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Abstract: Throughout history, people have searched for the secret of long life and these researchers continue at full speed in
parallel with the developments in science and technology in recent years. It is inevitable that the secret of a long and healthy life
depends on nutrition and that nutrition should be with natural and high-quality nutrients. The Mediterranean diet, which is based
on olive oil, has emerged as a popular diet in recent years. Due to the positive effects of olive oil on health, it is also economically
valuable. For olive oil users to reach pure and high-quality olive oil, olive oils should be evaluated within the scope of some
quality control parameters with the help of various analyzes. In this study, the quality parameters of free fatty acidity, peroxide
value, and specific absorption(K332, K370, and AK) values in ultraviolet light were determined in olive oils obtained from
Edremit Yaglik olives. The compliance of the values found with the Turkish Food Codex Communiqué on Olive Oil and Edible
Pomace Oil (Communiqué No: 2017/26) has been evaluated. As a result of the analyzes made, the amount of free fatty acid was
determined as 0.11% in %oleic acid, the average peroxide number was 0.50 meq Oz/kg oil, the meanK 3, values were 0.4501,
the K,ovalues were on average 0.0446, and the mean AK values were -0.0248. It has been determined that all studied samples
comply with the criteria for extra virgin olive oil specified in the Turkish Food Codex 2017/26 Communiqué.

Key words: Free fatty acidity, olive oil, peroxide number, specific absorption

Ozet: insanlar tarih boyunca uzun yasamin sirrini arastirnuslar ve bu arastirmalar son yillarda bilim ve teknolojideki gelismelere
paralel olarak tiim hiziyla devam etmektedir. Uzun ve saglikli yasamin sirrinin beslenmeye bagl oldugu, beslenmenin de dogal
ve kaliteli besin maddeleri ile olmas1 gerektigi kaginilmaz bir gercektir. Temelinde zeytinyagi olan Akdeniz tipi beslenme, son
yillarda popiiler bir beslenme tarzi olarak karsimiza ¢ikmaktadir. Zeytinyaginin saglik iizerine olumlu etkileri sebebiyle
ekonomik olarak da degerlidir. Zeytinyagi kullanicilarinin saf ve kaliteli zeytinyagina ulagabilmesi i¢in, zeytinyaglarinin ¢esitli
tahliller yardimiyla bazi kalite kontrol parametreleri kapsaminda degerlendirilmesi gerekmektedir. Bu c¢alismada, Edremit
Yaglik tiirii zeytinlerden elde edilen zeytinyaglarinda kalite parametrelerinden serbest yag asitligi, peroksit degeri ve ultraviyole
1s18inda 6zgil sogurma (Kzs2, Ko7, and AK) degerleri tespit edilmistir. Bulunan degerlerin, Tiirk Gida Kodeksi Zeytinyag: ve
Yemeklik Pirina Yagi1 Tebligi’ne (Teblig No:2017/26) uygunlugu degerlendirilmistir. Yapilan analizler sonucunda, serbest yag
asitligi miktar1 %oleik asit cinsinden ortalama %0.11, peroksit sayisi ortalama 0.50 meq Oz/kg yag, Kzs. degerleri ortalama
0.4501, K270 degerleri ortalama 0.0446 olarak, AK degerleri ortalama -0.0248 olarak belirlenmistir. Caligilan tiim 6rneklerin,

parametrelerinin

Tiirk Gida Kodeksi 2017/26 Tebligi’nde belirtilen naturel sizma zeytinyag kriterlerine uygun oldugu belirlenmistir.

Anahtar Kelimeler: Serbest yag asitligi, zeytinyagi, peroksit sayisi, 6zgiil sogurma

Citation: Kiligel F, Kiling S, Karapmar HS (2023). Investigation of some quality-control parameters in Edremit yaglik olive oil.
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1. Introduction

The olive known since prehistoric times belongs to the
Oleaceae (Olive Fruits) family. This family, which spreads
in tropical and temperate regions, is represented by 25
genera and about 600 species in the world. The species
belonging to the genus Olea are plants where a large part of
them are trees and shrubs, and they are spread in areas with
relatively difficult growing conditions. This genus includes
33 species in the world. The only species with edible fruit
is Olea europea L., in which the cultivated olive is
included. In our country, O. europaea species is
represented by two varieties. These are O. europaea var.
europaea Zhukovsky and O. europaea var. sylvestris
(Miller) Lehr. The olive, which has two varieties (Delice,
male olive, and wild olive), was spread in Northern,
Western, and Southern Anatolia (Tokusoglu, 2010).

According to the data for 2021 in our country, the number
of fruiting olive trees is 157.850, and from these trees,
555.833 tons of table, 1.182.147 tons of oil, a total of
1.738.680 tons, and in 2022, 2.976.000 tons of olives were
produced (TUIK, 2023).

Olive oil is a natural oil with a unique taste and smell, which
can vary from clear green to yellow, obtained only from the
fruits of the olive tree (Olea europaea) by applying
mechanical or physical processes (Asik Ugurlu and Ozkan,
2011). The physical processes carried out while obtaining
olive oil do not bring about any change in the quality of the
olive oil. Olive oil is distinguished from other seed oils by
its natural state, that is, by consuming it without refining
(Boskou et al., 2006).

Approximately 98% of olive oil consists of the major
components triglycerides, fatty acids, and phosphatides,
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while the remaining part consists of the minor components
sterols, phenolic substances, free fatty acids, hydrocarbons,
aliphatic and triterpene alcohols, and volatile components
(Aydin et al., 2020). Especially tocopherol and phenolic
substances are among the components that are studied
intensively. These components make a significant
contribution to the time that fats are preserved from
spoilage, especially because they have an antioxidant
effect. In addition, these components have many important
effects in terms of their positive contributions to human
health (Covas et al., 2006; Owen et al., 2000). Apart from
health, the unique aroma of olive oil is formed by minor
components. It consists of aroma, taste, and smell. Taste is
often associated with phenolic compounds (Visioli and
Galli, 1998) and smell is associated with volatile
components (Kalua et al., 2007).

The minor components of olive oil vary depending on the
olive variety, climate, level of ripening, and processing
conditions (Gimeno et al., 2002)

Although the consumption intensity of olive oil has been
concentrated in the regions where it is produced more in the
past years, it has started to be consumed in the regions
where it is not produced because it is known to benefit
human health today. Olive oil production is mostly
concentrated in the Marmara, Aegean, Mediterranean, and
Southeastern Anatolia regions (Unakitan et al., 2012).

People's growing desire to live healthy and long has also
increased their interest in olive oil. The most important
feature that distinguishes olive oil from many oils is that it
is a type of oil that can be used by consumers without side
effects. The fact that olive oil is not subjected to heat
treatment and is obtained by passing it through cold
pressing is an important feature that increases its benefit to
human health (Karabulut, 2013;Kictkkomarler and
Uluksar, 2018). Olive oil is an important source of healthy
living. It has a unique smell, aroma, and antioxidant
properties. It also contains many vitamins, flavonoids, and
sterols. Today, olive oil is mostly used in kitchens for
cooking, salads, health care, and body care (Unsal, 2008;
Ozata and Comert, 2016; Kigiikkomirler and Uluksar,
2018).

The oleic acid, hydroxytyrosol and caffeic acid found in
olive oil have shown great protection factors against cancer.
Olive oil consumption has benefits for the large intestine
and also shows active properties in the prevention of breast
cancer (Waterman and Lockwood, 2007; Kiritsakis and
Shahidi, 2017).

A diet rich in extra virgin olive oil reduces the risk of
cardiovascular  disease  (Armutcu et al., 2013).
Mediterranean-type nutrition improves major risk factors
for cardiovascular diseases such as lipoprotein profile,
blood pressure, glucose metabolism, and antithrombotic
profile (Kiritsakis and Shahidi, 2017).

In addition to being rich in monounsaturated fatty acids,
olive oil contains small ingredients with antioxidant
properties (Fitd et al., 2007). This is because olive trees in
the Mediterranean basin have developed several
antioxidant defense mechanisms to protect themselves from
environmental stress (Visioli and Galli, 1998; Aparicio and
Garcia-Gonzalez, 2013).
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Oxidative stress is defined as an imbalance between the
body's oxidant and antioxidant systems in favor of oxidants.
The oxidative stress produced by free radicals has been
linked to the development of various diseases, such as
cancer and neurodegenerative diseases (Fit6 et al., 2007).
Protocatekuic and syringic acid have also been found to
have antioxidant activity. Tyrosol, p-hydroxyphenylacetic
acid, o-coumaric acid, p-coumaric acid, p-hydroxybenzoic
acid, and vanillic acid were found to have little or no effect.
Their contribution to the stability of the oil is minimal
(Aparicio and Garcia-Gonzélez, 2013; Papadopoulos and
Boskou, 1991).

In a study conducted to evaluate the possible differences
between the antihypertensive effects of monounsaturated
(MUFA) (extra virgin olive oil) and polyunsaturated fatty
acids (PUFA) (sunflower oil), it was found that 8% of those
who received the MUFA diet did not need drug treatment.
A slight reduction in saturated fat intake combined with the
use of extra virgin olive oil significantly reduces the need
for a daily dose of antihypertensive drugs (Ferrara et al.,
2000).

Freshly squeezed extra virgin olive oil contains
oleocanthal, a compound whose pungency evokes a strong
stinging sensation in the throat. This substance is one of the
solutions of the anti-inflammatory drug ibuprofen. Here,
the fact that oleocanthal acts as a natural anti-inflammatory
compound with a profile strikingly similar to that of
ibuprofen is indicative of pharmacological activity
(Beauchamp et al., 2005). In this regard, it is considered
anti-inflammatory and inhibitory (Kiritsakis and Shahidi,
2017).

Aging and related atherosclerosis, Morbus Parkinson's,
Alzheimer's disease, and cognitive decline are major health
problems in developed societies. Monounsaturated fatty
acids are recognized to play a protective role against age-
related cognitive decline and Alzheimer's disease
(Kiritsakisand Dugan, 1985; Berr et al., 2009; Aparicio and
Garcia-Gonzélez, 2013).

In this study, some quality parameters (free fatty acidity,
peroxide value, and specific absorption in ultraviolet light)
were analyzed in the samples of olive oils obtained from
Edremit Yaglik type olives and their compliance with the
Turkish Food Codex (TFC) Communiqué on Olive Oil and
Edible Pomace Oil (Communiqué No: 2017/26) was
evaluated.

2. Materials and Method
2.1. Material

The oils obtained from the Edremit Yaglik type olives used
in the analyzes were obtained from local olive oil producers
engaged in agricultural activities in the borders of
Canakkale Province-Bayrami¢c and Yenice District,
Balikesir Province-Edremit District during the 2020 harvest
period. During the study, olive oil samples were stored in
brown glass bottles andin an unlit environment.

2.2. Method
2.2.1.Free fatty acidity determination

The free fatty acid (%FFA) content of the extra virgin olive
oil sample was determined from %oleic acid using the
standard AOCS Ca-5a-40 method. The determination of
FFA % in oils was made by titration under non-water



conditions. 1 g of extra virgin olive oil sample was carefully
weighed and shaken with the addition of 15 ml of
ethylalcohol. At the end of the addition of 2-3 drops of
phenolphthalein indicator, titration was performed with
0.01N NaOH solution until the onset of pink color. The
consumed NaOH has been identified. Equation 1
determined the FFA results.

%FFA =( VXNxM)/(Gx10)

V: Amount of NaOH spent in titration

N: NaOH normality spent in titration (0.01N)
M: Fatty acids molecular mass (282g)

@)

G: Sample mass
2.2.2. Determination of peroxide number

The peroxide number (PV) of a sample of extra virgin olive
oil is a measure of the amount of meq O; in kg of oil or an
expression of the hydroperoxide content in the oil.
Analyses were performed using the standard AOCS Cd-8b-
90 method. 1 g of the olive oil sample was taken and mixed
by adding 1 ml of chloroform and 1.5 ml of acetic acid. 0.1
ml of KI was dripped onto it and kept in the dark for 180
seconds. Then 25 ml of pure water and 3 drops of 1% starch
solution were added to it. It is the detection of turbidity and
gray color peroxide as a result of the control. Subsequently,
titration was performed with 0.002 N regulated
Na,S,0;until the color of the solution was clear. The value
of Na,S,0;3 spent has been determined. According to
Equation 2, the peroxide number is calculated and
expressed as milli equivalent gram oxygen/kg fat.

PV = (NxVx100)/G
G: Sample weight

@)

V: Amount of Na,S,03 consumed in titration (ml)
N: Normal of Na,S,0s3 used in titration
2.2.3. Determination of specific absorption

The method recommended by the standard AOCSCh 5-91
was used to determine the specific absorption values. The
samples were thoroughly homogenized and filtered through
filter paper before being analyzed. A 0.25 g sample was
weighed in a 25 ml balloon. The balloon containing the
sample was completed with hexane to 25 ml and
homogenized by mixing thoroughly. The absorbance
values of the samples at different wavelengths (232, 266,
270, and 274 nm) were read out in the spectrophotometer.
K232, K26, K270, and K,,4 are calculated according to
Equation 3.

K\ = ANCx

K232: Az3/CXL

Kzes: Aze6/CXL

K270: Az70/CXL

Ka74: Az74/CXL

The value of AK is calculated by Equation 4.
AK = Ky70-[(Kze6+K274)/2]

K332: Specific absorption value at 232 nm

©)

)

Kae6: Specific absorption value at 266 nm

K270: Specific absorption value at 270 nm
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K74: Specific absorption value at 274 nm
A3, Absorbance value read at 232 nm

Azs6: Absorbance value read at 266 nm

Az70: Absorbance value read at 270 nm

A;74: Absorbance value read at 274 nm

C: Concentration of solution (g/100 ml)

L: Bathtub thickness (cm)

3. Results

3.1. Free fatty acidity determination results

As a result of the analysis, the amount of free fatty acidity
in Edremit Yaglik type olive oil varies between 0.05% and
0.25% in terms of % oleic acid and the average 0.11% +
0.05. The results meet the requirement of <0.8, which is the
criterion of extra virgin olive oil determined according to
the Turkish Food Codex Communiqué on Olive Qil and
Pomace Oil (Communiqué No: 2017/26). It is seen that the
determined results are in line with the literature. The
determined analysis results are shown in Figure 1. As can
be seen from Figure 1, in only two of the largest samples,
our value is 0.25%, which is well below the limit value of
0.8%. According to these results, it was determined that the
olive oils analyzed were of high quality in terms of free
fatty acidity.

In a study conducted to determine the chemical, physical
and sensory properties of olive oils produced in Canakkale,
it was reported that while the free fatty acid ratios were
below the limit value specified in the TFC olive oil
communiqué in all other samples except two samples, the
peroxide values were generally by the standards. At the
same time, it was determined that there were significant
differences in terms of sensory parameters between olive
oils (Ogiitcii et al., 2008).

In another study conducted to reveal some characteristics
of olive oils obtained from Chemlali and Chetoui variety
olives taken from the northern and southern regions of
Tunisia, it was determined that the free fatty acid values of
Chemlali and Chetoui olive oils obtained from Southern
Tunisia were between 1% and 0.9%, the free fatty acid
values of olive oils obtained from Northern Tunisia were
0.1% (Chemlali) and 0.3% (Chetoui), and peroxide values
were between 3.2-8.3 meq O./kg (Issaoui et al., 2010).

Various quality parameters have been examined in Queslati
variety olive oils obtained from seven different regions of
Tunisia. Accordingly, free fatty acid, peroxide values, UV
specific absorbance values were found to be by the extra
virgin olive oil standard, while palmitic acid (12.4-15.2%),
oleic acid (68.1-74.7%), stearic acid (1.6-2.1%) and linoleic
acid (6.7-14.9%) were the major fatty acids determined
(Youssef et al., 2011).

In a study conducted to examine some properties of olive
oils obtained from 11 varieties of olives belonging to the
Marche region of Italy, it was revealed that 12 different free
fatty acid values (0.1-0.2%) and peroxide values (3.9-8.2
meq O/kg) belonging to olive varieties were determined,
at the same time eicosenoic, heptadanoic, eikosanoic,
linoleic, linolenic, oleic, palmitic, stearic acid values were
found and oleic acid values were highest in them (71.7-
79.8%) (Cecchi and Alfei, 2013).
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Figure 1. Free amounts of fatty acidity (% oleic acid)

The free fatty acidity in extra virgin olive oils of Sariulak
type olives grown in Antalya, Mersin, and Karaman was
determined between 0.50% and 0.83% and peroxide values
were measured in the range of 3.99-4.33 meq O./kg (Arslan
etal., 2013).

3.2. Peroxide count determination results

As a result of the analyzes, the number of peroxides in
Edremit Yaglik type olive oil ranged between 0.22 meq
O./kg oil and 1.23 meq O,/kg oil and was measured as 0.50
+ 0.241 meq O-/kg oil. All the determined values met the
requirement of <20, which is the criterion of extra virgin
olive oil according to the Turkish Food Codex
Communiqué on Olive Oil and Pomace Oil (Communiqué
No: 2017/26). All samples were determined to be consistent
with the literature. The results of the analysis are shown in
Figure 2. In Figure 2, it is seen that the peroxide values of
our samples are very, very small than the limit value of
twenty. Therefore, it was determined that the samples
analyzed were quality olive oils.

In a study conducted by taking samples (n=30) from 10
different olive oil varieties offered for sale in and around
Nizip, some of their physical and chemical properties were
examined. In the evaluations, it was determined that the
acidity and peroxide values of 40% of the samples were
above the values determined in the Food Codex (Tiirkoglu
etal., 2012).

In another study in which the peroxide values of different
kinds of olive oils for the 2017 and 2018 harvest years were
measured, the 2017 peroxide values of the oils of Ayvalik,
Copas1, Gemlik, and Yaglik varieties of olives were found
between 2.00-5.00 meq Ox/kg, 1.99-7.43 meq Oz/kg, 1.49-
6.47 meq O./kg and 1.99-9.90 meq O./kg, respectively,
while the peroxide values of 2018 were quite low
compared to the previous year and 0.88-1.63 meq O,/kg
respectively, Itwas detected between 1.00-4.00 meq O2/kg,
1.00-2.75 meq Oa/kg and 1.00-2.50 meq Oz/kg (Ozcan et
al., 2019).

Free acid contents of the fat samples Verticillium wilt did
not show a linear relationship with disease severity. The
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peroxide value, which gives information about the primary
oxidation products in vegetable oils, was found to vary
between 8.07-14.20 meq O/kg oil in oil samples obtained
from diseased trees. It has not exceeded the limit of 20 meq
O,/kg for natural olive oil in the Turkish Food Codex
Communique on Olive Oil. Peroxide values showed a
direct proportion to disease severity (Yorulmaz et al.,
2017).

In a study in which the aroma substances of the olive oils
obtained from Gemlik and Barnea olive varieties grown in
Adana province were determined, the peroxide value in
olive oils was determined as 10.37 meq O/kg oil in Gemlik
variety oil and 8.60 meq O/kg oil in Barnea variety oil
(Kesen et al., 2014).

The peroxide value of olive oil obtained from the Gemlik
variety grown in the Erzin district of Hatay province was
reported as 8.85 meq O./kg (Kelebek et al., 2012).

3.3. Specific absorption determination results

In Edremit Yaglik type olive oils, K3, values were
determined as 0.2401-0.5922 with an average of
0.4501+0.094, and K,;, values between 0.0305-0.0628
with an average of 0.0446+0.008. AK values were found in
the range of -0.2640-0.0037, with an average of an average
of -0.0248+0.0780. According to the Turkish Food Codex
Communiqué on Olive Oil and Pomace Qil (Communiqué
No: 2017/26), the K value at 232 nm in extra virgin olive
oil is <2.5; the value of K at 270 nm is <0.22; AK value
should be <0.01. As a result of all the analyzes, it was
determined that the values determined were smaller than
the TFC values and were compatible with the literature. The
results of the determination of specific absorption are
shown in Figure 3. It was found that the K3, values of the
analyzed samples were well below 2.5, the K,;, values
were well below 0.22 and the AK values were well below
0.01. It was determined that the samples with the analyzed
olive oil consisted of quality olive oils.

In a study conducted to determine the maturity index values
of the fruits of the Ayvalik olive variety harvested at 3
different maturities in 9 different regions of Canakkale
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Figure 2. Peroxide count results (meq Oz/kg fat)

province Bayrami¢ and Edremit olive cultivation areas and
the chemical properties of olive oils obtained, the K3,
value for Edremit was 1.516+0.181; K,;, value is
0.091+0.002, K33, value for Bayramig is 1.523+0.041;
K70 value was 0.092+0.004 (Giindogdu and Nergis, 2020).

In another study on the quality parameters of natural olive
oils produced in the Hatay region, the K3, value was found
to be the lowest at 1.67, the highest at 2.51, and the average
at 2.02+0.17, the K¢ value as the lowest 0.11, the highest
0.25 and the average as 0.16+0.03, the AK value as the
lowest 0.00, the highest 0.01 and the average 0.004+0.002
(Guler et al., 2006).

In a study conducted to determine some characteristics of
olive oils obtained from G20/1 and G20/7 Clones and
Gemlik variety olives, the specific absorption values in
ultraviolet light were 2.57+0.08 for the G20/1 clone, the
K370 value was 0.20+0.04, the K,3, value for the G20/7
clone was 2.32+0.04, the K-, value was 0.37+0.09 and the
K232 value for Gemlik type was 2.66+0.09,the K;;ovalue
was determined as 0.30+0.03 (Ozdemir et al., 2016).

In another study conducted to determine the effect of the
harvest period on the quality parameters of Beylik olives
and olive oil, the K3, value was determined as 0.67+0.03
in October, the K3, value as 0.2940.001, the K3, value as
0.83+0.01 in November, the K, value as 0.23+0.01 and
the K3, value as 1.11+0.04 in December, the K-, value
as 0.27+0.01 (Ozen and Kegeli, 2019).

In a study where the optimum harvest time of the
Cornicabra olive variety was determined according to oil
quality parameters at 4 different harvest times; It was found
that UV-specific absorbance values and sensory quality
decreased at 232 and 270 nm with peroxide as maturation
increased, while free acidity amounts increased. It has been
reported that the optimal maturity index for the Cornicabra
olive variety should be higher than 3 and lower than 4-4.5
(Salvador et al., 2001).

In a study in which the effect of harvest time on some
physical properties and pigment amounts of extra virgin
olive oils obtained from Ayvalik, Domat, and Gemlik olive
varieties was determined, 4 different harvest periods
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Figure 3. Specific absorption determination results (UV: Absorbance values K33, K370, AK)
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including the first week of September, October, November, it was determined that all of the oil samples examined
and December were selected. In extra virgin olive oils, remained within the natural extra virgin olive oil standard
specific absorbance (K332, Kz70) values were determined in values specified in the TFC communiqué.

UV light. Generally, as olive ripening increases in all

varieties, a decrease in K,s, and K,,, values has been Conflict of Interest
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Table 1. Data on the determination of free fatty acidity, peroxide number, and specific absorption number of Edremit Yaglik type olive
oils (30 pieces)

Free fatty acidity ~ Peroxide value K232 K270

Saple (% oleicacid)  (meq 02/kg) wv) @v) °“K

Edremit yaglik type olive oil Mean 0.11 0.50 0.4501 0.0446  -0.0248
St. Deviation 0.05 0.24 0.0942 0.0088 0.0780
Minimum 0.05 0.22 0.2401 0.0305 -0.2640
Maximum 0.25 1.23 0.5922 0.0628  0.0037
Range 0.20 1.01 0.3521 0.0323  0.2677

Turkish Food Codex
Communique on Olive Oil and Pomace <0.8 <20 <25 <0.22 <0.01
Qil (Communiqué No: 2017/26)

UV: Absorbance values
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Abstract: Seed germination and seedling emergence is the main step of cultivation and improving them could yield high
performance in the field. Improved seedling emergence means less sensitivity to biotic and abiotic stress factors. It is possible
to enhance seedling emergence via different technologies. Nanoparticles are one of the improving technology and their impact
on crop cultivation are improving day by day. The seeds of hybrid-snack type cultivar Ahmetbey and for seed treatment agent
TiO: nanoparticles were used in this experiment. This study was conducted to observe the impact of seed treatment with
different titanium dioxide (TiO:) nanoparticles (NPs) concentrations (6, 12, and 24 mg L™) with dimensions of 20-50 nm
during 8 hours on the emergence and seedling growth performance of snack-type sunflower cultivar Anmetbey. Four replicates
of 50 seeds in each treatment were sown in plastic trays 4 cm deep and placed in a growth chamber at 20 + 2 °C 45 uM photons
m-2 s-1 light for 16 h. Mean emergence time (MET), emergence percentage, seedling vigor, root-to-shoot length ratio, shoot
length, and root length seedling fresh and dry weight were measured. Emergence percentage, shoot length, root length, and
fresh and dry weight of seedlings increased with TiO2> NPs treatments. The results revealed that 8-hour priming with water has
a low impact on seeds of cv. Ahmetbey compared to any treatment of TiO2 NPs. In conclusion, it is proved that the improving
effects of 8 hour priming of sunflower seeds with TiO. NPs solutions on sunflower seedling emergence.

Key words: TiO-, seed priming, sunflower, hydropriming

Ozet: Tohum ¢imlenmesi ve tarla ¢ikisi, ekimin ana adimidir ve bunlar1 gelistirmek tarla veriminde yiiksek performans
saglayabilir. Gelistirilmis fide tarla ¢ikisi, biyotik ve abiyotik stres faktorlerine daha az duyarlilik anlamina gelir. Farkli
teknolojiler yoluyla fide ¢ikigini arttirmak miimkiindiir. Nanopartikiiller geligsen teknolojilerden biridir ve bunlarm bitki
yetistiriciligi tizerindeki etkileri her gegen glin artmaktadir. Bu deneyde hibrid-gerezlik aygigegi ¢esidi Ahmetbey ve tohuma
On uygulama materyali olarak titanyum dioksit (TiO-) nanopargaciklart kullanildi. Bu galismada, aygigegi fide ¢ikisi ve fide
biylime performansini gozlemleyebilmek amaciyla, 8 saat boyunca 20-50 nm boyutlarinda farkl titanyum dioksit (TiO2)
nanopargaciklari (NPS) konsantrasyonlarinda (6, 12 ve 24 mg L) bekletilen tohumlar kullanilmistir. Tohumlar her tekerriirde
50 tohum olacak sekilde (50 x 4 = 200) plastik c¢ikis kaplarina 4 cm derinliginde ekilmistir. Cikis performansini 6lgebilmek
amaciyla 20 = 2 ° C 45 um foton M-! 1g1kta 16 saat boyunca bir biiyiime odasina yerlestirildi. Ortalama ¢ikis siiresi (MET),
¢ikis yiizdesi, fide canliligi, kok-fide boyu uzunlugu orani, fide uzunlugu ve kok uzunlugu fide yas ve kuru agirliklar: 6lguldu.
TiO2 NP'leri tohum uygulamalari ile ¢ikis yiizdesi, stirgiin uzunlugu, kék uzunlugu ve yas ve kuru agirlikta arti gézlenmistir.
Sonuclar, tohumlarin 8 saat suda bekletilmesi uygulamasinimn TiO2 NP'leri ile yapilan uygulamalara kiyasla Ahmetbey aycigegi
¢esidi tohumlart {izerinde diisiik bir etkiye sahip oldugunu ortaya koymustur. Sonuglar aygigegi tohumlarmin TiO:

nanopartikiilleri ile 8 saat 1slatilmalariin aygicegi fide ¢ikisi icin olumlu etkileri oldugunu kanitlamistir.

Anahtar Kelimeler: TiO-, tohum uygulamasi, aygigegi, hydropriming

Citation: Day S, Ozgen Y (2023). Titanium dioxide nano particles improving impact on sunflower seedling’s emergence performance.

Anatolian Journal of Botany 7(2): 108-111.

1. Introduction

Sunflower cultivated in Tirkiye is mainly oil seed type
(Kaya et al., 2013) grown on around 899.254 ha (TUIK,
2022). Snack type sunflower is used in making bread,
chocolate production and are consumed as a snack (Day et
al., 2008). Its production is increasing with present
production of around 80.435 ha (TUIK, 2022). However
snack type sunflower has less yield (2490 kg ha™)
compared to oil seed types (2610 kg ha™). The low yield in
snack type sunflower mostly depends on farmers’ habit of
cultivating the seeds they obtained the year before. The
seeds, in this case, have low homogeneity and their hull
percentage is increased which retard the germination and
seedling could stand in the field.

Seed priming could be used to increase the efficiency of
seed germination and seedling fidelity under optimal and
unfavourable conditions (Devika et al., 2021; Day, 2022).
New approaches are developing with the increasing
nanoparticle industry (Acharya et al., 2017). Several
nanoparticles (NPs) such as Al,O3 NPs (Aluminium oxide),
Ag NPs (Silver), TiO, NPs (Titanium dioxide), CeO, NPs
(Cerium oxide), FeO NPs (Ilron oxide), ZnO NPs (Zinc
oxide), silicon NPs, and carbon nanotubes are used in seed
germination and growth of several plant species and
varieties (Haghighi et al., 2014; Prasad et al., 2017).
Nanoparticles have toxic or supporting effects on plant
growth depending on species and the form and
concentration of nanoparticles used.
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Nanoparticles have unique physio-chemical properties,
high stability, anticorrosion, and photocatalyst activity
which suggests their application in many areas like
cosmetics, cleaning products, transportation, energy, and
agriculture (Haghighi and Teixeira da Silva, 2014). In
agriculture, its usage in plant development is increasing.
Particularly TiO. NPs usage is increasing due to its
semiconductor  properties, high visible  spectrum
transmittance, chemical stability, and high antimicrobial
activity.

TiO:2 NPs can change the hormonal levels of plants during
growth. Increased zeatin riboside and brassinolide in
tobacco were observed after foliar application of TiO:
nanoparticles (Hao et al., 2018). TiO2 NPs supportive
impact on plant growth, microorganism activity, and
nutrient uptake was observed in barley (Marchiol et al.,
2016), and wheat (Faraji and Sepehri, 2019; Zahra et al.,
2019).

Seed germination stage is an important stage in sunflower
cultivation. It sustain rapid germination and healthy
seedlings’ emergence by playing an important part in
obtaining high yield for sunflower. Pre-sowing seed
treatments hasten field emergence for many oil crops
including canola (Day, 2022), sunflower (Bourioug et al.,
2020) and soybean (Shrestha et al., 2019). TiO:
biostimulation impacts has been reported successfully in
many crops.

Although a limited number of studies have been carried out
on the use of different nanoparticles on sunflower cultivars,
to the best of our knowledge no study has been carried out
to find the impact of TiO. NPs on snack-type sunflower
seed germination parameters. Therefore the study aimed to
compare seed germination and emergence behavior of
snack-type sunflowers using hydro priming and different
concentrations of TiO2 NPs.

2. Materials and Method

The seeds of hybrid-snack type cultivar Ahmetbey were
used in this experiment. TiO: nanoparticles, were
purchased from a producer (NG Materials) of nanoparticles
with the size of 28 nm. Distilled water and TiO: based
treatments were used in priming by immersing in 200 mL
water and different concentration of TiO: (6, 12 and 24 mg
L™) for 8 hours. The immersed seeds were rinsed with
distilled water after 8 h.

2.1 Emergence tests

Four replicates of 50 seeds in each treatment were sown in
plastic trays, 4 cm deep and placed in a growth chamber
(Sanyo versatile Growth chamber, Japan) at 20 + 2 °C, 45
UM photons m?2 s? light for 16 h. The compost in trays had
a pH 6.5 and electrical conductivity of 40 mS m™. The
irrigation was done regularly two times a week using 200
ml water to adjust the water lost during evapotranspiration.
The plastic trays were checked daily to count the number of
emerging seedlings. The seedling emergence criteria
occurred as unfolding cotyledons above the surface. The
experiment ended 25 d after sowing.

The mean emergence time (MET, days) was calculated with
the formula below (ISTA, 2017)

Ynxt

MET = n

109

n= number of cotyledons on the compost surface at time t
t= days from planting
>n= final cotyledon number on the compost surface

Shoot length, root length, seedling fresh weight, and dry
weight were measured for all seedlings from each replicate
on the 25'" day. Fresh weights of seedlings were determined
soon after harvest to obtain accurate results (Day, 2016).
The dry weights of the seedlings were ascertained after
drying the samples in an oven at 70 °C for 48 h (Day et al.,
2017). Vigor index calculation was done according to the
equation given below (Raskar and Laware, 2013)

Vigor index = Germination percentage (%)
X Seedling dry weight (g)

Root to shoot length ratio was calculated by formula
described below (Khatun et al., 2013)

Root length (cm) + Shoot length(cm)
2.2 Statistical analysis

The experimental design was randomized block design
with four replicates. Germination percentage data were
transformed into arcsine before analysis of variance.
MSTAT-C statistical software was used for the analysis of
variance and the comparisons of differences between the
means were computed by Duncan’s multiple range test
(DMRT).

3. Results

MET depending on the different priming treatment did not
show any differences (F=2.0714, df=12, p=0.1479). It
ranged 8.25 to 9.28 days (Table 1).

Emergence percentages ranged 90.00 to 97.50 % with
significant differences (F=5.2689, df=12, p=0.0110). The
maximum and the minimum emergence percentage was
observed using 24 mg L™ TiO: and distilled water-treated
seeds respectively. However, no statistical differences were
indicated among 6, 12 and 24 mg L™ TiO: treatments and
they were placed in the same group (Table 1).

The seedling vigor index (Table 2) in each treatment was
significantly different (F= 7.6766, df=12, p=0.0026). The
minimum and the maximum vigor index was observed in
control treatment (47.78) and 24 mg L™ TiO: treatment
(95.25). Root-to-shoot length ratio varied between 0.75 and
0.95 (F=1.4364, df=12, p=0.2814).

Impact of seed treatment on the shoot length showed
statistically significant differences (F=11.5159, df=12,
p=0.0004). The result proved that 6, 12 and 24 mg L™ TiO:
impact on the shoot and root length was similar. Control

Table 1. TiO: priming impacts on mean emergence time and
emergence percentage

Priming treatment MET (day) Emergenc(ti)/[;;e reentage
Control 9.28 +0.249 90.50 £ 1.84 b*
Hydro 8.60 + 0.300 90.00+3.00b
6 mg L™ TiO2 8.65 + 0.059 97.00+2.279a
12 mg L™ TiO: 8.25 +£0.341 97.00+2.219a
24 mg L™ TiO2 8.50 + 0.067 97.50 + 1.821a

All values shown with different letters in single columns are
statistically different using DMRT *: p<0.05; +: Standard Error



and hydro-primed seeds had shorter shoot length compared
to TiO: treated seeds (Table 3).

Seedling fresh weight ranged from 1.73 to 2.91 g plant-t
(Table 4). Hydropriming and TiO. NPs treatments
increased the fresh weight compared to the control
treatment. (F=5.3161, df=12, p=0.0107). There were no
statistical ~ differences determined among priming
treatments and took the same group statistically. Seedling
dry weight showed statistical importance (F=6.9517,
df=12, p=0.0039). The dry weight values were observed
between 0.53 and 0.98 mg plant-1.

Table 2. TiO: priming impacts on seedling growth parameters

Root-to-shoot
lenght ratio)

Priming treatment  Seedling vigor index

Control 47.78 + 3.563 b** 0.75+0.618
Hydro 63.78+3.518 b 0.95+0.816
6 mg L™ TiO: 70.28 + 4.762 ab 0.85+0.713
12 mg L™ TiO2 69.60 +5.184 ab 0.88 £0.743
24 mg L' TiO2 95.25+8.796 a 0.82 +0.683

All values shown with different letters in single columns are
statistically different using DMRT **: p<0.01; +: Standard Error

Table 3. TiO: priming impacts on seedling growth parameters

Priming treatment Shoot lenght (cm)  Root lenght (cm)

Control 11.65+0.193 b**  8.75 + 0.485 b**
Hydro 12.05+1.099 b 1140 +1.175ab
6 mg L™ TiO: 1570 £0.311a 13.30+0.675a
12 mg L™ TiO: 15.15+0.104 a 13.30£0.613 a
24 mg L TiO2 1555 +0.551a 12.68 +0.634 a

All values shown with different letters in single columns are
statistically different using DMRT **: p<0.01; +: Standard Error

Table 4. TiO: priming impacts on seedling growth parameters

Priming treatment Fresh weight Dry weight

g plant™ g plant-t
Control 1.73 £0.137 b* 0.53 £ 0.035 b**
Hydro 2.47+0.328a 0.71 £ 0.059 ab
6 mg L™ TiO: 246+0.148a 0.72 £0.061 ab
12 mg L™ TiO: 261+0.147a 0.72 £0.032 ab
24 mg L' TiO2 291+0.111a 0.98 +0.097 a

All values shown with different letters in single columns are
statistically different using DMRT *: p<0.05; **: p<0.01; +: Standard
Error
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4. Discussions

Seed germination and early seedling growth are the critical
stages for crop establishment. These stages are vulnerable
to biotic and abiotic stress factors. The priming treatment
could support these stages when the plantlets are under the
stress from inside or outside.

TiO: priming is more effective on germination percentages,
shoot length, root length, seedling fresh weight and
seedling dry weight compared to hydro priming and control
treatments. Germination percentage was the minimum in
hydro priming treatment and it did not show diversity from
control treatment statistically.

Quality of seed generally has effect on the seedling
establishment and its vigor (Kandasamy et al., 2020).
Seedling emergence is directly influenced by vigor because
this shows ability of seeds’ to emerge under optimal or
adverse field conditions. Emergence delay could lead to
many unwanted results like delayed harvest.

TiO2 showed improving results in seedling vigor, especially
in 24 mg L™ TiOz. TiO:2 NPs, related to dose, particle size,
and exposure time (Gohari et al., 2020), could be toxic to
plant growth. But for this study beneficial impacts on
seedling growth parameters were observed in line with the
increased shoot length and root length seedling fresh and
dry weight increased due to priming treatments. Fresh
weight and shoot length increase in hemp and root length
increase in flax depending on the NP's concentration were
observed (Akgur and Aasim, 2022; Clément et al., 2013).
Similar findings were observed for increased dry weight
due to TiO: treatment in Moldavian balm (Gohari et al.,
2020) and maize (Shah et al., 2021).

Considering these results 8 hour priming with water has low
impact for snack type sunflower cv. Ahmetbey seeds
compared to TiO: NPs. However nanoparticles have
different dimension and their production process are
different, this dimension range used in this research is
found suitable for sunflower seed multiplication. Further
studies are needed to attain standardization and achieve
homogeneity, which is the main issue in using these kind of
nano products in agricultural production.
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Priming edilmis endiistriyel kenevir (Cannabis sativa L.) tohumlarin in
vitro ¢imlenmesinin optimize edilmesi

Abstract: Germination under in vitro conditions for industrial hemp (Cannabis sativa L., Cannabaceae) is highly significant
for the application of biotechnological tools like genome editing. Therefore, seeds were surface sterilized followed by priming
with hydrogen peroxide (H202) and sterile distilled water (dH20) for 24, 48, and 72 h. The primed seeds were inoculated on the
Murashige and Skoog (MS) medium enriched with 1.0 mg/L benzyl amino purine (BAP) and 200 mg/L antibiotics. Exposing
seeds to H202 was superior and 100% germination was observed. Whereas hydropriming resulted in 30-52.5% germination with
a maximum of 48h priming time. The results on shoot counts revealed a maximum of 1.98 shoots from the combination of 3.0%
H202 and 72h priming time. The results were also analyzed by constructing different statistical plots like box plots, normal plots,
contour plots, and surface plots. The normal plots exhibited the significance of H202 concentration on both output variables.
Whereas contour and surface plots classified the output data into different sub-groups and confirmed the results.

Key words: Germination, industrial hemp, in vitro, priming, statistical analysis

Ozet: Endistriyel kenevir (Cannabis sativa L., Cannabaceae) bitkisinin in vitro gimlenmesi, genom diizenleme gibi
biyoteknolojik araglarin uygulanmasi i¢in olduk¢a 6nemlidir. Bu nedenle, tohumlar yiizey sterilize edildikten sonra 24, 48 ve 72
saat boyunca hidrojen peroksit (H202) ve steril distile su (dH20) ile priming uygulama yapilmistir. Daha sonra tohumlar, 1.0
mg/L BAP ve 200 mg/L antibiyotik ile zenginlestirilmis Murashige ve Skoog (MS) ortamu iizerinde Kkiiltiire alinmugtir.
Tohumlarm H20z ile yapilan priming sonucunda daha iyi sonug¢ verdigini ve %100 ¢imlenme oldugu gézlemlenmistir. Buna
karst hidropriming ile yapilan ¢alismada 30-52,5 gimlenme gozlenirken, en iyi sonucun 48 saatlik priming sonucu oldugu
kaydedilmistir. Siirgiin sayilarina bakildiginda en fazla 1,98 siirgiin, %3,0 H202 ve 72 saatlik priming stiresi kombinasyonundan
elde edilmistir. Sonuglar ayrica kutu grafigi, normal grafikler, kontur grafikleri ve ylizey grafikleri gibi farkli istatistiksel
grafikler olusturularak da analiz edilmistir. Normal grafikler, H202 konsantrasyonunun her iki ¢ikt1 degiskenindeki 6nemini

acikca gostermistir. Kontur ve ylizey grafikleri ise ¢ikt1 verilerini farkli alt gruplara ayirmis ve sonuglart dogrulanmustir.

Anahtar Kelimeler: Cimlenme, endUstriyel kenevir, in vitro, priming, istatistiksel analiz
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1. Introduction

Industrial hemp (Cannabis sativa L., Cannabaceae) is one
of the most significant and commercially grown crops of
the World, due to its multiple uses in different industries
ranging from pharmaceutical to the fiber industry (Salentijn
et al., 2014; Tremlov4 et al., 2021). The commercially
grown area of industrial hemp is increasing significantly
with an estimated compound annual growth rate (CAGR)
of 16.2% up to 2028 (Aasim et al., 2022). The demand for
developing new cultivars with elite characteristics
(Chandran et al., 2020) enforces researchers to employ
biotechnological tools like plant tissue culture. The in vitro
germination followed by the seedling establishment is
simultaneously a physiological process (Ventura et al.,
2012), regulated by both internal and external stimuli.
Exposing seeds to any external stimuli within a specific
time may lead to the manipulation of a whole germination
process (Paparella et al., 2015). The priming is the
exogenous appliation of a physical or chemical stimulus to

the seeds, and to date, various priming techniques have
been developed and employed successfully for different
crops under different culture conditions (Salah et al., 2015).

Germination of cannabis seeds under in vitro conditions is
a major issue and needs the use of some external stimuli
like water or H,O.. Hydrogen peroxide (H20O,) is an oxidant
(Sevilgen and Velioglu, 2009), that generate in response to
stresses in plants (Karatas et al., 2015). The significance of
H.O, for plants is relatively high irrespective of
complicated relationships, which often may lead to
oxidative damage leading to cell death (Abbasetal., 2011;
Hossain et al., 2015; Zhang et al., 2015). Therefore,
automation of the optimum dose of H,O, and treatment
time is important. Hydropriming is another and most
promising technique used in seed germination. In this
study, the surface sterilized seeds of industrial hemp were
treated with H,O, and sterile distilled water (dH.O) for
three different treatment times to check the impact on
germination and shoot counts.

This work is licensed under a Creative Commons Attribution 4.0 International License
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2. Materials and Method

The cultivated industrial hemp population “Narlisaray” was
procured from Gokhoyuk Agricultural Management
Directorate, Amasya, Turkiye.

The healthy seeds were selected manually and the damaged
seeds were discarded. The seeds were surface sterilized
following Aasim et al., (2022). The seeds were treated with
ethanol (70% for 3 min), followed by treatment with HgCl,
(0.10% for 10 min). Thereafter, distilled water was used for
rinsing the seeds and this process was repeated three times
for 5 min each for removing the traces of the disinfectant.

The surface sterilized seeds were exposed to 2.0% and 3.0%
viv H,0, (34.5-36.5% H202 - Sigma-Aldrich) for 24, 48,
and 72 h. The same treatment time was also used for
hydropriming (Control) of industrial hemp seeds. After the
respective treatment time, the seeds were transferred to the
culture medium for germination.

The culture medium used in this study comprised of
Murashige and Skoog (MS) medium (Murashige and
Skoog 1962), 30 g/L sucrose, and 6.5% agar as a gelling
agent. The pH was automated with 1.0 N HCI/NaOH to
approximately 5.8 after adding 1.0 mg/L benzylamino
purine (BAP). To overcome the issue of endogenic bacteria,
200 mg/L Sulcid (ampicillin and sulbactam) was also added
to the culture medium after autoclaving the medium.
Autoclaving of the culture medium was performed as a
standard procedure employed (15 min, 121 °C, 1.5 atm
pressure). The basal medium containing primed seeds were
placed under White Light-emitting Diodes (LEDs) with
temperature and light photoperiod automated at 24 + 1 -C
and 16 h respectively.

The experiment was performed in 4 replicates containing
10 seeds per replicate. The data regarding in vitro
germination was tabulated after 21 days of culture.
Whereas, shoot counts were recorded after 6 weeks of
culture. The data were analyzed using two different
statistical programs for a better presentation of data. The
ANOVA, regression equation, and normal plots were
analyzed using Minitab statistical software. The difference
among the treatments was analyzed with Tukey’s B. The
contour and surface plots were developed with the aid of a
design expert program.

3. Results

Application of H,O, concentration (C) and treatment time
(T) significantly affected the in vitro germination (%) and
shoot counts of surface sterilized seeds of industrial hemp.
The results revealed that concentration and treatment time
did not affect the germination, percentage (100%).
Exposing seeds to water (control treatment-hydropriming)
for 24 to 72 h yielded 30.0-52.50% germination with a
maximum from 48 h treatment time. The results on shoot
counts ranged 1.05-1.98. The maximum shoot counts were
recorded from 3.0% H,0, for 72 h treatment time. On the
contrary, minimum shoot counts were attributed to seeds
used in control treatment for 72 h (Table 1). The results
were further illustrated by constructing a box plot analysis
of both output parameters (Fig. 1a,b).
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Figure 1. Box plot analysis of in vitro germination and shoot
counts in response to priming agent concentration and treatment
time.

Table 1. Impact of C x T of H202 and dH20 on the germination (in vitro) of industrial hemp (Cannabis sativa L.)

Germination (%)

Shoot counts

H20, Time

(%) (h) Mean StDev 95% Cl Mean StDev 95% CI

2 24 100.0A 0.0 (93.9; 106.1) 1.49ABC 0.229 (1.204; 1.781)
2 48 100.0A 0.0 (93.9; 106.1) 1.81AB 0.0526 (1.5161; 2.0939)
2 72 100.0A 0.0 (93.9; 106.1) 1.73AB 0.241 (1.444; 2.021)
3 24 100.0A 0.0 (93.9; 106.1) 1.30BC 0.415 (1.006; 1.584)
3 48 100.0A 0.0 (93.9; 106.1) 1.63ABC 0.0866 (1.3361; 1.9139)
3 72 100.0A 0.0 (93.9; 106.1) 1.98A 0.556 (1.686; 2.264)
0 24 30.00C 11.55 (23.91; 36.09) 1.25BC 0.289 (0.961; 1.539)
0 48 52.50B 9.57 (46.41; 58.59) 1.18BC 0.1358 (0.8861; 1.4639)
0 72 37.50C 9.57 (31.41; 43.59) 1.05C 0.1000 (0.7611; 1.3389)
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3.1. Normal plot analysis

Normal plot analysis was performed to check the
significant level of input variables of concentration,
treatment time, and interaction of C x T time. Results
revealed that priming agent concentration exhibited a
positive impact on in vitro germination only. The impact of
treatment time and C x T remained non significant (Fig.
2a,b). Whereas, the priming agent concentrationand C x T
exhibited a positive impact on shoot count compared to
priming time which remained non significant (Table 1).

3.2. Contour and surface plot analysis

The results were further analyzed with the aid of 2-D
contour plots (Fig. 3a,b), and 3-D surface plots (Fig. 4a,b).
The analysis of contour plots revealed the distribution of
germination into 20-100% and shoot counts as 0-2.0,
expressed with a different color. The results of contour
plots were further confirmed with surface plots.

4, Discussions

Germination is a complex process and is regulated by
several internal and external stimuli (Wojtyla et al., 2016).
Some plant seeds are known as recalcitrant nature due to
difficulties in germination under specific conditions. Plant
tissue culture offers a novel technique to germinate seeds
more efficiently due to controlled conditions (Karatas et al.,
2016). In vitro germination of industrial hemp seeds is
relatively difficult and needs some stimuli or some
treatments to enhance germination.

H,0- is the potent priming agent for enhancing in vitro seed
germination of industrial hemp (Sorokin et al., 2021; Aasim
etal., 2022). The results confirmed that priming seeds with
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Figure 2. Normal plot analysis of in vitro germination and shoot
counts in response to priming agent concentration and treatment
time.
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counts in response to priming agent concentration and treatment
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H,O; yielded more germination and shoot count compared
to hydropriming. The results further confirmed that
treatment time also affected both output parameters but
exhibited the opposite impact with the priming agent. The
positive impact of H,O, improved kinetics of water uptake
ending up in higher seed germination (Anawar et al., 2011).
However, the treatment time and concentration are the
critical factors responsible for a positive impact on plant
growth and development (Aasim et al., 2022). The results
were also analyzed by box plot which exhibited great
variation for germination in response to control treatment.
Whereas, variable variation responses among treatments
were observed for shoot counts.

Normal plot analysis is a powerful tool to express the
positive or negative impact of input variables on the
concerning output parameter. The results revealed that the
priming agent and its concentration is more significant than
other treatment time for both output parameters used in this
study. Whereas, treatment time has no impact and remained
non significant for both output variables. The normal plot
analysis distributes the data on the graph based on
significant and non significant level, expressed with
different colors and shape inclined on the line (Ramazan
and Ugur, 2014; Katirci, 2015). Results of normal plots
exhibited the significant factors with a level of input
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Conclusion

Germination is a complex physiological and biological
process and can be enhanced by employing priming
techniques. H,O; is a potent priming agent, and priming
seeds with H,O-. This proved to be more efficient for high
germination and shoot count compared to hydropriming.
On the other hand, treatment time had a minimum impact
on germination. Results analyzed through normal, contour,
and surface plots precisely confirmed the results.
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Tiirkiye mikobiyotasi i¢in ii¢ yeni Helotiales kaydi

Abstract: Hymenoscyphus imberbis (Bull.) Dennis, H. vitigenus (De Not.) Dennis (Helotiaceae) and Gemmina gemmarum
(Boud.) Raitv. (Pezizellaceae) species, collected from Bingdl and Van provinces, are given as new records for Tirkiye. The
identified samples are given with macroscopic and microscopic characters, photographs, collection localities and collector

numbers.

Key words: Discomycetes, lignicolous fungi, sac fungi, Turkiye

Ozet: Bingél ve Van illerinden toplanan Hymenoscyphus imberbis (Bull.) Dennis, H. vitigenus (De Not.) Dennis (Helotiaceae)
ve Gemmina gemmarum (Boud.) Raitv. (Pezizellaceae) tirleri Tiirkiye i¢in yeni kayit olarak sunulmustur. Tanimlanan drnekler
makroskobik ve mikroskobik karakterleri, fotograflari, toplama yerleri ve toplayici numaralari ile birlikte verilmistir.
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1. Introduction

The order Helotiales, within the class Leotiomycetes
(Ascomycota) is the largest order containing the non-
stromatic Discomycetes. It is known to include 11 families,
approximately 500 genera, and almost 4000 species (Kirk
et al., 2008; Baral, 2015). Members of this order usually
produce brightly colored or, in some species, dark-colored
apothecia, which may be stipitate or sessile. The overall
shape of the apothecia is cupulate-discoid, turbinate funnel-
shaped, or clavate (Korf, 1973). Most members of the
Helotiales have minute apothecia, usually less than 2 mm
in diameter. Although most of the species live as
decomposers on dead plant remains, there are also a few
parasitic or symbiotic species (Hosoya, 2021).

According to the latest check-lists, listing the species
determined in Turkiye (Sesli et al., 2020; Solak &
Turkoglu, 2022), and the recent studies carried out on
ascomycetous fungi in our country (Akgay et al., 2022;
Acar & Quijada, 2022; Uzun and Kaya, 2022a; 2022b;
Uzun, 2023), the order Helotiales is represented by the 16
families, 37 genera and 90 species in Turkiye. The most
populous families are Dermataceae and Helotiaceae
families (Sesli et al., 2020; Solak & Tiirkoglu, 2022).

The genus Hymenoscyphus Gray (Helotiaceae), comprising
more than 150 species worldwide, has attracted attention
especially in Europe due to the damage they cause on
various trees, especially ash, and many studies have been
carried outon it (Kirk et al., 2008, Baral et al., 2014, George
etal., 2022). In Turkiye, only 15 species of this genus have
been reported so far without any study related to the
damage they cause on trees. The genus Gemmina Raitv.
comprises two species, and none of them has been
presented from Tirkiye before (Isik and Tirkekul, 2018;

Keles, 2019; Sesli et al., 2020; Cetinkaya and Uzun 2021;
Solak and Tiirkoglu, 2021).

2. Materials and Method

Fungal specimens were collected from Bingdl and Van
provinces of Tirkiye in 2019 and 2020. Morphological and
ecological characteristics of the samples were recorded
during field studies, and they were photographed in their
natural habitats. Then, they were taken to the laboratory and
microscopic investigations were carried out on the samples.
Observations of apothecia were made under a Leica EZ4
stereomicroscope with the magnifications up to 35x.
Microscopic investigation of the samples was carried out
under a Leica DM500 light microscope mounted with a
Leica ICC50 HD camera. Drawings of some micro
characters were prepared using the CoreDRAW Standard
2021 software. Reagents such as 5 % KOH and lodine (IKI)
and Melzer’s reagent were used as investigation media.
Identification was performed with the aid of the relevant
literature (Dennis, 1956; Raitviir and Faizova, 1983; Blank,
1988). Macrofungal samples are kept in the Fungarium of
the Biology Department of Van Yiiziincii Y1l University
Herbarium (VANF).

3. Results

The determined species are presented with their
macroscopic and microscopic features, habitats, substrates,
collection dates and voucher numbers (eg. Acar 1155).
Colour photographs of ascocarps and some microscopic
features were also provided.

Ascomycota Caval.-Sm.
Leotiomycetes O.E. Erikss. & Winka
Helotiaceae Rehm
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Hymenoscyphus imberbis (Bull.) Dennis (Figs. 1-2)

Macroscopic and microscopic features: Apothecia 1-4
mm, cup-shaped or flat, white when fresh, drying reddish-
brown or pale yellowish brown, smooth or minutely downy
with a short sturdy stipe of about 1 mm, slightly tomentose
at the base. Ascospores 7-11.5 x 3-4.2 um, elliptical or
slightly inequilateral, sometimes a septate, spores size
based on n = 25 spores. Asci 55-85 x 6-9.4 um, 8 spored,
cylindrical-claviform, asci size based on n = 15 asci, pore
blue in Melzer’s reagent and croziers at the base.
Paraphyses up to 2.4 pum, slightly widened apex,
cylindrical, hyaline, septate in its lower part. Ectal
excipulum 10-30 x 5-15 um, polygonal, sharply defined,
with a widening texture, with some VBs (persistent in dead
state) in the outermost cells.

Specimen examined: Bingdl, Ormanardi village, on
branch of Quercus sp., 38°49'46"N, 40°30'38"E, 1253 m,
18.04.2020, Acar 1155.

Hymenoscyphus vitigenus (De Not.) Dennis (Fig. 3-4)

Macroscopic and microscopic features: Apothecia 0.5-
3.5 mm, scattered, at first flat, then slightly convex, light
yellow to yellow, ochre, exterior slightly furfuraceous.
Stipe 0.2-0.5 x 1.5-3 mm, smooth, thin, usually ochraceous
towards the base. Ascospores 15-20 x 4.5-6 pm, mainly
cylindrical to ellipsoid, sometimes curved, large or small 3—
5 or more guttulate, spores size based on n = 25 spores. Asci
100-140 x 7-12 pm, 8 spored, cylindrical-claviform, asci
size based on n = 15 asci, pore blue in Melzer’s reagent.
Paraphyses up to 3 um, cylindrical, clavate or lanceolate at
the apex, hyaline, multiply septate and filled with many
guttulate. Ectal excipulum 12-23 x 7-13 um, hyaline thin-
walled, rectangular cells, texture widening from below to
upwards.

Specimen examined: Bingdl, Kurudere village, on branch
of Vitis vinifera, 14.10.2020, 38°54'13"N, 40°25'15"E,
1174 m, VANF Acar 1163.

Figure 1. Hymenoscyphus imberbis a. fresh ascomata b. dried ascomata c. apex of an ascus in Melzer’s reagent (Scale bar= 10 pm).
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Figure 2. Hymenoscyphus imberbis A. spores B. asci and paraphysis C. ectal excipulum (Scale bars: a and c= 10 pm; b= 20 pm).
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Figure 4. Hymenoscyphus vitigenus A. spores B. asci and paraphysis C. ectal excipulum (Scale bars: a and ¢= 10 um; b= 50 pum)

Pezizellaceae Velen.
Gemmina gemmarum (Boud.) Raitv. (Fig. 5-6)

Macroscopic and microscopic features: Apothecia 0.3-1
mm, cup-shaped or infundibuliform when young, then
broad saucer-shaped, whitish, yellowish-cream when dried.
Stipe slightly longer than diameter of the disc, whitish to
pale ochraceous towards to base. Ascospores 6-9.7 x 2-3
pm, elliptical, smooth, hyaline, sometimes small droplet,
spores size based on n = 25 spores. Asci 35-60 x 3.3-6.5
pm, 8-spored, cylindrical, with croziers at the base, asci
size based on n = 15 asci, pore blue in Melzer’s reagent.
Paraphyses up to 2-3.5 um, sparse, filiform, usually even
and cylindrical on all sides, sometimes clavate or tapering
towards the apex, large oil droplets at the base, which oil
drops make the paraphyses appear to be septate. Hair 20-50
x 3-4.6 um curved at the apex and extended, cylindrical, 2
or 3 septate, glabrous towards the base. Ectal excipulum up
to 8.5 um, hyaline thin-walled, oblong or globose cells,
texture widening from below to upwards.

Specimen examined: Tirkiye, Van, Tusba, MTA lodgings
garden, fallen bud (poplar) scale, 04.05.2019, 38°33'31"N,
43°17'59"E, 1649 m, VANF Acar 1126.
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4. Discussions

Three species from the order Helotiales were identified for
the first time from Trkiye and presented as a contribution
to the fungal diversity of our country. The total number of
species belonging to the Helotiales increased from 90 to 93.
Hymenoscyphus imberbis and H. vitigenus were added as
the sixteenth and the seventeenth member of the genus
Hymenoscyphus in Turkiye.

Hymenoscyphus imberbis is a saprotrophic species with
more or less flat to slightly convex, sessile to short-stalked
apothecia, like Hymenoscyphus fagineus (Pers.) Dennis and
Hymenoscyphus epiphyllus (Pers.) Rehm ex Kauffman. H.
imberbis can be distinguished from similar species by its
relatively shorter and wider spores, apothecial color
ranging pink to reddish-brown as it dries, and slightly
downy stipe, which tapering towards the base. It can be
differentiated from other Hymenoscyphus of the same color
and habitat, such as Hymenoscyphus vernus (Boud.)
Dennis, by the presence of croziers at the base of the asci,
which do not appear in H. vernus, and from
Hymenoscyphus kathiae (Korf) Baral, because it has much
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Figure 6. Gemmina gemmarum A. ascospores B. asci and paraphysis C. hairs D. ectal excipulum (Scale bars= 10 pm)

longer spores (Lizonbreve, 1992; Hengstmengel, 2009;
Thompson, 2013).

Hymenoscyphus vitigenus grows on the rotting stems of the
Vitis vinifera and is closely related to Hymenoscyphus
scutula (Pers.) W. Phillips, Hymenoscyphus caudatus (P.
Karst.) Dennis and Helotium hyalopes Fuckel, which grow
on the bark or leave remnants of this plant (Dennis, 1964;
Baral, 2015). However, H. scutula has much longer spores,
and H. caudatus grows on the remains of fallen leaves of
Vitis vinifera or different trees (Breitenbach & Kréanzlin,
1984; Uzun et al., 2010). In addition, while the length of the
asci of H. vitigenus is 100-140 pum, the ascus lengths of
Helotium hyalopes are between 80-120 pum, and its spores
have two droplets (Fuckel, 1870; Baral, 2015).
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Nitrate content in roots of pepper seedlings exposed to Phytophthora capsici

Phytophthora capsici’ye maruz birakilan biber fidelerinin koklerinde nitrat

Abstract: Phytophthora capsici causes root rot, a deadly plant disease. Resistance to diseases is produced by the activation of
many defense substances, so knowledge of this natural defense mechanism allows the development of new strategies for disease
control. In this study, the response of nitrate (NOs’), which is effective in plant growth and development, in different pepper
genotypes exposed to pathogen infection was investigated. For this, resistant and sensitive pepper genotypes were exposed to
102, 10%, and 10* zoospore/mL of P. capsici-22 strain and changes in NOs™ content were determined from root samples taken on
the 2™, 4™ and 6™ days after infection. All zoospore concentrations resulted in an overall increase in NOs™ content in roots of
CM-334 on all days. In KM-181 and SD-8 genotypes, the highest NOs™ content was determined on the 6" day of 10° zoospore/mL
application. In SD-8 and KM-181 genotypes, a significant decrease in the amount of NOs~ was determined on the 4"and 6" days
of treatment of 10 zoospore/mL. In these genotypes, a decrease in the amount of NOs™ was found with the increase in infection
time at high zoospore concentration. When the three pepper genotypes were compared, the highest NOs™ content was determined
in the resistant CM-334 genotype, which was exposed to 10* zoospore/mL on the 6™ day following the infection. In this study,
changes in the amount of NOs' in resistant and susceptible pepper genotypes indicated that NOs™ may be effective in plant defense
against P. capsici-22.

Key words: Nitrate, pepper, Phytophthora capsici-22

Ozet: Phytophthora capsici 6liimciil bir bitki hastaligi olan kok ciiriikliigiine neden olur. Hastaliklara kars: direng, birgok
savunma maddesinin aktivasyonu ile {iretilir, dolayisiyla bu dogal savunma mekanizmasinin bilinmesi, hastalik kontrolii i¢in
yeni stratejilerin gelistirilmesine olanak tanimaktadir. Bu ¢aligmada, bitki bilyiime ve gelismesinde etkili olan nitratin (NO3’)
patojen enfeksiyonuna maruz kalan farkli biber genotiplerindeki tepkisi aragtirilmistir. Bunun igin direngli ve duyarli biber
genotipleri 10%, 10% ve 10* zoospore/mL P. capsici-22 izolatina maruz birakilmis ve enfeksiyondan sonraki 2., 4. ve 6. giinlerde
alinan kok drneklerinden NOs™ igerigindeki degisimler belirlenmistir. Tiim zoospor konsantrasyonlari, tim giinlerde CM-334'Un
koklerindeki NOs igeriginde genel olarak bir artisa neden olmugtur. KM-181 ve SD-8 genotiplerinde en yiiksek NOs™ igerigi 10°
zoospor/mL uygulamasinin 6. giiniinde belirlenmistir. SD-8 ve KM-181 genotiplerinde, 10* zoospor/mL uygulamasinin 4. ve 6.
glinlerinde NOs™ miktarinda 6nemli bir azalma saptanmistir. Bu genotiplerde, yiiksek zoospor konsantrasyonunda enfeksiyon
siiresinin artis1 ile birlikte NOs” miktarinda azalma bulunmustur. Ug biber genotipi karsilastirildiginda, en yilksek NOs" igerigi,
enfeksiyondan sonraki 6. giinde 10* zoospor/mL'ye maruz birakilan direngli CM-334 genotipinde belirlenmistir. Bu calismada,
direngli ve duyarli biber genotiplerinde NOs™ miktarindaki degisimler, NO3™ 'lin P. capsici-22 'ye kars1 bitki savunmasinda etkili

olabilecegini isaret etmektedir.

Anahtar Kelimeler: Biber, nitrat, Phytophthora capsici-22
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1. Introduction

The soil-borne pathogen Phytophthora capsici Leonian,
which causes root rot, causes great economic damage in
pepper growing areas in many countries of the world. Root
and crown rot agent P. capsici is effective on plant species
in the Solanaceae, Cucurbitaceae, and Leguminaceae
families (Krasnow and Hausbeck, 2015). This fungus, which
was first seen on peppers in New Mexico in the world, had
a wide host range in later years (Leonian, 1922). In Turkey,
for the first time in 1974, the disease caused by P. capsici
was seen in pepper cultivation areas in the Central Anatolia
region and it caused sudden drying of the plants (Karahan
and Maden, 1974). The disease is seen in almost all areas
where pepper is grown and causes significant crop losses in
years when it occurs (Leonian, 1922).The spots on the root
and root collar are typical brown-colored spots and these
lesions dry out after a while, causing the plant to die
completely (Van Steekelenburg, 1980).

In suitable ecological conditions, zoospores released from
the sporangia of the agent, which are formed abundantly in
the soil irrigation water, infect the pepper seedlings from
their roots, while drying from the root part of the seedling
and causing its death (Leonian, 1922). These infections are
more common in poorly drained areas where irrigation
water or rainwater accumulates during the rainy season.
The disease can be observed in different periods of the
plant, depending on environmental conditions and the
occurrence of infection. It causes a collapse in seedlings in
the early period. It starts to appear close to fruit formation
in the field and spreads in a very short time, infecting the
plants and causing death (Naegele and Hausebeck, 2014). It
is sometimes impossible to get products in the fields where
this disease is intense. When it infects ripe fruits, it causes
a large number of quality and quantity losses in the product.
To date, many researchers have focused on the effects of
nitrogen (N) on growth, development, and yield in plants.
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Nitrogen (N), an essential element for plant metabolism,
affects a series of events involved in disease development
such as inoculation, colonization, and infection as a result
of plant- pathogen interaction (Zhou etal., 2017). Different
N forms are effective in physiological events such as
enzyme, photosynthesis rate, water balance, respiration
rate, and signalling pathway. On the other hand, studies on
the importance of N in plant defense against pathogens have
been more limited. In this study, the changes in nitrate
(NO3) content in the roots of pepper seedlings resistant and
susceptible to P. capsici were investigated. In the literature
survey, there is no record on NOj; content in peppers
infected with P. capsici.

2. Materials and Method
2.1. Plant materials

In the current study, resistant Criollo de Morelos-334 (CM-
334), susceptible Kahramanmaras-181 (KM-181) and Sera
demre-8 (SD-8) pepper genotypes were used as plant
material. Sterilized pepper seeds were placed in pots
containing the same amount of sterilized soil, fertilizer and
sand and left to germinate in the growing chamber. The
seedlings were grown under the conditions of a photoperiod
(24 + 2 °C) of 16 hours light and 8 hours dark at two months
of old.

2.2. Phytophthora capsici-22 strain and plant inoculation

Phytophthora capsici-22 strain (Ankara University Faculty
of Agriculture) to be used in the inoculation process was
grown on Vg agar plates (Jones et al., 1975) (Fig. 1), and
zoospore were obtained from growing mycelia (Blaker and
Macdonald, 1981; Ward and Stoessl, 1974; Satour and
Butler, 1967; Hachler and Hohl, 1984).

After the sterilization process of the roots of the two-month-
old seedlings, the seedlings were taken into the Hoagland
solution and placed in the growth chamber. After 3 days,
the roots of the seedlings were inoculated with 102, 10%, and
10* zoospore/mL for 1 hour. After the applications, the
seedlings were placed in glass bottles containing Hoagland
solution and transferred back to the growing chamber, and
then random samples were taken from the roots on the 2",
4" and 6" days (Kog et al., 2011; Kog and Ustiin, 2012;
Kog, 2022). After the samples were passed through liquid
nitrogen, they were stored at -70°C until analysis.

Figure 1. Phytophthora capsici- 22 strain.

2.3. NOs analysis

The NOj3 extraction was carried out according to Ruiz et al.
(1999). The NO3; amount was determined according to the
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salicylic acid method (Cataldo et al., 1975) and the
absorbance was measured at 410 nm and calculated as pmol
L g* FW against the NOs™ standard.

2.4. Statistical analysis

The data obtained in terms of NO3s were analyzed with
repeated measures analysis of variance (ANOVA:
genotypexdayxtreatment). Significance differences were
determined by the Tukey test (5% significance level).

Capital letters indicate the difference in genotypes for the
same day and treatment. Lowercase letters indicate the
difference in treatments of the same genotype and the same
day. Superscript lowercase letters indicate the difference in
days for the same genotype and treatment.

3. Results

In of root all three pepper genotypes, the most disease was
observed in the application of 10* zoospore/mL of P.
capsici-22 isolate on the 6" day following infection.
Infection progressed more rapidly in KM-181 and SD-8 and
SD-8 genotype was severely damaged, especially on the 61"
day. On the 6" day of infection, severe disease symptoms
such as leaf wilting, detachment of leaves, and brown
lesions on stem length and roots were detected (Fig. 2).

CM:-334 KM-1815 SD-8

Figure 2. Disease development on the 6% day in three pepper
genotypes infected with 10* zoospore/mL.

When the NOs™ contents of CM-334 genoype with 102 and
10* zoospore/mL were compared on the 2™ and 6 days, a
significant increase in NOjs content was detected in the
roots of the seedlings applied with 10* zoospore/mL
(p<0.05) (Fig. 3). The difference between NO3™ contents on
the 2" and 6™ days was significant in the CM-334 seedlings
inoculated with 10° zoospore/mL (p<0.05). Compared to
the control, the difference between NOs™ contents measured
on all days in the CM-334 genotype inoculated with 10?
zoospore/mL was not significant. Compared to both control
and other treatments, the highest NOs increase was
determined on the 6™ day treatment of 10* zoospore/mL
(p<0.05) (Fig. 3).

An increase in the amount of NOs™ was detected on the 2™
day of infection in the roots of the KM-181 genotype
exposed to 10* zoospores/mL treatments. However, with
the increase in the duration of infection, a significant
decrease in the amount of NO5™ was determined (p<0.05)
(Fig. 4). On the other hand, in lower zoospore/mL
treatments, the increase in NOs™ content was determined on
the 4™ and 6" days after the infection. Increases in NOg
contents were determined on the 4™ day in the roots of the
seedlings inoculated with 102 zoospore/mL compared to the
control, and on the 6" day in the application of 10°
zoospore/mL (p<0.05). The highest NO3 content among all
treatments was determined on the 6" day following the
infection in the roots of the seedlings inoculated with 103
zoospore/mL (p<0.05) (Fig. 4).
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Figure 3. NOs content in roots of CM-334 genotype exposed to different zoospore concentrations (n=3)

In the roots of SD-8 seedlings, with compared to the
control, a decrease in NO3™ content was determined on the
2" and 6" days following the infection in 10% zoospore/mL
(p<0.05) (Fig. 5). Compared with the control, a decrease in
NO; content on the 2™ and 4" days after the infection in
the roots of SD-8 genotype inoculated with 10°
zoospore/mL and an increase in the 6™ day were found, the
difference was significant (p<0.05) (Fig. 5).

According to the control , a decrease in NOs™ content was
determined on the 2™ and 6™ days in 10? zoospore/mL
applications. The highest NOs™ increases were determined
on the 4™ day in the 10% zoospore/mL application and on
the 6" day in the 10° zoospore/mL treatment, respectively
(p<0.05). In the treatment of 10* zoospores/mL, NOjs
contents decreased on all days compared to the control, and
the lowest NO3z content was determined on the 6" day
(p<0.05) (Fig. 5).

When the control group of all three pepper genotypes were
compared, the highest NO;  amount was determined in KM-
181 genotype (Fig. 4). This was followed by SD-8 and CM-
334 genotypes, respectively (Fig. 3, 5). The difference
between NOs; contents in the roots of three pepper
genotypes was found to be significant in 102 zoospore/mL
application on the 2" day, and the highest NO3" content was
found in SD-8 genotype (p<0.05). When the NOs™ amounts
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in the roots of three pepper genotypes were compared in 10?
zoospore/mL application on the 4" and 6" days following
the infection, the highest NO3;~ was determined in KM-181
genotype (p<0.05) (Fig. 4). In all three pepper genotypes,
the highest NOs contents were detected in CM-334
genotype in 10* zoospore/mL treatment, and KM-181
genotype at 6™ day following infection in 10° zoospore/mL
treatment (p<0.05) (Fig. 3, 4).

4, Discussions

Nitrogen may limit pathogen growth and affect the
activation of the plant defense system. Compared with its
effects on plant growth and development, the role of NO3
in the defense of plants against pathogens is less well
known (Fagard et al., 2014; Soulie et al., 2020). It has been
reported that different N forms such as NOj are effective
on plant disease resistance by using different assimilation
and metabolism pathways (Mur et al., 2017). Gupta et al.
(2013) found that NOs" increased the disease resistance to
Pseudomonas syringae pv in tobacco by stimulating the
synthesis of salicylic acid and NO. Fagard et al. (2014)
found that low N decreased the resistance of Arabidopsis to
Erwinia amylovora. In tomato plants exposed to Botrytis
cinerea, it was determined that low NOs™ content increased
the susceptibility to the pathogen, whereas higher
concentrations of NO3 decreased the disease symptoms and

Ach
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Figure 4. NO3™ content in roots of KM-181 genotype exposed to different zoospore concentrations (n=3)
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Figure 5. NOj3™ content in roots of SD-8 genotype exposed to different zoospore concentrations (n=3)

lesion, and an increase in defense substances. Similarly,
Zhou et al. (2017) and Wang et al. (2016) found that higher
NOs; in cucumber seedlings exposed to Fusarium
oxysporum increased the tolerance to Fusarium wilt by
inhibiting pathogen colonization due to the decrease in
membrane damage and pathogen toxin production in plants.
It has been reported that there is an opposite relationship
between the NOs content in the roots and the disease index,
and it has been stated that the efficacy of the disease varies
depending on the NOs™ content in the root (Zhou et al.,
2017). In this study, all P. capsici zoospore concentrations
caused a general increase in NO3  amount in the roots of
CM-334 genotype on all days. A significant decrease in
NOs™ content was detected on the 4™ and 6" days of 10*
zoospore/mL application in SD-8 and KM-181 genotypes.
In other words, a decrease in the amount of NOs was
determined due to the increase in the duration of infection
at high zoospore concentrations. The CM-334 genotype
continued to respond to this severe stress with its high NO3”
content. This different defense response can be attributed to
having different genotypes. It has been reported that the
toxin produced by fungi in vitro provides N-regulation and,
in general, the effects of N on disease vary depending on
the host type, a pathogen type, and the duration of the
infection (Bolton and Thomma, 2008). Changes in the
amount of NOs™ depending on the day after the application
show that it acts as a defense mechanism against the
disease, and the results seem to be compatible with the data
obtained from the above mentioned studies. Increases and
decreases in the amount of NO3™ also indicate that there may
be a connection between the occurrence of symptoms of
disease (hence the severity of disease). These data also
support the conclusion that CM-334 genotype have a higher
resistance to P. capsici isolate than KM-Hot and SD-8
genotypes in our previous studies (Kog and Ustiin, 2012),
and have shown that NO3™ has an effect on the formation of
this tolerance. The severity of the disease and the length of
necrosis were determined at least in CM-334 genotype and
maximum in SD-8 genotype (Kog and Ustiin, 2012). It has
been reported that NOs increases the hypersensitive
response (HR)-mediated resistance to pathogens and
increases the production of polyamines (Mur et al.,
2017). Polyamines are also involved in systemic resistance
(Mur et al., 2017). Sagor et al. (2009) and Tiburcio et al.
(2014) reported that oxidative deamination of polyamines
with amine oxidases reduces pathogen entry by

125

strengthening the cell wall, while polyamine oxidase
inhibitors cause weakening of the host's defense system by
blocking signal transduction pathways. In a previous study,
it was determined that P. capsici stress increased the
activities of enzymes such as polyaminoxidase (PAO),
diaminoxidase (DAO), which are involved in the
catabolism of polyamines in CM-334 and KM-Hot pepper
genotypes (Kog, 2015). In this study, in parallel with the
increase in infection duration, increases in H,O, amount
and high DAO and PAO activities were detected. H,0,,
which is formed as a result of catabolism of polyamines
with aminoxidases such as PAO and DAO, contributes to
stimulating host cell death (Yoda et al., 2003; Moschou et
al., 2009). It has been stated that this DAO and PAO
activities occur during hypersensitive response induction
after inoculation (Cowley and Walters, 2002). Recent
studies indicate that NO5  stimulates the production of
ethylene and jasmonic acid and other signaling molecules
as a signal molecule, and the production of pathogenesis-
related proteins (PR) and plant defensin proteins with
antifungal properties (Mur et al., 2017; Soulie et al., 2020;
Farjad et al., 2021). Changes such as NO, phytoalexin
synthesis, SA accumulation and stimulation of defense
genes encoding proteins increase resistance against
pathogens (Wendehenne et al., 2014). In a previous study,
PR-R and PR-S proteins in the PR-5 group and PR-2, PR-3
were found in KM-Hot pepper genotype exposed to 10*
zoospore/mL concentrations of P. capsici (Kog and Ustiin,
2009). In the CM-334 genotype, it was determined that a
protein with a weight of 28 kDA corresponding to Chi28
(chitinase property) of the PR-3 group was accumulated
(Kog and Ustiin, 2009). Therefore, changes in NO3 content
and synthesis of PR proteins after infection with P. capsici
support studies indicating that NO3™ functions as a signaling
molecule.

Developing disease-resistant genotypes and using them in
cultivation is the method struggle with the highest added
value in the long term in terms of health and environment.
Additionally, the prevention of product loss due to disease
will also increase economic gain. The development of
pepper genotypes resistant to P. capsici is seen as the best
control method against this disease. Therefore, it is
important to know and use the natural defenses in the fight
against pathogens and to develop new strategies for disease
control.
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In this study, the changes in NO3 amounts in resistant and NO; availability in pepper on plant susceptibility to P.
sensitive pepper genotypes to P. capsici were investigated. capsici.

However, further studies are needed to better understand
the molecular, biochemical and physiological changes
(association with hormones such as JA, SA, ethylene that
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Agaricus micromegethus, a new record for Turkish Mycobiota

Agaricus micromegethus, Turkiye Mikobiotasi icin yeni bir kayit

Abstract: The Agaricaceae is a monophyletic group of saprotrophic fungi distributed worldwide. The family exhibits
considerable variations such as spore color and structure of pileus covering in morphology. Agaricus is the type genus of the
family containing both edible and poisonous species, with more than 500 species worldwide. This genus includes many species
that are considerably important so takes attention of scientists in the fields of medicine, biochemistry and food science. This
study aims to introduce a new record, Agaricus micromegethus, for the Turkish mycobiota based on macro- and
micromorphology. An illustrated description of the record is provided.

Key words: Agaricaceae, Basidiomycota, taxonomy, Turkiye

Ozet: Agaricaceae, diinya gapinda yayilmus, saprotrofik mantarlarin monofiletik bir grubudur. Familya, morfolojik agidan spor
rengi ve pileus ortiistiniin yapisi gibi onemli farkliliklar gosterir. Agaricus diinya genelinde 500'den fazla yenilebilir ve zehirli
tlrleri kapsayan tip cinsidir. Bu cins olduk¢a 6nemli bir¢ok tiirii igerdiginden, tip, biyokimya ve gida bilimleri gibi alanlarda
bilim insanlarimin dikkatini ¢eker. Bu ¢aligma, makro- ve mikromorfolojiye dayanarak Turkiye'nin mikotasi i¢in yeni bir kayit

olan Agaricus micromegethus'u tanitmay1 amaglamaktadir. Yeni kaydin resimli bir tanimi sunulmaktadir.

Anahtar Kelimeler: Agaricaceae, Basidiomycota, taksonomi, Trkiye

Citation: Acar I, Dizkiric1 A (2023). Agaricus micromegethus, a new record for Turkish Mycobiota. Anatolian Journal of Botany 7(2):

128-130.

1. Introduction

Agaricaceae Chevall. is a well-known fungal family with
global distribution. It is a monophyletic group of fungi that
exhibits huge diversity in spore colour and structure of the
pileus covering (Vellinga 2004). Agaricus is a large and
saprotrophic genus of the family growing in forests,
gardens, woods, grass-land, on roadside, rubbish dumps,
fields, pasture-land, alluvial soils and manure heaps.
Although members of the genus are easily recognized in the
field based on the macro-morphological features alone,
species delimitation is often hard due to the absence of
distinguishable characters and intraspecific variability
(Zhao et al., 2011). The genus is characterized by umbrella
shaped carpophores with scaly to furfuraceous pileus
surface. In young specimens, the lamellae are pinkish in
colour, while in mature specimens they are sometimes dark
brown. Lamellae are usually free-attached to stipe.
Agaricus species have a partial veil that usually forms a ring
on the stem. The spore print is dark brown and coca brown
dark to purple brown-coloured spores without any germ
pore (Karunarathna et al. 2016; Kuo, 2018; Saini et al.
2018).

Taxonomic monographs and other taxonomic studies of
Agaricus species are mostly from America, Australia,
Europe, India and New Zealand. However, many studies
have been carried out in Turkiye for the last ten years
(Giingor et al., 2015; Uzun et al., 2017; Isik et al., 2019;
Keles, 2019; Acar et al., 2020; Cagli and Oztiirk, 2020; Isik,
2020; Sadullahoglu and Uzun, 2020; Sesli et al., 2020;
Uzun et al., 2020; Yesil et al., 2020; Cevik et al., 2021;
Kagik et al., 2022; Solak and Tirkoglu, 2022).

Accordingly, the total number of species in our country is
presently 45. In an attempt to further knowledge of the
taxonomy this genus, we describe a specimen of Agaricus,
Agaricus micromegethus Peck., as a new record for Turkiye
based on morphological characteristics. Detailed
morphological descriptions and field photographs of the
collected basidiomata are provided.

2. Materials and Method

Fresh samples of Agaricus were collected from Guvecli
village (Bingol) in 2019. The samples were photographed
and transported to the laboratory where its fresh
macroscopic details were described. Morphological
descriptions of the specimens were made following
Desjardin et al. (2015), Kerrigan (2016) and Siegel and
Schwarz (2016). Following the methodology described by
Senthilarasu and Kumaresan (2018), microscopical features
(basidiospores, basidia, pileipellis and hyphae) of each
dried specimen were examined. The specimens cited are
deposited in the Herbarium of Van Yizincl Yil University
(VANF) and in the author’s personal collection. Micro-
morphological observations were examined from dried
specimens treated with distilled water by a Leica DM500
research microscope under oil immersion. Thin sections
were manually prepared from different parts of the
basidiomata. At least 20 basidiospores and basidia were
measured from each specimen using the Leica Application
Suite (version 3.4.0) programme. The drawings used in the
manuscript were made in CoreDRAW (64-bit).

3. Results

Short description, locality, collection date, fungarium
number, and figures are given below.
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Agaricus micromegethus Peck

Pileus 30-45 mm, at first has a slightly cylindrical or
convex appearance, but later widening to plano-convex; the
margins are curved inward in young specimens, then
decurved; surface dry, often fimbriated with veil fragments
when young; central depressed, fibrillose-scaly towards the
margins, and striate in places on the margins, the
ornamentation pinkish-brown, pale yellowish brown to
lilac-brown over a dull background, with age the fibrils
brownish, staining stronger yellow when bruised. Lamellae
free, relatively wide and rather cramped, at first cream-buff,
then pinkish-tan, finally middle -brown. Stipe 25-35 x 5-8
mm, usually equal, sometimes expanding towards the base,
fragile, bruising yellowish to tawny; partial veil
membranous-fibrillose, it is covered with appressed fibrils
above and below, the annulus is superior, white, whitish to
tan-colored, single, thin, and often disappears or collapses
against the stipe (Fig. 1). Spores 4.5-5.6 x 3.2-4.3 um,
smooth, ellipsoid to ovoid, thick-walled, usually dark
brown. Pileipellis up to 15 pum, cylindrical, sometimes
sausage-shaped, yellowish brown, clamp connection not
observed. Stipitipellis up to 10 um, parallel, tawny, clamp
connection not observed (Fig. 2).

Specimen examined: Tirkiye, Bingdl, Glvecli village,
stream edge, in meadow, 38°50'56"”N, 40°31'12"E, 1080 m,
27.10.2019.

Figure 1. Agaricus micromegethus a. photographs of the
basidiomata in the laboratory b. in the field

4. Discussions

The present study identified A. micromegethus, originally
described by Peck (1905), based on the morphologic analyses.
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Figure 2. Agaricus micromegethus A. Basidiospores, B. Basidia,
C. Stipitipellis, D. Pileipellis. Drawing by 1. Acar. Scale Bar: A-
B=10 pm, C-D= 20 pm

Agaricus micromegethus growns in grasslands and it is
characterized by a small basidiocarp and pinkish to purplish
fibrils on the pileus surface. As the species matures, the
fibrils become brownish and turn yellowish when touched.
Agaricus comtulus Fr. is related to A. micromegethus with
its characteristic features that grows in meadow and slowly
turn yellow when touched. However, it differs from A.
micromegethus by  cream-colored cap. Agaricus
micromegethus is also related to A. semotus Fr. and A.
diminutivus Peck, but can be distinguished by features of
habitat; they are distributed in forested areas. Agaricus
micromegethus can also be mixed with Lepiota species if
the lamella color is not taken into account (Desjardin et al.,
2015; Kerrigan, 2016; Anonymous, 2023).

Agaricus micromegethus, which is not very common in the
world, is recorded in America, Colombia, Canada, China,
and India when the literature is searched (Murrill, 1922;
Sathe and Rahalkar, 1976; Liu and Bau, 1980; Devi and
Thara, 2001; Kroeger and Berch, 2017). At the end of the
study, thorough macro- and micro- morphological
characters of the collected specimens indicated that the
specimens represent Agaricus micromegethus for the first
time from Trkiye and Europe.
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Arpinia luteola J.Geesink’min Tiirkiye’den ilk kaydi

Abstract: Arpinia luteola J.Geesink was reported as new record for the mycobiota of Tirkiye, based on the identification of the
samples from Aydintepe district of Bayburt province. This species is the first member of the genus Arpinia in Tlrkiye. A short
description of the species is provided together with the photographs, related to the macro and micromorphology, and the

suggested Turkish name.

Key words: Biodiversity, macrofungi, Pezizales, Turkiye

Ozet: Arpinia luteola J.Geesink, Bayburt’un Aydintepe ilgesinden toplanan orneklerin teshisine bagl olarak, Tiirkiye
mikobiyotasi igin yeni kayit olarak rapor edilmistir. Bu tiir Arpinia cinsinin Tiirkiye’deki ilk tiyesidir. Tiiriin kisa bir betimlemesi,
makro ve mikromorfolojisine iliskin fotograflari, ve 6nerilen Tiirk¢e ismiyle birlikte verilmistir.

Anahtar Kelimeler: Biyogesitlilik, makromantarlar, Pezizales, Turkiye
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1. Introduction

Arpinia Berthet is an operculate discomycete genus within
Pyronemataceae family. It was first proposed by Berthet
(1974) with the type species A. inops Berthet. Members of
the genus are characterized by cupulate, discoid to flat,
stipitate to substipitate apothecia; whitish, dull whitish,
cream, pale ochraceous, dull ochraceous, yellowish
ochraceous or vitelline hymenium; scurfy to irregularly
crenulate margin; concolorous or paler, usually scurfy
receptacle; two-layered ectal excipulum; operculate, 8
spored, pleurorhynchous asci; ellipsoid to fusiform, usually
biguttulate, thick-walled, uniseriate ascospores; filiform,
straight, hyaline paraphyses subclavate at the apex, and non
staining nuclei with acetocarmine.

IndexFungorum (2023) lists the current names of five
Arpinia species (A. fusispora Hohmeyer, A. inops Berthet,
A. luteola J. Geesink, A. microspora (Dissing & Raitv.)
Hohmeyer, A. rahmii Hohmeyer & Senn-Irlet). Current
checklists (Sesli et al., 2020; Uzun, 2023) and the latest
contributions to the pyronemataceous macrofungi of
Tirkiye (Keles, 2019; Altuntas et al., 2021; Berber et al.,
2021; Kesici and Uzun, 2021; Uzun and Kaya, 2021, 2022)
indicate that, any member of the genus Arpinia have been
reported from Trkiye before. Here we present A. luteola as
new record for the mycobiota of Tirkiye.

2. Materials and Method

Apothecia of A. luteola were collected from Salmankasg
village of Aydintepe (Bayburt) district during a routine
field survey in 2023. Colour photographs of the apothecia
were taken at their natural habitat, and notes were taken
related to their ecology, morphology and geographic
position. Then some apothecia were collected and
transferred to the fungarium in paper bags. Microscopic

investigations were carried out under a Nikon Eclipse Ci-S
trinocular  microscope.  Photographs  related to
microstructure was obtained by the aid of a DS-Fi2 digital
camera. It was identified by comparing the accumulated
data with  Geesink (1982), Hohmeyer (1988) and
Ferndndez Vicente and Undagoitia (2004). The samples are
kept at Karamanoglu Mehmetbey University, Kamil Ozdag
Science Faculty, Department of Biology.

3. Results

Ascomycota Whittaker
Pezizales J. Schrot.
Pyronemataceae Corda
Arpinia luteola J. Geesink

Syn: [Arpinia luteola var. pallidorosea Benkert, Haffner &
Hohmeyer].

Macroscopic and microscopic features: Apothecia
gregarious to somewhat caespitose, stipitate and up to 25
mm in diameter. Receptacle cup shaped at first, then
discoid, and undulate at maturity. Hymenium yellowish to
yellowish orange or yellowish ochraceous when young,
somewhat brownish yellow towards the margin, light
salmon pink to roseaeous at maturity, smooth when young,
somewhat rough an furfuraceous at maturity (Fig. 1). Outer
surface concolorous, smooth to furfuraceous. Outer layer of
ectal excipulum with globose cells, inner layer of textura
angularis. Medullary excipulum of textura intricate. Asci
120-175 x 8-10 pm, cylindrical, hyaline, octosporic,
pleurorhyncal (Fig. 2a). Paraphyses 2.5-3 um in diameter,
filiform, hyaline, generally straight, some slightly enlarged
towards the apex up to 4, rarely 5 um (Fig. 2a). Ascospores
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9.5-11.5 x 5.5-6.0 um, uniseriate, cylindrical to ellipsoid,
hyaline, thick-walled, usually with two oil drops (Fig. 2b).

) - s

Figure 1. Ascocarps of Arpinia luteola

Arpinia luteola, also regarding varity pallidorosea, was Arpinia luteola was added as a new record for the
reported to grow on bare ground or humus in coniferous and mycobiota of Tirkiye. This species is the first member of
deciduous forests, especially of Larix Mill. and Picea the genus Arpinia in Turkiye. General characteristics of the
A.Dietr. spp. (Geesink, 1982; Hohmeyer, 1988; Fernandez studied collection are in agreement with Geesink (1982),
Vicente and Undagoitia, 2004). Hohmeyer (1988), Fernandez Vicente and Undagoitia
Specimen examined: Bayburt, Aydintepe, Salmankas (2004).

village, poplar grove, along with decaying leaves of Together with the synonymized var. pallidorosea, Arpinia
Populus sp., 40°28'N-40°00'E, 1930m, 25.06.2023, Yuzun luteola is characterized by yellowish hymenium, small and
7335. somewhat cylindrical ascospores. Arpinia microspora and

A. inops differs from this species by their whitish hymenia.
Larger ascospores of Arpinia fusispora (15-17 x 6-.6.5 pm)
and A. inops (13-16 x 9-10 um) also differ them from A.
4. Discussions luteola (Geesink, 1982; Hohmeyer, 1988; Fernandez

Suggested Turkish name for the presented species is “Sar1
kepeklikadeh”.
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Vicente and Undagoitia, 2004; Rubio and Sanchez, 2005; All members of Arpinia seem very rare (Hohmeyer, 1988;
! monmn and Datavann onae Laessge and Petersen, 2019) and current species generally
have European distribution ¢
have generally been reporte
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Figure 2. Asci (a,b), paraphyses (a) and ascospores (b) of Arpinia luteola. (in water) (bars: 10 pum)

(Berthet, 1974; Benkert, 1980; Geesink, 1982; Hohmeyer, synonymised A. luteola var. pallidorosea was also made
1988; Fernandez Vicente and Undagoitia, 2004; Rubio and from decidious forest (Hohmeyer, 1988).

Sanchez, 2005; Perry et al., 2007; Carbone et al., 2021)
except A. fusispora which was determined under beech,
Quercus and Fagus spp. Though the type species of A.
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Eugenia caryophyllata, Cinnamomum sp., Mentha piperita ve Thymus

éﬁfﬁ%‘ed gigggggg vulgaris esansiyel yaglarin Aspergillus niger susuna karsi antifungal aktivitesi

Abstract: Aspergillus species are pollutants found in both food and air. The increase in the metabolic activity of Aspergillus
leads to spoilage of foodstuffs and large economic losses. In addition, some Aspergillus species have the ability to produce
aflatoxins and ochratoxins, secondary metabolites called, namely, mycotoxins. Especially mycotoxins are very important in
terms of food safety and human health. Since the protection of human and animal health and the prevention of economic losses
is a very important issue, our study aimed to determine the antifungal activity of Eugenia caryophyllata Thunb., Cinnamomum
sp., Mentha piperita L. and Thymus vulgaris L. essential oils (EO) against Aspergillus niger Tiegh. NRRL 321 strain. In the
second step, MIC and MFC values of EOs were determined. It was determined that the MIC value of Cinnamomum sp, M.
piperita and T. vulgaris EOs was 0.01 pL/mL, and E. caryophyllata EO was 0.5 pL/mL. It was determined that E. caryophyllata,
Mentha piperita and Thymus vulgaris EOs completely inhibited radial colony growth at MIC, 2xMIC and 4xMIC values. It was
determined that the inhibition of radial growth of Cinnamomum sp. EO varies depending on the concentration, and the inhibition
rate increases as the concentration increases. As a result, evaluations should be made considering the in vivo conditions that the
tested EOs showed strong antifungal activity against the A. niger strain.

Key words: Antifungal activity, cinnamon oil, clove oil, peppermint oil, thyme oil

Ozet: Aspergillus tiirleri hem gidalarda hem de havada bulunan kirleticilerdir. Aspergillus cinsinin metabolik aktivitesindeki
artig, gida maddelerinin bozulmasina ve biiyiik ekonomik kayiplarin olusmasina yol agmaktadir. Ayrica bazi Aspergillus tirleri,
aflatoksinler, okratoksinler olarak adlandirilan sekonder metabolitleri yani mikotoksinleri iiretme yetenegine sahiptir. Ozellikle
mikotoksinler, gida giivenligi ve insan saglig1 agisindan oldukga dnemlidir. Insan ve hayvan saghigimin korunmasi ve ekonomik
kayiplarin 6nlenmesi ¢ok 6nemli bir konu olmasi sebebiyle, ¢alisma amacimiz Aspergillus niger Tiegh. NRRL 321 susuna kars1
Eugenia caryophyllata Thunb., Cinnamomum sp., Mentha piperita L. ve Thymus vulgaris L. esansiyel yaglarmin (EO) antifungal
aktivitesi belirlenmistir. Ikinci adimda ise EO’larin MIK ve MFK degerleri belirlendi. Cinnamomum sp., M. piperita ve T.
vulgaris EO’larin MiK degerinin 0,01 pL/mL, E. caryophyllata EO’nun ise 0,5 pL/mL oldugu tespit edilmistir. E. caryophyllata,
M. piperita ve T. vulgaris EO’larm MIK, 2xMIK ve 4xMIK degerlerinde radyal koloni gelisimini tamamen inhibe ettigi
belirlendi. Cinnamomum sp. EO’nun ise radyal biiyiimenin inhibisyonu konsantrasyona bagl olarak degistigi, konsantrasyon
arttik¢a inhibisyon oranmn arttig1 belirlenmistir. Sonug olarak test edilen EO’larm A. niger susuna kars1 giiclii antifungal aktivite

gosterdigi, in vivo kosullar goz 6niine alinarak degerlendirmelerin yapilmasi gerekmektedir.
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1. Introduction

Aspergillus species are very common both indoors and
outdoors, producing numerous small, airborne spores and
versatile metabolites. It has been determined that their
presence in the air causes various ailments of the lungs,
liver, skin and muscles (Klich et al., 2009; Kumar et al.,
2017). Studies have shown that there is a relationship
between upper respiratory tract, cough, wheezing and
asthma symptoms in susceptible individuals, as well as
severe respiratory tract infections in immunocompromised
individuals and the presence of mould indoors. Studies
examining indoor mould distributions have reported that
the presence of Aspergillus species or teleomorphs are
present in almost every environment and affects human
health. In addition, mycotoxins (aflatoxins, fumonisins,
ochratoxins, etc.) produced by the Aspergillus species have
been found to be carcinogens, mutagens, teratogens and

immunosuppressants (Klich et al, 2009; Prakash et al.,
2015; Kumar et al., 2017). In addition to mycotoxin
production, Aspergillus species also produce enzymes that
can degrade many different organic substrates (Fogarty,
1994; Hua et al., 2014). Some species are xerophilic and
can thrive at relatively low humidity. Indoors, they can
thrive on wood, paper, paint, glue and even dirty metal
doors when humidity is high. Aspergillus species in soil
tend to occur in subtropical and temperate climates, with
most of the pathogenic species in these environments
(Klich, 2002; Hua et al., 2014). The most frequently
reported species in soil are A. fumigatus Fresen, A. niger
Tiegh., A. flavus Link, and A. terreus Thom. All four of
these species are equally distributed in all biomes. It is
probably not a coincidence that these are the most
frequently reported species in human disease (Klich, 2002;
Klich et al., 2009; Hua et al., 2014).
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Since ancient times, medicinal and aromatic plants have
found wide use in many different fields. They have been
widely used in various industrial areas such as traditional
medicine, agriculture, food (as preservatives and
sweeteners), perfumery, cosmetics and the pharmaceutical
industry. Regarding the biological properties of essential
oils (EOs) and their plant extracts, they have recently
gained significant scientific popularity and interest. The
relationships between the composition and biological
properties of EOs have been investigated. Phenolic
compounds in EOs have been identified and accepted in the
literature as bioactive components with antimicrobial
activity. (Burt, 2004; Nedorostova et al., 2009).

Therefore, to fill these gaps, the antifungal activity of
commercially available EOs from Eugenia caryophyllata,
Cinnamomum sp., Mentha piperita and Thymus vulgaris
against the A. niger strain was evaluated. First of all, the
antifungal activity was determined by the agar well
diffusion  method.  Then,  minimum inhibitory
concentrations (MIC) and minimum  fungicidal
concentrations (MFC) of EOs were determined. After the
MIC values were determined, the effect of EOs at different
concentrations on the radial growth of A. niger was
investigated.

2. Materials and Method
2.1. Materials

E. caryophyllata and Cinnamomum sp. EOs Kirint1 Baharat
A.S. (Kocaeli, Tiirkiye), M. piperita and T. vulgaris EOs
Toroslar Group A.S. (Adana, Tiirkiye) were provided.

A. niger Tiegh. NRRL 321 stock culture was first
inoculated on Potato Dextrose Agar (PDA) medium, and
the culture was revived to check its purity.

2.2. Method
2.2.1. Preparation of the spore suspension

Aspergillus strain was grown on slanted Malt Extract Agar
(MEA) media at 25°C until well sporulated (7-10 days).
Spores were collected by adding sterilized Tween 80
solution (0.1% v/v). Spore concentration was set at
McFarland 0.5 density. The suspensions prepared to
determine the MIC value were then diluted 1:10 with
distilled water to obtain the final working inoculum, with a
density of 2-5x10° cfu/mL.

2.2.2. Determination of antifungal activity by agar well
diffusion method

The antifungal activity of E. caryophyllata, Cinnamomum
sp., M. piperita and T. vulgaris EOs was used in the method
specified in NCCLS M44-A, modified by drilling a 6 mm
diameter well with a cork borer set instead of a disc. For the
agar well diffusion method, after planting 0.1 mL of the
prepared spore solutions on the PDA medium according to
the smear plate method, 20 puL of EO was added to each
opened well. Zone diameters were measured after 3-5 days
of incubation at 25°C (Snoussi et al., 2018; Mseddi et al.,
2020). The study was carried out in 3 parallels.
Amphotericin B (20 1U, 21,19 mcg, Bioanalyse, Turkiye)
and fluconazole (25 mcg, Himedia, India), antifungal discs
were used as positive controls.
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2.2.3. Determination of minimum

concentration (MIC)

inhibitory

MIC values were determined with minor modifications to
the standard NCCLS M38-A2 method. RPMI 1640 medium
(Himedia, India) containing 0.165 M MOPS with 2X
essential oil and 3% DMSO was dispensed with a
multichannel pipette into the wells of rows B and G
microdilution plates in 100 puL volumes. Then 100 pL of
spore solution was added to it. The final concentrations
were 4, 2, 1, 0.5, 0.25 and 0.01 pL/mL. Row A of
microplates contains RPMI 1640 broth + 3% DMSO
medium containing 4 pL/mL EO and is determined as a
negative control, and the last row (H) is only RPMI 1640
3% DMSO medium + culture and is defined as a positive
control. Microplates were evaluated after 24-48 hours of
incubation at 25°C. The first well without growth was
determined as the MIC value. The MFC value was
determined after the incubation at the appropriate
temperature and time by planting with the drip planting
method from the well defined as the MIC value and the
subsequent two wells into the PDA medium (Snoussi et al.
2018; Mseddi et al., 2020). The study was carried out in
three parallels.

2.2.4. Effect of molds on radial growth of mycelium

Soliman and Badeaa (2002) and G&mez-Espinosa et al.
(2021) by modifying the methods specified. To analyze the
effect of essential oils on the radial growth of mould
mycelium, the A. niger was grown on a PDA medium at
25°C for 7-10 days. PDA media containing 3% DMSO at
1AxMIC, 12xMIC, MIC, 2xMIC, and 4xMIC
concentrations of EOs whose MIC values were determined
were prepared and poured into 60 mm diameter petri dishes.
Single-point planting was done in the middle of the petri
dish with the help of a needle loop from cultures developed
in PDA medium. Petri dishes were incubated at 25°C for 7-
14 days, and colony diameters were measured after
incubation. As a control, inoculation was made on a PDA
medium containing 3% DMSO. Petri dishes were incubated
at 25°C for 7-14 days. Zone diameters were measured at the
end of incubation. The study was carried out in three
parallels. Inhibition of radial growth was calculated with
the following equation: %I=(C-T)/C*100 (C: growth
diameter (mm) in the control plate, T: growth diameter
(mm) in the essential oil-containing petri dish), I: inhibition
(%)).

2.2.5. Statistical analysis

Results are given as mean (M) = standard deviation (SD).
3. Results

The data obtained in this study were collected through the
sequential application of different techniques to evaluate
the antifungal activity of E. caryophyllata, Cinnamomum
sp., M. piperita and T. vulgaris EO against A. niger NRRL
321. The first step was determining whether EOs have
antifungal activity against the tested A.niger NRRL 321.
For this purpose, the agar well diffusion method was used.
Agar diffusion method results in mm are given in Table 1.

According to the results in Table 1, it was found that EOs
of E. caryophyllata, Cinnamomum sp., M. piperita, and T.
vulgaris against the tested A. niger NRRL 321 strain
significantly inhibited the growth of amphotericin B
antifungal agent. It was determined that T.vulgaris EO
formed a very high inhibition zone compared to the positive



control amphotericin B antifungal. In the second step of the
study, the MIC, MFC, and MFC/MIC values of the tested
EOs were evaluated using the microdilution method; the
results are given in Table 2.

Table 1. Agar disc diffusion method zone diameters in mm
(M+£SD)

EO Aspergillus niger NRRL 321
Cinnamomum sp. 9.54+0.56
E. caryophyllata 12.60 £1.33
M. piperita 13.08£1.85
T. vulgaris 36.20 £ 2.61
AMP 13.29 +3.48
FLU 90.00 + 0.01

Table 2. MIC, MFC value and MFC/MIC ratio of selected EOs in
puL/mL against Aspergillus niger NRRL 321

EO MIC MFC  MFC/MIC
Cinnamomum sp. 0.01 0.01 1
E. caryophyllata 0.5 4 8
M. piperita 0.01 0.01 1
T. vulgaris 0.01 0.01 1

When evaluated considering the microplate concentrations
with the microdilution method, the MIC value of the first
well where no growth was observed was determined.
Accordingly, according to the results in Table 2, the MIC
value of Cinnamomum sp., M. piperita and T. vulgaris EOs
was determined to be 0.01 uL/mL. The MIC value of E.
caryophyllata EO was determined to be 0.5 pL/mL. After
the MIC value was determined, the wells with the MIC
value on the plates and the next two wells were inoculated
into the PDA medium by drip planting method. Afterwards,
the PDA petri dishes were incubated at the appropriate time
and temperature. The first concentration at which growth
was not observed after incubation was determined as MFC.
The MFC value of Cinnamomum sp., M. piperita, and T.
vulgaris EOs was determined to be 1 uL/mL. The MFC
value of E. caryophyllata EO was determined to be 4
pL/mL. As mentioned in Gatsing et al., 2009, Snoussi et al.,
2018 and Mseddi et al. (2020), when we evaluated whether
the EOs were fungicidal (MFC/MIC ratio <4) or fungistatic
(MFC/MIC ratio > 4), it was determined that Cinnamomum
sp., M. piperita and T. vulgaris EOs were fungicidal agents.
E. caryophyllata EO was determined to be a fungistatic
agent.

In the third step of our study, the effect of EOs, whose MIC
value was determined, on the radial growth of A. niger
NRRL 321 strain was also evaluated. While determining
the effect on radial growth, radial growth inhibition of EOs

Table 3. Radial growth inhibition rate (in %)
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at 14xMIC, 12xMIC, MIC, 2xMIC, and 4xMIC
concentrations was investigated in line with MIC values.
The results regarding radial growth inhibition are given in
Table 3. It was determined that T. vulgaris EO completely
inhibited the radial growth of the tested A. niger NRRL 321
strain from 12xMIC concentration. E. caryophyllata and
M. piperita EO were found to inhibit radial growth at the
MIC value and all subsequent concentrations.
Cinnamomum sp. EO was found to inhibit radial growth at
the MIC value and the following concentrations, with a
maximum inhibition of 46.41 + 3.20%. As clearly seen in
Table 3, the inhibition rate increases with the concentration.

4. Discussions

The results of this study highlight the antifungal activities
of herbs and essential oils, offering a promising area of
research for alternative therapies and food safety.

T. vulgaris EO inhibited radial growth by inhibiting A.
flavus, A. parasiticus and A. ochraceus isolates (Soliman
and Badeaa, 2002). Kumar et al. (2008) reported that T.
vulgaris EO at a concentration of 0.7 uL/mL completely
inhibited the radial growth of A. flavus, A. terreus and A.
fumigatus, while it provided 89.56% + 3.06% inhibition on
A niger. Al-Shahrani et al. (2017) determined the MIC and
MFC values of T. vulgaris EO, which they obtained from
Saudi Arabia, as 10 mg/mL for A. flavus and A. niger.

Mahboubi and Kazempour (2014) determined that the MIC
and MFC values of M. piperita EO against A. niger were
0.5 pL/mL and 1 pL/mL, respectively, while Hu et al.
(2019) found 2 mg/ml for A. niger. Desam et al. (2019) 1.0
ul of M. piperita EO gave an inhibition zone of 30.08 + 0.08
mm against A. fumigatus isolate and 17.23 + 0.23 mm for
A. variecolor, and the MIC value of A. fumigatus and A.
variecolor determined 0.50 pg/mL and 10 pg/mL
respectively for isolates. The study determined that the
MIC and MIC values of M. piperita EO were 0.01 pL/mL
and completely inhibited radial growth at MIC, 2xMIC, and
4xMIC concentrations.

Cinnamomum sp. EO was also effective on Aspergillus
species (Thanaboripat et al., 2007; Pekmezovic et al., 2015;
Lappaetal., 2017; Moghadam et al., 2019). Hu et al. (2019)
found that the MIC value of Cinnamomum sp. EO was
0.0625 mg/mL for A. niger, and Yan et al. (2021)
determined it as 62.50 pL/L.The study determined that a
MIC value of 0.01 pL/mL and 4xMIC concentration
inhibited A. niger strain by 46.41% + 3.20%. Similarly, the
activity of E. caryophyllata EO on Aspergillus species was
determined (Soliman and Badeaa, 2002; Vijayalakshmi et
al., 2014). Hu et al. (2019) reported that the MIC value of
Eugenia caryophyllata EO against A. niger isolates was
0.25 mg/mL. This study determined that the MIC value of
E. caryophyllata EO against the tested Aspergillus strain

EO 14 x MIC 12 x MIC MIC 2xMIC 4x MIC

E. caryophyllata 59.83 +7.86 78.18 £4.90 100.00 £ 0.01 100.00 + 0.01 100.00 £ 0.01
Cinnamomum sp. 0.00 £0.01 0.00+0.01 43.18 £6.15 43.07 £5.42 46.41 +3.20
M. piperita 61.55+0.27 81.42 +5.43 100.00 £ 0.01 100.00 £ 0.01 100.00 £ 0.01
T.vulgaris 100.00 £ 0.01 100.00 £ 0.01 100.00 £ 0.01 100.00 £ 0.01 100.00 £ 0.01
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Abstract: The biological activities of lichens, known as organisms based on a symbiotic relationship, are attracting more and
more attention in traditional medicine and modern drug research. Lichens can possess various pharmacological effects such as
antimicrobial, antioxidant, antitumor, anti-inflammatory, and many others due to the bioactive compounds they contain. In the
present study, Usnea longissima Ach. and its secondary metabolite, usnic acid on human gastric adenocarcinoma cells (AGS),
human colorectal adenocarcinoma cells (Caco-2), and mouse fibroblasts (NIH/3T3) were investigated. In this context, methanol
and water extracts from U. longissima were obtained by Soxhlet extractor. The characterization of usnic acid was carried out by
fourier transform infrared spectroscopy (FTIR). The cytotoxic activities of the extracts and the metabolite on cells were
determined by 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT) analysis. Considering the
median inhibitory concentration (ICso) values, the application with the greater effect on AGS and NIH/3T3 cells was the
methanol extract (373.17 pug/ml and 318.81 pg/ml, respectively). Considering the Caco-2 cells, it was determined that the water
extract had the lowest 1Cso value (230.05 pg/ml). The high cytotoxic activity of usnic acid on cancer cells (AGS; ICso: 395.03
pg/ml and Caco-2; ICso: 462.35 pg/ml) compared to normal cell (NIH/3T3; ICso: 472.41 pg/ml) was noted. As a result, it has
been revealed that methanol and water extracts of U. longissima, especially usnic acid, are products that can be used within the
scope of complementary therapy.

Key words: Anticancer, extract, lichen, secondary metabolite

Ozet: Simbiyotik bir iliskiye dayanan organizmalar olarak bilinen likenlerin biyolojik aktiviteleri, geleneksel tip ve modern ilag
aragtirmalarinda giderek daha fazla ilgi ¢ekmektedir. Likenler, icerdikleri biyoaktif bilesikler sayesinde antimikrobiyal,
antioksidan, antitiimér, antiinflamatuar ve diger pek ¢ok farmakolojik etkiye sahip olabilir. Mevcut ¢aligmada, Usnea longissima
Ach. ve onun sekonder metaboliti usnik asidin insan gastrik adenokarsinom hucreleri (AGS), insan kolorektal adenokarsinom
hticreleri (Caco-2) ve fare fibroblastlari (NIH/3T3) tizerindeki sitotoksik etkileri incelenmistir. Bu kapsamda, U. longissima’dan
metanol ve su ekstraktlar1 Soxhlet ekstraktorii ile elde edilmistir. Usnik asidin karakterizasyonu fourier doniistimlii kizilGtesi
spektroskopisi (FTIR) ile gerceklestirilmistir. Ekstraktlar ve metabolitin hiicreler {izerindeki sitotoksik aktiviteleri 2,3-bis-(2-
metoksi-4-nitro-5-sulfofenil)-2H-tetrazolyum-5-karboksanilid (XTT) analizi ile tespit edilmisti. Medyan inhibitor
konsantrasyonu (ICso) degerleri dikkate alindiginda, AGS ve NIH/3T3 hiicreleri iizerinde daha fazla etkili olan uygulama
metanol ekstrakti olmustur (sirastyla, 373.17 pg/ml ve 318.81 pg/ml). Caco-2 hiicreleri dikkate alindiginda, su ekstraktinin en
diigiik ICso degerine (230.05 pg/ml) sahip oldugu belirlenmistir. Usnik asidin normal hiicreye (NIH/3T3; ICso: 472.41 pg/ml)
kiyasla kanserli hiicreler (AGS; ICso: 395.03 pug/ml ve Caco-2; ICso: 462.35 pg/ml) tizerindeki yiiksek sitotoksik etkinligi dikkat
¢ekmigtir. Sonug olarak, basta usnik asit olmak lzere U. longissima'nin metanol ve su ekstraktlarinin tamamlayici tedavi
kapsaminda kullanilabilecek tiriinler oldugu ortaya ¢ikmustir.

Anahtar Kelimeler: Antikanser, ekstrakt, liken, sekonder metabolit

Usnea longissima Ach. ekstraktlar1 ve onun sekonder metaboliti usnik

Citation: Aslan Engin T, Emsen B, Yilmaz Oztiirk R, Cakir Kog R, Inan B, Oz¢imen D (2023). Cytotoxicity of Usnea longissima Ach.
extracts and its secondary metabolite, usnic acid on different cells. Anatolian Journal of Botany 7(2): 140-145.

1. Introduction

Lichens are unique organisms formed from a symbiotic
association between fungi and green algae or cyanobacteria
(Rankovi¢ and Kosani¢, 2019). Usnea longissima Ach. is a
species with a long and vine-like structure that can have
different structures of lichens. It is usually wrapped around
tree branches or other surfaces and can sometimes be quite
tall (Storaunet et al., 2014; Esseen and Ekstrém, 2023). This
species plays an important role in ecosystems, providing
shelter and a food source for organisms living in natural

environments. On the other hand, it can also be used as a
biological indicator for monitoring air quality (Emsen and
Aslan, 2018).

The medical importance of U. longissima is related to its
use in traditional medicine and some cultures (Rajeswari et
al., 2019). In traditional medicine, certain types of lichens
are associated with antibacterial properties (Somphong et
al., 2023), antifungal (Rajendran et al., 2023b) and anti-
inflammatory (Rajendran et al., 2023a) properties. For
example, some ancient physicians suggested the use of

This work is licensed under a Creative Commons Attribution 4.0 International License
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lichens in the treatment of wounds and skin diseases (Guo
et al., 2008). Some studies have shown that certain
compounds in the content of lichens have potential
biological activities. For instance, research on the
antimicrobial properties of lichens has shown that they can
potentially inhibit the growth of bacteria and fungi (Yang
et al., 2023). In addition, many studies have been carried
out on cytotoxic activities on different cells (Sahin et al.,
2021; Urefia-Vacas et al., 2022).

Lichens such as U. longissima contain secondary
metabolites with many biologically active compounds
(Bharti et al., 2022). These compounds are believed to be
the defense mechanisms of lichens against environmental
stresses. Moreover, it is known that some of these
compounds may possess antimicrobial, antiviral,
antioxidant, and other pharmacological activities (Adenubi
et al.,, 2022). Usnic acid, the most common secondary
metabolite in lichens, is found in U. longissima (Divya
Reddy et al., 2019). As a chemical structure, usnic acid, a
phenolic acid, is a molecule containing a carbohydrate
moiety and a phenolic ring. Usnic acid is a compound
known to have antimicrobial properties. Its inhibitory effect
on bacteria and fungi is considered one of the defense
mechanisms of lichens against environmental stresses
(Popovici et al., 2022). Therefore, usnhic acid may help
lichens to gain competitive advantage in their habitat.
Research on the antibacterial (Bangalore et al., 2023),
antiviral (Miah et al., 2023), antioxidant (Maulidiyah et al.,
2023), and anticancer (Emsen et al., 2018) properties of
usnic acid has drawn interest for its potential medical uses.
In particular, it is thought to be used in traditional medicine
to promote wound healing (Stoica Oprea et al., 2023), skin
infections, and other health problems (Studzinska-Sroka et
al., 2019).

In line with the above-mentioned potential of U. longissima
and its secondary metabolite, usnic acid, we aimed to
examine cytotoxic effects of different extracts of U.
longissima and usnic acid on human gastric
adenocarcinoma  cells (AGS), human colorectal
adenocarcinoma cells (Caco-2) and mouse fibroblasts
(NIH/3T3).

2. Materials and Method
2.1. Collection and Identification of the Lichen Samples

Usnea longissima samples were collected from Oltu district
of Erzurum province of Turkey. Samples photographed in
their natural environment and were brought to the
laboratory and dried. Identification was made with
macroscopic and microscopic data using the literature
(Purvis et al., 1992; Wirth, 1995). The species was
taxonomically identified by Dr. Tubanur Aslan Engin.

2.2. Preparation of the Extracts and Isolation of
Secondary Metabolite, Usnic Acid

Lichen specimens were air-dried at room temperature and
then powdered. The extraction process involved obtaining
methanol (ULME) and water (ULWE) extracts of U.
longissima using a Soxhlet extraction apparatus with 250
mL solvent systems.

The resulting crude extract from the lichen sample was
filtered using a Whatman No. 1 filter paper. The solvent
was subsequently removed by evaporation through a rotary
evaporator under vacuum conditions, leading to complete
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drying. The extract was further lyophilized to yield ultra-
dry powders. The determination of functional groups within
the organic compound structure and bonds present in the
dried lichen powders was accomplished using a Bruker
Alpha model Fourier Transform Infrared Spectroscopy
(FTIR) device spectroscopy.

2.3. Cytotoxic Activity

The XTT method, employing 2,3-bis-(2-methoxy-4-nitro-
5-sulfophenyl)-2H-tetrazolium-5-carboxanilide, operates
on the basis of metabolically active cells converting XTT,
a tetrazolium salt, into orange formazan components. The
absorbance increase, resulting from color formation, is
directly proportional to the number of active cells. An
advantageous aspect of the XTT method is its lack of
necessity for extra agents or cell washing steps, while
maintaining sensitivity even at low cell concentrations
(Roehm et al., 1991). This study assessed the 24-hour
cytotoxic impact by applying different extract
concentrations from lichens on various cell lines, namely
AGS, Caco-2, and NIH/3T3. Cells previously stored in
liquid nitrogen were thawed, counted, and suspended in
DMEM-F12 medium, then transferred to culture flasks and
incubated under specified conditions.

For cell passage, trypsin-EDTA-treated cells were
suspended, counted, and prepared for cytotoxicity tests.
Seeding 10* cells/well in sterile 96-well plates allowed
adherence and proliferation over 24 hours before applying
lichen extracts at varying concentrations for cytotoxicity
assessment (n = 3). Lichen extracts were sterilized through
filtration before addition to cells, with dilutions prepared in
DMEM-F12 medium. Following 24-hour incubation at
37°C in a 5% carbon dioxide incubator, the XTT test was
conducted. Extract concentrations ranged from 50 to 1000
pg/ml, with 2% dimethyl sulphoxide (DMSO) serving as
the negative control. Extract-containing media was
replaced, and wells received 100 pL of 0.5 mg/mL XTT
solution with phenazine. Plates were further incubated for
4 hours at 37°C, and absorbance at 450 nm was measured
using a multi-plate reader to calculate cell viability as a
percentage using the formula: Viability = (Extract
absorbance / Control absorbance) x 100.

2.4. Statistical Analyses

The activities of the treatments were analysed one-way
ANOVA followed by Duncan test. Probit regression
analysis was used to calculate the median inhibitor
concentration (I1Csp) values. Heatmap analysis was utilized
to investigate the similarities and dissimilarities of
viabilities among the cells. All analyses were done using
SPSS (version 21.0, IBM Corporation, Armonk, NY,
USA).

3. Results and Discussion
3.1. Characterization of Lichen Samples

FTIR spectrums of lichen sample and usnic acid were
presented in Figure 1. The absorption between the range of
3600 and 3100 cm™ can be assigned to the stretching
vibrations of the OH groups which might be responsible for
the moisture content (inan and Ozgimen, 2021). 3000-2800
corresponded to methylene C-H asymmetric stretching
vibration, 1750-1500 and 1200-1000 cm® which
representing C=0 stretching functional group and C-O
functional group respectively (Bakar et al., 2014). The
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Figure 1. FTIR spectrums of lichen sample and usnic acid

specific bands were observed around 1690 cm™ and 1540
cm? indicated a non-chelated aromatic ketone and
conjugated chelated carbonyl (Karabacak et al., 2014).

3.2. XTT Viability Test

The cytotoxic effect of lichen extracts was examined on
AGS, Caco-2, and NIH/3T3 cell lines. The cytotoxic effects
of the lichen extracts and usnic acid on the AGS cell lines
are presented in Figure 2. It was observed that the
anticancer activity of the methanol and water extracts of the
lichens increased with increasing concentrations.
Moreover, it was found that the methanol extracts of lichen
decreased the viability of the AGS cells more than the water
extracts. The effect of usnic acid was almost similar to the
water extracts of the lichens. The most effective
concentration was found to be 1000 pg/ml of methanol
extracts of lichen, with a 31% viability of AGS cells. The
p-values of the concentrations of 50 and 100 pg/ml of
ULME and ULWE were not significant, as can be seen in
Figure 2, indicating no effect on the AGS cells. In addition
to that, 1Cso values of ULME, ULWE, and usnic acid were
found to be 373.17, 423.21, and 395.03 pg/ml, respectively.
According to these values, the most effective application
was ULME on AGS cells (Table 1).

As for the Caco-2 cells, cytotoxic activity of the lichen
extracts was determined at a concentration of 50 pg/ml
(Fig. 3). Similar to the anticancer activity results of the
AGS cells, viability of the Caco-2 cells decreased with
increasing concentrations. However, the lichen extracts and
usnic acid were more effective on Caco-2 cells in
comparison with the AGS cells. Cell viability rates at
concentrations of 500-1000 pg/ml of ULWE and ULME
were not significantly different (p > 0.05) from each other.
The IC50 values for ULME, ULWE, and usnic acid were
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found to be 368.02, 230.05, and 462.35 pg/ml, respectively.
According to these values, the most effective application
was ULWE on Caco-2 cells (Table 1).

In Figure 4, the cytotoxic effect of ULME, ULWE, and
usnic acid on NIH/3T3 cells was shown. It was observed
that lichen extracts showed a cytotoxic effect on NIH/3T3
cells starting at a concentration of 50 pg/ml. In this analysis,
ULME (ICsp: 318.81 pg/ml) was found to be the most
effective on fibroblast cells in comparison with ULWE
(ICsp: 367.28 pg/ml) and usnic acid (ICso: 472.41 pg/ml).
Between the concentrations of 50-1000 pg/ml, viability of
NIH/3T3 cells decreased from 81% to 34% during the
experiments. Statistically, the p-values of ULWE and usnic
acid at a concentration of 50 pg/ml were not statistically
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Figure 2. Viability rates obtained by XTT analysis in AGS cells
treated with U. longissima extracts and its secondary metabolite
(Mean + Standard Deviation, n = 3) (Values indicated by different
letters differ from each other at the level of p < 0.05). ULME:
Methanol extract of U. longissima; ULWE: Water extract of U.
longissima.

Table 1. ICso values (pg/ml) resulting from cytotoxic activities of U. longissima extracts and its secondary metabolite on different cells

Cell Treatment 1C50 (Limits) Slope + Standard error of the mean (Limits)
ULME 373.17 (349.35-397.75) 1.18 +0.09 (1.16-2.03)
AGS ULWE 423.21 (392.79-457.03) 1.66 +0.07 (1.51-1.81)
Usnic acid 395.03 (364.87-428.01) 1.49 £ 0.08 (1.32-1.66)
ULME 368.02 (347.41-390.01) 1.96 +0.07 (1.82-2.10)
Caco-2 ULWE 230.05 (207.35-254.06) 1.18 £ 0.06 (1.05-1.30)
Usnic acid 462.35 (402.44-539.25) 0.82 + 0.08 (0.66-0.99)
ULME 318.81 (286.90-354.88) 0.97 + 0.05 (0.86-1.09)
NIH/3T3 ULWE 367.28 (335.22-404.13) 1.29+0.06 (1.16-1.42)
Usnic acid 472.41 (412.94-549.49) 0.83 +0.06 (0.71-0.95)

ULME: Methanol extract of U. longissima; ULWE: Water extract of U. longissima
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Figure 3. Viability rates obtained by XTT analysis in Caco-2 cells
treated with U. longissima extracts and its secondary metabolite
(Mean + Standard Deviation, n = 3) (Values indicated by different
letters differ from each other at the level of p < 0.05). ULME:
Methanol extract of U. longissima; ULWE: Water extract of U.
longissima.

significant. Similarities and differences of different
concentrations of ULME, ULWE, and usnic acid on the
cells were measured by heatmap analysis. Accordingly, the
50 pg/ml applications of all treatments showed a green
gradient on all cells, indicating low cytotoxicity. In
addition, the experiments at 500-1000 pg/ml showed high
cytotoxicity and were close to each other with the red
gradient (Figure 5).

ULME and ULWE exhibited distinct effects on cancer cell
lines, with variations likely attributed to factors such as
extract concentration, the specific type of cancer cell being
tested, and the duration of exposure during cytotoxicity
analysis. For example, a study was conducted focusing on
eight different lichens and their impact on various cancer
cell lines, including L1210 (lymphocytic leukemia), 3LL
(Lewis lung carcinoma), K562 (chronic myelogenous
leukemia), U251 (glioblastoma), DU145 (prostate
carcinoma), and MCF7 (breast adenocarcinoma). The study
also included non-cancerous cells represented by the Vero
cell line (African green monkey kidney cell line). The
results indicated that certain lichens demonstrated
heightened activity in terms of cytotoxic effects. Notably,
the diethyl ether fractions of Cladonia convoluta and C.
rangiformis, along with the n-hexane fraction of P.
caperata, exhibited particularly noteworthy anticancer
potential (Bézivin et al., 2003).

The researchers conducted a study exploring the impact of
methanol extracts from lichens, namely Parmelia sulcata,
Flavoparmelia caperata, Evernia prunastri, Hypogymnia
physodes, and Cladonia foliacea, on colon cancer cells
(HCT-116). These extracts were tested across
concentrations ranging from 50 to 1000 pg/ml for durations
of 24 and 72 hours. The most significant inhibition of cell
growth was observed at the highest concentration (1000
pg/mL) after both exposure periods. Notably, extracts from
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Figure 4. Viability rates obtained by XTT analysis in NIH/3T3
cells treated with U. longissima extracts and its secondary
metabolite (Mean + Standard Deviation, n = 3) (Values indicated
by different letters differ from each other at the level of p < 0.05).
ULME: Methanol extract of U. longissima; ULWE: Water extract

of U. longissima.
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Figure 5. Heatmap of viability rates obtained in the cells treated
with different concentrations of U. longissima extracts and its
secondary metabolite. (High and low activities were represented
by green and red colour, respectively). ULME: Methanol extract
of U. longissima; ULWE: Water extract of U. longissima.



Flavoparmelia caperata, Hypogymnia physodes, and
Cladonia foliacea exhibited considerable dose- and time-
dependent suppression of cell growth (Mitrovi¢ et al.,
2011). In another study, cytotoxic properties of lichens
gathered from Vietnam National Park were investigated.
One extract obtained from Usnea fammea Stirt., derived
using methanol, demonstrated substantial cytotoxic effects
against MCF-7 cells. However, these tested lichen extracts
only displayed slight cytotoxicity on fibroblasts at a
screening concentration of 100 pg/ml. The lichen extracts
exhibited diverse cytotoxic activities against MO-91 cells,
but the effective concentrations were over 50 mg/mL
(Nguyen et al., 2019). In a separate study, the chemical
composition of extracts from Parmelia conspersa and
Parmelia perlata lichens was explored, assessing their
antimicrobial, antioxidant, and anticancer attributes. The
extracts' cytotoxic effects on RD, Hep2c, and L20B cells
ranged from 76.33 to 163.39 pg/mL (Manojlovié et al.,

Anatolian Journal of Botany

2021). Lichen compounds induce cell death through
various molecular mechanisms, including cell cycle arrest,
apoptosis, necrosis, and inhibition of angiogenesis.
Brisdelli et al. highlighted these mechanisms as the primary
pathways through which lichen compounds exert their
lethal effects (Brisdelli et al., 2013). The researchers
emphasized that lichen compounds have been scientifically
proven to possess anticancer properties, reinforcing their
potential in combatting cancer cells (Manojlovi¢ et al.,
2021).

Conflict of Interest

There is no conflict of interest in any form between the
authors.

Authors’ Contributions

The authors contributed equally.

References

Adenubi OT, Famuyide IM, McGaw LJ, Eloff JN (2022). Lichens: an update on their ethnopharmacological uses and potential as
sources of drug leads. Journal of Ethnopharmacology 298: 115657.

Bakar SZA, Latip J, Din L Bin, Samsuddin MW (2014). Metabolic fingerprinting of lichen usnea baileyi by fourier transform
infrared spectroscopy. AIP Conference Proceedings 1614(February 2015): 452-455.

Bangalore PK, Pedapati RK, Pranathi AN, Batchu UR, Misra S, Estharala M, Sriram D, Kantevari S (2023). Aryl-n-hexanamide
linked enaminones of usnic acid as promising antimicrobial agents. Molecular Diversity 27(2): 811-836.

Bézivin C, Tomasi S, Lohézic-Le Dévéhat F, Boustie J (2003). Cytotoxic activity of some lichen extracts on murine and human
cancer cell lines. Phytomedicine 10(6-7): 499-503.

Bharti S, Nayaka S, Kumar R (2022). Evaluation of some traditional therapeutic properties of Usnea longissima (Ascomycota,
lichenized fungi): antimicrobial, antiquorum and antioxidant. Journal of Microbiology, Biotechnology and Food Sciences
11(4): e3163.

Brisdelli F, Perilli M, Sellitri D, Piovano M, Garbarino JA, Nicoletti M, Bozzi A, Amicosante G, Celenza G (2013). Cytotoxic
activity and antioxidant capacity of purified lichen metabolites: an in vitro study. Phytotherapy Research 27(3): 431-437.

Divya Reddy S, Siva B, Kumar K, Phani Babu VS, Sravanthi V, Boustie J, Lakshma Nayak V, Tiwari AK, Rao CHV, Sridhar B,
Shashikala P, Suresh Babu K (2019). Comprehensive analysis of secondary metabolites in Usnea longissima (lichenized
Ascomycetes, Parmeliaceae) using UPLC-ESI-QTOF-MS/MS and pro-apoptotic activity of barbatic acid. Molecules 24(12):
2270.

Emsen B, Aslan A (2018). Use of lichens as natural insecticide. Anatolian Journal of Botany 2(1): 22-27.

Emsen B, Aslan A, Turkez H, Taghizadehghalehjoughi A, Kaya A (2018). The anti-cancer efficacies of diffractaic, lobaric, and
usnic acid: in vitro inhibition of glioma. Journal of Cancer Research and Therapeutics 14(5): 941-951.

Esseen P-A, Ekstrom M (2023). Influence of canopy structure and light on the three-dimensional distribution of the iconic lichen
Usnea longissima. Forest Ecology and Management 529: 120667.

Guo L, Shi Q, Fang J-L, Mei N, Ali AA, Lewis SM, Leakey JEA, Frankos VH (2008). Review of usnic acid and Usnea barbata
toxicity. Journal of Environmental Science and Health, Part C 26(4): 317-338.

Inan B, Ozgimen D (2021). Preparation and characterization of microalgal oil loaded alginate/poly (vinyl alcohol) electrosprayed
nanoparticles. Food and Bioproducts Processing 129: 105-114.

Karabacak RB, Tay T, Kivan¢g M (2014). Preparation of novel antimicrobial polymer colloids based on (+)-usnic acid and poly
(vinylbenzyl chloride). Reactive and Functional Polymers 83: 7-13.

Manojlovi¢ NT, Ranc¢i¢ AB, Décor R, Vasiljevi¢ P, Tomovi¢ J (2021). Determination of chemical composition and antimicrobial,
antioxidant and cytotoxic activities of lichens Parmelia conspersa and Parmelia perlata. Journal of Food Measurement and
Characterization 15(1): 686-696.

Maulidiyah M, Rachman F, Mulkiyan LOMZ, Natsir M, Nohong N, Darmawan A, Salim LOA, Nurdin M (2023). Antioxidant
activity of usnic acid compound from methanol extract of lichen Usnea sp. Journal of Oleo Science 72(2): 179-188.

Miah R, Voon KWK, Hug AKMM, Rullah K, Tajuddin SN, Hamid HA, Aluwi MFFM (2023). Pharmacophore-based molecular
docking of usnic acid derivatives to discover anti-viral drugs against influenza A virus. Journal of Research in Pharmacy
27(3): 1021-1038.

Mitrovi¢ T, Stamenkovi¢ S, Cvetkovi¢ V, Tosi¢ S, Stankovi¢ M, Radojevi¢ I, Stefanovi¢ O, Comi¢ L, Daci¢ D, Curéi¢ M, Markovié¢
S (2011). Antioxidant, antimicrobial and antiproliferative activities of five lichen species. International Journal of Molecular
Sciences 12(8): 5428-5448.

Nguyen TTH, Dinh MH, Chi HT, Wang SL, Nguyen QV, Tran TD, Nguyen AD (2019). Antioxidant and cytotoxic activity of

144



Aslan Engin et al. — Cytotoxicity of Usnea ...

lichens collected from Bidoup Nui Ba National Park, Vietnam. Research on Chemical Intermediates 45(1): 33-49.

Popovici V, Bucur L, Gird CE, Popescu A, Matei E, Cozaru GC, Schroder V, Ozon EA, Fita AC, Lupuliasa D, Botnarciuc M, Badea
V (2022). Phenolic secondary metabolites and antiradical and antibacterial activities of different extracts of Usnea barbata
(L.) Weber ex F.H.Wigg from Calimani Mountains, Romania. Pharmaceuticals 15(7): 829.

Purvis OW, Coppins BJ, Hawksworth DL, James PW, Moore DM (1992). The lichen flora of Great Britain and Ireland. In: The
Lichen Flora of Great Britain and Ireland. London: Natural History Museum Publications in Association with the British
Lichen Society.

Rajendran K, Karuppiah P, Ponnusamy P, Shaik MR, Khan M, Oh TH, Shaik B (2023a). Anti-inflammatory activity of mycobiont
extract of Parmotrema austrosinense (Zahlbr.) Hale in a zebrafish model. Journal of Marine Science and Engineering 11(5):
1081.

Rajendran K, Ponmurugan P, Gnanamangai BM, Karuppiah P, Shaik MR, Khan M, Khan M, Shaik B (2023b). Bioefficacy of
lecanoric acid produced by Parmotrema austrosinense (Zahlbr.) Hale against tea fungal pathogens. Horticulturae 9(6): 705.

Rajeswari N, Mesta AR, Kanivebagilu VS, Ramesh Babu HN (2019). Medicinal importance of usneoid lichens in Western Ghats,
Southernindia. Plant Archives 19(2): 2540-2542.

Rankovi¢ B, Kosani¢ M (2019). Lichens as a potential source of bioactive secondary metabolites. In: Rankovi¢ B (ed) Lichen
Secondary Metabolites. Springer, pp 1-29

Roehm NW, Rodgers GH, Hatfield SM, Glasebrook AL (1991). An improved colorimetric assay for cell proliferation and viability
utilizing the tetrazolium salt XTT. Journal of Immunological Methods 142(2): 257-265.

Somphong A, Poengsungnoen V, Buaruang K, Sripreechasak P, Khantasup K, Intaraudom C, Pittayakhajonwut P, Tanasupawat S,
Phongsopitanun W (2023). The lichen-derived Streptomyces isolated from Pyxine cocoes produces the antibiotic with potent
antimicrobial and antitumor activities. ScienceAsia 49(3): 328-336.

Stoica Oprea AE, Albulet D, Bircd AC, lordache F, Ficai A, Grumezescu AM, Vasile B S., Andronescu E, Marinescu F, Holban
AM (2023). Electrospun nanofibrous mesh based on PVA, chitosan, and usnic acid for applications in wound healing.
International Journal of Molecular Sciences 24(13): 11037.

Storaunet KO, Rolstad J, Rolstad E (2014). Effects of logging on the threatened epiphytic lichen Usnea longissima: an experimental
approach. Silva Fennica 48(1): 949.

Studzinska-Sroka E, Tomczak H, Malinska N, Marta Wronska, Kleszcz R, Galanty A, Cielecka-Piontek J, Latek D, Jarostaw
Paluszczak (2019). Cladonia uncialis as a valuable raw material of biosynthetic compounds against clinical strains of bacteria
and fungi. Acta Biochimica Polonica 66(4): 1-7.

Sahin N, Emsen B, Aslan A, Sadi G (2021). Antioxidant potential of Pseudevernia furfuracea (L.) Zopf and its secondary
metabolites on hepatocellular carcinoma cells: regulation of antioxidant enzymes. Anatolian Journal of Botany 5(2): 127-
133.

Urefia-Vacas |, Gonzalez-Burgos E, Divakar PK, Gémez-Serranillos MP (2022). Lichen depsidones with biological interest. Planta
Medica 88(11): 855-880.

Wirth V (1995). Die Flechten Baden Wiirttembergs. In: Die Flechten Baden Wiirttembergs. Ulmer, Stuttgart, p 1006

Yang Q, Song Z, Li X, Hou Y, Xu T, Wu S (2023). Lichen-derived actinomycetota: novel taxa and bioactive metabolites.
International Journal of Molecular Sciences 24(8): 7341.

145



Research article

Anatolian Journal of Botany
7(2): 146-153 (2023)
doi: 10.30616/ajb.1342763

Ali KELESY®, Abdullah KAYA?

Macromycetes determined in Camh (Of-Trabzon) village and its environs

Yiiziincii Yil University, Education Faculty, Dept. of Math. & Science Education, Van, Tiirkiye
2 Gazi University, Science Faculty, Department of Biology, Ankara, Turkey

*alikeles61@yahoo.com, *kayaabd@hotmail.com

Received : 14.08.2023
Accepted :10.09.2023
Online  :14.09.2023

Camh (Of-Trabzon) mahallesi ve cevresinde belirlenen makromantarlar

Abstract: The study was carried out on the macrofungi samples collected from Camli (Of-Trabzon) district and its close
environs. As a result, 118 macrofungi species within 63 genera, 38 families, 8 orders and 3 classes belonging to Ascomycota and
Basidiomycota were determined. Ten of the determined species belong to Ascomycota while 108 belong to Basidiomycota. In
the region, the most crowded order is Agaricales, the most crowded families are Inocybaceae and Psathyrellaceae, and the most
crowded genus is Inocybe in terms of taxa number. The determined species are listed together with their localities,
habitats/substrates, geographical position, collection date and voucher numbers.

Key words: Biodiversity, macrofungi, Trabzon, Turkiye

Ozet: Calisma, Camli mahallesi (Of-Trabzon) ve yakin c¢evresinden toplanan makromantar o&rnekleri iizerinde
gergeklestirilmistir. Sonugta Ascomycota ve Basidiomycota boliimlerine ait 3 sinif, 8 takim, 38 familya ve 63 cins i¢inde dagilim
gosteren 118 makromantar tiirii belirlenmigtir. Belirlenen tiirlerden 10 tanesi Ascomycota, 108 tanesi ise Basidiomycota
boliimiine aittir. Bolgede tiir gesitliligi baglaminda en kalabalik takim Agaricales, en kalabalik familyalar Inocybaceae ve
Psathyrellaceae, en kalabalik cins ise Inocybe’dir. Yorede belirlenen tiirler, lokalitesi, habitati/substrati, toplandigi cografi

koordinat, toplanma tarihi ve toplayici numaralar ile birlikte listelenmistir.

Anahtar Kelimeler: Biyogesitlilik, makromantarlar, Trabzon, Turkiye

Citation: Keles A, Kaya A (2023). Macromycetes determined in Camli (Of-Trabzon) village and its environs. Anatolian Journal of

Botany 7(2): 146-153.

1. Introduction

A study on macrofungal biodiversity of Camli and the
surrounding villages (Dumlusu, Irfanli, Kiraz, Yemisalan,
Camlitepe) within Of district of Trabzon province was
performed between 2018 and 2021. The area is situated
between 40°52'-40°57' northern latitudes and 40°14'-
40°17' eastern longitudes, and covers about %20 of the
surface area of district Of (Fig. 1). Phytogeographically the
research area falls in Colchis sector of the Euro-Siberian
floristic area within Holarctic flora kingdom (Davis, 1965).
According to meteorologic data of Trabzon meteorological
station, the region has an annual average temperature of
14.8°C, and a rainfall of 828 mm. Members of Alnus Mill.,
Carpinus L., Castanea Mill., Fagus L., Fraxinus L., Buxus
L., Larix Mill., Pinus L., Rhododendron L. and Tilia L. are
the main components of forest vegetation of the region.

Some local lists (Sesli 1993, Keles et al., 2014; Orug et al.,
2021; Uzun and Kaya, 2022) were presented within the
boundaries of Rize and Trabzon provinces, and some new
records were also presented from the region (Keles, 2019a)
and the neighboring regions (Keles, 2019b, 2020; Sesli
2021, 2022,2023; Keles et al., 2022; Yesilyurt et al., 2023).
However, the current checklists (Sesli et al., 2020; Uzun,
2023) and the contributory studies, presented after
checklists, indicate that the area is among the unstudied
regions of Turkiye in terms of macrofungal biodiversity.
The study aims to determine the macrofungal composition
of the region, and to make a contribution to the mycobiota
of Tirkiye.

2. Materials and Method

Macromycete samples were collected from Camli and
neighboring villages (Dumlusu, Yemisalan, Kiraz,
Camlitepe, Irfanli), including Of central district, during
periodic field trips between 2018 and 2021. During field
studies, available habitats were traced and upon finding the
fruit bodies, necessary data related to macromorphology
and ecology were noted and they were photographed at
their natural habitats. Then some of them were collected
and transferred to the fungarium in paper boxes. After
drying, the samples were put in zip lock polyethylene bags
as fungarium materials. Micromorphological data was
obtained from the dry samples upon the investigations
carried out under a light microscope. Twenty to 25
measurements were performed to obtain an average size of
micromorphologic structures. Then the samples were
identified by comparing the accumulated data with the
relevant literature (Phillips, 1981; Breitenbach and
Kréanzlin, 1984-2000; Bresinsky and Besl, 1990; Hansen
and Knudsen, 1992, 2000; Jordan, 1995; Bessette et al.,
1997, 2007; Kréanzlin, 2005; Bessette and Bessette, 2006;
Antonin and Noordeloos, 2010; Beug et al., 2014; Siegel
and Schwarz, 2016). The specimens are kept at Yuzincu
Y1l University.

3. Results

The determined taxa are listed in alphabethical order.
Current names of the species are in accordance with
IndexFungorum (2023).
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Figure 1. Macrofungi collection sites.

Ascomycota Whittaker
Pezizales J. Schrot.
Helvellaceae Fr.

1. Dissingia leucomelaena (Pers.) K. Hansen & X.H.
Wang

Camli village, aronud highways nursing station, among
needle litter under Pinus sp., 40°55'N-40°16’E, 20 m,
12.10.2021, AK 5802.

2. Helvella compressa (Snyder) N.S. Weber

Yemisalan village, cemetary, under decidious wood,
40°54'N-40°17'E, 174 m, 23.10.2021, AK 5828.

3. Helvella crispa (Scop.) Fr.

Irfanh village, around Ulusoy residences, under Larix sp.,
40°56'N-40°15'E, 80 m, 12.10.2019, AK 5592.

4. Helvella elastica Bull.

Irfanli village, around Ulusoy residences, under Actinidia
Lindl. sp., 40°56'N-40°15'E, 80 m.,16.11.2019, AK 5517,
aronud highways nursing station, under Pinus sp., 40°55'N-
40°16’E, 20 m, 16.09.2019, AK 5799; 23.10.2021, AK.
5843; Kiraz village, under Pinus sp., 40°54'N-40°15'E, 245
m., 16.11.2020, AK 5816; Camli village, Of Cay factory
garden, under Larix sp., 40°55'N-40°16°E, 18 m,
07.12.2021, AK 5875.

5. Helvella latispora Boud.

Irfanh village, around Ulusoy residences, under Populus L.
sp., 40°56'N-40°15'E, 80 m, 28.10.2018, AK 5504.

6. Helvella macropus (Pers.) P. Karst.
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Caml village, Of Cay factory garden, under Larix sp.,
40°55'N-40°16’E, 18 m, 07.11.2019, AK 5661.

Pezizaceae Dumort.
7. Peziza repanda Wahlenb. Ex Fr.

frfanli  village, Ulusoy Multi-Program  Anatolian
Vocational High School garden, on decaying hardboards,
40°56'N-40°16'E, 8 m, 13.05.2021, AK 5751.

Pyronemataceae Corda
8. Aleuria aurantia (Pers.) Fuckel

Dumlusu village, roadside, on soil, 40°53'N-40°16'E, 203
m, 24.10.2021, AK. 5860.

Sarcoscyphaceae Le Gal ex Eckblad
9. Sarcoscypha coccinea (Jacg.) Lambotte

frfanli  village, Ulusoy Multi-Program  Anatolian
Vocational High School garden, on soil, 40°56'N-40°16'E,
8 m, 13.05.2021, AK 5756.

Sordariomycetes O.E. Erikss. & Winka
Xylariales Nannf.

Xylariaceae Tul. & C. Tul.

10. Xylaria polymorpha (Pers.) Grev.

Camli village, Corylus L. sp. garden, on decaying stump,
40°55'N-40°16'E, 148 m, 23.10.2021, AK 5661.

Basidiomycota R.T. Moore
Agaricales Underw.
Agaricaceae Chevall.

11. Agaricus moelleri Wasser

frfanli  village, Ulusoy Multi-Program  Anatolian
Vocational High School garden, under Larix sp., 40°56'N-
40°16'E, 8 m, 07.11.2021, AK 5681;

12. Lepiota cristata (Bolton) P. Kumm.

Kiraz village, among grass in Corylus sp. garden, 40°54'N-
40°15'E, 245 m, 07.07.2018, AK 5424,

13. Leucocoprinus cepistipes (Sowerby) Pat.

Dumlusu village, on processed dry tea remains, 40°53'N-
40°16'E, 50 m, 12.10.2019, AK. 5574.

Amanitaceae E.-J. Gilbert
14. Amanita caesarea (Scop.) Pers.

Irfanh village, around Ulusoy residences, under Larix sp.,
40°56'N-40°15'E, 80 m, 28.10.2018, AK 5490.

15. Amanita citrina Pers.

Irfanli village, around Ulusoy residences, meadow
40°56'N-40°15'E, 80 m., 12.10.2021, AK 5798; Irfanh
village, around Irfaniye mosque, under decidious forest,
40°56'N-40°15'E, 140 m, 28.10.2018, AK 5509.

16. Amanita mairei Foley

Caml village, among grass in Corylus sp. garden, 40°55'N-
40°16'E, 148 m., 12.10.2021, AK 5810.

17. Amanita muscaria (L.) Lam.

Yemigalan village, around flour mill, under Carpinus sp.,
40°55'N-40°17'E, 169 m, 18.08.2020, AK 5714.

18. Amanita rubescens Pers.



Cambl village, cemetary, on soil under Pinus sp., 40°55'N-
40°15'E, 217 m, 07.07.2018, AK 5453.

19. Amanita vaginata (Bull.) Lam.

Camli village, among grass in Corylus sp. garden, 40°55'N-
40°16'E, 148 m, 12.10.2021, AK 251, 5816.

Bolbitiaceae Singer
20. Conocybe tenera (Schaeff.) Kiihner

Dumlusu village, among grass in Corylus sp. garden,
40°52'N-40°16'E, 323 m, 16.10.2020, AK. 5718.

21. Conoybe rickenii (Jul. Schaff.) Kihner

Caml village, among grass under Pinus sp., 40°55'N-
40°16’E, 20 m., 06.04.2019, AK 5536.

Cortinariaceae Singer
22. Cortinarius cinnamoviolaceus M.M. Moser

Camli village, Of Cay factory garden, on soil among needle
litter, 40°55'N-40°16’E, 18 m, 07.11.2019, AK 5663.

23. Galerina heterocystis (G.F. Atk.) A.H. Sm. & Singer

Camli village, aronud highways nursing station, among
grass under Pinus sp., 40°55'N-40°16’E, 20 m, 01.01.2021,
AK 5743.

Entolomataceae Kotl. & Pouzar
24. Entoloma ameides (Berk. & Broome) Sacc.

Yemisalan village, under decidious forest, 40°54'N-
40°17'E, 174 m, 18.10.2021, AK 5777.

25. Entoloma conferendum (Britzelm.) Noordel.

Caml1 village, Engineering Faculty garden, meadow,
40°55'N-40°16’E, 15 m, 21.07.2019, AK 5571.

26. Entoloma rhodopolium (Fr.) P. Kumm.

Dumlusu village, among grass in Corylus sp. garden,
40°53'N-40°16'E, 90 m, 24.10.2021, AK 5869.

27. Entoloma subradiatum (Kiihner & Romagn.) M.M.
Moser

Yemisalan village, among grass in Corylus sp. garden,
40°54'N-40°16'E, 149 m, 23.10.2021, AK 5820.

Hydnangiaceae Gaum. & C.W. Dodge
28. Laccaria laccata (Scop.) Cooke

Yemisalan village, cemetary, under Larix sp., cayirlik,
40°54'N-40°17'E, 180 m, 23.10.2021, AK 5830; Caml
village, under Pinus sp., 40°55'N-40°16’E, 20 m,
23.10.2021, AK: 5841; 07.12.2021, AK. 5874.

Hygrophoraceae Lotsy
29. Hygrocybe citrina (Rea) J.E. Lange

Yemisalan village, around Mimar Sinan mosque, under
decidicous forest, 40°54'N-40°17'E, 174 m, 18.09.2021,
AK 5766.

30. Hygrocybe conica (Schaeff.) P. Kumm.

Irfanh village, around Irfaniye mosque, under decidicous
forest, 40°56'N-40°15'E, 140 m, 16.11.2018, AK 5524.

31. Hygrocybe punicea (Fr.) P. Kumm.

Camli village, Engineering Faculty garden, meadow,
40°55'N-40°16’E, 15 m, 21.07.2019, AK, 5572.

Incertae sedis
32. Clitocybe fragrans (With.) P. Kumm.
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frfanh village, cemetary, among needle litter under Pinus
sp., 40°56'N-40°15'E, 71 m, 07.07.2018, AK. 5428.

33. Clitocybe phyllophila (Pers.) P. Kumm.

Camli village, aronud highways nursing station, under
Pinus sp., 40°55'N-40°16’E, 20 m, 16.11.2018, AK 5515.

34. Crucibulum laeve (Huds.) Kambly

Irfanli village, cemetary, on decaying herb remains,
40°56'N-40°15'E, 71 m, 07.07.2018, AK 5439; around
Ulusoy residences, on decaying twigs, 40°56'N-40°15'E,
80 m, 28.10.2018, AK 5798.

35. Cyathus olla (Batsch) Pers.

Camli village, on woody remains in meadow, 40°55'N-
40°16E, 148 m, 21.07.2019, AK, 5568.

Inocybaceae Jilich
36. Inocybe bresadolae Massee

Irfanli village, around Ulusoy Multi-Program Anatolian
Vocational High School, under decidious forest, 40°56'N-
40°16'E, 8 m, 17.07.2019, AK 5551.

37. Inocybe dulcamara (Pers.) P. Kumm.

Camli village, aronud highways nursing station, under
Pinus sp., 40°55'N-40°16’E, 20 m, 16.11.2018, AK 5513;
06.04.2019, AK 5537; Irfanli village, around Ulusoy Multi-
Program Anatolian Vocational High School, decidious
forest, 40°56'N-40°16'E, 8 m, 11.10.2019, AK 5794.

38. Inocybe geophylla P. Kumm.

Camli village, cemetary, under Pinus sp., 40°55'N-40°15'E,
217 m, 06.04.2019, AK 5543.

39. Inocybe hirtella Bres.

Irfanh village, around Ulusoy residences, under Populus
sp., 40°56'N-40°15’E, 80 m, 28.10.2018, AK 5496.

40. Inocybe hystrix (Fr.) P. Karst.

Yemigalan village, around group houses, among grass in
Corylus sp. garden, 40°54'N-40°17'E, 172 m, 16.11.2020,
AK 5827.

41. Inocybe praetervisa Quél.

Yemisalan village, around group houses, under Pinus sp.,
40°54'N-40°17'E, 172 m, 11.10.2021, AK 5783.

42. Inocybe queletii Konrad

Camli mah. aronud highways nursing station, under Pinus
sp., 40°55'N-40°16'E, 20 m, 16.11.2018, AK 5512.

43. Inocybe subcarpta Kithner & Boursier

Dumlusu village, among grass in Corylus sp. garden,
40°53'N-40°16'E, 203 m, 05.11.2019 AK 5623.

44. Inocybe taxocystis (J. Favre & E. Horak) Senn-Irlet

Camli village, cemetary, under Pinus sp., 40°55'N-40°15E,
217 m, 06.04.2018, AK 5542,

45. Inocybe tenebrosa Quél.

frfanl village, around Irfaniye mosque, under Pinus sp.,
40°56'N-40°15'E, 140 m, 19.11.2018, AK 5532.

46. Pseudosperma rimosum (Bull.) Matheny & Esteve-
Rav.

frfanli village, among grass in Corlylus sp. garden,
40°56'N-40°15'E, 24 m, 07.07.2018, AK 5412; Caml
village, 40°56'N-40°15'E, 24 m, 23.09.2018, AK,5471.
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Lycoperdaceae Chevall.
47. Lycoperdon molle Pers.

Irfanli village, around Ulusoy Multi-Program Anatolian
Vocational High School, under Larix sp., 40°56'N-40°16'E,
8 m, 17.07.2019, AK 5557.

48. Lycoperdon pratense Pers.

Yemisalan village, around flour mill, meadow, 40°55'N-
40°17'E, 191 m, 18.08.2020, AK 5714.

Macrocystidiaceae Kihner
49. Macrocystidia cucumis (Pers.) Joss.

Caml village, among grass in Corylus sp. garden, 40°55'N-
40°16'E, 148 m, 07.07.2018, AK, 5454.

Marasmiaceae Roze ex Kihner
50. Gerronema nemorale Har. Takah.

Kiraz village, on decaying twigs in Corylus sp. garden,
40°54'N-40°15'E, 245 m, 07.07.2018, AK 5424.

51. Marasmius bulliardii Quél.

Irfanli village, on decaying twigs, 40°56'N-40°15'E, 24 m,
28.10.2018, AK 5489.

52. Marasmius capillaris Morgan

Irfanli village, on Corylus sp. remains, 40°56'N-40°15'E,
24 m, 07.07.2018, AK 5410.

53. Marasmius cohaerens (Pers.) Cooke & Quél.

Kiraz village, on Alnus sp. stump, 40°54'N-40°15'E, 245 m,
07.07.2018, AK. 5421.

54. Marasmius siccus (Schwein.) Fr.

Irfanh village, on Corylus sp. remains, 40°56'N-40°15'E,
24 m, 07.07.2018, AK 5409.

Mycenaceae Overeem

55. Atheniella delectabilis (Peck) Lideritz & H. Lehmann
Irfanli village, in Corylus sp. garden, 40°56'N-40°15'E, 24
m, 07.07.2018, AK 5411.

56. Atheniella flavoalba (Fr.) Redhead,
Vilgalys, Desjardin & BA Perry

Moncalvo,

Irfanli village, cemetary, on herb remains, 40°56'N-
40°15'E, 71 m, 07.07.2021, AK 5433.

57. Mycena abramsii (Murrill) Murrill

Irfanli village, around Irfaniye mosque, under Pinus sp.,
40°56'N-40°15'E, 140 m, 12.10.2021, AK 5806.

58. Mycena flavescens Velen.

Camli village, on decaying Corylus sp. twigs, 40°56'N-
40°16'E, 148 m, 12.10.2021, AK 5814.

59. Mycena galericulata (Scop.) Gray

Yemisalan village, on Alnus sp. stump, 40°54'N-40°16'E,
149 m, 23.10.2021, AK 5821.

Omphalotaceae Bresinsk
60. Collybiopsis ramealis (Bull.) Millsp.

Irfanli village, cemetary, under Pinus sp., 40°56'N-
40°15'E, 71 m, 07.07.2018, AK 5436.

61. Collybiopsis vaillantii (Pers.) R.H. Petersen

Irfanli village, cemetary, on decaying Pinus sp. branch,
40°56'N-40°15'E, 71 m, 07.07.2018, AK 5432.
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62. Gymnopus dryophilus (Bull.) Murrill

frfanl village, around Ulusoy Multi-Program Anatolian
Vocational High School, under Larix sp., 40°56'N-40°16'E,
8m, 17.07.2019, AK 5678.

63. Gymnopus erythropus (Pers.) Antonin, Halling &
Noordel.

frfanli village, among grass in Corylus sp. garden, 40°56'N-
40°15'E, 24 m, 23.09.2018, AK 5459.

Physalacriaceae Corner
64. Armillaria cepistipes Velen

Dumlusu village, among grass in Corylus sp. garden,
40°53'N-40°16'E, 50 m, 12.10.2019, AK 5854.

65. Armillaria mellea (\Vahl) P. Kumm.

Yemisalan village, on Corylus sp. stump, 40°54'N-40°16'E,
149 m, 23.10.2021, AK 367; Dumlusu village, 40°53'N-
40°16'E, 203 m, 24.10.20121 AK 5605.

66. Strobilurus trullisatus (Murrill) Lennox

frfanl village, cemetary, among needle litter under Pinus
sp., 40°56'N-40°15'E, 71 m, 07.07.2018, AK 5417.

Pluteaceae Kotl. & Pouzar
67. Pluteus plautus (Weinm.) Gillet

Kiraz village, on decaying Corylus sp. stump, 40°54'N-
40°15'E, 245 m, 07.07.2018, AK 5423.

Psathyrellaceae Vilgalys, Moncalvo & Redhea

68. Britzelmayria multipedata (Peck) D. Wécht. & A.
Melzer

Irfanh village, on decaying Corylus sp. twigs, 40°56'N-
40°15'E, 24m., 07.07.2018, AK 5406.

69. Candolleomyces candolleanus (Fr.) D. Wacht. & A.
Melzer

Irfanli village, cemetary, on decaying twigs, 40°56'N-
40°15'E, 71 m, 07.07.2018, AK 5430; Caml village,
cemetary, among herb remains, 40°55'N-40°15'E, 217 m,
07.07.2018, AK 5452; irfanli village, around Ulusoy Multi-
Program Anatolian Vocational High School, around
decaying stump, 40°56'N-40°16’E, 8 m, 21.07.2019, AK
5579.

70. Coprinellus disseminatus (Pers.) J.E. Lange

Irfanli village, around Ulusoy residences, on damp soil
under decidious forest, 40°56'N-40°15'E, 80 m,
12.10.2021, AK 5802; Camli village, Engiinering Faculty
garden, 40°55'N-40°16’E, 20 m, kiitiik iizeri, 11.10.2021,
AK, 5796.

71. Coprinellus domesticus (Bolton) Vilgalys, Hopple &
Jacq. Johnson

Yemisgalan village, around flour mill, roadside, among grass
under decidious trees, 40°55'N-40°17'E, 160 m,
07.11.2019, AK 5672.

72. Coprinellus micaceus (Bull.) Vilgalys, Hopple & Jacq.
Johnson

Irfanh village, around Ulusoy Multi-Program Anatolian
Vocational High School, around Platanus sp. stump,
40°56'N-40°16'E, 8 m, 07.11.2021, AK 5682.

73. Coprinopsis echinospora (Buller) Redhead, Vilgalys &
Moncalvo



Irfanli village, around Ulusoy Multi-Program Anatolian
Vocational High School, kiitiik iizeri, 40°56'N-40°16'E, 8
m, 09.09.2021, AK 5782.

74. Coprinopsis urticicola (Berk. & Broome) Redhead,
Vilgalys & Moncalvo

Irfanli village, cemetary, on decaying Urtica sp. remains,
40°56'N-40°15'E, 71 m, 07.07.2021, AK 5458.

75. Lacrymaria lacrymabunda (Bull.) Pat.

Yemisalan village, around Mimar Sinan mosque, on soil
with woody remains, 40°54'N-40°17'E, 174 m, 18.09.2021,
AK 5762.

76. Psathyrella piluliformis (Bull.) P.D. Orton

Dumlusu village, mountain road, on Alnus sp. stump,
40°52'N-40°16'E, 335 m, 05.11.2019, AK 5629.

77. Psathyrella pygmaea (Bull.) Singer

Irfanli village, on decaying Corylus sp. twigs, 40°56'N-
40°15'E, 24 m, 07.07.2018, AK 5405.

78. Psathyrella spadiceogrisea (Schaeff.) Maire

Irfanli village, cemetary, among grass under Pinus sp.,
40°56'N-40°15'E, 71 m, 07.07.2018, AK 5430.

Schizophyllaceae Quél.
79. Schizophyllum commune Fr.

Yemisalan village, around flour mill, on decaying stump,
40°55'N-40°17'E, 160 m, 07.11.2019, AK 5670.

Strophariaceae Singer & A.H. Sm.
80. Agrocybe dura (Bolton) Singer

Irfanli village, around Ulusoy Multi-Program Anatolian
Vocational High School, among grass under Platanus sp.,
40°56'N-40°16'E, 8 m, 20.04.2021, AK 5751.

81. Hypholoma fasciculare (Huds.) P. Kumm.,

Dumlusu village, mountain road, around Alnus sp. stump,
40°52'N-40°16'E, 335 m, 16.11.2020, AK 5715.

Tricholomataceae R. Heim ex Pouzar
82. Tricholoma terreum (Schaeff.) P. Kumm.

Caml village, aronud highways nursing station, among
needle litter under Pinus sp., 40°55'N-40°16’E, 20 m,
07.12.2021, AK 5876.

Tubariaceae Vizzini
83. Cyclocybe cylindracea (DC.) Vizzini & Angelini

Camli village, around Colylus sp. stump, 40°55'N-40°16'E,
148 m, 23.09.2018, AK 5475; irfanli village, around
Ulusoy Multi-Program Anatolian Vocational High School,
40°56'N-40°16'E, 8 m, 17.07.2019, AK 5446.

84. Tubaria conspersa (Pers.) Fayod

Kiraz village, among woody debris, 40°54'N-40°15'E, 245
m, 07.07.2018, AK 5434.

Boletales E.-J. Gilbert
Boletaceae Chevall
85. Leccinum holopus (Rostk.) Watling

Camli village, among grass in Corylus sp. garden, 40°55'N-
40°16E, 148 m, 23.09.2018, AK, 5482.

86. Xerocomellus chrysenteron (Bull.) Sutara
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frfanl village, around Ulusoy Multi-Program Anatolian
Vocational High School, under Larix sp., 40°56'N-40°16'E,
8m, 17.07.2019, AK 5550.

87. Xerocomus subtomentosus (L.) Quél.

Caml village, among grass in Corylus sp. garden, 40°55'N-
40°16E, 148 m, 23.09.2018, AK, 5469.

Diplocystidiaceae Kreisel
88. Astraeus hygrometricus (Pers.) Morgan

Camli village, aronud highways nursing station, under
Pinus sp., 40°55'N-40°16’E, 20 m, 23.10.2021, AK 5840.

Paxillaceae Lotsy
89. Gyrodon lividus (Bull.) Sacc.

Yemigalan village, under decidious trees,
40°17'E, 174 m, 18.09.2021, AK 5781.

90. Paxillus involutus (Batsch) Fr.

40°54'N-

Yemisalan village, among grass under Alnus sp., 40°54'N-
40°17'E, 180 m, 18.09.2021, AK 5771.

91. Paxillus rubicundulus P.D. Orton

Yemigalan village, around Mimar Sinan mosque, under
Larix sp., 40°54'N-40°17'E, 174 m, 23.10.2021, AK 5829.

Sclerodermataceae Corda
92. Scleroderma citrinum Pers.

Dumlusu village, roadside, on soil, 40°53'N-40°16'E, 203
m, 24.10.2021 AK. 5859.

Suillaceae Besl & Bresinsky
93. Suillus americanus (Peck) Snell

Camli village, aronud highways nursing station, under
Pinus sp., 40°55'N-40°16’E, 20 m, 23.10.2021, AK 5514.

94. Suillus flavidus (Fr.) J. Presl

Dumlusu village, around mountain road, under Pinus sp.,
40°52'N-40°16'E, 349 m, 16.10.2020, AK. 5808.

Cantharellales Gaum.
Cantharellaceae J. Schrét.
95. Cantharellus cibarius Fr.

Yemigalan village, under decidious trees, 40°54'N-

40°17'E, 174 m, 18.09.2021, AK 5768.
96. Clavulina cinerea (Bull.) J. Schrét.

Dumlusu village, Kibris place, among woody debris,
40°53'N-40°16'E, 90 m, 24.10.2020, AK 5851.

97. Craterellus tubaeformis (Fr.) Quél.

Dumlusu village, Kibris place, among grass in Corylus sp.
garden, 40°53'N-40°16'E, 90 m, 24.10.2020, AK 5852.

Hydnaceae Chevall.
98. Clavulina coralloides (L.) J. Schrot.

[rfanh village, around Irfaniye mosque, on decaying Pinus
sp. twigs, 40°56'N-40°15'E, 24 m, 07.07.2018, AK 5415;
Yemigalan village, under decidious trees, 40°54'N-
40°17'E, 174 m, 23.10.2021, AK 8334.

Geastrales K. Hosaka & Castellano
Geastraceae Corda
99. Geastrum fimbriatum Fr.
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Caml village, around decaying stump under decidious
trees, 40°55'N-40°17E, 197 m, 23.10.2021, AK, 5590.

100. Geastrum rufescens Pers.

Yemisalan village, cemetary, under decidious trees,
40°54'N-40°17'E, 175 m, 23.10.2021, AK 382; Yemisalan
village, around Mimar Sinan mosque, 40°54'N-40°17'E,
174 m, 23.10.2021, AK 5763.

Polyporales Gaum.
Laetiporaceae Julich
101. Laetiporus sulphureus (Bull.) Murrill

Camlitepe village, on Salix sp. stump, 40°54'N-40°15'E,
245 m, 16.11.2020, AK 5726.

Polyporaceae Fr. ex Corda
102. Cerioporus squamosus (Huds.) Quél.

Yemisalan village, around Mimar Sinan mosque, on Morus
sp. stump, 40°54'N-40°17'E, 174 m, 20.04.2020, AK 5713.

103. Ganoderma adspersum (Schulzer) Donk

Kiraz village, on Corylus sp. stump, 40°54'N-40°15’E, 245
m, 16.11.2020, AK 5814,

104. Trametes hirsuta (Wulfen) Lloyd

Dumlusu village, mountain road, on decaying Carpinus sp.
twigs, 40°52'N-40°16’E, 335 m, 16.1012020, AK 5723.

105. Trametes ochracea (Pers.) Gilb. & Ryvarden

Irfanli village, on decaying Corylus sp. twigs, 40°56'N-
40°15'E, 24 m, 07.07.2018, AK 5402.

106. Trametes pubescens (Schumach.) Pilat

Dumlusu village, on decaying Alnus sp. branch, 40°52'N-
40°16’E, 349 m, 05.11.2019, AK 5637.

107. Trametes versicolor (L) Lioyd

Camli village, on decaying Alnus sp. branch 40°55'N-
40°16E, 148 m, 23.09.2018, AK 5478.

Russulales Kreisel ex P.M. Kirk, P.F. Cannon & J.C. David
Auriscalpiaceae Maas Geest.
108. Auriscalpium vulgare Gray

Irfanli village, around Irfaniye mosque, on decaying pine
cone, 40°56'N-40°15'E, 174 m, 19.11.2019, AK 5526.

Russulaceae Lotsy
109. Lactarius chrysorrheus Fr.

Dumlusu village, among grass in Corylus sp. garden,
40°53'N-40°16'E, 50 m, 12.10.2019, AK 5604.

110. Lactarius flavidus Boud.

Irfanli village, around Irfaniye mosque, among needle litter
under Pinus sp., 40°56'N-40°15'E, 174 m, 19.11.2019, AK
5518.

111. Lactarius glyciosmus (Fr.) Fr.

Dumlusu village, Kibris place, among grass in Corylus sp.
garden, 40°53'N-40°16'E, 90 m, 11.10.2021, AK. 5788.

112. Lactarius salmonicolor R. Heim & Leclair

Caml village, aronud highways nursing station, under
Pinus sp., 40°55'N-40°16’E, 20 m, 16.10.2020, AK 5733.

113. Lactarius semisanguifluus R. Heim & Leclair

Camli village, aronud highways nursing station, under
Pinus sp., 40°55'N-40°16'E, 217 m, 16.11.2020, AK 5736.
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114. Russula cavipes Britzelm.

frfanl village, around Irfaniye mosque, under Pinus sp.,
40°56'N-40°15'E, 174 m, 16.11.2018, AK 5520, 5521.

115. Russula cyanoxantha (Schaeff.) Fr.

Kiraz village, around Corylus sp. stump, 40°54'N-40°15'E,
245 m, 07.07.2018, AK 5435.

116. Russula medullata Romagn.

Camli village, cemetary, among grass, 40°55'N-40°15E,
217 m, 07.07.2018, AK 5427.

117. Russula melzeri Zvara

Irfanh village, under decidious trees, 40°56'N-40°15'E, 149
m, 07.07.2018, AK 5440.

118. Russula paludosa Britzelm.

Camli village, aronud highways nursing station, under
Pinus sp., 40°55'N-40°16’E, 20 m, 07.07.2018, AK 5511.

4, Discussions

One hundred and eighteen macromycete species were
determined from the research area. Ten of the determined
taxa (%8.5) belong to Ascomycota and 108 (%91.5) to
Basidiomycota. The taxa are distributed in 3 classes
(Agaricomycetes 108, Pezizomycetes 9, Sordariomycetes 1)
and 8 orders. The order-wise distribution of the determined
taxa is presented in Figure 2.

= Boletales Cantharelales = Geastrales

» Agaricales

= Pezizales = Poyporales  » Russukles u YylEriales

Figure 2. Orderwise distribution of the determined taxa.

The taxa are distributed in 38 families and 63 genera. Four
of the determined 118 species are currently in Incertae sedis
position. Inocybaceae and Psathyrellaceae are the most
crowded families, each with 11 taxa while Russulaceae is
the second with 10 taxa. Amanitaceae, Helvellaceae and
Polyporaceae follow it, each with 6 taxa. Marasmiaceae
and Mycenaceae comprise 5 taxa while Entolomataceae
and Omphalotaceae comprise 4 taxa. In the region six
families (Agaricaceae, Boletaceae, Cantharellaceae,
Hygrophoraceae, Paxillaceae, Physalacriaceae) are
represented with three taxa, seven families (Bolbitiaceae,
Cortinariaceae, Geastraceae, Lycoperdaceae,
Strophariaceae, Suillaceae, Tubariaceae) are represented
with two taxa, while the rest of 14 families are represented
with only one taxon.

The genus Inocybe was found to be the most crowded genus
with 10 taxa. It is followed by Amanita with 6 taxa.
Helvella, Lactarius and Russula are represented with 5
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taxa, while Entoloma, Marasmius and Trametes are Clitocybe, Collybiopsis, Conocybe, Coprinopsis,
represented with 4 taxa. Four of the genera (Coprinellus, Geastrum, Gymnopus, Lycoperdon, Paxillus) are
Hygrocybe, Mycena, Psathyrella) are represented with 3 represented with 2 taxa while the other 39 genera are
taxa, and 12 of them (Armillaria, Atheniella, Clavulina, represented in the region with only one taxon.

Table 1. Similarity percentages of Camli village with the studies performed in neighboring regions

Neighboring study # of Identical taxa Total taxa Similarity (%)
Sesli (1993) 11 64 17.19
Demirel et al. (2010) 17 126 13.49
Akata et al. (2014) 28 216 12.96
Keles et al. (2014) 23 126 18.25
Akata and Uzun (2017) 42 212 19.81
Orug et al. (2021) 43 109 39.45
Except Mycena ustalis (Keles, 2019a), all of the determined dissimilarity may be the common climate, vegetation and
species are new for the research area. sampling period.
Thirty four of the taxa are edible, 72 are inedible while 12 Conflict of Interest
are more or less poisonous. Local people generally have a . .
suspicious attitude towards naturally growing mushrooms. Authors have declared no conflict of interest.

Tough %28.33 of the determined taxa are edible, none of
them are collected and consumed by the locals. The first
author’s expressions are also in the same way, as being a The authors contributed equally.
resident of the region.
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Farkh kokenli zerde¢al baharatlarinin biyoaktivitelerinin degerlendirilmesi

Abstract: Our study aimed to compare the in vitro bioactivities of turmeric spice samples obtained from three different sources
(India, Pakistan, and Indonesia). Our study involved the determination of total phenolic and flavonoid content, in vitro
antioxidant activities, tyrosinase enzyme activity, and antimicrobial activity (Escherichia coli, Klebsiella pneumoniae,
Staphylococcus aureus, and Candida albicans) analyses in three different spice samples. Each spice sample was dissolved in
250 mL of ethanol and stirred on a magnetic stirrer for 36 hours. After filtering out the solid parts, the residues were dissolved
again in 250 mL of ethanol separately. This process was repeated three times. After the filtration steps, all filtrates were
combined. The remaining solvents in the filtrate were evaporated using an evaporator. The residue of the extracts was placed in
Eppendorf tubes and stored in a freezer until use. It has been determined that turmeric of Indian origin, with its high phenolic
and flavonoid content, exhibits more potent antioxidant and antityrosinase effects than those from Indonesia and Pakistan.
However, antimicrobial activity could not be detected within the studied concentration range of 10 pg/mL to 400 mg/mL.

Key words: Antimicrobial, antioxidant, antityrosinase, turmeric

Ozet: Calismamiz, iig farkli kaynaktan elde edilen zerdegal baharat 6rneklerinin in vitro biyoaktivitelerini (Hindistan, Pakistan
ve Endonezya) karsilagtirmay1 amaglamigtir. Calismamizda, toplam fenolik ve flavonoid igerigin belirlenmesini, in vitro
antioksidan aktivitelerini, tirozinaz enzim aktivitesini ve antimikrobiyal aktiviteyi (Escherichia coli, Klebsiella pneumoniae,
Staphylococcus aureus ve Candida albicans) ii¢ farkli baharat 6rneginde analiz edildi. Her bir baharat 6rnegi 250 mL etanol
i¢inde ¢oziildii ve 36 saat boyunca manyetik bir karistiricida karistirildi. Kati pargalar siiziildiikten sonra artik kalintilar ayr1 ayri
250 mL etanol iginde tekrar ¢6ziindii. Bu islem ii¢ kez tekrarlandi. Stizme adimlarinin ardindan, tiim siizme sivilar birlestirildi.
Siizme stvisindaki artan ¢dziiciiler buharlagtirict kullanilarak uzaklastirildi. Oziitlerin kalintis1 Eppendorf tiiplerine konuldu ve
kullanima kadar dondurucuda saklandi. Hindistan kokenli zerdegalin yiiksek fenolik ve flavonoid igerigi ile Endonezya ve
Pakistan'dan gelenlere gore daha giilii antioksidan ve antitirosinaz etkileri sergiledigi belirlendi. Bununla birlikte, 10 pg/mL ile

400 mg/mL arasindaki incelenen konsantrasyon araliginda antimikrobiyal aktivite tespit edilemedi.

Anahtar Kelimeler: Antimikrobiyal, antioksidan, antitirozinaz, zerdecal

Citation: Canbolat F, Ozcan Ates G (2023). Evaluation of the bioactivities of turmeric spices of different origins. Anatolian Journal of

Botany 7(2): 154-160.

1. Introduction

Medicinal herbs have been used as a source of medicine
from ancient times to the present day. Among these,
turmeric is a spice derived from the rhizomes of Curcuma
longa (C. longa), a flowering plant in the ginger family. C.
longa is commonly cultivated in China, India, and other
Asian countries, and it is a perennial herbaceous plant
(Trigo-Gutierrez et al., 2021; Artar and Oztiirk, 2022).
Turmeric is a polyphenolic plant, and like many other plant
materials, variations in the polyphenolic content of C. longa
from different geographical regions have been observed
(Zorofchian Moghadamtousi et al., 2014; Karaman and
Kdseler, 2017). More than 100 components have been
isolated from turmeric. Turmeric comprises approximately
60-70% carbohydrates, 8.6% protein, 5-10% fat, 2-7%
dietary fiber, 3-5% curcuminoids (with 50-70% curcumin
content), and 5% volatile oil and resin, as indicated by
Trujillo et al. (2013). It also contains noteworthy quantities
of vitamins and minerals, including vitamin C (ascorbic
acid), vitamin E (o-tocopherol), vitamin B3 (niacin),
potassium (K), magnesium (Mg), phosphorus (P), and
calcium (Ca), as outlined by Karaman and Kdseler (2017).

The main components of the plant are volatile oil called
turmerone and coloring agents called curcuminoids
(Noorafshan and Ashkani-Esfahani, 2013; Artar and
Oztiirk, 2022). Curcumin (Ca;:H200¢), one of the three
curcuminoids found in turmeric, is considered as the most
important polyphenol associated with health. It has been
reported that curcumin positively reduces oxidative stress,
and its activities extend to various chronic diseases. It
reduces oxidative stress and increases the activities of
antioxidant enzymes, thus reducing the risk of various
chronic diseases (Artar and Oztiirk, 2022). While curcumin
is soluble in acetone and ethanol, it is insoluble in water.
Curcumin is a hydrophobic polyphenolic flavonoid (Akbay
and Pekcan, 2016). The methoxy, hydroxyl, and carbonyl
groups in curcumin, which have a polyphenolic structure,
confer antioxidant and radical scavenging properties on
turmeric (Wright, 2002; Boroumand et al., 2018).

Additionally, some curcumin analogs have recently
exhibited inhibitory properties against the enzyme
tyrosinase (Du et al., 2011). Tyrosinase is a multifunctional
enzyme containing copper. Tyrosinase catalyzes the
oxidation of phenolic compounds to quinone derivatives.
Tyrosinase is an enzyme involved in melanin formation.
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Melanin is the black pigment in hair and skin, and it is
necessary to protect the skin against ultraviolet rays. This
pigment is produced by melanocyte cells. However,
abnormal melanin production leads to dermatological
disorders (Akter et al., 2021). The increase in tyrosinase
activity in some cancer cells has drawn attention to the
importance of tyrosinase in treating these cancer types. Lee
et al. (2009) reported that some curcumin analogs exhibited
inhibitory activity against tyrosinase (Lee et al., 2009). This
situation has attracted our interest in evaluating turmeric's
antityrosinase and antioxidant activities.

Furthermore, the antimicrobial properties of turmeric have
been included in the literature. Empirical evidence
substantiates that the antimicrobial effect is linked to the
methoxy and hydroxyl groups present in the chemical
configuration of curcumin within turmeric. Molecular
docking studies have suggested that functional groups in
curcumin  form hydrogen bonds and nonspecific
hydrophobic interactions with the catalytic region of the
FtsZ protein, which is involved in bacterial cell division,
thereby inhibiting bacterial cell division (da Silva et al.,
2018).

Curcuminoids, with their polyphenolic structure, are
present in turmeric at a rate of 3-5%. An average teaspoon
of turmeric contains approximately 30-90 mg of curcumin.
Studies in humans have shown that curcumin consumption
of up to 12000 mg/day is well-tolerated. For the most
effective therapeutic effect, it is recommended to consume
4000-8000 mg/day of curcumin based on safety and
toxicity profiles (Coteli and Karatag, 2017). However, the
phenolic composition within turmeric, specifically the
curcuminoid content, may vary, ranging from 2% to 9%,
depending on geographical conditions (Trujillo et al.,
2013).

Therefore, comparing the bioactivities of turmeric with
varying phenolic contents based on geographical conditions
can provide valuable insights into its consumption, which
has a positive impact on public health and is a part of our
daily diet. Our study aimed to compare the in vitro
bioactivities of turmeric spice samples obtained from three
different sources (India, Pakistan, and Indonesia). Our
study involved the determination of phenolic and flavonoid
content, antioxidant activities using 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging activity, ABTS
cation radical scavenging activity, and cupric ion-reducing
(CUPRAC) activity. Additionally, we analyzed tyrosinase
enzyme activity and antimicrobial activity in three different
spice samples (India, Pakistan, and Indonesia).

2. Materials and Method
2.1. Reagent and standards

The chemicals utilized for investigating bioactivity were
procured from Sigma-Aldrich (Schnelldorf, Germany). The
microorganisms used for assessing antimicrobial properties
were obtained from the American Type Culture Collection
(ATCC). The spice samples from India, Pakistan, and
Indonesia were obtained from international online sales
platforms.

2.2. Preparation of extracts

Samples of turmeric spice from three different origins,
namely India, Pakistan, and Indonesia, were individually
weighed (20 grams each). Each weighed spice sample was
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dissolved in 250 mL of ethanol and stirred on a magnetic
stirrer for 36 hours. After filtering out the solid particles,
the residues were dissolved again in 250 mL of ethanol
separately. This process was repeated three times.
Following the filtration steps, all the filtrates were
combined. The remaining solvents in the filtrate were
evaporated using an evaporator at 40°C. The residue from
the extracts was placed in Eppendorf tubes and stored in a
freezer until use. Sample preparations were conducted
across a wide concentration range (10 pg/mL - 400
mg/mL), and subsequent analyses were carried out.

2.3. The total phenolic and total flavonoid contents

The quantification of total phenolic content (TPC) was
conducted using the Folin—Ciocalteu method with slight
modifications, following the approach described in earlier
studies (Sarikurkcu et al., 2018; Yirtici et al., 2022). A 96-
well microplate was employed, where 12.5 pL of Folin—
Ciocalteu reagent (diluted 1:9) was added to 25 pL of the
extract and 187.5 pL of ultrapure water in each well.
Subsequently, a mixture of 25 pL of 20% (w/v) sodium
carbonate was introduced. The absorbance was gauged at
760 nm through a microplate reader. The outcomes of TPC
were presented in milligrams of gallic acid equivalent
(GAE) per gram of extract (mg GAE/g extract).

For evaluating total flavonoid content (TFC), a modified
aluminum chloride colorimetric technique was used
(Sarikurkcu et al., 2018; Yirtici et al., 2022). In this
procedure, the extract was combined with methanol (25
uL), 5% sodium nitrite (10 pL), and ultrapure water (100
ML) within each well of a 96-well microplate. Then, 10%
aluminum chloride (15 pL) was added to the mixture. After
an incubation period of five minutes, 100 pL of 1 M sodium
hydroxide and 50 pL of ultrapure water were incorporated,
and the absorbance was assessed at 510 nm. A standard
curve was devised using rutin, and the findings were
expressed as milligrams of rutin equivalent (RE) per gram
of extract (mg RE/g extract).

2.4. Bioactivities
2.4.1. Antioxidant tests

The assessment of DPPH radical scavenging activity was
conducted with specific adaptations based on prior research
(Sarikurkcu et al., 2018; Yirtict et al., 2022). Different
concentrations (10 pg/mL - 400 mg/mL) of the extracts (10
puL)  were blended with 190 pL of a DPPH solution
(0.004%). Following a 30-minute incubation period at
room temperature, the absorbance was gauged at 517 nm.
The proportion of DPPH radical scavenging manifested by
the spice extracts was calculated using Equation 1. The
same procedures were replicated utilizing Trolox as a
standard, and the DPPH radical scavenging activities of the
spice extracts were conveyed in terms of Trolox equivalent
(mgTE/g extract).

Inhibition (%) = [(Acontrol-Asample)/Acontrol] x 100 (1)
Acontrol; control absorbance and Asample; Sample absorbance

ABTS cation radical scavenging activity was assessed with
adjustments derived from the methodology presented by
Sarikurkcu et al. (2018). The ABTS* was generated by
reacting 7 mmol/L of 2,20-azinobis(3-ethylbenzothiazoline
-6-sulfonic acid) diammonium salt with 2.45 mmol/L of
potassium persulfate over 16 hours at room temperature.



Varied concentrations (10 pg/mL - 400 mg/mL) of the
extracts (10 pL) were combined with 190 pL of the
prepared ABTS solution and incubated for six minutes at
room temperature. Subsequently, the absorbance was
measured at 734 nm. The proportion of ABTS cation
radical scavenging demonstrated by the spice extracts was
determined using the supplied equation. The activities of
the spice extracts were conveyed in terms of Trolox
equivalent (mgTE/g extract).

CUPRAC reagent was freshly prepared by combining 10
mM copper(ll) chloride, 7.5 mM neocuproine, and 1 M
ammonium acetate (pH 7) at a ratio of 10:1:1 (v/v/v).
Various extracts (10 pg/mL - 400 mg/mL) concentrations
(25 pL) were mixed with 175 pL of the CUPRAC reagent
and incubated for 30 minutes at room temperature.
Subsequently, the absorbance was measured at 450 nm. The
antioxidant potential of the extracts was quantified in terms
of milligrams of standard equivalent per gram of extract and
compared against the positive controls represented by
Trolox.

2.4.2. Enzyme inhibition test

The tyrosinase inhibitory potential of the extracts was
evaluated utilizing the dopachrome method outlined by
Sartkurkcu et al. (2018). In alignment with this procedure,
25 pL of each extract (10 pg/mL - 400 mg/mL), 40 pL of
tyrosinase solution, and 100 pL of sodium phosphate buffer
(pH 6.8) were combined and thoroughly mixed. The
resultant mixture was subjected to an incubation period at
25°C for 15 minutes. After adding 40 pL of [-34
dihydroxyphenylalanine (L-DOPA), the mixture was again
incubated at 25°C for 10 minutes. Subsequently, the
absorbance was gauged at 492 nm. To determine the
inhibitory effect of the scutellarin compound, employed as
the positive control, against the tyrosinase enzyme, a well-
defined procedure was followed. Initially, 1 mg of
scutellarin compound was dissolved in dimethyl sulfoxide
(DMSO) and then subjected to a tenfold dilution with
distilled water. The enzyme activity was assessed across
five distinct concentrations of the scutellarin compound.

2.4.3. Antimicrobial test

The antimicrobial activity of ethanol extracts of the spices
was determined using a combination of the microdilution
method, the NCCLS MO7-A9 method, and the method of
Ozcan Ates and Kanbur (2023) (NCCLS, 2012; Ozcan Ates
and Kanbur, 2023). Initially, cultures of Escherichia coli
(E. coli) ATCC 25922, Klebsiella pneumoniae (K.
pneumoniae) ATCC 700603, Staphylococcus aureus (S.
aureus) ATCC 25923, and Candida albicans (C. albicans)
ATCC 10231 were revived on Tryptic Soy Agar (Merck,
Germany) Petri dishes at 37°C for 24 hours. Then, ethanol
extracts of the samples were prepared in the range of 10
pg/mL - 400 mg/mL using Muller Hinton Broth (MHB)
(BD, USA) medium. From the prepared concentrations,
100 pL was added to the wells of U-bottomed microplates.
In row, A of the plates, only MHB (4 mg/mL) medium was
added as a sterility control. Samples were distributed in
rows B and G. In row H, MHB + inoculum suspension (100
pL) was added to control microbial growth. After
incubating at 37°C for 24 hours, 20 uL of sterile 1% 2,3,5
triphenyl tetrazolium chloride (Merck, Germany) solution
was added to the wells and further incubated for 30 minutes.
The lowest concentration without a visible red-pink
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coloration was identified as the minimum inhibitory
concentration (MIC). The study was conducted in triplicate.

2.5 Statistical evaluation

Statistical analysis of the substance content and biological
activities of spices from different sources was conducted
using SPSS version 23. The results are expressed as the
mean = standard error of the mean (SEM) based on three
separate experiments performed in triplicate. A one-way
analysis of variance (ANOVA) was employed, followed by
the Tukey post hoc statistical test, as the groups showed a
normal distribution according to Normality Analysis.
Differences were considered statistically significant when
the p-value (P) was less than 0.05 at a 95% confidence
interval.

3. Results

The quantities of extracts obtained from 20 grams of
turmeric spice samples originating from India, Pakistan,
and Indonesia were determined to be 1.30 g, 1.15 g, and
1.86 g, respectively. The spice content and in vitro
bioactivity analysis results obtained from the extracts are
presented in Table 1, based on three repeated analyses.

Table 1. Substance content and bioactivity analysis results of three
different spice samples

Analyze Sample  Mean + std.dev Aﬁgevv,\f(yp)
Fenolic India 75.46 +1.82
(mgGAE/g Pakistan ~ 24.74 + 2.57 P <0.05
extract) Indonesia  68.03 +1.30
Flavanoid Indi_a 4211+ 1.77
(MgRE/g extract) Paklstan_ 1354 +2.14 P <0.05
Indonesia  60.56 + 1.80
India 132.23 £4.86
g(?rzft)(mgTE/ 9 pakistan  6158+360  P<005
Indonesia  129.32 + 4.96
India 4458 + 3.86
Exﬁfa':t)(mgTE/ 9 pakistan  3409+386  P<005
Indonesia  48.39 + 3.83
India 86.42 +5.63
(Cn:JgF"I'FIQE?gCextract) Pakistan_ 46.15+1.74 P <0.05
Indonesia  71.08 £ 2.79
Tyrosinase India 38.50 +2.28
Enzyme inhibition Pakistan ~ 301.36 £4.21 P <0.05
(1Cs0 pg/mL) Indonesia  46.29 +1.80
E. coli, K. India >400
pneumoniae, S. Pakistan ~ >400
aureus, C.
albicans (MIC; Indonesia  >400
mg/mL)

The outcomes are presented as the mean + standard deviation (std.dev).
Values denoted by distinct superscripts within the same row differ as
determined by Tukey’s honestly significant difference post hoc test at
a 5% significance level. ICs (mg/mL) signifies the concentration at
which 50% inhibition is achieved for all samples. MIC (mg/mL) stands
for Minimum Inhibitory Concentration.

When Table 1 is examined, TPC and TFC in each spice
sample were statistically different (P < 0.05). Regarding
phenolic content, the Indian extract exhibited the highest
level, whereas the Pakistani extract showed the lowest
(Figure 1). On the other hand, the Indonesian extract
displayed the greatest quantity of flavonoid content,
whereas the Pakistani extract demonstrated the lowest (Fig. 1).

The antioxidant activity assessments of the spices were
reported as mgTEs/g using ABTS, DPPH, and CUPRAC
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analyses (Table 1). Upon statistical evaluation of the ABTS
and DPPH analysis results, it was found that the antioxidant
activity level of the Pakistan extract was significantly lower
compared to the Indian and Indonesian extracts (P < 0.05)
(Fig. 1). When comparing the CUPRAC analysis activities
of the spices, it was observed that the activity levels of each
spice were significantly different (P < 0.05). The extract
with the highest activity was the Indian extract (Fig. 1).

When the Tyrosinase Enzyme inhibition (ICso pig/mL, 50%
inhibition concentration) of the spice extracts is examined

nnnnn
vvvvvv

Mean

in Table 1, the ICs level of each spice sample was found to
be significantly different from each other (P < 0.05) (Figure
1). The most effective spice extract in enzyme inhibition
was the Indian extract (Figure 1). Tyrosinase Enzyme
activity levels of each spice are given in Figure 2.

The MIC (mg/mL) values obtained from the antimicrobial
analysis of the spice samples extracted in ethanol are
provided in Table 1. At the end of the analysis, it was
determined that the MIC values of the spice samples were
>400 mg/mL.
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Figure 1. The substance content and bioactivity analysis outcomes for three spice samples were subjected to a one-way analysis of variance
(ANOVA) along with the Tukey post hoc statistical test. Differences were deemed significant when the p-value (P) was less than 0.05
within a 95% confidence interval. *,** ***: Signs of statistical significance.
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Figure 2. Tyrosinase Enzyme Activity results of spices

4. Discussions

This study has highlighted significant variations in
bioactivity, TPC, and TFC among different types of
turmeric. Among the three analyzed turmeric types, the
extracts from Indian and Indonesian origins exhibited
considerably stronger antioxidant activity. Additionally,
these extracts contained higher levels of TPC and TFC than
the extract from Pakistan. An appropriate solvent is crucial
for extracting active compounds from plants and spice
species containing bioactive substances. In the study by
Akter et al. (2019), methanol was used as the extraction
solvent to determine turmeric's antioxidant and flavonoid
content (Akter et al., 2019). In the research conducted by
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Ivanovi¢ et al. (2021), turmeric samples were extracted
using different solvents, including 80% methanol, 80%
ethanol, and ultrapure water. The study indicated the
highest phenolic content in the ethanol-extracted sample
(lvanovi¢ et al., 2021). Considering the findings from the
literature, ethanol solvent was chosen in our study to
effectively extract phenolic and flavonoid compounds from
turmeric, to achieve high extraction yields. The analysis
results revealed the following TPC (mg GAE/g extract) and
TFC (mg RE/g extract) values: for the Hindustani extract,
75.46 + 1.82 and 42.11 + 1.77; for the Pakistani extract,
24.74 £ 2,57 and 13.54 * 2.14, and for the Indonesian
extract, 68.03 + 1.30 and 60.56 + 1.80 (Table 1, Figure 1).
In general, our extraction results align with the findings of



Sahin (2018), who investigated the effects of turmeric
extraction (Sahin, 2018). In the study conducted by Sahin
in 2018, using various extraction methods, TPC in turmeric
was found to be approximately 46.50 (mg GAE/g extract)
(Sahin, 2018). The ethanol extraction method employed in
our study has facilitated the extraction of high levels of
phenolic and flavonoid compounds from turmeric samples.
Existing literature studies have identified that the
antioxidant property of turmeric originates from its
contained phenolic and flavonoid compounds (Cételi and
Karatas, 2017). In the study conducted by Eleazu et al. in
2015, the polyphenolic content and in vitro antioxidant
capacity of six new turmeric accessions were investigated.
At the end of the study, the antioxidant capacity of two
specific accessions was found to be different from the
others. It was reported that the ratio of phytochemical
compounds in turmeric directly influenced its antioxidant
capacity (Eleazu et al., 2015). Our study observed that the
antioxidant activity analysis of the Pakistan extract, which
contains lower levels of phenolic and flavonoid compounds
compared to the extracts from India and Indonesia, was
significantly lower when compared to the other spices
(Table 1, Figure 1). Our study is consistent with existing
literature data. Upon assessing the DPPH- and ABTS™
scavenging activity of distinct turmeric varieties in our
study, as detailed in Table 1 and Figure 1, it becomes
evident that the extracts originating from India and
Indonesia, characterized by elevated phenolic content,
demonstrate correspondingly heightened DPPH:- and
ABTS™" scavenging activity. In the study conducted by Du
et al. in 2011, the antioxidant activities of polyphenolic
curcumin analogs were investigated using DPPH analysis.

Based on the analysis results, the study concluded that the
samples exhibited higher antioxidant activity than vitamin
C (Du et al., 2011). In the study conducted by Ak and
Gulcin in 2008, the antioxidant and radical scavenging
properties of curcumin were investigated. The study
concluded that curcumin could be an antioxidant in both
pharmacology and the food industry (Ak and Gulcin, 2008).
In the study conducted by Tanvir et al. (2017), the
antioxidant capacity of various turmeric species grown in
Bangladesh was investigated. Turmeric samples from the
Khulna and Chittagong regions in Bangladesh were
collected for the study. The antioxidant capacities of the
extracts obtained using different solvents were also
examined. At the end of the study, the ethanolic extract of
turmeric grown in the Khulna region was found to have the
highest antioxidant capacity. Similarly, in our study, the
antioxidant capacity of turmeric plants varied depending on
the region and extraction solvent. Our data and literature
indicate that turmeric's levels of bioactive compounds and
antioxidant capacity can vary according to climatic and
geographical conditions (Tanvir et al., 2017).

Antioxidants are recognized as reducers. Their capacity to
donate electrons enables them to counteract the effects of
free radicals and reactive oxygen species, reducing these
elements from higher-valence states to lower-valence
states. The redox potential, or the reducing ability of
antioxidants, holds substantial importance as an indicator
of their effectiveness in combating oxidative stress. In our
study, when evaluating the reducing power of turmeric
extracts on copper ions, it was found that the one with the
highest effect was turmeric from India (Table 1, Figure 1).
Although all the turmeric species used in the study
exhibited high antioxidant activity, the turmeric variety
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originating from India was identified to have the highest
activity among the three spice types. Our findings are
consistent with the literature regarding the antioxidant
activity levels of turmeric, as supported by previous studies
(Noori et al., 2022).

All of the turmeric extracts studied for tyrosinase inhibition
exhibit effective inhibitory capabilities. Regarding
tyrosinase inhibition, the most effective extract is from
India, followed by extracts from Indonesia and Pakistan,
respectively (Table 1, Figure 1, Figure 2). Previous studies
have reported that phenolic compounds possess inhibitory
abilities through competitive inhibition or by exhibiting
chelating properties with the copper atom at the center of
the tyrosinase enzyme (Kim and Uyama, 2005). In this
context, the high tyrosinase inhibition ability of the Indian
extract among the investigated turmeric extracts can be
attributed to its elevated phenolic content. Various studies
have also observed similar approaches (Oskoueian et al.,
2012). The study by Du et al. (2011) investigated the
antioxidant and antityrosinase activities of curcumin
analogs. The research revealed that curcumin analogs
exhibited potent activity (Du et al., 2011). Akter et al.
(2021) reported that active molecules extracted from
turmeric exhibited antityrosinase activity (Akter et al.,
2021). The turmeric extracts used in our study also showed
high antityrosinase activity (Table 1, Figure 1, Figure 2).
Our study results are in accordance with the existing
literature.

Our study determined that the MIC values of spice samples
from India, Pakistan, and Indonesia, extracted in ethanol,
were >400 mg/mL (Table 1). Niamsa and Sittiwet (2009)
determined the MIC values of C. longa rhizome water
extract as follows: 400 mg/mL for E. coli ATCC 25922,
600 mg/mL for S. aureus ATCC 25923, and 1600 mg/mL
for K. pneumoniae ATCC 10031 (Niamsa and Sittiwet,
2009). In their study, Gupta et al. (2015) determined that
petroleum ether, benzene, chloroform, methanol, and
aqueous solutions of turmeric extracts at concentrations of
50 and 100 mg/mL exhibited inhibition zones similar to the
gentamicin antibiotic disk against S. aureus ATCC 6571
and two clinical S. aureus isolates (Gupta et al., 2015). In
the study by Kasta et al. (2020), it was observed that the
ethanol extract of C. longa exhibited inhibition zones
similar to antibiotic disks at a concentration of 500 mg/mL
against E. coli, S. aureus, and C. albicans cultures. In our
study, despite conducting bioactivity analyses over a wide
concentration range (10 pg/mL - 400 mg/mL), the MIC
values could not be determined for concentrations lower
than 400 mg/mL, as the microdilution method was
employed for evaluation. In our study, the samples
exhibited no antimicrobial activity within the 10 pg/mL
concentration range to 400 mg/mL. Additionally,
concentrations exceeding 400 mg/mL were not investigated
in our study. As a result, no antimicrobial effects of the
samples against the tested microorganisms were observed
within the specified concentration range. Based on our
study's data and existing literature, it was observed that
antimicrobial activity exhibited a dose-dependent pattern.
Our findings indicated that the samples displayed robust
antioxidant and antityrosinase activity within the range of
10 pg/mL to 400 mg/mL, while no antimicrobial activity
was evident within this concentration range. Consequently,
the principal bioactive attributes of the samples were
identified as antioxidant and antityrosinase activity.
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Comparative leaf and stem anatomy of Tamarix tetrandra (Tamaricaceae)
species from different habitats
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Farkhh habitatlarda yayihs gosteren Tamarix tetrandra (Tamaricaceae)
tiiriiniin karsilastirmah yaprak ve govde anatomisi

Abstract: In this study, the leaf and stem structure of Tamarix tetrandra Pallas ex. Bieb. species, which are distributed in riparian
and salt marshes, were examined in terms of anatomical and micromorphological aspects. Specimens of the species have been
preserved in 70% alcohol for anatomical study. Herbarium specimens were used for micromorphological studies. The studies
showed that there were differences in anatomy and micromorphology. It was found that the stomata were embedded in the
epidermis in the samples distributed in the salt marsh. In addition, stem epidermal cell length, sclerenchyma cell diameter, sieve
tube cell diameter, and pith cell diameter were found to be greater in riparian species. In the correlation analysis, a positive
correlation was observed between leaf lower surface stomata width and upper epidermis cell width, and between stem
sclerenchymatic cell diameter and upper epidermis cell width in species distributed in salt marshes. The studies did not find
intensive salt accumulation in the stem and leaf structures of the species that spread in the salt marsh. Salt uptake is thought to
be inhibited in these species.

Key words: Anatomy, micromorphology, riparian, salt marsh, Tamarix tetrandra

Ozet: Bu calismada nehir kenarinda ve tuzlu batakliklarda yayilis gosteren Tamarix tetrandra Pallas ex. Bieb. tiiriinin yaprak
ve gbvde yapist anatomik ve mikromorfolojik yonden incelenmistir. Tiire ait drnekler anatomik incelemeler igin %70’lik alkol
icerisinde stok ornek haline getirilmistir. Mikromorfolojik incelemelerde herbaryum ornekleri kullamlmustir. Yapilan
incelemelerde anatomik ve mikromorfolojik yonden farkliliklar oldugu belirlenmistir. Tuzlu bataklikta yayilis gosteren
orneklerde stomalarin epidermise gomiilii oldugu tespit edilmistir. Ayrica nehir kiyisinda yayilis gosteren tiirlerde ise govde
epidermis hiicre boyu, sklerenkima hiicre ¢aplari, kalburlu boru hiicre caplar1 ve 6z hiicre ¢aplarinin daha biiyiik oldugu
saptanmistir. Yapilan korelasyon analizinde tuzlu bataklikta yayilis gosteren tiirlerde yaprak alt yiizey stoma en ile iist epidermis
hiicre en arasinda ve gévde sklerenkima hiicre ¢ap ile list epidermis hiicre en arasinda pozitif korelasyon gozlemlenmistir.
Yapilan incelemelerde tuzlu bataklikta yayilis gosteren tiirlerin govde ve yaprak yapilarinda yogun bir tuz birikimine

rastlanmamustir. Bu tiirlerde tuz alinimimin engellendigi dusiiniilmektedir.

Anahtar Kelimeler: Anatomi, mikromorfoloji, nehir kiyisi, Tamarix tetrandra, tuzlu bataklik
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1. Introduction

Tamarix L. (Tamaricaceae) is naturally distributed in Asia,
Europe, and northeastern and southwestern Africa (Sheidai
etal., 2019). It is mostly found in temperate and subtropical
regions. It is represented by approximately 70-75 species
worldwide (Villar et al., 2019). There are 8 species of this
family in Tirkiye (Glner et al., 2012), one of which is
endemic (Tamarix duezenlii Cakan & Ziel.). Tamarix
tetrandra Pall. ex M.Bieb., one of these species, has a very
wide distribution.

Plants are capable of adapting to various environmental
conditions. Salty soils create different ecological living
conditions for most plants (Délarslan and Gul, 2012).
While many plant species cannot adapt to very low levels
of salinity (glycophytes), some plant species can adapt to
high levels of salinity (halophytes) (Dogru and Canavar,
2020). This situation can be morphological as well as
anatomical. Most plants cannot tolerate high levels of salt
in the soil (Glenn and Brown, 1999). Plants (halophytes)
adapted to these environments have developed adaptation

mechanisms at the cell, tissue and whole plant level
(Aslamsup et al., 2011). These mechanisms can be
classified as osmotic tolerance, ion excretion, and tissue
tolerance (Tiryaki, 2018).

The salt tolerance of plant species can vary depending on
the environment. Even plants of the same species can have
different levels of salt tolerance (Dogru and Canavar,
2020). The osmotic potential of water in saline soils can
decrease and become unavailable to plants (physiological
drought) (Marschner, 2011). Halophytes use the salts that
accumulate in their leaves to compensate for the low
osmotic potential of the soil (Lauchli and Epstein, 1984).
Leaf cells store salts in vacuoles and maintain a level that
does not affect enzyme activity and metabolic activities in
organelles and cytoplasm (Lauchli and Epstein 1984). This
is very important for plants adapted to high salinity soils.
Several studies have been carried out to determine the
anatomical characteristics of Tamarix. Some of these have
focused on the leaf structures (Abbruzzese et al., 2013;
Alaimo et al., 2013) of the species and others on the stem
(Waly, 1999; Oladi et al., 2017) structures.
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The aim of this study was to determine the anatomical and
micromorphological characteristics of the Tamarix
tetrandra Pall. ex M.Bieb. species found in different
habitats. In this context, we compared the leaf and stem
structures of Tamarix tetrandra found in riparian and salt
marshes from an anatomical and micromorphological point
of view.

2. Materials and Method

Samples of Tamarix tetrandra Pallas ex. Bieb. were
collected in April in the Carsamba (Asikli) district of
Samsun. Some of the collected plants were herbarium
samples, and some of them were made into stock samples
in 70% alcohol (MKA 201, MKA 202, OMUB, 8222).
Stem and leaf sections of the species were examined and
measured using the Zeiss AxioLab Al microscope and the
Zeiss Axiocam 105 imaging system. After taking the
anatomical sections, an average of 30 measurements were
taken for each character (Table 1) using the same
microscope. Glycerine (50%) was used for section
examinations. In addition, the leaf surfaces of the study
species were also examined from a micromorphological
point of view.

Micromorphological studies were carried out to determine
the general appearance of the epidermis and stomata on the
leaf surfaces (measurements of stomatal and epidermal cell
sizes were taken from superficial leaf sections using the
Zeiss Axiocam 105 camera imaging system). Scanning
electron microscopy (SEM) was used to determine surface
characteristics. For scanning electron microscopy (SEM),
the samples were attached to the stubs with double-sided
carbon tape and coated with 12.5-15 nm gold-palladium
(SEM coating system, SC7620). Examinations and
photographs were made in a JEOL JMS-7001F scanning
electron microscope (SEM) with a voltage of 5-15 KV.
Statistical analyses were also carried out on the anatomical
characteristics of the taxa. PAST 4.04 packages were used
for the analysis (averages and correlation).

3. Results

The leaves of both habitat samples have a scale-like shape.
In addition, there is a vascular bundle in the centre of the
leaf structure in both habitat samples. Tamarix, which
spreads along the riparian, has a single layer of epidermis,
the cortex layer has 5-7 rows. Just below the cortex there is
a sclerenchymatic sheath structure. The stem centre
consists of parenchymatic cells. In salt marsh samples, a
single layer of epidermis was identified in the stem
structure. In addition, the cortex layer consists of 4-8 rows
of elongated and cylindrical cells. In addition, the centre of
the stem is made up of parenchymatic (cylindrical) cells.
There is a sclerenchymatic sheath layer beneath the cortex.

The anatomical studies of the leaves compared the salt
marsh and riparian species. It was found that the length and
width of the lower epidermal cells and the width of the
stomata on the lower surface of the leaves were greater in
the Tamarix tetrandra species that spread in the salt marsh
(Figl, Fig. 3). It was observed that the leaf upper epidermis
cell length and width and leaf lower surface stomata length
were larger in the species distributed along the riparian. The
leaves of species found in both habitats have a single layer
of epidermis (Fig. 1). In addition, the mesophyll has a
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unifacial leaf type formed by parenchymatic cells. In the
anatomical examinations made on the stem, it was
determined that the stem epidermis cell width and trachea
cell diameters were larger in species distributed in salt
marshes. It was found that stem epidermis cell length,
sclerenchyma cell diameter, sieve tube cell diameter, and
pith cell diameter were greater in the riparian species (Fig.
2).

The micromorphological studies revealed conical papillae
structures on the upper leaf surfaces of the species found in
both habitats. The swelling was observed on the tops of the
papillae structures on the upper surface of the leaves of the
species that spread along the riparian. In addition,
reticulated ornaments were identified on the surface
structures of the papillae (Fig. 3). The upper parts of the
papillae structures of the salt marsh species have a pointed
end. Flat wavy ornamentation was found in the surface
structures of the papillae. In the examinations made on the
lower surface of the leaves, it was determined that there
were reticulate ornaments on the surface structures of the
species that spread along the riparian. In addition,
epidermis cell structures and stomata were clearly observed
on the lower surface. In salt marsh species, the stomata are
prominently embedded in the epidermal layer. Moreover,
the stomata are closed in both samples examined (Fig. 3).
Crystal-like structures and amorphous structures were
observed on the stomata margins and epidermis surfaces.
Wavy ornaments were also found on the lower leaf surfaces
of the samples examined (Fig. 3).

Figure 1. Stem and leaf anatomy of riparian and salt marsh
specimens of Tamarix tetrandra. a-e: Riparian specimens (a-b
leaf, c-e stem), f-j: Salt marsh specimens (f-g: leaf, h-j: stem). e:
epidermis, vb: vascular bundle, m: mesophyll, sc: sclerenchyma,
c: cortex, ph: phloem, x: xylem, ca: cambium, t: trachea, p:
pith, s: stomata, scale bar: 100pum
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Table 1. Measurements and characters of Tamarix from different habitats

Riparian samples

Salt marsh samples

Character/Habitat

Mean (um) Std.error  Mean (um)  Std. error
Leaf lower epidermis cell length 32,030 1,011 28,397 1,616
Leaf lower epidermis cell width 24,518 1,249 20,502 0,504
Leaf upper epidermis cell length 26,771 1,358 33,621 1,477
Leaf upper epidermis cell width 15,612 0,397 28,358 0,861
Stomata length 21,983 0,623 27,419 1,040
Stomata width 16,645 0,580 16,462 0,878
Stem epidermis cell length 16,096 0,664 16,225 1,017
Stem epidermis cell width 13,558 0,468 12,957 0,504
Stem sclerenchyma cell diameter 8,486 0,462 9,531 0,648
Stem trachea cell diameter 11,977 0,754 10,323 0,641
Stem sieve tube diameter 4,494 0,168 5,326 0,200
Stem pith cell diameter 24,729 0,847 34,027 1,205

Correlation analysis was performed on anatomical data for
samples from both habitats. In the correlation analysis,
positive correlations were observed between leaf lower
epidermis cell length and upper epidermal cell width, leaf
lower epidermis cell length, and stem sclerenchyma cell
diameter in riparian species. A negative correlation was
determined between the stomata length and stem sieve tube
diameter (Fig. 4). On the other hand, a positive correlation
was observed between leaf upper epidermis cell width and
stomata width and leaf upper epidermis cell width and stem
sclerenchyma cell diameter in salt marsh species. There was
also a negative correlation between leaf lower epidermis
cell width and leaf upper epidermis cell width, stem
epidermis cell length, and stem pith cell diameter (Fig. 4).
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=== Salt marsh samples
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Figure 2. Mean of anatomical values of salt marsh and riparian
samples.

4. Discussions

In this study, the leaf and stem structure of Tamarix
tetrandra, which is distributed in the riverside and salt
marsh area, were examined in terms of anatomy and
micromorphology. Areas with abundant water but high soil
salinity are similar to areas with low water availability
(Munns and Tester, 2008). Although the salt marshes in our
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study area have high water availability, they have low water
potential for Tamarix (and other species) that occur in this
habitat.

Plants are able to adapt to salt marshes (areas) by
performing certain functions. The first is the inhibition of
salt uptake or storage in the protoplast (Délarslan and Giil,
2012). Intense salt accumulation was not observed in the
stem and leaf structures of salt marsh species. Salt intake is

Figure 3. SEM image of salt marsh and riparian samples for
micromorphological study. a-d: Riparian specimens (a-b: lower
epidermis, c-d: upper epidermis), e-h: Salt marsh specimens (e-f:
lower epidermis, g-h: upper epidermis). e: epidermis, s: stomata,
p: papillae, scale bar: 10 pm
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Figure 4. Correlation analysis for anatomical characters (The first
analysis is for riparian samples and the second analysis is for salt
marsh samples). 1: Leaf lower epidermis cell length, 2: Leaf lower
epidermis cell width, 3: Leaf upper epidermis cell length, 4: Leaf
upper epidermis cell width, 5: Stomata length, 6: Stomata width,
7: Stem epidermis cell length, 8: Stem epidermis cell width, 9:
Stem sclerenchyma cell diameter, 10: Stem trachea cell diameter,
11: Stem sieve tube diameter, 12: Stem pith cell diameter.

thought to be inhibited in these species. It is noted that some
characters are lost during the adaptation phase of plants to
saline environments (Grigore and Toma, 2017, 2021). In
the examined specimens of T. tetrandra, no loss of
anatomical characteristics was observed in the leaf and
stem structure. According to Grigore and Toma (2021),
salt-secreting structures are rarely observed in Tamarix
species growing in saline soils. In our study, no salt glands
were found, especially in the samples distributed in salt
marshes.

Micromorphological studies showed that the stomata were
embedded in the epidermis. This condition is known as
enhanced xeromorphic properties to reduce sweating. For
species that spread in saline environments, this mechanism
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