings and Zn concentrations in solutions (F = 11
660.69; p <0.001). The seedlings kept in 30 and 40 mg Zn/L



N Akamnil Bingol et al.

solutions accumulated a high amount of Zn. At the same
time, the lowest Zn accumulation was calculated in
solutions containing 75 mg/L Zn (Fig. 2). When all these
data were evaluated, it was determined that the highest Zn
concentration that the seedlings showed well-grown and
accumulated more Zn was at 30 mg Zn/L (14 894.90+17.11
mg Zn/kg DW) (Fig. 2). When the Zn accumulations in
three organs were compared to each other, it was
determined that the roots (10 598 mg Zn/kg DW) had higher
Zn accumulation than shoots (3 503 mg Zn/kg DW) and
leaves (793.8 mg Zn/kg DW). Zn phytotoxicity in plants can
differ according to the plant type, genotype, age,
environment state, and the concentration of heavy metals
and other ions (Tsonev and Lidon 2012). The results
obtained from phytoremediation studies with different
plants show that plants can accumulate Zn in their
vegetative organs, including roots, shoots, or leaves
(Hesami et al. 2018; Mahdavian et al. 2017; Mazumdar and
Das 2015). Dogan (2011) reported that some aquatic plants,
Alisma plantago-aquatica, Sagittaria sagittifolia, Juncus
effusus, Lythrum salicaria, and Phalaris arundinacea
accumulated Pb, Cd, Zn, and Cu in their roots. Matthews et
al. (2004) investigated the growth rate, Zn intake, and metal
tolerance of Eriophorum angustifolium, Juncus effusus, and
Juncus articulatus plants. Maximum Zn accumulation was
53+28 pmol/g in the roots and 43+2 pmol/g Zn in the leaves
of the J. effesus plant. The plant showed some toxicity
symptoms at 40 mg/L and above Zn concentrations in this
research, such as necrosis and red-brown spots in leaves.
Young leaves show chlorosis, the first symptom of Zn
toxicity in most species (Reichman 2002). There are many
studies on Zn toxicity (Al Chami et al. 2015; Mirshekali et
al. 2012; Rout and Das 2003). Thus, when the accumulation
results of this study were evaluated, it was understood that
E. hirsutum has a substantial phytoremediation property.
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Fig. 2 Zn accumulation (mg/kg DW) of E. hirsutum at
concentrations of 0, 10, 20, 30, 40, 50, and 75 mg/L Zn

In this research, chlorophyll a, b, the total chlorophyll, and
carotenoid amounts in leaves were studied to put forward
the plant's response against Zn heavy metal. Zn toxicity has
caused reductions in chlorophyll synthesis because of the
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inhibition of pigment synthesis (Broadley et al. 2007). It
was found that there was a statistically significant relation
between the pigment contents of the seedlings and the
increasing Zn concentrations (chlorophyll a F=3116.70;
chlorophyll b F=536.77; total chlorophyll F=9204.30 and
total carotenoid (F=105147.1). When photosynthetic
pigments were compared in the E. hirsutum plant treated
with Zn, it was determined that there was a significant
decrease in pigment levels (Fig. 3). Consequently, total
chlorophyll  content decreased at excessive Zn
concentrations (50 and 75 mg Zn/L). In plants, the
functionality and efficiency of the photosynthetic system
are hampered by Zn toxicity. Thus, the reason for reducing
of chlorophyll at high Zn concentrations could be the
inhibition of chlorophyll biosynthesis (Emamverdian et al.
2015; Shakya et al. 2008). Similarly, such decreases in the
levels of photosynthetic pigments have been reported by
other studies in many plants on exposure to heavy metals
(Chandra and Kang 2016; Mirshekali et al. 2012; Shakya,
Chettri, and Sawidis 2008; Vassilev et al. 2011).
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Fig. 3 Effects of increasing Zn concentration on pigment content
of E. hirsutum

The results showed a significant difference at the
probability level (p <0.001) in leaf protein contents of E.
hirsutum, which was exposed to different concentrations of
Zn. The highest protein contents were found in solutions
containing 10 and 20 mg Zn/L. Thus, this study calculated
that plants grown at 10 mg/L Zn concentration had the
highest protein content (4.39 mg/g leaf). A decrease in the
amount of protein was detected at 40 mg Zn/L and above
concentrations (Fig. 4). Zn is an essential component of
particular proteins in all classes of enzymes, such as
oxidoreductases, transferases, and hydrolases, and plays a
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role as a protein cofactor (Chandra and Kang 2016;
Emamverdian et al. 2015; Maret 2013; Vassilev et al. 2011).
The decrease in the protein content of the plant exposed to
high Zn concentrations may be due to changes in plant
metabolism and plant response to heavy metal stress
(Tsonev and Lidon 2012; Cakmak 2000). According to
Jayasri and Suthindhiran (2017), high Zn concentration (20
mg Zn/L) negatively affected soluble proteins in Lemna
minor. Plants respond to heavy metal stress by expressing
genes that encode proteins (Chaudhary et al. 2019). Hence,
from the above results, we can conclude that metal stress
causes changes in plant protein content.

3.2. Tissue Culture Experiments

In our study, we determined the most suitable tissue culture
conditions for using the E. hirsutum plant to detect metal
toxicity and phytoremediation purposes in the future. The
most crucial step of in vitro culture studies is selecting the
appropriate tissue culture medium for the plant (Espinosa-
Leal et al. 2018; Sarasan et al. 2006). This study obtained
the highest (97 % =+ 1.53) and fastest seed germination
percentage in MS medium within 7.7 + 0.26 days. Based
on the results, the MS medium was selected as the optimum
medium for the germination of E. hirsutum. In a study by
Rogers (2003), Typha angustifolia seeds had a 60-95%
germination rate when cultured in light in liquid MS or
sterile water. According to Dreger et al. (2016), it was stated
that MS medium is sufficient for the germination of
Epilobium angustifolium, and they found that the highest
germination was 99% within seven days. When the results
are compared with the literature data, our study is similar to
these studies.
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Fig. 4 Effects of different Zn concentrations on the leaf protein
content of E. hirsutum

E. hirsutum seeds germinated in the MS medium did not
occur adequate growth. Therefore, seedlings were first
transferred to an MS medium containing different
concentrations of GA. As shown in Table 1, when the
growth parameters of the seedlings grown at different
concentrations of GA (25, 50, and 75 mg GA/L) were
evaluated, the number of shoots per explant (F=4.57;
p=0.0168), shoot length (F=53.33; p<0.001), number of
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roots per shoot (F=24.87; p<0.0001), root length (F=74.76;
p<0.0001), and the number of leaves per explant (F=29.58;
p<0.0001, respectively) were increased by 50 mg GAJL.
However, 75 mg GA/L treatment showed an inhibitory
effect on root formation (Table 1). Endogenous hormones
such as gibberellin are essential in seed germination
(Hilhorst and Karssen 1992; Vishal and Kumar 2018).
Furthermore, it has been found that exogenous GA
treatment was an effective method to break seed dormancy
and promote seed germination of Pinus massoniana
(Guangwu and Xuwen 2014). Explant development
depends on plant growth regulators and tissue culture
medium content. Therefore, optimization of the
concentration of growth regulators is crucial for promoting
in vitro shoot cultures (Nasution and Nasution 2019; Khan
et al. 2015).

The shoot tips grown in the MS medium containing 50 mg
GAJ/L, where E. hirsutum shows the best growth, were
transferred to the MS medium containing different plant
growth regulator concentrations, as shown in Figure 5. The
shoot tip explants taken into plant tissue culture exhibited
different shoot growth behaviors depending on the
concentration of plant growth regulator and type. Some
researchers reported that BAP had superior effects over
other cytokinins (Anish et al. 2008; Giimiiscii et al. 2008).
Among the plant growth regulators containing different
concentrations of BAP-NAA and BAP-IBA used in this
study, 1.0 BAP/1.0 NAA has shown the best response to
initiate multiple shoot formation. There were no statistical
differences among all types of the medium; the highest
number of shoots per explant was obtained in 1.0 BAP/1.0
NAA (3.96 £ 0.60, F=1.14; p=0.37). When shoot tip
explants are cultured in an MS medium containing the
combination of BAP and NAA or IBA, it has been found
that shoot formation is interrelated with auxin
concentration. An increase in the auxin concentration
resulted in a significant increase in the number of shoots per
explant.

However, the results showed that the highest shoot length
was obtained on medium with 1.0 BAP/0.5 NAA (1.46 cm
+ 0.08, F=2.30; p=0.005). The most extended length was
also determined on medium with 1.0 BAP/1.0 IBA (0.28 cm
+ 0.05, F=8.29; p=0.0001). According to the results in
Figure 5, the combination of cytokinin with auxins in the
MS medium significantly impacted the shoot multiplication
of E. hirsutum. It has been determined that the most
effective treatments for the shoot development of E.
hirsutum are 1.0 BAP/1.0 NAA and 1.0 BAP/1.0 IBA
treatments. Although no studies are detailed on the in vitro
propagation of E. hirsutum, some researchers mentioned the
regeneration procedure of E. hirsutum, E. angustifolium,
and E. parviflorum (Akin et al. 2022; Tamas et al. 2009;
Turker et al. 2008; Akbudak and Babaoglu 2005; Rogers
2003). Thus, Tamas et al. (2009) demonstrated that shoot
cultivation of E. hirsutum on an MS medium supplemented
with antioxidative agents and polyvinyl pyrrolidone
(adsorbent agent) resulted in biosynthesis of higher
concentrations of polyphenolic compounds than E.
hirsutum plants collected from nature. Badkhane et al.
(2016) tested the regeneration capacity of in vitro explants
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of Glycyrrhiza glabra by adding different concentrations of
BA, Kinetin (Ki), NAA, and IBA growth regulators to an
MS nutrient medium. Besides, they obtained the best shoot
regeneration percentage and shoot formation rate in a
medium containing 2 BAP/0.5 NAA when they used the
node and internode explants. As a result of our study,
growth regulators used in plant culture medium, and their
concentrations affected the organogenesis of the plant.

6.0
I Mean nui

imber of shoots per explant

[ shoot length (cm)
[ Root length (cm)

5.0 A

Growth regulators (mg/L)

Fig. 5 Effects of different concentrations of BAP, IBA, and NAA
on shoot formation of E. hirsutum

Eurasian J Bio Chem Sci, 7(2):102-110, 2024

The more significant influence of BAP on proliferation and
multiplication was also stated by several researchers (Akin
et al. 2018; Akin et al. 2014; Arab et al. 2014; Waoo et al.
2013). In our study, mediums containing 1.0 BAP/1.0 NAA
and 1.0 BAP/1.0 IBA induced the highest number of green
and healthy adventitious shoots. Auxins are critical plant
growth regulators that are involved in the process of
adventitious root development. Thus, adventitious rooting
is a crucial and essential step for the vegetative propagation
of plants (Sauer et al. 2013). In vitro, regenerated shoots of
E. hirsutum showed different behaviors during the rooting
processes. This study transferred regenerated shoots in 1.0
BAP/1.0 NAA and 1.0 BAP/1.0 IBA to varying
concentrations of root mediums (0.5 NAA, 1.0 NAA, 0.5
IBA, and 1.0 IBA) to test the rooting potential. The root
parameters were changed significantly with different IBA
concentrations. The best rooting was obtained in the MS
medium containing 1.0 mg IBA/L. However, when we
compared the effects of shooting mediums (1.0 BAP/1.0
NAA or 1.0 BAP/1.0 IBA) on the rooting of seedlings, 1.0
BAP/1.0 NAA medium (32.9 = 6.71 number of root/shoots;
F=6.65, p=0.002) proved to be superior to 1.0 BAP/1.0 IBA
(25.0 £ 3.42 number of root/shoots; F=0.13, p=0.94, Table
2).

Table 1 Effect of different concentrations of GA on the shoot, root formation, and leaf number of E. hirsutum. According to the Tukey
HSD test, mean values with the same letter are not statistically different (p <0.01)

GA concentrations Number of Shoot length  Number of Root length Number of
(mg/L) shoots/explant (cm) roots/shoot (cm) leaves/explant
25 1.0 £ 0.00°* 21+023% 12+032° 0.3 £0.08° 8.5+0.36°
50 1.6 +£0.29% 5.0+£029%  4.0+0.64° 1.2+0.10% 10.9 +0.502
75 1.0 +0.00° 23+0.12° 0.0 £0.00° 0.0 +0.00° 6.7+0.27°

Thus, 100% rooting was achieved in all root MS mediums
(Table 2). In vitro, shoot formation may have resulted in
different success levels depending upon the plant growth
regulators used in the MS medium. Akin and Kocagaliskan
(2011) stated that the endemic plant Arabis drabiformis
exhibited the best rooting at 0.5 mg IBA/L concentration.
For decades, IBA was described as a ‘synthetic auxin’ most
commonly used that induced root initiation and was
preferred based on the results of prior studies (Akin et al.
2014; Akin and Kocagaliskan 2011; Akin et al. 2018; Frick
and Strader 2018; Kurt and Erdag 2009; Prasad et al. 2004).

4, Conclusion

Even though E. hirsutum, a medicinal wetland plant, can
accumulate heavy metals in its organs; there are few studies
on the plant's metal accumulation ability and
micropropagation. This study concluded that E. hirsutum
tolerated Zn up to 75 mg/L and accumulated more Zn at a
concentration of 30 mg/L without showing any Zn toxicity
symptoms. Medicinal plants have been used as sources of
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pharmaceutical products for many years (Akin 2020).
However, tissue culture methods reported herein are
powerful for selecting, multiplying, and conserving crucial
medicinal plants. The possibilities of plant regeneration
through tissue culture technology were investigated in this
study. As a result, the in vitro propagation protocol (for
shoot formation 1.0 BAP/1.0 NAA and root formation 1.0
IBA) and E. hirsutum plantlets were developed in this study.
The regeneration system described here can be used in
future phytoremediation studies.

Authors’ contributions: NB: obtaining data, editing, and
writing; BA: obtaining data, experimental measurements,
editing, and writing; NE: obtaining data, and experimental
measurements.

Conflict of interest disclosure:

The authors declare that they have no conflicts of interest
about the realization of this research.



N Akamnil Bingol et al.

Eurasian J Bio Chem Sci, 7(2):102-110, 2024

Table 2 Effect of different culture media (1.0 BAP/1.0 NAA and 1.0 BAP/1.0 IBA) and growth regulators (IBA and NAA) on rooting in
vitro regenerated shoots after four weeks of rooting treatments. According to the Tukey HSD test, mean values with the same letter are not

statistically different (p <0.01)

Medium Growth regulators Number of Root length Rooting
(mg/L) (mg/L) roots/shoots (cm) (%)
0.5 NAA 8.17+1.19” 0.54+0.11° 100.00
1.0 NAA 247+ 2312 a 100.00
1 BAP/ 1 NAA 1.57+0.24
0.5 IBA 27.5 £2.50° 1.22 +0.21% 100.00
1.0 IBA 32.9+6.71° 1134 0.10% 100.00
Medium Growth regulators Number of Root length Rooting
(mg/L) (mg/L) roots/shoots (cm) (%)
0.5 NAA 21.0+5.672 0.83 +£0.172 100.00
1.0 NAA 23.8+£8.972 1.10 £ 0.282 100.00
1 BAP/1 IBA
0.5IBA 21.7+1.672 0.88 £0.212 100.00
1.0 IBA 25.0 +3.42° 1.50 £ 0.25% 100.00
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