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ABSTRACT: Mushrooms are natural materials that spread in all ecosystems. In this study, the antioxidant potential and heavy metal
contents of Hygrocybe conica (Schaeff.) P. Kumm. were determined. Total antioxidant status (TAS), total oxidant status (TOS) and
oxidative stress index (OSI) were determined using Rel Assay Diagnostics kits. Fe, Zn, Cu, Pb and Ni contents were determined using
atomic absorption spectrophotometer. As a result of the studies, the TAS value of H. conica was 3.143±0.146, the TOS value was
10.355±0.233, and the OSI value was 0.331±0.021. Fe content of the mushroom was determined as 657.75±14.53, Zn content as
20.45±0.36, Cu content as 94.97±2.58, Pb content as 3.53±0.24 and Ni content as 0.83±0.12. As a result of the studies, it was determined
that H. conica has antioxidant potential. Element contents were found to be at normal levels.

Keywords: Antioxidant, Element content, Medicinal mushroom, Wild mushroom

INTRODUCTION
For centuries, mushrooms have been widely used by humans for food purposes (Sevindik, 2021a). It stands out with its taste,
texture, aroma and nutritional properties. In addition to these features, they are natural products with medicinal value (Islek et
al., 2021). On the other hand, awareness that mushrooms are an important source of biologically active substances with medicinal
value has only emerged in recent years (Smolskaite et al., 2015; Saridoğan et al., 2021). Mushrooms have a high phytochemical
content. According to literature data, it has been reported in previous studies that mushrooms have antioxidant, antimicrobial,
anticancer, antitumor, anti-inflammatory and DNA protective effects (Khatua et al., 2013; Sevindik et al., 2016; Chen et al.,
2018; Lu et al., 2018; Bal et al., 2019; Olawuyi and Lee, 2019; Pandya et al., 2019; Baba et al., 2020; Selamoğlu et al., 2020;
Umaña et al., 2020; Zhang et al., 2020; Sevindik et al., 2020; Sevindik et al., 2018d).
Hygrocybe (Fr.) P. Kumm genus has a worldwide distribution except in arid ecozones. Hygrocybe (waxcaps) are found in
forests, grasslands, swamps (Krieglsteiner and Gminder 2001; Boertmann, 2010). H. conica is called a witch's hat or a conical
waxy cap and is known as an ectomycorrhizal species (Arora, 1986; Mueller et al., 2006). In this study, it was aimed to determine
the TAS, TOS, OSI values and heavy metal contents of H. conica mushroom.
MATERIALS AND METHOD
H. conica mushroom was collected from Antalya (Turkey). After the identification process of the mushroom, it was dried in
a drying device in a laboratory environment. It was then pulverized with a mechanical grinder. Then, 30 g of mushroom samples
were extracted with ethanol (EtOH) at 500C for about 6 hours using a soxhlet device. The obtained extracts were concentrated
with a rotary evaporator (Heidolph Laborota 4000 Rotary Evaporator) (Akgül et al., 2021).
Antioxidant, Oxidant and Oxidative Stres Tests
Antioxidant and oxidant values of H. conica samples were determined using Rel Assay TAS and TOS kits. Trolox was used
as a calibrator when performing TAS tests, and hydrogen peroxide was used as a calibrator when performing TOS tests (Erel,
2004; Erel, 2005). In the determination of the OSI value, the units of TAS and TOS values were equalized and the value was
expressed as a percentage. The following formula was applied to determine the OSI (Arbitrary Unit=AU) value (Sevindik,
2021b).
Heavy Metal Analyses
To determine the heavy metal contents (Fe, Zn, Cu, Pb and Ni) in the fruiting bodies of H. conica, the samples were dried at
80 ºC to constant weight. 0.5 g of the mushroom samples were taken and mineralized in a mixture of 9 mL HNO 3 + 1 mL H2O2
*Corresponding author : aliimran.korkmaz@gibtu.edu.tr
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in a microwave dissolution device. Then, Fe, Zn, Cu, Pb and Ni contents of the mushroom were scanned in an atomic absorption
spectrophotometer device (Agilent 240FS AA) (Akgül et al., 2016).
RESULTS and DISCUSSION
Antioxidant Activity
Reactive oxygen species (ROS) are oxygen-containing molecules produced during normal metabolism. Organisms have an
antioxidant defense system that neutralizes the harmful effects of endogenous ROS products (Halliwell, 1994; Aruoma, 1996;
Galli et al., 2005; Sevindik, 2018c). In living organisms, free radicals can damage important substances such as DNA, protein,
carbohydrates and lipids that play a role in metabolic activities. If oxidants increase under certain conditions, the antioxidant
defense system becomes insufficient. As a result, oxidative stress occurs, which leads to many diseases (Sevindik et al., 2018e;
Gürgen et al., 2020; Sevindik, 2021c). Supplementary antioxidants can be used to reduce the effects of oxidative stress. In this
study, antioxidant and oxidant potential of H. conica mushroom was determined. In addition, oxidative stress index was
determined based on these values. The obtained results are shown in Table 1.
Table 1. TAS, TOS and OSI values of H. conica

H .conica

TAS

TOS

OSI

3.143±0.146

10.355±0.233

0.331±0.021

In previous studies, it was determined that the TAS, TOS and OSI values of H. conica were not determined. It has been
reported that n-haxane extract has antioxidant potential using DPPH, ABTS, FRAP assays methods of Hygrocybe conica (Chong
et al., 2014). In our study, the antioxidant potential of H. conica was determined for the first time using Rel Assay kits. In studies
on different wild mushrooms in the literature, TAS values of Helvella leucomelaena and Sarcosphaera coronaria were reported
as 2.367 and 1.066, TOS values as 55.346 and 41.672, and OSI values as 2.338 and 3.909, respectively (Sevindik et al., 2018a).
The TAS value of Cantharellus cibarius has been reported as 5.268, TOS value as 6.380 and OSI value as 0.121 (Sevindik,
2019). The TAS value of Lepista nuda has been reported as 3.1028, TOS value as 36.92 and OSI value as 1.190 (Bal et al.,
2019). The TAS value of Ramaria stricta was reported as 4.223, TOS value as 8.201 and OSI value as 0.194 (Krupodorova and
Sevindik, 2020). The TAS value of Tricholoma virgatum has been reported as 3.754, TOS value as 8.362 and OSI value as 0.223
(Selamoglu et al., 2020). The TAS value of Agaricus xanthodermus was reported as 4.229, TOS value as 29.065 and OSI value
as 0.688 (Özaltun and Sevindik, 2020). The TAS value of Terfezia boudieri was reported as 2.332, TOS value as 26.945 and
OSI value as 1.156 (Sevindik et al., 2018b). The TAS value of Macrolepiota procera has been reported as 2.805, TOS value as
6.596 and OSI value as 0.235 (Sevindik et al., 2016). Compared to these studies, the TAS value of H. conica was found to be
higher than H. leucomelaena, S. coronaria, L. nuda, T. boudieri, M. procera, and lower than C. cibarius, R. stricta, T. virgatum,
A. xanthodermus. TAS value shows all of the antioxidant compounds found in living organisms (Sevindik et al., 2021a). In our
study, it is seen that H. conica has antioxidant potential due to its significant TAS value.
TOS value shows the whole of the oxidant compounds produced in living organisms (Sevindik et al., 2021b). In our study,
it was determined that the TOS value of H. conica was lower than H. leucomelaena, S. coronaria, L. nuda, T. boudieri, A.
xanthodermus, and higher than C. cibarius, R. stricta, T. virgatum and M. procera. According to these results, it was observed
that the TOS value of H. conica was at high levels. It is seen that oxidant compounds produced especially with environmental
effects are at high levels in H. conica.
The OSI value shows how much the endogenous oxidant compounds produced in the organism are suppressed with the help
of the antioxidant defense system. OSI value increases as a result of high oxidant value and insufficient antioxidant defense
system (Mushtaq et al., 2020; Eraslan et al., 2021). In our study, it was determined that the OSI value of H. conica was lower
than H. leucomelaena, S. coronaria, L. nuda, A. xanthodermus, T. boudieri, and higher than C. cibarius, R. stricta, T. virgatum,
M. procera. In this context, it has been observed that the antioxidant defense system of H. conica is effective at normal levels in
suppressing oxidant compounds.
Heavy Metal Contents
Mushrooms are play a role in decomposing organic cover in natural ecosystems. They contain the elements found in the
organic material they decompose at different levels (Sevindik, 2018b). In this context, mushrooms can be used as element
indicators. In our study, Fe, Zn, Cu, Pb and Ni contents of H. conica were determined. The obtained results are shown in Table
2.
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Table 2. Heavy metal contents of H. conica

H.conica (mg.kg-1)

Fe

Zn

Cu

Pb

Ni

657.75±14.53

20.45±0.36

94.97±2.58

3.53±0.24

0.83±0.12

Values are presented as mean±S.D.; n=3 (Experiments were made as 3 parallel)

The lowest and highest levels of Fe (14.6-835), Zn (29.8-168.3), Cu (49.1-95), Pb (2.86-16.54) and Ni (0.67-5.14) contents
have been reported in different wild mushrooms (Kalač and Svoboda, 2000; Zhu et al., 2010; Sevindik et al., 2017). In this
context, it was determined that the Fe, Cu, Pb and Ni contents of H. conica were lower than the literature values, while the Zn
content was lower than the literature values compared to the literature data. As a result, element levels of H. conica were found
to be at normal levels.
CONCLUSION
In this study, antioxidant and oxidant potentials and element levels of H. conica mushrooms collected from Antalya province
were determined. At the end of the study, it was seen that H. conica has antioxidant potential. In addition, element levels were
found to be at normal levels. As a result, it’s thought that H. conica can be used as a natural antioxidant material.
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ABSTRACT: In this study, modified silica sorbents were used as sorbents in the adsorption of Rhodamine-B from an aqueous solution.
Modified silica sorbents were prepared by sol-gel method using paddy waste ash as a silica source. APTMS ((3Aminopropyl)trimethoxysilane) and GPTMS ((3-Glycidyloxypropyl)trimethoxysilane) were used as modification agents and prepared
samples in this way were denoted as Silica-A and Silica-G, respectively. Prepared sorbents were characterized by FT-IR, SEM, N2
adsorption-desorption, and zeta potential analyses. The adsorption experiments were conducted under initial pH values between 4 and 12,
at 30oC with a dye concentration of 10 mg/L, 0.05 g sorbent amount (working volume of 50 mL), and 100 rpm shaking rate in a batch
system. The highest dye removal percentage was obtained at pH 4 for both sorbents. The dye removal percentage of Silica-A and SilicaG sorbents were found as 17.5 % and 32.1 %, respectively. As the initial pH increased the dye removal percentage decreased. These
results demonstrated that GPTMS-modified silica sorbent can be used in the adsorption of Rhodamine-B dye from an aqueous solution.
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INTRODUCTION
The textile, dye, plastic, paper, food, and printing industries widely used synthetic dyes as the colorizing agent. Among them,
textile dyeing processes produce a high amount of colorized water (Rai et al., 2005). Colorized wastewater can reduce the light
permeability of water and cause decreased photosynthetic activity and increase chemical oxidation needed (COD) for the water
(Goscianska et al., 2017). Additionally, the accumulation of dyes in some aquatic organisms causes the formation of undesired
toxic and carcinogenic products (Sharma and Uma 2010). Several methods have been applied for the removal of a dye such as
electro-oxidation, photodegradation, coagulation, membrane separation, chemical oxidation, and microbial degradation (Sharma
et al., 2018). Among these techniques, adsorption is preferred due to its low cost, efficiency, and easy application stages (Liu et
al., 2020). In adsorption processes, different sorbent materials (synthetic, natural and agricultural) such as eggshell (Okur, 2013),
rice husk ash (Swarnalakshmi et al., 2018), zeolite (Aktı and Okur, 2016), TiO2, and Rice Husk Ash (Akshaya et al., 2018), KIT6 (Koyuncu and Okur, 2021a), cellulose aerogel (Dilamian and Noroozi, 2021) have been used.
Recent studies have focused on the use of new aerogel materials in adsorption processes. Aerogels are 3-D interconnected
structures obtained by a certain drying process such as supercritical and freeze-drying of the liquid component of the gel
(Dilamian and Noroozi, 2021). The aerogel materials with low density, high porosity, and high surface area have been accepted
as promising sorbent materials for adsorption studies (Wang et al., 2020). Silica aerogel materials consist of a cross-linked silica
network (Maleki et al., 2014). These materials have porous structures (~90%), high surface areas (500-1000 m2/g), very low
densities (~0.03–0.5 g/cm3), and low thermal conductivities (~0.004-0.03 W/mK) (Li et al., 2020; Owoeye et al., 2020). Due to
these properties, it has a field of use in thermal insulation materials, sound insulation, radiation detectors, insulated containers,
and refrigerators. Apart from this, silica aerogels are widely used for the separation of oil/water, distillation, adsorption studies,
drug release, food industry, building materials, and aerospace industry (Khedkar et al., 2019; Li et al., 2020).
Silica aerogels are generally synthesized by the sol-gel method using alkoxides or organic silicon monomers such as
tetraethoxysilane (TEOS), tetramethoxysilane (TMOS), polyethoxydisiloxane (PEDS). However, the storage risks and high costs
of these chemicals have led to the shift of studies to green production methods using lower cost and non-toxic starting materials.
In this respect, sodium silicate solutions attract attention as a good silica source in industrial and large-scale applications (Owoeye
et al., 2020). The synthesis method and the properties of the final material differ according to the silica source used. For example,
materials prepared with TMOS, TEOS, and sodium silicate have low density (<0.1 g/cm 3), high optical transmission (>90%),
hydrophilic nature, hard and brittle structure. Materials prepared with starting materials such as methyltrimethoxysilane(MTMS),
methyltriethoxysilane (MTES) can be opaque, hydrophobic, soft, flexible and have a relatively higher density (>0.1 g/cm3).
(Gurav et al., 2010). The production of silica aerogel by sol-gel method using sodium silicate mainly includes forming a solution
(sol) containing Na2SiO3, gelation, washing, aging by solvent exchange, surface modification, and drying steps (Li et al., 2020).
In the recent studies, it has been seen that biomass residues are used as a green and inexpensive source of silica. It is known that
paddy residues have high silica content. When the paddy residues are burned, ash containing about 96% silica is obtained. Silica
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aerogel materials can be produced from sodium silicate obtained by extracting this silica with NaOH (Halim et al., 2020). In this
method, first, the silica in the paddy structure is extracted as sodium silicate (Na2O.xSiO2) with NaOH (Eq.1).
xSiO2+ 2NaOH → Na2O.xSiO2 + H2O

(1)

Then, HCl is added to the medium and the silica network structure that will form the silica aerogel structure begins to form
at pH ≤10 (Eq.2).
Na2O.xSiO2 + 2HCl → xSiO2 +2NaCl+ H2O

(2)

Finally, washing with deionized water is applied to separate the Na + ions from the aerogel (Feng et al.,2018). The silica
aerogel materials are modified with compounds such as Aminopropyltrimethoxysilane (APTMS) and
Glycidyloxypropyltrimethoxysilane (GPTMS) to improve some of their properties. The polar OH- group on the silica surface
forms hydrogen bonds by keeping the ambient humidity and causes the material to deteriorate over time (Maleki et al., 2014).
By modifying the silica aerogel, a hydrolytically stable hydrophobic aerogel is obtained by replacing the hydrogen in the Si-OH
structure with Si-R.
In this study, the adsorption of Rhodamine-B from an aqueous solution was investigated using modified silica sorbents
prepared from paddy waste ash as sorbent. Synthesis of modified silica sorbents mainly includes silica extraction from paddy
ash with NaOH, gelation at room temperature, aging by solvent exchange, modification, filtration, and freeze-drying steps. In
this study, (3-Aminopropyl)trimethoxysilane (APTMS) and (3-Glycidyloxypropyl)trimethoxysilane (GPTMS) were used as
modification agents and prepared samples in this way were denoted as Silica-A and Silica-G, respectively. In the adsorption
experiments, the effect of initial pH (4-12) and contact time were examined.

MATERIALS AND METHOD
Preparation of Silica Aerogel
In this method, 10 g residual paddy waste ash was treated with 200 mL, 2M NaOH at 100oC for 2 hours to extract the
amorphous silica from the ash into the liquid phase. At the end of this stage, the solution was filtered by vacuum filtration and
the filtrate was neutralized with 2 M HCl until the pH was 7. At this stage, the filtrate is the sodium silicate solution, and the
solid is the carbon-rich material. The gel material formed during the neutralization stage was left to age at room temperature for
20 hours. The material filtered by vacuum filtration was washed with deionized water until the ions in the material were
completely removed from the structure. Then, the gel material was placed in an ethanol medium, and solvent exchange was
performed every 24 hours for a week. The silica aerogel structure was obtained by drying the material that became alcogel with
a solvent exchange. In the study, modified silica materials were prepared by modifying the silica aerogel material with
organosilane structures (APTMS and GPTMS) and the prepared samples were freeze-dried under vacuum conditions. The
prepared samples in this way were denoted as Silica-A and Silica-G. Figure 1 summarizes the preparation steps of modified
silica sorbents.

Figure 1. Synthesis of modified silica sorbent from paddy waste ash
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Characterization of silica aerogel
The structural properties of the aerogels obtained from paddy waste ash and the presence of functional groups were evaluated
by FT-IR analysis, morphological properties were evaluated by SEM analysis, pore properties, and surface area were evaluated
by N2 adsorption-desorption analysis. FT-IR analyses were performed in a Jasco 4700 ATR/FT-IR spectrophotometer in the
medium infrared region of 4000-400 cm-1 with 4 cm-1 resolutions. The N2 adsorption-desorption analyses were conducted using
a Quantachrome Autosorb-1C/MS instrument, at 77 K. The surface areas of the sorbents were found by Brunauer-Emmett-Teller
(BET) method within the N2 relative pressure range (P/Po) of 0.05 - 0.30. Barrett-Joyner-Halenda (BJH) method was applied to
obtain pore size distributions of the samples using the desorption values. The zeta potential measurements were carried out for
the sorbents to be used in dye removal.
Adsorption Experiments
The modified silica aerogels prepared in this study were used in the Rhodamine B dye adsorption process. In the adsorption
experiments, the effect of initial pH (4-12) and contact time were examined at 30oC with a dye concentration of 10 mg/L, 0.05
g sorbent amount (working volume of 50 mL), and 100 rpm in a batch system. The percentage of dye removal and dye removal
capacity (q) were calculated with Eq.3 and 4.
(𝐶𝑜 − 𝐶𝑡 )
∗ 100
𝐶𝑜
(𝐶𝑜 − 𝐶𝑡 ) ∗ 𝑉
𝑞=
𝑚

𝐷𝑦𝑒 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 % =

(3)
(4)

In these equations;
Co : initial dye concentration (mg/L),
Ct : dye concentration in the medium at time t (mg/L),
V : Solution volume (L),
m : amount of sorbent (g),
q : adsorption capacity (mg/g).

RESULTS AND DISCUSSION
In this study, the adsorption of Rhodamine-B from an aqueous solution was investigated using modified silica sorbents
prepared from paddy waste ash. It is reported in the literature that paddy waste ash contains a high amount of SiO 2, although it
varies according to the place where it is grown (Atta et al., 2012; Aono et al., 2018) As we reported in our previous study
(Koyuncu and Okur, 2021b), the paddy waste ash we use contains nearly 85wt% of silica in its structure. This is the main reason
to evaluate the paddy waste ash as a silica source.
Modified silica samples were synthesized by using the (3-Aminopropyl)trimethoxysilane (APTMS) and (3Glycidyloxypropyl)trimethoxysilane (GPTMS) modifying agents. The structural and functional groups present in the sorbent
structure were determined by FT-IR analysis. The FT-IR spectrums of the modified samples are given in Figure 2. All the samples
exhibited bands around 450 cm-1, 790 cm-1 and 1056 cm-1. The peak at 1056 cm-1 and accompanying shoulder (about 1200 cm1
) were related to the asymmetric stretching of the Si-O-Si (siloxane) bond of the silica lattice. The bending and symmetrical
stretching vibrations of Si-O-Si were observed at 450 cm-1 and 790 cm-1wavenumbers, respectively (Merkache et al., 2015).
Small peaks observed at 1635 cm-1 corresponded to the O-H bending vibrations of water interacting with the surface (Nandiyanto
2016). The characteristics of ATR (Attenuated total reflection) measurements were observed between 1900 and 2400 cm-1as
small vibrations. Small peaks that appeared at about 2935 cm -1 were related to the C-H stretching vibrations of CH3 bond of
modifying agents (Suddai et al., 2018, Swarna et al., 2018). Stretching vibrations of -NH2 group of APTMS occurred at 1595
cm-1 (Suddai et al., 2018). These results confirm the successful modification of silica samples.
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Figure 2. FT-IR spectrums of the modified-silica sorbents (a) 400-4000 cm-1, (b) 1200-2000 cm-1
Figure 3 shows the SEM images of modified-silica samples. As reported previously, the spherical particles attracted attention
in the SEM images of the unmodified-silica sample (Koyuncu and Okur, 2021b). However, spherical particles were not seen in
the modified silica sorbents, and these sorbents exhibited a non-rigid morphological structure.

(b) Silica-G

(a) Silica-A

Figure 3. SEM images of (a) Silica-A and (b) Silica-G sorbents (x 50 000)
The isoelectric points (pHPZC) of the sorbents were determined by zeta potential curves. Figure 4 shows the surface zeta
potential of the Silica-A and Silica-G samples. It was reported in the literature that, the sorbent surface is protonated at pH values
lower than pHPZC, and the electrostatic interaction between the anionic dye and the sorbent increases, thus the dye removal
percentage increases (Yu et al., 2015). The opposite case is correct for cationic dye. The pHPZC of the Silica-A and Silica-G
sorbents were found as 5.2 and 4.2, respectively.
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Figure 4. Zeta potential curves of Silica-A and Silica-G sorbents
Adsorption of Rhodamine-B Using Modified-Silica

9

10

Eurasian J Med Biol Sci 2(1): 6-13: Eslek Koyuncu and Okur

2000

2000

(a)
Silica-A

1600

Adsorbed volume (cm3/g)

Adsorbed volume (cm3/g)

In our previous study, we confirmed that it is possible to prepare a mesoporous unmodified silica sample (with a pore diameter
of 17.7 nm) by evaluating the non-porous paddy waste ash as a silica source (Koyuncu and Okur, 2021b). Figure 5 shows the N2
adsorption-desorption isotherms and BJH pore size distribution curves of modified silica sorbents. The occurrence of pore
enlargement after modification can be seen in the BJH pore size distribution curves. The average pore diameters of Silica-A and
Silica-G samples were found to be 31.0 and 32.6 nm, respectively. The presence of pores with a diameter greater than 50 nm in
Silica-A and Silica-G samples indicated the presence of macropores. As seen in Table 1, modified silica sorbents having high
surface area and pore volume can be prepared by using the non-porous paddy waste ash.
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Figure 5. N2 adsorption-desorption isotherms and pore size distributions of modified silica samples
Table 1. N2 adsorption-desorption results of modified silica samples
Sample
Silica-A
Silica-G

Avg. pore diameter,
nm
31.0
32.6

Total pore volume,
cm3/g
2.3
2.7

Surface area,
m2/g
438
447

It is known that the pH of the aqueous solution is a very important parameter in dye adsorption. In this study, the adsorption
of Rhodamine-B was investigated under different pH values ranging between 4 and 12. In the adsorption experiments, the effect
of initial pH (4-12) and contact time were examined at 30 oC with a dye concentration of 10 mg/L, 0.05 g sorbent amount
(working volume of 50 mL), and 100 rpm in a batch system. Figure 6 shows the dye removal percentage of Silica-A and SilicaG samples. It is seen that the highest dye removal percentage was obtained at pH 4 for both sorbents. The highest dye removal
percentage of Silica-A and Silica-G sorbents were found as 17.5 % (at equilibrium time of 10 min) and 32.1 % (at equilibrium
time of 20 min), respectively. As the initial pH increased the dye removal percentage decreased.
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Figure 6. Adsorption of Rhodamine-B from aqueous solution (a) the effect of pH (b) the effect of contact time
(30oC, with a dye concentration of 10 mg/L, 0.05 g sorbent, 50 mL solution)
Table 2 includes some adsorption results of different silica-based sorbents and the results obtained in this study. These results
indicated that the GPTMS modified silica sorbent had a better ability to adsorb Rhodamine-B dye from an aqueous solution.

Table 2. Adsorption results of different silica-based sorbents reported in the literature and sorbents used in this study
Sorbent
Cationic-modified silica gel
Si-APTES-BP
Monoamine modified silica particles
Magnetic silica immobilized P.fluorescens
N-halamine modified mesoporous silica
PCS
PS
PA
Silica-A
Silica-G

Dye
Reactive Black 5
Reactive Red 239
RB19
RY84
Acid Orange 12
Acid Orange 10
Rhodamine B
Rhodamine B
RTGN

Rhodamine B

q (mg/g)
190.00
178.20
37.45
32.36
15.50
58.10
229.6
31.97
26.00
1.40
1.95
6.24
12.38

References
Zhang et al., 2019
Banaei et al., 2017
Donia et al., 2009
Joshiba et al., 2021
Wang et al., 2021
Koyuncu and Okur, 2021b

This study

CONCLUSION
In this study, the adsorption of Rhodamine-B from an aqueous solution was investigated using APTMS and GPTMS modified
silica sorbents. Modified silica sorbents were prepared by using the paddy waste ash as a silica source. The characterization
results indicated that it is possible to prepare porous modified silica samples with high surface area and pore volume from nonporous paddy waste ash. The FT-IR results confirmed that the modification was done successfully. Both sorbents exhibited the
highest removal percentage at pH 4 conditions. GPTMS modified silica sorbent (Silica-G) showed a better ability to adsorb
Rhodamine-B dye from an aqueous solution.
ACKNOWLEDGEMENTS
This work was financially supported by Gazi University Research Fund (Grant No. 06/2020-05). The authors also thank the
Central Laboratory of METU and DAYTAM for the characterization results.
CONFLICT OF INTEREST
No conflict of interest was declared by the authors.

Adsorption of Rhodamine-B Using Modified-Silica

11

Eurasian J Med Biol Sci 2(1): 6-13: Eslek Koyuncu and Okur

REFERENCES
Akshaya, A., Prakash, C., Dhanya, U., Keerthana, G. (2018). Use of TiO2 and Rice Husk Ash to study the removal of Reactive
Yellow Dye as contaminant in water. Materials Today: Proceedings, 5, 24268–24276.
Aono, H., Kunimoto, T., Takahashi, R., Itagaki Y., Johan, E., Matsue, N. (2018). Cs+ decontamination properties of mordenites
and composite materials synthesized from coal fly ash and rice husk ash. Journal of Asian Ceramic Societies, 6, 213–
221.
Atta, A.Y., Jibril, B.Y., Aderemi, B.O., Adefila, S.S. (2012). Preparation of analcime from local kaolin and rice husk ash. Applied
Clay Science, 61, 8-13.
Banaei, A., Ebrahimi, S., Vojoudi, H., Karimi, S., Badiei, A., Pourbasheer, E. (2017). Adsorption equilibrium and
thermodynamics of anionic reactive dyes from aqueous solutions by using a new modified silica gel with 2,2’-(pentane1,5-diylbis(oxy))dibenzaldehyde. Chemical Engineering Research and Design, 123, 50-62.
Dilamian, M., Noroozi, B. (2021). Rice straw agri-waste for water pollutant adsorption: Relevant mesoporous super hydrophobic
cellulose aerogel. Carbohydrate Polymers, 251, 117016.
Donia, A.M., Atia, A.A., Al-amrani, W.A., El-Nahas, A.M. (2009). Effect of structural properties of acid dyes on their adsorption
behaviour from aqueous solutions by amine modified silica. Journal of Hazardous Materials, 161, 1544-1550.
Feng, Q., Chen, K., Ma, D., Lin, H., Liu, Z., Qin, Z., Luo, Y. (2018). Synthesis of high specific surface area silica aerogel from
rice husk ash via ambient pressure drying. Colloids Surfaces APhysicochem. Eng. Asp. 539, 399-406.
Goscianska J., Fathy, N.A., Aboelenin, R.M.M. (2017). Adsorption of solophenyl red 3BL polyazo dye onto aminefunctionalized mesoporous carbons. Jounal of Colloid Interface Science, 505, 593-604.
Gurav, J.L., Jung, I.K., Park, H.H., Kang, E.S., Nadargi, D.Y. (2010). Silica aerogel: Synthesis and applications, Journal of
Nanomaterials, doi: 10.1155/2010/409310
Halim, Z.A.A., Yajid, M.A.M., Hamdan, H. (2020). Effects of solvent exchange period and heat treatment on physical and
chemical properties of rice husk derived silica aerogels, Silicon, 13, 251–257.
Janet Joshiba, G., Senthil Kumar, P., Govarthanan, M., Tsopbou Ngueagni, P., Abilarasu, A., Femina Carolin, C. (2021).
Investigation of magnetic silica nanocomposite immobilized Pseudomonas fluorescens as a biosorbent for the effective
sequestration of Rhodamine B from aqueous systems. Environmental Pollution, 269, 116173.
Khedkar, M. V., Somvanshi, S.B., Humbe, A. V., Jadhav, K.M. (2019). Surface modified sodium silicate based
superhydrophobic silica aerogels prepared via ambient pressure drying process. Journal of Non-Crystalline Solids, 511,
140-146.
Koyuncu, D. D. E., Okur, M. (2021a). Removal of AV 90 Dye Using Ordered Mesoporous Carbon Materials Prepared via
Nanocasting of KIT-6: Adsorption Isotherms, Kinetics And Thermodynamic Analysis. Separation and Purification
Technology, 257, 117657.
Koyuncu, D. D. E., Okur, M. (2021b). Investigation of dye removal ability and reusability of green and sustainable silica and
carbon-silica hybrid aerogels prepared from paddy waste ash Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 628, 127370
Li, Z., Zhao, S., Koebel, M.M., Malfait, W.J. (2020). Silica aerogels with tailored chemical functionality, Materials and Design,
193,108833.
Liu, Q., Li, Y., Chen, H., Lu, J., Yu, G., Möslang, M., Zhou, Y. (2020). Superior adsorption capacity of functionalized straw
adsorbent for dyes and heavy-metal ions. Journal of Hazardous Materials, 382, 121040.
Maleki, H., Durães, L., Portugal, A. (2014). An overview on silica aerogels synthesis and different mechanical reinforcing
strategies.Journal of Non-crystalline Solids, 385, 55–74.
Merkache, R., Fechete, I., Maamache, M., Bernard, M., Turek, P., Al-Dalama, K., Garin, F. (2015). 3D ordered mesoporous FeAdsorption of Rhodamine-B Using Modified-Silica

12

Eurasian J Med Biol Sci 2(1): 6-13: Eslek Koyuncu and Okur

KIT-6 catalysts for methylcyclopentane (MCP) conversion and carbon dioxide (CO2) hydrogenation for energy and
environmental applications. Applied Catalysis A: General, 504, 672-681.
Nandiyanto, A.B.D., Rahman, T., Fadhlulloh, M.A., Abdullah, A.G., Hamidah, I., Mulyanti, B. (2016). Synthesis of silica
particles from rice straw waste using a simple extraction method. IOP Conf. Series: Materials Science and Engineering,
128, 012040.
Okur, M., Aktı, F. (2016). The Removal Of C.I. Acid Violet 90 Metal-Complex Dye Using Synthetic And Natural Zeolite From
Aqueous Solutions. Journal of The Faculty of Engineering and Architecture of Gazi University, 31(3), 677-686.
Okur, M. (2013). Removal of Metal-Complex Dye From Textile Wastewaters Using Eggshell. Journal of The Faculty of
Engineering and Architecture of Gazi University, 28(4), 777-785.
Owoeye, S.S., Jegede, F.I., Borisade, S.G. (2020). Preparation and characterization of nano-sized silica xerogel particles using
sodium silicate solution extracted from waste container glasses, Materials Chemistry and Physics, 248, 122915.
Rai, H.S., Bhattacharyya, M.S., Singh, J., Bansal, T.K., Vats, P., Banerjee, U.C. (2005). Critical Reviews in Environmental
Science and Technology, 35, 219-238.
Sharma, Y. C., Uma. (2010). Optimization of parameters for adsorption of methylene blue on a low-cost activated carbon. Journal
of Chemical & Engineering Data, 55(1), 435-439.
Sharma, G., Kumar, A., Naushad, M., Kumar, A., Al-Muhtaseb A.H., Dhiman, P., Ghfar, A.A., Stadler, F.J. Khan, M.R. (2018).
Phytoremediation of toxic dye from aqueous environment using monometallic and bimetallic quantum dots-based
nanocomposites. Journal of Cleaner Production, 172, 2919-2930.
Suddai, A., Nuengmatcha, P., Sricharoen, P., Limchoowong, N., Chanthai, S. (2018). Feasibility of hard acid–base affinity for
the pronounced adsorption capacity of manganese(II) using amino-functionalized graphene oxide. RSC Advances, 8,
4162.
Swarna, Pattanayek, S. K., Ghosh, A.K. (2018). Dynamic shear rheology of colloidal suspensions of surface-modified silica
nanoparticles in PEG. Journal of Nanoparticle Research, 20(3), 1-19.
Swarnalakshmi, K. S., Prakash, C., Nivetha, S., Athira, S. N. (2018). Use of rice husk ash as an adsorbent to remove contaminants
in water and comparison with advanced oxidation process - a study. Materials Today: Proceedings, 5, 24248-24257.
Wang, S., Zhang, Q., Wang, Z., Pu, J. (2020). Facile fabrication of an effective nanocellulose-based aerogel and removal of
methylene blue from aqueous system. Journal of Water Process Engineering, 37, 101511.
Wang, Y., Yin, M., Ma, Z., Wang, Y., Li, W., Hu, H., Hong, X. (2021). High antimicrobial and Rhodamine B absorption
properties of N-halamine modified mesoporous silica via a thiol-ene ‘click’ reaction. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 628, 127331.
Yu, J., Cai, X., Feng, L., Xiong, W., Zhu, J., Xu, Y., Zhang, Y., Chi, R. (2015). Synergistic and competitive adsorption of cationic
and anionic dyes on polymer modified yeast prepared at room temperature. Journal of the Taiwan Institute of Chemical
Engineers, 57, 98-103.
Zhang, Y., Xia, K., Liu, X., Chen,Z., Du, H., Zhang, X. (2019). Synthesis of cationic-modified silica gel and its adsorption
properties for anionic dyes. Journal of the Taiwan Institute of Chemical Engineers, 102, 1-8.

Adsorption of Rhodamine-B Using Modified-Silica

13

RESEARCH ARTICLE

Eurasian Journal of Medical and Biological Sciences
AN INTERNATIONAL JOURNAL
Eurasian J Med Biol Sci 2(1): 14-18

A Short-Term Flow Rate Change of the Meriç River
Kürşat Şekerci1*
1

, Muhammed Cihat Tuna2

Department of Civil Engineering, Faculty of Engineering, University of Bingöl, Bingöl, Turkey
Department of Civil Engineering, Faculty of Engineering, University of Fırat, Elazığ, Turkey

2

Received : 22/02/2022

Revised : 12/03/2022

Accepted : 16/03/2022

ABSTRACT: Meriç River (Meriç Bridge), located at the 1st km of Edirne province-Karaağaç road in our country, is one of the largest
rivers originating from the Balkans. It is also the 10th largest river in Turkey. Meriç is known as a raging river. The flow rate is sometimes
quite high and even damages coastal settlements. One of the most distinctive features of the Meriç River is the amount of water it carries.
The amount of water carried by Meriç varies according to the season. The river, which flows very heavily during the winter months,
follows a calmer course in the summer months. Flow measurements were made in the Meriç Bridge section of the Meriç River in 6
different water years (2006 - 2011) by the General Directorate of Electrical Works and Survey Administration. The readings were made
daily by the General Directorate of Electrical Works Survey Administration, starting from October of the relevant year until September
of the following year, that is, during a water year. In my study, the maximum currents obtained for each month by the relevant institution
from these readings were used. In this study, the data of the relevant public institution was used. Considering the maximum flows read by
the relevant public institution between 2006 and 2011, the flow change of the river in 5 years was examined. As a result, it was observed
that the maximum flow carried by the river at 5-year intervals decreased significantly.

Keywords: Meriç river, Meriç bridge, flow rate, water year

INTRODUCTION
Although the surface of the earth is covered with water, fresh water resources make up only 2.5% of the water resources on
our planet. 70% of this water is hidden in glaciers and snow masses. Water, an indispensable resource for all living things, is a
vital value. Although they cover only 1% of the Earth's surface, freshwater ecosystems are home to 10% of all known animal
species (WWF, 2012). Currently, almost one-fifth of the world's population live in water-stressed areas, with this rate expected
to rise to two-thirds by 2025 (Faures et al., 2007). Climate change is sudden, severe and significant changes that occur in longterm weather events and is felt more intensely today due to the increase in human-induced activities. According to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change (IPCC), most of the warming in the atmosphere since the
middle of the 20th century is in greenhouse gas concentrations due to human activities was due to the observed increase (IPCC,
2014). As a result, the global temperature has increased by about 0.8°C in the last 150 years and continues to rise. Due to
increased greenhouse gas emissions, global warming has led to changes in the distribution of water resources in many parts of
the world, and global and regional hydrological cycles have been greatly affected by climate change (Brutsaert & Parlange, 1998;
Solomon, et al.,2007; Hagemann, et al., 2013; Dufresne, et al., 2013). Exceeding the 2°C increase in temperatures compared to
pre-industrialization increases the dangerous risks for human and natural systems on a global scale. Climate projections reveal
that temperature increases will rise much higher until the end of the current century. Almost all of these projections indicate that
precipitation will decrease significantly in the future in Southern Europe and the Mediterranean Basin is pointing. For this reason,
in terms of evaluating the impact of climate change on the water resources of Turkey, which is located in the Southeastern Europe
and Eastern Mediterranean region, it is of great importance to obtain sensitive results by realizing future projections with
sophisticated models. Although climate change is primarily thought of as an increase in temperatures and global warming, the
most important effects of climate change are the effects that will occur due to the change in precipitation regime. The hydrological
system is directly and indirectly affected by the climatic conditions in the world. Changes in temperatures affect
evapotranspiration rate, cloud characteristics, soil moisture, storm intensity, and snowfall and melting regimes.
At the same time, changes in precipitation lead to changes in the time and severity of floods and droughts, surface flow
regime, amount of water seeping underground, plant pattern, and growth rates (Ragab & Prudhomme, 2002). The effect of
climate change on the quality of water resources can be monitored with physico-chemical parameters, micro pollutants and
biological parameters. The effect of these parameters on the quality of water resources varies according to the type of water body
(river, dam, pond, etc.) and water body characteristics (residence time, size, shape, depth, etc.) (Delpla et al., 2009). The growth
of the population and the increase in water-based agriculture increase the dependence on groundwater. (Gorelick and Zheng,
2015; Rodell et al., 2009; Siebert et al., 2010). The excessive use of groundwater due to recent high demand and drought has had
sometimes irreversible effects on many aquifers around the world (Taylor et al., 2013). Wada et al. (2010) reported that
*Corresponding author : kursatsekerci2323@gmail.com
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groundwater overdraft has doubled in the last 50 years in arid and semi-arid regions of the world. Such a large amount of
depletion threatens sustainable agricultural growth as well as environmental health. Climate change is expected to increase
groundwater depletion rates by increasing irrigation water use and changing the flow rates of streams. (Alam et al., 2019; Hanson
et al., 2012). The Meriç river is one of the largest rivers born in the Balkans. It is also the 10th largest river in Turkey. Meriç is
known as a raging river. The flow rate is sometimes quite high and even damages coastal settlements. One of the most distinctive
features of the Meriç River is the amount of water it carries. Therefore, in this study, the observation data of the Meriç river in
Edirne province in 2 different water years were examined. The future of the stream and the possible effects of climate change
were investigated by using the changes in the flow rates obtained from the observations. The picture below shows the Meriç
river and its bridge (Figure 1).

Figure 1. Meriç River and Bridge (AA, 2021)
MATERIALS AND METHOD
The flow of the Meriç river, one of the largest rivers born in the Balkans, rises from time to time and even damages the
settlements on the coast. In this study, the changes in water levels were investigated by using the maximum flow data in 6
different water years at the Meriç bridge location of the Meriç river. Flow rates at the relevant location were measured daily by
the General Directorate of Electrical Works and Survey Administration between 2006-2011. Maximum monthly flow rates were
obtained by using the flow data read for all days. Short-term level changes in the river were observed by comparing the average
of the maximum flow rates between 2006-2011 (including 2006 - not including 2011) and the maximum monthly flow rates in
2011. The effects of climate change on the river have been studied at a basic level by examining the maximum flow changes.
The data used are flow measurements in m3/sec. (Table 1).
In the figures given in Figure 2 and Figure 3 below, the maximum average flow rates of the Meriç River in the years 20062011 and the monthly maximum flow rates in 2011 were analyzed using Origin and Excel software. In the chart made in the
Origin program, the black dashed line shows the monthly flow rates in the years 2006-2011, and the red dashed line shows the
monthly flow rates in 2011. In the column chart made with the help of Excel, the blue columns represent the monthly flow
rates in 2006-2011 and the orange columns represent the monthly flow measurements in 2011.
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Table 1. Meriç River Maximum Flow Rates
MONTH

WATER YEAR
m3/sn
(2006-2011)

m3/sn
(2011)

OCTOBER

216,6

297

NOVEMBER

439

354

DECEMBER

389,6

307

JANUARY

413,6

329

FEBRUARY

548,6

352

MARCH

650,2

282

APRIL

423,6

195

MAY

304,6

193

JUNE

234,8

133

JULY

222

108

AUGUST

170,7

105

SEPTEMBER

193,4

91,8

Figure 2. Change in Flow Rates of 2006-2011 and 2011 Water Years
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RESULTS AND DICCUSSION
It has been observed that the flow of the river changes significantly according to the season. The river flows very heavily in
the winter and flows more calmly in the summer. As a result, it was observed that the maximum flow carried by the river at 5year intervals decreased significantly. This observation clearly reflects the negative effects of climate change, albeit short-term.
And it is obvious that it is essential to protect the future of the river with good planning.
CONCLUSION
As in the whole world, global warming and climate change have negative effects on water resources in our country. The
pressure on the rivers, which is one of the surface water resources, increases in parallel with this. As seen in the study, even in a
short period of 5 years, the flow rate of the Meriç River decreased significantly. All these point to the more efficient and careful
use of rivers, which are our future.
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ABSTRACT: Biga Stream (Çınar bridge) flows from the bridge at the 1st km of Sinekçi sub-district road, which turns right at the 14th
km of the Biga - Karabiga highway. It is one of the important waters of the Marmara basin. It is in danger, like many streams, due to
excessive pollution and the depletion of the sources it feeds on. In recent years, great efforts have been made for the improvement of the
stream and its surroundings. As of the beginning of January 2007, improvement works have been started around the stream. In this study,
the flow heights of Biga Stream in Çınarköprü locality in two different water years were investigated. By the General Directorate of
Electrical Works and Survey Administration, flow heigh measurements were made in the Çınar bridge section of the Biga stream in the
2006 and 2011 water years. The data used is the flow height in mm obtained by multiplying the monthly total flow by thousand and
dividing by the precipitation area. Probably due to the reclamation work carried out, all the flow heights of the stream except February
and March of the 2011 water year were seen to flow at a higher level than all the months of 2006.

Keywords: Biga stream, water year, flow height

INTRODUCTION
Biga Stream (with other uses; Kocabaş Stream, Granikos Stream, Barenos Stream) is located in the Biga and Çan districts of
Çanakkale province. The river that Alexander the Great fought on the shores divided the district into two, there are two big
bridges connecting the two sides and many small bridges. Its length is about 80 kilometers. It rises in the interior, passes through
the district of Çan, and irrigates the Biga Plain, pouring into the Marmara Sea, 3 kilometers away from the town center of
Karabiga, without forming a delta. The economic contribution of stream to the region is negligible, and it is in danger like many
streams due to excessive pollution and the decrease in the sources it feeds on. In recent years, great efforts have been made for
the improvement of the stream and its surroundings. Due to the floods in the past, the water of the stream, which changes its
beds frequently, is withdrawn in the summer and increases greatly in the winter due to the rains. Therefore, a 600-meter-long
dam was built in 1966 on the bed of the stream in the district center, which caused material damage. However, despite this, the
waters of the creek continued to rise to dangerous levels many times. As of the beginning of January 2007, improvement works
have been started around the stream. The increase in greenhouse gases causes climatic changes such as global temperature
increase and precipitation differences (Arnel, 2003). It is predicted that these changes will cause significant reductions in the
existing water potentials of the regions and accordingly, water scarcity or water stress will be experienced in water-based sectors
such as energy, agriculture, drinking water and wetlands (IPCC, 2007). It has been reported by many researchers that river flows
are affected not only by changes in temperature but also by differences in precipitation regime. Zhang et al., (2012) investigated
the effects of climate change on the river flows of the Dongliao river basin (China) and found that annual river flows generally
tend to decrease, with a significant decrease in summer and fall in autumn, similar to precipitation. Herawati and Suripin (2015)
in their study examining the effects of climate change on the flow of Kapuas river in Indonesia, stated that annual river flows
tend to decrease and the hydrological characteristics of the river change. Many different approaches can be used to predict the
effects of climate change on river hydrology. On the other hand, in controlled trials, mechanics can develop understanding, but
efficient results related to spatial and temporal scale are often not obtained (Kale et al., 2016).
For this reason, in this study, the observation data of Biga Stream, named after the Biga district of Çanakkale province, in 2
different water years were examined. The future of the stream and the possible effects of climate change were investigated by
using the flow heights obtained from the observations (Figure 1).
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Figure 1. Biga Stream (Wikipedia, 2022)
MATERIALS AND METHOD
In this study, the changes in water levels were investigated by using montly flow height data of the Biga Stream, which takes
its name from the Biga district of Çanakkale, one of the most important rivers of Turkey, in 2 different water years. Flow heights
in the Biga Stream Çınar Bridge location were measured daily by the General Directorate of Electrical Works and Survey
Administration in 2006 and 2011 water years. Monthly mean water level heights were obtained by using the read-out height data
for all days. By using the monthly average water level heights obtained, the water level changes in the river were examined.
Readings were made from October of the relevant year to September of the following year. The effects of climate change on
streams have been studied at a basic level by examining flow changes. The data used is the runoff height in mm, which is the
monthly total runoff multiplied by thousands and divided by the precipitation area. (Table 1).
In the pictures given in the Figure 2 and Figure 3 below, the changes in the average flow heights of the Biga Stream in the
2006 and 2011 water years were examined using the Origin and excel program. In the chart made in the Origin program, the
black dashed line shows the water heights in 2006, and the red dashed line shows the water heights in 2011. In the column
chart made with the help of Excel, the blue colored columns represent the water heights in 2006, and the orange colored
columns represent the measurements of the water heights in 2011.

Table 1. Flow Heights of Biga Stream in 2 different Water Years
MONTH

WATER YEAR
2006 (mm)

2011 (mm)

OCTOBER
NOVEMBER
DECEMBER

2,68
8,97
11,8

40,1
10,3
24,1

JANUARY
FEBRUARY
MARCH
APRIL
MAY
JUNE

27,7
115
82,6
13,6
5,54
4,15

33,4
25,5
37,3
47,0
20,6
5,96

JULY
AUGUST
SEPTEMBER

1,82
1,94
2,52

3,27
2,81
4,31
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Figure 2. Flow Heights in Two Different Water Years

Figure 3. Change in Flow Heights of 2006 and 2011 Water Years
RESULTS AND DICCUSSION
In recent years, great efforts have been made to improve the creek and its surroundings. Since the beginning of January 2007,
improvement works have been started around the stream. Again, as of 2011, improvement works continued. One of the important
effects of climate change is the sudden changes on the flow heights of the rivers.
It can be said that in all months except February and March, flow heights have increased significantly over the past 5 years.
Although the reason for this is thought to be the improvement studies carried out in the first place, climate change may also have
an effect. Since only short-term flow heights are used in this study, it is not possible to reveal the effects of climate change in
real size. However, these reveal the fact that by observing the characteristics of the creek such as long-term flow and regime, a
study should be made to determine whether global warming really has an effect or if it has, to what extent.
CONCLUSION
As in the whole world, global warming and climate change have negative effects on water resources in our country. The
pressure on rivers, which is one of the surface water resources, is increasing in parallel. All this points to the more efficient and
careful use of our future rivers. As seen in the study, the average flow height of the Biga Stream increased significantly even in
a short period of 5 years. Since only short-term mind heights were used in the study, it was not sufficient for us to understand
Short Term Flow Heights and Climate Change of Biga Stream
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the effects of climate change on Biga Stream in real terms, but it revealed that climate change may have an effect on stream. For
this reason, by examining the long-term flow characteristics of Biga Stream, it will be possible to fully understand the extent of
the effect of climate change.
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ABSTRACT: Lilium candidum L. (white lily) is in danger of extinction due to the destruction of its natural habitat in Turkey and the
removal of its tubers from nature for export. For this reason, it is very important to carry out biotechnological studies with L. candidum,
which is an important medicinal and ornamental plant. In vitro techniques can provide the opportunity to preserve plant genetic resources
in different forms and different genetic features (synthetic seed). With these techniques, it is possible to reproduce plant species rapidly
in danger of extinction and transfer them to their natural environments with in vitro and ex situ conservation studies. In this study, we
aimed to establish a suitable protocol for the production of synthetic seeds in L. candidum. Accordingly, regeneration was achieved by
using the stem bulbils of the plant. An effective encapsulation technique has been created for the production of synthetic seeds in L.
candidum, obtained from its calli by regeneration. The calculated callus development and embryogenesis rates of encapsulated calli were
higher than single ones, 92.5%-88.6%, and 90.4%-77.1% respectively. Our protocol turned out to be successful for synthetic seed
production as well as large-scale in vitro clonal propagation of L. candidum.

Keywords: Ca-alginate, commercial production, white lily, artificial seed

INTRODUCTION
Biodiversity refers to the richness of genes, species and ecosystems in a region. Plant diversity forms the basis of natural
resources, which have an indispensable place in meeting basic needs, primarily food. Wild species also make an important
contribution to the field of medicine. Wild plants originate half of the drugs used in medicine and approximately 80% of the
world's population uses plants as the primary source of drugs (Giam et al., 2010; Reed et al., 2011). Lilium candidum L. an
ornamental plant, is one of them. L. candidum is an Eastern Mediterranean herb distributed in Turkey, Lebanon, Syria, Palestine,
the Greek Islands, and the Balkans (Davis, 1984; Altan et al., 2010). The natural growing places of L. candidum in Turkey are
Aydın, Muğla, Antalya, İzmir, Manisa, Balıkesir and Denizli, as we observed in line with our project (Altan et al., 2021).
Although L. candidum has been used for various purposes since the early ages, especially in the middle ages, it took its place in
the churches as a symbol of cleaning and purity due to its scent and white flowers. This plant, which is of great medical
importance is also in great demand in the treatment of boils, skin spots, and burns as a diuretic and expectorant. In addition, it is
stated that extracts obtained from the roots of this plant provide benefits in removing edema (Bown, 1995). Due to its fragrance,
this plant is used in perfume production in the cosmetic industry (Baytop, 1984; Chopra et al., 1986).
As a result of cultural and sociological changes, cities around the world are spreading to large areas. Therefore, the importance
of maintaining green areas is increasing in urban areas. The demand for ornamental plants has increased worldwide in this
direction. Plants that have low economic value compared to other species but can be used in cosmetics, pharmaceuticals, food,
and chemical industries also have wide usage potential in many fields including landscape architecture. While some of these
species can be easily produced, some cannot be, due to some problems in their production. Due to these difficulties in their
production, it is known that many valuable ornamental plants have come to extinction. L. candidum is a perennial herbaceous
plant used in the pharmaceutical perfumery industry and widely grown as an ornamental plant (Özen et al., 2016). The species
of this plant is endangered by overgrowing and the destruction of its habitat from various conditions such as overgrazing,
irregular harvesting, global warming and pollution, as well as various natural phenomena such as less seed formation, dormancy,
poor germination rate (Özen et al., 2016; Gantait et al., 2017). Depending on the species, production materials such as seeds,
plant cutting, tubers and bulbs are used in ornamental plant breeding. World markets and the pharmaceutical industry demand
"standard" products with high active ingredient quantity and quality. Today, it is not possible to obtain sufficient norm and
quality products with the collection of natural plants, and it is necessary to ensure the production of these plants with rapid
reproduction techniques (Bayram et al., 2010). One of the alternative application methods accepted in recent years is to use in
vitro techniques for propagating ornamental plants. In vitro techniques also offer great advantages for healthy and fast production.
These include the rapid production of typical genotypes, early selection in vitro for durability, the production of haploid plants,
obtaining disease-free plants, the production and selection of mutants, rejuvenation for classical vegetative propagation,
*Corresponding author :afiliz@mu.edu.tr
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preservation of genetic diversity, gene transfer by DNA technology, protoplast culture and in vitro, somatic hybridization,
somatic embryo formation and synthetic seed production (Bhojwani and Razdan 1983; Vidalie, 1986). Synthetic seed production
supports the large scale production of plant material that can be employed in different laboratory conditions in in vitro culture
systems. The synthetic seeds offer a lot of benefits such as micropropagation and conservation of gene resources, transportability,
storability, reduced size of propagules (Gantait et al., 2012). In this method, growth regulators are added to the nutrient medium
to induce embryos in calluses. In many plants, somatic embryogenesis method (Figure 1) is used in making synthetic seeds
(Özcan et al., 2001) The main purpose of encapsulation technology is to protect, store and transport somatic embryos. This
technology facilitates the transfer of plants produced in vitro to the land or greenhouse (Soneji et al., 2002). Biotechnological
studies have increased on Lilium spp. in recent years (Bakhshaie et al., 2016). Micropropagation and in vitro regeneration have
been reported in L. candidum, but synthetic seed production has never been reported. In the current study, the effective synthetic
seed protocol were optimized for L. candidum, and the synthetic seeds were also obtainedfrom calli derived from L. candidum
leaf explants. It is generally accepted that, a whole in vitro regeneration and/or germination procedures require to be set up for
each explant type of each plant species, and for each in vitro propagation step, in terms of culture conditions such as regeneration
and/or germination medium, light intensity, temperature, explant proposal, concentration and combination of plant growth
regulators. It is very important to develop an effective vegetative production method for classical ornamental plants, which have
difficulties in production and which are of medical importance, apart from classical production methods. In this way, both the
increasing needs can be met and the extinction of the generations of these species can be prevented. In this study, rapid and
effective production of L. candidum with synthetic seed is aimed rather than classical methods.
MATERIALS AND METHOD
Plant material
The natural populations of L. candidum were collected from Izmir (Nif Mountain). The legal authorization letter for sample
collection was obtained from Republic of Turkey Ministry of Agriculture and Forestry and all collected samples were
taxonomically identified.
Surface Sterilization and In Vitro Culture Establishment
The L. candidum bulbils (Figure 2a) were treated with 70% ethanol for 5 min, respectively 20% and 10% commercial bleach
(Domestos®) for 10 min, then they were rinsed in distilled water at least three times (Özüdoğru et al., 2011). After surface
sterilization, the bulbils were transferred to semi-solid MS (Murashige and Skoog 1962) medium supplemented with 4.44 µM
6-Benzylaminopurine, 20 g L-1 sucrose and 7 g L-1 agar (pH 5.8) (Tokgöz and Altan, 2020).
Callus Induction Conditions
For callus induction, ~ 0.75×0.5 cm leaf fragments derived from in vitro regenerated bulbils (Figure 2b) were transferred to
MS medium supplemented with 10.7 µM 1-Naphthaleneacetic acid (NAA), 20 g L-1 sucrose and 7 g L-1 agar (pH 5.8) (Tokgöz
and Altan, 2020). The calli obtained were used for control purposes in the study.
Synthetic seed production
The nearly 150 mg of separated callus cells were added to 10 mL of a 3% sodium alginate solution (low viscosity) in Ca ++
free MS liquid medium (Murashige and Skoog, 1962). To obtain Ca-alginate beads, the alginate solution including callus cells
were dropped to MS medium containing 100 mM CaCl2 using a sterile pipette for polimerization (Souza et al., 2017). The Caalginate beads including the callus cells were washed with sterile dH2O to prevent them from sticking each other (Figure 3a).
Calli Multiplication and Somatic Embryo Induction
For in vitro multiplication of L. candidum callus cells, the beads were transferred to OM (Olive Medium) (Rugini, 1984)
supplemented with 4.44 µM 6-benzylaminopurine (BAP), 20 g L-1 sucrose, 3.5 g L-1 agar and 1.5 g L-1 phytagel (pH 5.8). After
four weeks incubation, the synthetic seeds were transferred to OM medium supplemented with 21.4 µM NAA, 20 g L -1 sucrose
and 7 g L-1 agar (pH 5.8). After conversion (Figure 3b), the somatic embryos (Figure 3c, 3d) were obtained from transferring
OM supplemented with 10.7 µM NAA, 20 g L -1 sucrose and 7 g L-1 agar (pH 5.8).
In Vitro Culture Conditions
The in vitro culture conditions were adjusted to 25±2°C, under a 8 hours dark / 16 hours light photoperiod, with light provided
by cool daylight fluorescent lamps (50 μmol−1m−2s−1).
Data Analyses
The calli multiplication of L. candidum synthetic seeds and the somatic embryogenesis data were calculated as percentages
values. All data were collected after four weeks incubation at standard culture conditions described above. The statistical analysis
of the non-parametric data was performed by means of the test for homogeneity rates, and the differences obtained in treatments
were chosen using non-parametric statistical test (Marascuilo and Mcsweeney, 1977). Separate data were exposed to ANOVA,
monitored by the least significant difference test at P≤0.05 to compare means.
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RESULTS and DISCUSSION
In this study, in vitro callus culture initiation was achieved by using leaves derived from L. candidum bulbils (Figure 2a) and
the calculated regeneration percentage was approximately 89.5% (Tokgöz and Altan, 2020) on regeneration medium described
above after four weeks incubation (Figure 2b). The ~ 0.75×0.5 mm leaves fragments derived from in vitro grown healthy L.
candidum bulbils were used for callus induction. The callus formation frequency was 100% of all explants, depending on 10.7
µM 1-NAA as auxin sources and the smooth whitish-yellow colored calli were obtained from widening and hardening leaf
fragments. Cell proliferation causing these great callus formation rates, which induced from injured fragments of leaves may
have been resulted from accumulation of NAA at injured side of leaf segments. These soft smooth whitish-yellow colored calli
were used as explant source for synthetic seeds production. The maximum cell multiplication rates of calcium alginate beads
containing L. candidum calli were obtained from OM proliferation medium described above and calculated germination
percentage was only 10% (Figure 4a) after 4 weeks incubation at standart culture conditions described before, however, after
trasferring to OM medium medium supplemented with 21.4 µM NAA, the germination percentages of calcium alginate beads
was calculated as 100% (Figure 4b) after an additional four weeks of incubation. The callus development and embryogenesis
rates of encapsulated calli were statistically significantly different from single callus cells. When the calculated callus
development and embryogenesis rates of encapsulated calli were 92.5% and 90.4%, these rates for single calli were 88.6% and
77.1% respectively (Table 1). The gelling material has heterogeneous polymers having functional properties and their successes
as usage of synthetic seeds depend on plant material and methodology optimization for each treatment (Thu et al., 1996).
Synthetic seed production by using callus tissues in a suitable gelling material such as calcium alginate can be a useful tool for
large-scale multiplication of plant material (Kumar and Loh, 2012). The mineral nutrients presence promoted the callus
development and embryogenesis of synthetic seeds in L. candidum. This result provided a critical point for mineral nutrient
significance on the viability, development and embryogenesis of encapsulated calli. That result were confirmed by mineral
nutrients addition to the capsule and similar results have also been observed in related studies (Cangahuala-Inocente et al., 2007;
Majd et al., 2010; Souza et al., 2017). All proliferated calli from conversion of calcium alginate beads produced through indirect
embryogenesis and the healthy emblings were obtained from these embryos (Figure 4c, d). At first, induced calli produced pale
yellowish to light green globular to fusiform pro-embryoids as well as prototype of plantlets. Globular and/or fusiform embryoids
developed from soft smooth whitish-yellow colored calli on OM medium supplemented with 10.7 µM NAA. These embryoids
were subcultured to obtain further growth on same medium.
To obtain synthetic seeds use of nodal regions, bulbs, and in vitro propagated shoots are made. Synthetic seed formation
process proceeds as callus, pre-embryo formation, somatic embryo formation, embryogenesis and plant regeneration (Arnold
and Eriksson, 1981; Reddy et al., 2012). In the literature, the report for synthetic seed production in Lilium spp is very limited
(Kaviani, 2010), as in other bulbous plants. However, in our study, a very successful protocol was provided. In this protocol,
synthetic seed production was ensured in calli developed from the shoots obtained from stem bulbs. Somatic propaguller (embryo
or buds) used in synthetic seed production are covered with hydrogel. For this purpose, the most commonly used viscose, low
toxic and fast gelling agent, alginate is preferred. Although there are many gel agents such as potassium alginate, agar, gelrit and
sodium pectate, but calcium alginate has been suggested to be more suitable than other gel agents (Redenbaugh et al., 1987;
Nongdam, 2016). By controlling the chemicals in the culture medium, a single plant can be obtained from propaguli (Reddy et
al., 2012). In Manihot esculenta Crantz, pieces taken from nodal areas and shoot ends were covered with 3% sodium alginate
and synthetic seeds were prepared (Danso and Ford-Lloyd, 2003). In the study with Malus pumila Mill (M26), the first five
leaves were used for regeneration of shoots and the shoot ends obtained from them were encapsulated using 2% sodium alginate
and propogated into synthetic seeds (Sicurani et al., 2001). Somatic embryos are the most commonly used products in synthetic
seed technology (Özcan et al., 2001), but only a few studies on the production of synthetic seeds with somatic embryos in flower
bulbs have been reported. Winkelmann et al., (2004) created somatic embryos using liquid culture method in Cyclamen persicum.
The researchers also performed synthetic seed formation by covering somatic embryos with alginate capsules. Pradhan et al.,
(2016) observed synthetic seeds in Cymbidium aloifolium by covering protocorms with calcium alginate. Calcium alginate was
also used in our study. In addition, as in our study, researchers used BAP and NAA as a growth regulator. Although there are
studies indicating that storage at 4 °C is the most suitable for synthetic seed preservation, there are studies reporting that storage
at higher temperatures is better (Gantait et al., 2012; Haque and Ghosh, 2014; Haque and Ghosh, 2016; Bhattacharyya et al.,
2018). In our study, successful shoot formation in synthetic seeds at room temperature (25±2°C) was observed after four weeks.
Yücesan et al., (2014) used bulbils as propagules to produce synthetic seeds in Muscari armeniacum. The researchers stated that
the germination rate of synthetic seeds was 95%. In current study, the germination percentages of calcium alginate beads was
calculated as 100% (Figure 4b) after an additional four weeks of incubation.
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Figure 1. The possible molecular regulation mechanism for somatic embryogenesis of L. candidum calli (The possible
functions of plant growth regulators expressed in the present figure is taken from Elhiti et al., 2013).

Figure 2. (a) Bulbils used for in vitro culture initiation (the arrows indicated bulbils which were used for culture
establishment) (b) In vitro regenerated bulbils.
Table 1. Comparison of single and encapsulated calli of L. candidum for callus development index, regeneration and
embryogenesis rates.

Single Calli (as control)
Encapsulated Calli
*Production

Development Rate*
(% ± SE***)
88.6 ± 2.34B****
92.5 ± 1.71A

Embryogenesis Rate**
(% ± SE)
77.1 ± 2.17b
90.4 ± 1.50a

of healthy, smooth whitish-yellow colored calli from starting calli on OM medium supplemented with 21.4 µM NAA
of pale yellowish to light green globular to fusiform pro-embryoids as well as prototype of plantlets OM medium supplemented with 10.7

** Production

µM NAA
***Standart error
**** SPSS statistical analyzes were performed with X2 test and ANOVA (LSD test, P≤0.05)
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Figure 3. (a) Ca-alginate beads containing L. candidum callus cells, cell multiplication (b) and somatic embryogenesis (c)
of L. candidum synthetic seeds, in vitro grown embling (d) derived from L. candidum synthetic seeds.

Figure 4. Conversion of calcium beads containing L. candidum calli after 4 weeks incubation (a) on OM proliferation
medium after an additional 4 weeks of incubation (b) somatic embryogenesis (c) of L. candidum synthetic seeds, in vitro grown
embling, (d) derived from L. candidum synthetic seeds.
CONCLUSION
Today, it is possible to produce many plants quickly in a laboratory environment with tissue culture methods. At the same
time, the results obtained from tissue culture studies are used in synthetic seed production, somatic hybridization and
conservation of gene resources. It is important to emphasize that the encapsulation technology is one of the complementary
alternatives for the protection of ornamental plants. In this study, an effective synthetic seed production was provided in L.
candidium.
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ABSTRACT: In the paper, glandular trichome morphology of Sideritis montana L. subsp. remota (d’URV) (Lamiaceae) was examined.
Sideritis montana subsp. remota is called “Mor karaçay” in Turkey. Vegetative and reproductive organs of the plant were fixed in 70%
ethyl alcohol to determine glandular trichome types and glandular trichome distribution. Three subtypes of capitate glandular trichomes
were determined. These were subtype IIA, subtype IIB and subtype IIC. Subtype IIA and subtype IIB were seen on both vegetative and
reproductive organs, whereas subtype IIC was observed on only reproductive ones. Peltate glandular trichomes have a head which is
composed of four celled. These trichomes were also observered on leaf surfaces. The determination of glandular trichome types and the
distribution of the trichomes in Sideritis montana subsp. remota is imported findings to be used in future systematic implication.

Keywords: Glandular trichome, morphology, Sideritis montana subsp. remota, Lamiaceae

INTRODUCTION
Sideritis L. genus belongs to the family of Lamiaceae family. The genus exists in different habitats and altitudes ranging from
North Pole to the Himalayas, North East Asia to Hawai, Africa Australia, and America, whereas the main habitat is the
Medirterreanaen area (Heywood, 1996). Lamiaceae has 224 genus and about 5600 species in the world (Hickey and King, 1997).
This family in Turkey exists with 45 genus, 565 species and totally with 735 taxa (Guner et al., 2000). Sideritis L. genus is called
“Dağ çayı, Ada çayı, Yayla çayı, Balbaşı” in Anatolia. Sideritis montana L. subsp. remota (d’URV) is named “mor karaçay” by
Turkish people. It was reported that Sideritis species were also used as medicinal plant to treatment of cough, cold and as diuretic
in Turkey (Sezik and Ezer, 1983; Başer, 1995; Baytop, 1999).
A lot of studies are carried out on chemical ingredients of Sideritis genus (Akcos, 1994). Besides, the studies about
chromosome numbers of Sideritis genus were made by many researchers (Baltisberger, 1991; Aydın, 1993; Kesercioğlu and
Nakipoğlu, 1996). Lytra et al. (2021) investigated the biological activities of the methanol extract of S. cypria. Glandular
trichomes studies of Sideritis species are limited in the literatures. Glandular trichomes are also used in plant systematic. The
goal of the paper was to examine the glandular trichome morphology of S. montana subsp. remota.
MATERIALS AND METHOD
The plant material was S. montana supsp. remota in the study. The plant was collected in flowering seasons from Köseler
village of Gümüşhacıköy in Amasya, Turkey (1050 m, Cansaran 4200) on 14.05.2016. Their systematic descriptions were carried
out according to Davis (1982). The study was carried out in Department of Biology, Faculty of Art and Science, Amasya
University.
Plant samples of the plant was fixed in 70% ethyl alcohol to determine the trichome micromorphology. 30 fresh specimens
were used in the study. The sections of plant samples were performed by hand. Sartur reagent was used for dying (Çelebioğlu
and Baytop, 1949). Trichome preparations were photographed with a Leica ICC50 HD binocular light microscope. The glandular
trichome types and distributions were described. These types studied in the paper were classified following the procedure of
Metcalfe and Chalk (1979). To investigate the glandular trichomes of the plant, the surfaces of some organs such as leaves and
flowers were also photographed with scanning electron microscope (SEM 515, Philips, The Netherlands). The specimens were
prepared according to Robinson et al. (1987).

RESULTS and DISCUSSION
Capitate glandular type had a basal epidermal cell, unicellular to bicellular stalk cell and a large unicellular or bicellular head.
In the present study, three subtypes of capitate glandular ones were determined: These were subtype IIA, subtype IIB and subtype
*Corresponding author : ilkaycali@hotmail.com
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IIC. Subtype IIA: A globose unicellular or bicellular head and a stalk of one to two cells (Figure 2 a, b, c). Subtype IIB: A cupshape unicellular head an one to two-celled stalk (Figure 2 d, e, f, g) . Subtype IIC: A hemispherical unicellular head and a
unicellular or bicellular stalk (Figure 2 h). In the study, subtype IIA had one or two stalk cells, one base cell and one or two head
cells on stem, leaf on flower surfaces of S. montana subsp. remota. However, subtype IIB had two stalk cells, one base cell and
one head cell on leaf and flower surfaces (Table 1). On the other hand, subtype IIC had one stalk cell, one base cell and one head
cell on flower surface of the plant (Table 1). Peltate trichomes were only seen on leaf surfaces of S. montana subsp. remota. Leaf
surfaces of the plant were covered with these trichomes.
Table 1. Glandular trichome types on vegetative and reproductive organs of S. montana subsp. orientale

Plant
organ
Stem
Leaf

Flower

Head
cell
1
2
1
2
1
2

Type IIA
Stalk
Base
cell
cell
1
1
1
1
1
1
2
1
1
1
1
1

Capitate type (Type II)
Type IIB
Head
Stalk
Base
cell
cell
cell
1
1
1
1
1
1
1
2
1

Head
cell
1
-

Type IIC
Stalk
Base
cell
cell
1
1
-

Peltate type
(Type I)
Number of
head cell
4
8
-

S. montana subsp. remota had subtype IIA and subtype IIB trichomes on both vegetative and reproductive organs while
subtype IIC was only seen reproductive organ (Table 2). On the other hand, subtype IIC capitate trichomes were rarely seen on
flower surfaces, whereas subtype IIA and subtypes IIB were often observed on stem, leaf and flower surfaces. Glandular
trichomes have imported features in plant taxonomy of Lamiaceae family (Metcalfe and Chalk, 1979; Azizian and Culter, 1982).
Capitate glandular trichomes (Type II) and peltate ones (Type I) are often observed in species of Lamiaceae. In the study, it was
found that the numbers of head cell of peltate trichomes in S. montana subsp. remota were four (Figure 1a, 1b). Peltate trichomes
consisting of a four or twelve celled head in a single circle had been reported before (Corsi and Bottega, 1999; Hallahan, 2000;
Kamatou et al., 2006; Kamatou et al., 2007). These trichomes were also seen on leaf surfaces of S. montana subsp. remota. Leaf
surfaces of the plant were covered with these trichomes. Some researchers determined that peltate trichomes were observed
abundantly on calyx surfaces of flower in plants (Serrato-Valenti et al., 1997; Corsi and Bottega, 1999).
Table 2. Glandular trichome distribution on vegetative and reproductive organs of S. montana supsp. annua remota
Plant organ
Stem
Leaf
Flower

Type IIA
+++
+++
+++

Capitate type (Type II)
Type IIB
+++
+++

Type IIC
+

Peltate type
(Type I)
+++
-

(-), (+), (++) and (+++) denotes absence, a few and a lot of trichomes, respectively

Figure 1. Peltate (Type I) trichomes of S. montana subsp. remota on vegetative organs. Leaf surfaces (a, b)
Glandular Trichome of Sideritis montana subsp. remota
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b
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Figure 2. Capitate glandular (Type II) trichomes of S. montana subsp. remota on vegetative and reproductive organs.
Subtype IIA on stem (a, b, c) Subtype IIB on flower (d, e, f, g) Subtype IIC on flower (h) hc: head cell sc: stalk cell
When it comes to capitate glandular (Type II) trichomes, these trichomes were seen on both vegetative and reproductive
organs of S. montana subsp. remota. Subtype IIA, subtype IIB and subtype IIC of capitate glandular were found in the study.
Serrato-Valenti et al. (1997) reported that all subtypes of capitate glandular mentioned above were observed in other Lamiaceae
family. Subtype IIA has a globose unicellular or bicellular head and a stalk of one to two cells, whereas subtype IIB has a cupshape unicellular head an one to two-celled stalk. Subtype IIC has a hemispherical unicellular head and a unicellular or bicellular
stalk. In the present study, subtype IIA had one or two stalk cells, one base cell and one or two head cells on stem, leaf and flower
surfaces of S. montana subsp. remota. However subtype IIB had one or two stalk cells, one base cell and one head cell on leaf,
flower surfaces. Subtype IIC had one stalk cell, one base cell and one head cell on flower surfaces of the plant. Subtypes IIA
and IIB were observed on vegetative and reproductive organs. However, subtype IIC was only seen on flower surfaces. Glandular
trichomes especially capitate glandular ones have imported function for pollination in Lamiacea family (Navarro and El Oualidi,
2000). Azizian and Culter (1982) said that capitate glandular trichomes were important taxonomic characters and had significant
function for pollination in Lamiaceae. Werker et al. (1985) also reported these trichomes on calyx and corolla of species in
Lamiaceae family.
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CONCLUSION
In conclusion, subtype IIA, subtype IIB and subtype IIC of capitate glandular trichomes were determined in the study.
Subtype IIA and subtype IIB were seen on both vegetative and reproductive organs, whereas subtype IIC was observed on only
reproductive ones. Peltate glandular trichomes have a head which is composed of four celled. These trichomes were also observed
on leaf surfaces. The determination of glandular trichome types and the distribution of the trichomes in S. montana subsp. remota
is imported findings to be used in future systematic implication.
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