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Abstract: The aim of the study was to evaluate the use of some local agricultural and
forestry by-products as Ganoderma lucidum growing subsrate. In the study, 8 different growing
media prepared by mixing agricultural and forestry wastes such as oak sawdust (OS), poplar
sawdust (PS), wheat straw (WS), wood chips (WCH), green almond hulls (AH) and green walnut
hulls (GWH) alone or in different proportions, were used for G. lucidum cultivation and the effects
of these substrates on spawn run time (SRT), days to pinhead initiation (DPI), days to the first
harvest (DFH), yield (g/kg) and biological efficiency (BE%) were investigated. The results
demonstrated that spawn run time (SRT) of G. lucidum was shorter in PS and WS:GWH12.5 (19.7
days and 20.8 days) as compared to other substrates and mixtures (22.2-28.5 days). The
pinheads emerged in substrates between 43th- 49th days and the fruiting bodies were collected
between 80.3 -93.5 days after the spawning. Total fresh mushroom yield and BE(%) varied from
71.39 t0 110.10 g/kg of substrate and from 21.0% to 31.46, respectively. Moreover, PS substrate
produced fruitbody also earlier compared with the other investigated substrates. The study
revealed that although higher total yields were obtained by sawdust substrates, considering the
difficulty of finding sawdust in some areas, WS and the mixture of WS and GHW (87.5:12.5%)
could be also successfully used inof G. lucidum production.

Key words: Reishi, Sawdust, Agricultural wastes, Forestry wastes, Mushroom yield

Ganoderma lucidum (Curt.: Fr.) P. Karst. Uretiminde Tarim Ve Ormancilik
Yan Urunlerinin Kullanimi

Oz: Calismanin amaci, bazi yerel tarim ve orman yan Urlnlerinin Ganoderma lucidum
yetistirme substrati olarak kullanimini degerlendirmektir. Calismada mese talasi (OS), kavak
talasi (PS), bugday samani (WS), yonga (WCH), badem kabugu (AH) ve yesil ceviz kabugdu
(GWH) gibi tarim ve orman atiklarinin tek basina veya farkli oranlarda karistirilmasiyla hazirlanan
8 farkl yetistirme ortami kullaniimistir. G. lucidum yetistiriciligi icin kullanilmis ve bu substratlarin
misel gelisim slresi (SRT), taslak olusumuna kadar gegen giin sayisi (DPI), ilk hasata kadar
gecgen guin sayisi (DFH), verim (g/kg) ve biyolojik etkinlige (BE%) etkileri arastirilmistir. Sonugclar,
G. lucidum'un misel gelisim suiresinin, PS ve WS:GWH12.5'te (19.7 giin ve 20.8 gun) diger
substratlara ve karigimlara (22.2-28.5 giin) kiyasla daha kisa oldugunu gésterdi. Misel ekiminden
sonra 43-49. guinlerde taslaklar olustu ve G. lucidum'un sapkalari misel ekiminden 80.3-93.5 giin
sonra hasat edildi. Toplam taze mantar verimi ve BE(%) sirasiyla 71.39 g/kg ila 110.10 g/kg
substrat ve %21.0 ila %31.46 arasinda degismistir. Ayrica, PS substratinda arastirilan diger
substratlarla karsilastirildiginda hasat daha erken gergeklesti. Calisma, talas substratlardan daha
yuksek toplam verim elde edilmesine ragmen, bazi bdlgelerde talas bulmanin zorlugu géz 6nline
alindiginda, WS'nin WS ve GHW karigsiminin da (%87.5:%12.5) G. lucidum'un yetistiriimesi icin
basariyla kullanilabilecegini ortaya koydu.

Anahtar kelimeler: Reishi, Talas, Tarimsal atiklar, Orman atiklari, Mantar verimi
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Introduction

Ganoderma lucidum (Curt.: Fr.) P. Karst. a species
belonging to the class Agaricomycetes, the order
Polyporales and the family Ganodermataceae. G.
lucidum, commonly known as Ling zhi, Reishi or
immortality mushroom, is one of the most popular
medicinal mushrooms (Wachtel-Galor et al., 2011). G
lucidum, which grows naturally in the flora of Turkey, is
recognized as the mushroom of immortality (Sesli ve ark.,
2020).

Since ancient times, G. lucidum was collected from
the wild and consumed by local people, but wild G.
lucidum is difficult to collect and to maintain its quality. For
that reason, today, artificial cultivation of G. lucidum has
became widespread to meet the increasing demand of
this mushroom. The first successful cultivation of this
mushroom was performed on inoculated natural logs in
China in 1969 (Yu and Shen 2003). Since then, the
production of this mushroom has been popular
espeacially in Far East countries (Li et al. 2016). G.
lucidum production and consumption has been also
growing fast in other countries.

G. lucidum has been used in Far East culture for
thousands of years because of its medicinal properties
(Cilerdzic et al., 2017). Also today, the hypoglycemic (Liu
and Tie, 2019), lipid-lowering (Chan et al.,, 2021),
antitumour, antimicrobial, antioxidant (Cor et al., 2018),
anticancer (Sohretoglu and Huang, 2018), antidepressant
(zZhao et al., 2021), anti-inflammatory (Xu et al., 2021),
immunomodulatory effects (Ren et al.,, 2021) of this
mushroom have been proven in many animal and clinical
studies. Several commercial products of G. lucidum
obtained from fruiting bodies, mycelia or spores, are sold
in the form of tea, coffee, syrups, spore powder, slices,
supplements, drinks, tooth pastes, soaps and lotions.
China, which realizes 70% of the world's reishi production
by itself, is the main country that producer and exporter in
the world (Li et al. 2016).

Mushroom cultivation could be useful ecological
and environmental and economic way to reuse or
disposal of this kind of solid organic wastes. It has
received especially important in most developing
countries where millions of tons of lignocellulose-rich
wastes. G. lucidum, a wood-decay fungi, is one of the
most effective lignin degradater, and play a major role in
the organic matter cycling. The substrates which use in
mushroom cultivation may influence the yield of
mushroom based on its potential to induce enzyme
secretion (Sadeghan et al., 2022). Sawdust is one of the
best basal substrates in the preparation of growing media

for G. lucidum cultivation. However, compared to
sawdust, most of the people who live in the different rural
areas of the world have more access to wheat straw, and
other agricultral wastes. Mushroom growers should
select abundant and the cheapest locally available
substrate materials to reduce production costs. In
addition, the use of locally available agricultural and forest
wastes in mushroom production is worth further research
as it will also mediate the disposal of these wastes.
Today, forest industry wastes are insufficient in many
regions of the world and the pursuit of alternative
substrates has been accelerating in the mushroom
industry.

Various growing media formulations are used in the
world, dependent on locally available agricultural and
forest wastes (Mehta et al. 2013; Atila, 2020), beech
sawdust and olive by-products (Koutrotsios et al., 2019),
mixtures of sawdust and tea waste levels (Peksen and
Yakupoglu, 2009), pecan wastes (Ozcariz-Fermoselle et
al., 2018), sugarcane bagasse, banana skin, coffee
grounds, eggshell, tea waste and diaper wastes (Khoo et
al., 2022). However, for sustainable growth of the
mushroom industry in different countries where have
different forestry and agricultural residues potential,
several studies directed toward reduced time to
cultivation cycle, improving yield and quality are needed.

Material and Metod

Materials

Pure culture of the GL-52 strain maintained on
Malt-Extract Agar (MEA, Merck) at 4 °C. Pure culture was
used as the inoculum for spawn preparation on wheat
grains as previously described by Atila (2017).

The agricultural waste materials were collected
from local farms in Kirsehir, Turkey. Poplar and oak
sawdusts were supplied from a lumber mill, Kirsehir,
Turkey. The growing media examined in the study were
presented in Table 1.

Experimental Design

Several agricultural and forest wastes and different
mixed of these wastes were tested as Ganoderma
lucidum growing media to determine the best substrate
and optimal mixed ratio of substrates.

Mushroom cultivation was carried out in the
Mushroom Production Unit in the Faculty of Agriculture at
Ahi Evran University, Kirsehir (Turkey). The experiment
was done in ten replicates for each growing medium using
completely randomized plot design.

Preparation of Cultivation Substrate

All substrates were wetted in water for 24 h to
increase the moisture content to about 60-65%. To
assess effect of growing media and to find the best
combination of substrates, they were mixed in different
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cotton. Then the bags were autoclaved at 121°C for 90
minutes and spawned on 3% wet weight basis of growing
media after cooling.

ratios as shown Table 1. Calcium sulphate and calcium
carbonate were added in %1 ratio (w/w). 1 kg (wet weight)
of the prepated growing media were placed in
polypropylene bags (20x45 cm) and were plugged with

Table 1. Substrates types and their proportions used in the study

Substrate type Substrate code Ratio

Oak sawdust oS 100

Poplar sawdust PS 100

Wheat straw WS 100

Wheat straw: Green walnut hulls WS:GWH12.5 87.5:12.5
Wheat straw: Green walnut husk WS:GWH25 75:25

Oak sawdust:Poplar chip OS:.PC 50:50

Oak sawdust: Almond hulls OS:AH 50:50

Oak sawdust:Wheat straw OS:WS 50:50

Mushroom Cultivation and Harvesting

The incubation period was conducted at 25°C and
70-80% of relative humidity without artificial lighting. After
colonization, cotton plugs were taken to allow the
development of fruiting bodies. The temperature and
relative humidity were kept at 28 £ 2°C and 90-95%
during the generative stage with light exposure (10 h,
provided by white fluorescent bulbs). Adequate
ventilation was provided to hold CO2 concentration below
1000 ppm. Mushrooms were harvested when the caps
became completely red and the white margin had
disappeared. A total of three harvestings were performed
between April and July, 2020.

Evaluation of the Cultivation Parameters

Cultivation parameters such as affects spawn run
period (day), days to first primordia initiation (day), days
to first harvest (day) yield (g/kg) and biological efficiency
were evaluated on different growing media. Total yield
were obtained from one, two or three flushes depending
on growing media and expressed as grams of fresh
mushrooms harvested at maturity per gram of wet
substrate (w/w). The biological efficiency (BE%) was
calculated by using the formula; BE (%)=(fresh weight of
harvested fruitbody per bag / dry weight of growing
medium per bag) x100.

Substrate Analysis

Samples to be analyzed were collected randomly
from the substrates after the sterilization period and
analyzed for moisture, pH, Ec, ash, N, lignin,
hemicellulose and cellulose contents. After the samples
was dried in an oven at 60 °C to a constant weight, they
were stored at 4 °C till analysis. Moisture and ash content
of substrates were determined by following standard
procedure (AOAC, 2019). Total carbon was estimated
from the ash following the methodology of Tiquia and Tam
(2000). Total nitrogen (TN) was determined using micro-
Kjeldahl method and C:N ratios were calculated of

growing media. Neutral detergent fiber (NDF), acid
detergent fiber (ADF) and acid detergent lignin (ADL)
were analysed following the method of Van Soest et al.
(1991). Cellulose, hemicellulose and lignin were
calculated using NDF and ADF and the cellulose was
determined using ADF and ADL (hemicellulose=NDF
-ADF; cellulose=ADF -ADL) (Zadrazil and Brunnert,
1982). All analyses were conducted in triplicate in the
Field Crop Laboratories of Ahi Evran University, Kirsehir,
Turkey.

Statistical Analysis

Data were statistically analyzed using the analysis
of variance (ANOVA). Differences between the means of
individual groups were assessed via Tukey post hoc test
at a significance level of 5%.

Results

Proximate Analysis of the Substrates

The physical and chemical properties of the
substrates used in the growing media preparation are
given in Table 2. Although, there were no significant
differences among the moisture contents of substrates
(p> 0.05), significant differences were found among the
substrates regarding the pH, Ash, C, N contents and C:N
ratio of the substrates (p<0.01).

Moisture content of substrates varied between 65%
and 67%. Peksen and Yakupoglu (2009) pointed out that
the moisture content of the substrate is very important
and reported that 70% moisture content was the critical
value for G. lucidum. High moisture content of substrate
limited the mycelium growth, while low moisture content
could result in the death of the pinhead.

pH values of the substrates ranged from 4.3 to 6.7
(Table 1). Medicinal mushrooms require pH of 5.5 t0 6.5
optimal growing (Gurung et al., 2012). Although the pH of
the sawdust substrates is slightly lower than the
recomended optimum pH range by Gurung et al (2012),
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these values did not adversely affect mycelium growth
and mushroom vyield. Lower values of electrical
conductivity was determined (0.63-0.87 dS /m) for
forestry wastes. Ec values of other substrates (1.07-2.23
dS/m) also below the threshold value which mycelium
growth is inhibited (Venancio et al., 2017).

Ash contents of the substrates ranged from 2.05%
(OS) to 16.4% (WS:12.5GWH). Ash contents in WS
supplemented with GWH were quite higher than that in
other substrates. The amounts of C in the substrates were
found between 48.5 and 56.81% . The highest C values
were obtained from sawdust substrates. The highest N
contents were obtained in WS supplemented with GWH
in 12.5% and 25 ratios (0.71% and 0.75%, respectively).
Total N contents of substrates prepared by the mixtures
of oak sawdust supplement with WCH, WS and AH in
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50% ratios ranged between 0.37%, 0.47% and 0.52%

respectively. N contents in OS (0.29%) and PS (0.28%)
were lower than that in other substrates. C:N ratio of the
substrate has an important effect on mycelial growth and
yield of G. lucidum (Atila, 2020) . C:N ratios varied from
65.3:1t0 206.7:1 in the examinated substrates. Generally,
C:N ratios of sawdust substrates were higher than that of
the other substrates. The highest C:N ratio was
determined in poplar sawdust, the lowest C:N ratio was
found in WS:25GWH medium. There are different
opinions about optimal C:N ratio for G. lucidum cultivation
in the literature. According to Zhou and Deng (1996), G.
lucidum requires an optimal C:N ratio of 30-40:1, but
Hsieh and Yang (2004) reported that optimal C:N ratio of
G. lucidum 70-80:1.

Table 2. Proximate analysis of growing substrates tested in the study

Moisture Ec Ash N C C:N

(%) P @Sim) (%) (%) (%)
oS 65.0 4.33"% 0.80"e 2.05"g 0.29"d 56.8"a 199.9"a
PS 65.0 4.97 cd 0.87e 2.28 ¢ 0.28d 56.7 a 206.7 a
ws 67.0 5.57 b 1.28 ¢ 12.33¢ 04lc 509 e 123.2¢
WS87.5:GWH12.5 66.0 6.37 a 1.90 b 16.38 a 0.71a 485¢ 68.0d
WS75:GWH25 66.0 6.70 a 223a 15.71b 0.75a 48.9 f 65.3d
OS:WCH 66.0 457 de 0.63 f 5.12 f 0.37¢ 55.0 b 146.9 b
OS:AH 67.0 5.43 b 1.07d 10.28 d 0.52b 52.0d 100.9 ¢
0S:WS 65.0 5.13 be 1.07d 791e 0.47 b 53.4c 113.0¢

0S:oak sawdust; PS: poplar sawdust; WS: wheat straw; GWH:gren walnut hulls; WCH:wood chips; AH: almond hulls. Asterisks indicate significance at
*P<0.05, **P<0.01, ns not significant; values within the same column followed by the same letter are not significantly different by Tukey’s test.

Significant differences (p<0.01) were found for
lignocellulosic contents of the substrates. The cellulose,
hemicellulose and lignin content of the substrates showed
ranges of 30.6-50.8%, 2.1-23.1% and 9.43-29.5%
respectively. The amount of lignin was similar for
OS:WCH and OS:AH substrates and was significantly
higher than that of other substrates. The maximum extent

of hemicellulose content was observed in WS. The
highest cellulose content was exhibited in PS, while the
lowest concentration of cellulose was determined in
OS:AH. Atila (2020) reported that G. lucidum had a
preference for substrates having a high amount of
cellulose and and lignin.

Table 3. Lignocellulosic content of growing substrates tested in the study.

Hemicellulose Cellulose Lignin

(%) (%) (%)
oS 14. 8**c 45.8%*Db 25.3**b
PS 13.8¢c 50.8 a 225c

WS 23.1a 413 c 9.4f
WS87.5:GWH12.5 9.7 de 458 b 10.6f
WS75:GWH25 8.6e 38.2¢c 146 e
OS:WCH 10.4d 40.1c 284 a
OS:AH 2.1f 30.6d 295a
oSs:ws 17.2b 41.1c 19.9d

0S:o0ak sawdust; PS: poplar sawdust; WS: wheat straw; GWH:gren walnut hulls; WCH:wood chips; AH: almond hulls. Asterisks indicate significance at
*P<0.05, **P<0.01, ns not significant; values within the same column followed by the same letter are not significantly different by Tukey’s test.
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Effect of Substrates on Cultivation Period of
Ganoderma lucidum

The mycelial growth of G. lucidum was successful
in all substrates used in the study. Spawn run time (SRT),
days to primodia initial (DPI) and days to first harvest
(DFH) were affected by the substrates (P< 0.01).

As regards the SRT, the PS substrate was fully
colonized within a period of 19.67 days after inoculation,
while the respective period was significantly longer on
OS:WS (28.5 days). Although SRTs of the substrated
examined in the present study appeared longer than the
findings Mehta et al. (2013), the incubation periods were
shorter than the findings Hal et al. (2021). However, SRT
values were in agreement with Rashad et al (2019) who
reported that the SRT of G. lucidum grown on different
agro-wastes was varied from18 days to 30 days.

Atila (2020) found that the SRT was positively
correlated with the nitrogen content of the substrates and
negatively correlated with the cellulose and hemicellulose
content of the substrate, but no correlation was identified
between SRP of G. lucidum and the substrates content
used in the present study.

The pinheads emerged in substrates between
43th- 49th days. Zhou (2017) reported that primordia
initiation had taken place around 60-70 days after
spawning. On the other hand, Mehta (2013) determined
the formation of G. lucidum primordia to be after 21-24 d
from substrate inoculation in different sawdusts.

The period between initial primordia formation and
first harvest took between 33.5-48 days. This period was
longer than the findings Zhou (2017) who reported that
from primordia formation to fruiting body for harvest takes
approximately 25-30 days. First harvests took place
between 80.5 and 93.5 days after inoculation of bags in
different growing media. The period for the completion of
the entire cultivation cycle was longer in WS
supplemented with different ratios of GWH (12.5% and
25%) (93.5 and 93.17 days) compared with other
substrates. GWH contains some compounds such as
juglone which has antagonistic effect on plants (Terzi,
2008). In contrast, shorter periods of cultivation were
noted in PS and OS:WS substrates by 80.5to 81.17 days,
respectively. Karma and Bhatta (2013) reported that first
harvest days of fruit bodies of G. lucidum was 92 days
while Roy et al. (2015) confirmed that The average first
harvest days of fruit bodies of G. lucidum grown on diffrent
sawdusts supplemented with bran varied between 60-90
days. These results are consistent with our findings.
Differences in the SRT, DPI and DFH reported by
different researchers may vary depending on the
substrates, strains and climatic condition of the growing
room.

Effect of Substrates on Yield and Biological
Efficiency of Ganoderma lucidum

The total yield (g) and BE (%) of G. lucidum
cultivated on several agro-forestry wastes are presented

in Table 3. Yield and BE (%) of the mushroom were
affected by the growing substrates (P< 0.01).

Total fresh mushroom yield varied from 71.39 to
110.10 g/kg of substrate. As shown in Table 3, the highest
yields and BEs were obtained from sawdust media
(110.10 g and 107.37 g/kg of substrate, respectively).
Also, the short growing time (80.5 days) in addition to the
high yield in PS is a notable advantage. Atila (2020)
reported that G. lucidum prefer substrates having high
C:N ratio. The C:N ratio of sawdust substrates were
considerably higher than other substrates. The findings
obtained in the study are consistent with Peksen ve
Yakupoglu (2009) who determined a negative correlation
between C:N ratio and yield of G. lucidum. The yields of
WS, AH and WCH combinated with OS were not
significantly different from each other (82.88 g/kg, 83.91
g/kg, 83.98 g/kg). It has been shown that combination of
AH, WCH and WS with OS does not increase the yield.
Differences between yields of substrates not only depend
on the physical or chemical properties of substrates but
also strain used. In the past studies, Peksen and
Yakupoglu (2009) reported that there was a possitive
correlation between N content of substrates and
biological efficiency values of G. lucidum, while Atila
(2020) recorded a negative correlation among N content
of substrates and yield of G lucidum. When yield of WS
alone (94.84 g/kg) compared with WS supplemented with
different ratio of GWH, it was noticed that
supplementation of WS with GWH in 12.5% ratio did not
improve yield significantly. Increasing the supplement
amount of GWH from 12.5% to 25% decreased the
mushroom yield. The yield of sawdust substrate was
higher than wheat straw substrate, and the addition of
GWH (25%) to wheat straw decreased yield by 24.7%.
Yield was significantly lower in WS+GWH25 substrate
(71.39 g/kg of substrate). This result could be attributed
to the high content of juglane in GHW that decrease
mycelial growth and yield. Juglone is the major phenolic
compound in walnut green hulls (Stampar et al. 2005) .
This phytotoxic compound has an inhibitory effects on
plants (Zhang et al., 2008; Terzi, 2008). Atila (2019)
reported that when GWH was used in Hericium erinaceus
cultivation , colonisation period was prolonged and yield
of the mushroom was decreased. Moreover, the substrate
containing GWH failed to support mycelial growth and
mushroom production of shiitake in the same study.

Present study results on mushroom yields were
also similar to those of Mehta et al. (2013) which reported
that the mushroom yields varied between 100 and 150 g
in the sawdust substrates. However, a previous study
using substrate prepared by adding 10% of wheat bran
and crushed sugar cane into elephant grass and mango
tree sawdust reported a yield of 160 g—360 g/kg and 32—
72% BE in G lucidum (Rolim et al., 2014), which were
considerably higher than those of the current study.
However, the yields from the present study were higher
than the results of Hal et al (2021) who declared that the
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yield of G lucidum grown on different substrate was was similar to MT (30.68%) and lower than PS (31.46%).
ranged between 25.3 2 g- 49.55 g/kg. When compared to Although, WS and WS:25 GWH substrates exhibited
previous reports, all substrates examined in the study similar colonization times, the obtained BE of WS:25
demonstrated satisfactory performances. GWH was quite lower (21%). This result is an evidence

BE(%) of G. lucidum cultivated on several agro- that rapid mycelium growth does not always lead to high
forestry wastes ranged from 21.0% to 31.5% in the study. yields.

Considering the BEs from Table 4, BE of WS (28.74%%)
Table 4. Effect of different substrates on cultivation cycle and yield of Ganoderma lucidum

5RP (days) DPI (days) DPF (days) Yield (g/kg)  BE(%)
0s 24.83"bc 47.50"ab 89.00"b 107.37"a 30.68"a
PS 19.67 d 4417 ¢ 80.50 d 110.10 a 31.46 ab
WS 25.50 b 43.50 ¢ 83.83 ¢ 94.84 b 28.74 bc
WS87.5:GWH12.5 20.83 d 44.67 ¢ 93.50 a 92.49 bc 27.20 cd
WS75:GWH25 24.50 bc 47.17b 93.17 a 71.39e 21.00 f
OS:WCH 25.33 b 44.00 ¢ 80.33 d 83.98 cd 25.45 de
OS:AH 2217 cd 49.00 a 85.00 ¢ 83.91 cd 2397 e
OS:WS 28.50 a 43.83 ¢ 81.17d 82.88 d 24.38 e

0S:oak sawdust; PS: poplar sawdust; WS: wheat straw; GWH:gren walnut hulls; WCH:wood chips; AH: almond hulls. Asterisks indicate significance at
*P<0.05, **P<0.01, ns not significant; values within the same column followed by the same letter are not significantly different by Tukey’s test.

BE (%) previously reported for G. lucidum varied study had a satisfactory for performances. G. lucidum
considerably depending on the substrate used, 13.19% to cultivation. Although higher total yields were obtained by
39.62% in sawdust based substrates supplemented with sawdust substrates, considering the difficulty of finding
tea waste at the different levels (Peksen and Yakupoglu, sawdust in some areas, wheat straw alone the mixture of
2009), 27.57% to 42.86 % in various sawdusts, (Mehta et wheat straw and green walnut hulls (87.5:12.5%) could
al. 2013), 4.54% and 61.24% in different mixtures of be successfully used for cultivation of G. lucidum. On the
beech sawdust and olive by-products (Koutrotsios et al., other hand, since green walnut hulls has high phenolic
2019) and 8.9% to 24.7 in varios agricultural and forest content and antimicrobial properties, further research is
wastes (Atila, 2020). recommended for pharmacological properties in G.

lucidum mushroom grown on formulations with added

Conclusion green walnut hulls.

The results of the study demostrated that all of
agriculture and forestry by-products examined in the
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Abstract: Verticilium dahliae is a soil-borne plant pathogen and its control is limited with
chemical fungicides. The disease causing fungus, which causes significant economic agricultural
losses all over the world, has a very wide host range. The scarcity of successful methods in the
control of the disease further increases the importance of the disease. In addition, the effort to
develop alternative control methods is based on the inadequacy of environmentally friendly
fungicides, the emergence of fungicide resistance in pathogens and the breaking of host
resistance of pathogen populations. Today, the popularity of nanoparticle applications, which
provide better efficiency in the control of diseases, is increasing day by day. The current research
aims to synthesize a bionanomaterial (RDEK) with the wild mushroom Russula delica Fr.
methanol extract (RDE) without using any hazardous substances, with a new, simple, cost-
effective and environmentally friendly method, and to point out the use of this synthesized material
in agricultural applications as an antifungal agent for the first time. aims.

In the study, it was determined that RDE and RDEK applied in different concentrations
showed antifungal activity against Verticilium dahlia. RDEK bionanomaterial, which shows the
best activity at 0.02 mg/ml concentration, can be evaluated as a fungicide in agricultural
applications.

Key words: Verticillium dahliae, Russula delica, Bionanomaterial, Fungicide

Verticillium dahliae Fungal Patojeni ile Miicadelede Mikonanoteknolojinin
Kullanim Olanaklari

Oz: Verticilium dahliae toprak kokenli bir bitki patojenidir ve miicadelesi kimyasal
fungusitler ile sinirlidir. Tim diinyada énemli ekonomik tarimsal kayiplara neden olan hastalik
etmeni fungusun c¢ok genis bir konukgu dizisine sahiptir. Hastaligin kontroliinde basarili
yontemlerin azligi, hastahigin 6nemini daha da arttirmaktadir. Ayrica alternatif micadele
yontemleri gelistiriime c¢abasi ¢evre dostu fungusitlerin yetersizligi, patojenlerde fungisit
dayanikhhdinin ortaya c¢ikigi ve patojen populasyonlarinin konukgu dayaniklihgini kirmasi
nedenlerine dayanmaktadir. Ginumizde ise hastaliklarinin kontroliinde daha iyi etkinlik saglayan
nanopargacik uygulamalarinin popdulerligi her gegen giin artmaktadir. Mevcut arastirma, yabani
mantar olan Russula delica metanol ekstresi (RDE) ile herhangi bir tehlikeli madde kullanmadan
yeni, basit, uygun maliyetli ve ¢gevre dostu bir yontem ile biyonanomateryal (RDEK) sentezlemek
ve ilk defa sentezlenen bu materyalinantifungal madde olarak tarimsal uygulamlarda kullanimina
isaret etmeyi amaclamaktadir.

Calismada, farkl konsnatrasyonlarda uygulanan RDE ve RDEK’nin Verticillium dahlia’ye
karsi antifungal aktivite gosterdigi tespit edilmistir. 0.02 mg/ml konsanrtasyonda en iyi aktivite
gosteren RDEK biyonanomateryali tarimsal uygulamlarda fungusit olarak degerlendirilebilir.

Anahtar kelimeler: Verticillium dahliae, Russula delica, Biyonanomateryal, Fungusit
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Introduction

Plant pathogenic fungi in agriculture are known to
cause many important diseases in various plants and limit
the superior quality and high production worldwide. Plants
infected by pathogens accumulate harmful toxins and
metabolites that threaten the safety of agriculture and
food industries. Verticillium dahliae (Avci samdankuifu), is
a plant pathogen that affects more than 300 woody and
herbaceous plant species and causes wilting. Plant
protection methods, including the control of V. dahliae,
unfortunately, continue with the use of chemical fertilizers,
fungicides, herbicides, and pesticides. Incorrect and
unnecessary use of these harms the ecological
environment and causes serious economic losses. It also
causes the emergence of drug-resistant strains (Sun et
al., 2012; Sesli et al 2020). It is necessary to develop
environmentally friendly products and techniques to
reduce the use of chemical agents such as herbicides,
insecticides, and fungicides and to ensure healthy
sustainable agriculture. To overcome the above-
mentioned challenges, the discovery and evaluation of
new sources of bioactivity and the development of new
types of formulations are necessary. Based on the latest
developments in hanotechnology, nanopatrticles seem to
have great potential for the development of new
generation products called nano plant protection products
(Kah, 2015; Balaure et al., 2017). Although numerous
applications of nanotechnology in medicine have been
reported (Boisseau and Loubaton, 2011; Morigi et al.,
2012), their application in research and development
(R&D) is still in its infancy (Kah and Hofmann, 2014;
Walker. et al., 2017). Clay minerals have received wide
attention due to their unique biological properties that
include broad-spectrum antimicrobial activity (Choy et al.
1999; Choi et al. 2018; Choy et al. 2000;).
biodegradability biocompatibility non-toxicity (Baek et al.
2012; Gaharwar et al., 2013; Xavier et al., 2015).

The synergistic reaction of antibiotics and their
resistance-inducing effects make. clay derivatives
materials promising antimicrobial materials to prevent and
combat plant diseases caused by pathogenic
microorganisms (Mansilla et al., 2013). Recent studies
show that such nanoparticles are more favorable than the
corresponding solution regarding antimicrobial activities
(Saharan et al., 2015; Hosseini, et al.,2016). This study,
it was aimed to synthesize environmentally friendly,
economical, simple clay nanoparticles using the
mushroom Russula delica (Akgintar), extract, which has
strong bioactive properties, and to investigate the
antifungal activity of the synthesized nanomaterial

Aralik(2022)13(Special issue)9/14
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against Verticillium dahliae, which has a wide host range
(Sesli et al 2020).

Material and Method

Materials

Sodium tripolyphosphate (TTP) was obtained from
Acros Organics (New Jersey, USA). Dimethyl sulfoxide
(DMSO) was provided by Sigma-Aldrich. In addition, HCI
(hydrochloric acid) and CH3COOH (acetic acid) acids,
and NaOH (sodium hydroxide) used in the experiment
were graded analytically.

The Russula delica (RD) mushroom was collected
from Mardin province between April and May 2020.
Macroscopic examinations, ecological structural features,
and key artifacts were used to make the diagnosis
(Christensen, 1981). The phytopathogenic fungus (isolate
names in parenthesis) used in the study was Verticillium
dahlia (OVd82). This isolate that was found pathogenic to
their original hosts was deposited in the culture collection
of Mardin Artuklu University's "The Microbiology-
Biochemistry Research Laboratory" (Mardin, Turkey).
The antifungal activity tests were carried out in the
Microbiology-Biochemistry Research Laboratory at
Mardin Artuklu University.

Extraction of Mushroom

First, the RD was dried at room temperature for 10—
15 days before being pulverized into small particles. The
mixture of 20 g RD and 200 ml methanol was then placed
in a 500 ml Erlenmeyer flask and stirred overnight. The
mixture was then filtered, and the filtrate was extracted
with methanol again by stirring overnight. The final
mixture was filtered, and all of the methanol mixtures
were collected in an evaporation balloon to dry up the
methanol at 40°C. The obtained R. delica extract (RDE)
was stored at 4°C for further use (Acay, 2021).

Synthesis of RDEK

2 g of RDE was dissolved in 20 ml of methanol with
stirring for 1h. Then, the same amount of bentonite clay
(C) was dissolved in DMSO and both mixtures were
mixed. After the pH value of the mixture, which was stirred
for 2-3 hours, was adjusted to approximately 5.5, 0.4 g of
TTP was dissolved in 10 ml of pure water and slowly
added to this mixture. 20 ml more methanol was added to
the mixture, which was mixed homogeneously for 3
hours, and it was precipitated in the centrifuge. And
finally, the obtained filtrate was dried in an oven at 60 °C
and bionanomaterial (RDEK) was obtained.
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Determination of the antifungal effect of RDE
and RDEK

The disk diffusion method was performed using
Malt extract agar (MEA) (Merck) medium. The fungal
isolate was inoculated into 20 mL of Sabouraud Dextrose
Broth medium and incubated in a water bath at 28°C and
120 rpm. To solidify properly, 25 mL of MEA was sterilized
and cooled to 45-50°C before being poured into 9 cm
diameter sterile petri dishes. It was stored overnight in a
37°C oven. After culturing the mushrooms (107
conidia/mL) in the water bath, 150 pL was taken and
homogeneously distributed in the medium using sterile
cotton swabs and sterile petri dishes. 30 pL (210 pg/disc)
of different concentrations (0.01, 0.02, 0.04 mg/ml) of
RDE, RDEK and clay solutions were impregnated on 9
mm sterile blank paper discs. Discs impregnated with
solutions were gently placed on solidified agar. The petri
dishes were incubated in an oven at 28°C for 48/72 hours,
and the inhibition zone diameters on the medium were
measured in mm using a ruler. The experiment was
repeated three times, and petri dishes without RDE and
RDEK served as controls.

Results and Discussion

Characterization of RDEK

Fourier Transform-Infrared Spectrometer (FT-IR)
(ALPHA Bruker model) was used to determine the
functional groups on the RDE, C, and RDEK
bionanomaterials. The FTIR spectra of RDE, RDEK, and
C substances are shown in Figure 1 in the range of 400-
4000 cm-1. In the FTIR spectrum of the
bionanocomposite, it is similar to RDE with O-H, N-H, C-
H stretches located at 3290, 2919, and 2851 cm-1 in the
range of 3500-2500. It is seen that the peaks of C-H
bending, Si-O-Si, and Al-O-Al groups at 1429, 998, and
871 cm-1 are similar to C'. The fact that these peaks in
the C and RDE FTIR spectra are in the RDEK FTIR
spectrum highlights that the bionanomaterial contains
both clay and mushroom extract (Saadat, et al 2012;
Laksanawati, et al 2019)

The X-ray diffraction (XRD) analysis was applied to
detect the crystallinity of the prepared bionanomaterial.
For this, the Rigaku Ultima-IV model XRD device was
used (26=0°-80°). The XRD analysis showed that the
basic structure of bionanocomposite is both crystalline
and amorphous. It can be observed from Figure 2 that
there two diffraction peaks appeared near 26=11.2°
characteristic crystalline structure originating from
bentonite and 26=20.3° amorphous state indicating the
presence of both bentonite clay (Abdullahi et al 2017;

Babahoum and Ould Hamou, 2021 ) and chitin content of
mushroom extract (Ssekatawa, et al 2021) In addition, the
average size of the RDEK was found as 18.77 nm.
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Figure 1. FTIR spectra of C, RDEK and RDE.
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Figure 2. XRD pattern of RDEK.
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Antifungal Activity of RDE and RDEK

V. dahliae is the cause of vascular wilt disease in
many plant species worldwide. Considering the broad-
spectrum antimicrobial activities of biosynthesized NPs,
and the lack of an effective method to combat this
disease, it is thought that it may have potential application
against V. dahliae. However, few studies have so far
investigated the effect of NPs on the growth of V. dahliae.
(Fang et al 2017; Tang et al 2017; Huo, et al. 2018) found
that AgNPs biosynthesized using Citrus maxima bark
extract with an environmentally friendly approach
effectively inhibited the growth of V. dahliae. The growth
of V. dahliae was in a dose-dependent manner. The
higher concentration of AgNPs enhanced the higher
inhibition efficiency of V. dahliae. Thus, it was concluded
that the synthesized AgNPs could potentially be used in
other antifungal products.

In another study, Costa et al. (2011) investigated
the antimicrobial activity of NPs formed with a type of clay
(MMT) and Ag to extend the shelf life of fresh fruit salad.
The results show that AQ/MMT NPs inhibit the growth of
spoilage-causing microorganisms  (mesophilic and
psychrotrophic bacteria, coliforms, lactic acid bacteria,
yeasts, and molds).

The antifungal effects of RDE and RDEK were
investigated using the disk diffusion method, as shown in
Table 1. The inhibition zone of RDE and RDEK against V.
dahlia was 14+1.52, 21+2.30, mm, respectively, at a
concentration of 0.02 mg/ml. Simultaneously, in the study,
it was determined that clay at the same concentration
(0.02 mg/ml) alone showed no antifungal activity.
However, in this study, unlike Huo et al. (2019), it was
observed that the inhibition was not concentration-
dependent.

In the literature, mostly metal-based nanoparticles
are used in the fight against plant pathogens, but the
difficulties in the use of these nanomaterials push the
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researchers to investigate more biobased, degradable,
non-toxic biocomposites (Kutawa et al 2021) In this
context, the inhibition zone of 21+2.30 mm of RDEK
nanoparticle against V. dahlia is remarkable.

Table 1 Antifungal activity of RDE and RDEK

Tested Concentrat | RDE RDEK CLAY
Microorgan | ion (mmS | (mmS | (mm+S
ism (mg/ml) D) D) D)*
Verticillium 0.01 NA NA NA
dahliae 0.02 14+1.5 | 21+2.3 | NA
2, 0,
0.04 NA NA NA

*Inhibition zone in millimeters and each treatment was
carried out in triplicate. NA: No Activity.

Conclusion

The shape of the FTIR peaks of the
bionanocomposite showed the interaction between its
constituent mushroom extract and clay and their
agreement with their peaks. XRD patterns also revealed
that it had both clay crystalline and fungal amorphous
features. RDEK-NPs showed satisfactory antifungal
activity; In particular, this is the first time that
biosynthesized RDEK-NPs show positive inhibitory ability
against V. dahlia. The proposed method may be
promising for commercial scale-up due to its low cost and
efficient production. Moreover, these bionanocomposites
could potentially be applied in pharmaceutical and
industrial applications.
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Oz: Bu galismada, Konya Kadinhani ilgesi'ndeki Kestel Ormanr’nda bulunan epifitik liken
turlerinin tespiti amacglanmistir. 2022 yilinda yapilan arazi ¢alismalarinda tim bélge taranmistir.
Calisma alaninda liken turlerinin gézlemlendigi 3 farkh istasyon belirlenmistir. Belirlenen bu
istasyonlardaki vejetasyon Pinus nigra J.F.Arnold, Quercus pubescens Willd, Juniperus
oxycedrus L. gibi agaglari icermektedir. Substrat olarak bu agaclarin Uzerinde gelisen likenler,
agaclarin goévde, dal, kabuk kisimlarindan toplanmigtir. Arazi ¢alismalari tamamlandiktan sonra
laboratuvara getirilen ornekler tzerinde makroskobik, mikroskobik ve kimyasal incelemeler
yapilmistir. Tur teshisleri icin c¢esitli teshis anahtarlarindan yararlaniimistir. Laboratuvar
calismalari sonucunda 21 cinse ait 28 tir teshis edilmistir. Tegshisi yapilan tirler Selguk
Universitesi Mantarcilik Uygulama ve Arastirma Merkezi Fungaryumu'nda saklanmaktadir.
Alanda en yaygin bulunan ilk bes tir; Pseudevernia furfuracea (L.) Zopf var. furfuracea, Evernia
prunastri (L.) Ach., Phaeophyscia nigricans (Flérke) Moberg, Parmelia sulcata Taylor,
Hypogymnia tubulosa (Schaer.) Hav.dir. Teshis edilen 28 tlrin deskripsiyonlari verilmigtir.
Epifitik likenlerin agag turleri ile istasyonlar arasindaki dagilimi ve kargilagtiriimasi yapilmistir.
Sonug olarak, Kestel Ormaninda ilk kez yapilan bu ¢alisma ile TUrkiye liken biyogesitliligine katki
saglanmistir.

Anahtar kelimeler: Biyogesitlilik, Epifitik, Konya, Liken

Kestel Forest (Kadinhani-Konya) Epiphytic Lichens

Abstract: In this study, it was aimed to determine the epiphytic lichen species in Kestel
Forest in Konya Kadinhani District. The whole region was scanned in the field studies carried out
in 2022. In the study area, 3 different stations where lichen species were observed were
determined. The vegetation at these stations includes Pinus nigra J.F.Arnold, Quercus pubescens
Willd, Juniperus oxycedrus L. trees. The lichens that developed on these trees as a substrate
were collected from the trunk, branches and bark parts of the trees. After the field studies were
completed, macroscopic, microscopic and chemical analyzes were carried out on the samples
brought to the laboratory. Various identification keys were used for species identification. As a
result of laboratory studies, 28 species belonging to 21 genera were identified. The identified
species are kept in the Fungarium of the Selcuk University Mushroom Application and Research
Center. The first five most common species in the area; Pseudevernia furfuracea (L.) Zopf var.
furfuracea, Evernia prunastri (L.) Ach., Phaeophyscia nigricans (Florke) Moberg, Parmelia sulcata
Taylor, Hypogymnia tubulosa (Schaer.) Hav. Descriptions of 28 identified species are given. The
distribution and comparison of epiphytic lichens between tree species and stations were made.
As a result, this study, which was carried out for the first time in Kestel Forest, contributed to the
lichen biodiversity of Turkiye.

Key words: Biodiversity, Epiphytic, Konya, Lichen
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Giris

Bilim dlnyasinda liken kelimesi ilk kez M.O. 371-
284 yilllann  arasinda  Theophrastus tarafindan
kullanilimistir (Hale, 1974). Liken olarak isimlendirilen
canlilar; mantar, siyanobakteri veya yesil algin ortakhgi
sonucu meydana gelirler (Nash, 2008). Dunya genelinde
yapilan arastirmalarda 25000°den fazla liken tiri oldugu
tahmin edilmekte (Muggia, 2009) ve bu sayi giinden gline
artis gostermektedir. Tirk liken florasi galismalar
timayle tamamlanmamig olmakla beraber, ginumize
kadar Turkiye'de vyapilan cgalismalarda tespit edilen
tarlerin listesi yakin zamanda yayinlanmistir (John ve
Tark, 2017). Bu kitapta 1800’Un Uzerinde liken tlrt cografi
kayitlariyla birlikte ve Turkge isimleri ile beraber ilk olarak
toplu halde listelenmistir. Likenler talluslarinin morfolojik
Ozelliklerine gore; dalsi (fruticose), yapraksi (foliose) ve
kabuksu (crustose) olarak U¢ ana gruba ayrilmaktadir.
Ancak bu temel gruplar disinda ara formlar da mevcuttur.
Likenlerin morfolojik 6zelliklerine gore siniflandirmasinin
yaninda Uzerinde gelistikleri substrat ¢cesidine gore de Ug¢
biydk gruba ayrilirlar. Bu gruplar: epifitik veya kortikol
likenler, saksikol likenler ve terrikol likenlerdir (Kranner ve
ark., 2008). Kestel Ormaninda yapilan arazi galismalari
epifitik likenler Gzerinde yapilmistir. Bu c¢alismadaki
amacimiz Konya’da bulunan Kestel Ormanindaki epifitik
likenlerin  tdrlerini  tespit etmek ve literatlire
kazandirmaktir.

Materyal ve Metot

Arazi caligmasi

Bu calismada liken érneklerini toplamak igin 2022
yilinin mayis ayinda arazi ¢aligmalari yapilmigtir. Kestel
Ormanlarindan (Kadinhani-Konya) toplanan &rnekler
agac govde, dal ve kabuk kisimlarindan kesici aletlerle
alinmig ve plastik poset veya kese kagitlarina
konulmustur. Toplanan 6érnekler, toplanan istasyon ve
gerekli olan tanimlama bilgileri ile beraber posetlere
ayrilmistir. Laboratuvara getiriimek (zere hazir hale

getirilmistir.
Calisma alaninin  bdlge o6zellikleri; Kestel
Ormanlari  (Beykavagi), Konya ili sinirlarn iginde,

kuzeyinde Kadinhani ve Sarayodni-Ladik, gineybatisinda
Derbent ve giuneydogusunda (Sekil 1, Sekil 2) Selcuklu
ilcesi bulunan, 1250-1767 m yikseltiye sahip bir yoresidir.
Dogu-bati 35 km, kuzey-guney 25 km'lik bir alan

icerisinde uzanir. Arastirma bolgesi; yari-kurak, cok

soguk Akdeniz iklimi &zelligi gdstermektedir (Akman,

1990).

Sekil 2. Arastirma alani
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Lokalite Lokalite Adi Lokalite Agiklamasi | Koordinatlar Yiukseklik (m) Toplama Tarihi

Numarasi

1 Kestel ormani | Kaynak suyun (zeri | 38°11'95"K 1650 16.05.2022
tepedeki ormanlik | 32°26'96"D
alan

2 Kestel ormani | Dere vyatadi kenari | 38°12'94"K 1450 16.05.2022
ormanlik alan 32°26'79"D

3 Kestel ormani | Golet set diger taraf | 37°18'33"K 1420 16.05.2022
makilik alan 31°51'42"D

Liken oOrneklerinin toplandidi lokalite bilgileri
yukarida (tablo 1) de verilmigtir

Laboratuvar caligmasi

Ornekler 2-3 giin boyunca laboratuvarda kurutma
kagitlarinin Gstiinde kurutulmustur. Ornekler kuruduktan
sonra gerekli temizlikleri yapilmistir. Teshise hazir hale
getirilen likenlerin, liken biyocesitlilik kitaplari (Purvis ve
ark., 1992; Nash, 2002) teshis anahtarlari ve kimyasal

yontemler kullanilarak teshisleri yapilmisgtir. Teshis
edilen likenler, zarflanarak fungaryum materyali haline
getirilmistir. Selguk Universitesi Mantarcilik Uygulama ve
Arastirma Merkezi Fungaryumu'nda muhafaza
edilmektedir.

Bulgular

Bu c¢alismada Konya ilinin Kadinhani ilgesinde
bulunan Kestel Ormanrndaki toplam 3 lokasyondan
toplanan epifitik liken drneklerinden 21 cinse ait 28 tir
tespit edilmistir. Bu tirlerin isimleri, varsa sinonimleri,
Tlrkce bilimsel isimleri, tur dzellikleri, ekolojik 6zellikleri,
calisma alanindaki yayihglari sirasiyla verilmistir.

Calisma alaninda tespit edilen liken tdrleri
(http://www.indexfungorum.org) sistemine gore ve
verilmigtir. Ayrica likenlerin Turkcge isimleri Turkiye’nin
Likenleri Listesi kitabina (John ve Turk, 2017) gobre
verilerek tdr isimlerinin yanina eklenmistir. Tespit edilen
taksonlarin hepsi Ascomycota béliminde
siniflandiriimaktadir.

Arthoniomycetes

Arthoniales

Chrysotrichaceae

Chrysothrix candelaris (L.) JR Laundon /
Saripudra

Sinonim: Crocynia flava (Schreb.) Hue, Lepra
candelaris (L.) Wiggers, Lepraria candelaria (L.) Fr.,
Lepraria flava (Schreb.) Ach., Lepraria flava f. Flava
(Schreb.) Ach., Lepraria flava f. quercina Zopf, Lichen
flavus Schreb

Ozellikleri: Tallusu yaygin olarak leproz, ince,
daginik veya oldukga ince, graniler veya surekli soredia,
areolat yapida degil, genellikle altin rengi veya yesilimsi
renkli, canh parlak sari bir kabuga sahip, Protallusu
vardir. Apotesyum yoktur. Grandller 0.01-0.1(-0.2) mm
Soredialari 100-300 uym c¢apinda, ¢ok ince
digbukey kuresel ve dokusu yudnlidar. Asci 8-sporlu,
klavat, ic duvar K/I+ mavi papilla olusturacak sekilde
uzanir. Ascospores 1-3-septall, hiyalin, 9-14 x 3 pm.
Tallus K- veya K+ turuncu, C-, KC- veya KC+ turuncu, Pd-
veya Pd+ turuncu, UV- seklindedir (Purvis ve ark., 1992).

Ekolojik 6zellikleri: Sert kabuklu adaclarin kuru
goélgeli kenarlarinda, daha nadiren de asitli kayalarda ve
duvarlarinda, alpin alanlardan tropiklere kadar goérultr

capinda.

(Purvis ve ark., 1992).

Calisma alanindaki

Ormani, Lokalite 2,3
Candelariomycetes
Canderiales
Candelariaceae

Candelariella viae-lacteae G. Thor ve V. Wirth /
Kullimum
Ozellikleri:

beyazimsi ila soluk gri

gri, icte sar
vardir. Epitesyum
serpistiriimis, 5-10 ym yiksekliginde; hymenium renksiz,
50-70 um yuksekliginde,
¢ogunlukla basit, 2-3 um kalinhiginda, apikal hucreler 3-4
um genisliginde; hipotesyum renksizdir. Askus 8 sporlu,
klavat, apikal kubbeli, sadece i¢ kisimda I+ mavi, alt
kisimda, ortada daha agik mavi bir seritle kesilmis.
Askosporlar 1 hicreli (nadiren birkag 1-septath), hiyalin,
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Tallus krustoz,
renkte,

olan hafif tirtikli
sarimsi, koyu

yayiligi:

[+ koyu mavi; parafizler

Konya Kestel

episubstratik,
kiresel ila dalli-
koralloidden olusur, 0.07-0.2 mm genisliginde, blastidia
benzeri grandller vardir. Apotesia lecanorine, yuvarlak,
tabanda hafifce daraltiimis, 0.3-0.8 mm c¢apinda, hafif
icbukey ila digbukey, sari-pruindz disk ve digta sari veya
bir kenar boslugu
sarl  granillerle
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elipsoid, diz veya hafif kavisli, boyutu 13-18 x 4-6
pm. Fotobiyont klorokokoid. Tallus ve apothecia K-, C-,
KC-, P-. seklindedir (Purvis ve ark., 1992).

Ekolojik &zellikleri: Hafif 1liman iklime sahip
bolgelerdeki yerlesim vyerlerindeki yol (zerindeki
agaclarda gelisim gdsteren bir tir oldugunu belirtmiglerdir
(Purvis ve ark., 1992).

Calisma alanindaki
Ormanti, Lokalite 3

Lecanoromycetes

Caliciales

Physciaceae

Phaeophyscia nigricans (Flérke) Moberg /
Karanasir

Sinonim: Lecanora
obscura f. sciastrella Nyl.

Ozellikleri: Tallus 1 cm’e kadar ya da diger talli
orcicular, gevsek ve siklikla c¢ali; 0.05-0.3 mm
genigliginde, ylkselen, gri- kahverengiye kadar ama gri-
yesil-yesil ve seffaf, isidia marjinal, kirilgan, siklikla
¢bzinen, alt taraf beyazimsi, pembemsi veya soluk
kahverengi-beyaz, seyrek, genellikle soluk rizinli, ¢ok
ince, beyazdir. Apotesiyum bulunmaz. Piknidia nadir
bulunur (Purvis ve ark., 1992).

Ekolojik dzellikleri: Genellikle kireg tasi isciliginde
ve  asbestos-cement Ulzerinde daha  nadiren
zenginlesmis, tozlu agag¢ tabanlarinda acik parklarda ve
yol kenarlarinda yaygindir (Purvis ve ark., 1992).

Calisma alanindaki yayilisi: Konya Kestel
Ormani, Lokalite 1,2,3

Phycia leptalea (Ach.) DC. / Kirpikliparmak

Sinonim: Physcia semipinnata (Gmelin) Moberg,
Physcia stellaris Nyl. var. leptalea Nyl.

Ozellikleri: Tallus 3(-6) cm gapinda, genellikle
orbikular, loblar 0.5-1.5 mm genislikte, i1sinsal, bdlmeli,
koyu gri veya beyazimsi gri renkte veya belirsiz beyaz
lekeli, tallus merkezinde sigiller bulunur. Loplarin kenar
kisimlari ve uglarina dogru dip kismi agik renk uglarda
koyulasan uzun fibriller tagir. Lobun alti beyaz renkte ve
rizin tasir. Apotesiyum 3(-4) mm c¢apinda, ¢ok sayida,
prunioz  yapidadir.  Askosporlar 15-22x7-11 pm
boyutundadir. Piknidia sik bulunur. Korteks K+ sari renk
verir, medulla K- seklindedir (Purvis ve ark., 1992).

Ekolojik 6zellikleri: Genellikle agag kabuklarinda,
Ozellikle calilar ve ada¢ dallari Uzerinde, nadiren de
kayalarda gelisir. Kirlilik nedeniyle sayilari zamanla
azalmaktadir (Purvis ve ark., 1992).

Calisma Alanindaki Yayilis::
Ormani, Lokalite 2,3

Physcia tenella (Scop.) DC. / Zarifparmak

yayihisi: Konya Kestel

nigricans Florke, Parmelia

Konya Kestel

Ozellikleri: Yapisi Phscia adscendens (Fr.) H.
Olivier turine benzer. Tallusun ¢api 2 cm’den daha
klguk, ancak c¢ok sayida tallus bir araya gelip cayir
g6ranumu olusturur; tallusun Ust yiuzeyi beyazimsi soluk
gri, alt yuzey acik renkli, loplarin ucu alt yizeyden yukari
dogru kivrilir ve sorallidir. Soralia dudak seklindedir.
Tallus kenarinda rizinler bulunur. Apotesiyum 2.5 mm
¢apindadir (Purvis ve ark., 1992).

Ekolojik 6zellikleri: Phscia adscendens 'le ayni
ortami paylassa da az da olsa kayalar Uzerinde gelisir
(Purvis ve ark., 1992).

Calisma Alanindaki
Ormani, Lokalite 1,3

Rinodina pyrina (Ach.) Arnold / Agagboncugu

Sinonim: Lecanora pyrina (Ach.) Rohl.

Ozellikleri: Tallus kabuklu, ince veya belirsiz, ilk
bagta ayrik, digbikey areollerden olugan, 0.2-0.3 mm
genislige kadar, surekli hale gelen veya rimoz, duz veya
burusuk, ylizeyi aglk veya koyu gri, donuktur. Kenar
boslugu belirsizdir. Protallus eksiktir. Apotesyum adnate,
sik, siklikla bitisik halde, ¢api 0.3-0.5 mm'ye kadardr.
Korteks 5-10 pm genislikte; epinekral tabaka bazen
mevcut, ¢. 5 ym genigligindedir. Kortikal hicreler 4-5.5
pum genislige kadar, cogunlukla pigmentsiz; alg hiicreleri:
capta 13.5-21.5 ym'ye kadardir. Asci klavat yapida, 35-
55x11-15 um, 8 sporlu askosporlar kahverengi, 1-septall,
uzunlamasina elipsoid, Physconia tipi, (10.5-)12.5-13.5(-
15.5)x(5-)5.5-6(-7) um, septa ve bazen gorilebilir apikal
duvar kalinlagmasi olgunlasmamigs sporlarda goérulur,
Ilimen hizla siser ve duvarlar esit sekilde incedir, uzun
sporlar sikhkla kivrilir.  Piknidiya tallus conidiaya
daldirilmig basilform yapida, 4-6x1-1.5 ym boyutundadir.
Medulla ve soraller P(+) sari-turuncu-kirmizi veya P(-);
K(+) sari-kirmizi veya K(-) seklindedir (Purvis ve ark.,
1992).

Ekolojik Ozellikleri: Aga¢ kabugu Uzerinde,
genellikle otrofik habitatlarda goérulir (Ryan ve ark.,
2004).

Calisma Alanindaki
Ormani, Lokalite 3

Lecanorales

Lecanoraceae

Cladonia foliacea (Huds.) Willd. / Yesilyaprak

Sinonim: Cladonia alcicornis (Lightf.) Fr., Cladonia
convoluta (Lam.) Anders; Cladonia endiviifolia auct. p.p.;
Cladonia foliacea f. convoluta (Lam.); Cladonia foliacea
subsp. convoluta (Lam.) Cretz.; Cladonia foliacea var.
alcicornis (Lightf.) Schaer.; Cladonia foliacea var.
convoluta (Lam.) Vain

Yayiligi: Konya Kestel

Yayihisi: Konya Kestel
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Ozellikleri: Podetia 1 cm boyutunda, dikkat cekici

degil, pulruzsuz, kortikol. Bazal pullar baskin dedgil,
uzamis. 0,4-1(-2)x0.2-0.3 cm girintili, siklikla kivriimis,
kompakt paspaslar olusturur; ara sira siyah sagli kenarlari
olusur. Ust yiizey gri saridan soluk sariya doniik, alt
yluzey soluk saridir. Apotesiyum soluk kahverengidir.
Piknidia koyu kahverengidir, bazal pullar sik goéralar.
Podesyum yok. Tallus Pd+ kirmizi. K-, KC+ sari, C-
sekindedir (Purvis ve ark., 1992).

Ekolojik o©zellikleri: Genellikle iyi kurutulmus,
kiregli, kiy1 topraklari ve humusla dengelenmis kum
tepelerinde, rizgar ile supurilmis durumda gunesli
yerlerde, bazen kaya ¢atlaklarinda, genelikle Kiyi
catlaklarinda gorilir (Purvis ve ark., 1992).

Calisma alanindaki yayilisi: Konya Kestel
Ormani, Lokalite 3

Lecanorales

Lecanoraceae

Cladonia pyxidata (L.) Hoffm. f. pyxidata /
Perikadehi

Sinonim: Cenomyce pyxidata (L.) Ach.

Ozellikleri: Podesyum 0.5-1.5(-3) cm

uzunlugunda, gri, ara sira kahverengimsi; 3-10 mm
¢apinda kadeh tabana dogru gitgide koniklesmis sekilde
incelir. Yuzey korteksli, genellikle kadehlerin iginde iyi
gelismis, kaba granlli, diz olmayan bir yapidadir. Sored
bulunmaz. Bazal skuamdller genellikle oldukga kiglk,
yuvarlak ve ya uzun, az girintili, az sayida ve ya ¢ogu
zaman bol, dik haldedir. Pullarinin st kismi yesilimsi gri,
alt ylzeyi beyazdir. Kadehin kenarlarinda kahverengi
apotesyumlar ve piknidyumlar bulunur. Apotesyumlar
genellikle kisa saplidir. Tallus Pd+ kirmizi, K-, C-, KC-,
UV — sekindedir (Purvis ve ark., 1992).

Ekolojik 6zellikleri: Yosunlu kayalar tzerinde,
duvarlarda, aga¢ gdvdeleri ve asitli topraklar Uzerinde,
genellikle fazla kuru habitatlarda yaygindir (Purvis ve ark.,
1992).

Calisma alanindaki yayilisi: Konya Kestel
Ormani, Lokalite 1,2,3
Lecanora argentata  (Ach.) Malme /

Digmeliytiziik

Sinonim: Lecanora subfuscata Magnusson

Ozellikleri: Tallus surekli, yesilimsi beyazdan
sariya donuk, kenari purtzsiz, ama merkezde duzensiz,
protallus genellikle siyah ve iyi gelismistir. Apotesyum
0.4-0.8(-1) mm g¢apinda, bagh, daginik veya toplu,
asaglya dogru daralan, tallin kalici, purtzsuz, kristal
masifler igerir. Diskler kirmizi veya koyu kahverengi,
bazen benekli yapida. Epitesyum kirmizimsi kahverengi,
granulstzdur. Hymenium (60-)75-90(-100) pm

Aralik(2022)13(0Ozel Sayi)15/25

uzunluktadir. Parafizler 1.5-2 ym genislikte ve dallar
seyrek yapida, u¢ kismi 3 mm genislikte, hafif sarimsidir.
Aski 45-55x18-22 um, genellikle klavate yapidadir.
Askosporlarun boyutlari (10.5-)11.5-14.5(-17.5)%(5.5-)6-
8.5 um, genelde elipsoidal, duvarlar 0.5-1 ym incelikte.
Tallus Pd- ya da agik sari, K+, C- sekindedir (Purvis ve
ark., 1992).

Ekolojik 0&zellikleri: Genellikle yaprak doken
agagclarin kabugunda goéralir (Purvis ve ark., 1992).

Calisma Alanindaki Yayihgi: Konya Kestel
Ormani, Lokalite 1

Lecanora carpinea (L.) Vain. / Meseylzigi

Sinonim: Lecanora angulosa (Schreb.) Ach.;
Lecanora albella var. angulosa (Schreb.) Flot.; Lecanora
pallida var. angulosa (Schreb.) Rabenh.

Ozellikleri: Tallus olugurken yamalar olugturur,
genellikle surekli ve purtzsuzdur, ince yapida, agik griden
beyaza donuktur, olgunlastiginda yagla beraber daha gri
ve merkezde biraz catlaklar olusma egilimindedir.
Protallus beyazdir. Apotesyum 0,5-1(1,5) mm capinda,
bagl, tabanda daralmis, genellikle sikisik, tallusun bas
kismi iyi gelismis, devaml, bitin, bazen yaslandikga
kremsi veya morumsudan solgun  kirmizimsi
kahverengiye doner, diiz ve biraz digblkey, koyu beyaz-
gri-pruinoz;  epitesyum  granller, aglk  sarimsi
kahverengidir. Hymenium 45-65 pm uzunluktadir.
Epitesyum K'da c¢o6zinen grandllli, acgik sarimsi
kahverengi renktedir. Askosporlar (9-)10-12.5(-14)%(5-)6-
8 um boyutlarinda, elipsoid ya da kiresel yapidadir.
Tallus Pd-, K+ sari, C-, apotesyum diski C+ sari veya
turuncudur (Purvis ve ark., 1992).

Ekolojik ozellikleri: Duzgin aga¢ kabuklarinda,
Ozellikle ince ve kiciuk dallarda gorilmektedir (Purvis ve
ark., 1992).

Calisma alanindaki yayiligi: Konya Kestel
Ormani, Lokalite 1

Lecanora fuscencens (Sommerf.) Nyl. /
Dalzimratd

Sinonim: Lecidea elaeochroma (Ach.) Ach.,

Lecidea achristotera (Nyl.) Hertel and Leuckert, Lecidea
euphorea (Florke) Hertel.,, Lecidea olivacea (Hoffm.)
Massal., Lecidea parasema (Ach.) Ach.

Ozellikleri: Tallus kabuklu, graniler ila verrukoz-
areolat yapida, bazen apotesiyum yakininda dagimig
veya seyrek granlllere indirgenmis, protallus siyahimsi
kahverengi, seyrek gelismis areoller ince, opak,
ekortik ylizey sarimsi beyaz ila beyazimsi gri, purizsiz,
parlak, epruinoz yapidadir. Apotesiyum sapsiz, 0,3-0,8
mm  capindadir. Aski  klavat, 8 sporludur ve
askosporlar hiyalin, basit, genis elipsoid ila subglobose,
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(4-)4.5-6(-7.5)%x(5.5-)8-11(-13) um; duvar 1 pm'den az

kalinhktadir. Piknidia sik,
renktedir. Konidia filiform yapida,

daldiriimig,  siyah
7-1x  1-1.5 um

boyuttadir. K+ agik sari, C-, KC-, P+ turuncu ila
kirmizi renktedir (Purvis ve ark., 1992).

Ekolojik ozellikleri: Kozalakh agaclarin
kabugunda veya daglik bdlgelerdeki aglk c¢am

ormanlarinda ahsap Uzerinde bulunur (Ryan ve ark.,
2004).

Calisma alanindaki
Ormani, Lokalite 1

Lecidella elaeochroma(Ach.) M. Choisy var.
elaekroma f. elaekroma / Dalzimrti

Ozellikleri: Tallus yayilmig, graniler ve grandiller
0.05-0.3(-0.5) mm c¢apinda, sinirli, beyaz veya grimsi
renktedir. Protallus seyrek gelisim g0sterir, siyahimsi
yapidadir. Apotesyum (0.2-)0.4-0.6(-0.8) mm ¢apinda,
bagh; tallin kalici purtizsiiz yapidadir ve kristal masifler
bulundurur. Diskler solgun koyu kahverengi renkte ve
bazen benekli yapilar icerir. Hymenium 35-50 pm
uzunluktadur. Uglan sismis ve kirmizimsi kahverengi
renktedir.  Askosporlar  (5-)6-10(-13)x4-7(-8)  um
uzunluktadir, genellikte elipsoidal, konidia igneye
benziyor. Tallus K+ sari seklindedir (Purvis ve ark., 1992).

Ekolojik 6zellikleri: Genellikle aga¢ kabuklari ve
ahsaplarin Gzerinde goérulir (Purvis ve ark., 1992).

Calisma alanindaki yayilisi: Konya Kestel
Ormani, Lokalite 1,3

Parmeliaceae

Evernia prunastri (L.) Ach. / Meseyosunu

Sinonim: Borrera prunastri (L.) Sibth. & Sm.

Ozellikleri: Tallus (1-)2-6(-10) cm uzunlugunda
yapraksi, loblar yumusak ve 5 mm genigligine kadar,
yass! serit seklinde ve dalli yapidadir. Ust ylzeyi yesil-
griden soluk yesilimsi sari ve siklikla merkezden
kenarlara dogru yayilan karmasik bir ag olusturacak
sekilde olukludur. Alt ylizeyi beyaz veya agik gri renkte ve
genis kanalli yapidadir. Soraller marjinal ve laminal, Ust
yuzeyde ayni renkte veya acik renklidir. Apotesyum ¢ok
nadir gorulur 0.2-0,5(-1.5) cm ¢apindadir. Askosporlar 7-
11x4-6 um boyutlarda, renksiz, basit ve elipsoid
yapidadir. Piknidia 0.3 mm ¢apinda, konidia 6-7x0.5 um.
Korteks K + sari, medulla Pd-, K-, C-, KC-, UV- sekindedir
(Purvis ve ark., 1992).

Ekolojik 6zellikleri: Genellikle yaygin ve bol
bulunan ekolojik genlige sahiptir. Ormanlk alanlardaki
genis ve igne yaprakli agaglarda, gunesli bélgelerde,
genelde ruzgarli, nétr ila asit kabuklu gévdelerde veya yol
kenari ve park agaclarinin gdlgelerinde goérulir. Az da
olsa silisli kayalarda da gorulebilir (Purvis ve ark., 1992).

yaylligi: Konya Kestel
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Calisma alanindaki
Ormani, Lokalite 1,2,3

Flavoparmelia caperata (L.) Hale / Sariyaprak

Sinonim:  Parmelia caperata (L.) Hale,
Pseudoparmelia caperata (L.) Hale

Ozellikleri: Tallus yapraksi, 20 cm capina kadar,
dikkat c¢ekici, genellikle genis yamalar olusturmus, siki
bastirimis ama genellikle yuksek, dalgali ve purizla
yapida. Loplar 0.5-1.3 cm genigliginde, yuvarlak,
yanlasmis + bitisik, &zellikle ortada nadiren ayrik olan
kenarlar sik sik girintilidir. Ust ylizey saridan sari-yesil-
griye kadar, ara sira gri-yesil (golgede), genellikle
merkeze dogru kirisikh yapidadir. Soraller laminal, kaba,
bazen sigile benzeyen, granilli sekildedir. Alt ylizey
siyah ve basit rizinlidir. Apotesyum nadir gorilir, disk 0.8
cm capindadir, kirmizi kahverengidir. Askosporlar 15-
19(-22)%(8-)9-10 um, elipse benzer. Medulla ve soral
Pd+ turuncu-kirmizi, K-, KC % kirmizi, C- seklindedir
(Purvis ve ark., 1992).

Ekolojik 6zellikleri: Iyi aydinlanmis asitli, genis
yaprakli adaclar ile bazen silisli kaya, anit, ¢ati kiremiti, git
ve konifer adaclari Gzerinde de gelisebilen yaygin bir
turdur (Purvis ve ark., 1992).

Calisma alanindaki
Ormani, Lokalite 1

Hypogymnia physodes (L.) Nyl. / Dudakliliken

Sinonim: Parmelia physodes (L.) Ach.

Ozellikleri: Tallus 10 cm capinda, gevsek bir
sekilde bagli, rozet seklinde veya dizenli yayilan, siklikla
blaylk yamali loblardan olugur. Loblar 2-3 mm genislikte,
icleri oyulmus, genellikle uglara dogru artacak yapidadir.
Ust yiizey gri, duzgiin, parlak; alt yiizey siyah solgun
kahverengi, kenarlari kirisik ve sorallidir. Soraller dudak
seklinde ve gelistikge agilir ve yelpaze sekline donusur.
Apotesyum oldukga nadir goérulur, kisa- kalin sapli, disk
kirmizi kahverengi; tallus kenari incedir. Medulla ve
soraller Pd+ turuncudan kirmiziya kadar K-, C-. KC+
kirmizi, UV+ agik mavi mor sekindedir (Purvis ve ark.,
1992).

Ekolojik ozellikleri: Silisli kayalarda, agaglarda,
Callu kokleri ve diger asitli substratlar (Ph 4,5) lizerinde,
supralittoralden daglik bdlgelere kadar gorilebilir (Purvis
ve ark., 1992).

yayihigi: Konya Kestel

yayihgi: Konya Kestel

Calisma alanindaki yayilisi: Konya Kestel
Ormani, Lokalite 2

Hypogymnia tubulosa (Schaer.) Hav. /[
Baslibosliken

Sinonim: Parmelia tubulosa (Schaerer) Bitter
Ozellikleri: Hypogymnia physodes e benziyor ama
loblari daha tlpsu yapida ve yukari kalkmis; Ust ylizey
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daha purizli ve mattir. Soraller yuvarlak bashk seklinde
olup lob ucunun tamamini kaplar. Medulla ve soraller Pd-
, K-, KC+ kirmizi, C-, UV + soluk menekse mavisi
seklindedir (Purvis ve ark., 1992).

Ekolojik &zellikleri: Hypogymnia physodes ile
ayni ortamlarda gelisir fakat o kadar sik degildir (Purvis
ve ark., 1992).

Calisma alanindaki
Ormant, Lokalite 1,2,3

Melanelixia glabratula (Lamy) Sandler & Arup /
Esyepelek

Sinonim: Imbricaria glabratula (Lamy) Zahlbr. isim
inval., Melanelia glabratula (Lamy) Essl., Parmelia
glabratula (Lamy) Nyl., Parmelia glabratula f. Glabratula
(Lamy) Nyl., Parmelia glabratula subsp. Glabratula
(Lamy) Nyl., Parmelia glabratula var. Glabratula (Lamy)
Nyl.

yayihisi: Konya Kestel

Ozellikleri: Tallus 1-5(-10) cm c¢apinda, ince,
sikica bastiriimig, yuvarlak rozet seklinde veya daginiktir.
Loblar (2-)3(-4,5) mm genigliginde, diz, uzatimis,
purtuzsiz ila burusuk; Ust yizey kirmizi-kahverengiye
donik, dzellikle lob uglarina dogru parlak. isidia silindirik,
piruzsiz, kazidiktan sonra beyaz golge birakir, genellikle
¢cok sayida ve siklikla tallusun merkezini gizler. Soredia
bulunmaz. Alt ylzey siyah ve bazit rizinler bulunur.
Apotesiyum 5 mm capindadir. Askosporlar 10-14x5.5-8
pm boyuttadir. Konidia basiliform yapida, her iki ugta
hafifce sismis yapidadir. Medulla Pd-, K- veya K+
menekse, KC+ kirmizi, K+ kirmizi, UV- seklindedir
(Purvis ve ark., 1992).

Ekolojik ©Ozellikleri:  Hem yol kenarindaki
agaclarda hem de agik ormanlarda (6rnegin Fagus'ta)
bulunan bazen kayalar Uzerinde c¢ogunlukla purizsuz
kabuk veya tahta tizerinde bulunan bir tardir (Purvis ve
ark., 1992).

Calisma alanindaki
Ormani, Lokalite 1,3

Parmelia sulcata Taylor / Oluklugcanak

Sinonim: Parmelia saxatilis var. Lokokroa Wallr.,
Parmelia sulcata var. Laevis Nyl., Parmotrema sulcatum
(Taylor) M. Choisy, Parmotrema sulcatum var. Contorta
(Bory) M. Choisy, Parmotrema sulcatum var. pruinosa
(Zarar) M. Choisy, Parmotrema sulcatum var. sulcatum
(Taylor) M. Choisy

Ozellikleri: Tallus 5-10(-20) cm gapinda, genellikle
rozet seklinde, substrata nisbeten tutunmus; loplar 0.5 cm
geniglikte, ayri veya bir arada ve Ozellikle tallusun
ortasinda (st (ste binmis sekildedir. Ust kisim gri-
beyazdan gri-yesile kadar, bazen kismen beyaz pruinos
yapidadir. Uzun, oval, daginik, beyaz pseudosifeller,

yayiligi: Konya Kestel

Aralik(2022)13(0Ozel Sayi)15/25

¢ogunlukla sonradan birleserek tam olmayan bir ag yapisi

meydana getirirler. Soraller uzun, laminal ve marjinal,
pseudosifellerin ~ (zerinde,  korteks  catlaklarinda
bulunurlar. Alt kisim siyah, kenarlara dogru kahverengi
renkte; rizinler basit veya catalli, bazilari firga seklinde
dallanmistir.  Apotesyum  azdir; disk  kirmizi-
kahverengiden koyu kahverengiye kadar dedgisir.
Askosporlar 11-15x6-8 um buyikluktedir. Medulla ve
soral Pd+ ve KC+ turuncu, KC+ turuncu, C- seklindedir
(Purvis ve ark., 1992).

Ekolojik ozellikleri: Ada¢ ve kayalar Uzerinde,
bazen toprak Uzerinde gelisen, kiyi bolgelerinden dag
zirvelerine kadar yayiligi olan bir turdur (Purvis ve ark.,
1992).

Calisma alanindaki yayilisi: Konya Kestel
Ormani, Lokalite 1
Parmelina  pastillifera  (Zarar.) Hale /

Noktalikanat

Sinonim: Parmelia pastillifera (Harm.) R. Schub. &
Klem.; Parmelia tiliacea var. pastillifera (Harm.)
Grummann

Ozellikleri: Tallus 4-8(-20) cm ¢apinda, bazen
yamalar olugturur, esit olmayan gekilde baglanir,
yakindan bastiriimis veya yukselen kenarlarda merkeze
dogru dalgalanir. 1cm genisliginde kisalmig loblar tagir.
Apotesiyum cok nadir goriilir. Ust korteks K+ sari, C-,
KC-, P-; medulla K-, C+ kirmizi, KC+ kirmizi, P-, UV-
sekindedir (Purvis ve ark., 1992).

Ekolojik 0©zellikleri: Yaprak doken agaglarda,
asidik ila notr kabuklu, yagish yaylalarda goralar (Purvis
ve ark., 1992).

Calisma alanindaki
Ormani, Lokalite 2

Parmelina quercina (Willd.) Hale / Mesekanadi

Sinonim: Parmelia quercina (Willd.) Vain

Ozellikleri: Tallus 2-5(-15) cm capinda, sikica
bastinimig, rozet seklinde, 1 cm genigliginde loblar,
girintili ve ya bazen butin seklinde, devamli, merkezde
ortliisen, asagi cevrilmemis; Ust ylizey mavi-gri veya gri,
diz, sikhkla parlak, hafif lekelidir. Alt ylzey koyu
kahverengi, uglara dogru agik kahverengi, basit rizinler
bulunur. Apotesiyum genellikle sirekli, tallin Gzeri
purizsiiz, yodun rizin tasir. Askosporlar kiresel ve
elipsoidal yapidadir. Konidia 4.5-6.5%x0.5-1 pum,
basilliform, duzgun yapidadir. Medulla Pd-, K-, KC+
kirmizi, C+ karmin kirmizisi, UV — seklindedir (Purvis ve
ark., 1992).

Ekolojik 6zellikleri: lyi aydinlatimis, besince
zengin, genis yaprakh agaclarda siklikla bulunur.
Caliliklarda ise nadir olarak goralur (Purvis ve ark., 1992).

yayihgi: Konya Kestel
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Calisma alanindaki
Ormani, Lokalite 2

Pseudevernia
furfuracea / ltirlikeni

Ozellikleri: Tallus 10 cm capinda, ¢ok sayida
dikotomik sekilde dallanmis serit seklinde loblular
mevcuttur. Loblar 1-4 mm genigliktedir. Alg bileseni
Trebouxioid yapidadir. Ust yiizey gri-beyaz, ¢ogunlukla
yogun izidli; alt yizey rizinsiz, kanalli, tamamen siyah
veya siyah ile kahverengimsi beyaz ya da pembemsi
benekli. Lob kenarlari ige kivriktir. Medulla serttir.
Apotesyum 1.5(-3) cm c¢apinda, lateral, saph ve tallus
kenarli. Disk konkav, zeytin yesilinden kirmizi — koyu
kahverengiye kadar renkte ve parlaktir.  Askus 8
sporludur. Askosporlar 7.5-10x4-5.5 um boyutlarinda,
basit, renksiz ve ellipsoid yapidadir. Korteks K(+) sari,
medulla Pd-, K-, KC-, C- sekindedir (Purvis ve ark., 1992).

Ekolojik 6zellikleri: Ozellikle hava kirliligi az olan
alanlardaki hem koniferler hem de yaprak doken
agaclarin kabuklarinda ve odunlarinda, ayrica silisli
kayalarda gelisen ve sik gorilen bir tardir (Purvis ve ark.,
1992).

Calisma alanindaki
Ormani, Lokalite 1,2,3

Usnea barbata (L.) F.H. Wigg. / Sakallikeni

Sinonim: Usnea dasopoga f. scabrata (Nyl.)
Arnold, Usnea scabiosa Motyka, Usnea scabrata Nyl

Ozellikleri: Tallus galimsi yapida, genellikle sarkit
olusturur, 5-15 cm uzunlugunda dallanmali anizotomik-iki
parcaldir, genellikle paralel bazal kisim dallarla birlikte
kahverengi veya kahverengimsi siyah, gbze ¢arpmayan
halka seklinde catlaklar olusturur. Dallar diizensiz, yan
dallar baglanma noktasinda daralmamis, segmentler
terete ila ¢ikintil, silindirik ila hafif sismis veya sosis
benzeri; foveoller ve enine oluklar: var veya yok; apeks
uzun, = kivrimli, siklikla paralel uzanan ve yogun bir
sekildedir. Fibriller genellikle ¢ok sayida, dizensiz ve
dallarin bazi kisimlarinda yogun, polimorfik soralia; yok ila
¢ok sayida, nokta seklinde, dallarin ¢apinin yarisindan
daha kucuk, lifler Uzerinde veya tuberkullerin Uzerinde
gelisiyor, korteks yok ince ila kalin (%5-7), donuk ila hafif
parlak medulla gevsek ila yogun eksen orta kalinhktadir.
Medulla K+ sariya dontserek kirmizi, C-, KC-, P+
turuncumsu sari veya K-, KC-, C-, P- sekindedir (Purvis
ve ark., 1992).

Ekolojik ozellikleri: 200 ve 400 m'de kiyr gir
calihklarda, mese-cam ormanlarinda veya Kkarigik
kozalakli ormanlardaki daglarda aga¢ kabugunda
(6zellikle Quercus spp.ve calilar) gorilir (Gries ve
Bungartz, 2007)

yayihgi: Konya Kestel

furfuracea (L.) Zopf var.

yayihigi: Konya Kestel

Calisma alanindaki
Ormani, Lokalite 1,3

Usnea dasopoga (Ach.) Nyl. / Ugansakal

Sinonim: Parmelia barbata f. dasopoga (Ach.)
Zahlbr.

Ozellikleri: Tallus ¢ali formunda, 4-8 cm
uzunlugunda, yogun dikten sarkik kimeler olusturur.
Dallanmasi anizotomik, iki pargali yapida, bazal kisim
dallarla ayni renkte, belirgin sekilde kararmis dallar
dizensiz, nadiren silindirik, gbze carpmayan sekilde
parcali; yan dallar tutunma noktalarinda daralmamig
parcalar Giclu silindirik, bazen hafif sismis, genellikle enine
oluklarla birliktedir. Soralia noktasal yapida, dalin ¢apinin
yarisindan daha kuguk, duzlemden digbikeye donuk,
bazen birlesik, baslangicta kortekste ortaya ¢ikar.
Medulla orta kalinliktadir. Spot testler K+ sariya dénuk
kirmizi, C-, KC, P+ turuncumsu sari veya K-, C-, KC-, P-
sekindedir (Purvis ve ark., 1992).

Ekolojik 6zellikleri: Pinus spp.'nin kabugunda. ve
Quercus spp., esas olarak 1900 ve 2600 m arasindaki
karisik yaprak doken kozalakli ormanlarda goéralur (Gries
ve Bungartz, 2007).

Calisma alanindaki
Ormani, Lokalite 1,2,3

Ramalinaceae

Ramalina farinacea (L.) Ach. / Taneligerit

Ozellikleri: Tallus 3-6(-10) cm uzunlugunda, taftli,
egimli veya egimsiz, c¢ogunlukla 3mm genigligine
bolinmus, dizlesmis, bazen hafif kanalli, kati, dallar sari
yesilden koyu gri-yesil; ylizey mat veya parlak, plrizsiz.
Sorelia, marjinal veya yuzeyde, ayrik, dairesel eliptik,
soredia 20-30 um capinda, solgun, farinoz yapidadir.
Apotesium lateral ve nadir gorulir. Askosporlar 8-15x5-7
pm, genel olarak elipsoid yapidadir. Medulla ve sorelianin
4 kimyasal tipi vardir. a) Pd + turuncu-kirmizi, K — veya
turuncu, UV - b) Pd + sari turuncu, K+ sari-kirmizi, UV —
c) Pd -, K-, UV + mavi- beyaz d) Pd -, K -, UV + mavi
beyaz sekindedir (Purvis ve ark., 1992).

Ekolojik ozellikleri: Cok cesitli tabakalarda ve
ortamlarda gordlir. Golgeli dokuntulerde, rizgarl
bélgelerde, izole adaglarda nadir olarak da kayalarda
gorulebilir (Purvis ve ark., 1992).

Calisma alanindaki yayilisi:
Ormani, Lokalite 1,2

Peltigerales

Peltigeraceae

Peltigera canina (L.) Willd. / itlikeni

Sinonim: Dermatodea canina (L.) A.St.-Hil

Ozellikleri: Kopek likeni olarak da bilinir. P.
membranacea nin yapisina benziyor. Ancak tallusun

yayihigi: Konya Kestel

yayihgi: Konya Kestel

Konya Kestel
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merkez kisimlarinda daha diiz daha az gorilen purizsiz
damarlar daha dlzensiz rizinler bulunur. Apothecia
Rodish yapidadir. Eyer seklinde kirmizi kahverengi-
kahverengiye donuslr (Purvis ve ark., 1992).

Ekolojik 6zellikleri: Ormanlik alanlarda tarlada ve
oligotrofik kumlu veya kirecli topraklarda gorulur (Purvis
ve ark., 1992).

Calisma alanindaki
Ormani, Lokalite 1,3

Teloschistales

Teloschistaceae

Calogaya lobulata (Florke) Arup, Frodén &
Sgchting /Sogit Siltesi

Sinonim: Lepraria candelaris (L.) Fr

yayilisi: Konya Kestel

Ozellikleri: Tallus leproz yapili, daginik grandllii
veya ince ve surekli, areolat olmayan kabuksu, parlak
sarl, altin sarisi veya yesilimsi tonlardadir. Alg bileseni
yesil kokoid yapidadir. Graniller 0.01-0.1(- 0.2) mm
¢apinda, kuciuk konveks veya kiresel sekildedir.
Apotesyum gorilmemistir. Tallus Pd - veya + turuncu, K
ve KC - veya + turuncudan kirmizi-siyaha kadar
koyulasir, C — seklindedir (Purvis ve ark., 1992).

Ekolojik ©zellikleri: Kuru ve golgedeki purizlu
agac kabuklarinda, daha az olmak Uzere yine golgede
asitli kaya ve duvarlarda gelisen kozmopolit bir tardir
(Purvis ve ark., 1992).

Calisma alanindaki
Ormani, Lokalite 3

yayihgi: Konya Kestel

Tablo 2. Calismada tespit edilen tir taksonlarinin isimleri ve bulunduklari lokalite numaralari

Numara | Tur isimleri Bulunduklari | Numara | Tur isimleri Bulunduklari

Lokalite Lokalite
Numarasi Numarasi

1 Calogaya lobulata 3 15 Melanelixia glabratula 1

2 Candelariella viae-lacteae 3 16 Parmelia sulcata 1

3 Chrysothrix candelaris 2,3 17 Parmelina pastillifera 2

4 Cladonia foliacea 3 18 Parmelina quercina 2

5 Cladonia pyxidata 1,2,3 19 Peltigera canina 1,3

6 Evernia prunastri 1,2,3 20 Phaeophyscia nigricans 1,2,3

7 Flavoparmelia caperata 1 21 Phycia leptalea 2,3

8 Gyalolechia flavorubescens 1,3 22 Physcia tenella 1,3

var. quercina
9 Hypogymnia physodes 2 23 Pseudevernia furfuracea var. 1,2,3
furfuracea

10 Hypogymnia tubulosa 1,2 24 Ramalina farinaceae 1,2

11 Lecanora argentata 1 25 Rinodina pyrina 3

12 Lecanora carpinea 1 26 Usnea barbata 1,3

13 Lecanora fuscencens 1 27 Usnea dasopoga 1,2,3

14 Lecidella elacochroma var. 1,3 28 Xanthoria parietina 3

elaekroma

Gyalolechia flavorubescens (Huds.) Sgchting,
Frodén & Arup var. quercina (Flagey) Nimis / Sariortii

Sinonim: Caloplaca flavourubescens (Huds.) JR
Laundon, Caloplaca flavorubescens f. microthelia (Ach.)
Verseghy, Gyalolechia flavorubescens var. quercina
(Flagey) Nimis

Ozellikleri: Tallus kruktoz, beyazimsi, sari- yesil,
bazen yaygin gri, plrtzsiz ve hatta kabaca digblkey,
granuler papilla genellikle belirgin, plrtzsiz yapidadir.
Protallus mavi-griden beyaz griye donuk renktedir.
Apotesiyum 3 mm ¢apinda, daginik, yuvarlak, diiz, ancak;

genellikle hafif digbikey, yaslaninca duzensiz ve garpik
hale gelen sekildedir. Tallin ince, gri-sari, krenulat
yapidadir. Apotesium gergek belirgin, biraz yiksek, duz,
purtzsiz, turuncu renkte; disk turuncudan koyu
turuncuya donuk ve dizdir. Hymenium ve hipotezyumun
alt kismi cok sayida yag damlasi bulunur. Parafizler
¢ogunlukla uclara dogru catallanirlar, genellikle 4 ym'e
kadar Urerler. Ascosporlar 15-18x6-10 um, elipsoidal,
septum 5-9 ym genisligindedir. Tallus ve apotesiyum K+
mor kirmizisi sekindedir (Purvis ve ark., 1992).
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Ekolojik ozellikleri: Yol kenarinda ve park arazi
agaclarinda, ozellikle de otlaklarda (Fraxinus'un izole
agaclarinda) gorulir. Ozellikle kiregtagl tizerinde,
ahsapta nadir bulunur; onceden endustriyel
¢ozunurlikten once yaygindi ancak simdi nadir ve
sinirlidir (Purvis ve ark., 1992).

Calisma alanindaki yayilisi: Konya Kestel
Ormani, Lokalite 1

Xanthoria parietina (L.) Th. Fr./ Firfirhituruncu

Sinonim: Xanthoria coomae S.Y.Kondr. &
Karnefelt, Xanthoria polessica S.Y.Kondr. & Yatsyna

Ozellikleri: Tallusu 15 cm capinda, genellikle
genis yamalar olustur, gunesli bolgelerde sari turuncu,
gblgedeyken yesilimsi gri renkte olan, rozet formunda
yapraklara sahip bir likendir. Loplar uclara dogru
geniglemis, 1-7 mm geniglikte, yuvarlak ya da biraz
krenulat ve diz yapida. Tallus kisminin ortasinda
genellikle cok sayida apotesyum bulundurur. Apotesyum
4 mm c¢apina kadar, gencken konkav olgunlukta ise
duzdir. Askosporlar (10-)12-16%(6-)7-9 um boyundadir
(Purvis ve ark., 1992).

Ekolojik dzellikleri: Besince zengin veya zengin
olmayan substratlarda, yol kenari agaclari, odun, cati
kiremitleri (zerinde, karasal alanlarda veya sahil
bolgelerindeki asitli ve kalkerli kayalar tzeri gibi cok genis
yayilig alanlarina sahip kozmopolit bir tirdir (Purvis ve
ark., 1992).

Calisma alanindaki yayilisi: Konya Kestel
Ormani, Lokalite 3

Calismada tespit edilen tlr taksonlarinin isimleri ve
bulunduklari lokalite numaralari yukarida (Tablo 2.)
verilmigtir

Tartisma

Bu calismada Konya Kadinhani Beykavagrnda
bulunan Kestel Ormanrndaki epifitik likenlerin cesitliligi

Kaynaklar

incelenmigtir. Toplanan o&rneklerden yapilan gesitli
makroskobik, mikroskobik ve kimyasal laboratuvar
calismalari sonucunda 21 cinse ait 28 tir teshis edilmistir.

Bu tiurler arasinda ise en yaygin gorulenler:
Pseudevernia furfuracea var. furfuracea, Evernia
prunastri, Phaeophyscia nigricans, Parmelia sulcata,
Hypogymnia tubulosa’dir. Calismada tespit edilen siniflar
Arthoniomycetes, Candelariomycetes ve
Lecanoromycetes olmak tzere 3 tanededir. Bu siniflara
ait 6 tane ordo tespit edilmistir. Bunlar da sirasiyla
Arthoniales, Canderiales, Caliciales, Lecanorales,
Peltigerales ve Teloschistales ordolaridir. En yaygin
gorulen cinslerden Cladonia ve Lecanora’nin familyasi
Lecanoraceae; Hypogymnia, Parmelina, Usnea’nin
familyasi ise Parmeliaceae olarak tespit edilmigtir.
Calismada en c¢ok gorilen taksonlardan Cladonia
pyxidata, Evernia prunastri, Tufan Cetin tarafindan
Antalya’da (Cetin, 2015) ve Candan tarafindan Denizli ve
Afyon’da (Candan, 2008) kaydedilmistir. Lecidella
elaeochroma, Parmelia sulcata ve Xanthoria parietina
taksonlari yine Tufan Cetin tarafindan Antalya’da (Cetin,
2015) kaydedilmigtir. Pseudevernia furfuracea var.
furfuracea, Hypogymnia  tubulosa, Gyalolechia
flavorubescens, Ramalina farinacea Afyon ve Denizli'de
(Candan, 2008), Clodania pyxidata, Lecanora carpinea,
Melanelixia glabratula, Peltigera canina, Phaeophyscia
nigricans, Physcia leptalea, Physcia tenella Afyon’da
(Hale, 1974) tespit edilmistir.

Tespit edilen taksonlarin substratlarina
bakildiginda drnekler epifitik likenler oldugundan 1. Ve 2.
Lokasyondaki likenlerin substratlarinin agirlikh olarak
Pinus nigra, 3. Lokasyondaki taksonlarin subsratlarinin
ise Quercus sp. oldugu gorulmuistir. Yapilan ¢calismalar
karsilastinldiginda tespit edilen liken taksonlarinin
dagiliminda yukseklik verilerinin ve iklim kosullarinin
birbirine yakin olduklari gérilmustur.
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Oz: Bu ¢alismada Mugla (Bodrum), izmir ve Canakkale gevresinde dogal olarak yetisen ve
halk tarafindan gida olarak tuketilen Pleurotus eryngii (DC.) Quél.’nin yag asidi icerigi belirlenmesi
amaglanmistir. Toplanan mantar drnekleri oda sartlarinda kurutulmus ve hekzan ile ekstraksiyon
yapiimistir. Elde edilen ekstrakt iceriginde 37 adet yag asidi taramasi yapilmistir. GC/MSD cihazi
ile elde edilen sonuglarina gére 17 adet yag asidi tespit edilmistir. Sonuglar incelendiginde majoér
bilesen olarak; oleik asit (%48.125), palmitik asit (%14.736), linoleik asit (%14.094), stearik asit
(%6.469) ve linolelaidik asit (%5.128) belirlenmistir. Elde edilen sonuglara gére Pleurotus eryngii
gida ve ilag sektérinde kullanilabilecek yenilebilir yabani bir mantardir.

Anahtar kelimeler: Yag asit kompozisyonu, GC/MSD, Pleurotus eryngii, Oleik asit

Determination of Fatty Acid content of Pleurotus eryngii (DC.) Quél.
Growing in the Aegean Region

Abstract: In this study, it was aimed to determine the fatty acid content of Pleurotus eryngii
(DC.) Quél. which grows naturally and is consumed as functional food or dietary supplement by
the public in Mugla (Bodrum), Izmir ve Canakkale. The collected mushroom samples were dried
at room temperature and extracted with hexane. The 37 fatty acids were scanned in the content
of extract. According to the results obtained with the GC/MSD, 17 fatty acids were determined.
Major constituent of Pleurotus eryngii mushroom was found to be oleic acid (48.125%), palmitic
acid (14.736%), linoleic acid (14.094%), stearic acid (6.469%) and linolelaidic acid (5.128%) were
determined. According to the results obtained, Pleurotus eryngii is an edible wild mushroom that
can be used in the food and pharmaceutical industry.

Key words: Fatty acid composition, GC/MSD, Pleurotus eryngii, Oleic acid

Girig

Tarkiye cografyasinin sundugu iklim, toprak ve bitki
Ortlsu cesitliligi cok sayida mantar tirtiniin dogal olarak
yetismesini mimkiin kilmaktadir. Ulkemizin her bélgesi,
yerel halk tarafindan toplanan ve tlketilen gesitli dogal
mantarlar agisindan zengindir. Arastirmalar 3283 mantar
tirdndn  yenilebilir oldugunu dogrulanmis olup, buda
glnimuze kadar tespit edilen tim mantar taksonlarinin
yaklasik %20'sini olusturmaktadir (Govorushko vd. 2019).
Yenilebilir mantarlar, mikoriza olusturan, parazit ve
saprofit mantarlari icerir. Farkh boyut, renk ve sekillerde
fruktifikasyon organlarina sahiptirler. Binlerce yildir

yenilebilir mantarlar insanlar tarafindan beslenme ve tibbi
degerleri igin tiketilmektedir (Pérez-Moreno ve Martinez-
Reyes, 2014; Usami vd., 2014). Yenilebilir mantarlar iyi
bir lif kaynagdi olup, hicre duvarlari kitin, hemiselllloz,
mannan ve betaglukanlar icerir. B-glukan’in kandaki
kolesterol ve kan sekeri dlizeyinin dusirtlmesi, bagisiklik
sisteminin etkinligini arttirma ve bazi enfeksiyonlarin
engellenmesi gibi c¢esitli noktalarda insan sagligi igin
olumlu etkilere sahiptir (Manzi vd., 2001). Mantarlar,
insan beslenmesi icin gerekli olan protein icerigine sahip
olmasinin yaninda, vitaminler ve mineraller bakimindan
zengin bir besindir. Mantarlar, tirlerine ve mevsim
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sartlarina gore degisken olarak %80 ila %90 oraninda su
icerip, yag ve seker bakimindan fakirdirler. Ancak, kitin,
B-glukanlar ve mannan, yuksek kaliteli protein, steroller,
fenolik bilesikler, terpenler, vitaminler ve 6zellikle B grubu
vitaminler, D vitamini ve tokoferoller agisindan oldukca
zengindir (Bach, vd, 2017). Mantarlar, mikemmel bir
karbonhidrat, diyet lifi, doymamis yag asitleri, vitamin ve
mineral kaynagidirlar (Bach, vd, 2017). Doymamis yag
asitleri acisindan zengin olmalari yaninda potasyum,
kalsiyum, fosfor ve magnezyum agisindan zengin bir
icerige sahiptirler. Ayrica mantarlar, fenolik bilesikler,
terpenler ve steroidler gibi farkli sekonder metabolitleri
icermektedir (Sarikirkgu vd., 2004). Bu molekillerin
antimikrobiyal, antiviral, antioksidan, antiinflamatuar,
antitmor, antialerjik, antiaging, antidiyabetik, anti-
Alzheimer ve hipokolesterolemik gibi farmakolojik
aktiviteleri vardir (De Silva vd., 2013, Canli vd., 2015).

Dunyada farkh tlkelerde yaklasik olarak 35 mantar
turinin  ticari ve endustriyel olarak Gretimleri
yapillmaktadir (Sanchez, 2004). En fazla kiltiri yapilan
mantar tdrlerinin  Agaricus spp., Pleurotus spp. ve
Lentinus edodes oldugu belirtiimektedir (Diez ve Alvarez,
2001). Gunumiz dunya mantar dretiminde bayuk bir
Uretim hacmine sahip olan Pleurotus tirleri Agaricus
spp.’'ye gore yetistiriciliginin daha kolay, daha duguk
maliyetle ve dusuk teknolojiyle yapilabilmesi, genis
adaptasyon yetenegine sahip olmasi, iklimsel istekleri
yoninden daha az secici olmasi, ¢evre sartlarina ve
hastaliklara dayaniminin daha fazla olmasi ve yetisme
surelerinin daha kisa olmasi gibi 6nemli avantajlara
sahiptirler (Patrabansh ve Madan, 1997; Hassan ve ark.,
2010). Pleurotus tirleri igerisinde son yillarda yetistiriciligi
Uzerinde en ¢ok durulan tirlerden biri Pleurotus eryngil’
dir. Dinyada “Kral Istiidye Mantari (King Oyster
Mushroom)” olarak adlandirilan P. eryngii, en lezzetli
Pleurotus turi olarak nitelendiriimektedir (Rodriguez,
2007).

Kral istiridye mantari yiksek besin degeri ve tibbi
Ozellikleri nedeniyle yaygin olarak kullaniimakla birlikte
tim dinyada kdltirt yapilmaktadir (Rathore ve ark.,
2017; Fuvd.,2016). P. eryngii' nin biyoaktif bilesenleri son
zamanlarda yogun bir sekilde arastiriimistir. P. eryngii,
yiksek diizeyde polisakkarit, karbonhidrat (%51-75),
protein (%16-18), kil (%6-7), dusuk lipid (%1-3) igrigine
sahiptir. Bu bilesenlerden baslicalari polisakkaritler, -
glukanlar, K, P, Mg, Ca, Fe ve Zn mineralleridir. Ayrica
fenolik ve flavonoidlerden olan gallik asit, protokatekuik
asit, p-hidroksibenzoik asit, p-koumarik asit, siringik asit,
vanilik asit, epikatesin, rutin ve katesin icerdigi
belirlenmistir (Lin ve ark., 2014; Reis ve ark., 2012).

Bunun yaninda antitimor aktivite (Ma vd.,2014; Shi
vd.,2013; Ren vd., 2016), antioksidan aktivite (Mishra ve
ark., 2013), bifidojenik etki (Li ve Shah, 2016), ve
hepotoprotektif etkileri belirlenmistir (Chen ve ark., 2012).
Ulkemizde de ¢ok cesitli yabani yenilebilir
mantarlar koyliler tarafindan mevsiminde toplanarak
hem yemeklik olarak tlketilmekte hem de Avrupa’nin
degdisik uUlkeleri ile Amerika ve Japonya gibi ulkelere
kurutulmus ve dondurulmus olarak ihrag edilerek ek gelir
saglanmaktadir. Bélgemiz de dogal olarak yetisen ve
“Kérek Mantari” olarak bilinen Pleurotus eryngii mantari
cevre bolgelerde “Manguta”, “Mantika” isimleri ile
bilinmektedir. Bu calismada 6zellikle Bodrum (Mugla)
bolgesinde vyerel halk tarafindan siklikla tiketilen
Pleurotus eryngii 'nin yag asidi bilesenleri belirlenmistir.

Materyal ve Metot

Materyal

Pleurotus eryngii (DC.) Quél. (Bilimsel Tirkce
adi: Gaksir mantari) Orneklerinin Toplanmasi

Calismada Bodrum ilgesi cografi sinirlari igerisinde
arazi c¢alismalari yapilarak belli bodlgelerden Bodrum
Kérek  Mantarn  (Pleurotus  eryngii)  numuneleri
toplanmistir. Elde edilen numunelerin siniflandirma ve
mantar sistematigi kapsaminda gerekli tim analizleri
yapilmistir. Fungaryum tekniklerine goére kurutulup
teshisleri Do¢. Dr. Hakan Alli tarafindan Mugla Sitki
Kogman Universitesi Biyoloji Bélimi Fen Fakultesi
Fungaryumun da yapilmig ve teghisleri yapilan érnekleri
ayni fungaryum da muhafaza edilmistir.

Metot

Pleurotus eryngii yag asidi bilesenlerinin tespitine
ait Bodrum boélgesinin Bitez ve Turkbuki mevkilerinden
toplanmis ve drnekleri k&dit ambalajlara konularak hig
bekletmeden ve glines 1si§gina maruz birakmadan ayni
gun igerisinde laboratuvara nakledilmistir. Daha sonra
ornekler Mugla Sitki Kogman Universitesi Arastirma
Merkezi Laboratuvarina getiriimis ve 36°C de
havalandirmali etiv yardimi ile 24 saat boyunca
kurutulmustur. Kurutulan &rnekler Stephan chopper
yardimi ile 6gutiimus ve analize hazir hale getirilmistir.

Hemen kullaniimayacak olan égutilmus drnekler
ise kapali bir kap icerisinde -18°C’de saklanmak suretiyle
muhafaza edilmistir.

Pleurotus eryngii ekstraktlarinin Yag Asidi
Metil Esterleri igeriginin GC/MSD ile Belirlenmesi

Ekstraksiyon iglemi i¢cin Pleurotus eryngii
kurutulmus olan érnekleri dncelikle 6gutdlmustir. Mantar
ornekleri 6gutuldikten sonra 10 giin boyunca hekzan oda
sartlarinda orbital sallayici ile karigtirimak suretiyle
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ekstraksiyona tabi tutulmustur. Elde edilen c¢ozelti
icerigindeki hekzan rotary evapotatorde
buharlastirildiktan sonra, ham ekstreler elde edilmistir.
Elde edilen hekzan ekstresinden 100mg 20 mL’lik deney
tupune tartildi ve Gizerine 10 mL hekzan eklendi. 5 dakika
vortekslendikten sonra 100uL 2N metanol iginde
¢6ziinmis KOH ilave edildi. Tlpin agdzi kapatilarak 1
dakika boyunca vorteklendi. 10 dakika 4000rpm’de
santrifijlendikten sonra Ust faz Macherey-Nagel
Chromafil Xtra PTFE-20/25 0.20um filtreden stizildi ve
Agilent 7890A GC - 5975C MSD cihazina 2uL enjekte
edildi.

Bulgular

Pleurotus eryngii (DC.) Quél. (Syn. Pleurotus
eryngii var. ferulae)’nin tanimlayici 6zellikleri

Yoresel olarak Koérek Mantari olarak adlandirilan
Pleurotus eryngii genelde Ege ve Akdeniz sahillerinde
dogal yayilis gosteren bir bitki olan Ferula communis
subsp. communis (Kérek) bitkisinin kokleri ile mikorizal
yasayan bir mantardir. Bu bitkinin gelismeye basladigi
ilkbahar aylarinda bitkinin yeni siirgtinleri Gizerinde ya da
sonbaharda eski goévdelerinde dogal olarak yetisir.
Bodrum ve civarinda “Kérek Mantari” olarak bilinirken,
Canakkale civarinda “Manguta”, “Mantika” olarak
Kibris’da ise “Gavcar” yoresel isimleri ile taninir. Bodrum
Koérek Mantari, Bodrum ilgesinin kuzey ve kuzeybatisinda
kalan 6zellikle yiksek yapili aga¢ formlarinin olmadigi
¢ali formu diye bilinen ve Akdeniz elementi olan makilik
alanlar ve Garig vejetasyonunun genis yayilis gosterdigi
Akyarlar, Akgaalan, Bahgelievler, Bitez, Cirkan,
Dagbelen, Derekdy, Farilya, Golkdy, Gumdislik,
Gindogan, Karabag, Konacik, Misgebi, Turgutreis,
Tarkbukd, Yahsi, Yakakdy ve Yalikavak, mahallelerinde
dogdal olarak yetistigi tespit edilmistir.

Sapka: Pleurotus eryngii mantarinda sapka,
gencken diiz ya da ortasi hafif gukur iken olgunlastiginda
huni seklini alir. Sapkanin bayukligu genelde 2 cm’ den
30 (50) cm capina kadar buylyebilir. Sapka Uzeri
merkeze dogru beyazdan sitli kahverengiye kadar
degisir. Kenarlari genelde oyuk seklinde ¢izgili iken, renk
kenara dogru daha acik renklidir. Mantar krem renge
daha c¢ok kurak mevsimlerde, Ozelliklede ilkbahar
aylarinda goézlemlenebilir (Sekil 1).

Mantarin sapka etli yapida ve olduk¢a dolgundur.
Govde (Sap) silindirik sekilde olup, krem ya da kirli beyaz
renklerdedir. Uzunlugu 3-5 cm. Dolgun ve esnek
yapidadir. Sapin sapkaya bagdlantilisi bazen sentrik,
merkezden), bazilarinda ise eksentrik (yandan) sekildedir
(Sekil 2).

Sekil 2. Pleurotus eryngii sap ve lamel yapisi

Kokusu belirgin  bir kokusu olmayip, hos
mantarimsi kokuludur. Spor baskisi ise beyaz renklidir.
Habitati ise; Kérek Mantari, Ferula communis subsp.
communis (Koérek) bitkisinin bu sene yeni gelisen bireyleri
ya da gecen seneki kurumus govdesi ile yada kokleri ile
birlikte mikorizal olarak yasar. Ulkemizde Canakkale’den
baslayarak Ege, Akdeniz sahilleri ve Kibris ‘ta yogun
olarak bulunmaktadir. Akdeniz iklimine uygun bir tir olup
sadece sabhillerde rastlanir. Ayni aileden olan Caksir
mantart ise Dogu Anadolu bdlgesinin  yiksek
kesimlerinde (2000 m ve uzeri) bulunur.

Pleurotus eryngii yag asidi kompozisyonlarina
ait bulgular

Arastirmada Pleurotus eryngii’ nin yag asidi
bilesenleri GC/MSD sistemleri kullanilarak kalitatif ve
kantitatif olarak tespit edilmistir (Sekil 3). Yag asit
bilesenleri  sertifikali referans standart maddeler
kullanilarak, alikonulma zamanlarina gére Wiley 2008 ve
NIST 2008 kutuphaneleri kullanilarak tanimlandi ve %
miktarlari hesaplandi. Elde edilen analiz sonuglari Tablo
1.’de verilmektedir. Pleurotus eryngii’nin yag asidi igerigi
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degerlendirildiginde arastirma sonuglarina gére 17 yag
asidi bileseni belirlenmis olup bu bilesenlerden ana
bilesenler olarak oleik asit (%48.125), linoleik asit
(%14.094), palmitik asit (%14.736) tespit edilmistir.
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Sekil 3. Yag asidi metil esterleri GC/MSD kromatogrami

Tablo 2. Pleurotus eryngii’nin mantarlarinda bulunan yag
asitleri metil esterlerinin (FAME) GC/MSD ile % bilesen
analiz sonuglari

Bilesenler Rt % Miktar
Laurik asit 9.572 0.009
Myristoleik asit 14.805 0.012
Miristik asit 15.832 0.163
Penta dekanoik asit 19.135 0.820
Palmitoleik asit 21.520 0.357
Palmitik asit 22572 14.736
Linolelaidik asit 27.451 5.128
Linoleik asit 27.552 14.094
Oleik asit 28.094  48.125
Elaidik asit 28.128 0.579
Stearik asit 28.812 6.469
Cis-9,10 etoksi stearik asit 32.969 0.40
Arachidic acid 34.522 0.425
Butyl 9,12 Octadecadienoate 37.637 1.603
Behenik asit 39.943 0.424
Nervonik asit 44.231 0.662
Lignoserik asit 44.993 0.716

Rt: Alikonma zamani

Birgok arastirmada mantarlarin gesitli tibbi ve
besleyici 6zellikleri bildirilmistir. Yenilebilir bir mantar olan
Pleurotus eryngii, ¢oklu biyoaktif bilesenler olmasi
nedeniyle cgesitli saglik yararlan icin fonksiyonel gida
olarak yaygin olarak tuketilmektedir. Mantarlarin yag asit
bilesimlerinin belirlenmesi mantarin besinsel 6zelliklerinin
acida cikarilmasi agisindan o6nemlidir. Bugune kadar

Aralik(2022)13(0Ozel Sayi)26/31

yapilan arastirmalarda mantarlarda genel olarak, C12-

C20 arasindaki normal yag asitleri ve C16-C24 hidroksi
grup tasiyan yag asitleri bulunmustur.

Arastirma konumuz olan Pleurotus eryngii ¢oklu
biyoaktif bilesenler olmasi nedeniyle cesitli saghk
yararlari i¢cin fonksiyonel gida olarak yaygin olarak
tuketilmektedir. Pleurotus eryngii érneklerinde oleik asit
(%48.125), linoleik asit (%14.094), palmitik asit
(%14.736) olarak belirlenmistir. Aragtirmamizda ylUksek
oranlarda belirledigimiz linoleik asit gibi ¢coklu doymamis
yag asitlerinin igerigi yuksek olan mantar turleri, kolesterol
oranini dizenlemek amaciyla tiketiimektedir. Linoleik
asit ve oleik asit insanlarin beslenmesinde 6nemli
bilegenlerdendir. Ozelikle polidoymamis yag asiti olan
linoleik asidin mantarlarin ana bileseni olmasi mantarlarin
besinsel 6nemini arttirmaktadir.

Literatlirde incelenen g¢esitli tarimsal atiklarda
yetistirilen 1009 taze P. eryngii var. eryngii 6rneklerinde
bulunan baslica yag asidi bilesenlerinin linoleik asit
(C18:2) (%33.06 -% 70.39 g), oleik asit (C18:1)( 10.77-
34.80%g) ve palmitik asit (C16:0) (%13.56-20.09 @)
olarak belirlemistir (Akyliz et al., 2011).Turkiye'den elde
edilen Terfezia olbiensis ve Terfezia claveryi 6érneklerinde
toplam fenolik ve flavonoid miktarini ve bilesen oranlari
belilenmis olup T. olbiensis ve T. claveryi toplam
phenolik  miktarinin  sirasiyla  129.18+0.74 and
104.7840.35 pg PEs/mg olarak; toplam flavonoid
miktarinin ise 6.41+0.19 and 4.71+£0.11 uyg QEs/mg olarak
bildirilmistir. Bu bilesenlerden Gentisik asit (25.48 ve
14.84 ug/kg kuru agirlik (dw)), protokatesik asit (21,55 ve
15,54 pg/kg) dw) ve p-hidroksi benzoik asit (18.07 ve
16.99 pg/kg) dw) bilesenlerinin yiksek oranlarda
belirlenmistir (Kivrak, 2015). Baska bir calismada
Pleurotus ostreatus orneklerinde doymus yag asidi (SFA)
(20.2%) oraninda ve palmitik asit (C16:0; 11.2%),
pentadekanoik asit (C15:0; 2.55%) ve stearik asit (C18:0;
2.53%) Dbilesenlerini yuksek oranlarda belirlenen
bilesenler olarak; ¢oklu doymamis yag asitleri (PUFA)
(69.1%) oraninda ve linoleic acid (C18:2n-6c¢; 68.1%)
yuksek oranda belirlenmistir (Fernandes vd., 2014).
Miyazawa and Usami 2014, calismalarinda Pleurotus
citrinopileatus drneklerinde palmitik asit (23.3%), linoleik
asit (31.3%), pentadesiklik asit (6.0%) and 2, 3-dimethyl-
2-nonen-4-olide (6.0%); yliksek oranlarda belirlenmistir.
Kualtara yapilarak yetigtirilen mantarlar arasinda oleik,
palmitik ve linoleik asitlerin ylksek oranlarda oldugu
bilinmektedir (Sande vd., 2019; Dimou et al., 2002).
Arastirma sonuclarimiz Pleurotus eryngii 6rneklerinde
yuksek oranlarda belirlemis oldugumuz Oleic asit
(%48.125); Linoleik asit (% 14.094); Palmitik asit
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bilesenlerinin Pleurotus eryngii 6rneklerinde litaratiirde boélgesel yerel olarak halka ekonomik fayda saglayacaktir.

yapilmis olan g¢alismalar ile benzerlik géstermis oldugu, Bu calisma, dogal mantar tirlerinden olan Pleurotus
Pleurotus ostreatus ile litaratirde yapilan calisma eryngii zengin yag asidi bilesenleri icermesi yéninden
sonuglari belirlenmis olan pentadekanoik asit, stearik asit farkindalik olusturacak sekilde ortaya konulmasi ile yerel
bilesenlerinin ¢alismamizda daha dusuk oranlarda kalkinmaya destek saglanmasi i¢in gerceklestiriimistir.
belirlenmis olup farkhlik géstermektedir. Yerel halk tarafindan taninmasi ve tiiketilmesini arttirmak,

Dogal yenilebilir mantarlarin uluslararasi ticareti pazarlarda satilmasini saglamak ve yerel ekonomiye
yillardan beri artarak devam etmekte olup yabani katki saglamasi amaglanmistir.

mantarlarin UGlke mutfagina kazandiriimasi ile hem
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Oz: Mantarlar, bakterilerle birlikte ekosistemin déngiisel olarak galismasini ve besin
sirkilasyonunu saglayan 6nemli ayristiricilardir. Yenen mantarlarin toprak ve substrat Ustu
dokulari besin agisindan zengindir ve insanlar tarafindan cesitli amaglarla kullanilirlar. Ozellikle
substrat Gzerinde ¢urtkg¢ul olarak yetisen mantarlarin kiltire alinip yetistiriimesi nispeten daha
kolaydir.

Mantarlarin gogu saprofit canhlardir. Ozellikle besin kayna@ olarak kullandiklari bitki
artiklarini (aga¢ govdesi, dal pargalari, yapraklar, ibreler, otlar, meyveler, kozalaklar vb.)
parcalayarak beslenirler. Uzerinde yasadiklari substratlarin biinyesinde bulunan makro ve mikro
elementleri absorblayarak kendi biinyelerinde biriktirebilirler. Bu ¢alismanin amaglarindan biri,
yapilarinda biriken minerallerin insan sagligi agisindan nasil etki yapacagini tespit etmektir.

Calismamiza konu olan o6rnekler (Auricularia auricula-judae (Bull.) Quél., Lentinus
arcularius (Batsch) Zmitr., Lentinus tigrinus (Boga) Fr., Schizophyllum commune Fr., Trametes
versicolor (L.) Lloyd, Tremella mesenterica (Schaeff.) Pers.) dogal ortamlarindan toplanan beyaz
curikeul meydana getiren Basidiomycota bolimine ait 6rneklerdir. Bu mantar érneklerinin agir
metal (Al, As, Cd, Co, Cu, Cr, Fe, Mg, Mn, Ni, Pb, Se ve Zn) iyon icerikleri ICP-OES (Inductively
Coupled Plasma Optical Emission Spectrometry) spektrometresi kullanilarak belirlenmigtir.

Bu calismanin bir diger amaci ise mantarlarin dogadaki dnemli gorevlerinden birini
gerceklestirmek icin 6zellikle cevre temizleyici olarak hangi mantarlar kullanilabilir? sorusuna
cevap aramaktir. Bu galismadan elde edilen veriler sayesinde mikoremediasyon yontemleri
geligtirilebilir. Mantarlar ¢ok ¢esitli kirleticileri kontamine ortamlardan veya atik sudan ayristirmak
icin ucuz, etkili ve ¢cevreye duyarl bir ydntem olarak kullanilabilir.

Sonug olarak kullanilan mantar 6rnekleri igin minimum ve maksimum agir metal iyon
konsantrasyonlari tespit edilmistir. incelenen érneklerde Arsenik (As) hig belirlenmemistir. Nikel
(Ni) ve Kursun (Pb) bazi 6érneklerde eser miktarda gdzlemlenmistir. Selenyum (Se) ve Kobalt (Co)
tim o6rneklerde ¢ok disuk seviyelerde oOlglimustir. Magnezyum (772.1-2739 mg/kg), Demir
(49.91-1583 mg/kg) ve Aliminyum (8.009-1298 mg/kg) mineralleri arastirmada kullanilan tim
drneklerde en yuksek oranlarda tespit edilen agir metal iyonlaridir.

Anahtar kelimeler: Mineraller, Agir metaller, Makromantarlar, Morfoloji, Corum.

Mineral Compositions and Morphological Characterizations of Some
Edible Natural Basidiomycota Species

Abstract: Fungi, together with bacteria, are important decomposers that ensure the
cyclical operation of the ecosystem and the circulation of nutrients. Soil and above-substrate
tissues of edible mushrooms are rich in nutrients and are used by humans for various purposes.
In particular, it is relatively easy to cultivate and grown fungi that grow on the substrate as rotting.

Most fungi are saprophytic creatures. They feed by breaking down plant residues (tree
trunk, branch pieces, leaves, pine needles, herbs, fruits, cones, etc.) that they use as food
sources. They can absorb and accumulate macro and micro elements in the substrates on which
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they live. One of the aims of this study is to determine how the accumulated minerals will affect
human health.

The specimens (Auricularia auricula-judae (Bull.) Quél., Lentinus arcularius (Batsch) Zmitr.,
Lentinus tigrinus (Boga) Fr., Schizophyllum commune Fr., Trametes versicolor (L.) Lloyd,
Tremella mesenterica (Schaeff.) Pers.) that are the subject of our study are the specimens
belonging to the Basidiomycota, which produces white rot, collected from their natural habitats.
Heavy metal (Al, As, Cd, Co, Cu, Cr, Fe, Mg, Mn, Ni, Pb, Se and Zn) ion contents of these
mushroom samples were determined using ICP-OES (Inductively Coupled Plasma Optical
Emission Spectrometry) spectrometry.

Another aim of this study is to look for the answer of the question “which mushrooms can
be used especially as environmental cleaners in order to perform one of the important tasks of
fungi in nature?”. Thanks to the data obtained from this study, mycoremediation methods can be
developed. Fungi can be used as an inexpensive, effective and environmentally sound method
to decompose a wide variety of pollutants from contaminated environments or wastewaters.

As a result, minimum and maximum heavy metal ion concentrations were determined for
the mushroom samples used. Arsenic(As) was not determined at all in the samples examined.
Nickel(Ni) and Lead(Pb) were observed in trace amounts in some samples. Selenium(Se) and
Cobalt(Co) were determined at very low levels in all samples. Magnesium (772.1-2739 mg/kg),
Iron (49.91-1583 mg/kg) and Aluminum (8.009-1298 mg/kg) minerals are the heavy metal ions
detected at the highest rates in all samples used in the research.

Key words: Minerals, Heavy metals, Macrofungi, Morphology, Corum

Girig oldukcga etkili bir mekanizmaya sahiptir. Makrofunguslar
Son 20-25 yildir dinya genelinde gida ihtiyacinin Uzerinde yagadiklari substratin veya topradin mineral
artmasi ve saglikli bir besin olmalari nedeni ile farkh parcaciklarina asit saldirisi gergeklestirirler ve substratin
sektdrlerden yenilebilir mantarlara karsi ilgi artmistir. Bu ya da topragin mineralojik bilesimine goére farkli
nedenle mantarlar iglevsel bir gida tiri olup yaygin olarak yogunluktaki elementleri emerek blinyelerinde biriktiriler.
tiketiimekte ve disuk kalorili diyetlerin  6nemli Bu nedenle mantarlarin bulundugu bdlgelerde mineral
pargalarindan biri haline gelmistir (Wartchow, 2017). madde bakimindan cevre kirliligi diizeyini belirlemek igin
Diinya Uzerinde Uretimi yapilan ve en ¢ok tiiketilen tirler mantar kullanilabilir (Alonso ve ark., 2004). Saglk
siraslyla Agaricus bisporus (JE Lange) Imbach (beyaz acisindan bakildiginda agir metal iyonlarini iceren
sapkall kultir mantar), Lentinula edodes (Berk.) Pegler mantarlari tiketmenin insan yasam kalitesine etkisini
(Sitake) ve Pleurotus ostreatus (Jacg.) P. Kumm. degerlendirmek igin cgesitli calismalar yapilmigtir
(istiridye mantari) turleridir (Ghorai ve ark., 2009). (Campos ve ark., 2009; Kalac ve ark., 2004). Bu nedenle
Mantarlar diger pek ¢ok canl gibi metal iyonlarini agir metal iyonlari bakimindan kirlenmis topraklarda veya
kendi hicrelerinde Uretemezler (Akin ve ark. 2019). Bu belirli yogun mineralojik 0&zelliklere sahip alanlarda
nedenle ihtiyag duyduklari iyonlari ya (zerinde toplanan mantarlar o kadar ylksek toksik element
yasadiklari substrattan ya da dogrudan topraktan alarak konsantrasyonlarina ulasabilir ki, bu mantarlarin
hiicrelerinde depolarlar. Mantarlar bazen yasadiklari tuketilmesi saglik agisindan uygun degildir.
habitatda fazla miktarda bulunan metalleri biinyelerinde Gelisen sanayi ve endistri alanlari ile birlikte
yuksek dozlarda depolayabilirler. Tarkiye ve dinya her gecen gin daha fazla
Demir, c¢inko, bakir ve manganez gibi eser kirlenmektedir. Bu kirlenmeyi hava, su ve toprak
elementler canli hiicre ve dokularin temel unsurlardir ve kirlenmesi olarak gruplandinlabilir. Artan bu Kirlilik
biyolojik sistemlerde énemli rolleri bulunmaktadir (Altintig ekosistem icerisinde yasayan tum canlilar etkilemektedir.
ve ark., 2017). Dogada belli bash yenilebilir mantar Ozellikle besin zinciri icerisinde yer alan bessleyicilerin
tarlerinin agirhkli olarak kadmiyum, civa ve kurgun basta binyelerinde biriktirdikleri agir metal iyonlarn saglk
olmak Uzere ylksek oranlarda agir metalleri akimile agisindan 6nem arz etmektedir. Mantarlardaki agir metal
ettikleri bilinmektedir (Kalac ve Svaboda, 2000). konsantrasyonunun miktari mantarin tirl, o6rneklerini
Mantarlar, Uzerinde yasadiklari substrattan ve toplanma alani, mantar miselinin veya mantarin
habitatlarindan gelen agir metalleri biriktirme konusunda olgunlugu ve 6rnegin kirlenmis alanlara olan mesafesi ile
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iliskilidir (Kalac ve Staskova, 1991). Bu iligkiyi daha iyi

ortaya koymak i¢cin mantarlar ve blnyelerinde
biriktirdikleri metal iyonlar ile ilgili olarak Glkemizde son
yillardaki ¢alismalarda da artis olmustur (Dogan ve ark.,
2006; Yamag ve ark., 2007; Tuzen ve ark., 2007; Sesli ve
ark., 2008; Gengcelep ve ark., 2009; Kaya ve Bag, 2010;
Kaya ve ark., 2011; Uzun ve ark., 2011; Kaya ve Bag,
2013; Akgul ve ark., 2016; Altntilg ve ark., 2017,
Karapinar ve ark., 2017; Kaya ve ark., 2017; Akin ve ark.
2019; Keles ve Gengcelep, 2020; Isik ve ark., 2021;
Dogan ve Sanda, 2022).

Bu c¢alismada, dismis aga¢ govdelerinde
yasayan ve topragin mineral maddelerinden izole edilmis
gibi goérinen mantar tarlerinde biriken iyonlarin,
toprakdaki organik madde ve metallerle dogrudan temas
eden turlerde biriken iyonlarla karsilastiriimasi
amaclanmistir.

Okaryot ve prokaryot canlilar arasinda mantarlar
ve bakteriler ekosistem zincir halkasinda makro
elementleri pargalayarak yapi taslarina ayirmak suretiyle
besin sirkilasyonunu saglayan énemli ayristiricilardir.
Mantarlarin ¢ogu saprofit olarak yasarlar ve besin
kaynagi olarak kullandiklari bitki artiklarini (aga¢ govdesi,
dal parcalari, yapraklar, ibreler, otlar, meyveler,
kozalaklar vb.) parcalayarak ekosistem doéngustine geri
kazandirirlar.  Saprofitk yasam seklinde, (zerinde
yasadiklari substratlarin hdcresel yapilarinda bulunan
makro-mikro ve iz elementleri absorblayarak kendi
biinyelerinde akiimile edebilmektedirler. Bu ¢alismanin
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amaglarindan bir digeri galismamiza konu olan ¢urtkg¢ul
mantarlarda biriken minerallerin direkt besin olarak
tiketildiginde olasi ylksek konsantrasyonlarda insan
saghgi acisindan nasil etki gosterebilecegini tespit
etmektir.

Yenen mantarlarin  furuktifikasyon organlari
besinsel agisindan zengindir ve insanlar tarafindan gesitli
amaglarla kullanilirlar.

Mantarlar ve bakteriler ekosistem icerisinde
dinyanin ¢Opguleri gibi g¢alisarak atik maddeleri
pargalarlar ve c¢evrelerindeki iyonlari hicrelerinde
biriktirirler. Bu ¢alismanin bir diger amaci ise mantarlarin
dogadaki 6nemli gérevlerinden biri olan bu ayrigtirma ve
akimulasyon islemlerini gergeklestirmek icin 0Ozellikle
cevre temizleyicisi olarak hangi mantarlar kullanilabilir
onu tespit etmektir. Bu galismadan elde edilen veriler
sayesinde mycoremediasyon yontemleri gelistirilebilir ve
farkli mantar tirleri g¢evrenin agir metal iyonlarindan
temizlenmesi icin kullanilabilir. Mantarlar ¢ok cesitli
kirleticileri kontamine ortamlardan veya atik sudan
ayristirmak icin ucuz, etkili ve gevreye duyarli bir ydntem
olarak kullanilabilir.

Materyal ve Metot

Arazi ve teshis

Calismamizda kullanilan mevcut 6rnekler Corum
ili'nden 2011-2012 yillarinda yapilan c¢esitli arazi
calismalarinda farkl lokasyonlarda aga¢ govde ve dal
parcalari Uzerinden temin edilmistir. (Tablo 1).

Tablo 1: Mantar isimleri ve lokaliteleri

Auricularia auricula-judae (Bull.) Quél 41°13'05 Kuzey, Cam, koknar, kayin karisik

(Kulakmantari) 034°37‘38 Dogu orman, kitik Uzerinde e
Lentinus arcularius (Batsch) Zmitr. 40°34'26 Kuzey, Cam, koknar, karigik orman, dal Merkez
(Delikli kaplanmantarr) 035°01'49 Dogu pargasi lizerinde
Lentinus tigrinus (Boga) Fr. 41°12'23 Kuzey, Cam, koknar, kayin karigik Karal
(Kaplanmantarr) 034°42'00 Dogu orman, kitik Gzerinde 9
Schizophyllum commune Fr. 40°17'14 Kuzey, Cam, kdknar, karisik orman, dal Ortaks
(Kimuk) 035°13'06 Dogu parcasi Uzerinde y
Trametes versicolor (L.) Lloyd 40°34'26 Kuzey, Cam, kdéknar, karigik orman, dal Merkez
(Hindikuyrugu) 035°01‘49 Dogu pargasi Uzerinde
Tremella mesenterica (Schaeff.) Pers. 40°19'34 Kuzey, So6git kavak karisik alan, dal Ortakdy

(Saripelte) 035°21'33 Dogu parcasi Uzerinde

Mantarlar fungaryum materyali haline getirilecek
diger drneklerle birlikte 6zenle arazide 6rnek toplama
kurallarina gdre toplanmistir.  Sirasiyla  drnekler

substrattan toplanmadan o©nce fotograflari gekilmistir.
Daha sonra uygun bir alet yardimi ile subsrattan
morfolojik yapisina zarar vermeden cikarilmistir. Diger
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taraftan da toplanan her bir érnegin 6zel morfolojik
bilgileri, habitat, rakim ve baki, GPS koordinatlar ve
cekilen fotograf numaralari arazi defterine not edilmistir.
Bu bilgilerin aynisi kuglk bir not kagidina yazilarak
toplanan mantar ile birlikte uygun blyuklikteki alimtinyum
folyoya sarilmis ve zarar vermeden fungaryum
laboratuvarina getirilmistir. Taze mantar 6rneklerinin
bozulmalarini 6nlemek amaci ile fungaryumda bulunan
kurutma dolaplarinda 40-45°C sicaklikta dehidratasyon
islemi gerceklestirilmigtir. Kuruyan érnekler mikroskoplar
(Leica DM 1000 goéruntileme sistemi ve Leica EZ4D
sterio mikroskop) altinda incelenip makro- mikro
karakterleri tespit edilmistir. Orneklerin preparatlari
hazirlanirken inceleme ortami olarak Melzer reaktifi, %5
KOH, HNOS, Anilin vb. kimyasal reaktifler kullaniimistir.
Uygun literatlir anahtarlar yardimi ile teshisleri yapilmistir
(Moser, 1983; Ellis ve Ellis, 1990; Breitenbach & Kranzlin,
1986). Tablo 1'de sirasiyla c¢alismada kullanilan
mantarlara verilen galisma kodu, mantarin latince ismi,
GPS koordinatlari, habitatlari ve toplandidi ilge verilmistir.
Ayrica turlerin Tarkge isimleri latince isimlerinin hemen
arkasindan parantez igerisinde verilmistir (Sesli ve ark.
2020).

ICP-OES cihazi

Agir metal tayini igin mantarlarin kurutulmusg
ornekleri ultra saf su ile yikanip, 10 saat 80° C'de
kurutuldu ve toz haline getirilmistir. Mikrodalganin teflon
hicreleri igerisine 1’er gr toz numune alinarak lGzerine 18
mL HNO3 ve 2 mL H202 ilave edilmistir ve gaz ¢ikisinin
tamamen bitmesi icin c¢eker ocak icerisinde 5 dk
bekletildikten sonra teflon hiicreler kapatilarak, 1800 watt
200° C'de 15 dk mikrodalgada ¢Ozimlestirme islemi
gercgeklestiriimistir. Teflon hiicreler sogutulduktan sonra
toplam hacim 25 ml'ye saf su ilave tamamlanmigtir.
Mantar érnekleri igin minimum ve maksimum agir metal
Tablo 2: Mantarlarin Agir Metal igerikleri

204,2 n.d. 0,093 1,177

93,25 n.d. 0,077 1,086 | 9,309
1298 n.d. 1,092 7,558 | 308,7
386 n.d. 0,378 | 4,015 | 2,433
240,1 n.d. 0,234 | 3,270 | 20,29

-8,009 n.d. 0,023 | 0,442 | 7,067

n.d.: Ornek icin iyon tespit edilememis

iceriklerinin belirlenmesi ICP-OES’de Olgimler alinarak
gerceklestirildi. Bu dlgiimler sayesinde toplamda 13 agir
metal iyonunun (Al, As, Co, Cr, Cu, Fe, Mg, Mn, Ni, Pb,
Se, Zn, Cd) mantarlardaki miktarlar tespit edilmistir (Akin
ve ark. 2019).

Bulgular

Mantarlarin  blnyelerinde depoladiklari metal
iyonlarinin sayisal verileri tablo halinde karsilastirmali
olarak verilmistir (Tablo 2). Bu calismada kullanilan
mantarlarda tespit edilen ortalama agir metal
konsantrasyonlari mg/kg™ (mantarin kuru agirigi hesaba
katilarak) olarak Tablo 2'de verilmistir. Ayrica tabloda
herher bir iyon icin tespit edilen en ylksek deger kirmizi
renkte, en disik deger ise mavi renkte belirtiimistir.
Ayrica her hangi bir tir igin tespit edilememis bir agir
metal varsa “n.d.” kisaltmasi kullaniimistir. Mantarlardaki
agir metal konsantrasyonunun miktari mantarin turd,
orneklerini toplanma alani, mantar miselinin veya
mantarin olgunlugu ve 0Ornedin kirlenmis alanlara olan
mesafesi ile iligkilidir (Kalac ve Staskova, 1991).

Calismada kullanilan  mantarlarin  morfolojik
karakterizasyonlarini olusturan makro-mikro 6zellikleri
karsilastirmali olarak Tablo 3’de verilmistir.

Calismamizda kullanilan mantarlardaki metal
konsantrasyonu sirasiyla Al (8,009-1298 mg/kg), Co
(0,023-1,092 mg/kg), Cr (0,442-7,558 mg/kg), Cu (1,482-
308,7 mg/kg), Fe (49,91-1583 mg/kg), Mg (200,1-2739
mg/kg), Mn (8,783-91,57 mg/kg), Ni (0,171-7,854 mg/kg),
Pb (0,710-1,271 mg/kg), Se (0,313-0,534 mg/kg), Zn
(19,57-81,56 mg/kg) olarak tespit edilmistir.

Ayrica tUm mantar numunelerinde arsenik ve
kadmiyum metal dlgimleri de gergeklestirilmistir, ancak
hicbir numunede As ve Cd tespit edilmemistir.

105,7 1311 8,783 0,172 0,818 0,434 37,70
1583 2739 49,22 7,854 10,830 | 0,331 | 47,65
540,7 1294 19,43 2,623 1,271 0,508 81,56
362,8 772,1 16,70 | 0,171 n.d. 0,490 27,45

49,91 810,5 91,57 0,225 n.d. 0,534 | 40,09
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Tablo 3: Mantar drneklerinin morfolojik karakterleri (makro-mikro 6zellikleri
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Tartisma

Mantarlar heterotrof canllardir ve sahip olduklari
sindirim  enzimleri  sayesinde  besinlerini  mikro
elementlere ayristirarak hlcre igerisine alirlar. Bu
ayristirci mantarlar arasinda 6zellikle substrat tzerinde
curlkgul olarak yetisen turlerin kultire alinip yetistiriimesi
nispeten diger kultur ydntemlerinden daha kolaydir. Kolay
Uretilen mantarlarin ¢cevre temizleyicileri ve indikatorleri
olarak kullaniimasi muhtemeldir.

Bu calismada kullanilan yenilebilir mantarlar
arasinda sirasiyla en disuk ve en yiksek Al, Co, Cr ve
Fe iyonlarinin konsantrasyonu Tremella mesenterica
(Ortakdy) (8,009 mg/kg — 0,023 mg/kg — 0,442 mg/kg —
49,91 mg/kg) ve Lentinus tigrinus (Kargi) (1298 mg/kg -
1,092 mg/kg — 7,558 mg/kg — 1583 mg/kg) olarak tespit
edilmistir (Sekil 1, 2, 3, 5). Al yiksek dozlarda toksik etki
yapmaktadir. Demir (Fe) ise dogada en ¢ok bulunan
metallerden biridir. Demir canlilarin yapisina 6zellikle
omurgalilarin oksijen tagsinma sistemine giren énemli bir
elementtir. Fe ayrica, sitokrom ve demir igeren
proteinlerin bileseni ve bazi enzimatik reaksiyonlarda
kofaktor olarak rol almaktadir

Bakir (Cu), kii¢uk ve basit yapili canlilar igin toksik
etki yapabilmektedir ancak daha buylk canlilar igin
elzemdir. Bakir, metabolizmada amino asitler, yag asitleri
ve vitaminlerin reaksiyonlarinin anahtar elementidir
(Stern ve ark., 2007). Sitokrom oksidaz gibi oksijen ile
reaksiyona giren enzimlerde katalizordir. Magnezyum
ise Inorganik hicre katyonu, bazi enzimatik
reaksiyonlarin kofaktorii olarak gorev yapar. Cu ve Mg
iyonlarinin konsantrasyonu agisindan calismada en
dislk Auricularia auricula-judae (Kargi) tirtinde 1,482
mg/kg Cu, 200,1 mg/kg Mg ve en yiiksek Lentinus tigrinus

Porlu

Lamelli

Porlu

Yok

Sapsiz veya kisa

saph 16-18 x 6-8 Agag govdesi ve dal
20-80 mm silindirik hiyalin pargalari
g¢apinda
D M), 5-8.5x 1.5-2.5 Sert agaglarin 6lu
kahverengi tayla, ST
. - silindirik; duz odunlari
kadifemsi

2-6 x 0.5-1 cm 7-9 x 3-3.5 renksiz, Yaprak doken agaclar

g¢apinda, silindirik, yuzeyi Sogut (Salix) ve Kavak

silindirik, beyaz diz (Populus)
4-6 x1.5-2.5 - . .
s )ﬁsia Sk ilindirik elipsoidal, 93¢ g:;/dj:'r,ve eel
purizsuz, parg

Yok ya da misel 45-55x1.5-2 Sert ve kozalakli
agregatlagsmasi silindirik; duiz agdagclarin 6l odunlari
Yok ya da misel 10-15 x 6-12 Sert agaclarin ¢lriyen
agregatlagmasi elipsoid; duz dallari ve kutikleri

trinde 308,7 mg/kg Cu, 2739 mg/kg Mg iyon
konsantrasyonlari sirasiyla bulunmustur (Sekil 4, 6).

Kursun (Pb) en toksik agir metallerden biridir ve
inorganik formlar su ve gida ile direkt ya da soluma
yoluyla viicuda alinabilir (Dogan ve Sanda, 2022). Pb ¢ok
az miktarda bile hiicrelerde toksik etki olusturdugundan
metabolizma igin elzem olmayan metallerdendir. Cinko
(Zn) pek cok enzimde yapisal rol oynadigi bilinmektedir.
Protein, nikleik asit ve enerji metabolizmasinda da ¢ok
onemlidir. Saglikh bir bagisiklik sistemini destekler.
Ayrica hucrelerin yapisal ve fonksiyonel butinliginde
kritik bir rol oynar (Belgemen ve Akar, 2004). Pb ve Zn
iyonlarl en dusuk ve en yuksek konsantrasyonlari ayni
mantar tirlerinde tespit edilmistir. Auricularia auricula-
judae turiinde en dustk Pb 0,710 mg/kg, Zn ise 19,57
mg/kg olarak bulunmustur. Schizophyllum commune
(Ortakdy) turtinde ise Pb 1,271 mg/kg, Zn ise 81,56 mg/kg
olarak hesaplanmigtir(Sekil 9, 11).

Mantarlar arasinda en disik ve en yiksek Mn iyon
konsantrasyonu sirasiyla Lentinus arcularius (Merkez)
8,783 mg/kg, Tremella mesenterica 91,57 mg/kg
tirlerinde hesaplanmistir (Sekil 7). Ulkemizde ve
dinyada yapilan benzer calismalarda ise Mn iyon
konsantrasyonlari 12,9-93,3 mg/kg (Kalac ve Svaboda,
2000), 5,5-135 mg/kg (Genccelep ve ark., 2009), 18,1-
103 mg/kg (Mendil ve ark.,, 2005) araliklarinda
bulunmustur. Buldugumuz sonuglar diger calismalarla
uyum gostermektedir.

Yapilan ¢alismada Ni iyon konsantrasyonu 0,171
mg/kg dederle en dusuk olarak Trametes versicolor
(Merkez) tlrinde, 7,854 mg/kg degerle en yiksek
Lentinus tigrinus turiinde tespit edilmigtir (Sekil 8).
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En disik Auricularia auricula-judae 0,313 mg/kg,
en yiksek Tremella mesenterica 0,534 mg/kg turlerinde
Se iyon konsantrasyonu tespit edilmistir (Sekil 10).

Al iyon konsantrasyonu

1500
1000

500

M1 M2 M3 M4 M5 M6

Al iyon konsantrasyonu

Sekil 1. Mantarlardaki Al iyon konsantrasyonu: A. auricula-judae
M1, L. arcularius M2, L. tigrinus M3, S. commune M4, T.
versicolor M5, T. mesenterica M6,

Co iyon konsantrasyonu

1,5

0,5

M1 M2 M3 M4 M5 M6

Co iyon konsantrasyonu

Sekil 2. Mantarlardaki Co iyon konsantrasyonu: A. auricula-
judae M1, L. arcularius M2, L. tigrinus M3, S. commune M4, T.
versicolor M5, T. mesenterica M6,

Cr iyon konsantrasyonu

M1 M2 M3 M4 M5 M6

==@==Cr iyon konsantrasyonu

Sekil 3. Mantarlardaki Cr iyon konsantrasyonu: A. auricula-
judae M1, L. arcularius M2, L. tigrinus M3, S. commune M4, T.
versicolor M5, T. mesenterica M6,

Bu iyonlarin haricinde toplanan tim mantar
orneklerinde vyapilan Olcimlerde As ve Cd iyon
arastirmasi da yapilmistir. Ancak érneklerin hig birinde bu
iyon konsantrasyonuna rastlanmamistir.

Cu iyon konsantrasyonu
400
300
200

100

M1 M2 M3 M4 M5 M6

Cu iyon konsantrasyonu

Sekil 4. Mantarlardaki Cu iyon konsantrasyonu: A. auricula-
judae M1, L. arcularius M2, L. tigrinus M3, S. commune M4, T.
versicolor M5, T. mesenterica M6,

Fe iyon konsantrasyonu
2000
1500
1000
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M1 M2 M3 M4 M5 M6

Fe iyon konsantrasyonu

Sekil 5. Mantarlardaki Fe iyon konsantrasyonu: A. auricula-
judae M1, L. arcularius M2, L. tigrinus M3, S. commune M4, T.
versicolor M5, T. mesenterica M6,

Mg iyon konsantrasyonu

3000
2000

1000

M1 M2 M3 M4 M5 M6

Mg iyon konsantrasyonu

Sekil 6. Mantarlardaki Mg iyon konsantrasyonu: A. auricula-
judae M1, L. arcularius M2, L. tigrinus M3, S. commune M4, T.
versicolor M5, T. mesenterica M6,
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Mn iyon konsantrasyonu
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Sekil 7. Mantarlardaki Mn iyon konsantrasyonu: A. auricula-
judae M1, L. arcularius M2, L. tigrinus M3, S. commune M4, T.
versicolor M5, T. mesenterica M6,

Ni iyon konsantrasyonu

10

O N b OO

M1 M2 M3 M4 M5 M6

Ni iyon konsantrasyonu

Sekil 8. Mantarlardaki Ni iyon konsantrasyonu: A. auricula-judae
M1, L. arcularius M2, L. tigrinus M3, S. commune M4, T.
versicolor M5, T. mesenterica M6,

Pb iyon konsantrasyonu

1,5
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M1 M2 M3 M4 M5 M6

Pb iyon konsantrasyonu

Sekil 9. Mantarlardaki Pb iyon konsantrasyonu: A. auricula-
judae M1, L. arcularius M2, L. tigrinus M3, S. commune M4, T.
versicolor M5, T. mesenterica M6,

Se iyon konsantrasyonu
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==@==Se iyon konsantrasyonu

Sekil 10. Mantarlardaki Se iyon konsantrasyonu: A. auricula-
judae M1, L. arcularius M2, L. tigrinus M3, S. commune M4, T.
versicolor M5, T. mesenterica M6,

Zn iyon konsantrasyonu

100
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Sekil 11. Mantarlardaki Se iyon konsantrasyonu: A. auricula-
judae M1, L. arcularius M2, L. tigrinus M3, S. commune M4, T.
versicolor M5, T. mesenterica M6,

Calismamiza konu olan mantar &rneklerinde ayrica
Arsenik (As) ve Kadmiyum (Cd) metal iyonlarinin olup
olmadigi da arastinimistir. Sonug olarak her iki iyona da
mantarlarda rastlanmamistir. Bu nedele bu iki metal igin
grafik olusturulamamistir. Ancak bdlgede daha oOnce
yapilan ¢alismada bazi ilgelerde yetisen mantarlarda eser
miktarda Arsenik iyonuna rastlanmis fakat Kadmiyum
iyonu bulunamamistir (Akin ve ark. 2019).
Tesekkir

Bu galismayi temelde finansal olarak destekleyen S. U.
Bilimsel Arastirma Projeleri (BAP) Koordinatorligiine
tesekkur ederiz (BAP No: 11101019)
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Pisolithus arhizus (Scop.) Rauschert Mantarinin Pamuk ipligi
Boyamada Tiirkiye'de Ik Kullanimi
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Oz: Mantarlar, tarih boyunca dinyanin farkli yerlerinde dogal renklendirici olarak
kullanilmigtir. Bu c¢alismada Mugla (Glneybati Ege) ilinden toplanan Pisolithus arhizus
mantarindan dogal boyalar elde edilmistir. Pisolithus arhizus, ihman ormanlardaki en 6nemli aga¢
cinslerinden bazilariyla (Abies spp., Betula spp., Eucalyptus spp., Pinus spp., Quercus spp.)
etkilesime giren ektomikorhizal bir mantardir. Boyama sonuglarina gére Pisolithus arhizus' tan
kahverenginin farkh renkte tonlari elde edilmistir. Pamuk ipliklerini boyamak i¢in mordansiz
kullanilan Pisolithus arhizus' tan elde edilen ilk ¢alismadir.

Anahtar kelimeler: Dogal boya, Boya topu, Sapkali Mantar, Pamuk

First Use of Pisolithus arhizus (Scop.) Rauschert Mushroom in Cotton
Yarn Dyeing in Turkiye

Abstract: Mushrooms, have been used as natural colorants in different parts of the world
throughout the history. In this study, natural dyes were extracted from Pisolithus arhizus collected
from Mugla province (southwest Aegean region) of Tirkiye. Pisolithus arhizus is an
ectomycorrhizal fungus that interacts with some of the most important tree genera (Abies spp.,
Betula spp., Eucalyptus spp., Pinus spp., Quercus spp.) from temperate forests. According to the
dyeing results, different color tones of brown were obtained from Pisolithus arhizus. It is the first
study obtained from Pisolithus arhizus in which without mordant was used to dye cotton yarns.

Key words: Natural dyeing, Dyeball, Mushroom, Cotton
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olmayanlarla paylasmak

hakkindaki bilgilerini yerel
tiketimi, besleyici ve tedavi edici konusunda isteksiz olmasidir (Comandini ve Rinaldi,
dolayl, eski c¢aglardan beri insan 2020). Ancak bilimin ilerlemesi ile mantarlar Uzerine

beslenmesinin bir pargasi olarak kullaniimaktadir. Bazi
mantarlar antik cagda insanlar tarafindan kutsal olarak
kabul edilirdi. Bazi toplumlar mantarlari binlerce yildir
ozellikle dini torenlerde 6zellikle psikoaktif mantarin farkl
antik kdltdrler tarafindan trans hallerini uyandirmak ve
ilahi olanla baglanti kurmak igin yaygin bir sekilde
kullanmaktaydi (Kamalebo ve ark., 2018). Mantarlarin,
Ozellikle tarihsel kullanimlari ve toplumsal etkileri ile ilgili
yapilan g¢alismalara Etnomikoloji denir. Mantarlarin
etnomikolojik bilgisi, yerel topluluklar ve kabileler
arasinda daha uzun bir stre sinirli kalmistir. Bunun
sebeplerinden biri de bu konuda yerel halkin mantarlar

yapilan arastirmalar besin degerlerinin dtesine gegmistir.
Bilimsel bulgular, mantarlarla iligkili sihirli, mistik ve tibbi
Ozelliklerin goguna artik cevaplar saglamaktadir. Yapilan
arastirmalarla cesitli dogal mantar turlerinde bulunan
bircok biyoaktif bilesen, hallsinojenik, antifungal,
antiviral, antibakteriyel, antioksidan ve diger faydal
Ozelliklerinden sorumlu olan izole edilmis, tanimlanmis ve
karakterize edilmistir (Ma ve ark. 2018). Glinimuzde ise
mantarlar artik daha popller hale geldiler. Gerek bu
geleneksel bilgiler gerekse yeni kesifler mantarlari daha
¢cok kullanmamiza ve arastirmamiza neden olmustur.
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Antik caglardan beri farkli dogal kaynaklardan izole
edilmis dogal pigmentler ve boya kaynaklari, insanlarin
ilgisini gekmistir (Goktas ve ark., 2009). Ozel dogal
boyalar iceren mantar tirleri Avrupa, Amerika ve Afrika'da
yaygin olarak renklendirici olarak kullaniimaktadir
(Cardon 2007; Hernandez ve ark,. 2018). Fungal boyar
maddeler ve pigmentler ¢ok c¢esitli mantar tlrlerinden
izole edilebilir ve bunlar; karotenoidler, bensole tirevi ile
kinonlar, antrakinonlar, azulenler, heterosiklik nitrojen
tastyan pigmentler olmak lzere ikiye ayrilirlar (Becker
1988; VeliSek ve Cejpek, 2011). Bu elde edilen dogal
drtnler ilag, gida, kozmetikte kullanim igin kimyasallar ve
tekstil endustrilerinde kullanilirlar (Hernandez ve ark.,
2019).

Son yillarda tekstil endustrisinde sentetik boya ve
pigmentlerin kullanimi giderek artmaktadir. Bu da insan
saghigi ve gevre Uzerindeki zararh etkilerini tartigilir hale
getirmistir (Ozdemir ve Bozok 2020). Bu sebepten daha
cok dogadaki bazi bitkiler, hayvanlar, likenler ve
mantarlar gibi canlilardan sentezlenen dogal boyalar
tercih edilmeye baglanmistir. Mantarlarda bulunan bir¢ok
boya, benzokinon tirevleri olup, 6zellikle terpenilkinon
bilesikleri igerirler (Schweppe, 1993). ilk zamanlarda
Amerika'da yasayan Kizilderililer, Echinodontinum
tinctorum'dan elde ettikleri kirmizi rengi, ya da Boletus
cinsinin bazi turlerinden elde edilen boyalar kirklerin
boyanmasinda kullanmiglardir (Hoiland, 1985;
Sundstrom ve Sevelius, 2003). Avrupa'da, mantarlar
cesitli  tekstil  Grlnlerini  renklendiricileri  olarak
kullanilmistir (Sundstrom ve Sevelius 2003). Yapilan
arastirmalarda Hydnellum sp., Sarcodon sp., Phelledon
sp. ile Telephora sp. cinsine ait bazi turlerin, icerdigi
benzokinon tirevleri maddelerin yin ipliklere mavi tonlar
verdigi  belirlenmistir  (Rice, 1980). Ayrica, bazi
renklendirici gibi bilesenler Xerocomus sp., Polyporus sp.,
Trametes sp., Hydnum sp., Suillus sp., Dermocybe sp.,
Paxillus  atrotomentosus, Sarcodon  sgquamosus,
Hapalopilus nidulans, Cortinarius sanguineus, Pisolithus
arhizus, Laetiporus sulphureus mantarlarinda tespit
edilmistir (Gill ve Gimenez, 1990; Gill, 1994).

Pisolithus arhizus mantarinin gorintisid diger
mantarlara gore oldukga farkli yapida ve dikkat cekici
olup, ¢ok uzun yillardir geleneksel Cin tibbinda kan
durdurucu olarak kullaniimaktadir (Sevindik ve ark. 2022).
Ayrica Pisolithus arhizus, italya, Fransa gibi iilkelerde bu
mantardan elde edilen sporlar, ipek kumaslarin
renklendiriimesi icin geleneksel olarak bir boya kaynagi
olarak kullaniimaktadir (Hynninen ve ark. 2000). Uzerine
eklediginiz mordana bagh olarak altin sarisi, sari,
kahverengi, lacivert, ya da siyah renler elde edilebilen
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Pisolithus arhizus kullanildigi baz tlkelerde Dye-maker’s

Puffball, Dyeball (Boya topu)” gibi isimlerle bilinirken
ulkemizde ve bazi llkeler de Dead Man's Foot (Oli
Adamin Ayagi) ya da Dog Turd Fungus (Képek Baligi
Mantari) isimleri ile de taninmaktadir (Hynninen ve ark.,
2000; Sesli, 2020). Britanya Adalari, Ukrayna gibi kuzey
tlkelerin de nadir gorilen ve daha ¢ok gliney Avrupa'yi
tercih eden; bu mantar Amerika, Portekiz gibi Ulkelerde
yetismektedir (Cairney ve Chambers, 1997). Akdeniz
Ulkelerinde o6zellikle sonbahar aylarinda taze olarak
bulmak mumkin iken daha sonraki aylarda yaslanmis
evreleri bol miktarda toplanabilmektedir (Pegler ve ark.,
1995; Al ve ark., 2007).

Dinyada ve ulkemizde en yaygin olan tiri
Pisolithus arhizus olarak bilinir ve index fungoruma gére
diinyada toplamda 16 tir ile temsil edilir (Index Fungorum
2022). Ulkemizde gunumiize kadar sadece Pisolithus
arhizus tari ile bilinirken yapilan son calismalarda
Pisolithus albus (Cooke & Massee) Priest. ikinci tir olarak
tespit edilmistir (Akata ve ark., 2022)

Materyal ve Metot

Materyal

Pisolithus arhizus (Bilimsel Tirkce adr:
Oliiadamayagi) Orneklerinin Toplanmasi

Calismada kullanilan Pisolithus arhizus (Scop.)
Rauschert (Syn: Pisolithus tinctorius (Mont.) E. Fisch.)
mantari  Sclerodermataceae familyasina ait olup,
fungaryum numarasi A 6751 dir. Mantar 6rnekleri Mugla
ilinden toplanmistir (Sekil 1).

Elde edilen numunelerin siniflandirma ve mantar
sistematigi kapsaminda gerekli tim analizleri yapimigtir.
Fungaryum tekniklerine gére kurutulup teshisleri Dog. Dr.
Hakan Al tarafindan Mugla Sitki Kogman Universitesi
Biyoloji Bolimu Fen Fakultesi Fungaryumun da yapilimis
ve teshisleri yapilan érneklerin bir kismi ayni fungaryum
da muhafaza edilmistir.

Metot

Calismada kullanilan ve %100 saf olan pamuk
kumas iplikler (iplik numarasi: Nm 20-1, Metre basina
biikiim 300-600 t/m), Denizli Buldan’dan temin edilmistir.
Elde edilen bu iplikler Yesiluzimll 'de Dastar dokuma
tezgahlarinda dokuma kumas haline getirilmigtir.

Taze mantar 6rnekleri dehidrator de ve 50 °C'de 48
saat kurutulduktan sonra, bir blender kullanilarak toz
haline getirildi (Waring Blender, HGB2WTS3). Hava
kosullarina bagli olarak, taze mantarlar dogal hava
kosullarinda da kurutulmustur. Daha sonra kullanilincaya
kadar kuru mantar érnekleri agzi hava almayacak sekilde
kapakli renkli cam kavanozlarda serin, karanlk ve nemsiz
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bir ortamda muhafaza edilmigtir. Bu islemler sirasinda
bdtin yabani mantarlarda oldugu gibi tozlarin
solunmamasina dikkat edilmelidir.

. "ol
'-

Sekil 1. Pisolithus arhizus rhantarmln taze vé
olgunlagmis fotograflari

Boyama islemi

Kullanilan Materyaller:

Kalayh bakir kazan

Musluk suyu

Kaynatici sistem (dogal odun atesi veya tiplu

ocak)

Termometre

Toz haline getirilmis mantar

Durulama kovasi

Kalip sabun

Boyama icin gerekli miktarlar:

Pamuk dokuma kumas : 6,5¢

Kuru mantar 6,50 x %25 =1,63¢g
1 6,59 x %50 =3,25g
6,59 x %75 =4,889g
:6,5g x %100=6,509

Su miktar :200 cc

Boyama islem basamaklari:

1. Kuru toz mantar 1 giin 6nceden az bir su ile
nemlendirilerek beklemeye alindi (Sekil 2a),

2. Boyanacak pamuk dokuma urini islatarak
nemlendirildi (Sekil 2a),

3. Boya maddesi mantari kazandaki suya ilave
edilip kanigtirilarak 80-90 °C' oluncaya kadar 1sitild1,

4. Dokuma Urinind ilave edip, 40 dakika
karistirarak kaynatildi. Bu sure sonunda atesten indirip,
soguyana kadar bekletildi (Sekil 2b),

5. Durulayip kalip sabun ile citileyerek iki defa
soguk su ile yikandi (Sekil 2¢),

6. Kurutma islemi ise esinti olmayan ve gines
gbérmeyen bir ortamda yapildi (Sekil 2d),

7. Mantar ile boyama sonucu elde edilen sonug
(Sekil 2e)

Sekil 2a. Mantarin ve pamuk dokuma Grinindn
islatiimasi

A

3 FL N e
anan Urunin sogumaya bekletiimesi

o

Sekil 2b. Boy.
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Sekil 2d. Boyanan Grtintin kurutulmasi

sl g )
‘] | "f‘?f'r‘

Sekil 2e. Boyama islemi sonrasi elde edilen sonugla

Tartisma-Sonuc

Son yillarda Ozellikle ekolojik boyalar ve insan
saghgina duyarhlik, buna bagh olarak da dogal boyalar
giderek popller hale gelmistir. Bitkilerden elde edilen
dogal boyalar eski ¢gaglardan beri eczacilik, kozmetik ve
tekstil endustrisi gibi birgok alanda kullaniimis iken dogal
mantar ile ilgili ¢cok fazla calisma yapimamistir. Bu
calismada ise Mugla ilinden toplanan Pisolithus arhizus
mantarinin kendisi toz haline getirildikten sonra herhangi
bir mordan kullaniimadan pamuk ipliklerine ilk defa
uygulanmis ve asagidaki kahverengi renk tonlari elde
edilmigtir (Sekil 3).

Yapilan ¢alismalarda dogdal boyalarda ortaya ¢ikan
renk 6zellikleri, kullanilan Grindn tariinden blyuk dl¢ide
etkilenmektedir. Yaptigimiz uygulamada, higbir sekilde
mordanlama yapilmamis olup, herhangi ilave bir madde
ya da kimyasal karistirlmamistir. Ayrica farkli mordanlar
kullanilarak ¢ok farkli renkler elde edilebilir. Sonug olarak,
bu renkler tekstil alaninda rahatlikla kullanilabilir ve
Ozellikle geleneksel tekstil drinleri icin dogal boyamada
sik ylkanmayan hali ve kilimlerde ¢ok iyi sonuclar
alinabilir. Ancak su unutulmamalidir ki ticari olarak dogal
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boyalar tekstilin ihtiyaglarini tamamiyla karsilamaya Ayrica elde edilen dogal boyalarin hala biyo-
yetmez. renklendiricilerin kullanimi ile ilgili yayinlanmis zayif
tekrarlanabilirlik, zaman alici ekstraksiyon yontemleri,
yetersiz sabitleme derecesi ve dusuk renk o6zellikleri,
onlndeki baslica problemler ve dezavantajlardir. Ancak
insan saghgi gibi faktérler géz 6niine alindiginda dogal
boyalarin kullanilabildigi oldukga 6nemli olup, sentetik
boyalara bir alternatiftir. Yapilan ¢alisma da diinyada ve
Ulkemizin birgok yerinde dogal olarak yetisen bu makro
mantarin dogal boya olarak kullanim potansiyelinin
olmasini belirleme ve bu galismanin ilk defa yapilmasi
acisindan olduk¢ca o6nemlidir. Dogal boyalar 6zellikle
bebek kiyafetleri gibi olduk¢a hassas ve bagisiklik sistemi
gelismemis ya da yasli kisiler i¢in kullanilabilir.

Tdm bu sonuglar mantarlarin iyi bir dogal
renklendirici olabilecegini ve yapilan daha sonraki
¢alismalarda, her bir dogal farkli mantar turlerinde boyar
maddelerin ve pamuk ipliklerinde boyama 6zellikleri ile
ilgili cok daha fazla arastirma yapilmasi gerektigini
gostermektedir.

Sekil 3. Piso
farkl yizdelerde uygulanmasi
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Oz: Bu c¢alismada Kestel Bélgesinde (Kadinhani-Konya) yaygin olarak yetisen
makromantarlarin ve yetistikleri topraktaki mineral kompozisyonlari ve aralarindaki korelasyonun
incelenmesi amacglanmistir. Bu maksatla bdlgede yapilan arazi galismalari sonucunda tespit
edilen makrofunguslar “Macrolepiota procera (Scop.) Singer (Semsiye Mantari), Suillus collinitus
(Fr.) Kurtze (Benekli Sungermantari), Boletus edulis Bull. (Cérek Mantari)” turleridir. Arazi
calismalarinda elde edilen mantar drneklerinin ve yetistikleri substratlara ait toprak drnekleri ayri
ayri polietilen torbalar iginde alinarak, laboratuvar getirilmistir. Makromantarlarin ve toprak
drneklerinin mineral madde analizinde ICP-MS cihazi kullanilarak 15 elementin varligi PPB(Parts
Per Billion=Milyarda bir) oraninda arastiniimistir. Yapilan galismalar sonucunda toprakta bulunan
elementlerin yogunluklari ile mantar drneklerindeki element yogunluklari pozitif yonde korelasyon
gOsterdigi tespit edilmistir. Bundan dolayr adir metal kirliligi veya endustriyel kirlilik bulunan
alanlarda yetisen makromantarlarin besin olarak tiketilmelerinin saglik agisindan uygun olmadigi
yonunde degerlendirme yapiimistir.

Anahtar kelimeler: Macrolepiota procera, Suillus collinitus, Boletus edulis, Mineral Madde,
Kestel Ormani, Kadinhani, Konya

Mineral Composition Of Some Macrofungi Widely Available in the Kestel
Region (Kadinhani-Konya)

Abstract: In this study, it was aimed to examine the macrofungi that are widely grown in
Kestel Region (Kadinhani-Konya) and the mineral compositions in the soil they grow and the
correlation between them. For this purpose, the macrofungi identified as a result of field studies
in the region are “Macrolepiota procera (Scop.) Singer (Umbrella Mushroom), Suillus collinitus
(Fr.) Kurtze (Spotted Sponge Mushroom), Boletus edulis Bull. (Born Mushroom)” species. Soil
samples of the mushroom samples and the substrates they grow were taken separately in
polyethylene bags and brought to the laboratory. In the mineral matter analysis of macrofungi and
soil samples, the presence of 15 elements was investigated at the rate of PPB (Parts Per
Billion=0One in a Billion) using ICP-MS device. As a result of the studies, it was determined that
the concentrations of the elements in the soil and the element concentrations in the mushroom
samples showed a positive correlation. Therefore, it has been evaluated that the consumption of
macrofungi grown in areas with heavy metal pollution or industrial pollution is not suitable for
health.

Key words: Macrolepiota procera, Suillus collinitus, Boletus edulis, Mineral matter, Kestel
Forest, Kadinhani, Konya
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Giris

Il. Dinya Savasi’'ndan sonra hizla artan dinya
nifusunun besin ihtiyacini karsilamak igin Yesil Devrim
olarak adlandirilan degisimle tarim faaliyetleri yenilendi.
Yesil Devrim, olumlu sonuglariyla birlikte ciddi anlamda
yan etkilerini de geride birakti. Topraktaki kirlilik orani
arttl, su kaynaklari hizla tikenmeye basladi (Tlysuzoglu
ve Gillsacan, 2004). Dinya nufusu son 50 yilda 3
milyardan 6 milyara c¢ikti, 2050 yilinda ise dinya
nifusunun 10 milyari asacagi 6ngorilmektedir (Camurcu,
2005). Hizli nufus artigi, gelismekte olan Ulkelerde
kaynaklarin yetmemesine, kalkinma hizlarinin
yavasglamasina, ekonomik ve sosyal sorunlarin artmasina
neden olmaktadir (Camurcu, 2005). Nuofusun hizla
artmaya basladigi dinyada tarim alanlarinin yerlesim
yerleri, hayvan ciftliklerinin ise turistlik mekéanlar olarak
kullaniimasi insan hayatini tehlikeye sokmustur
(Caliskan, 2022). Gida guvenligi ve glvencesi,
ginimizde yasanan bu sorunlarin bir araya gelmesi
sonucu tehdit altindadir (Gokge ve Uzmay, 2015).

insan, varolusundan itibaren yasamsal
faaliyetlerini surdurebilmesi icin gerekli olan enerjiyi
beslenmeyle saglamistir. Beslenme aliskanliklari yasam
sartlarinin degismesine paralel olarak gelismeye devam
etmistir. insanin yerylziinde gdriilmesinden yerlesik
dizene geginceye kadarki slregte avci-toplayici
beslenme aligkanh@ini benimsemistir. iggiidiisel olarak
gerceklestirilen bu durumla insanlar glinimizde de halen
dogadan besin temin etme egilimindedir.

Tarih 6ncesi zamanlardan beri insan yasaminda
makromantarlarin dnemli bir yeri olmustur (Ramazan ve
ark., 2017). Tek veya ¢ok sayida, gruplar halinde, halkalar
veya kUimeler seklinde gdsterigli haliyle aniden ortaya
¢ilkan makromantarlar her zaman insanlari etkilemistir
(Rai, 2004). Mantarlar yGzyillardir ¢esitli medeniyetlerde
besin olarak (Peksen ve Kaplan, 2017) oOzellikle Uzak
Dogdu ulkelerinde bir gida maddesi ve dogal ila¢ kaynagi
olarak tuketilmektedir. (Kalyoncu ve ark.,
2008). Makromantarlarin organoleptik 6zellikleri ve
insanin dengeli beslenme arayisi, mantar tiketiminde
dinya capinda énemli bir artisa neden olmustur. Vitamin,
protein, mineral madde ve lifli yapi gibi temel unsurlar
bakimindan olduk¢a zengin olan makrofunguslar besin
olarak degerli bir kaynaktir (Ozturk ve ark., 2000)
Mantarlar B3, B12 vitamini, demir, potasyum, kalsiyum,
bakir, selenyum, fosfor, magnezyum, ¢inko ve manganez
gibi birgok mineralleri icermektedir. Bunun yani sira
riboflavin, niasin, pantotenik ve konjuge linoleik asit
kaynagidir (Feeney ve ark., 2014). Mantarlarin, temel
aminoasitlerin,  vitaminlerin,  biyolojik olarak aktif

maddelerin, doymamis yag asitlerinin, mikro ve makro
elementlerin kaynagi oldugu yaygin olarak bilinmektedir
(Rajewska ve Batasinska, 2004; Bernas ve ark., 2006;
Kala¢, 2013; Siwulski ve ark., 2014)

Mantarlar, yetistikleri alt tabakadaki maddeleri,
Ozellikle agir metalleri ve icinde buyudukleri havayi
emebilirler. Ne yazik ki, birgok mantar tirQ kirli toprak alt
tabakasindan buylk miktarlarda toksik agir metal ve
radyoaktif element alma ve biriktirme 6zelligine sahiptir
(Kala€ ve Svoboda, 2000; Falandysz ve Borovicka,
2013). Mantarlar yetistigi ortamdaki iyonlari bunyesine
alma konusunda c¢ok iyi birer akiimulator ve cevredeki
agir metal yogunlugunu belirlemek icin de ¢ok iyi birer
gOstergedir (Tuzen ve ark., 1998b; Tizen ve ark., 1998a;
ilker ve ark., 2019). Besin degerlerinin yani sira
mantarlar, dogada organik madde yikiminda rol
aldiklarindan yetistikleri substrat icerigine bagli olarak
binyelerinde ve bulunduklari ortamin iceriginde degisime
neden olurlar (Sevindik ve ark., 2016)

Mantarlar dinyada tur cesitliligi en fazla olan
canlilardan biridir. Dinya genelinde yayilis gosteren 1,5
milyon mantar tiru oldugu tahmin edilse de, bunlardan
ancak 70 bin turQ literatirde yer almaktadir. (Bengi ve
ark., 2019)caligkan. Bu kaydedilen tirler arasinda 5020
yenir, 1250 yenmez, 1010 zehirli, 1820 tibbi 6zellik
gOsteren olmak Uzere toplamda 10 bin civarinda
makromantar bulunmaktadir. (Hawksworth ve ark., 1996;
Hawksworth, 2001; Peksen, 2013) Tirkiye'de bilinen
kayith mantar tir sayisi 5865 olarak listelenmigstir. (Sesli
ve ark., 2020) Yaklasik 300 civarinda da yenilebilir doga
mantari tiirii bulundugu belirtiimektedir. (Simsek ve Onek,
2021) Mantarlar son yillarda 6zellikle icerdikleri besin
elementleri, protein ve vitamin igerikleri gibi yiiksek besin
degerleri ve lezzetlerinden dolaylr dinya genelinde
populer gida olmaya adaylardir. (Kosani¢ ve ark., 2016).

Dogada yetisen makromantarlarin agir metal
icerigi ve mineral madde kompozisyonu konusunda ¢ok
sayida calismalar yapilmistir(Sesli ve Tizen, 1999;
Demirbas, 2001; Isildak ve ark., 2004; Turkekul ve ark.,
2004; Huseyin ve ark., 2006; Yamag ve ark., 2007; Chen
ve ark., 2009; Gengcelep ve ark., 2009; Kaya ve Bag,
2010; Radulescu ve ark., 2010; Uzun ve ark., 2011; Hayri
ve ark., 2012; Akgil ve ark., 2016; Sevindik ve ark., 2016;

Karapinar ve ark., 2017; Hakan ve ark., 2020;
Krupodorova ve Sevindik, 2020).
Bu c¢alismada “Macrolepiota procera (Scop.)

Singer ($Semsiye Mantari), Suillus collinitus (Fr.) Kurtze
(Benekli Sungermantari), Boletus edulis Bull. (Corek
Mantar)” turlerinin mineral madde kompozisyonu ve
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yetistikleri substratlara ait toprak o6rneklerinin mineral
madde analizinin yapilmasi amaglanmistir.

Taksonlarin Tiirkge Bilimsel isimleri Sesli ve ark.
(2020) den alinmistir.

Materyal ve Metot

Bu calismada bdlgede yapilan arazi calismalari
sonucunda tespit edilen makrofunguslar “Macrolepiota
procera (Semsiye Mantari), Suillus collinitus (Benekli
Slingermantart), Boletus edulis (Corek Mantar)’
turleridir. makrofunguslar ve toprak érnekleri ilkbahar ve
sonbahar  doénemlerinde 2021 yiinda  Kestel
Ormanlarr’dan (Kadinhani-Konya) toplanmistir (Sekil 1).

Toplanan makrofungus ve toprak érnekleri ayri ayri
polietilen torbalara alinarak laboratuvara getirilmistir.
Laboratuvara getirilen makrofunguslar 40°C’de kurutma
cihazinda kurutulmustur. Kurutulan ornekler mekanik
ogutlcu ile toz haline getirilmistir. Toz haline getirilen

mantar Ornekleri icin; 6nce 3’er gram mantar hassas
terazide tartilarak teflon kaplara alindi ve tzerine 5 mi
HNOs eklendi. 15 dakika 6n muameleden sonra 3 ml
HNO3 ve Uzerine 1 ml H20:2 eklendi. Coziindrlestirme igin
yas yakma cihazinda 180°Cde 30 dk seklinde sicaklik
dereceleri ayarlanarak yas yakma yontemi uygulamistir.
Toprak drnekleri icin de dereceleri ayarlanarak yas yakma
yontemi uygulamigstir. Toprak 6rnekleri icin de 3 ml HNOs
ve Uzerine 1 ml H202 eklendi. Coézindrlestirme i¢in yas
yakma cihazinda 180°Cde 30 dk seklinde sicaklik
dereceleri ayarlanarak yas yakma yéntemi uygulamistir.

Toplanan d&rneklerden birer numune KONYA
Fungaryum’da saklanmaktadir. (Fungayum No:511)
Macrolepiota procera, (FN:512) Boletus edulis, FN:513
Suillus collinitus numaralari verilmistir. Teshisi KONYA
Fungaryum'da Dr. Ogr. Uyesi Sinan Alkan tarafindan

yapilmistir.)

Sekil 1. Ara§t|rmaalan|

Bulgular

Yapilan analiz sonuglari mantar ve toprak
orneklerinin mineral madde seviyeleri mg/kg tlrtinde
belirlenmistir. Mantar ve toprak O6rneklerinin mineral

icerikleri Tablo 1’de Ortalama olarak gosterilmistir. Ayrica
Sekil 2-15'de mantarlarin ve yetistikleri topraklardan
alinan orneklerin  blnyesindeki mineral elementlerin
konsantrasyonlari grafiklerde verilmistir.
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Tablo 1. Mantar ve toprak érneklerinin mineral seviyeleri

Mineralle S.collinitus S.collinitus M.procera M.procera B.edulis B.edulis
r TOPRAK MANTAR TOPRAK MANTAR TOPRAK MANTAR
Na 1910.340 535.080 1405.340 726.692 5058.080 803.070
Mg 2797.090 613.943 3737.540 768.330 2609.042 875.197
Al 61991.108 400.043 58293.420 394.350 128818.122 277.438
K 13496.747 39720.925 11929.690 35915.550 13179.135 56818.444
Ca 6478.703 127.916 7259.910 113.526 5805.667 146.662
Cr 69.636 0.942 70.726 0.993 109.515 1.350
Mn 1063.521 13.007 1291.417 17.743 988.631 9.950
Co 10.717 0.226 12.269 0.160 16.521 0.097
Ni 34.266 8.543 36.783 17.542 38.739 44.605
Cu 37.733 18.751 47.955 91.98 47.238 41.698
Zn 95.038 566.981 122.919 132.761 187.519 147.969
As 17.470 0.430 15.398 1.106 22.402 0.355
Ag 1.612 0.691 1.218 1.075 1.011 4.520
Pb 25.095 11.448 12.994 0.855 21.460 0.618
Cd 0.335 3.011 0.319 1.980 0.315 0.136

S.collinitus TOPRAK m S.collinitus MANTAR & M.procera TOPRAK

®m M.procera MANTAR m B.edulis TOPRAK B.edulis MANTAR

5058,08

[1405,34]
S

Na icerigi

Sekil 2. Na icin mantar—toprak korelasyonu
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S.collinitus TOPRAK m S.collinitus MANTAR m M.procera TOPRAK

®m M.procera MANTAR m B.edulis TOPRAK B.edulis MANTAR

2609,042

Mg icerigi

Sekil 3. Mg icin mantar—toprak korelasyonu

S.collinitus TOPRAK m S.collinitus MANTAR ® M.procera TOPRAK

B M.procera MANTAR = B.edulis TOPRAK B.edulis MANTAR

140000 128818,122

120000
100000

60000
40000

0
Al icerigi

Sekil 4. Al icin mantar—toprak korelasyonu

S.collinitus TOPRAK m S.collinitus MANTAR m M.procera TOPRAK

®m M.procera MANTAR = B.edulis TOPRAK B.edulis MANTAR

| 13179,135

K icerigi
Sekil 5. K igin mantar—toprak korelasyonu
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S.collinitus TOPRAK m S.collinitus MANTAR m M.procera TOPRAK

m M.procera MANTAR = B.edulis TOPRAK B.edulis MANTAR

259,9
5805,667

Ca icerigi

Sekil 6. Ca icin mantar —toprak korelasyonu

S.collinitus TOPRAK m S.collinitus MANTAR & M.procera TOPRAK

® M.procera MANTAR m B.edulis TOPRAK B.edulis MANTAR

109,515

Cr igerigi

Sekil 7. Cr icin mantar—toprak korelasyonu

S.collinitus TOPRAK m S.collinitus MANTAR m M.procera TOPRAK

®m M.procera MANTAR = B.edulis TOPRAK B.edulis MANTAR

988,631

Mn igerigi
Sekil 8. Mn i¢in mantar—toprak korelasyonu
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S.collinitus TOPRAK m S.collinitus MANTAR m M.procera TOPRAK

m M.procera MANTAR = B.edulis TOPRAK B.edulis MANTAR

16,521

12289

Co igerigi
Sekil 9. Co icin mantar—toprak korelasyonu

S.collinitus TOPRAK m S.collinitus MANTAR & M.procera TOPRAK

® M.procera MANTAR m B.edulis TOPRAK B.edulis MANTAR

44,605

| 1
38739

Ni icerigi
Sekil 10. Ni icin mantar—toprak korelasyonu

S.collinitus TOPRAK m S.collinitus MANTAR m M.procera TOPRAK

®m M.procera MANTAR = B.edulis TOPRAK B.edulis MANTAR

|

Cu Icerigi
Sekil 11. Cu icin mantar—toprak korelasyonu
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S.collinitus TOPRAK m S.collinitus MANTAR m M.procera TOPRAK

m M.procera MANTAR = B.edulis TOPRAK B.edulis MANTAR

187,519
Eass [

Zn igerigi
Sekil 12. Zn igin mantar—toprak korelasyonu

S.collinitus TOPRAK m S.collinitus MANTAR & M.procera TOPRAK

® M.procera MANTAR m B.edulis TOPRAK B.edulis MANTAR

22,402

_— 0 =
As igerigi
Sekil13. As icin mantar—toprak korelasyonu

S.collinitus TOPRAK m S.collinitus MANTAR m M.procera TOPRAK
m M.procera MANTAR = B.edulis TOPRAK B.edulis MANTAR

4,52

1,612

o]

Ag icerigi

Sekil 14. Ag icin mantar—toprak korelasyonu
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S.collinitus TOPRAK m S.collinitus MANTAR ® M.procera TOPRAK

®m M.procera MANTAR = B.edulis TOPRAK

Cd icerigi

B.edulis MANTAR

Sekil 15. Cd icin manta—toprak korelasyonu

Tartisma

Bu ¢alismada Kestel Ormanlari (Kadinhani-Konya)
bélgesinde yetisen Boletus edulis, Macrolepiota procera,
Suillus collinitus turlerine ait fruktifikasyon organlari ve
yetistikleri toprak o6rnekleri icermis olduklari mineraller
acgisindan  degerlendirilmistir. incelenen mantar
orneklerinde en yiksek mineral K (56818.444) olarak, en
dusuk mineral ise Co (0.097) olarak bulunmustur. Mantar
turlerini tek tek degerlendirdijimizde Boletus edulis
tirine ait 6rneklerde en yilksek K (56818.444) en disik
Co (0097) minerali, Macrolepiota procera tirine ait
orneklerde en yiksek K (35915.55) en disik Co (0.16)
minerali, Suillus collinitus tdrine ait drneklerde ise en
yuksek K (39720.925) en dusik Co (0.226) minerali tespit
edilmigtir. Toprak Orneklerinde en yiksek mineral Al
(128812.122) en dusik mineral Cd (0.315) tespit
edilmistir. Mantar Ornekleri ile toprak o6rneklerindeki
mineral agisindan korelasyona bakildiginda ise; toprak
orneklerinde bulunan mineral miktarlarinin  mantar
orneklerindeki yizdelik karsiliklari incelendiginde mantar
binyesinde en fazla birikim yapan elementlerin sirasiyla
Cd (898.806), Zn(596.583), ve K(294.300) mineralleri
oldugu gorilmustar (Sekil 16-18). Bu durum K, Cd ve Zn
mineralinin mantar binyesinde en fazla birikim yaptigini
gostermektedir. Bununla birlikte Suillus collinitus tirtiinde
en fazla bulunan minerallerin K(39720.925), Mg(613.943)
ve Zn(566.981), Macrolepiota procera tirinde K
(35915.55) Mg(768.33) ve Na(726.692), Boletus edulis

tirinde ise K(56818.444), Mg(875.197) Na(803.07) tespit
edilmigtir. Dolayisiyla beklenenin aksine topraktaki
mineral miktari ile mantarlarin bunyelerindeki mineral
miktari her zaman dogrusal bir egri géstermemektedir.

Yapilan literatir taramasinda mantarlardaki
element miktarlari konusunda gesitli verilere ulagiimistir
(Kala¢ ve Svoboda, 2000; Falandysz ve ark., 2001;
Isiloglu ve ark., 2001; Tuzen, 2003; Mendil ve ark., 2005;
Dursun ve ark., 2006; Kalag, 2009; Mallikarjuna ve ark.,
2013; Alkan ve ark., 2020).

Gurgen ve ark. (2018) yaptiklari calismada
Macrolepiota procera icin Mg(1052.3) seviyesi yoninden
g¢alismamizla uyumlu olup bununla beraber Al (37.1), Zn
(86.4) icerigi acisindan dusuk bulunmustur. Alkan ve ark.
(2020) Suillus collinitus i¢in en yuksek mineral miktari Al
(827977.517), en disik mineral miktari ise Cd(38.691)
olarak verilmigtir. Calismamizda Al (39720.925)ylksek
olmakla beraber en yiksek degerde c¢ikmamistir. En
distik miktardaki element olmamakla birlikte disik
olmasi agisindan Cd(3.011)acisindan  uyumludur.
Falandysz ve ark. (2001) yenilebilir mantarlarla ilgili
yaptiklari mineral analizinde Boletus edulis icin verdikleri
mineral miktarlari K(34.000), Mg(11.000) ve Na(180.000)
seviyeleri ile uyumludur.

Calismamizda oldugu mineral miktarlari yetistikleri
substratin mineral kompozisyonuna bagli olmakla birlikte
her zaman dogrusal bir korelasyon gdstermemektedir.
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Tesekkiir 21201045 numarall proje kapsaminda finansal olarak
Bu arastirma Selguk Universitesi Bilimsel desteklenmistir. Kuruma tesekkir ederiz.

Arastirma Projeleri (BAP) Koordinatorligi tarafindan
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Abstract: Green pea (Pisum sativum.) is an important consumable vegetable crop
worldwide rich in protein, vitamins, and nutrition. It is cultivated in many parts of Iran, particularly
during the summer season, and recently under protected greenhouse. Powdery mildew is an
important disease of green pea, especially during the pod fill and maturation stage and decreases
the photosynthetic area of leaves which causes crop loss. This experiment was conducted in
order to identify fungi associated with powdery mildews on some accessions under regeneration
of green pea collection at the genetic department and national plant gene bank of Iran, seed, and
plantimprovement institute during the year 2021. Powdery mildew became epidemic on the plants
at the pod stage from the end of July to August. The formation of white, floury patches initially on
the leaf progressing towards tendrils, pods, and stems observed that on susceptible accessions
covered the most aerial part of the plants. The Erysiphe pisi, Erysiphe trifolii and Erysiphe
baeumleri were reported causing disease on pea. The infected plant samples were collected and
transferred to the lab for morphological studies, then, the genomic DNA was isolated and used
for amplification and sequencing using the internal transcribed spacers (ITS) regions. Based on
morphological characteristics of asexual and sexual stages as well as rDNA-ITS sequence
analyses, the fungus was identified as Erysiphe pisi. Due to the presence of accessions with high
levels of resistance to this disease, further investigation is recommended to breed resistant
cultivars for cultivation in this province.

Key words: Pisum sativum, Erysiphe pisi, rDNA, ITS sequence analyses

Alborz, iran'dan Yesil Bezelye Kiilleme Patojeninin Fenotipik ve Molekiiler
Tanimlanmasi

Oz: Bezelye (Pisum sativum.), diinya gapinda protein, vitamin ve besin agisindan zengin,
dnemli bir tiiketilebilir sebze irinidir. Iran'in bircok yerinde ézellikle yaz mevsiminde ve son
zamanlarda ortull seralarda yetistiriimektedir. Killeme, yesil bezelyenin 6zellikle bakla doldurma
ve olgunlagsma agamasinda énemli bir hastaliidir ve yapraklarin fotosentetik alanini azaltarak
Uriin kaybina neden olur. Bu deney, 2021 yilinda iran genetik departmani ve ulusal bitki gen
bankasi, tohum ve bitki 1slah enstitisinde yesil bezelye koleksiyonunun rejenerasyonu altindaki
bazi gesitlerde kulleme ile iligkili mantarlari belirlemek igin yapiimistir. Temmuz sonundan agustos
ayina kadar bitkiler bakla asamasindadir. Baslangigta yaprak (zerinde dallara, baklalara ve
gbvdelere dogru ilerleyen beyaz, unlu yamalarin olusumu, duyarli erigsimlerde bitkilerin en hava
kismini kapsadigi gézlendi. Erysiphe pisi, Erysiphe trifolii ve Erysiphe baeumleri'nin bezelyede
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hastaliga neden oldugu bildirilmistir. Enfekte bitki 6érnekleri toplandi ve morfolojik galigmalar icin
laboratuvara aktarildi, ardindan genomik DNA izole edildi ve dahili transkripsiyonlu ayiricilar (ITS)
boélgeleri kullanilarak amplifikasyon ve sekanslama igin kullanildi. Eseysiz ve eseyli evrelerin
morfolojik dzelliklerine ve ayrica rDNA-ITS sekans analizlerine dayanarak, mantar Erysiphe pisi
olarak tanimlandi. Bu hastaliga kars! ylksek dlizeyde direngli ¢esitlerin varligindan dolayi, bu ilde

dayanikh gesitler Gretmek igin daha fazla arastirma yapilmasi onerilir.

Anahtar kelimeler: Pisum sativum, Erysiphe pisi, DNA, ITS dizi analizleri

Introduction

So far, the research on green pea production
focuses on the breeding high yield cultivars adopted to
different climatic condition, but vulnerability against
diseases was a constraint for obtaining maximum yield.

Green pea production is practiced in some area of
Alborz province of Iran according to economical and
nutritional values including protein, minerals, dietary fiber,
vitamins and its ability to improve soil fertility by nitrogen
assimilation.

Powdery mildews on pea found responsible for the
withering of foliage, poor pod quality with 25%—-80% yield
loss (Nisar et al., 2006; Warkentin et al., 1996).

It is a prevalent disease in Alborz province of Iran
which causes significant yield losses of green pea
especially in summer.

Powdery mildew appears on whole aerial parts of
green pea plants. The initial symptoms are slight, sparse
mycelia and spores on the upper part of leaves, especially
on the lowest part of plants. In favorable conditions, the
patches cover the entire surface of the plant (Kraft &
Pfleger, 2001).

Up to now, the causal agent of powdery mildew on
peas reported as Erysiphe pisi, Erysiphe baeumleri, and
Erysiphe trifoliorum (Seethapathy et al., 2022; Fondevilla
& Rubiales, 2012; Attanayake et al., 2010; Glawe, 2008).

The Erysiphe pisi DC causal agent of Pea powdery
mildew reported as an air-borne disease that is the
obligate biotrophic fungus with worldwide distribution. It is
specialy described important in climate condition with
warm dry days and cool nights (Smith et al., 1996).
Seethapathy et al., (2022) found that pathogen has
evolved the ability to adapt to both macro- and micro-
environments to which it is exposed during pea
cultivation.

Glawe (2008) denoted that Erysiphe species rDNA
sequences analyses could be more closely correlated
lineages with anamorphic features such as conidial
ontogeny than teleomorphic features. Detection and
proper identification of this disease causal agent

illustrated the necessary action for sustainable and
environmentally friendly production of green peas with
integrated disease management (Maharjan et al., 2015).

To precise identification of the powdery mildew
pathogen on green peas in the Alborz province of Iran,
morphological studies carried out then the molecular
analyses were performed on fungal isolates using rDNA
internal transcribed spacer (ITS) sequences.

Materials and Methods

Powdery mildews disease on some under
regeneration green pea accessions appeared during
2021 and 2022. These accessions were cultivated at the
experimental field of the genetic department and national
plant gene bank of Iran, seed and plant improvement
institute in Alborz province. The disease symptoms were
observed during all stages of the green pea plants'
development.

A phenotypic and genotypic analysis of pea
powdery mildew pathogen was performed on diseased
green pea leaves collected from the fields. The
phenotypic fungal structures including anamorphic
structure: mycelium, hyphal branching, Appressoria,
conidiophors and conidia teleomorphic stracture including
Chasmothecium and asci were observed by light
microscope (BH2, Olympus, Tokyo, Japan). At least 50
measurements were made for each character. In order to
study genetic characteristics, DNA was extracted from
fungal isolates using the Chelex method proposed by
Hirata & Takamatsu (1996). The rDNA-ITS region (ITS1-
5.8S rDNA-ITS2) was amplified by polymerase chain
reaction (preheating at 95°C for 2 min and 30 cycles of
denaturing at 95°C for 1 min, annealing at 55°C for 1 min,
and extension at 72°C for 1 min, followed by a final
extension cycle of 2 min at 72°C) with the fungal specific
primers ITS-1a 5-TCCGTAGGTGAACCTGCGG-3' and
ITS-4a 5-TCCTCCGCTTATTGATATGC-3' (Matsuda, et
al., 2005). The sequences were obtained using direct
sequencing in a 3500 Genetic Analyzer (Applied
Biosystems, USA) in Codon Genetic Group (Iran,
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Tehran). The obtained sequences were compared with
closely related sequences in genebank using the
BLASTN search method. The sequences with high query
coverage and identity (97-100%) were selected and used
for phylogenetic analyses. According to Kimura's two-
parameter method, evolutionary distances were
calculated. Pairwise deletion was used for each sequence
pair to remove all ambiguous positions. The branches
made by using 1000 bootstrap replications. Evolutionary
analyses were conducted in MEGAl1l(Tamura et al.,
2021). Two species including Phyllactinia moricola and
Leveillula taurica were selected as outgroup taxa.

Results

Symptoms of powdery mildew were observed on all
parts of plants during summers 2021-2022,

aerial

\

Figure 1. Powdery mildews symptom on

including stems, leaves, pods, and fruits of green pea
cultivars planted for seeds regeneration. Green pea
accessions typically showed disease symptoms with O to
100 % severity on different accessions. Early symptoms
appeared on the lower leaves of plants, followed by
effuse, thin, white mycelium covering the upper leaves.
After the mycelium has developed on both sides, it often
covers the entire surface of the leaves, stems, and pods,
as well as covering the entire area of the plant, particularly
the upper portion.

Powdery mildew became epidemic on the plants at
the pod stage at the end of July to start of August. The
formation of white, floury patches initially on the leaf
progressing towards tendrils, pods, and stems observed
that on susceptible accessions covered the most aerial
part of the plants (Fig. 1).

1_ a3 -'
A

green pea plant in the field
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The morphological fungal characteristics were
observed as hyaline and flexuous, hyphae which were
branched at a right angle. Appressoria is moderately
lobed with a crenated surface. Conidiophores (65 pym -
110 um in length and 7.7 pym-10.2 ym in width) are
hyaline, straight, cylindrical, simple, and thin-walled with
internal septa which produced 2-4 cells. The foot cell is
usually longer than the second and third cells measuring
13-34 x 8-10 pm in size.

Conidia (24.6 pym-56.4 pym in length and 10 pym-
19.2 ym width, length/width ratio 1.5-2.9, on average 2.2)
are ellipsoid-cylindrical (immature conidia often ellipsoid
and mature cindia often cylindrical), thin-walled, smooth
to verrucose surface. No well-developed fibrosin bodies
are present.

Germtubes are simple, usually at end of the
conidium but sometimes subapical. Chasmothecium
were measured as 90.4 ym-112.8 ym. Short myceliod
chasmothecial appendages. The asci length and width
were 48.2 ym-70.3 ym and 25 ym-48.3 pym, respectively
(Fig. 2).

Specimen was deposited in Fungarium of
University of Guilan under the accession humber GUM
1809.

Full rDNA ITS sequence (including 5.8S) gene
amplified and sequenced. The amplified fragment length
was 696 bp

According to BLAST search, the full rDNA ITS
sequence (including 5.8S) gene showed 99% similarity to
accession No. LC009890, KY653208, and KY653209 and
100% identity to Erysiphe pisi species (Fig. 3).)

Figure 2. Erysiphe pisi, a and b: conidiophores and conidia; ¢ and d: Chasmothecium with mycelioid type appendages; e:
conidium germination (on plant leaves). Scale bar for a, b = 50 ym, ¢, d= 100 yum, e = 30 ym
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MN216307 Erysiphe trifoliorum Ex Trifolium hybridum
F1378877 Erysiphe trifoliorum Ex Medicago sp.
F1378874 Erysiphe trifoliorum Ex Pisum sativum
GU361633 Erysiphe trifoliorum Ex Pisum sativum
KY660905 Erysiphe ludens EX Lathyrus odoratus

Aralik(2022)13(Special issue)59/65

LC270860 Erysiphe trifoliorum EX Medicago littoralis

MZ265154 Erysiphe baeumleri Ex Vicia cassubica

LC009974 Erysiphe palczewskii EX Robinia x slavinii

100 | LC010086 Erysiphe viciae unijugae EX Vicia unijuga
80 |1 LCO09977 Erysiphe viciae unijugae Ex Vicia bifolia
80{ Lco10029 Erysiphe viciae unijugae EX Vicia sp.

- MZ265168 Erysiphe lupini Ex Lupinus polyphyllus
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99
100

] LCO09890 Erysiphe pisi Ex Pisum sativum
KY653208 Erysiphe pisi Ex Pisum sativum
KY®653209 Erysiphe pisi Ex Pisum sativum
MZ265150 Erysiphe astragali Ex Astragalus glycyphyllos
LC010052 Erysiphe astragali EX Astragalus glycyphyllus
79 || AB104515 Erysiphe astragali EX Astragallus sp.
37 MZ265165 Erysiphe intermedia EX Lupinus rivularis
MZ265162 Erysiphe intermedia EX Lupinus polyphyllus
8? 1l MZ265161 Erysiphe intermedia EX Lupinus polyphyllus
LC009988 Erysiphe rayssiae EX Baptisia australis
87 | l LC009983 Erysiphe guarinonii EX Laburnum alpinum
97| MT516325 Erysiphe guarinonii EX Baptisia australis
57 [ MH371103 Erysiphe longissima EX Caragana rosea
AB104463 Erysiphe bremeri EX Alhagi sp.
1000 | NR 171870 Erysiphe medicaginis EX Medicago polymorpha
MF066655 Erysiphe lespedezae EX Bauhinia purpurea
KR0O48063 Erysiphe glycines EX Vicia gigantea
100 ABO78807 Erysiphe glycines var. glycines EX Glycine max
AB080561 Phyllactinia moricola
AB667884 Leveillula taurica

0.050

b

Figure 3: A minimum-evolution tree based on ITS data for 31 Erysiphe and two outgroup taxa. The evolutionary distances
were computed using the Kimura 2-parameter method. All ambiguous positions were removed for each sequence pair
(pairwise deletion option). The numbers above the branches represent branch support using 1000 bootstrap replications
(Bootstrap values below 50% are not shown). Evolutionary analyses were conducted in MEGAL11.

Discussions So far Erysiphe baeumleri and Erysiphe trifoliorum

Powdery mildew of pea is an important air born
desease in all around the world spescialy in climate
condition with warm day and cool night.

The E. pisi also reported as Erysiphe communis
auct. p.p. or Erysiphe polygoni auct. p.p. up to now. Braun
suggested the powdery mildew on the Pisum, Astragalus,
Lathyrus, Lens, Lotus, Lupinus, Medicago, Melilotus,
Phaseolus, Trifolium and Vicia caused by E. pisi var. pisi
and on the Lathyrus and Ononis caused by E. pisi var.
cruchetiana (Braun, 1987).

were reported causing disease in Czech Republic and US
Pacific Northwest (Ondfej et al., 2005; Attanayake et al.,
2010). These three species can be identified by use of
rDNA ITS sequences combind with morphological
characterstics.

Appendages of chasmothecium in E. pisi are
mycellium type and in E. trifolii and E. baeumleri are
dichotomously branch type. The Erysiphe trifoliorum and
the E. baeumleri can be differentiated by appendages
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spread and colour (Braun, 1987, Glawe, 2008; Fondevilla intra-species molecular systematics determination by

& Rubiales, 2012; Seethapathy et al., 2022). Seethapathy et al., (2022) and also with in this study. A
Much of the results presented in this work can sequence-based identification method is important for
apply to identify powdery mildews species on green pea identifying powdery mildew species. But even in
with high precision by morphological and molecular phylogenetic analyses for E. pisi there was high
biology study. However, simillar to species characters similaritied between ITS sequences of related species.
determination that carried out by Braun (1985) and Chen & Kirschner (2018) and Yeh et al., (2021) also
Schmidt & Braun (2020) the Erysiphe pisi is the main described the difficulty of separation of the related
causing fungal species of green pea in Alborz province, species only by rDNA ITS sequence and suggest to add
Iran. Therefor the species of powdery mildewa on green the traditional combination of host occurrence and fungal
pea of this region of Iran is similar to those reports showed morphology analysis.
that Erysiphe pisi is the causal agent of powdery mildews This study revealed the merit of rDNA ITS
on pea in Canada, Mexico and Pakistan (Beltran-Pefia et sequence analysis for the precise identification of E. pisi
al., 2022; Nisar et al., 2006; Warkentin et al., 1996). along with the mophological studies.
For accurate molecular study, It is essential to
choose clean, fresh powdery mildew specimens when Acknowledgement
obtaining DNA since powdery mildews cannot be grown The authors wish to thanks the Seed and Plant
in vitro, are often contaminated by other microscopic Improvements Institue, Agrisultural research, education
fungi, and DNA decays rapidly upon drying. and extension organization of Iran and the University of
According to Yeh et al., (2021) and Meeboon & Guilan that provides facility for the conducting the
Takamatus (2020) the ITS is the single available barcode experiments and the mauscript reviwer for their valuable
for species identification in Erysiphales. The ITS gene suggestion.

region of fungal DNA found critical for both species and
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Abstract: A species of Leguminosae family is Cajanus cajan (L.) Millsp. (Pigeon pea) is
an herbaceous, annual, self-pollinated legume pulse crop. The pigeon pea is mainly cultivated in
many countries of South Asia due to its nutritious quality and a good source of minerals and
protein. Seeds are a common carrier of plant pathogens, which act as the primary source for the
distribution of diseases. Contaminated seeds can often create defecated germination and poor
seedling vigour. They lose viability much faster than non-contaminated seeds. A large number of
mycoflora were reported to be associated with the pigeon pea seeds. To assess the seed health
and quality of some pigeon pea accessions this experiment was conducted at the genetic
department and national plant gene bank of Iran, seed, and plant improvement institute in 2021.
In the experiment, a total of 52 accessions from the pigeon pea collection were used for laboratory
tests. During this study different species of Alternaria spp., Aspergillus spp., Fusarium spp.,
Penicillium spp., and Rhizopus spp. were found along with germinating seed and seedlings of
contaminated pigeon pea. The most identified species on the contaminated pigeon pea seeds
were Rhizopus spp., with 50%, and the least were Alternaria spp. and Aspergillus spp., with 7.2%.
The other species Penicillium spp., and Fusarium spp., were measured on 21.4% and 14.2% of
the contaminated seeds respectively. On contaminated pigeon pea seeds, 20 to 100% reduction
in seed germination has been measured. Paying attention to seed health is the fundamental
strategy for the integrated management of the disease for durable crop production and seed
conservation.

Key words: Cajanus cajan, Alternaria spp., Aspergillus spp., Fusarium spp., Penicillium
spp., Rhizopus spp.

iran'dan Farkli Giivercin Bezelye Tohumu Katilmlari ile iliskili Mantarlarin
Tanimlanmasi

Oz: Leguminosae familyasinin bir tir(i Cajanus cajan (L.) Millsp'dir. (Glivercin bezelyesi)
otsu, yillik, kendine tozlanan baklagil bitkisidir. Glvercin bezelyesi, besleyici kalitesi ve iyi bir
mineral ve protein kaynadi nedeniyle esas olarak Giliney Asya'nin birgok Ulkesinde
yetistiriimektedir. Tohumlar, hastaliklarin yayilmasi igin birincil kaynak goérevi goren bitki
patojenlerinin ortak bir tasiyicisidir. Kirlenmis tohumlar genellikle diskilanmig ¢imlenme ve zayif
fide canhhg yaratabilir. Kirlenmemis tohumlardan ¢ok daha hizli canlilik kaybederler. Cok sayida
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mikofloranin givercin bezelye tohumlariyla iliskili oldugu bildirildi. Bazi glivercin bezelye
katihmlarinin tohum sagligini ve kalitesini degerlendirmek igin, bu deney Iran'in genetik
departmani ve ulusal bitki gen bankasi, tohum ve bitki gelistirme enstitisiinde 2021 yilinda
yapilmistir. Denemede givercinden toplam 52 katilim yapilmistir. laboratuvar testleri icin bezelye
koleksiyonlari kullanildi. Bu ¢alisma sirasinda Alternaria spp., Aspergillus spp., Fusarium spp.,
Penicillium spp. ve Rhizopus spp.'nin farkli tirleri. kontamine glvercin bezelyesinin filizlenen
tohumlari ve fideleri ile birlikte bulundu. Kontamine glvercin bezelye tohumlari Gzerinde en fazla
tespit edilen tir %50 ile Rhizopus spp., en az ise Alternaria spp. ve %7.2 ile Aspergillus spp. Diger
turler Penicillium spp. ve Fusarium spp., kontamine tohumlarin sirasiyla %21.4 ve %14.2'sinde
OlcUlmastir. Kirlenmis glvercin bezelye tohumlarinda, tohum gimlenmesinde %20 ila %100
azalma Ol¢ulmastir. Tohum saglhigina dikkat etmek, surdurdlebilir mahsul Gretimi ve tohumlarin
korunmasi i¢in hastaliyin entegre yonetimi icin temel stratejidir.

Anahtar kelimeler: Cajanus cajan, Alternaria spp., Aspergillus spp., Fusarium spp.,
Penicillium spp., Rhizopus spp.

Introduction conducted at the genetic department and national plant
Pigeon pea (Cajanus cajan (L.) Millspaugh, 2n = 2x gene bank of Iran, seed, and plant improvement institute.
= 22) is the sixth most important leguminous crop in the
world and an essential food crop in tropical and Material and Methods
subtropical regions of the world. Pigeon pea is known as To assess the seed health and quality the
red gram, tur, or arhar. This is a multipurpose product accessions under regeneration from pigeon pea
cultivated mainly due to its edible seed, which is rich in collection of the national plant gene bank of Iran during
protein (up to more than 31%) and essential amino acids 2021 were selected. The isolation of the seed-borne fungi
such as leucine (16.148 g/kg), tyrosine (14.77 g/kg), and associated with the pigeon pea seed samples used the
arginine (13.51 g/kg), also contain lipids (3.20%), soluble blotter paper method, 10 seeds per Petri plate, was
sugar (5.10%), starch (48.4%) and also crude fibre surface sterilized for two minutes with 1% sodium
(8.2%), iron, sulphur, calcium, potassium, manganese, hypochlorite solution followed by three subsequent
and water-soluble vitamin (Chaudhari et al., 2017; Ade- washings in sterilized distilled water and non-surface
Omowaye. et al., 2015) sterilized seed, was placed at equal distance on three
There are numbers of reports about fungi linked to layers of properly moistened sterilized blotters. These
pigeon peas during storage that deteriorated the quality plates were incubated at a temperature of 25+2 °C for 12
of the seed. The quality and quantity of seeds, depend on h in alternating cycles of light and darkness. The seeds
seed health which is affected by various types of fungi were examined regularly for the growth of fungi (ISTA,
called seed mycoflora or seed-borne fungi. Scientists 2022).
found that pigeon pea seeds were contaminated by fungi The fungi were purified on PDA (Potato Dextrose
during harvest, transport, processing, and under storage Agar) medium and were identified after seventh day. The
(Patil et al., 2012). There are reports about some fungi Ogawa binocular compound microscope with a
that could cause seed abortion, seed rot, seed necrosis, magnification of 10X, 40X and 100X. was utilized to
reduction or elimination of germination capacity, as well determine fungus genera in each plate. The fungus
as seedling damage (Jalander and Gachande, 2011). genera were identified based on colony character,
Various seed borne fungi affect pigeon pea leading to texture, color, and sporulation. The seed-borne fungi
drop in quality and amount of the seed. Texture, shape were identified using identification keys and cross-
and color of the seed that indicate decline of seed health. checked for each seed plate to identify the kind of fungus
Contaminated seeds can often create defecated growing on each seed, Frequency of fungi isolates
germination and poor seedling vigour. They lose viability presence was calculated by applying the following
much faster than non-contaminated seeds. formula: PF = (No. of seeds on which fungus appears /
To identify fungi associated with seed of pigeon Total number of seeds) x 100. All data was then entered
pea accessions and for monitoring the pigeon pea into a Microsoft Excel spreadsheet for analysis that

collection seed health and quality this experiment was
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Frequency of fungi isolates species presence was
calculated.

Results

During this study regenerating accessions of
Pigeon pea collection were studied at the genetic
department and national plant gene bank of Iran, Seed
and Plant Improvement Institute in 2021.

One of the key findings of this task Base on the
blotter method study was that the most identified species
on the contaminated pigeon pea seeds were Alternaria
spp., Aspergillus spp., Fusarium spp., Penicillium spp.,
and Rhizopus spp. (fig 1). Rhizopus spp., with 50%,
Alternaria spp. and Aspergillus spp., with 7.2%. the other
species Penicillium spp., and Fusarium spp., were
measured on 21.4% and 14.2% of the contaminated
seeds respectively.

One of the most significant findings in the paper
was a 20 to 100% reduction in seed germination that has
been measured on contaminated pigeon pea seeds. The
results of this analysis are summarized in table 1. There
was not any infection on other accessions

Discussions

Based on result of this project Rhizopus spp.,
Alternaria spp. and Aspergillus spp., Penicillium spp., and
Fusarium spp., identified on the contaminated pigeon pea
seeds. Kandhare (2014) demonstrated the following
seed-borne fungi on pigeon pea seeds: Aspergillus
flavus, Drechslera tetramera, Aspergillus nidulans, A.
niger, Curvularia lunata, Cladosporium spp., Chaetomium
globosum, Colletotrichum truncatum and Rhizopus
stolonifer. Patil et al. (2012) denoted that appearing fungi
on pigeon pea seeds were Alternaria alternata,
Aspergillus flavus, Aspergillus niger, Botrytis cinerea.,

Chaetomium  globosum, Cladosporium  herbarum,

Curvularia lunata, Fusarium oxysporum, Fusarium
moniliforme,  Fusareum  roseum, Macrophomina
phaseolina, Penicillium notatum, Phytophthora sp.,
Rhizoctonia solani and Rhizopus stolonifer.

Some fungi on contaminated seeds have a great
effect on germination. The major effect is related to
Rhizopus spp, which prevents seed germination in many
cases. Chaudhari et al., (2017) and Patil et al. (2012)
warned seed borne fungi could be primarily affecting seed
viability. This issue can be related to the production of
mycotoxins produced by these fungi. Chaudhari et al.,
(2017) indicated that Seed borne fungi cause qualitative
and quantitative losses during storage and adverse effect
on seed quality by decreasing seed protein and lipid
content.

Cauton should be taken with generalizing the
findings to this report as the most identified species on the
contaminated seed of pigeon pea is related to the
collection location and the condition of the field for pigeon
pea regeneration. It seems that attention to the type and
collection origin of accessions in the future study could
help to determine the fungi species that are most
prevalent in contaminated seeds that after a series of
investigations could lead us to the susceptibility of pigeon
pea seed to that species of fungi. It could help to find and
develop practices and provide conditions to restore better
seed health.
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Figure 1. The identified fungi species on the contaminated pigeon pea seeds: a, b, ¢, d, e, f= Aspergillus spp.; g,
h, I, = Penicillium spp.; j, k, I, = Alternaria spp.; m, n, o, q, r, s, = Fusarium spp.; t, u, v, = Rhizopus spp. Scale bar for a, c,
d, f,h,i k1, mn, o0,q,t=50um;b,j,u v=20pum; g, r,s =30 ym
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Table 1. % Germination and fungal genus identified on contaminated pigeon pea seeds

TN/no | % Alternaria Fusarium Penicillium Rhizopus Aspergillus
Germination | spp. spp. spp. spp. spp.
69-00 | 80 +
79-00 |60 +
73-00 |0 + +
68-00 | 30 + +
72-00 |0 +
80-00 |0 +
63-80 |0 +
74-00 10 + + +
83-00 40 +
87-00 50 + + + +
93-00 10 + + +
81-00 0 +
91-00 0 +
97-00 20 +
100-00 | O +
62-91 0 + +
62-100 | O +
92-97 |20 +
62-81 |0 +
62-93 | 10 + + +
62-87 | 50 + + + +
62-83 | 40 +
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Abstract: Fusarium wilt of carnation caused by Fusarium oxysporum f.sp. dianthi (Fod)
W.C.Snyder & H.N. Hensen, is the most important fungal disease in all main carnation growing
regions of Iran. In 2020, sampling of infected plants was randomly carried out from carnation
greenhouses in five provinces located in the North (Gilan, Golestan, and Mazandaran) and Middle
(Tehran and Markazi) of Iran. Eighty-eight fungal isolates were identified as Fod by morphological
characters (based on Nelson’s key identification), molecular method (PCR amplified of ITS
region), and pathogenicity tests (according to the root dipping on sensitive cv. Rendezvous). In
order to investigate on biodiversity of Iranian Fod isolates based on Vegetative Compatibility
Groups (VCGs) and races, 70 isolates were randomly selected. These isolates were compared
with eight Fod isolates from the collection of Dipartimento di Valorizzazione e Protezione delle
Risorse Agroforestali (Di.Va.P.R.A) Patologia vegetale, Italy; which were used as references for
races and VCGs. For DNA amplifying, primers R 1.8, R 2.1, and R 4.2 were employed. Amplified
fragments of 295 bp and 564 bp were identified to race 1 (or 8; because these primers applied
are not able to discriminate between the races), and race 2 (or 5 or 6), respectively. Furthermore,
two VCG 0021 and VCG 0022 were identified amongst the Iranian Fod isolates. The relationship
between the races and VCGs demonstrated that all race 1 (23 isolates) were categorized in VCG
0022, and race 2 (44 isolates) were grouped in VCG 0021. In addition, three isolates did not
produce any amplification.

Key words: Carnation, Fusarium oxysporum f.sp. dianthi, Vegetative Compatibility
Groups, Races, Iran

irgn’m Bes ilinde Farkh Fusarium oxysporum f.sp. dianthi Mantar Tirleri
Uzerinde Grup ve Irklarin Vejetatif Uyumluluguna Dayali Bir Arastirma

Oz: Fusarium oxysporum f.sp. dianthi nin neden oldugu karanfil Fusarium solgunlugu (Fod)
W.C.Snyder & H.N. Hensen, iran'in tim ana karanfil yetistirme bolgelerindeki en dnemli mantar
hastaligidir. 2019 yilinda, iran'in bes kuzey (Gilan, Golestan ve Mazandaran) ve orta (Tahran ve
Orta) vilayetlerindeki karanfil seralarindan enfekteli bitki drneklemesi rastgele yapildi. Morfolojik
Ozelliklere gore 88 mantar izolati Fod olarak tanimlandi (Nelson'in anahtar tanimlamasina gore),
Molekiler yontem (ITS bolgesinden amplifiye edilmis PCR), ve patojenite testleri (hassas Randzo
cesidinde koklerin patojen siispansiyonuna daldiriimasi yoéntemine dayaldir) iranin gida
izolatlarinin biyolojik ¢esitliligini arastirmak igin, uyumluluk gruplar (VCG'ler) ve irklara goére, 70
izolat rastgele secildi. Bu izolatlar, Dipartimento di Valorizzazione e Protezione delle Risorse
Agroforestali (Di.Va.P.R.A) Patologia vegetale koleksiyonundan sekiz Fod izolati ile kargilastirildi.
italya; irklar ve VCG'ler igin referans olarak kullanilmistir. DNA amplifikasyonu igin R 1.8, R 2.1
ve R 4.2 primerleri kullanildi. Sirasiyla irk 1 (veya 8) i¢in 295 bp ve 564 bp'lik amplifiye fragmanlar
tanimlandi. (¢linkl uygulanan bu primerler irklari ayirt edemez) ve sirasiyla irk 2 veya 5 veya 6.
Ayrica iran gida izolatlari arasinda VCG 0021 ve VCG 0022 tespit edilmistir. Irklar ve VCG'ler
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arasindaki iligki, tim irk 1'in (23 izolat) VCG 0022'de siniflandirildigini gosterdi ve irk 2 (44 izolat)
VCG 0021'de gruplandiriimigtir. Ayrica Ug¢ izolat herhangi bir amplifikasyon tretmedi.
Anahtar kelimeler: Karanfil, Fusarium oxysporum f.sp. dianthi, Bitkisel Uyumluluk

Gruplari, irklar, iran

Introduction

Dianthus caryophyllus, which is known as the
carnation is a perennial ornamental plant that belongs to
the Caryophyllaceae family. Fusarium vascular wilt, which
is one of the most important soil-borne fungal diseases, is
caused by Fusarium oxysporum Schlecht. f. sp. dianthi
(Fod) (Prill. & Delacr) W.C. Snyder & H.N. Hans. This
disease is a major limiting factor in Iran and around the
whole world in culturing this ornamental flower (Quirico
Migheli, Briatore, & Garibaldi, 1998). Since 1975, when
this disease was reported for the first time, many studies
have been conducted to identify the races and Vegetative
Compatibility Groups (VCGs) of this pathogen in different
countries (Baayen, Van Dreven, Krijger, & Waalwijk,
1997); (Cabanas, Valverde-Corredor, & Pérez-Artés,
2012); (Manicom, Bar-Joseph, Kotze, & Becker, 1990);
(Basallote-Ureba et al., 2016); (Baayen et al., 1997);
(Zandyavari, Zadeh, & Zarrinnia, 2013); (Cer, Benlioglu,
& Egerci, 2022). Researches confirm that there are eight
different races of this pathogen. Although two other races
called, 3 or 7 have been identified for the pathogen; so far
they have not been officially accepted and approved (Aloi
& Baayen, 1993). In 1979, race 3 (or 7) was identified for
F. oxysporum var. redolens rather than species, but later
this race was reported for F. oxysporum var dianthi
(Basallote-Ureba et al., 2016); (Baayen et al., 1997).
Therefore, sometimes it is still not completely clear that
the species under investigation Fusarium belongs to F.
oxysporum var. redolens or F. oxysporum var dianthi
(Baayen et al., 1997). The morphological study conducted
by Baayen and Gomes in 1988 showed that both species
are identical and all isolates being collected from
carnation, should be introduced as F. oxysporum f.sp.
dianthi (Canizares, Gomez-Lama, Garcia-Pedrajas, &
Perez-Artes, 2015);. Nevertheless, the studies done in
1995 and 1996 by some researchers on the ITS region of
the ribosomal DNA (rDNA) demonstrated that these two
species are different and both can be pathogenic for
carnation (Jawaharlal, Ganga, Padmadevi,
Jegadeeswari, & Karthikeyan, 2009); (Canizares et al.,
2015; Jawaharlal et al., 2009).

For the first time in 1989, five VCGs for Fod were
identified and now two groups of them are considered for

F. oxysporum f.sp. redolens (Mishra, Mukhopadhyay, &
Singh, 2012). However, in 1993, Aloi and Baayen
announced that each of the races identified for Fod
belongs to a specific Vegetative Compatibility Groups
(Aloi & Baayen, 1993). Using total DNA in the RFLP
(Restriction Fragment Length Polymorphisms) method
with probes developed from Fod displayed that the
isolates belonging to the same VCGs are genetically
homogeneous (Zandyavari et al., 2013). Similar results in
the research conducted with RAPD method and
chromosome electrophoresis confirm  this issue
(Manicom et al., 1990); (Garcia-Nufiez et al., 2017); (Q
Migheli, Briatore, Andrina, & Garibaldi, 1997).

The present study was undertaken to present
genetic diversity in lranian F. oxysporum f.sp. dianthi
isolates based on identification of VCGs and races in five
provinces of Iran.

Material and Methods

Pathogen isolates

All 90 isolates being collected for this study are
listed in Table 1. These isolates were collected from five
provinces located in the North (Gilan, Golestan, and
Mazandaran) and Middle (Tehran and Markazi) of Iran
during 2020- 2021.

From each greenhouse 5 - 8 plants with wilt
symptoms ranging from chlorosis, and yellows to
deformation were pulled out of the soil randomly and
separately put in paper bags and transferred to the
laboratory in a short time. In the laboratory, the samples
were disinfected with sodium hypochlorite solution
(containing 1% (V/V), cut into 0.5- 1 cm cross sections,
and transferred to Nash & Snyder (Prados-Ligero,
Basallote-Ureba, Lépez-Herrera, & Melero-Vara, 2007);
(Zandyavari et al., 2013) selective media for a week. In
order to purify, the single-spore method was used; then
the purified isolates were cultured on Carnation Leaf Agar
(CLA) media to produce chlamydospores.

The microconidia, macroconidia, and
chlamydospores were considered keys to identifying
morphological recognition Fod isolates according to
Nelson et al., method (Nelson, Toussoun, & Marasas,
1983).
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Table 1. Isolates of Fod from different carnation growing areas in five provinces of Iran Isolates

PROVINCES YEAR VCGS RACES
01 Tehran 2020 0021 2 (5o0r6)
02 Tehran 2020 0021 2 (5o0r6)
03 Tehran 2020 0021 2 (50r6)
04 Tehran 2020 0022 1 (or8)
05 Tehran 2020 0022 1 (or 8)
06 Tehran 2020 0021 2 (5o0r6)
07 Tehran 2020 0021 2 (50r6)
08 Tehran 2020 0021 2 (50r6)
09 Tehran 2020 No Fusarium -
10 Tehran 2020 0022 1 (or8)
11 Tehran 2020 0021 2 (50r6)
12 Tehran 2020 0021 2 (50r6)
13 Tehran 2020 0021 2 (5 or 6)
14 Tehran 2020 No identify No identify
15 Tehran 2020 0022 1 (or 8)
16 Tehran 2020 0022 1 (or8)
17 Tehran 2020 0022 1 (or 8)
18 Tehran 2020 0021 2 (5 or6)
19 Tehran 2020 0021 2 (5o0r6)
20 Tehran 2020 0021 2 (50r6)
21 Tehran 2020 0022 1 (or 8)
22 Tehran 2020 0021 2 (5 or6)
23 Tehran 2020 SC” -
24 Markazi 2020 0021 2 (5 or6)
25 Markazi 2020 0022 1 (or 8)
26 Markazi 2020 0022 1 (or 8)
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27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46
47

48

49

50

51

52

53

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Markazi

Gilan

Gilan

Gilan

Gilan

Gilan

Gilan

Gilan

Gilan

NE ARy

No identify
2020 SC
2020 0021
2020 NP
2020 0021
2020 0022
2020 0022
2020 SC
2020 0021
2020 0021
2020 0022
2020 0021
2020 0022
2020 0021
2020 NP
2020 SC
2020 0021
2020 NP
2020 0022
2021 0021
2021 0022
2021 0022
2021 0021
2021 0021
2021 No identify
2021 0022
2021 0021
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No identify

2 (5 or 6)

2 (50r6)
1 (or8)

1 (or 8)

2 (5 or 6)
2 (5 or 6)
1 (or 8)
2 (5 or 6)
1 (or 8)

2 (50r6)

2 (5 or6)

1 (or 8)

2 (50r6)
1 (or 8)

1 (or 8)
2 (5 or 6)
2 (5 or 6)

No identify

1 (or 8)

2 (50r6)
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*SC: self-Compatible *NP: Non- Pathogen

Pathogenicity assay

Cv. Rendezvous cuttings show high susceptibility
to Fusarium wilt; so they were selected to do this test
according to the method of Cabanas et al., 2012 with
some modifications (Cabanas et al., 2012). The purified
fungal colonies were planted on PDA (Potato Dextrose
Agar) and incubated for five days at 25°C to obtain the
inoculum. Each inoculum was diluted in sterile distilled
water to give suspensions of 106 CFU.ML-1. The root
dipping method was used to incubate carnation cuttings.
Inoculated cuttings were cultured in pots containing
sterilized soil with a mixture of peat: silt: sand (1:2:2 by
volume). Then, plants were maintained at room
temperature and 50- 60 % relative humidity. Three
replicates were measured for each isolate. Some no
inoculated plants were planted as control plants.
Fusarium wilt symptoms were evaluated every five days
for 120 days using the scale: 0 = no symptoms; 1=
chlorosis or wilt showed to basal leaves; 2= chlorosis or
wilt extending beyond the basal leaves; 3= chlorosis and
wilt of one-third to half of the plant; 4= chlorosis and/or wilt
symptoms reaching the upper part of the plant, and 5=
dead plant (Cabanaset al., 2012).

Identification of Pathogen

Total DNA for pathogen isolates was extracted
based on the CTAB method (Turaki et al., 2017). In order
to PCR method 17.5pl ddH20, 2.5yl PCR buffer 10X,
0.75ul MgCI2 (50Mm), 0.5ul dNTPs mix (10Mm), 0.3pl
Taq DNA polymerase 5 unit/pl, 2ul DNA, 0.5ul ITS1 (5'-
TCCGTAGGTGAACCTGCGG-3’) and 0.5ul ITS4 (5'-
TCCTCCGCTTATTGATATGC-3') were used in this
experiment part (Baayen et al., 1997). PCRs were
performed in a Bio-Rad thermal cycler as per the following

SC -

0021 2 (50r6)

0021 2 (5 or 6)

SC -

0022 1 (or 8)
NP -
0021 2 (5 or 6)

SC -

program: initial denaturation at 94 °C for 3 min, 40 cycles
at 94 °C for 1 min, 55 °C for 45 s, and 72 °C for 1 min,
and the final extension at 72 °C for 2 min. PCR products
were purified by polyethylene glycol and printed on 1.2%
agarose gel which demonstrated these isolates vicinity
600bp were Fusarium spp. (Baayen et al., 1997).

Vegetative Compatibility Groups (VCGS)

Vegetative compatibility Groups tests were
performed for Fod isolates, which were selected randomly
for the investigation, according to previously described
methods with nitl, nit3, and/or Nit M mutants of the
isolates (Puhalla, 1985); (Correll, 1991); (Aloi & Baayen,
1993); (Zandyavatri et al., 2013).

A) Obtaining mutants

Potato Dextrose Chlorate (PDC) and Minimal
Media Chlorate (MMC) with 20- 40 gr KCIO3 were used
to obtain nit mutants. Then phenotypic classification of nit
mutants was identified according to Correll et al., by using
different nitrogen media including Nitrate medium,
ammonium medium, nitrite medium, uric acid medium,
and hypoxanthine medium. The mutants were classified
into three various classes based on their mode of growth
on the mentioned media (Correll, 1991).

B) Self- compatibility test

All identified mutants of the isolates were evaluated
by self-compatibility test. Almost 1-2 mm? block of Nit M
from each isolate was placed in the center of a Petri dish
containing MM (Minimal Media) and several blocks of nitl
and nit3 cultures from the same isolate were transferred
at a distance of 2-4 cm from Nit M. Then the plates were
maintained at 25°C for a couple of weeks. The growth of
aerial mycelium between Nit M and nitl and nit3 was
considered an indicator of Vegetative Self-Compatibility.
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The absence of aerial mycelium, however, was identified
as Vegetative Incompatibility, and such isolates were
discarded (Mishra et al, 2012); (Puhalla, 1985);
(Zandyavari et al., 2013).

C) Determination of vegetative compatibility
groups

Nit M of each self-compatibilities isolate was paired
with one nitl or nit3 from other isolates on MM in all
possible combinations and was kept at 25°C for two
weeks. The growth of a stable heterokaryon and the
appearance of wild type in the space area of two nits of
isolates a positive result in the compatibility of two
contacting isolates and therefore, both isolates belong to
one VCG group.

After VCGs determination in Iranian Fod isolates;
they paired with nits of different VCGs obtained from the
culture collection of Dipartimento di Valorizzazione e
Protezionedelle Risorse Agroforestali (Di.Va.P.R.A)
Patologia vegetale, Italy as tester isolates (Zandyavari et
al., 2013).

Determination of races

The isolates were used for further molecular
characterization by comparison with eight Fod isolates
from the culture collection of Dipartimento di
Valorizzazione e Protezionedelle Risorse Agroforestali
(Di.va.P.R.A) Patologiavegetale, Italy which were
considered as the reference for races 1, 2, 4 and 8. In
order to do this experiment, Chiocchetti et al., 1999
method was applied to identify Fod races by PCR
amplification of transposon insertions (Chiocchetti et al.,
1999).

PCR reaction

1 to 5 pl template DNA was amplified in a solution
containing 10 mM Tris-HCI (pH 8.8), 1.5 mM MgCI2, 50
mM KCI, 0.1%Triton X-100, 0.01% (wt/vol) gelatin with
the addition of 200 uM each nucleotide, 0.5 uyM each
primer R2.1 (Race specificity 2) (5-
CTTGTTTCTCGATTTCTGTCTCACG-3’), R4.2 (Race
specificity 4) (5-GGTGATTGGAGGAGGAATACC-3)),
and R8.1 (Race specificity 1 or 8) (5-
CGATGAAGTCGGTTTGCGATT-3’), and 0.5 pl of crude
recombinant Taq polymerase prepared (Chiocchetti et al.,
1999).

PCR reactions were performed according to
Chiocchetti et al. method with a thermal cycler (Bio-Rad)
programmed as follows: one cycle at 94°C for 5 min,
followed by 35 cycles, each consisting of a denaturation
step at 94°C for 30 s; an extension stage at 72°C for 60
s; and annealing temperatures decreasing during the first
10 cycles from 60 to 55°C for 30 s according to
Chiocchetti et al, (1999). After amplification, the reaction
mixture was loaded on a 1.2% agarose gel, separated by
electrophoresis, and photographed under UV light with
the Gel Doc (Bio-Rad). Amplification experiments were
repeated three times (Chiocchetti et al., 1999).

Results

Morphological identification

Macro conidia, which have three or four septate
walls, are produced on a specialized structure named
sprodochia; microconidia with no or one septate wall are
produced on the aerial mycelium, and resistant structures
called chlamydospores that formed on the middle or
terminal part of the hyphae, are the main factor to identify
Fusarium oxysporum (Figure 1).

Pathogenicity assay

At 28 days after incubation, the first symptoms of
Fusarium wilt appeared in some cuttings. The observed
differences were not significant in symptom types, while
the isolates (various races) varied in the rate and severity
of pathogenicity. Since six isolates could not demonstrate
the disease on plants after four months, they were
discarded from future steps of the study. Eighty- four
isolates, which caused the death of carnations, were
identified as pathogenic isolates. All these pathogenic
isolates were within four months. The control plants,
which were uninculated, remained healthy throughout the
pathogenicity period (Figure 2).

Identification of pathogen

In this study, the ITS region of rDNA was amplified
using genus- specific ITS1 and ITS4 primers. The ITS
PCR has assisted to detect polymorphism at the ITS
region of rDNA among the Fusarium isolates. These
results demonstrated that 82 of 84 Iranian Fusarium
isolates showed a vicinity 600 bp on 1.2% agarose gel
and were considered Fusarium oxysporum (Fo) (Figure
3). Two isolates belonging to Tehran and Golestan (one
isolate from each province) were not F.oysporum.
Therefore, they were omitted from the investigation.

Eighty- two isolates of Fusarium oxysporum f.sp.
dianthi which was confirmed in molecular tests were
cultured on PDC and MMC media. The total number of
sectors was 789 and 541 on MMC and PDC media,
respectively. Furthermore, 136 and 48 Chlorate Resistant
utilizing Nitrate (crn) that were able to grow wild type on
MMC and PDC were deleted from the next study’s steps.
Most of the mutants were formed on a culture medium
with 4% chlorate.

Five different nitrogen resources were used to
identify nit mutants’ phenotypic classes. The frequencies
of Nit M, nitl, and nit3 phenotypes on PDC were 9.4%,
63.2%, and 9.4%, respectively while those frequencies on
MMC were 13.7 %, 54.2 %, and 14.9 % respectively
(Table 2). Comparing the number of mutants obtained on
both chlorate mediums shows that the highest number of
mutants were formed on MMC culture medium.

Twelve pathogenic isolates were self-incompatible,
so, were ignored in the determination of VCGs test.
Therefore, VCGs test was done for all 70 Iranian Fod
isolates.

Two groups were obtained by pairing
representative nit mutants from seventy Iranian Fod
isolates in all combinations. The competition between
Iranian isolates and ltalian references isolates from the
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collection of DiVa.P.R.A Italy, expressed that Fod

isolates from Iran belonged to VCG0021 and VCG 0022.
Within the two VCGs, the biggest group (VCG 0021)
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contained 44 members and VCG 0022 contained 23

members, respectively (Table 1).

Table 2. Frequency and phenotype of nit mutants recovered from PDC and MMC media

Media No. of Sectors No. of Nit Percentage of Nits’ Classes
Nit
Nitl Nit3 NitM
MMC 789 653 82.8% 54.2% 14.9% 13.7%
PDC ‘ 541 496 91.7% 63.2% 19.1% 9.4%
The results from the present study reveal that there Discussion

was no wide genetic diversity in mentioned areas in Iran.
Moreover, the correlation between provinces and VCGs
was not observed because the two mentioned groups
were observed in all five provinces (Table 1). Three
isolates did not match with any isolates; therefore, they
were not grouped in these VCGs (Table 1).

Determination of races

DNA was amplified using primers R4.2, R8.1, and
R2.1 as described to the determination of races 4, 2 (5 or
6), and 8 (or 1). Amplified fragments of 295 bp and 564
bp corresponded to races 1 (or 8) and race 2,
respectively. Since the primers used do not allow
discrimination between these two near- isogenic races,
therefore, the isogenic races were reported together. 44
and 23 isolates belonged to race 2 (5 or 6) and race 1 (or
8), respectively. None of the tested isolates be- longed to
race 4 (Figure 4). Three isolates, which were collected
from Tehran, Markazi, and Gilan (one isolate from each
region), did not generate any amplification by using the
tested primers and did not group in the mentioned VCGs
(Table 1).

As a noticeable point, the pathogenicity symptoms
caused by races 2 and 8 were different. Race 2 caused
wilting symptoms on carnation cuttings after 28 days and
caused complete plant death within 2 months. The
symptoms of race 2 isolates mostly started as yellowing
and wilting in the basal leaves of the plant and ended with
the death of the plant. However, the isolates of race 8
caused the complete death of the plant within 4 months.
Their symptoms first appeared on the plant after 40 days.
The rate of yellowing and wilting in this race was lower
than in race 2.

Furthermore, examining the isolates grouped in
VCG and determining races showed that all isolates
placed in VCG 0021 were race 2 (5 or 6) and all isolates
belonging to VCG 0021 were race 1 (or 8). This result
displays that different races have various characteristics
that separate their VCG groups.

In 2012, Cabanas et al., announced some isolates
of Fod could show the Fusarium wilt on carnation in a
pathogenicity test. In the experiment conducted by them,
the symptoms caused by races 2, 8, and 4 were different.
Although some isolates have been identified as Fod in
RAPD molecular tests, they did not cause visible
symptoms on the cuttings (Cabanas et al., 2012). In
addition, in our study, the different races demonstrated
different rate and severity of pathogenicity. In some other
investigations, the different symptoms of Fusarium wilt
between various races or isolates (without identification of
races) have been reported (Basallote-Ureba et al., 2016);
(Zhu et al., 2020); (Liu, Ji, Zhang, Wang, & Liu, 2020).

The result of Fod molecular identification in our
study was in accordance with some previous studies.
(Baayen et al.,, 1997) studied the identification and
genetic diversity in F.oxysporum f.sp. dianthi and F.
redolens f.sp. dianthi isolates in 1997 (Baayen et al.,
1997), and reported Fod isolates showed approximately
600 bp on 1.2% agarose gel. In addition, Manicom et al.,
and Cabanas et al., reported this pathogen isolates
displayed 550- 587 bp in molecular tests based on ITS
regions (Manicom et al., 1990); (Chiocchetti et al., 1999);
(Cabanas et al., 2012).

Some researchers believed that identification and
classification of VCGs and races of Fod isolates are
difficult due to the similarity of its characteristics with F.
redolens f.sp. dianthi (Frd) (R. Baayen et al., 2000);
(Bogale, Windfield, Wingfield, & Steenkamp, 2007);
(Garcia-Nufiez et al., 2017); (Nelson et al.,, 1983);
(Quirico Migheli et al., 1998). Nevertheless, Waalwijk and
Baayen in 1995 and Waalwijik et al., in 1996 showed that
these two species were not even sisters and could be
distinguished according to sequence differences in the
ITS2 region of the rDNA (Waalwijk, de Koning, Baayen, &
Gams, 1996). In their research, it was found that using the
ITS index, it was found that six VCGs are related to Fod
and four VCGs are related to Frd, and no similarity was
observed among the members of those groups (Baayen
et al., 1997). Therefore, since all the isolates collected for
our research (except for three isolates) were grouped in
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two relatively large groups in terms of race and VCG, it 0021 and race 2. In addition, because Europe is the
can be concluded that perhaps the Frd population in exporter of this ornamental flower to the world, this race
these areas was investigated, is very few or do not exist and VCG have been imported from Europe to other
at all. However, according to the three mentioned countries that produce this flower. Some VCGs, such as
isolates, it is not possible to declare the absence of Frd VCG 0028, which includes race 9, and the importance of
certainty. its pathogenicity and spread are similar to VCG 0021 and
In this study, we focused on the determination of race 2; only have been reported from Australia
VCGs and races in five three northern (Gilan, Golestan, (Zandyavari et al., 2013); (Cabanas et al., 2012); (Bogale
and Mazandaran) and two central (Tehran and Markazi) et al., 2007); (R. P. Baayen et al., 2000); (Garcia-Nufiez
provinces of Iran. In this research, it was found that there et al.,, 2017). Researchers believe that the origin of this
are VCGs 0021 and 0021 in Tehran, Gilan, Markazi, VCG and breed in Australia may be from an unknown
Golestan, and Mazandaran provinces. These VCGs are source or may have been affected by unknown mutations
the groups that have been identified in almost every part after being imported from Europe to Australia (Garcia-
of the world. In other studies, these groups have been Nufiez et al., 2017); (Aloi & Baayen, 1993).
announced in several countries of the world (Quirico Since, according to reports, the Italian Flower
Migheli et al., 1998); (R. Baayen et al., 2000); (Zandyavari Riviera has been grown traditionally in the province of
et al., 2013); (Q Migheli et al., 1997); (Cabanas et al., Liguria, ltaly, and sent to other regions and countries;
2012). However, in some countries and regions, VCG some researchers believe that the origin of VCG 0022
0020 has also been reported (Quirico Migheli et al., and races 1 and 8 is from this region (Aloi & Baayen,
1998). In a previous study about Iran published in 2013 1993); (Waalwijk et al., 1996); (Prados-Ligero et al.,
(Zandyavari et al., 2013), the 0020 group was also 2007).
reported. Perhaps the absence of VCG 0020 in the recent Moreover, although race 4 and VCG 0020 have
study is because the investigated areas were more limited been reported several times from some countries such as
or because the genetic diversity of this pathogen has Spain, Italy, and Israel, a group of researchers attributes
decreased in these areas due to the lack of import of new its origin to carnation-grown areas in America (Aloi &
cuttings from other countries. Nevertheless, VCG 0021 is Baayen, 1993); (Garcia-Nufiez et al., 2017); (Locke,
still the biggest group in Iran. Marois, & Papavizas, 1985); (Waalwijk et al., 1996);
In these five regions, the largest population of (Cabanas et al., 2012).
races is related to race 2 (44 isolates) and the lowest
population is related to race 8 (23 isolates). Race 2 is a Acknowledgment
race that has been reported everywhere in the world and The authors are thankful to Department of Plant
always accounts for the largest population. This race can Pathology, College of Agriculture and Natural Resources,
cause disease in different cultivars of cloves such as Science and Research Branch, Islamic Azad University,
Pallas (R. Baayen et al., 2000); (Cabanas et al., 2012); Tehran, Iran for providing and supporting necessary
(Q Migheli et al., 1997). facilities to complete the research.

Since Europe is the center of Dianthus
caryophyllus breeding, it is most likely the origin of VCG
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Oz: Arastirmanin galisma grubunu Konya ili ve ilgelerinde yasayan genelde tarim ve
hayvancilik ile ugrasan 515 sahis olusturmustur. Bu sahislardan 412 tanesi erkek, 113 tanesi de
kadindir. Veri toplama aracinin gelistiriimesi igin oncelikle alan yazin taramasi yapilmis ve oélgek
gelistirme konusunda gergeklestirimis arastirmalar incelenmigtir. Olgeklerde yer alan
maddelerden yola cikilarak 6zgin 47 maddeden olusan deneme formu hazirlanmistir.
Olusturulan oélcek maddelerinin anlagilirlik ve yeterlilik dereceleri hakkinda, 1 egitim bilimci, 1
o6lcme ve degerlendirme ve 2 biyoloji alan egitimi uzmanlarinin gérusleri alinmistir. Uzman
goruslerinden elde edilen dondtlere gére gerekli diizeltmeler yapildiktan sonra, toplam 7 madde
dlgme aracindan g¢ikariimistir. On uygulama yapilmak lizere toplam 40 maddeden olugsan deneme
Olcegi formu olusturulmustur. Faktér sayisinin serbest birakildigi durumda 7 faktére kadar inen
dondirilmus bilesenler matrisi varyans miktarlarina bagh olarak 3 faktér ile sinirlandiriimis ve 13
maddenin dlgekten ¢ikariimasiyla 27 maddeyle son seklini almistir. Yapilan guvenirlik analizleri
sonucunda Cronbach-alfa dederi 0,85 olarak hesaplanmistir. Gecerlik ve givenirlik analizleri
sonuglari, bu ¢alisma ile olusturulan mantara yonelik tutum dlgegi, yeterli dizeyde gecerlik ve
guvenirlik degerlerine sahip bir dlgek oldugunu gostermistir.

Anahtar kelimeler: Makrofunguslar, Tutum 0lgcegi, Etnomikoloji, Betimsel ve Cikarimsal
istatik, Konya

Development of Attitude Scale Towards Macrofungi and its Application in
Konya Region

Abstract: The study group of the research consisted of 515 individuals living in Konya
province and its districts, generally dealing with agriculture and animal husbandry. In order to
develop the data collection tool, first of all, a literature review was conducted and researches on
scale development were examined. Based on the items in the scales, a trial form consisting of
unique 47 items was prepared. Opinions of 1 education scientist, 1 measurement and evaluation
and 2 biology field education experts were taken about the intelligibility and proficiency levels of
the scale items. After the necessary corrections were made according to the feedback obtained
from the expert opinions, a total of 7 items were removed from the measurement tool. A trial scale
form consisting of a total of 40 items was created for pre-application. When the number of factors
was released, the rotated components matrix, which went down to 7 factors, was limited to 3
factors depending on the amount of variance and took its final shape with 27 items by removing
13 items from the scale. As a result of the reliability analysis, the Cronbach-alpha value was
calculated as 0.85. The results of the validity and reliability analyzes showed that the mushroom
attitude scale created in this study is a scale with sufficient validity and reliability values.

Key words: Macrofungi, Attitude scale, Ethnomycology, Descriptive and Inferential
Statistics, Konya
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Girig

Mantarlar eski zamanlardan beri insanlarin ilgisini
cekmis ve bircok buydk uygarligin kitabelerinde yer
almistir ve makromantarlar her zaman insanlari
etkilemistir (Rai, 2004). Dinyanin doért bir yanindan
yapilan etnomikolojik arastirmalar, hangi tirlerin
yenilebilir ve zehirli olarak kabul edildigini belgelemeye
devam etmektedir. (Li ve ark., 2021). Son yillarda
makromantar cesitliligi bakimindan olduk¢a zengin olan
Ulkemizin makromantar cesitliliginin tespit edilmesine
yonelik 6nemli galismalar yapilmistir (Celik ve ark., 2020;
ileri ve ark., 2020; Sesli ve ark., 2020; Uzun ve ark., 2020;
Yesil ve ark., 2020; Cetinkaya ve ark., 2021; Orug ve ark.,
2021; Selem ve ark., 2021). Ulkemizde yapilan galigmalar
incelendiginde 40'a yakin yenen mantar turli, yemeklik
olarak toplanarak semt pazarlarinda satiimakta bazilari
da ihra¢ edilmektedir (Alkan ve ark., 2016). Dogal olarak
yetisen yenen mantar turleri olduk¢ca fazla olmasina
ragmen, her bodlgenin sadece birka¢ tane mantar tirinu
tanidi§1 ve tukettigi bir gercektir. Yapilan bu calisma
arastirma yoresi olan Konya ili ve ilgelerinde dogal olarak
yetisen yenilebilir makromantarlarin belirlenmesi ile
bunlardan maksimum seviyede istifade edilmesinin
saglanmasi ile birlikte bu tirlerin ekonomik ve
farmakolojik 6zelliklerinin belirlenmesi bakimindan temel
olusturma imkani saglayacaktir.

Ulkemizin bazi yérelerinde iyi bilinen ve ¢ok sevilen
makrofungus tirleri baska yorelerde bilinmemekte, hatta
zehirli olarak taninmaktadir. Ornegin, Akdeniz, Ege ve
Dogu Anadolu’'nun kuzey kesimlerinde halk tarafindan
cok iyi bilinen, yenen ve yuksek fiyatlarla satilan
Morchella turleri Van, Bitlis, Mus ve Igdir yorelerinde
zehirli olarak bilinmektedir (Demirel, 1993; Kaya, 1999;
Uzun, 2004).

Ancak kirsal kesimden kentlere olan gogclere ve

gelisen teknolojiye paralel olarak, yeni nesiller bu
hazinenin  degerini  bilmemekte ve bu bilgiler
kullaniimadigi i¢in kaybolma riski tasimaktadir. Bu

nedenle ¢ok degerli bu bilgilerimizin bir an énce yazil
hale getirilme  zorunlulugu ortaya c¢ikmaktadir.
Makrofungal cesitlilik ile ilgili yapilacak g¢aligmalar 6nem
kazanmaktadir. Mantara ydnelik gelistirdigimiz bu tutum
Olcedi de etnomikolojik calismalar icin bir model
olusturacaktir.

Thurstone (1931), tutumu “psikolojik bir objeye
yonelen olumlu veya olumsuz bir yogunluk siralamasi ve
derecelemesidir’ seklinde tanimlamaktadir. Tutum

“yasanti ve deneyimler sonucu olusan, ilgili oldugu batin
obje ve durumlara karsi bireyin davraniglari Uzerinde
yonlendirici veya dinamik bir etkileme gicine sahip
duygusal ve zihinsel hazirlik durumudur’ seklinde
tanimlanmaktadir. Tutumlarin arasinda i¢ tutarlik olan
bilissel, duygusal ve davranigsal 63eler vardir.

Tutum Olgekleri kisinin kendi igindeki yasamini
ortaya koymasi igin olusturulan bir takim aciklamaya
kisinin cevap verebilmesi igin hazirlanan anketlerdir
(Tezbasgaran, 2008).

Materyal ve Metot

Bu arastirmada nicel arastirma  ydntemi
kullanilmigtir. Nicel arastirma, yapilan ¢alismadan elde
edilen verilerin sayisallastirilarak yorumlanmasi temeline
dayanan bir yontemdir. Standart o6lgme araglar ile
toplanan veriler, sayisallastirilarak yorumlama amagl
istatistikT yontemlerle islenir. Elde edilen bilgiler tablolarla
ifade dilerek yine matematiksel anlamda yorumlanir
(Yildirrm ve Simsek, 2006). Bu calisma bir olgek
gelistirme ¢alismasi oldugdu igin evren-érneklem secimine
gidilmemis, calisma grubu belirlenmigtir. Arastirmanin
¢alisma grubunu, 2018-2020 yillari arasinda Konya ili ve
ilcelerinde ikamet eden agirligini hayvancilik ve giftcilik ile
ugrasan Kigilerin olusturdugu 515 halkimiz ile yapiimigtir.
Sahislarin 402 tanesi erkek 113 tanesi kadindir.

Veri toplama aracinin gelistiriimesi i¢in 6ncelikle
alan yazin taramasi yapilmis ve olgek gelistirme
konusunda gergeklestiriimis arastirmalar incelenmistir.
Olgeklerde yer alan maddelerden yola gikilarak 6zgin 47
maddeden olusan deneme formu hazirlanmigtir. Olgek,
arastirmaci tarafindan hazirlanmistir. Genis zamanl
fiillerle yazilmig olan maddelerin, kolay anlasilir ve
cevaplandirani sikmayacak, anlasilir ve sade bir dil
kullanilarak yazilmasina 6nem verilmistir. Olusturulan
Olgek maddelerinin anlasihrlik ve yeterlilik dereceleri
hakkinda, 1 egitim bilimci, 1 lgme ve degerlendirme ve 2
biyoloji alan egitimi uzmanlarinin gérugleri alinmigtir.
Uzman goérislerinden elde edilen dénltlere gére gerekli
dizeltmeler yapildiktan sonra, toplam 7 madde o6lgme
aracindan gikarilmistir. On uygulama yapilmak Uzere
toplam 40 maddeden olugsan deneme olcegi formu
olusturulmustur. Bu o6lcek maddeleri 3 boyutlu olarak
hazirlanmistir.  Bu boyutlar Mitolojik, duyussal ve
davranigsal boyutlaridir.

Bir dlcekte yer alacak maddeler, alan taramasi
yapilip tasarlandiktan sonra bir 6n incelemeden gegirilmis
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ve gerekli gorulen dizeltmeler yapilmis olsa bile, hentiz

halka uygulanacak safhada degildir (Tezbagsaran, 1996).
Bu ylzden uzmanlarin goéris ve onerileri dogrultusunda
hazirlanmis olan mantara yonelik tutum Olgeginin
deneme formu degisik meslek gruplarindan Konya
merkezde ikamet eden toplam 50 kisiden olusan bir gruba
uygulanmis ve uygulama sirasinda Kigilerin anlamakta
guglik cektikleri maddeler belirlenmistir. Belirlenen bu
maddeler daha sonra tekrar incelenerek gerekli gérulen
dizeltmeler gerceklestiriimistir. Bu asamada, hazirlanan
40 maddelik deneme olcedi Konya il merkezi ve
ilcelerinde yasayan 515 kisiye uygulanmigtir.

Olcekteki maddeler “Kesinlikle Katiliyorum”,
“Katilyorum”, “Kararsizim”, “Katilmiyorum” ve “Kesinlikle
Katilmiyorum” seklinde belirtilen 5’li Likert tipi dereceleme
Olgeginde dizenlenmistir. Olumlu maddeler “Kesinlikle
Katihyorum” kategorisinden baslayarak sirayla 5,4,3,2,1
olarak puanlanirken, olumsuz maddeler ise “Kesinlikle
Katilmiyorum” kategorisinden baslayarak 5,4,3,2,1 olarak
puanlanmistir.

Olgegin temel bilesenler yoéntemiyle aciklayicl
faktor analizi yapilmistir. Yapilan bu ¢géziimlemelere goére
olcek maddelerinin beklenilen alt boyutlarda yer alip
almadiklarinin ve maddelerin baska faktorlerle binisik
(birden ¢ok faktére yuk verme) olup olmadiklarinin
belirlenmesi amaciyla madde faktor yukleri incelenmistir.
Olgegin yapi gegerligine iliskin degerlendirme yapmak
amaciyla “Dondirtilmis Temel Bilesenler Analizi” ve
Olcekten alinan toplam puanlarla dlgit olarak alinan
duyussal, teknoloji ve davranigsal boyutlarin puanlari
arasindaki iligkiyi ortaya koymak agisindan pearson
korelasyon katsayilari hesaplanmistir. Olgek gelistirme
asamalarindan sonra olusturulan deneme 6élgeginin son
halini almasi icin, dlgedin genelinin ve alt boyutlarinin
Cronbach Alpha guvenirlik katsayllari hesaplanmistir.
Gegerlilik ve guvenirlilik calismasi yapilmis olan olcekle,
halkin mantara yonelik tutumu cesitli degiskenler
acisindan kiyaslanmistir.

Arastirmada veri toplama araciyla toplanan
verilerin analizine gegmeden 6nce, 6gretmen adaylarina
dagitilarak toplanan d6lgcme araglari 1’den 515e
numaralandiriimistir. Numaralandirma isleminden sonra
programi ile yapimistir Ylzde, aritmetik ortalamalari,
standart sapmalari gibi 6lgegin Betimsel analizleri de
yapilmistir. Mantara yénelik Tutum Olgegi Likert tipi 6lgek
olarak hazirlanmis olup taslak olgcegin Konya ili ve
ilgelerinde yasayan 515 kisiye uygulanmistir. Orneklem
grubu 402’si erkek ve 113 kadin olmak lizere 515 kisiden
olugsmaktadir. (Tablo 1) verilen numaralara uygun olarak
veriler bilgisayar ortamina aktariimistir. Veriler bilgisayar
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ortamina aktartildiktan sonra 6élgcedin gecerlik ve
guvenirliligi SPSS programi ile yapilmistir Ylzde,
aritmetik ortalamalari, standart sapmalari gibi dlgegdin
Betimsel analizleri de yapiimistir.

Tablo 1. Olgegin Uygulandigi Orneklemin Cinsiyet
Frekans Tablosu

CINSIYET SIKLIK YUZDE
ERKEK 402 78,1
KADIN 113 21,9

Genel Toplam 515 100,0

Olgegin uygulandidi yas grubu 144 kisi 18-25 yas
arasinda, 122 kisi 26-35 yas arasinda, 128 kisi 36-45 yas
arasl, 86 kisi 46-55 yas arasi, 35 kisi 55 - Uzeri yasinda
sahislardir. (Tablo 2)

Tablo 2. Olgegin Uygulandiyi Orneklemin Yasa
Gore Frekans Tablosu

YAS ARALIGI SIKLIK YUzDE
18-25 144 28,0
26-35 122 23,7
36-45 128 24,9
46-55 86 16,7
55-lizeri 35 6,8
Genel Toplam 515 100,0
Bulgular

Olgekte toplam 40 madde bulunmaktadir ve bu
Olgek toplam 515 kisiye uygulanarak érneklem bayuklGgu
acisindan ¢ok iyi derecede bir yeterlilide sahiptir.
Orneklemde bulunan verilerin analize uygun degerde
olup olamadiginin bilinmesi igin Kaiser-Meyer-Olkin
(KMO) katsayisi ve ve Bartlett Sphericity testi
yapilimaktadir. Elde edilen KMO degeri ile ilgili uygun
degerler asagida bulunan tabloda verilmistir Bu tabloya
g6re yorum yapllabilmektedir.

Tablo 3. KMO Degerinin Diizey Tablosu
Kaiser-Meyer-Olkin

Ornekleme Yeterliliginin Olgimd. DEes
Yaklasik. Ki-Kare 11356,946
Bartlett ‘in
Kuresellik Testi Df 780
Sig. 0,000
*p<0.05

Arastirmadan elde edilen verilerin faktor analizine
uygunlugunu belirlemek i¢in yapilan 6n analiz ¢alismalari
neticesinde; KMO (Kaiser-Meyer-Olkin)  (Orneklem
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Hacmi Uygunlugu Olgiimii) degeri 0,863 olup, Bartlett
Sphericity Testi (Bartlett Buttinlik Testi) sonucu 0,00
olmasi degiskenler arasinda faktdr analizi yapmaya
yeterli dizeyde bir iligki oldugunu go6stermektedir
(p<0.05). Ki kare degerinin 11356,946; df'nin 780 olmasi
verilerin  agimlayici  faktér analizine uygunlugunu
gostermektedir.

40 maddeden hazirlamis oldugumuz Olgegimizin
guvenirlik katsayisi 0,85 olarak hesaplanmigtir. (Tablo 4)

Aralik(2022)13(Ozel Sayr)81/98

1.Faktér toplam varyansin  %15,369'Und, 2.Faktor
%13,936’sin1,  3.Faktor %12,6971’ini,  4.Faktor
%4,573'Unl,  5.Faktor %4,294’GUnl, 6. Faktor
%3,953'in{, 7. Faktor %3,944'Unu, 8. Faktor %3,549'unu

ve 9. Faktor %3,2071’ini agiklamaktadir.

Tablo 4. Olgegin analiz bulgularina ait cronbach
alpha degeri Tablosu
Cronbach Alfa

Total degerlere bakildiginda baslangic yiik degeri Cronbach Alpha Standart N 6ge
1’in Uzerinde olan 9 faktdr bulunmaktadir. Bu 9 faktdrin L EREEIEE DEFEL
0,84 0,85 40

varyansa yaptigi katkinin % 65,510 oldugu gorulmektedir.
Fakat faktér sayisina karar verirken her bir faktorin
toplam varyansa yaptigi katki énemlidir. Elde edilen

Tablo 5. Agiklanan Toplam Varyans Tablosu

ilk Ozdegerler Kare Yiiklemelerin Kare Kare Yiiklemelerin Déndiirme
Cikarma Toplamlari Yiklemelerin Toplamlari
Cikarma
Toplamlari

;%u;\ Toplam Varyansin  Kiumulatif  Toplam Varyansin Kamulatif Toplam  Varyansin Kamulatif

m Yizdesi Yizdesi yuzdesi Yuzdesi Yizdesi Yizdesi
1 8,711 21,777 21,777 8,711 21,777 21,777 6,148 15,369 15,369
2 6,049 15,123 36,900 6,049 15,123 36,900 5,574 13,936 29,305
3 3,492 8,730 45,630 3,492 8,730 45,630 5,076 12,691 41,996
4 1,752 4,379 50,009 1,752 4,379 50,009 1,829 4,573 46,569
5 1,584 3,960 53,969 1,584 3,960 53,969 1,718 4,294 50,863
6 1,289 3,223 57,192 1,289 3,223 57,192 1,581 3,953 54,816
7 1,197 2,992 60,183 1,197 2,992 60,183 1,578 3,944 58,760
8 1,104 2,759 62,942 1,104 2,759 62,942 1,420 3,549 62,309
9 1,027 2,567 65,510 1,027 2,567 65,510 1,280 3,201 65,510

Ekstraksiyon Yontemi: Temel bilesenler Analizi.

84



MANTAR DERGISI/The Journal of Fungus
3" International Eurasian Mycology Congress 2022

b s

Aralik(2022)13(Ozel Sayr)81/98

Scree Plot

Eigenvalue

=

-0

-
(S
e
4o
=
[oP
=~ -
0 =
©-

T T T T T T T T T 1T T T 71T T 17T T 1T T T 17T T 17T T 71T T 17T T 717771
101112131415161718192021222324252627 282030 31 3233343536 37383940
Component Number

Sekil 1. Yamag-Birikinti Grafigi

% varyansinin grafigine bakildiginda 9 bilesenin
blylk olciide varyansa katki sagladigi, 10. bilesenden
itibaren bu katkinin azaldigi gorilmektedir. Bu durumda
baslangicta 5 olarak dislndllen faktor sayisinin 9 olarak
sinanmasina karar verilebilir. Bu karar verilmeden 6nce
“Scree Plot” grafigi incelenmistir.

Yatay ekseninde bilesenler, dikey eksenine dogru
bir inis yapmaktadir. Bu inis egilimi varyansa katki
gercevesinde noktalarla gosteriimektedir. iki nokta arasi
her aralik bir faktér anlamina gelmektedir. Sekilde
goéraldiga gibi 3. noktadan sonra egim bir plato
yapmaktadir. 3. noktadan sonraki bilegenlerin varyansa
yaptiklari katki hem kuguk hem de yaklasik olarak aynidir.

Temel bilesenlerin analizi olan birinci asamasi 40
degisken ile yapilmistir. Dondiridlmus temel bilesenler
analiziyle benzer yapiyi 6lgemeyen maddeler saptanarak
bu analizden ¢ikarilacaktir. Bu maddeleri saptamadaki
kriterler agagida verilmistir (Buyukdzturk, 2007).

1- Bulunduklari  faktérdeki maddenin yuk
degerinin ylksek olmasidir. Faktdr guvenirliginin yiksek
olmasi yani faktér agirhginin ne kadar agdir olmasi o
faktord agiklama gucd ile ilgilidir. DUslk faktor agirligina
sahip maddeler faktér aciklamada yetersiz kaldigi i¢in
analizden c¢ikariimaktadir. Faktér agirhgi 0,40 nin
Uzerinde olmasi gerekmektedir, 0,40 nin altinda kalan
degerler analizden cikariimaktadir.

2- Bir maddenin yiksek iki yuk degerlerindeki
farkin olabildigince yiksek olmasi beklenen bir durumdur.
Bu faktorlerdeki en ylksek yik degeri ile bundan sonraki
yuksek degerin farki en az 0,10 olmasi Onerilmektedir.
Birden fazla faktér olan bir yapida, daha c¢ok faktérde
yuksek yik degeri bulunan maddeye binisik madde denir
ve analizden ¢ikarilmasi uygun goéruldr.

3- Faktor analizi sonucunda Olgekte kalmasina
karar verilen maddelerin faktorlere gore dagihimi ile faktor
yukleri asagidaki tabloda bulunmaktadir.

Olgekteki maddelerin yiik degerlerinin 0,404 ile
0,815 arasinda degismektedir. Olgek; “mitolojik, duyussal
ve davranigsal” olmak Uzere 3 boyuttan meydana
gelmektedir. Mitoljik boyutunu 25, 19, 18, 13, 20, 17, 38,
6, 24, 10. maddeler olusturmaktadir. Duyussal boyutunu
olusturan 29, 32, 30, 37, 2, 16, 33, 22, 39 ve 4.
maddelerdir. Davranigsal boyutunu da 40, 1, 12, 15, 26,
5, 7, 11, 9 ve 36. maddeler olusturmaktadir. (Tablo 6)
Ayrica kalan 27 madde de mantar tutum olgeginin alt-tst
gruplarina dayanan gegerlilik analizi yapiimigtir. Bu
gecerlilk analizinde 5, 9, 36. maddeler anlamli olmadigi
go6rulmis ve dlgekten gikariimigtir.(p<0.05). (Tablo 7)

Mantara Ait Boyutlarin Uyum Modeli ve Dogrulayici
Faktor Analizi (LISREL) yapilmig, Uyum modeli icin
maddelerin aldigi madde sira numaralari Tablo 8'de
gOsterilmigtir.
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Tablo 6. Déndurtlmas Bilesenler Matriksi Tablosu Acimlayici faktér analizi ile olusturdugumuz, 3

Bilesenler faktorlti 27 maddeden olusturulan, mantara yonelik tutum
1 2 3 Olgeginin dogrulayici faktdér analizi sonucunda elde
M25 0,815 ettigimiz veriler yukarida verilmistir. Dogrulayici faktor
M19 0,809 analizi ile kurulan modellerin verilere uyumu incelenmistir.
e 0768 Dogrulayici faktér analizi kapsaminda, x2/df (ki-
' kare/serbestlik derecesi) degeri 5 olarak bulunmustur.
L L Cikan sonuca bakildiginda mikemmel uyum goésterdigi
M20 0,753 anlagilmaktadir. Eger deger 2 ya da altinda ki
M17 0,699 degerlerden biri olursa mikemmel uyum gdésterdigini, 5
M38 0,689 ya da altinda bir deger almasi o modelin kabul edilebilir
M6 0,670 uyuma sahiptir (Kline, 2010; Stimer, 2000; Akt: Simsek,
M24 0,651 2007).
' Model de RMSEA degeri 0,089 olarak
M10 0,574 bulunmustur. Modelin RMSEA degerinin 0,05 degerinden
M29 0,809 kiicik c¢ikmasi mikemmel uyum gosterdigini, 0,08
M32 0,797 degerinden ise kuciuk ¢ikmasi ise kabul edilebilir iyi bir
M30 0,757 uyumu gosterir (Sérbom, Du Toit, Joreskog, & Du Toit,
M37 0,726 2001). Bunun sonucunda yapilan analizde ¢ikan deger
model kabul edilebilir uyum goéstermektedir.
M2 Ui Model de GFI ve AGFI degerleri, GFI'nin 0,81,
M16 0,685 AGFI'nin ise 0,78 oldugu gériilmektedir. GFI ve AGFI
M22 0,649 indeks degerlerinin 0,95 ve Uzeri olmasi mikemmel
M33 0,634 uyuma, 0,90 ve Uzeri oldugunda ise iyi uyum
M39 0,571 gostermektedir (Hooper & ark 2008). Buna gore analizde
M4 0,504 GFI ve AGFI degerlerinde zayif uyum gdérulmektedir.
RMR uyum indeksinin 0,14 ve SRMR uyum
M g indeksinin 0,086 oldugu gérilmektedir. RMR ve SRMR
M1 0,781 degerlerinin 0,05 ve alti olmasi milkkemmel uyuma, 0,1 ve
M12 0,769 altinda olmasi ise iyi uyumu gostermektedir (Aydin,
M15 0,697 2010). Bu analizde bulunan RMR degerinin zayif uyumda
M26 0,688 oldugu ve SRMR degerinin ise kabul edilebilir uyumda
oldugu gérulmektedir.
M> 0,632 Modelin NFI, NNFI ve CFlI uyum indekslerine
ALl C bakildiginda, NFI'nin 0,90; NNFI'nin 0,91, CFI'nin 0,92
M11 0,434 degerlerine sahip oldugu gorilmektedir. NFI, NNFI ve CFI
M9 0,409 degerlerinin 0,95 ve Uzeri olmasi mukemmel uyuma, 0,90
M36 -0,404 ve Uzeri olmasi kabul edilebilir uyumda oldugunu

gOstermektedir (Stimer, 2000). Analiz incelendiginde NFl,
CFl ve NNFI kabul edilebilr uyumda oldugu

Mantara ait tutum Olcedinin faktoriyel yapisini
¢e9 ye' yap gorilmektedir. (Tablo 9)

gOstermek icin dogrulayici faktér analizi yapilmistir.
Mantar tutum dlgegi, ac¢imlayici faktor analizi 30
maddeden ve 3 faktdérden olusmaktadir. Madde boyutlari
uyum modeli degerleri de Tablo’9 da verilmistir.
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Tablo 7. Alt-Ust Gruplarina Dayanan Gegerlik Analizi Tablosu

Sayi Ortalama Standart t Sd. P BYD
Sapma

M25 ALT 139 2,7914 1,37511 -7,221 276 0,000 0,71
UsT 139 3,7914 0,88034 -7,221 234,850 0,000

M19 ALT 139 2,5108 1,15700 -8,408 276 0,000 0,68
UsT 139 3,5468 0,87826 -8,408 257,394 0,000

M18 ALT 139 2,6403 1,10995 -7,612 276 0,000 0,77
UsT 139 3,5540 0,87785 -7,612 262,089 0,000

M13 ALT 139 2,7194 1,25125 -16,009 276 0,000 0,68
UsT 139 4,5827 0,56337 -16,009 191,741 0,000

M20 ALT 139 2,8345 1,27175 -4,818 276 0,000 0,66
UsT 139 3,4964 1,00271 -4,818 261,752 0,000

M17 ALT 139 2,5180 1,07913 -9,857 276 0,000 0,66
UsT 139 3,7338 0,97487 -9,857 273,199 0,000

M38 ALT 139 2,8058 1,36136 -14,302 276 0,000 0,64
UsT 139 4,5755 0,52445 -14,302 178,079 0,000

M6 ALT 139 2,7770 1,42972 -6,779 276 0,000 0,61
UsT 139 3,8058 1,07594 -6,779 256,350 0,000

M24 ALT 139 2,5971 1,12107 -7,022 276 0,000 0,55
UsT 139 3,4101 0,77845 -7,022 245,975 0,000

M10 ALT 139 2,8561 1,40166 -11,031 276 0,000 0,61
UsT 139 4,3885 0,84708 -11,031 226,939 0,000

M29 ALT 139 3,1007 1,34754 -12,426 276 0,000 0,71
UsT 139 4,6547 0,59845 -12,426 190,398 0,000

M32 ALT 139 2,8777 1,35379 -15,271 276 0,000 0,73
UsT 139 4,7410 0,48661 -15,271 173,073 0,000

M30 ALT 139 3,0504 1,45624 -10,930 276 0,000 0,69
UsT 139 4,5540 0,71397 -10,930 200,720 0,000

M37 ALT 139 2,9712 1,36170 -12,074 276 0,000 0,59
UsT 139 4,5827 0,78850 -12,074 221,190 0,000

M2 ALT 139 3,1942 1,38772 -11,004 276 0,000 0,77
UsT 139 4,6043 0,59732 -11,004 187,438 0,000

M16 ALT 139 3,0791 1,44996 -11,473 276 0,000 0,56
UsT 139 4,6259 0,65135 -11,473 191,516 0,000

M22 ALT 139 2,6187 1,28760 -14,341 276 0,000 0,62
UsT 139 4,5899 0,98402 -14,341 258,197 0,000

M33 ALT 139 3,0935 1,37731 -9,933 276 0,000 0,59
UsT 139 4,5180 0,98063 -9,933 249,308 0,000

M39 ALT 139 3,4388 1,33033 -8,069 276 0,000 0,63
UsT 139 4,4173 0,52336 -8,069 179,716 0,000

M4 ALT 139 3,4604 1,36873 -3,201 276 0,002 0,69
UsT 139 3,9712 1,29067 -3,201 275,054 0,002

M40 ALT 139 2,6763 1,44571 -10,784 276 0,000 0,74
UsT 139 4,1799 0,78252 -10,784 212,469 0,000

M1 ALT 139 2,6043 1,62239 -13,580 276 0,000 0,78
UsT 139 4,6619 0,74750 -13,580 194,063 0,000

M12 ALT 139 2,8345 1,48225 -12,494 276 0,000 0,72
UsT 139 4,6331 0,82659 -12,494 216,262 0,000

M15 ALT 139 2,7482 1,45011 -13,434 276 0,000 0,70
UsT 139 4,6259 0,78272 -13,434 212,121 0,000

M26 ALT 139 2,4676 1,59847 -15,191 276 0,000 0,69
UsT 139 4,7626 0,78558 -15,191 200,988 0,000

M5 ALT 139 2,8705 1,54091 1,178 276 0,240 0,63
UsT 139 2,6691 1,29876 1,178 268,308 0,240

M7 ALT 139 2,9424 1,35545 -1,976 276 0,049 0,50
UsT 139 3,2878 1,55221 -1,976 271,080 0,049

M11 ALT 139 2,8129 1,44748 -3,797 276 0,000 0,58
UsT 139 3,4604 1,39495 -3,797 275,624 0,000

M9 ALT 139 2,6763 1,37901 -,161 276 0,872 0,54
UsT 139 2,7050 1,59462 -,161 270,374 0,872

M36 ALT 139 2,8993 1,41572 1,746 276 0,082 0,63
UsT 139 2,56827 1,60117 1,746 271,921 0,082
TOPLAM ALT 139 85,4676 12,24763 -31,975 276 0,000
UsT 139 121,7122 5,34769 -31,975 188,773 0,000
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Sira NumaralariTablosu

Olgegin madde sira Lisrel Model
numarasi Sira Numarasi

S25

S19 2
S18 3
s13 4
S20 5
S17 6
S38 7
S6 8
S24 9
S10 10
S29 11
S32 12
S30 13
S37 14
S2 15
S16 16
S22 17
S33 18
S39 19
S4 20
S40 21
S1 22
S12 23
S15 24
S26 25
S7 26
S11 27
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Tablo 9.
Madde Kabul
Boyutlari Uyum . edilebilir Olgekten Elde Edilen
. Mikemmel Uyum N .
Modeli N . Uyum Uyum Degeri(Fit Uyum Derecesi
y . Degerleri 2 . . )
Degerleri (Values of Good Fit) Degerleri Values Obtainedfor (Status of Fit)
TablosuUyum (Acceptable the SuggestedScale)
Kriteri Fit Values)
(Fit Criteria)
Ki-kare (p) - - 1611,39 (p=0,00) -
Df - - 321 -
Ki-kare/df 0< y/df<2 X /df<5 5 Kabul Edilebilir Uyum
RMSEA 0,00sRMSEA=<0,05 RMSEA<0,08 0,08 Kabul edilebilir uyum
RMR 0,00sRMR<0,05 RMR<0,08 0,14 -
SRMR 0,00sSRMR<0,05 SRMR<0,08 0,08 Kabul edilebilir Uyum
GFI 0,95<GFI<1,00 GF120,90 0,81 -
IFI 0,95<IFI<1,00 IFI1=0,90 0,92 Kabul edilebilir Uyum
AGFI 0,95=AGFI<1,00 AGFI20,90 0,78 -
PNFI 0,95<PNFI<1,00 PNFI=0,50 0,82 Kabul edilebilir Uyum
PGFI 0,95=PGFI=<1,00 PGFI=0,50 0,69 Kabul edilebilir Uyum
CFlI 0,95=CFI=<1,00 CFI1=0,90 0,92 Kabul edilebilir Uyum
NFI 0,95=NFI=<1,00 NFI1=0,90 0,90 Kabul edilebilir uyum
NNFI 0,95<NNFI<1,00 NNFI=0,90 0,91 Kabul edilebilir uyum

Analiz sonucunda Uyum Modeli Estimates davranigsal boyut arasinda zayif dizeyde anlamli

Bulgularina gére chi-square degeri 1615,20, df degeri 321
ve RMSEA degeri 0,089 bulunmustur. Maddenin yik
degerleri 0,44 ile 1,78 arasinda degismektedir.

Standardize edilmis uyum modelinde madde
yukleri 0,25 ile 0,90 arasinda degismektedir.

Arastirmalarda gesitli siniflamalar olmasi dahilinde,
siklikla 0,00 ile 0,30 arasi degerler zayif, 0,31 ile 0,49
arasi degerler orta, 0,50 ile 0,69 arasi degerler guigld,
0,70 ile 0,100 arasi degerler ise ¢ok gugli iliski oldugunun
g0stergesidir(Tavsancil, 2006).

Analize gbre mitolojik boyut ile duyussal boyut
arasinda zayif dizeyde anlamli olmayan bir iligki oldugu
gorulmektedir (r=0,048; p>0.01).Mitolojik boyut ile

olmayan bir iligki oldugu gorulmektedir (r=-0,021; p>0.01).
Duyussal boyut ile davranigsal boyut arasinda ise orta
dizeyde ve pozitif yonde anlamh bir iliski oldugu
gorilmektedir (r=0,398; p<0.01). Mitolojik boyut ile
Olgegin geneli arasinda gigclu dizeyde ve pozitif yonde
anlaml bir iligki oldugu goérulmektedir (r=0,586; p<0.01).

Duyussal boyut ile 6lgedin geneli arasinda ¢ok
glclu duzeyde ve pozitif yonde anlamli bir iliski oldugu
go6rulmektedir (r=0,728; p<0.01). Davranigsal boyut ile
Olcegin geneli arasinda gligli diizeyde ve pozitif yonde
anlamh bir iliski oldugu goérilmektedir (r=0,664; p<0.01).
(Tablo 11).
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Tablo 10. Boyutlar Arasindaki iliskiyi Agiklayan Pearson Korelasyon Analizi Tablosu

Korelasyon
GENEL
MITOLOJIK DUYUSSAL DAVRANISSAL TOPLAM
MITOLOJIK Pearson Korelasyonu 1 0,048 0,021 0,586
Sig. (2-tailed) 0,278 0,629 0,000
N 515 515 515 515
DUYUSSAL Pearson Korelasyonu 0,048 1 0,398 0,728
Sig. (2-tailed) 0,278 0,000 0,000
N 515 515 515 515
DAVRANISSAL  Pearson Korelasyonu 0,021 0,398** 1 0,664**
Sig. (2-tailed) 0,629 0,000 0,000
N 515 515 515 515
GENELTOPLAM Pearson Korelasyonu 0,586 0,728 0,664 1
Sig. (2-tailed) 0,000 0,000 0,000
N 515 515 515 515

**p<0.01 dizeyinde anlamlidir.

Kisilerin dlgekteki maddeler icin verdikleri yanitlar
dlgltlere gore puanlama yapilmistir. Olgekte bulunan
ortalamalar boyut ydniinden incelemek icin o boyutun
maddelerinin ortalamalarinin ortalamasi bulunmustur. Bu
ortalamaya ek olarak élgegin ortalamasi da bulunmustur.
Mantara yonelik bu tutum &lgek verilerini SPSS programi
ile yapilan betimsel analiz verileri gosterilmistir. (Tablo 11)

Betimsel analiz sonuglarina bakilarak 6élgegin
ortalamasi 3,52 olarak bulunmustur ve olumlu tutuma
sahip olduklari belirlenmistir.  Ayni sekilde ‘Mitolojik’
boyutun ortalamasi 3,27, ‘duyussal’ boyutun ortalamasi
3,76, ‘ ‘davranigsal’ boyutun ortalamasi 3,54 olarak

bulunmustur. Ug boyutunda bu seviyelerde olmasinda
Olcedi yanitlayan kisilerin  mitolojik, duyussal ve
davranissal boyutlarindan olumlu bir tutuma sahip
olduklari belirlenmistir. Kisiler genel olarak ‘ Katiliyorum’
tutumuna sahip olduklari séylenebilir.

Olcekte bulunan maddelerin standart sapma
degerlerine bakildiginda 1,03112 ile 1,53061 araliinda
degismektedir. Bu degiskenlik kigilerdeki tutumlarin
farkhlagsmasinin fazla olmasindan kaynaklanmaktadir.
Olgekte bulunan boyutlarin ortalamalar ise 24,8019 ile
37,6408 arasi degismektedir.
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Tablo 11. Mantara Yo6nelik Tutum Olgegin Boyutlarina Gore Betimsel
Istatistiklerine Ait Analiz Bulgulari Tablosu

Tanimlayici istatistikler

Std.
N Minimum Maximum Ortalama Sapma

istatistik istatistik Istatistik Istatistik Istatistik
M25 515 1,00 5,00 3,3107 1,21621
M19 515 1,00 5,00 3,1029 1,11372
M18 515 1,00 5,00 3,1689 1,08429
M13 515 1,00 5,00 3,4447 1,25934
M20 515 1,00 5,00 3,2350 1,17577
M17 515 1,00 5,00 3,0816 1,13537
M38 515 1,00 5,00 3,4602 1,33491
M6 515 1,00 5,00 3,3398 1,31108
M24 515 1,00 5,00 3,1359 1,03112
M10 515 1,00 5,00 3,4854 1,25584
MIKOLOJIK 515 10,00 50,00 32,7650 8,64030
M29 515 1,00 5,00 3,7670 1,15529
M32 515 1,00 5,00 3,7728 1,16901
M30 515 1,00 5,00 3,7825 1,18325
M37 515 1,00 5,00 3,7748 1,19326
M2 515 1,00 5,00 3,9165 1,06538
M16 515 1,00 5,00 3,7981 1,25146
M22 515 1,00 5,00 3,5767 1,32157
M33 515 1,00 5,00 3,8252 1,17221
M39 515 1,00 5,00 3,7320 1,10976
M4 515 1,00 5,00 3,6951 1,29886
DUYUSSAL 515 10,00 50,00 37,6408 8,22454
M40 515 1,00 5,00 3,4893 1,30897
M1 515 1,00 5,00 3,8408 1,44614
M12 515 1,00 5,00 3,7184 1,31748
M15 515 1,00 5,00 3,5534 1,33734
M26 515 1,00 5,00 3,7942 1,53061
M7 515 1,00 5,00 3,3398 1,35199
M11 515 1,00 5,00 3,0660 1,36362
DAVRANISSAL 515 7,00 35,00 24,8019 6,95536

GENELTOPLAM 515 27,00 130,00 95,2078 15,67066
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Tablo 12. Olgekte Kalan Maddelere Verilen Cevaplarin Frekans Degerleri

el Katiimiyorum Kararsizim Katiliyorum el
Maddeler Katilmiyorum y y Katillyorum
f % f % f % f % f %
M25 50 9,7 72 14,0 164 31,8 126 24,5 103 20,0
M19 54 10,5 68 13,2 229 445 99 19,2 65 12,6
M18 47 9,1 64 12,4 220 42,7 123 23,9 61 11,8
M13 48 9,3 71 13,8 129 25,0 138 26,8 129 25,0
M20 51 9,9 68 13,2 193 375 115 22,3 88 17,1
M17 52 10,1 96 18,6 185 35,9 122 23,7 60 11,7
M38 65 12,6 72 14,0 66 12,8 185 35,9 127 24,7
M6 53 10,3 99 19,2 109 21,2 128 24,9 126 245
M24 47 9,1 57 11,1 235 45,6 131 25,4 45 8,7
M10 53 10,3 71 13,8 75 14,6 205 39,8 111 21,6
M29 34 6,6 43 8,3 84 16,3 202 39,2 152 295
M32 30 5,8 53 10,3 84 16,3 185 35,9 163 31,7
M30 36 7,0 48 9,3 68 13,2 203 39,4 160 31,1
M37 36 7,0 49 9,5 68 13,2 208 40,4 152 295
M2 23 4,5 31 6,0 84 16,3 205 39,8 172 334
M16 48 9,3 37 7,2 66 12,8 184 35,7 180 35,0
M22 62 12,0 48 9,3 88 17,1 165 32,0 152 295
M33 37 7,2 37 7,2 73 14,2 200 38,8 168 32,6
M39 32 6,2 44 8,5 80 15,5 233 45,2 126 245
M4 48 9,3 58 11,3 74 14,4 158 30,7 177 344
M40 75 14,6 44 8,5 57 11,1 232 45,0 107 20,8
M1 75 14,6 35 6,8 30 5,8 132 25,6 243 47,2
M12 51 9,9 56 10,9 65 12,6 158 30,7 185 35,9
M15 55 10,7 77 15,0 65 12,6 164 31,8 154 29,9
M26 100 19,4 12 2,3 30 5,8 125 24,3 248 48,2
M7 72 14,0 79 15,3 83 16,1 164 31,8 117 22,7
M11 74 14,4 147 28,5 58 11,3 143 27,8 93 18,1
Tartigma 2018-2020 yillari arasinda Konya ili ve ilgelerinde

Bu calismanin temel amaci, Konya bdlgesinde
yasayan halkin vyenilebilir makromantarlara yonelik
tutumlarini 6lgmeye yonelik gegerli ve guvenilir bir 6lgek
gelistirmektir. Gelistirilen bu Olgekle halkin mantara
yonelik tutumlarini  belirleyerek c¢esitli degiskenler
acisindan incelemektir. Ayrica halkin mantarlari ne kadar
tanididi ve mantari ne sekilde kullandiklarini ortaya
koymaktir. Calisma tarama modelinde nicel bir aragtirma
yontemiyle tasarlanmistir. Tarama modelleri, gegmiste ya
da halen var olan bir durumu oldugu sekliyle betimlemeyi
amagclayan arastirma yaklasimlaridir. Aragtirmaya konu
olan olay, birey ya da nesne, kendi kosullar iginde ve
oldugu gibi tanimlanmaya caligilir (Karasar, 2008).

Arastirmanin ilk asamasinda gesitli literatir
calismalari yapildiktan sonra uzman goérisinden
yararlanilarak 47 maddelik begli Likert tipi mantar tutum
6lcedi formu hazirlanmig, olusturulan tutum élgedi formu

yasayan toplam 515 kisiye uygulanmistir.

Faktor analizi, uygulamakta oldugumuz dlgekte yer
alan maddelere verilen cevaplarin arasinda bir uyum ve
tutarhlik olup olmadigina bakilmak igin uygulanan yapi
gegerliginin bir tirididr (Karako¢ ve Donmez, 2014).
Faktor analizi, elde edilen verilerin minin seviye
getirilmesini ve tutumla ilgili olan analizleri yapmaya
yarayan bir tekniktir. Arastirma yapacak Kkisinin ilk
hedefledigi amag; Olclilmek istenilen bir kavrami
hazirladigi maddelerin bu kavrami ne derecede
Olcebildigi ve bu kavram ile ilgili serbest faktorleri tespit
etmektir. Faktor analizindeki amag ise; miktar yoniinden
yetersiz olan faktorler tarafindan miktari ¢ok olan
maddelerin beyan edilebilmesidir. Faktér analizi igin
aciklayici ve dogrulayici faktdér analizi yapilmaktadir.
Onceden belirlenmis bir hipotezi degil de &lgekteki
degiskenler ile olgilen faktorlerle ilgili veri toplamak
amaclyla vyapilan analize acimlayici faktdér analizi
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(exploratory factor analysis) denir. Degiskenler ile ilgili
onceden olusturulmus bir hipotezi test etmeye yada
kuramina uygun olup olmadigini anlamak i¢in yapilan
analize dogrulayici faktor analizi (confirmatory factor
analysis) seklinde tanimlanir (Can, 2013).Bu analizi
yapmak igin yeteri sayida &rneklemin olmasi ¢ok
onemlidir. Madde sayisi ile 6rneklemin buydklugu
arasinda 5-10 kat farkla 6rneklemin yuksek degerde
gerekmektedir. Comrey, érneklemin buyukligu agisindan
50 olmasi dahilinde ¢ok zayif, 100 olmasi dahilinde zayif,
200 ise orta diuizeyde, 300 olmasi iyi, 500 sayisinda ¢ok
iyi ve 1000 olana ise mikemmel olarak nitelendirmektedir
(Karadagl ve Ecevit Alpar, 2017).

Kaiser-Meyer-Olkin katsayisi 0,5°den ylksek ve
Bartlett Sphericity Testi anlamli ¢ikarsa, ortaya c¢ikan
verilerin analize uygun oldugu gorilir (Buylkoztirk,
2008; Norusis, 1990). Olgekteki tiim degiskenlerin Steki
degdiskenler ile iyi bir sekilde tahmin edilmesi (Kaiser-
Meyer-Olkin) KMO katsayl degerlerinin oldugundan
yiksek gikmasi ile ilgilidir. EGer degerler sifir veya sifira
yakin bir deger c¢ikmasi Uzeri, korelasyon dagiliminda
daginikligin ortaya ¢ikmasi halinde bu degerlere bakilip
yorum yapmak imkansizdir. Istatistiksel ¢déziimlemeler
faktér sayisini  saptamak i¢in kullanildiginda, ¢ok
degiskenli normalligin oldugu sayiltisi kabul edilir.
Verilerin ¢ok degiskenli normal dagdihmdan geldigi
“Bartlett Kiresellik Testi” ile saptanir. Bu testin sonucu ne
kadar yuksek ise manidar olma olasilii da o kadar artar
(Tavsancil, 2006).

Tablo 13. KMO Degerinin Dizey Tablosu

KMO Degeri Duzey
0.90-1.00 Mikemmel
0.80-0.89 Iyi
0.70-0.79 Orta Dluzey
0.60-0.69 Kot
0.50-0.59 Cok Kot
0.00-0.49 Kabul edilmez

Onceden yapilmig olan agimlayici faktér analiziyle
Olcege ait faktorler ortaya konulmus olup, bu faktorlerin
her biri icin guvenirligi belirlenmistir ve yapilandirma
sireci tamamlanmistir. Sadece agimlayici faktor analizi
kendi basina yeterli gelmemektedir. Bu ylzden &lgegin
dogrulayici faktér analizinin de yapilmasi gerekmektedir
(Hinkin, 1995; Sahin, 2009).

Faktoér analiziyle kurulan hipotezlerin dogrulugunu
saptama igin dogrulayici faktér analizi kullanilir.
Dogrulayici faktér analizindeki amag degiskenler tzerine
kurulu hipotezlerin dogrulugunu test edilmesi ve bu
hipotezler ile olusan faktorlerin aralarindaki iligkiyi
incelemektir. BOylece arastirma yapan kisi degiskenler ile
bilgi sahibi olmaktadir. Bunun sonucunda model igin,
gucld bir kuramsal ya da ampirik temele dayandiriimis
olur (Raykov ve Marcoulides, 2008; Stevens ve Edwards,
1996; Cokluk ve ark., 2014).

Olgek gelistirmede ve gegerlik analizinde daha gok
kullanilan dogrulayici faktér analizindeki amag bir yapinin
dogrulanmasidir. Bu analizde degiskenler arasindaki
Onerilen model ile gbézlenen verinin hangi oranda uyum
sagladigina dair istatistik degerler verir. Dogrulayici faktor
analizi, olcek gelistrme ya da sinama amaciyla
kullanildiginda, faktorleri temsil eden gizil degiskenler
arasinda sadece yonid bilinmeyen iligkiler (korelasyon)
oldugu varsayilir ve genellikle bitlin parametreler serbest
birakilir (Simer, 2000; Cokluk ve ark., 2014).

Olgegin yapi gecerliligini belirlemek icin yapilan
faktor analizi ile 6lgekte yer alan maddelerin mantar tutum
Olgedi ile ilgili hangi faktorleri élgtugu ortaya ¢ikariimigtir.
Elde edilen verilerin faktdér analizine uygun olup
olmadigini belirlemek icin KMO (Kaiser-Meyer-Olkin)
katsayisi ve Barlett Sphericity Testi kullaniimaktadir.
Arastirmadan elde edilen verilerin faktor analizine
uygunlugunu belirlemek igin yapilan 6n analiz galismalari
neticesinde; KMO (Kaiser-Meyer-Olkin)  (Orneklem
Hacmi Uygunlugu Olgiimii) degeri 0,86 olup, Barlett
Sphericity Testi (Bartlett Butlnlik Testi)) sonucu da
anlamh bulunmustur (p<0,05). Ki kare 121 degerinin
11356,96 Dfnin 780 olmasi verilerin faktdr analizine
uygunlugunu goéstermektedir.

Mantara Ait Boyutlarin Uyum Modeli ve Dogrulayici
Faktor Analizi (LISREL) de yapilmigtir. Dogrulayici faktor
analizinde dnceden belirlenmis modelin dogrulugu tespit
edebilmek icin; Ki- Kare Uyum Testi (Chi-Square
Goodness, X2), Serbestlik derecesi (Degrees of Freedom
Sd veya Df), Ki-Karenin serbestlik derecesine orani
(X2/8d), Yaklagik Hatalarin Ortalama Karekdki (Root
Mean Square Error of Approximation, RMSEA),
Normlastiriimis Uyum indeksi (Normed Fit Index, NFI),
Ortalama Hatalarin Karekokih (Root Mean Square
Residual, RMR veya RMS), Standartlastiriimis Ortalama
Hatalarin Karekokl (Standardized Root Mean Square
Residual, SRMR), Uyum lyiligi indeksi (Goodness of Fit
Index, GFI), Karsilagtirmali Uyum indeksi (Comparative
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Fit Index, CFl), Diizeltilmis Uyum lyiligi indeksi (Adjusted

Goodness of Fit Index, AGFI), Normlastiriimamis Uyum
indeksi (Non-Normed Fit Index, NNFI), Artisli Uyum
indeksi (Incremental Fit Index, IFl) gibi birgcok uyum
indeksleri kullaniimaktadir (Kline, 2010; Simsek, 2007).
Ki-kare (x2 ) iyilik uyumu (chi-squaregoodness of
fit); modellerdeki uygunlugunun belirlenmesinde en ¢ok
kullanilan istatistiktir. Tabachnick ve Fidel (2007)’e gore,
analizi en az 100 Kkiginin verileri Uzerinden olmasi
gerektigini, 300 kisinin olusturdugu grubun iyi, 500 Kiginin
olusturdugu grubun c¢ok iyi, 1000 kisinin olusturdugu
grubun ise mikemmel oldugunu izah etmislerdir. Bunun
sonucuna goére dogrulayici faktér analizi igin buyuk bir
ornekleme ihtiyag duyulmaktadir. Kiiglik bir érneklem ile
yapilan dogrulayici faktor analizinin givenirligi hep dusuk
ve gercek verilerle alakasi olmayan sonuglar
dogurabilmektedir (akt: Cetinkaya, 2007). Orneklemin
bayuklugunden etkilenen ki-kare istatistiginin yerine en az
etkilenen x2/sd orani kullanilabilir (Simsek 2007; Waltz ve
ark., 2010). X2 degerinin serbestlik derecesine bolinmesi
ile bulunan bu deger 2 veya altinda olmasi gerekmektedir.
5 ve altinda ise kabul edilebilir bir deger olmaktadir
degerdir (Munro 2005; Simsek 2007; Hooper ve ark.,

2008). Orneklem buyudilkce ki-kare istatistiginde
sonuglar anlami oldugundan modelin uyum sireci
zarfinda diger uyum indekslerini de incelemek

gerekmektedir. Madde boyutlari uyum modeli degerleri
tablosu incelendiginde birgok degerde kabul edilebilir
uyum oldugu goridlmustar.

Faktor sayisinin  belirlenmesinde 6z deger
istatistigi ve faktorlerin 6z degerlerine ait cizgi grafigi
kullaniimigtir. Total de@erlere bakildiginda baslangi¢ 6z
degeri 1’in Uzerinde olan 10 faktér bulunmustur. Bu 9
faktoriin varyansa yaptidi katkinin % 65,510 oldugu
gOrulmastir. Faktér analizi ile madde yik degerleri disik
(0,40'un altinda) ve binisik olan maddeler 6lgekten
cikariimistir. Faktor sayisinin serbest birakildigi durumda
7 faktdre kadar inen doéndiridlmis bilesenler matrisi
varyans miktarlarina bagl olarak 3 faktor ile
sinirlandiriimis ve 13 maddenin dlgekten ¢ikariimasiyla
27 maddeyle son seklini almigtir.

Birinci faktoru olusturan maddeler “Mitolojik Boyut”
olarak isimlendirilmistir. Mitolojik boyutunun madde yik
degerleri 0,57 ile 0,81 degerleri arasindadir ve 10
maddeden olusmaktadir.

ikinci faktérii olusturan maddeler “Duyussal
Boyutu” olarak isimlendirilmistir. Duyussal boyutu madde
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yuk degerleri 0,50 ile 0,80 degerleri arasindadir ve 10

maddeden olusmaktadir.

Uclincli faktérii olusturan maddeler daha c¢ok
Duyussal yénden ifadeler iceren maddeler oldugundan
“‘Duyussal Boyutu” olarak isimlendirilmistir. Duyussal
boyutu madde yuk degerleri 0,40 ile 0,80 degerleri
arasindadir ve 7 maddeden olusmaktadir. Analiz
oncesinde yapilan givenirlik analizinde, 40 maddelik
mantar tutum olgeginin Cronbach Alpha degeri 0,84
olarak bulunmustur. Yapilan analizler sonucunda 27
maddelik mantar tutum &lgeginin guvenirlik analizinde
Cronbach Alpha degeri 0,86 olarak bulunmustur.

Olgekte yer alan boyutlarin glvenirlik katsayilari
dikkate alindiginda davranigsal boyutunun Cronbach
Alpha katsayisi 0,84; Mitolojik boyutunun cronbach alpha
katsayisi 0,89; duyussal boyutunun Cronbach Alpha
katsayisi 0,87 olarak bulunmustur.

Kalan 27 maddelik mantar tutum dlgeginin alt-lst
gruplarina dayanan gegerlilik analizi yapilmistir. Alt-Ust
gruplarina  dayanan  madde-gecerliik  analizinde
maddelerin anlamli oldugu belirlenmigtir (p<0.05). Son
durumda Olcekteki toplam madde sayisi 27'dir. Bu
Olcekten alinabilecek en dlislik puan 40, en yiksek puan
200°dur.

Katihmcilarin  %49,9'u mantarin bitki oldugunu,
%45’i mantarin zehirli ya da zehirsiz oldugunu ‘sekil ve
rengine bakarak’ anladigini, % 55’'i domalanin ‘mantar’
oldugunu, % 971’i mantari ‘gida’ olarak degerlendirdigini,
% 86’si mantari faydali buldugunu, % 42’si mantari
‘Mayis’ ayinda topladidini, % 93’ U mantarin yagish
senelerde daha ¢ok bulundugunu, % 51,1 i mantarin her
yerde yetismedigini, % 50’si mantarin ‘her sene ¢iktigi
yerlere bakilarak’ nerede oldugunu bulduklarini, % 50,9'u
mantarin toplama isinin elle yapildigini, % 70,30
mantarlarin  genellikle evde de@erlendirmek igin
toplandigini, % 61,7’sinin ise bulunduklari bélge diginda
mantarlarin yetistigini bildikleri baska yerlerin olmadigini
beyan etmiglerdir.

Maddelerin frekanslari ve frekans ylizdelerine ait
tablo incelendiginde, Madde 11 ‘Zehirli mantari evde
bulundurmak sakincalidir maddesinde katiimcilar %
28,5 oraninda “Katilmiyorum” segenegini tercih
etmiglerdir (Tablo- 12).

Madde 25 ‘Zehirli mantar pisirilince yenebilir.,
Madde 19 ‘Zehirli mantarlarin i¢ kismi koparilinca
mavilesir.’, Madde 18 ‘Adaclarda yetisen mantarlar zehirli
degildir.’, Madde 20 ‘Zehirli mantarlar yogurtla yendiginde
zehirlemez.’, Madde 17 ‘Zehirli mantarlari salyangozlar
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yemez. Madde 24 ‘Zehirli mantar gimds ve sogana
degdiginde kararir.” maddelerinde katihmcilar % 31,8 ile
% 45,6 oraninda “Kararsizim” secenegini tercih
etmislerdir (Tablo 12).

Madde 13 ‘Bir mantarin zehirli oldugu kokusundan
anlasiir’, Madde 38 ‘Mantari tiketmek beni
endiselendirir.’, Madde 6 ‘Zehirli mantarin tadi farkl olur.’,
Madde 29 ‘C Mantarlarin oldugu ortamda rahatlarim.’,
Madde 32 ‘Mantarlar arasinda ylrumeyi, piknik yapmayi,
zaman gecirmeyi vb severim.’, Madde 30 ‘Mantar
yetistirmeyi isterim.’, Madde 37 ‘Mantarlarin oldugu yerler
bana huzur veriyor.’, Madde 2 °‘Ellerimle mantarlari
koparmaktan zevk alirim.’, Madde 16 ‘Mantar toplamayi
babamdan, dedemden 6grendim.’, Madde 22 ‘Dogada
mantar gérdigum zaman beni dinlendiriyor.’, Madde 33
‘Okulda mantarlar hakkinda daha fazla bilgi verilmelidir.’
Madde 39 ‘Degisik renkte mantarlar parklarda
yetistiriimelidir’” Madde 40 ‘Dogadan toplanan
mantarlarin tiketilmemesi gerekir.” Madde 15 ‘Mantarlar
dogada buylk 6neme sahiptir.” Madde 7 ‘Bir mantarin
zehirli  oldugunu ancak uzman biri anlayabilir.’
maddelerinde katilimcilar % 24,9 ile % 45,2 oraninda
“Katiliyorum” segenegini tercih etmislerdir (Tablo 12).

Madde 4 ‘yenilebilir mantarlar tanirm.’, Madde 1
‘Mantarlar dogal ortaminda korunmali’, Madde 12
‘Mantarlar nemli ortamlarda gelisirler.’, Madde 26 ‘Mantar
zehirlenmelerinde  acilen  bir saglik  kurulusuna
gidilmelidir.” maddelerinde katihmcilar % 34,4 ile % 48,2
oraninda “Kesinlikle Katiliyorum” secenegini tercih
etmislerdir (Tablo 12).

Rahman, S. (2015) mantar yetistiriciligi Uzerine
yaptigi bir calismada; Banglades, Comilla da sekiz dag
koéyunde ciftcilik ile ugrasan kisilere anket uygulamis ve
kisilerin mantar yetistiriciligine yoOnelik tutumlarini
o6lcmeye calismistir. Bulgular, ankete katilanlarin en
yiuksek oraninin (%76,70) ¢ok ylksek olumlu tutuma
sahip oldudunu, %23,30'unun ise mantar yetistiriciligine
yonelik olumlu tutumunun vyiksek oldugunu ortaya
koymaktadir. Egitim alan ciftgilerin en yuksek orani
(%90.30) mantar yetistiriciligi konusunda yuksek bilgiye
sahipken, %9.70'i mantar yetistiriciligi konusunda orta
dizeyde bilgiye sahiptir. Arastirmanin  bulgulari,
yetistirilen ciftcilerin Ugcte ikisinden fazlasinin (%68,00)
mantar yetistiriciligine yonelik egitim programinin yuksek
ile ¢cok ylksek arasinda etkili bulunurken, %32,00'sinin
orta etkili oldugunu gostermektedir. Bu, egitim programi

aracihdiyla vyetistirilen ciftciler tarafindan mantar
yetigtiriciligine yonelik artan bilgi ve tutum gelistirmesi
nedeniyle benimsenme orani kapsamli ve tatmin edici
degildi. Bu gergekler, egitimli ¢iftgiler tarafindan mantar
yetigtiriciliginin  benimsenmesini artirmak icin yapilan
herhangi bir duzenlemenin, nihayetinde mantar
yetistiriciligi konusundaki egitim programinin etkinligini
artiracag! sonucuna goétirmektedir. Veri toplama her iki
calismada da arastirmacinin gérisme yoluyla kendisi
tarafindan saglanmistir. Her iki calismada da nitel veriler
uygun puanlama ile nicel verilere donusturdlmuastar.
Bunun igin toplanan verilere sayisal olarak kodlanmis
degerler verilmigtir. Elde edilen veriler daha sonra bir ana
sayfa Uzerinde derlenmis ve daha sonra tablo haline
getiriimis  ve g¢alismanin amaglari g6z 06nunde
bulundurularak analiz edilmistir. Kigilerin mantara yénelik
tutumlarini dlgerken, yas, egitim, aile baydklaga, yillik aile
geliri ve akran grubu etkisi gibi faktérleri kullanmistir.
Bizim calismamizda da benzer olarak; cinsiyet, yas,
medeni durum, egitim durumu, hanede yasayan Kkisi
sayisl, oturdugu ev ve ev Ozelligi ile meslek gibi
degiskenlerin etkisi arastiriimistir.

Sonug olarak; gecerlik ve gilvenirlik analizleri
sonuglari, bu calisma ile olusturulan mantara yonelik
tutum Olgegi, yeterli dizeyde gecerlik ve guvenirlik
degerlerine sahip bir 6lgek oldugunu gostermistir. Konya
ybresinde yasayan Kisilerin yenilebilir mantarlara karsi
tutumlarini 6lgmek icin arastirmamiz tarafindan bir dlgek
gelistiriimis  olup, 0&lgegin gecerliligi daha sonraki
calismalarla dogrulanabilir. Bu, élgegin iyilestiriimesine ve
genellestiriimesine yardimci olacaktir.

Literatlr taramasi, llkemizde mantara yonelik bir
tutum Olgegi gelistirme konusunda bir c¢alismaya
rastlanmadigini gosterdi. Bu calisma, genel hatlariyla
uygulanabilirligi ile mantara karsi bir tutum dlgegi
gelistirmeyi  hedeflemistir.  Farkhi  boyutlari  ortaya
koyabileccek daha fazla benzer arastirma yapilmalidir.
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Bu arastirma projesi 18201078 numarali proje ile
Selcuk Universitesi Bilimsel Arastirma Projeleri (BAP)
Koordinatorligu tarafindan finansal olarak
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Oz: Kandidemi, Candida (C.) tiri maya mantarlari tarafindan olugturulan bir enfeksiyon
hastaligidir. Cogunlukla hastanelerin yogun bakim Unitelerinde ortaya ¢ikan erken tanisi ve
tedavisi zor, mortalitesi yiksek dnemli kan dolasimi enfeksiyonlarindandir. Kandidemiye neden
olan turlerin insidansi Glkeden Ulkeye, hatta ayni Ulkedeki hastaneler arasinda degisebilmektedir.
Kandidemi etkeni en sik Candida albicans (C. albicans)'dir. Ancak son yillarda non-albicans
Candida turleri ile gelisen kandidemi insidansinda artis goriilmeye baslanmistir. Bu ¢alismada
Temmuz 2017- Temmuz 2022 tarihleri arasinda Firat Universitesi Tip Fakiiltesi Mikrobiyoloji
laboratuvarina yodun bakim Unitelerinden kandidemi sipheli hastalardan gdénderilen kan
orneklerinde saptanan Candida tidrlerinin  dagilimi  retrospektif olarak yapilmistir.
Laboratuvarimiza gelen kan kuiltur siseleri BD BACTEC™ kan kiltlru cihazina yerlestirilmistir. 24
saat sonra pozitif sinyal veren kan kultir siselerinden direk yapilan Gram boyamada Gram pozitif
mantar sporlari aranmistir. Pozitif siselerden %5 koyun kanli agar besiyeri (Oxoid, ingiltere),
eozin-metilen blue (EMB, Oxoid, ingiltere) ve Sabouraud Dektroz Agar (SDA, Oxoid, ingiltere)
pasajlari yapilmistir. Kalttrler bakteriyolojik olarak 18-24 saatlik, mikolojik olarak da 18-72 (bazen
1 hafta) saatlik 35-37°C’lik etivdeki inkiibasyonlari sonunda dremeleri yoninden
degerlendirilmistir. Mikroorganizmalarin tanimlanmasi; koloni yapilari, Gram boyama, germ tiip
testi, konvansiyonel biyokimyasal test sonuglari ve matris destekli lazer desorpsiyon/iyonizasyon
ugus suresi kitle spektrometresi (MALDI-TOF MS) teknigine dayal olarak gergeklestiriimistir.
Candida spp.ydninden pozitif 543 kan kiltirinin 208’inde (%38) C. albicans, 335 (%62) 'inde
non-albicans Candida turleri saptanmistir. Non-albicans tirlerden ise en sik 174 (%32) drnekte
C. parapsilosis izole edilmisitir.

Kandidemi olgularindan halen en sik izole edilen tur C. albicans’tir. Ancak yogun bakim
hastalarinda non-albicans tirleri de artan siklikla kan enfeksiyonlarina yol agmaya devam
etmektedir.

Anahtar kelimeler: Candida, Candida.albicans,Sabouraud Dektroz Agar, MALDI-TOF
MS.
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Evaluation Of The Distribution Of Candida Species In The Blood Culture
Of Icu Patients

Abstract: Candidemia is an infectious disease caused by yeast fungi of the Candida (C.)
species. It is one of the important bloodstream infections with high mortality and difficult to early
diagnosis and treatment, mostly occurring in the intensive care units of hospitals. The incidence
of candidemia-causing species can vary from country to country and even between hospitals in
the same country. Candida albicans (C. albicans) is the most common cause of candidemia.
However, in recent years, the incidence of candidemia due to non-albicans Candida species has
increased. In this study, the distribution of Candida species detected in blood samples sent from
patients with suspected candidemia from intensive care units to the Microbiology laboratory of
Firat University Faculty of Medicine between July 2017 and July 2022 was conducted
retrospectively. The blood culture bottles delivered to our laboratory were placed in the BD
BACTEC™ blood culture device. Gram positive fungal spores were searched in Gram staining
done directly from blood culture bottles that gave a positive signal after 24 hours. Passages of
5% sheep blood agar medium (Oxoid, UK), eosin-methylene blue (EMB, Oxoid, UK) and
Sabouraud Dekrose Agar (SDA, Oxoid, UK) were made from positive bottles. The cultures were
evaluated for their growth at the end of their incubation at 35-37°C for 18-24 hours
bacteriologically and 18-72 hours (sometimes 1 week) mycologically. Identification of
microorganisms; Colony structures were performed based on Gram stain, germ tube test,
conventional biochemical test results and matrix assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) technique C.albicans species were detected in 208 (38%)
and non-albicans Candida species in 335 (62%) of 543 blood cultures positive for Candida spp.
Among non-albicans species, C. parapsilosis was most frequently isolated in 174 (32%) samples.

C.albicans is still the most frequently isolated species from candidemia cases. However,
non-albicans species continue to cause blood infections with increasing frequency in intensive
care patients.

Key words: Candida, Candida albicans, Sabouraud Dektroz Agar, MALDI-TOF MS.

Giris

Candida spp. kan dolasimi enfeksiyonlarindan
sorumlu Ug¢lncu en yaygin mikroorganizmalardir
(Wisplinghoff et al., 2004). Kandidemi, yuksek morbidite
ve mortalite ile iligkili bir enfeksiyonu temsil eder. Bu,
Ozellikle  kritik, stabil olmayan ve ciddi akut
komplikasyonlari olan yogun bakim hastalarinda
belirgindir (Lortholary et al., 2017). Tum kandidemilerin
Ucte biri tibbi veya cerrahi yogun bakim Unitelerinde
meydana gelir ve tim nedenlere bagh mortalite %50-
60'tir (Colombo et al., 2014; Gonzélez de Molina et al.,
2012; Marriott et al., 2009).

Candida enfeksiyonlarinin gogunlugunu Candida
albicans (C.albicans) olusturmasina ragmen, Candida
spp. C. albicans'dan baska siklikla bazi vakalarda veya
belirli cografi bolgelerde rapor edilmektedir (Barchiesi et
al.,, 2016; Lamoth et al., 2018; Laverdiere et al., 2007;
Macphail et al., 2002; Pfaller et al., 2010). Ek olarak, kritik

hastalarda ampirik veya Onleyici stratejiler icin
antifungallerin uygulanmasi azollere velveya
ekinokandinlere direncli Candida spp.'nin ortaya

¢ilkmasina neden olmustur (Arendrup et al., 2013; Chow
et al., 2008; Lockhart et al., 2012; Shields et al., 2015).

Uygun antifungal tedavinin hemen baslatiimasi,
hayatta kalma sansini artirmak icin gok énemlidir (Kollef
et al., 2012). Bununla birlikte, mayalar i¢in kan kiltirt
duyarliliklan disiktir ve uzun sdreli inkiibasyona (> 24
saat) ihtiyac duyar. Sonuc¢ olarak, antifungal ilaglar
genellikle yiksek riskli hastalarda profilaktik, 6nleyici veya
ampirik olarak recete edilir (Playford et al., 2008).

Bu calismada Temmuz 2017- Temmuz 2022
tarinleri arasinda Firat Universitesi Tip Fakiiltesi
Mikrobiyoloji laboratuvarina yogun bakim Unitelerinden
kandidemi  slUpheli hastalardan génderilen  kan
orneklerinde saptanan Candida turlerinin dagihminin
arastiriimasi amaglanmistir.

Materyal ve Metot

Temmuz 2017- Temmuz 2022 yillarn arasinda
hastanemiz yodun bakim Unitelerindeki tim kandidemi
vakalari retrospektif olarak incelenmistir. Bir Candida kan
dolasimi enfeksiyonu vakasi, gegici olarak iligkili klinik
enfeksiyon belirtileri ve semptomlari olan bir hastada kan
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kultirinden Candida tirlerinin periferik izolasyonu olarak
tanimlanmistir. Laboratuvarimiza gelen kan kultir siseleri
BACTEC otomatize kan kaltar
cihazinda (BD Diagnostics, ABD) yerlestiriimistir. 24 saat
sonra pozitif sinyal veren kan kultir siselerinden direk
yapilan Gram boyamada Gram pozitif mantar sporlari
aranmistir. Pozitif siselerden %5 koyun kanh agar
besiyeri (Oxoid, ingiltere), eozin-metilen blue (EMB,
Oxoid, Ingiltere) besiyeri ve Sabouraud Dektroz Agar
(SDA, Oxoid, ingiltere)a pasajlari yapilmigtir. Kiiltrler
bakteriyolojik olarak 18-24 saatlik, mikolojik olarak da 18-
72 (bazen 1 hafta) saatlik 35-37°C’lik etlvdeki
inkiibasyonlari sonunda uremeleri yéninden
degerlendirilmigtir. Mikroorganizmalarin tanimlanmasi;
koloni yapilari, Gram boyama, germ ftip testi,
konvansiyonel biyokimyasal test sonuglari ve matris
destekli lazer desorpsiyon/iyonizasyon ugus suresi kitle
spektrometresi (MALDI- TOF MS, Bruker Daltonics;
Bremen, Almanya) teknigine dayali olarak
gerceklestirilmistir.

Bulgular

Candida spp. yoninden pozitif 543 kan kalttrindn
cinsiyete gore dagilimina bakildijinda 325 (%60) 6rnek
erkek, 218 (%40) kadin hastaya ait oldugu gorilmustur.
Pozitif 543 kan kiltiriinin 208’inde (%38) C. albicans,
335 (%62) ‘’inde non-albicans Candida tirleri
saptanmistir. Non-albicans tirlerden ise en sik 174 (%32)
ornekte C. parapsilosis izole edilmisitir. Candida tirlerinin
dagilimi Tablo.1’de gosterilmigtir.

Tablo 1.Candida tdrlerinin dagilimi

Candida turleri Sayi (%)
Candida albicans 208 (% 38)
Candida parapsilosis 174 (%32)
Candida spp 94 (%17)
Candida tropicalis 22 (%4)
Candida guilliermondii 10 (%2)
Candida glabrata 9 (%2)
Candida lusitaniae 8 (%1)
Candida ciferrii 3 (%0.5)
Candida melibiosica 3 (%0.5)
Candida krusei 2 (%0.5)
Candida pelliculosa 2 (%0.5)
Candida utilis 2 (%0.5)
Candida pulcherrima 1 (%0.5)
Toplam (N) 543 (%100)

En fazla dahili yogun bakim tnitesinden gelen kan
kiltirlerinde Candida Uredigi tespit edilmistir. Diger yogun
bakim Unitelerindeki Ureme dagihmi Tablo.2” de
gOsterilmistir.

Tablo 2. Yodun bakim Unitelerindeki Greme dagilimi

Yogun bakim linitesi
Dahili yogun bakim Unitesi
Anestezi yogun bakim Unitesi

Sayi (%)
167 (%31)
118 (%22)

Yenidogan yodun bakim initesi 92 (%17)
Cocuk yogun bakim initesi 72 (%13)
Onkoloji yogun bakim Unitesi 28 (%5)
Nefroloji yogun bakim Unitesi 21 (%4)
Genel cerrahi yogun bakim nitesi 17 (%2.5)

Kalp ve damar cerrahisi yogun bakim | 10 (%2)
Unitesi
Beyin cerrahisi yogun bakim Unitesi 10 (%2)

Kardiyoloji yogun bakim Unitesi 3 (%0.5)
Gastroenteroloji yogun bakim unitesi 3 (%0.5)
Algoloji yogun bakim unitesi 2 (%0.5)
Toplam (N) 543
(%100)

Tartisma /Discussions

Gunuimuzde Candida tdrleri ile  gelisen
enfeksiyonlar, o6zellikle kandidemi, yodun bakim
Unitelerindeki risk altindaki hasta sayisinin artmasiyla
daha kritik bir éneme sahip olmaktadir. Nozokomiyal
enfeksiyonlara neden olan mantarlarin %80’inden fazlasi
Candida turleridir (SARI et al., 2018).

Candida tarafindan en sik kolonize edilen
bélgelerin gastrointestinal sistem ve deri oldugu g6z
onlne alindiginda cerrahi hastalar, abdominal cerrahi
sirasinda gastrointestinal bariyerin kalkmasi nedeniyle
veya parenteral beslenme veya cilt kontaminasyonu
nedeniyle fungemi kazanmig olabilir (Clancy et al., 2000;
Miranda et al., 2009; Nucci & Anaissie, 2001). Tersine,
dahiliye servislerine basvuran hastalarda kandidemi,
kortikosteroidler veya diger immunosupresif ajanlarla
yapilan tedavinin bir sonucu olarak daha sik immin
sistem disfonksiyonu ile iligkili
gorulmektedir. Kortikosteroidlerin  nétrofil  alimini  ve
Candida’'nin éldurdlmesini  engelledigi  bilinmektedir
(Vena et al., 2017). Bu nedenle, tibbi ortamda kandidemi
gelisiminde imminosupresif tedavi kritik bir rol oynadigi
icin, uygulanan immunsupresif tedavide enfeksiyon riski
ongorulmeli ve mimkin olan en kisa sure i¢in mimkin
olan en disuk immunsupresif ilag dozu kullaniimalidir.

Ulkemizde vyapilan bir calismada sekiz vyillik
dénemde 1379 pozitif kan kdltirinin 67 (%4.9)'sinde
fungal etken saptanmistir. Etkenlerin 57 (%85.1)'sinde
Candida spp. oldugu belirtilmistir. Kan kiltirtinde Ureyen
57 Candida tirinin 49 (%86)'u C.albicans disi Candida
tarleri olup en sik olarak C.tropicalis (%51) saptanmigtir.
Hematolojik kanserli ve notropenik hastalarda ampirik
antifungal secerken, bu hastalarda C.albicans disi
Candida oraninin yiuksek oldugunun (%86) dikkate
alinmasi gerektigi sonucuna varilmistir (Yimaz et al.,
2015) .Yodgun bakimda yatan ndétropenik olmayan
hastalarin dahil edildigi bir yilllk dénemi kapsayan
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calismada; C.albicans %58.6 (17/29), C.glabrata %20.68 2. etkendeki farklihgin calismaya dahil edilen 6rnek

(6/29), C.tropicalis %6.89 (2/29), C.parapsilosis %6.89 faklihgindan kaynaklandigini distinmekteyiz.
(2/29), C.lucitaniae %3.44 (1/29), C.dubliniensis %3.44 Sonuglarimiz, onceki calismalara benzer sekilde
(1/29) olarak dagildig tespit edilmistir (SARI et al., 2018). en yaygin Uc Candida trdndn
Yurt diginda yapilan bir calismada ise sadece bes tur C.albicans (%38), C. parapsilosis (%31) veC. tropikalis (
Candida turinin olgularin  %92’sini  (C.albicans, %4) oldugunu gostermistir (Pfaller et al., 2007, 2010; H.
C.glabrata, C.tropicalis, C.parapsilosis ve C.krusei) Wang et al., 2012, 2016; Zhang et al., 2014).
olusturdugu gosterilmistir. Klresel olarak C.albicans MALDI-TOF MS tanimlamasi, spektral model
sikh@i azalirken, C.glabrata ve C.krusei stabil kalmakta ve eslestirme kullanilarak bir susun 6zel protein profillerinin
C.parapsilosis ve C.tropicalis artmaktadir. Hasta bir  referans  kituphanesine  edinilmesine  ve
Ozellikleri ve 6nceki antifungal tedavinin, cografi alandan karsilastirnimasina dayanir. Bu yodntem, tipik olarak
bagimsiz olarak Candida spp.’nin dagilimi ve siklig biyokimyasal yontemler kullanilarak ayirt edilmesi zor
Uzerinde Onemli bir etkiye sahip oldugu belirtiimistir olan yakindan iligkili turler veya alt turler (6rnegin,
(Guinea, 2014). C. parapsilosis / C. metapsilosis / Candida orthopsilosis )

Calismamizda buldugumuz verilerimiz, albicans arasinda ayrim yapmak icin kullanihr (Kolecka et al.,
disi  Candida tidrlerinin  yayginhginin  giderek 2013; Posteraro et al., 2013; Sendid et al., 2013).
arttigini goésteren  diinya raporlariyla  uyumludur ve Basit ve hizli olan bu yéntemde sonuglar numune
C. parapsilosis,C.tropikalis veya C .glabrata gibi basina vyaklasik 30 saniyede elde edilir. Patojen
diger Candida turlerinin kan dolasimi enfeksiyonlarinin tanimlama slresi, hastanede yatan hastalarda
daha sik nedeni olarak ortaya ¢ikmaktadir (Vena et al., enfeksiyona bagli 6lim oranlarinin énemli bir belirleyicisi
2017). Ek olarak, Candida auris dahil daha az yaygin oldugundan, bu teknik, klasik yontemler icin harcanan
olan ve yeni taninan Candida turleri artan sikhkta izole sure dikkate alindiginda 6limleri azaltma mucadelesinde
edilmektedir (Chen et al., 2006; Jeffery-Smith et al., 2018; onemli bir aragtir (Lima-Neto et al., 2014).
Jung et al., 2015; Khan et al., 2018; Tsai et al., 2018). Bu mantarlarin neden oldugu invaziv

Wang ve arkadaglarinin toplam 115 yogun bakim enfeksiyonlar, yuksek bir morbidite ve mortalite oranina
hastasinda yaptigi calismada 83 hastada Candida sahiptir. Kandideminin hizla taninmasi ve uygun
uremesi saptamislardir. Ozellikle C. albicans, invaziv antifungal tedavinin hemen baslatiimasi, sonucun énemli
Candida enfeksiyonlari olan yogun bakim hastalarindan bir belirleyicisidir. Belirli tirler igin, antifungal ajanlara
baskin olan tir olarak izole edilirken; nonalbicans duyarlilik, epidemiyolojik duyarlilik verilerine dayanarak
kandidemide etken olarak C. glabrata ve C. tropicalis ana tahmin edilebilir (Deconinck et al., 2016).
patojen olarak saptamiglardir. Calismada invaziv Sonug¢ olarak yogun bakim hastalarinda sepsis
Candida izolatlarinin yaklasik yarisi (%48,19) idrardan etiyolojisi arastinilirken kandidemi akilda tutulmah ve
izole edilmigtir (B. Wang et al., 2021). Calismamizda da etkene yoOnelik tani testleri istenerek en kisa sirede
C. albicans’ 1 en sik etken olarak saptadik. En sik gérilen antifungal tedavi baslanmalidir.
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Oz: Hastane kaynakli enfeksiyonlarin en énemli sebeplerinden biri olan Candida turleri,
kan kultirlerinde en sik izole edilen mantarlardan biridir. Bu ¢alismanin amaci pandemi
doneminde kan Kkdiltirlerinden izole edilen Candida turlerinin dagihminin ve antifungal
duyarliiginin  degerlendirilmesidir. Selguk Universitesi Tibbi Mikrobiyoloji Laboratuvurina
gonderilen kan kultirleri Ocak 2020-Temmuz 2022 tarihleri arasinda geriye donik olarak
incelenmigtir. Tir tanimlamasi ve antifungal duyarlilik testleri icin VITEK 2 Compact® sistemi
kullaniimistir. Arastirma sonuglarina gére Candida albicans 36 (%42.8), Candida parapsilosis 24
(%28.6), Candida glabrata 13 (%15.5), Candida tropicalis 5 (9%65.9), Candida krusei (Issatchenkia
orientalis) 4 (%4.8), Candida guilliermondii (Meyerozyma guilliermondii) 1 (%1.2) ve Candida
sphaerica 1 (%1.2) izolatta saptanmistir. Ayrica, calismada en yuksek diren¢ caspofungine
(%7.4) saptanirken, en dusuk antifungal direng amfoterisin B’ye (%1.8) kargi belirlenmistir. Sonug
olarak Ozellikle yenidoganlarda, yogun bakim dunitelerinde tedavi géren hastalarda Candida
tarlerinin tiplendiriimesi ve antifungal duyarliliklarinin belirlenmesi, tedaviye yon vermesi
agisindan 6nemlidir.

Anahtar kelimeler: Antifungal duyarlilik, Candida ttrleri, Kan kulttrt, Pandemi

Distribution Of Candida Species Isolated From Blood Cultures During The
Pandemic Period And Evaluation Of Antifungal Susceptibility

Abstract: Candida species, one of the most important causes of hospital-acquired
infections, is one of the most frequently isolated fungi in blood cultures. The aim of this study is
to evaluate the distribution and antifungal sensitivity of Candida species isolated from blood
cultures during the pandemic period. Blood cultures sent to Selcuk University Medical
Microbiology Laboratory were retrospectively examined between January 2020 and July 2022,
Vitek 2 Compact® system was used for species identification and antifungal susceptibility tests.
According to the results of the study Candida albicans 36 (42.8%), Candida parapsilosis 24
(28.6%), Candida glabrata 13 (15.5%), Candida tropicalis 5 (5.9%), Candida krusei (Issatchenkia
orientalis) 4 (4.8%) Candida guilliermondii (Meyerozyma guilliermondii) 1 (1.2%) and Candida
sphaerica 1 (1.2%) were found to be isolated. In addition, in the study, the highest resistance was
determined against caspofungin (7.4%), while the lowest antifungal resistance was determined
against amphotericin B (1.8%). In conclusion, it is important to type Candida species and
determine their antifungal susceptibility, especially in newborns and patients treated in intensive
care units, in terms of guiding the treatment.

Key words: Antifungal sensitivity, Candida species, Blood culture, Pandemic
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Giris

Candida turleri dinya genelinde invaziv mantar
enfeksiyonlarinin  en yaygin nedenlerinden biridir
(Kullberg ve Arendrup, 2015). Deri, mukoza,
gastrointestinal sistem ve vajenin normal florasinda
bulunarak firsat¢i enfeksiyonlara neden olabilmektedir
(Gultekin ve ark., 2011, Karabicak ve ark., 2015, Kogak
ve ark.,2011). Candida enfeksiyonlarinda risk faktorleri
arasinda genis spektrumlu antimikrobiyal ajanlarin
kullanilmasi, yogun bakimda yatis slresinin uzamasi,
mekanik  ventilasyon, total parenteral beslenme
uygulamasi, hemodiyaliz, parenteral nitrisyon, eslik eden
hastaliklarin varligi (Behget hastalidi, diabetes mellitus,
hipertansiyon, vs.), santral vendz kateter, nazogastrik
kateter, periferik vendz kateter gibi invaziv islemler,
cerrahi operasyonlar ve organ transplantasyonu yer
almaktadir (Blumberg ve ark., 2001, Duel ve ark., 2002).

GuUnumuzde Candida tarleri genellikle
immuansUpresif tedavi alan hastalarda goérilmekteyken
farkl hasta gruplarinda da giderek artmaktadir (Gultekin
ve ark., 2011, Karabigak ve ark., 2015, Kogak ve ark.,
2011). Candida spp., 6zellikle yogun bakim unitelerinde
(YBU) yatan hastalarda 6nemli bir enfeksiyon etkenidir
(Agca ve ark., 2015, Sardi ve ark., 2013, Sahiner ve ark.,
2011).

Kandidemi, Candida spp.’nin kandan izole edilmesi
olarak tanimlanmaktadir (11). Candida albicans, kan
kiltirlerinde saptanan en sik kandidemi etkeni olmasina
ragmen, albicans disi tlrlerin sikhigi da her gecgen gin
artmaktadir (Agca ve ark., 2015, Sardi ve ark., 2013,
Sahiner ve ark., 2011).

Antibiyotiklerde oldugu gibi antifungal ilaglarin
yaygin kullanimi Candida tirlerinin antifungal ajanlara
karsi duyarhlik paternlerini degistirmistir (Bayram ve ark.,
2012, Keceli ve ark., 2010). Bu sebeple uygun antifungal
tedavinin belirlenmesinde, Candida’larin tir dizeyinde
tanimlanmasi ve antifungal duyarlilik testlerinin
uygulanmasi blyutk 6nem tagimaktadir (Gultekin ve ark.,
2010, Bayram ve ark., 2012, Keceli ve ark., 2010).

Bu calismada, pandemi déneminde
laboratuvarimiza gesitli klinik birimlerden génderilen kan
kiltdrt orneklerinden izole edilen Candida tirlerinin
dagiliminin ve antifungal duyarlihginin degerlendiriimesi
amaclanmistir.

Materyal ve Metot

Selcuk Universitesi Tip Fakiiltesi Hastanesi Tibbi
Mikrobiyoloji Laboratuvarina Ocak 2020-Temmuz 2022
tarihleri arasinda ¢esitli klinik birimlerden goénderilen kan
kilturd sonuglar geriye donudk olarak incelenmistir. Ayni

hastadan izole edilen tekrarlayan izolatlar galismaya dahil
edilmemistir. Yetiskin ve ¢ocuk yas gruplarindaki tim
hastalardan steril sartlarda alinip kan kiltir siselerine
inoklle edilen kan o©rnekleri BACTEC otomatik kan
kiltiri cihazinda (Becton Dickinson, ABD) inkibe
edilmistir. Ureme sinyali veren siselerden gram boyama
yapilip Eosin-Methylene Blue (EMB) ve %5 koyun kanli
Columbia agar (Becton Dickinson, ABD) besiyerlerine
ekilerek 37°C’de 24 saat inkibe edilmistir. Gram
boyamasinda maya hicresi gérulen érnekler Sabouraud
dekstroz agar besiyerine pasajlanarak 37°C’de 24 saat
siireyle inkiibe edilmistir. Ureyen maya izolatlari,
konvansiyonel yontemler vel/veya VITEK® 2 Kompakt
Sistemi (bioMérieux, Fransa) ile maya tanimlama kartlari
(YST) kullanilarak tanimlanmis ve antifungal duyarliliklari
AST-YSTO7 kartlar kullanilarak arastirilmistir. izolatlarin
kaspofungin, flusitozin, vorikonazol,  mikafungin,
amfoterisin B ve flukonazole duyarliliklari European
Committee on Antimicrobial Susceptibility Testing
(EUCAST) standartlarina gore belirlenmigtir.

Bulgular /

Calisma suresince laboratuvarimiza gdénderilen
kan kultirlerinde 82 hastadan toplam 84 Candida tiri
saptanmigtir. Bu hastalarin 42'sinin  (%51.2) kadin,
40'Inin (%48.8) erkek oldugu belirlenmistir. Hastalarin
yas dagihimi incelendiginde 37’sinin 18 ve 18 yas altinda,
29'unun da 60 yas Ustlinde oldugu gézlenmistir. Candida
turlerinin yas gruplarina gére dagiimi Tablo 1'de
verilmistir. Orneklerin 52’sinin  (%61.9) yogdun bakim
Unitelerinde, 29'unun (%34.5) servislerde ve 3'Unin
(%3.6) polikliniklerde tedavi gbren hastalardan
gonderildigi  belirlenmistir. Candida tdrlerinin  klinik
birimlere goére dagihmi Tablo 2'de verilmistir. 84 izolatin
36’s1 (%42.8) Candida albicans (C.albicans), 24’0
(%28.6) Candida parapsilosis (C.parapsilosis), 13'U
(%15.5) Candida glabrata (C.glabrata), 5'i (%5.9)
Candida tropicalis (C.tropicalis), 4’0 (%4.8) Candida
krusei (C.krusei; Issatchenkia orientalis), 1'i (%1.2)
Candida guilliermondii  (C.guilliermondii;Meyerozyma
guilliermondii) ve 1'i (%1.2) Candida sphaerica
(C.sphaerica) olarak tiplendirilmistir. iki olguda, farkli
zamanlarda iki ayr Candida turt (C.albicans-
C.parapsilosis, C.albicans-C.glabrata) izole edilmistir. 54
izolatin diren¢g oranlari ise caspofunginde %7.4,
flukonazolda %6.6, flusitozinde %3.7, mikafunginde
%3.7, vorikonazolde %2.3, amfoterisin B'de %1.8, olarak
tespit edilmigtir. Candida turlerinin antifungal duyarllik
oranlari Tablo 3’te verilmigtir.
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Tablo 1. izole edilen Candida tiirlerinin yas gruplarina gére dagilimi [n (%)].

C.albicans C.parapsilosis C.glabrata C.tropicalis C.krusei *Diger Toplam
<18 16 (19) 11 (13.1) 7 (8.3) 2(2.9) 1(1.2) 0 37(44.1)
19-35 2(2.9) 2(2.9) 1(1.2) 0 1(1.2) 0 6 (7.1)
36-60 4 (4.8) 6(7.1) 2(2.9) 0 0 0 12(14.3)
>60 14 (16.7) 4 (4.8) 4 (4.8) 3(3.9) 2(2.4) 2(2.4) 29(34.5)
Toplam 36 (42.9) 23 (27.4) 14 (16.7) 5(5.8) 4 (4.8) 2(2.4) 84 (100)
*C.guilliermondii ve C.sphaerica
Tablo 2. izole edilen Candida tiirlerinin klinik birimlere g6re dagilimi [n (%)]
Yogun Bakim Uniteleri Klinikler Toplam
C.albicans 23 (27.4) 13 (15.4) 36 (42.9)
C.parapsilosis 15 (17.8) 9 (10.8) 24 (28.5)
C.glabrata 10 (11.9) 3(3.4) 13 (15.5)
C.tropicalis 1(1.2) 4 (4.8) 5(5.9)
C.krusei 2(2.9) 2(2.4) 4 (4.8)
C.guilliermondii C.sphaerica - 1(1.2) 1(1.2)
1(1.2) - 1(1.2)
Toplam 52 (61.9) 32 (38) 84 (100)
Tablo 3. izole edilen Candida tiirlerinin antifungal duyarlliklari [n].
C.albicans C.parapsilosis C.glabrata C.tropicalis C.krusei Toplam [n(%)]
*S I R S I R S I R S | R S I R S | R
Caspofungin 22 - 1 15 - 1 3 4 2 3 - - 1 1 - 45(83.4) 5(9.2) 4(7.4)
Flusitozin 23 - - 6 - - 9 - - 2 1| 1 1 - |51(945) 1(1.8) 2(3.7)
Vorikonazol 2 - 1 14 1 1 - - 3 - 2 - - | 42(95.4) 1(2.3) 1(2.3)
Mikafungin 22 - 1 15 1 - 8 1 3 - 2 - - |51(94.5) 1(1.8) 2(3.7)
Amfoterisin B 22 - 1 6 - - 9 - 3 - 2 - - | 53(98.2) 1(1.8)
Flukonazol** 23 - 13 2 1 - - 3 - - - 2 ]40(88.9) 2(4.5) 3(6.6

Tartisma

Son yillarda hastane kaynakli enfeksiyon etkenleri
arasinda Candida torleri gittikce artan oranlarda
saptanmaktadir.  Yapilan son ¢alisma verileri
kandidemilerde mortalite oranlarinin  %20-30 arasinda
degistigini gostermistir. Tip alanindaki gelismelere bagl
olarak hastalarin yasam surelerinin uzamasi, santral
vendz kateter uygulamalari, yodun antineoplastik ve
antibiyotik tedavileri, solid organ transplantasyonlari gibi
nedenler kandidemilerde artisa sebep olmaktadir (Yesil
ve ark., 2020, Zhang ve ark., 2012).

Yapilan c¢esitli arastirmalarda  kandideminin
erkeklerde daha sik gorildigi (%55-59) saptanmistir
(Bedini ve ark., 2006, Colombo ve ark., 2006, Yapar ve
ark., 2006).Bizim yaptigimiz c¢alismada hastalarin
%51.2’si kadin, %48.78’si erkek olmustur. Sonug olarak
kadin/erkek orani birbirine yakin olmakla beraber erkek
olgularin daha disik oranda oldugu belirlenmistir.

Glltekin ve ark. tarafindan yapilan calismada
Candida suslan en ¢ok 60 yas Uzerindeki olgularda
saptanmistir. Benzer sekilde cgesitli calismalarda yas
ortalamalari erigkinlerde ayri ayri hesaplandiginda; 55-
63, cocuk yas grubu ile beraber hesaplandiginda ise

beklendigi gibi daha disuk (41-50.6) olarak bildirilmistir
(Pappas ve ark., 2003). Diekema ve ark. saptadiklari
olgularin  %67’sinin 50 vyas Uzerinde oldugunu
belirtmiglerdir. Arastirmamizda yas dagilimina gore tur
duzeyinde dagihm incelendiginde en yuksek prevalans
(n=37) ¢ocuk yas grubunda, en dlsiik prevalans ise (n=6)
19-35 yas arasinda saptanmistir (Tablo 1).

Candida ttrlerinin goérilme sikhgi ile ilgili olarak
cografi bolgelere ve (lkelere go6re farkh oranlar
bildiriimektedir. insanlarda gériilen Candida
enfeksiyonlarinin % 95’inden fazlasinda etken olarak beg
tur: C.albicans, C.parapsilosis, C.tropicalis, C.glabrata ve
C.krusei gosterilmektedir (Warnock ve ark., 2007,
Falagas ve ark., 2010). 2016 yilinda Turk Dagi ve ark.
tarafindan yapilan galigsmada kan kiiltirlerinde; %47.5 C.
albicans, %18 C.glabrata, %14 C.parapsilosis, %12
C.tropicalis, %5 C.kefyr; %3.5 C.lusitanae uredigi
saptanmistir. Benzer galismalarda kan kultlrlerinde en
sik saptanan Candida tirinin C.albicans oldugu
bilinmesine ragmen bazi ¢alismalarda ise C.parapsilosis
ilk sirada yer almaktadir (Etiz ve ark.,2015). Diinya
genelinde Candida ile ilgili verilerin analiz edildigi bir
arastirmada: Orta ve Kuzey Avrupa ile ABD'de en sik
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tespit edilen etkenin C.albicans; Gliney Avrupa, Asya ve

Guney Amerika'da non-albicans turler oldugu
bildirilmistir (Tsekoura ve ark., 2019 Medrano ve ark.,
2006 ).

Tuarkiye’de yapilan calismalarda; Bakir ve ark.
C.albicans’t %37.2, C.parapsilosis’i %32.2, C.tropicalis’i
%12.2 olarak saptarken, Gultekin ve ark. Bu oranlari
sirastyla %49, %23, %14, Oztirk ve ark. %53, %30,
%5.5, Aydin ve ark. %34.3, %28.9, %8.4 tespit
etmislerdir. Calisma sonuglarimiza gére kan kulttrlerinde
en sik saptanan etken C.albicans (%42.85) iken, ikinci
sirada C.parapsilosis (%28.57) olmustur. Arastirma
sonuglarimiz Ulkemizdeki kandidemilerde saptanmis
epidemiyolojik verilerle benzerlik géstermektedir.

Hastane kaynakli kan dolasimi enfeksiyonlarinin
%10-20’si  yogun bakim {nitelerindeki Candida
turlerinden kaynaklanmaktadir. Kogak ve ark. tarafindan
yapilan bir calismada kandidemi vakalarinin %34’Uni
yogun bakim Unitelerinde yatan hastalarin olusturdugu
saptanmigtir. Erdem ve ark. tarafindan yapilan benzeri bir
¢alismada invaziv Candida enfeksiyonu gorilen
hastalarin %87.3’nin yodun bakim Unitelerinde izlenen
hastalar oldugunu bildiriimistir. Caliskan ve ark. yaptiklari
aragtirmada kandidemi vakalarinin %78'inin yogun bakim
Unitelerinde yatan hastalarda goruldagunu
belirtiimiglerdir.

Yapilan calismalarda hastane kaynakli
enfeksiyonlarin sikliginin hastanede yatis suresi ile iligkili
oldugu gdsterilmistir. Ozellikle yogun bakim servislerinde
vendz kateter, endotrakeal entlibasyon,
hiperalimentasyon sivisi, yogun proflaktik antibiyotik ve
antifungal uygulamalarinin kandidemi igin 6nemli risk
faktorleri oldugu c¢esitli calismalarda bildiriimektedir
(Akalin, 2008). Sarigizel ve ark. yaptiklari arastirmada
175 izolatin; %80.5'sini YBU'de, %16.5'sini dahili
servislerde, %2.8'sini cerrahi servislerde yatan
hastalardan saptamiglardir. Oztiirk ve ark. 36 izolatin
%50.0’sini  YBU’lerde, %36.0’sini cerrahi servisinde,
%14.0’sini dahili birimlerde tedavi alan hastalarda
bulmuslardir. Bizim yaptigimiz ¢calisma sonuglarina goére
Candida izolatlarinin %61.9'u  YBU'de saptanmistir.
Ayrica, calisma sonuglarina gére YBUde en cok
saptanan kandidemi etkeni C.albicans (%27.4) olmustur
(Tablo 2). Calismamizla beraber diger ¢alismalar da g6z
onlinde bulundurularak yogun bakim Unitelerinde yatan
hasta grubunun kandidemi olugsma riski agisindan yakin
takip edilmesinin 6nemini ortaya koymaktadir.

GlUndmizde kandidemi insidansinda artis
gorulmekle birlikte Candida tdrlerinin sik kullanilan
antifungal ajanlara karsi direng oranlarinda belirgin bir
artis da tespit edilmektedir. Literatir verilerine
bakildiginda antifungal direng oranlart ile ilgili olarak farkli
merkezlerden farkh oranlar bildirilmistir (Cigek ve ark.,
2015). Calismalarin gogunda amfoterisin B direnci ya
tespit edilmemis ya da birka¢ sus igin saptanmistir
(Ozbek ve ark., 2012). Kaur ve ark. yaptiklari calismada;
amfoterisin B'ye %12.2, kaspofungin’e %7.3, flukonazol'a
%12.2, vorikonazol'a %4.5, flusitozin'e  %4.5,
mikafungin’e %12.2 diren¢ saptanmistir. Hindistan'da
yapilan baska bir galismada amfoterisin B'ye %?2.9,
flukonazole %5.9, itrakonazol %4.2 ve vorikonazol %2.5
oraninda direng saptanmistir (Pahwa ve ark., 2014).

VITEK 2.0 Compact maya duyarlihk sistemi
kullanarak kan kulturlerindeki Candida turlerinin varhigini
tespit eden Sarigiizel ve ark. C.albicans suslarinin %5.8'i
amfoterisin B'ye, %2.9'u flukonazol'e direncgli olarak
bulunurken diger antifungallere direng saptanmamistir.
Ayni yontemle Erdem ve ark. amfoterisin B direncini, 114
Candida susunun 5’inde (%4.4) saptarken, Savci ve ark.
28 C.albicans susunun bir tanesinde (%3.5)
bildirmislerdir.

Calismamizda sivi dilisyon yéntemi ile %90’dan
fazla uyum gosteren tam otomatize VITEK 2.0 Compact
maya duyarlilik sistemi (BioMérieux, Fransa) kullanilarak
antifungal duyarlilk testleri calisilmistir. Arastirma
sonuglarimiza goére en yuksek direng caspofungine
(%7.4) saptanirken, en distik antifungal direng
amfoterisin B’ye (%1.8) karsi belirlenmistir (Tablo 3). Bu
veriler Candida tirlerinde amfoterisin  B'ye karsi
duyarlihgin ylUksek olmasina ragmen diger antifungal
ajanlara karsi gittikge artan antifungal direng oranlarini
gOstermektedir.

Sonug olarak yaptigimiz ¢alisma verilerine goére
kandidemileri, her yas grubunda gézlemlesek de 6zellikle
hem yenidoganlarda immun sistemin ¢ok zayif olmasi,
yasla birlikte immin sistemin zayiflamasi ve kronik
hastaliklarin sikhdinin artmasi nedeniyle 6zellikle yogun
bakim Unitelerimizde tedavi goren yasli hastalarin invaziv
Candida enfeksiyonlar agisindan daha dikkatli takip
edilmeleri gerekmektedir. Ayrica antifungallara kargi
tespit ettigimiz direng oranlari 6zellikle invaziv Candida
enfeksiyonlarinda tir dizeyinde hizla tanimlanmasinin
ve antifungal duyarliliklarinin test edilerek tedavinin
yonlendirilmesi gerekliligini géstermektedir.,
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Abstract: In the present study, phylogenetic relationships of some Helvella species from
Turkiye (Helvella acetabulum, H. arctoalpina, H. calycina, H. corium, H. crispa, H. elastica, H.
lacunosa, H. leucomelaena, H. leucopus, H. solitaria) were assessed using morphological and
molecular characters. DNA sequences of internal transcribed spacer (ITS) and translation
elongation factor l-alpha (TEF1-a) were analyzed based on Bayesian Inference methods.
Although, the TEF1-a region has less number of indels and consistent nucleotide variations, ITS
region can be preferred for figuring out the phylogeny of Helvella species. However, none of the
regions may be sufficient alone for the identification of some cryptic and morphospecies within
the genus.

Key words: Helvella, Barcode, ITS, TEF1-a

Tiirkiye’den Bazi Helvella Tiirlerinin Molekiiler Tanimlanmasi igin iki DNA
Barkodlama Bolgesinin Karsilagtiriimasi

Oz: Calismada iki nikleer DNA lokusu kullanilarak Tirkiye‘den bazi Helvella tirlerinin
(Helvella acetabulum, H. arctoalpina, H. calycina, H. corium, H. crispa, H. elastica, H. lacunosa,
H. leucomelaena, H. leucopus, H. solitaria) filogenetik iligkileri degerlendirilmistir. Transkribe
edilen aralayici bolgeler (ITS) ve translasyon uzama faktdéri 1-alfa (TEF1-a) DNA dizileri
Maksimum olasilik ve Bayes ¢ikarim yontemleri baz alinarak analiz edilmistir. TEF1-a bdélgesi
daha az indel ve tutarli nukleotid varyasyonlari igermesine ragmen, ITS bélgesi Helvella tirlerinin
filogenetik ayriminda daha iyi sonu¢ verebilir. Fakat her iki boélge de bu cins icerisinde yer alan
bazi kriptik turlerin ya da morfotirlerin ayriminda tek basina yeterli olmayabilir.

Anahtar kelimeler: Helvella, Barkod, ITS, TEF1-a

Aralik(2022)13(Special issue)111-118

Research Article
Doi: 10.30708.mantar.1202827

Introduction

Helvella L. is a genus of apothecial Ascomycetes,
widespread in terrestrial biomes of the Northern and
Southern Hemispheres (Kirk et al., 2008). The Helvella
species are characterized by a subsessile or stipitate
fruiting body, cupulate to saddle-shaped and convex to
campanulate apothecia, including species with folded and
lobed caps seated on a simple ribbed or furrowed stipe
(Skrede et al., 2017). The genus has approximately 520
(mycobank.org, 2022) species in the world and 24
species of which have been observed in Turkey (Sesli et
al., 2020; Kesici and Uzun, 2021).

The term DNA barcoding was coined in 2003 as a
molecular technique that uses a short, variable, and
standardized DNA region for species identification and
phylogeny (Dulla et al., 2016). Length of the region, PCR
and sequencing success, presence of universal primer
pairs, existence of a barcode gap (the difference between
inter- and intraspecific genetic distances within a group of
organisms), and nucleotide variations among sequences
are important characters to select a proper barcode
region for studied taxa (Stielow et al., 2015; Raja et al.,
2017). RNA coding, non-coding and protein coding loci
are used as molecular markers to infer phylogenies in the
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fungal kingdom. Landvik and coworkers (1999) used
nrDNA sequences to characterize a small subset of
Helvella species from Norway and emphasized the
general limitations of single locus analyses and the
unsuitability of internal transcribed spacer (ITS) to infer
phylogeny and discriminate species. Nguyen et al. (2013)
used a combination of the ITS and LSU datasets for the
discrimination of species in the H. lacunosa species
complex. Nyguen et al. (2015) prefer the partial LSU
sequences to study infrageneric groups of Helvella from
Europe and North America. Zhao et al. (2015) used ITS
and a concatenated multilocus dataset of ITS, LSU, TEF-
1a, RPB2 and MCM7 for delimit of the phylogeny of the
Helvella species. Zhao et al. (2016) preferred ITS, LSU
and TEF-1a to describe new species of Helvella from
China. Skrede et al. (2017) added the HSP region as an
informative additional gene of utility in the species
identification of Helvella. Skrede and colleagues (2020)
sequenced DNA of HSP, RPB2 and LSU regions to
characterize Helvella species from Spain.

Internal transcribed spacer is accepted as a
barcode marker for most of fungi (Schoch et al., 2012) but
the success of species identification in Ascomycota is
lower compared to Basidiomycota (Dizkirici and Kalmer,
2019). Using the ITS region alone might not be reliable
for certain taxa so the possibility of a two-marker
barcoding system for fungi is often discussed among
mycologists, particularly researchers working on
ascomycetous (Dizkirici and Kalmer, 2019). In the current
study, ITS and TEF-7a regions were compared to find out
their suitability for the construction of the phylogeny of
Helvella. These regions were intentionally selected since
the ITS is an official DNA barcoding marker for species-
level identification of fungi and TEF-7a is a protein-coding
gene used as supplement data for certain fungal groups.

Material and Method

Morphological studies

The macrofungus samples were collected from
different part of Tirkiye (Table 1) and deposited in the
Fungarium of Van Yizincu Yil University (VANF). Ten
Helvella species were described based on morphological
studies. Macroscopic and microscopic characters were
observed in distilled water, IKI (iodine potassium iodine),
KOH (potassium hydroxide) and Melzer reagent
solutions. Sections were examined under a Leica DM500
research microscope and measured with the Leica
Application Suite (version 3.2.0) programme. The
terminology used for describing the morphological

characters referred to Maia et al., (1996), Tedersoo et al.,
(2006), Healy et al., (2013), Hwang et al., (2015).

Molecular studies

DNA was extracted from dried herbarium
collections according to the CTAB method (Doyle and
Doyle, 1987). The purity and quantity of extracted DNA
were determined by using NanoDrop2000c UV-Vis
Spectrophotometer (Thermo Scientific) and 1% agarose
gel electrophoresis. PCR was performed on
Thermalcycler (ThermoScientific) using N-ncl18S10
5'AGGAGAAGTCGTAACAAGS3' / C26A 5'GTTTCTTTTC
CTCCGCT3' (Wen and Zimmer, 1996) primer sets to
amplify the ITS1-5.8S-ITS2 region (ITS), and EF1-983F
5’ACHGTRCCRATACCACCRATCTT3 [/ EF1-1567R
5'GCYCCYGGHCAYCGTGAY3' (Rehner and Buckley,
2005) for TEF1-a region. PCR reaction was performed in
a 25 pl volume mixture containing genomic DNA (10
ng/ul), 10X PCR Buffer, MgCI2 (25 mM), dNTP mixture
(10 mM), selected primer pair (10 uM), Tag polymerase
(5u/ul) and sterile water. The PCR condition for both
regions was optimized as 95 °C for 2 min followed by 35
cycles of denaturation at 94 °C for 1 min, annealing at 54
°C for 50 sec, and elongation at 72 °C for 1 min, and final
extension at 72 °C for 5 min to complete the primer-
template extensions. PCR products were run in 1.0 %
agarose gel and visualized by staining with Gelred dye.
Positive reactions were sequenced with forward and
reverse PCR primers using ABI 3730XL automated
sequencer (BM Labosis, Ankara, Turkiye).

Pylogenetic analysis

DNA sequences were assembled and edited with
Mafft 7.311 (Katoh and Standley, 2013) from the
Mesquite 3.7 software (Maddison and Maddison, 2009).
For initial comparison, Basic Local Alignment Search Tool
(BLAST) (Altschul et al., 1990) analysis was performed
using the GenBank database. The sequences obtained
from studied samples were compared to related
sequences in GenBank via BLAST algorithm. To clarify
the phylogenetic positions of the studied specimens,
representative sequences of ITS and TEF1-a loci were
retrieved from the GenBank database. For each region 16
sequences representing of Helvella were downloaded.
For single dataset, 28 sequences were analyzed
representing 10 Helvella taxa (Table 1). Wynnella
silvicola (AF064596) and W. supalpina (MK113895) were
chosen as outgroup samples for ITS and TEF1-a regions,
respectively.

Phylogenetic inference was conducted using
Bayesian inference (Bl) method. The BI analyses were
performed with MrBayes v.3.2.6 (Ronquist et al., 2003)
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with four incrementally heated simultaneous Monte Carlo
Markov Chains (MCMC) run for 5 million generations
under GTR+G evolutionary model when the average
standard deviations of split frequencies were <0.01 (the

Probabilities (BPP). For the remaining trees, a majority
rule consensus tree showing all compatible partitions was
computed to obtain estimates for Bayesian Posterior
Probabilities (BPP). The final phylogenetic trees were

first 25% of generations were treated as burn-in). Branch

support was

Table 1. Metadata of Helvella species. The studied samples were written with bold character. *The sequences downloaded
from GenBank were cited at the end of the paper. *The accession numbers of TEF1-a were not assigned yet by GenBank.

determined by Bayesian

Posterior

visualized using Figtree 1.4.3 (Rambaut, 2016).

GenBank Accession Number*
9 y Year TS TEF1-a
KH1401 Sweden, Sédermanland 2014 MK088073 MK113891
H. acetabulum (L.)
Quél. H127, O-178005 Norway, Mgre og Romsdal 2004 MK088072 KY772872
Kuzukulagimantari
VANF130 Erzurum 2018 0Q065744 *x
VANF881 Hakkari 2015 0Q065743 **
H. alpina
Skrede, T.A. H1124, C-F-55730 Greenland 1987 MN658193 MN658193
Carlsen & T.
Schumach.
H. arctoalpina HO030, 0-253236 Norway, Oppland 2009 - KY772835
Harmaja VANF127 Hakkari 2010 0Q065745 **
H. calycina Norway. Oppland. 2009 MN656158 KY772833
Skrede, T.A. H022, 0-253255 Dovre.Grimsdalen
Carlsen & T.
Schumach. VANF100 Erzurum-Kars 2013 0Q065747 *x
H. costifera AMHO001 USA 2017 MG663264
Nannf.
Boz semermantari HMAS 187120 Beijing, China 2019 MK652158
H1958, TROM-F- Norway. Troms. Salangen 2017 MN656172
610014
H. corium H2184, O-255756 Canada: Quebec, 2017 MN992597
(0. Weberb.) 0-253259 Chibougamau
Massee
s H2184, O-255756 Svalbard. Longyearbyen 2017 MN658196
emermantari
0-253279 Norway,Hordaland 2014 MK113880
VANF234 Hakkari 2013 0QO065750 ke
H.crispa KH.09.186 (S) Sweden,Gotland 2009 KU739895 MK113882
(Scop.) Fr.
Delikli ssmermantari VANF98 Erzurum-Kars 2013 0Q065742 -
. KH.12.75 (S) Sweden,Jampland 2012 MK11390
H. confusa Harmaja
2484232 France 2016 ON622916
H. ealaﬁtica HO66 Sweden 2009 KR019787 KY772858
ull.
Esnek
semermantar VANF351 Erzurum 2018 0Q065749 wx
H. leucomelaena KH.06.01 (FH) USA, MA 2006 KC109207
(Pers.) Nannf. VANF806 Erzurum-Kars 2013 0Q065741 o
Cukur semermantari VANF1026 Bingdl 2018 00065740 o
H. lacunosa 44625 United Kingdom: England, 2013 MZ159481
Afzel. Nottinghamshire
Bet semermantari HKAS 87878 China 2016 KT894824
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Norway. Nordland. Saltd

al.

H1041, 0-255761 Junkerdalen 2016 MN689302
0-253320 Norway, Oppland 2009 MK113883
VANF784 Erzurum-Kars 2014 0Q065748 *x
H. Iiucorws 1287490 Italy 2012 JX462565
ers.
Top semermantari VANF953 Ordu 2015 0Q065751 ox
o 2663 Norway 1987 AF046221
H. solitaria
P. Karst.
Ayrik semermantari H080, 0-25337 Norway 1987 KY772864
VANF21 Erzurum-Kars 2011 0Q065746 *x
H. spadicea
Schaeft. HKAS83153 China 2016 KU739798
Alaca semermantari
H.oblongispora 34293 France 2012 ON622915
Harmaja HMAS86051 Xinjiang, China 2019 MK652163
Results separation of some taxa such as H. corium (N234) and H.

The analysis involved a total of 29 sequences

including outgrup for each region (Table 1). The length of
sequence was about 600 bp for ITS and 500 bp for TEF-
1a regions, and both regions had relatively clear
barcoding gaps. The resolution of the ITS tree was better
than that of TEF1-a because of greater number of
nucleotide variations (Figure 1). The analysis based on
variable characters of the two regions vyielded
phylogenetic trees with well supported clusters (Figures 2
and 3). However, the resolution of the TEF-71a tree was

alpina (MN658193); H. calycina (N100) and H. costifera
(MK652158); H. arctoalpina (N127) and H. acetabulum
(N130) could not be observed clearly.

Species were grouped in keeping with their
sections (Solitarie, Leucomelaenae, Acetabulum,
Helvella, Macropodes, Lacunosae, Elasticae) so seven
clusters were observed in both trees. The studied species
grouped with their representatives retrieved from the
database. This result suggests that the morphological and
molecular data are sufficient for identification of the

less compared to ITS resolution so phylogenetic studied samples.
0,2
0,15
0.1
o 1| LId] 1 |
0
(s s N g ] G
@‘}&Q SR &“§ s& cﬁf’& & & &
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Figure 1. Comparisons of intra- and inter-specific variation pairwise distances among ITS and TEF-71a
genes of Helvella generated by MEGA and Excel.
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Figure 2. Phylogenetic tree of ITS region conducted by Bayesian analysis (Taxa marked in red indicate studied
examples).
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Figure 3. Phylogenetic tree of TEF1-a region conducted by Bayesian analysis (Taxa marked in red indicate studied
examples).

Discussions

RNA coding, non-coding and protein coding loci
are used as molecular markers to infer phylogenies in the
fungal kingdom. Several studies have pointed out that
single-copy protein-coding markers are more useful and
may perform better than multi-copy ribosomal genes
(Raja et al., 2011; Stielow et al., 2015; Hansen and
Olariaga, 2015). Since Ascomycetes is the last evolving
class of the fungal kingdom, working with conserved
regions in addition to ITS may be valuable to get more
informative results. Therefore, secondary DNA barcodes
have been suggested to overcome the limitations of the
ITS region (Stielow et al. 2015). The single copy protein
coding gene such as TEF1-a has been suggested as a
secondary barcode for fungi because of its ability to
resolve closely related species (Hansen and Olariaga
2015; Stielow et al. 2015).

The procedures such as DNA isolation and PCR
were easier for TEF1l-a region compared to ITS. For
instance DNA was isolated from old-dated samples with
high quality even though Skrede and coworkers (2017)
indicated that fresh specimens are needed to isolate
DNA. Moreover, TEF1-a region was amplified easily and
did not give any non-specific band pattern; only one band
was observed after PCR but more than one was seen for
ITS region. Even though the TEF1-a region has less

number of indels and consistent nucleotide variations, the
ITS region has better resolution to determine the
phylogeny of Helvella species. Discrimination of some
species was not sufficient at the tree constructed based
on TEF1-a region. One of them is Helvella corium which
belongs to the morphospecies complex and this species
is determined pseudocryptic species. For discrimination
of these cryptic species additional regions are needed
such as LSU (Large Subunit) (Lgken et al., 2020).
Helvella costifera and H. calycina are sister species and
protein coding gene such as HSP (Heat Shock Protein)
and RPB2 (RNA Polymerase 2) regions are needed for
getting be better resolution in the tree (Skrede et al.,
2020).

As aresult, it is safe to say that ITS region may be
more useful to study phylogeny of the genus. This region
can be used alone or combined with protein coding gene
such as TEF1-a to better understand relations between
species.
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Oz: Ulkemizde Keme, domalan, toprak mantari ve diger bazi isimlerle bilinen Terfezia
turleri genellikle kurak ve yari kurak bolgelerde yayilis gosterdiklerinden dolayi ¢dl trifleri
ierisinde siniflandirilirlar. Tirkiye'nin dzellikle i¢ Anadolu, Giineydogu Anadolu ve Dogu Anadolu
bélgelerinde Terfezia tiirleri dogal olarak yayilis gostermektedir. Ustiin lezzetleri ve yiiksek besin
degerlerinin yani sira tibbi 6zellikleri ile de dikkat ¢ceken Terfezia turleri tim diinya da blyuk talep
gormektedir. Index Fungorum’a goreTerfezia cinsi icerisinde 50’den fazla tir tespit edilmistir ve
bunlardan 7 tanesi Ulkemizin farkli bolgelerinde kayit altina alinmigtir. Turkiye’de en yaygin
gorulen tirler Terfezia boudieri ve T. claveryi'dir. Diger taraftan, T. albida, T. arenaria, T.
cistophila, T. leptoderma ve T. olbiensis turleri de Turkiye’de yayilis gosteren diger turlerdir. Bu
derlemede, ulkemizde yayilis gOsteren Terfezia turleri ile bu turlerin morfolojik ve mikroskobik
bazi 6zellikleri, yayilis alanlari, ekolojik istekleri, ekonomik degerleri ve dogal yayilis alanlari
Uzerindeki tehditler literatirde yer alan konu ile ilgili yarutilmis c¢alisamalarin sonuglarina
dayanilarak gozden gecirilmis ve Terfezia tirlerinin dogal yayilis alanlarinin korunmasi ile ilgili
bazi 6neriler sunulmustur.

Anahtar kelimeler: Ascomycetes, Keme, Domalan, C6l Trifleri, Dogal Ortam

Terfezia Species Natural Distributed in Turkiye and Their Ecologies

Abstract: Terfezia species, known as Keme, truffles, soil mushrooms and some other
names in Turkiye, are classified as desert truffles because they are generally widespread in arid
and semi-arid regions. Turkiye, especially Central Anatolia, Southeastern Anatolia and Eastern
Anatolia regions are the natural distribution areas of Terfezia species. These species, which
attract attention with their superior flavors and high nutritional values as well as their medicinal
properties, are in great demand all over the world. More than 50 species have been identified in
the Terfezia genus and 7 of them have been recorded in different regions of Tirkiye. The two
most common Terfezia species in Tlrkiye are Terfezia claveryi and Terfezia bourdieri. On the
other hand, T. olbiensis, T. arenaria, T. leptoderma, T. albida and T. cistophila are the other
species distributed in Turkiye. In this review, some morphological and microscopic features of
Terfezia species, their distribution, ecological demands and economic values were discussed
based on the present literature, and some suggestions about protection of natural habitats were
given.

Key words: Ascomycetes, Keme, Domalan, Desert Truffles, Habitat
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Giris

Ekolojik ve ekonomik degerleri ile antik ¢gaglardan
beri bilinen Terfezia (Tul. & C. Tul.) Tul. & C. Tul. turleri,
taksonomik olarak, Ascomycota subesinin, Pezizales
takiminin, Pezizaceae familyasinda yer alirlar. Bu turler
yumru seklinde olan meyvelerini toprak altinda
olustururlar ve tipik olarak kurak ve yari kurak bélgelerde

dogal yayilis gostermelerinden dolayl da ¢dl mantarlari
grubu igerisinde siniflandirilirlar (Morte ve ark., 2021).
Terfezia turleri, dinyada, “tirfas”, “terfase”, “terfez”,
“fagga”’, “faga”, “el faga”, “fagah”, “dombal”, “kame”,
“kamaa” ve “al-kamah” (Bokhary, 1987; Mandeel ve Al-
Laith, 2007), tlkemizde ‘keme, kumi, diimbelek, dolaman,
domalan, topalak, tombalak ve toprak mantar’ gibi
isimlerle bilinmektedir (Akyuz ve ark.,, 2012). Bu
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mantarlar, yuksek fiyatlarla satisa sunulmalarina ragmen,
dogal olarak yayilis g0Osterdigi Ulkeler disinda bile ¢ok
poptlerdirler (Mandeel ve Al-Laith, 2007; Laity 2009).
Terfezia tarleri yaklasik 3.000 yildan beri insanlar
tarafindan besin kaynagi olarak tiiketiimekte olup (Morte
ve ark., 2008), iki bin yildan fazla bir stredir de geleneksel
tipta kullaniimaktadirlar (Al-Rahmah 2001). Yapilmis
calismalara bakildiginda ¢ol trifleri ile ilgili cok degisik
inanislarin rapor edildigi gortlmektedir (Shavit, 2014).
Genel inanis bu mantarlarin tohumsuz ve koksiiz olarak
bir gecede aniden ortaya ciktiklari, cok kumlu yerlerde
Uredikleri ve gucli goék gurdltisd ve firtinalarin bu
mantarlarin olusumu uUzerinde etkili oldugu ydnundedir
(Al-Thani, 2010; Trappe ve ark. 2008).

Terfezia turleri g¢ogunlukla lezzetleri ve sahip
olduklari aromalari igin tercih edilmektedir. (Shavit ve
Shavit, 2014).Cinsin Uyeleri ayrica, dusuk kalorili
olmalari, yiksek lif, protein, vitamin ve mineral igeriklerine
sahip olmalarindan dolay! ideal bir besin kaynagidirlar
(Kivrak, 2015). Diger taraftan yag asileri, esansiyel amino
asitler (Farag ve ark., 2021; Dindar ve ark., 2012),
vitaminler (Veeraraghavan ve ark., 2021; Dabbour ve
Takruri, 2002) ve mineral maddeler (Thomas ve ark.,
2019; Ahmed ve ark., 1981) agisindan da zengindirler.

Diger bazi mantar turleri gibi Terfezia tirleri de bazi
tibbi 6zellikler géstermektedirler (Chauhan ve ark., 2021).
Bu mantarlar sahip olduklari zengin biyoaktif icerikleri
sayesinde, yuzyillardir gesitli hastaliklarin tedavisinde
kullaniimiglardir (Shavit ve Shavit, 2014). Gegmiste
Araplar, ibn Sina'nin belirttigi gibi, bu mantarin
kaynatiimasi ile elde edilen suyu g6z hastaliklarinin
tedavisinde kullanmiglardir (Al-Marzooqi, 1981). Ayrica,
Terfezia tarlerinin dogurganhdi artirmada faydah bir
etkiye sahip oldudu ve yorgunlugun giderilmesinde etki
gosterdigi rapor edilmistir (Bradai ve ark., 2015a).
GunimUlzde ydrutilen modern tip g¢alismalari ile de
Terfezia tirlerinin anti-inflamatuar (Darwish ve ark.,
2021), anti kanser, bagisikhk dizenleyici (Al Obaydi ve
ark., 2020), antiproliferatif (Tejedor-Calvo ve ark., 2021),
antioksidatif (Dindar ve ark., 2012), antimikrobiyal
(Tejedor-Calvo ve ark., 2021) ve hepatoprotektif (Janakat
ve Nassar, 2010) etkilere sahip olduklar ortaya
konulmustur.

Terfezia cinsi icerisinde yer alan tirler genellikle
Cistaceae familyasi igerisinde yer alan bitki tirleri,
Ozellikle Helianthemum cinsi ile mikorizal iligki
kurmaktadirlar (Morte ve ark. 2017; Akylz ve ark. 2015,
Tarkoglu ve Castellano, 2014; Akyluz ve ark., 2012).
Ulkemizde yapilan c¢alismalarda Terfezia turlerinin
cogunlukla tek yillik ya da iki yillik otsu bir bitki olan

Helianthemum salicifolium ile mikorizal iligki kurdugu
rapor edilmistir (Akylz ve ark. 2015; Gezer ve ark., 2014).
Bu bitki 30 cm yikseklige kadar ulasabilir ve yapraklari
s6git yapragina benzemektedir. Cigekleri sari renklidir ve
bes ta¢ yapragina sahiptir (Miller, 1768). Konukgu bitki
ciceklenmeyi bitirdiginde mantarin askokarp olusumu
baslar. Béylece konukgu bitkinin ciceklenmesinin erken
veya gecikmesine gore Uretim siresi
dalgalanabilmektedir (Morte ve ark. 2009). Terfezia
turlerinin askomatasi farkli pH araliklarina sahip
topraklarda ve yaklagik 1-6 cm (cogunlukla 1-4 cm)
derinliklerde yetistigi rapor edilmistir (Awameh ve
Alsheikh 1979; 1980; Bonifacio ve Morte 2014). Bazi
Terfezia tirleri kiltiire alma galismalari basarili bir sekilde
gerceklestirilmistir (Morte ve ark., 2012; Honrubia ve ark.,
2014).

Bu calismada, Glkemizde yayilis gosteren Terfezia
tirlerinin bazi morfolojik ve mikroskobik 6zellikleri, yayilis
alanlari, ekolojik istekleri ve ekonomik degerleri
derlenmigtir. Ayrica bu cinsin dogal yayilis alanlari
Uzerindeki tehditler gézden gecirilmis ve dogal yayilis
alanlarinin korunmasi ile ilgili bazi éneriler sunulmustur.

Terfezia Turlerinin Yayihg Alanlari ve Ekolojik
istekleri

Terfezia turleri, kurak alanlari ve c¢olleri de
kapsayan birgok farkli ekosistemde dogal olarak yayilis
g6stermektedir. Bolgelere gore dedismekle birlikte, doga
da genellikle Mart ve Mayis aylari arasindaki yagisli
mevsimi takiben ortaya ¢ikmaktadirlar. Terfezia tirlerinin
varligi Avustralya ve Antartika hari¢ her kitadan rapor
edilmistir (Alsheikh, 1994). Bu cins ¢ogdunlukla Akdeniz
havzasinin kurak ve yari kurak boélgelerinde (Kagan-Zur
ve Akyuz, 2014) olmak Uzere, Kuzey Afrika'da (Zitouni-
Haouar ve ark., 2018), Kalahari Coéliinde (Trappe ve ark.,
2008), Orta Dogu'da (Mandeel ve Al-Laith, 2007,
Veeraraghavan ve ark., 2021), Gliney Avrupa’da (Moreno
ve ark., 2002; Bordallo ve ark., 2015) belirlenmistir.

Ulkemizde Giiney Dogu Anadolu, i¢ Anadolu ve
Dogu Anadolu Bolgelerinde Terfezia tirleri dogal olarak
yayilis goOstermektedir ve bu bolgelerden ¢ok sayida
arastirma kayda gec¢mistir (Akylz ve ark., 2019; 2016;
2015; 2012; Gicin ve Diiger, 1997). Ulkemizin diger
bblgelerinden ise Terfezia tirleri nadir olarak rapor
edilmistir (Tdrkogdlu ve ark., 2015. Turkiye’'de kayit altina
alinan Terfezia turleri, T. albida Ant.Rodr., Mohedano &
Bordallo (Al domalan), T. arenaria (Moris)Trappe
(Domalan), Terfezia boudieri Chatin (Keme), T. cistophila,
T. claveryi Chatin (Kizil Domalan), T. leptoderma (Tul. &
C.Tul.) Tul. & C.Tul. (C6l Kemesi) ve T. olbiensis
(Tul.&C.Tul.) Sacc.(Kalin Keme)'dir (Sesli ve ark., 2020).
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Bu taksonlarin dogada Helianthemum tirleri ile
cogunluklada Helianthemum salicifolium konukgusuyla
mikorizal bir iliski olusturduklar bildirilmistir (Glcin ve
Dulger,1997; Akyuz ve ark., 2016; 2015).

Toprak istekleri

Terfezia tirleri genellikle rendzinal, kiregli, alkali,
taneli ve drenaji iyi, organik madde icerigi zayif, hafif alkali
ve tuzlu topraklari tercih etmektedir (Ammarellou ve
Saremi, 2008). Bu alanlar genellikle kiigiik agaglar ve
calilar seklinde vyalnizca halofitik ¢6l bitkilerinin
gelisebildigi tuzlu kumla kaph alanlardir (Mandeel ve Al-
Laith, 2007). Terfezia turlerinin gelistigi topraklarin igerigi,
%80-90 kum, %4-9 kil, %1-8 silt, %4-%5.4 CaCO3 ve 7.9-
8.5 pH olarak tanimlanmigtir (Kagan-Zur ve Roth-
Bejerano, 2008). Kalahari Colu'nde ise Terfezia yetisen
alanlarda pH'in 5.5 ila 7.2 arasinda ve CaCQOg3 igeriginin
ise %0.3 ila %3.1 arasinda degistigi bildirilmistir (Taylor
ve ark., 1995). Bu tlrlerin, GUney Avrupa'da ise Killi-kirecli
ila asitli topraklarda gelistigi rapor edilmistir (Morte ve
ark., 2009). Cezayir'de ¢ol trifleri, kumlu dokulu, orta
derecede kalkerli (%10.19), hafif alkali (%7.87), organik
madde orani disik (%0.86) ve hafif fosfor igerikli
heterojen topraklarda yetismektedir (Bradai ve ark.,
2015b). Baize, (2000) ise, ¢4l truflerinin habitatlarini, hafif
alkali pH'a (7.60-8.05) sahip, tuzlu olmayan (0.65 ile 0.79
dS/m), organik madde icerigi dusik (%0.78 ile %0.98),
orta derecede kiregli (%9.09 ile %12.01), dusuk fosfor
iceren (23.42 ile 2554 ppm) topraklar olarak
tanimlamigtir.

Terfezia turleri Turkiye'de Anadolu'da kumlu
topraklarda ve kumlu-killi-kiregli topraklarda, fakir step
ekosistemlerinde yayilig gOsterirler. Bu cinse ait olan bazi
tirlerin orta dizeyde organik madde iceren (%10'a
kadar), pH"' yiksek ve iyi havalandirilmig grandler
topraklari tercih ettikleri bildirilmistir (Gezer ve ark., 2014).
Akyiz ve ark. (2012) T. boudieri Chatin’in kum-kil-balgik
topraklarda yasadigi, bu topraklarin %0.126 azot, %1.848
organik madde, %3.78 toplam kireg, 0.164 mmhos/cm tuz
icerdigi ve pH’sinin 7.12 oldugunu bildirmiglerdir.

iklim istekleri

Tarkiye’de keme mantari ¢cogunlukla yazlari kurak
(yani Haziran-Eylll aylarinda yagissiz) ve az ya da ¢ok
yagish kiglari olan yari kurak ila kurak karasal iklim ile
karakterize edilen ic bozkir bodlgelerde yayilis
gOstermektedir. Genel olarak keme mantarlari dogada
Mart ve Mayis aylari arasinda goéralir ve keme
toplayicilarina goére verim Uzerindeki en etkili faktor
yagislardir. Yapilmis g¢alismalarda da Terfezia turlerinin
gelisimlerinin su mevcudiyetine ve iklim kosullarina,
Ozellikle de yagisin mevsimselligine ve periyodikligine,

miktar ve zaman-mekansal dagilimina bagh oldugu
bildirilmistir (Bokhary ve Parvez 1988). Bradai ve ark.
(2014) Terfezia turlerinin gelisimini belirleyen en énemli
faktorin kurak doénemden sonra yadan yagmurlar
oldugunu rapor emiglerdir. Yagislarin mevsimsel
dagilimi, miktari kadar 6nemlidir. Yani hem mantarin hem
de konukcu-bitkinin biyimesi icin Kuzey Afrika ve Orta
Dogu'da en gec¢ Aralik ayinin baslarinda ve guney
Avrupa'da ise Ekim ayi baslarinda yagmurlarin yagmis
olmasi gereklidir (Morte ve ark., 2009). Terfezia tirlerinin
hasat mevsiminde, Kuzey Afrika llkelerinde yagis miktari
70 ile 120 mm arasinda ve Gliney Avrupa ulkelerinde ise
100 ile 350 mm arasinda degisiklik gosteriyorsa verim
daha fazla olmaktadir. 200 mm'den fazla yagan siddetli
yagmurlarin ve aksam veya sabah erken saatlerinde
olusan ciylerin, ¢ol triflerinin blyimesi igin en uygun
kosullar oldugu disinilmektedir (Morte ve ark., 2009).
Gok glrultisu ve simseklerin, yer mantari olusumu igin
temel gereksinimler olduguna dair bir inanig da mevcuttur
(Mandeeland ve Al-Laith, 2007). Ancak Dinya'da
yasanan iklim degisiklikleri ve kuraklk, hem konukgu
bitkilerin  gelisimini hem de mantar sporlarinin
¢imlenmesini  ve buyumesini etkileyerek Terfezia
tirlerinin gelisimi i¢in sinirlayici faktérler haline gelmistir.
Aslinda sonbahar dénemindeki yagislar sadece konukgu
bitki tlrlerinin ¢cimlenmesi ve blylimesinde degil, ayni
zamanda mantar sporlarinin toprakta tasinmasi ve
topragin alt katmanlarina sizmasi, ardindan sporlarin
¢cimlenmesi ve misel buyimesinde de rol oynar (Bradai
2006). Morte ve ark. (2012) bir yilin sonbaharinda (Eyliil,
Ekim ve Kasim) yagdis miktari ile bir sonraki yilin
ilkbaharinda Terfezia claveryi verimi ile pozitif bir iligki
bulundugunu gézlemlemiglerdir. Diger taraftan, Alsheikh
(1994)e gbre sonbaharin sonlarinda meydana gelen
yagislarin, yillik  konukgu bitkilerin  tohumlarinin
¢imlenmesini ve blylmesini geciktirdigi ve bunun ¢ol
triflerinin verimliligi Gzerinde olumsuz etkiler gosterdigi ve
ilkbaharda gorilen bol yagislarin ise, iyi askokarp
Uretimine neden oldugunu rapor etmistir. Chafi ve ark.
(2004) ise Ekim'den Mart'a kadar iyi dagilmis yillik yagis,
kurak bolgelerde Aralik-Ocak ve yari kurak bolgelerde
Mart-Nisan aylarindaki yagislarin ¢ol triflerinin hasatini
artirdigini rapor etmislerdir.

Bununla birlikte, dogada yer mantari ¢ikisi, asiri
yagislar veya yil igcinde yetersiz dagilan yagmurlar, hatta
uzun sureli asir sicak veya soguk veya hatta daha uzun
sureli  kurakllk  doénemleri  nedeniyle  kesintiye
ugramaktadir (Chafi, 2004). Ayrica sporlar siddetli
yagislardan da zarar gorebilir ve bu da az miktarda ¢ol
trifi mantari hasat edilmesi ile sonuclanabilir (Feeney
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2002). Ayrica kis aylarindaki (Ocak-Subat)
sicakliklar ¢ol triflerinin Gretimini azaltmaktadir (Bradai ve
ark., 2015b). Kisin disuk sicakliklar konukgu bitkinin
biyimesini  geciktirirken, don genc  slrgunleri
oldirmektedir (Halwagy ve Halwagy, 1974). Eger hava
konukgularin saglikli gelisimini destekliyorsa ve bahar
kurak gecmez ise Terfezia spp. askokarp olusturmaya
baslamaktadir.

Tarkiye'de keme mantari tarlerinin dogal olarak
yayllis gosterdigi i¢ Anadolu, Dodu Anadolu ve
Guneydogu Anadolu boélgeleri yazlari sicak ve kurak,
kiglari soguk ve karl olan yari kurak bir karasal iklime
sahiptir. Genel olarak, ¢4l triflerinin yetistigi alanlar, 50 ile
380 mm arasinda degisen yillik yagis miktar ile
karakterize edilmektedir. ic Anadolu bélgesin yillik yagis
miktari disuk olup yillik ortalama yagis 382 mm’dir. Dogu
Anadolu ve Glineydogu Anadolu Bdlgelerinin yillik yagis
miktarlari daha yuksek olup, sirasi ile 500-600 mm ve
400-700 mm'dir (Anonim, 2022). Karasal iklimde en fazla
yagis ilkbaharda, en az yagis yazin dismektedir. Bu
yagis doénemleri literatirde iyi bir Terfezia hasadi igin
ihtiya¢ duyulan kosullar ile uyumludur.

Tiirkiye’de Yayilis Gosteren Terfezia Tlrleri

Index Fungorium’a godre Terfezia cinsi i¢erisinde
50'den fazla tar tanimlandigi halde
(http://www.indexfungorum.org), Kirk ve ark. (2008),
dinya’da 12 Terfezia turinun bulundugunu bildirmistir.
Ulkemizde ise 7 Terfezia tir(i rapor edilmistir. Bu boliimde
Turkiye mikotasinda kaydedilmis olan Terfezia turlerinin
morfolojik &zellikleri ve Ulkemizdeki yayihs alanlari
g6zden gecirilmigtir.

Terfezia claveryi Chatin , La Truffe: 74 (1892)

Terfezia cinsi icerisinde en ¢ok tercih edilen ve en
yaygin olarak tiketilen tarddr. Yunan ve Roma
doénemlerinde, Libya'dan ithal edilerek Giiney Avrupa
pazarlarinda satildigina dair kayitlar vardir (Honrubia ve
ark., 2007).

Terfezia claveryi, Ozellikle Akdeniz ulkelerinde,
kurak ve yari kurak topraklarda yaygin olarak yayilis
géstermektedir. Tirkiye'de ozellikle i¢ Anadolu, Dogu
Anadolu ve Gilineydogu Anadolu bdlgesinde yaygin
olarak gorulmektedir (Tablo 1). Bu tir, Helianthemum
cinsinin birka¢ yillik ve c¢ok yilhk tirleri ile mikorizal
simbiyoz olusturur ve yari kurak alanlarin marn-algil
topraklarinda gok sik gorulir (Gutiérrez ve ark., 2003).
Genellkle agik, ginesli ¢aliliklarda veya dag ovalarinin
cayirlarinda bulundugunu ve her zaman bazik, karbonatl
ve Kkilli topraklarda veya sahillerde kumlu topraklarda
gelistigi belirtiimistir (Honrubia, 2007; Morte ve ark.,
2009). T. claveryi Konya'da Heliathemum bitkisinin
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yaygin oldugu, kumlu topraga sahip mera alanlarinda ve
Nisan-Mayis aylari arasinda hasat edilmektedir (Sahin
2012). Mantar hasadi, konukgusu gicek agmayi bitirdikten
sonra baslamaktadir. Bazen, Helianthemum bitkisinin
ciceklenme periyotlari daha erken baslayabilir veya
gecikebilir, bu da askokarp Uretim periyodunda
degisikliklere neden olabilir.

Ascokarplar 4-6 cm genisliginde, kiremsi ya da
kireye yakin bir sekle sahiptir. Rengi 6nce kirli beyaz
olup, daha sonra kirmizi-kahverengi, son olarak koyu
kirmizi-kahverengi veya siyah-kahverengiyee donusur
(Tarkoglu ve ark. 2015). Sahin (2012), askokarplarin,
kiremsi, basik ya da armut seklinde olup bazen loblu
olabilecegini, blyukligunin yaklasik 10 cm oldugunu
ancak bazen oldukga biylk boyutlarda olabilecegini,
renginin kirmizimsi saridan kirmizimsi kahverengine
kadar degistigini, olgunlagtiginda ise kahverengi renkli
oldugunu bildirmistir. Gleba, etli yapida, ilk basta kirli
beyaz ya da ten rengi olup, ve soluk sari, sarimsi-
kirmizimsi ve belirgin steril damarlar igerir (TUrkoglu ve
ark., 2015; $ahin, 2012), Askus vyuvarlaktir ve 8
sporludur. Askosporlar kiresel yapida, sislid, sarimsi
renktedir ve askus iginde daginik bir sekilde bulunurlar
(Turkoglu ve ark., 2015; Sahin, 2012)

Terfezia boudieri Chatin, La Truffe: 72 (1892)

Terfezia boudieri, morfolojik olarak T. claveryi'ye
yakin bir tirdlr ve bazi arastiricilar bu iki tirG sinonim
olarak kabul ederler. Her iki tirin morfolojik yapilari,
ekolojisi, konukgulari, hasat dénemleri gibi bazi 6zellikleri
son derece benzerdir. En bilylk fark, mikroskobik
dizeyde gorulir. T. claveryi'de sporlarin olgunluk
derecesine gore uzerlerinde hafif c¢ikintili  sigiller
gorulebilirken, T. boudieri'nin sporlarinda belirgin ve
bazen kesik sigiller ortaya ¢ikar, ancak bu farklilik her iki
tird ayirmak igin yetersizdir (Morte ve ark. 2009).

T. boudieri' tiri de, T. claveryi’ tiri ile benzer
sekilde, Helianthemum spp.’nin dogal yayilis gosterdidi,
kumlu topraga sahip meralarda, Nisan- Mayis aylarinda
ortaya cikarlar (Sahin, 2012). Gezer ve ark. (2014), T.
boudieri 6rneklerini Denizli'de Mayis ayinda, 610-700 m
yukseklikte ve 5-15 cm derinlikten topladiklarini rapor
etmiglerdir. Bu tiir, Konya, Karaman, Nigde, Gaziantep,
Sanliurfa, Malatya, Elazi§, Batman gibi ic Anadolu, Dogu
Anadolu ve Gineydogu Anadolu illerinde daha sik
gérilse de Usak (Turkoglu ve Yagiz, 2012) ve Denizli
(Gezer ve ark., 2014) gibi sehirlerimizde de yayihs
gOsterdigi tespit edilmistir.

Askokarp, kahverengi ila koyu kahverengi veya
siyahimsi kahverengi renkte olup agirhgi 20-150 ¢
arasinda degisir (Akyliz ve ark. 2012). Sekil ve renk
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itibariyle patates yumrusuna benzer, 3-10 x 5-7 cm
boyutlarindadir, ylizeyi diizgiin veya ¢atlamis olabilir, dip
kisim T. claveryi'deki gibi konik degil sivridir ve bu
kisimda beyaz renkli bazal misel puskiline sahiptir
(Gucin ve Diulger 1997; Sahin, 2012). Gleba etli ve siki
yapida, beyazimsi renkte olup, olgunlasma ilerledik¢e
kirmizimsi sari renge, olgunlastiginda ise kakao rengine
doner. Hos bir kokusu vardir (Sahin, 2012). Askus,
elipsoidal ve septali kisa bir pedisele (sapgik)sahip;
genellikle renksiz ve 8 sporludur. Askosporlar (20-26 pm)
kureseldir ve kesik sidiller ve konik dikenlerle stslenmistir
(Thomas ve ark., 2019).

Terfezia leptoderma (Tul. & C. Tul.) Fungi
hypog.: 175 (1851)

Bu tdr, orman ortamlari veya Helianthemum
guttatum Mill. ile iligkilidir, ayrica Terfezia arenaria (Moris)
Trappe ve Tuber asa Tul. & C. Tul. bulunan alanlarda;
Quercus sp. altinda ve ¢am ormanlarinda rastlanir.
(Alsheikh 1994). Castellano ve Turkoglu (2012), Usak,
Esme’de kaydettikleri T. leptoderma’nin  kumlu
topraklarda gelistigini ve Geranium, Helianthemum ve
Cerastium sp. ile iligki kurduklarini bildirmiglerdir.
Askokarplar 2—4 cm genisliginde, kuresel ila alt kuresel
sekilli olup; ylzeyi kirli beyaz, ilerleyen ddénemlerde
pembe-leylak, sarimsi ve tam olarak olgunlastiginda ise
sarimsi kahverengi renklidir. Gleba ilk basta grimsi olup,
havaya maruz kaldiginda pembemsi ve morumsu leylak
rengine doner, olgunlasma ile birlikte ise gri-yesil ila
zeytin yesili renk alir. Glebada ¢ok genis, kirli beyaz steril
damarlar mevcuttur. Askuslar, gleba icinde rastgele
dagilimig, alt kuresel ila elipsoid yapida, 8 sporludur.
Askosporlar, diken seklinde suslemeli, kiresel, sarimsi
kahverengi (Turkoglu ve Castellano, 2014). Kokusu
hafiftir ve hindistan cevizine benzer (Castellano ve
Tarkogdlu, 2012). Bu tir ayni zamanda daha degerli olan
T. arenaria sezonunun gelisi i¢in bir gOsterge tur olarak
degerlendiriimektedir (Thomas ve ark., 2019).

Terfezia arenaria (Moris) Trappe, Trans. Br.
mycol. Soc. 57(1): 90 (1971)

Glney Avrupa’da en yaygin goérilen Terfezia
turaddr. Bu tlr esas olarak Akdeniz'in kiyi ve kumlu
topraklariyla baglantilidir ve ayni zamanda yari ¢ol i¢
bdlgelerde de gorilir (Barseghyan ve Wasser; 2011).
Morte ve ark. (2009), T. arenaria turiinin asidik ortamlari
tercih ettigini bildirmigtir. 5-20 cm derinlikte ve H.
sessilliflorum koklerine ¢ok yakin olarak gelisirler
(Barseghyan ve Wasser, 2011). Otsu cayirlarda, agik,
nadiren daglik, hafif egdimli, kumlu, 1slak ve organik
maddece fakir alanlarda yetisir ve Glney ve bati
ispanya'da yaygin olarak goérilir (Morte ve ark.,2009).
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Ulkemizde, izmir (Chatin, 1892), istanbul (Alsheikh, 1994,

Aydin (Turkoglu ve ark. 2015), Denizli (Turkoglu ve
Castellano, 2014), Isparta (Afyon, 1996), Malatya (Isiloglu
ve Oder, 1995), Konya (Oder, 1988; Kasik ve ark.,
1998)da kaydedilmistir. Mantarlar, konukgu bitkinin
ciceklenme déneminde ilkbaharda hasat edilir.

Tarkoglu ve ark. (2015), Aydin Cine’de tespit
ettikleri T. arenaria ascocarplarinin 3-6 cm c¢apinda ve
kiresel sekilli olduklarini, yuzeylerinin 6nce Kirli beyaz
renkte olup, daha sonra sari-kahverengiye dondugunu,
tam olarak olgunlastiyinda ise koyu kahverengi renk
aldigini bildirmiglerdir. Ayni ¢alismada, glebanin ilk basta
kirli beyaz renkte oldudu, ilerleyen donemlerde grimsi
renge dondugu ve steril damarlarla ayrilmis oldugu rapor
edilirmistir. Barseghyan ve Wasser (2011), Israil'de
yayilig gosteren Ascomycetler ile ilgili yaptiklar bir
galismada, T. arenaria glebasinin etli, kompakt ve elastik
yapida oldugunu, baslangicta beyaz ya da ten renginde
olan glebanin, daha sonra belirgin olarak yesilimsi veya
kirmizimsi  kahverenge doénduguni ve duzensiz
damarlarin bulundudu belirlemislerdir. Askuslar gleba
icinde rastgele dagiimis olup, kiresel ila elipsoid ve 8
sporludur. Askosporlar kiresel, kesik konik veya yuvarlak
sigillere sahip, uguk kahverengi veya sari-kahverengi ila
koyu kahverengidir (Turkoglu ve ark, 2015; Barseghyan
veWasser, 2011)

Terfezia olbiensis (Tul. & C. Tul.) Sacc., Syll.
fung. (Abellini) 8: 903 (1889)

Bu Terfezia tiiri, T. bourdieri ve T. claveryi tiirlerine
gore llkemizde ¢ok daha nadir gorilmektedir. 2-5 cm
baydkligunde, soluk renkli kiglk askokarplari vardir
(TUrkoglu ve Castellano 2014; Bordallo ve Rodriguez,
2014). Tuarkoglu ve Castellano (2014), glebanin
baslangigta gri renkli oldugunu ve daha sonra gri-yesil ya
da zeytin yesili renge doéndstigini bildirmiglerdir.
Bordallo ve Rodriguez (2014) ise glebanin baslangicta
beyaz oldugunu, olgunlastiginda dokuda yesilimsi griye
dénlisen kuguk gri adaciklar olustugunu ve bunlarin
beyaz steril dokuyla gevrili oldugunu séylemislerdir.
Askuslar, gleba icinde rastgele dagiimis, alt kiresel, oval
ya da elipsoid sekilli ve 8 sporludur. Kiresel ve dikenli
askosporlar, olgunlastiklarinda, koyu sari bir renk alirlar.
Helianthemum spp. ile mikorizal iliski kurar ve kumlu
topraklarda gelisirler (Turkoglu ve Castellano 2014;
Bordallo ve Rodriguez, 2014).

Terfezia olbiensis’in, Mart ortasindan Nisan
ortasina kadar Helianthemum spp. yetismeyen kiregtasi
ve killi gam ve mese ormanlarinda yetistigini rapor edilse
de (Bordallo ve Rodriguez, 2014), tlkemizde Malatya ve
Elazig (Akyuz ve ark., 2012), ek olarak Usak, Konya ve
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Nevsehirde (Turkoglu ve Castellano, 2014) tanimlanan
T. olbiensis’in Helianthemum spp. ile iligkili oldugu
bildirilmistir. Clrimdus gibi belirgin kokusu vardir ve diger
yenilebilir Terfezia turleri kadar lezzetli degildir (Bordallo
ve Antonio Rodriguez, 2014).

Terfezia albida Ant. Rodr.,
Bordallo, Mycotaxon 124: 201 (2013)

T. albida, daha blyuk ortalama askomata boyutu,
peridiumun beyaz renkli olmasi ve spermatik kokusu ile
diger dikenli sporlu Terfezia tiirlerinden farklidir. T. albida,
alkali topraklarda Helianthemum spp. ile iligkili tek dikenli
sporlara sahip olan Terfezia turudur (Bordallo ve
Rodriguez, 2014).

Uzun ve ark. (2016), Karaman'da kaydettikleri bu
tirin askokarpinin  2-5 cm boyunda, 3-4 cm
yuksekliginde, yari yuvarlak ya da yuvarlak sekilli, erken
donemde beyaz, olgunlasinca bej renkli oldugunu, sert,
etli, sulu glebanin, erken dénemde iken beyaz,
olgunlasinca grimsi yesil renkli oldugunu ve glebada
bazen beyaz ya da pembe renkli lekeler géruldigunu
bildirmiglerdir. Askuslar oval-yari yuvarlak sekilli ve 6-8
sporludur. Askosporlar askus icerisinde dizensiz bir
sekilde dagilimiglardir. Askosporlar yuvarlak, dikenli,
renksiz ve duzgundurler (Bordallo, 2013).

Terfezia cistophila Ant. Rodr., Bordallo,
Kaounas & Morte, in Bordallo, Rodriguez, Kaounas,
Camello, Honrubia & Morte, Phytotaxa 230(3): 245
(2015)

Terfezia cistophila, peridiumun yodun sekilde
kararmasil, acgik hardal rengi glebasi, spermatik kokusi ve
Cistus spp. ile iliski kurmasi ile karakterize edilir.
Spermatik kokulu diger dikenli sporlu tir olan T.
albida'dan alkali killi topraklarda yetismesi ile farkhhk
gOsterir. T. cistophila, Cistus monspeliensis L., C. creticus
L. (Yunanistan) ve C. ladanifer L. (ispanya) ile iligkilidir
(Bordallo ve ark., 2015).

Uzun ve Kaya (2019), Trabzon’dan kaydettikleri bu
tirin askomatasini, 5-20 mm c¢apinda, klresel ila alt
kiresel, ylzeyi purizstiz, ik basta acgik bej,
olgunlastiginda agik kahverengimsi ila koyu kirmizimsi
kahverengi olarak tanimlamiglardir. Gleba sert, etli, 6nce
beyazimsi ve grimsi, sonra aglk hardal sarisi,
olgunlastiinda kahverengi ila soluk kahverengi, bazi
kisimlarda verimli dokular beyazimsi, steril damarlarla
ayrilir. Askuslarda 6-8 askospor bulunur. Askosporlar,
kiresel, ilk basta hiyalin, plrizsiz ve tek parca,
olgunlukta sari hardal sarisi ve ayri, konik ila 2.5 ym
uzunluga kadar ulasabilen kesik dikenlerle suslenmistir
(Bordallo ve ark., 2015).

Muf.-Moh. &

Terfezia Tirlerinin Dogal
Uzerindeki Tehditler

Terfezia cinsine ait olan bazi turler Akdeniz
bblgesinde yaygindir ve yerel halk icin énemli bir gelir
kaynagi olarak kabul edilir (Zotti ve ark. 2013). Turkiye'de
dogal yayilis gosteren ve dnemli miktarlarda yurt digina
ihra¢ edilen Terfezia turleri Ulkemize doéviz kazandiran
mantar tdrlerinden bir tanesidir (Ak ve ark., 2016).
Ulkemizde, keme mantarinin yillik ne kadar hasat edildigi
ile ilgili resmi veriler mevcut degildir. Konu ile ilgili
tahminler yapilsa da, hasat miktarlari yillara gére ¢ok
blyuk farkhliklar gésterdiginden bu veriler ¢ok guvenilir
degildir.

Toprak yilzeyinin hemen altinda gelisen bu
mantarlarin toplanmasi toprak Ustiinde yetisen diger
mantar tirlerine gbére biraz daha zordur ve deneyim
gerektirir. Keme mantari, tipik olarak konukgu bitkileri ve
zeminde olusturduklari ¢catlaklar ve sismeler ile ayirt edilir
(Bradai ve ark, 2013; Bradai ve ark, 2015b). Buyurken
toprakta t¢ yonla bélinmelere neden olurlar. Bu nedenle,
keme mantari hasadi hala mantarlarin dogal yayilis
alanlarini bilen, araziye hakim, deneyimli bdlge halki
tarafindan yapilir.

Yer altinda gelisen mantar pasif spor dagitimina
sahiptirler. Terfezia turlerinin sporlarinin yayilmasi igin
toprak altinda gelisen askokarplarin olgunlastiktan sonra
gurlyerek toprakta kalmasi ya da bir hayvan tarafindan
yenilerek bagka bir yere tasinmasi gerekmektedir. Bu
mantarlarin askokarpinin alt kisminda puskul seklinde bir
yapi mevcuttur. Toplama sirasinda bu puskul kisminin
alinmayarak toprakta birakilmasida surdirdlebilirlik
acisindan buyuk énem tasir (Gucin ve Dulger, 1997).

Terfezia tdrlerinin verimi Gzerindeki en 6nemli
faktorlerden biri iklim oldugundan dolayi, son yillarda
yasanan siddetli kurakliklarda bu turdn yayilis alanlarinin
azalmasi Uzerinde etkili olabilir. Diger taraftan kentsel
alanlarin kirsal dogru hizla genislemesi, yol yapim
¢alismalari, madencilik faaliyetleri, rekreasyon, yanginlar,
erozyon, hayvan otlatma ve hava kirliligi gibi bircok neden
bu mantarlarin dogada yayilisini tehdit etmektedir (Dulger
ve Giicin, 1997; Akylz ve ark., 2016). Misir ve Libya'daki
kiyi ¢ollerinin genis alanlari 1l. Dinya Savas! sirasinda,
1990-1991 Korfez Savasi'nin etkileri, Kuveyt'te birgok trif
toplama alanina zarar vermistir (Morte ve ark., 2009).
Yine Avrupa’da bu tirlerin yayilis gosterdigi alanlarda
insaatlarin yayginlasmasi dogal yayilisa buyidk zarar
vermistir. Ulkemizde de, Terfezia tiirlerinin ve konukgu-
bitkisinin  gorildigd  alanlarin  tarimsal amaglarla
kullaniimak Uzere slrilmekte ve bu tir uygulamalar
mantarlarin  yayilis alanlarini azaltmaktadir. Diger

Yayilis Alanlan
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taraftan, Terfezia tdUrlerinin mikorizal iliskide oldugu
H.salicifolium bitkisi ilkbahar aylarinda dogada diger
bitkilerden dnce yetisen yillik bir bitkidir. Genelde mera
arazilerinde gelistiginden otlatma sirasinda bitkinin yesil
kisimlari biylk oranda tiketilir. Mantar ve bitki arasinda
mikorizal iliski kurulsa bile, mantar bitkiden yeterince
faydalanamaz. Bu nedenle, Terfezia tlrlerinin dogal
yayllis gosterdigi alanlarin  dogal sit alanlarina
donustirulerek hayvan otlatma ve tarimdan korunmasi
gerekmektedir (Akylz ve ark., 2012; Akyiiz ve ark., 2016).

Akyluz ve ark (2016), Terfezia tirlerinin genetik
kaynaklarinin  korunmasi i¢in, Heliantemum spp.
bitkilerinin mikrogogaltimlarinin yapilip, kokleri mantar
miselleri ile asilandiktan sonra, misel agsili bu fidelerin
mantarlarin yetistikleri dogal habitatlara ekilerek bu
alanlarda turlerin ¢gogaltilmalarini 6nermislerdir. Dinya’da
keme mantarinin kiltire alinmasina yonelik ilgi blyuktar.
Bugiin basta ispanya olmak (izere, Israil, Birlesik Arap
Emirlikleri, Arjantin gibi Ulkelerde bu mantar tirinin
Uretimi icin plantasyonlar kurulmustur (Morte ve ark.,
2009; 2008). Akdeniz havzasi Ulkeleri Ortadogu, iran,
Arap Yarimadasi, Basra Korfezi, Giney Afrika ve ¢ol
ekosistemlerinin genis alanlari kapladigi Sili ve Arjantin
gibi Guney Amerika Ulkeleri ekimi icin uygun yerlerdir. Bu
Ulkelerde ¢ol trif mantar yetistiriciliginin kirsal alanlarin
kalkinmasinda 6nemli bir rol oynayabilecegine
inaniimaktadir (Honrubia ve Andrino 2014).

Terfezia Tiurlerinin Ekonomik Degeri

Keme mantari et ve yumurta ile servis edilmesinin
yani sira, haglanarak, kizartilarak ya da tursu yapilarak
tuketilmektedir. Derin dondurucuda dondurularak ya da
kurutularak daha ileriki dénemlerde tiketiimek Uzere
saklanmasi da mumkundidr. Bu yer mantari, genellikle
onlari yerel pazarlara ya da toptancilara satan yerel halk
Onemli bir gelir kaynagidir. Ulusal dizeyde, pazari
¢ogunlukla yereldir. Ancak bu Urin uluslararasi
pazarlarda buylk talep gdérmektedir. Orta Dogu'da,
Birlesik Arap Emirlikleri, Kuveyt, Suudi Arabistan veya
Katar gibi Ulkelerde ¢ok degerli olan bu mantar, bu
Ulkelere gonderilen dnemli ihra¢ Urinlerimizden birisidir
(Ak ve ark., 2016).

Glcin ve Dilger (1997) Elazig ve Malatya
yoresinde bir hasat déneminde kisi basina 10-100 kg taze
mantar toplandigini bildirmigtir. Toplanilan bu mantarin
bir kismi aile tarafindan tiketilsede, buyik bir kismi
pazarlarda satilmaktadir. Nispeten kisa ve tutarsiz
biyime mevsimleri nedeniyle, bu mantar turleri taze
olduklarinda bazi pazarlarda etten daha yUksek fiyatlara
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alici bulur. Ornegin 2022 yilinda Kirsehirde keme

mantarinin pazar satis fiyati 300 ile 500 TL arasinda
degismistir. Mandeel and Al-Laith (2007), Suudi
Arabistan'da keme mantarinin 60 dolar/kg yada daha
yuksek fiyatlara alici buldugunu, Chang ve Mshigeni,
(2001) ise Fransa'da bu fiyatin kg basina 200 Euro'ya
cikabilecegini bildirmiglerdir. Bu mantar tariinin yUksek
fiyatlarla alici bulmasinda, verimi tamamen iklim
kosullarina bagh olan bu mantar turinin dogal yayilis
alanlarinin azalmasi ve kuraklik gibi iklim faktorleri sebebi
ile ortaya c¢ikan verim dugsUkluklerinin nedeni ile talebin
karsilanamamasi 6nemli rol oynar.

Sonuglar

Terfezia tlrleri mikemmel doku ve kivam, hos
aroma, mutfak kalitesi ve gesitli tibbi 6zelliklerinden dolayi
cok degerli mantar tirleridir. Ulkemiz Terfezia ssp.,
bakimindan zengin bir cesitlilik sergilemesine ragmen
bunlardan yeterince yararlanamamaktadir. Ginimuzde
yasanan iklim degisiklikleri, keme mantarlarinin ve
konukgu bitkilerin yasam alanlarinin zarar gérmesi gibi
nedenler ile verim glin gectikge azaltmakta, hatta bu tirler
yok olma tehlikesiyle karsi karsiya kalmaktadir. Terfezia
turlerinin  dogal yayilis alanlarinin, yapilasmadan,
hayvancilik ve tarim faaliyetlerinden korunmasi gerekir.

Diger taraftan, Keme mantari, Ispanya’da 1999
yilinda kultire alinmis olup, Dinya’da bir¢ok ilkede keme
mantari plantasyonlari kurulmustur (Morte ve ark., 2009;
2008). Ulkemizde bu mantar turiiniin kiltire alinmasi ile
ilgili galismalarin hiz kazanmasi mantarin yok olmasinin
onlne gegebilecedi gibi, kurak ve yar kurak, tarima
elverigli olmayan arazilerin keme mantari Uretiminde
degerlendiriimesi kirsal halkin ekonomisine blylUk katki
saglayacaktir. Dogru planlama ve bilingli uygulama
sayesinde yuksek verim elde edilebilir.

Terfezia turlerinin kiltire alma c¢alismalarinda ve
bu tirlerin dogal yayilis alanlarinin korunmasinda,
molekiler Olgekte yapilacak c¢alismalar yoluyla
Ulkemizdeki yayiis gosteren Terfezia tirlerinin
belirlenmesi, bu tdrlerin Glkemizdeki yayilis haritasinin
cikarilmasi ve bu tlrlerin dogal yayilis alanlarinin
dagihimini  etkileyen toprak ve iklim faktorlerinin
belirlenmesi 6nemlidir. Bu sayede iklim ve toprak
faktorleri acisindan keme mantarinin dogal vyayilis
alanlari ile benzerlik gosteren alanlarin ve bu alanlarda
keme mantar Uretimini sinirlayacak gevresel faktorlerin
belirlenmesi ve bunlara karsi alinabilecek &énlemlerin
saptanmasi mimkin olabilecektir.

125



MANTAR DERGISI/The Journal of Fungus
39 International Eurasian Mycology Congress 2022

b s

[

Tablo 1. Tirkiye'de kaydedilen bazi Terfezia turleri ve yayilis alanlari
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Tar Konukcu Lokasyon Referans
T. albida Helianthemum spp. Karaman, Ayranci
i Karaman, M};rkez, Yesildere-Agildnu kdyu Uzun ve ark. (2016)
Aydin: Cine Tarkoglu ve ark. (2015)
Isparta Afyon (1996)
Malatya Isiloglu ve Oder (1995)
T. arenaria Konya Oder, (1988)
Kaslk ve ark. (1998)
izmir Chatin (1892)
istanbul Alsheikh (1994)
Sanliurfa Akyuz ve ark. (2019)
Gaziantep, Sahinbey Sevindik ve ark. (2018)
Helianthemum spp. Karaman, Ayranci Cetinkaya (2016)
H. salicifolium Malatya-Kale
Merkez- Malatya
Malatya-Battalgazi Akyuz ve ark. (2015)
Malatya-Arguvan
Elazi§ -Baskil
Sanliurfa Kaya (2015)
T boudieri H. salicifolium Denizli Gezer ve ark. (2014)
' Gaziantep-Araban Kaya ve ark. (2012)
Helianthemum spp. Konya, Besagil Koyu .
PP Konia, Ka?e &t‘)yu y $ahin (2012)
Eg;?;,i GUlli kasabasi, Esme, Kayapinar ve Giillibag Tiirkoglu ve Yagiz (2012)
Karaman-Kilbasan koyd, Aydin (2009)
Batman, Oymatas Koyu Demir ve ark. (2007)
Helianthemum spp. Earaman-Kllbasan Koyl Dogan ve Oztiirk (2006)
araman-Mara
Nigde Kasik ve ark. (2001)
H. salicifolium Elazig-Malatya Gicin ve Dilger (1997)
Helianthemum spp. Konya-Alhan Koyl Cevik ve ark. (2021)
Konya-Melicak Kdyu )
Helianthemum spp. Konya-Giineysinir Celik ve ark. (2020)
H. . ;alicifolium ve H. Elazig-Malatya Akyiiz ve ark. (2016)
ledifolium
Nigde Canpolat (2016)
Helianthemum spp. Adana-Pozanti Dogan ve Kurt (2016)
: Helianthemum spp. Karaman, Ayranci
T. claveryi PP Karaman. Merkoz, Yesildere-Agilénii koyii Uzun ve ark. (2016)
Denizli, Bozkurt
Urfa- Viransehir
Eg:ﬁ,érjg;irjlkksaray Tirkoglu ve ark. (2015)
Diyarbakir-Cinar, Karaman, Ayranci ve Borecik
Kdyleri Yozgat
Helianthemum spp. Konya, Besagil Koy Sahin (2012)
Kastamonu Bekgi ve ark. (2011)
T. cistophila Trabzon, Tonya, Tozluca Koyl Uzun ve Kaya (2019)

T. leptoderma  Geranium, Helianthemum

ve Cerastium sp.

Denizli, Bozkurt
Usak, Esme, Yaylak
Usak Esme, Glllibag

Turkoglu ve Castellano (2014)

Castellano ve Turkoglu (2012)

H. salicifolium

T. olbiensis Helianthemum spp.

Malatya-Kale
Malatya-Battalgazi
Elazi§ -Baskil
Gaziantep

Usak: Esme,
Konya: Aksehir,
Nevsehir: Gulsehir,

Usak, Konya ve Nevsehir
Guneybati Anadolu

Akyliz ve ark. (2015)

Uzun ve ark. (2015)

Turkoglu ve Castellano (2014)

Tirkoglu ve Castellano (2014)
Kivrak (2015)
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Abstract: The oyster mushroom (Pleurotus ostreatus (Jacq. ex Fr.) P. Kumm.) is one of
the most popular edible mushrooms. P. ostreatus contains important essential nutrients for human
nutrition and is a natural source used in both traditional and modern medicine. Nowadays, P.
ostreatus has been used in vitro studies as food additive in the development of value-added
functional foods such as meat, bakery, and dairy products, traditional foods, and various alcoholic
and non-alcoholic beverages. Fresh and other forms of P. ostreatus have been used for food
fortification, the improvement of sensory quality and the physicochemical properties of foods and
prolonging the shelf life of functional foods. In this review, potential of use of P. ostreatus as food
additive in sustainable functional food production and its effects on food quality were emphasized.

Key words: Pleurotus ostreatus, Functional food, Nutrient, Biological activity

Surdurulebilir Fonksiyonel Gida Uretimi icin Saglikl Bir Bilesen Olarak
Istiridye Mantan (Pleurotus ostreatus)

Oz: Istiridye mantari (Pleurotus ostreatus (Jacq. ex Fr.) P. Kumm.) en popiiler yenilebilir
mantarlardan biridir. P. ostreatus, insan beslenmesi acisindan énemli temel besin 6gelerini
icermektedir ve hem geleneksel hem de modern tipta kullanilan dogal bir kaynaktir. Glinimuzde
P. ostreatus in vitro ¢aligmalarda et, unlu mamuller ve sut drlnleri, geleneksel gidalar ve gesitli
alkollii ve alkolsliz igecekler gibi katma degerli fonksiyonel gidalarin gelistiriimesinde gida katki
maddesi olarak kullaniimaktadir. P. ostreatus'un taze ve diger formlari gidalarin gig¢lendiriimesi,
duyusal kalitesinin ve fizikokimyasal 6zelliklerinin gelistiriimesi ve fonksiyonel gidalarin raf
Omrunin uzatiimasi igin kullaniimaktadir. Bu derlemede, P. ostreatus'un gida katki maddesi
olarak surdurilebilir fonksiyonel gida tretiminde kullanim potansiyeli ve gida kalitesi Gzerindeki
etkileri Uzerinde durulmustur.

Anahtar kelimeler: Pleurotus ostreatus, Fonksiyonel gida, Besin dgesi, Biyolojik aktivite

Aralik(2022)13(Special issue)131-143

Review Article
Doi: 10.30708.mantar.1192063

Introduction

Edible mushrooms have been consumed as food
and medicine due to their valuable macro and
micronutrients, and mycochemicals including phenolic
compounds, triterpenoids, sterols, fatty acids, and
proteins (Anusiya et al., 2021; Cateni et al., 2021).
Pleurotus ostreatus (Jacq. ex Fr.) P. Kumm. belonging to

division Basidiomycota, and family Pleurotaceae is called
as “Oyster Mushroom” worldwide (EI-Ramady et al.,
2022) and “istiridye Mantar” in Tirkiye (Sesli et al.,
2020). It is one of the most appreciated edible species
with a high general acceptability all around the world
(Dogan and Dogan, 2022). P. ostreatus is a culinary-
medicinal mushroom because of its excellent taste, flavor,
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high nutritional value, and pharmacological potential
supported by both in vitro and in vivo experimental
studies, as well as clinical trials (Adebayo and Oloke,
2017; Agarwal et al., 2017; Carrasco-Gonzalez et al.,
2017; Piska et al., 2017; Satata et al., 2018; Bulam et al.,
2019a, b; Galappaththi et al., 2021; Niego et al., 2021,
Venturella et al., 2021). Moreover, P. ostreatus belongs
to the “white-rot fungi” category, which produces the
ligninolytic enzymes laccase and peroxidase degrading
hemicellulose, cellulose, and lignin (Doroski et al., 2022).

P. ostreatus is both naturally colonized on almost
all hardwoods, particularly on dead and decaying tree
stumps, fallen branches, and wet logs and commercially
cultivated on various low-quality plant originated
materials, agro/wood by-products, food and cellulose
wastes, wheat straw bales, and sawdust with simple
methods including just pasteurization to represent high-
quality food having a higher yield and growth and shorter
substrate colonizing time than other cultivated
mushrooms (Kibar and Peksen, 2008; Adebayo and
Oloke, 2017; Piska et al., 2017; Royse et al., 2017; Satata
et al., 2018; Barh et al., 2019; Bulam et al., 2019a; Zigba
etal., 2020; Galappaththi et al., 2021; Doroski et al., 2022;
Lesa et al.,, 2022). P. ostreatus is the second most
commercially cultivated mushroom both worldwide
(Royse et al., 2017) and in Turkiye (Eren and Peksen,
2019). In terms of ethnomycology, P. ostreatus is
consumed as a source of food, cooked as fresh by
sauteing, grilling, and frying or preserved as cooled,
frozen, and dried, and sold in domestic and international
markets as fresh and in processed forms (Peksen et al.,
2016; Thakur, 2020; Niego et al., 2021).

Functional foods are foods with positive health
benefits attributed to the nutritional value of the foods
which promotes optimal health of humans and helps in
reducing the risk of many diseases such as
cardiovascular  diseases, cancer, hyperlipidemia,
osteoporosis, diabetes, and hypertension. Furthermore,
they act as cardiovascular agents, anti-obese agents,
anti-diabetic agents, anti-cancer agents, immuno-
boosters, substances that manage chronic inflammatory
disorders, and formulations to cure degenerative
diseases, and they are consumed as part of the normal
diet (Morris et al., 2017; Reis et al., 2017; Raghavendra
et al., 2018; Anusiya et al., 2021; Cateni et al., 2021; Kaur
et al., 2021). Yeung et al. (2018) stated the most popular
topics focused on nutraceuticals and functional foods as
prebiotics, probiotics, antioxidants, and phenolic
contents. Nowadays, functional edible and medicinal
mushrooms have been known as one of the potential

natural sources for developing novel functional foods as
well as dietary supplements, myconutraceuticals,
mycocosmeceuticals, and mycopharmaceuticals (Morris
et al., 2017; Reis et al., 2017; Bulam et al., 2018; Ustin
et al., 2018; Bulam et al., 2019a, c, d; Cateni et al., 2021;
Kaur et al., 2021; Niego et al., 2021; Venturella et al.,
2021).

Fresh edible and medicinal mushrooms and their
dried powders, blends, aqueous extracts, concentrates,
wastes, and bioactive compounds can be incorporated
into foods to develop fortified functional foods with the aim
of substitution of flour, meat, fat, salt, phosphates, nitrites,
and antioxidants in addition to contributing long shelf-life
and low-cost production. Bakery, meat, dairy, fermented,
fruit and vegetable, traditional products, and beverages
have already been studied in vitro to present value added
and mushroom-based functional foods. In these studies,
some changes in nutritional, sensorial, textural, and
pharmacological properties of novel value-added
products were observed (Morris et al., 2017; Reis et al.,
2017; Raghavendra et al., 2018; Bulam et al., 2019c;
Salehi, 2019; Gonzales et al., 2020; Ho et al., 2020;
Bakratsas et al., 2021; Das et al.,, 2021; Dorin and
Melinda, 2021; Kumar et al., 2021; Perez Montes et al.,
2021; Rangel-Vargas et al., 2021). This review aimed to
give recent studies on potentially value-added functional
foods using P. ostreatus considered functional food
additive/ingredient or substituent/replacer and its effects
on food quality in terms of nutritional, sensorial, and
medicinal properties, and bioactive compounds of novel
products.

Nutritional Composition, Bioactive
Compounds, and Biological Activities of P. ostreatus

In terms of sensorial and nutritional compositions,
P. ostreatus possesses a unique flavor and aromatic
compounds such as 1-octen-3-ol, and vital macro and
micronutrients with a significant amount of proteins (7.3-
53.3% dry weight (DW)), carbohydrates (13.1-85.8%
DW), crude fibers (7.6-15.0% DW), B-glucans (19.3-
50.0% DW), vitamins (especially vit B, vit C, and vit D2)
and major (K, P, Mg, Na) and minor (Cu, Fe, Zn) minerals
with a low content of lipids (0.5-7.6% DW) (Adebayo and
Oloke, 2017; Agarwal et al., 2017; Carrasco-Gonzélez et
al., 2017; Safata et al., 2018; Turfan et al., 2018; Bulam
et al., 2019a, b; Galappaththi et al., 2021; Lesa et al.,
2022). Amino Acid Score (AAS) of P. ostreatus meets the
nutritional requirements of all essential amino acids for
adults (Carrasco-Gonzélez et al., 2017). 100 g of fresh
fruiting bodies contains 15% of the recommended daily
intake (RDI) of vitamin C, 40% of niacin, riboflavin, and
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thiamin, and 0.5 mg of vitamin Bi2. Fresh P. ostreatus is
also characterized by 0.1-0.2 g/100 g fats including a high
content of oleic acid (40%), linolenic acid (55%), and
substances decreasing serum cholesterol levels (Piska et
al., 2017).

Moreover, P. ostreatus is rich in various bioactive
compounds such as antioxidant enzymes, dietary fiber, 8-
glucans, a-glucan, immunomodulating pleuran, proteins,
glycoproteins, polysaccharides, proteoglycans, peptides,
terpenoids, phenolic compounds (flavonoids and phenolic
acids), indole compounds (melatonin, serotonin, and
selenium), lectin, heteroglycan, hypolipidemic lovastatin,
ergosterol, chrysin, ubiquitin, laccase, antioxidant
ergothioneine, and y-aminobutyric acid (GABA). Water or
organic solvent crude extracts, dried powder of fruiting
bodies, mycelia, dietary supplements (Imunoglukan
P4H®) and medicinal mushroom extract blends
(Agarikon.1 and Agarikon Plus), and P. ostreatus-added
processed foods rich in terms of these mycochemicals
have been reported to show numerous biological
activities.  Their  hematological, hepatoprotective,
cytoprotective, neuritogenic, antiaging, antiangiogenic,
antiatherosclerotic, antimetastatic, antidiabetic,
hypoglycemic, hypolipidemic, antihypercholesterolemic,
antihypertensive, antiatherogenic, antibiotic, antiarthritic,
antioxidative, anticancer, antitumor, anticarcinogenic,
anti-inflammatory, antimicrobial, antiviral, antibacterial,
antifungal, antinociceptive, antineoplastic,
antiproliferative, cytostatic, cytotoxic, cosmetic, prebiotic,
pro-apoptotic, immunomodulatory  functions, and
preventive and therapeutic effects in recurrent respiratory
tract infections have been already proven by in vitro, in
vivo studies, and clinical trials (Ghosh, 2016; Adebayo
and Oloke, 2017; Carrasco-Gonzdlez et al., 2017; Piska
et al., 2017; Golak-Siwulska et al., 2018; Satata et al.,
2018; Bulam et al., 2019a; Ozen et al., 2019; Turfan et
al., 2020; Anusiya et al., 2021; Galappaththi et al., 2021,
Tursen Uthan et al.,, 2021; Venturella et al., 2021,
Vlassopoulou et al., 2021; Dogan and Dogan, 2022; Lesa
et al.,, 2022). P. ostreatus is considered a medicinal
mushroom because of its wide spectrum of biological
activities. Fruiting bodies and extracts of P. ostreatus
have already found applications in the treatment of
diseases, especially  diabetes, arteriosclerosis,
neurodegeneration, and cancer. Nowadays, it has also
been a potential source of cosmetics and topically applied
preparations in supportive therapy e.g., for atopic
dermatitis (Piska et al., 2017; Lesa et al., 2022).

The concentrations of nutrients and
mycochemicals of wild and cultivated P. ostreatus vary
depending on their habitats, environmental factors,
cultivation conditions such as temperature and light
intensity, substrate  compositions, supplementary
substances, postharvest treatments, maturity stages,
parts of mushrooms as cap, stalk or mycelium, and
experimental parameters (Kibar and Peksen, 2008;
Adebayo and Oloke, 2017; Carrasco-Gonzéalez et al.,
2017; Piska et al., 2017; Satata et al., 2018; Bulam et al.,
2019a; Sarikurkcu et al., 2020; Zieba et al.,, 2020;
Galappaththi et al., 2021).

Utilization Potential of P. ostreatus in
Production of Novel Functional Foods

P. ostreatus contains high quality protein and fiber
(mainly B-glucans) that may be used as functional food
ingredient. Bakery, meat, dairy, fruit, and vegetable,
fermented, traditional products, alcoholic and non-
alcoholic beverages, and seasonings have been recently
studied to present P. ostreatus-incorporated functional
foods. P. ostreatus was utilized to enrich value-added
functional products in terms of protein, crude fibre, B-
glucan, to decrease glycemic index, and to increase
biological activities such as antioxidant effect or to replace
main ingredients including meat, fat, salt, nitrite, and flour.
P. ostreatus was incorporated in various forms such as
fresh after steamed and centrifuged, powder after dried
and ground, flour after boiled in water, dried and ground,
aqueous extract of dried and ground mushrooms, (-
glucan hydrogels obtained from fresh and dried
mushrooms, mushrooms boiled in water containing
0.05% KMS, and B-glucan and cell-free extracts of
mushrooms (Okamura-Matsui et al., 2003; Carrasco-
Gonzélez et al., 2017; Lavelli et al., 2018; Bulam et al.,
2019c; Salehi, 2019; Gonzales et al., 2020; Ho et al.,
2020; Das et al., 2021; Dorin and Melinda, 2021; Kumar
etal., 2021; Pe’rez Montes et al., 2021; Rangel-Vargas et
al., 2021; Gopal et al., 2022).

On the other hand, a recent study on functional
tomato pomace feed fermented with P. ostreatus and
Phanerochaete chrysosporium was also performed
resulting in improvement of its nutritional properties
(Yasar and Tosun, 2020).

Recent in vitro studies on novel functional foods
developed with P. ostreatus and significant changes in
their food quality in terms of nutritional, physicochemical,
sensorial, microbiological, textural, and appearance
properties were given in Table 1.
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Table 1. Functional foods incorporated with P. ostreatus and e
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ffects of P. ostreatus on food quality of functional products

(30% fat, 2%
salt)

ostreatus
and 10%) D

(75

(30 and 50%);
Salt,

Increase in hardness and adhesiveness

Functional Concentration Function Effects on Properties References
Food
Meat Products
Beef salami (1, 3and 5%) D | Antioxidant Increase in moisture; Decrease in protein, fat, CIE L*, a*, and | Oziinli and
activity b*; No negative effect on sensorial properties, flavor, and overall | Ergezer, 2020
acceptability; Inhibition in lipid and protein oxidation; Undesired
textural losses
Frankfurter A. bisporus; P. | Fat reduction | Modification of color and texture: Agaricus gave darker and | Ceron-
(25% fat,| ostreatus (2.5 | (30 and 50%); | Pleurotus softer samples; Increase in juiciness; No antioxidant | Guevara et al.,
1.5% salt, 2%| and 5%) D Salt, effect; Mushroom samples were sensorially acceptable with | 2020a
sodium caseinate, better scores at low mushroom level
caseinate, phosphates
0.5% reduction
phosphates)
Beef patty A. bisporus; P. | Fat reduction | Increase in moisture, protein (Control patty: 17.53% DW; 5% A. | Ceron-
(10% fat,| ostreatus (2.5 | (25 and 50%); | bisporus: 19.23% DW; 5% P. ostreatus: 18.80% DW), and | Guevara et al.,
1.2% salt) and 5%) D Salt reduction | dietary fiber; Lower increase in hardness compared to fat | 2020b
(50%) reduced control samples; Slight antimicrobial effect in
Pseudomonas; Sensorially acceptable, especially 2.5%
mushroom samples
Liver pate| A. bisporus; P. | Fat reduction | Increase in protein, dietary fiber, and pH; Color modifications; | Ceron-

Guevara et al.,
2021

with 5% MP inclusion and 25.1% with 20% MP inclusion;

phosphates,
and nitrite
reduction
(50%)
Traditional A. bisporus; P. | Sensorial and | Imparted positive effect on hardness; Meatball with P. ostreatus | Sufer et al.,
Turkish ostreatus (5 and | physical (color | at 5% level was the best-liked and most accepted one in terms | 2016
meatball 10%) D and texture) | of color, taste, and chewiness
analysis
Fish burger P. ostreatus (10 | Striped catfish | Reduction of thiobarbituric acid reactive substances (TBARS) | Pachekrepa-
and 15%), soy | (Pangasius values in P. ostreatus and SPI added fish burgers; Improvement | pol et al., 2022
protein isolate | hypophthalmu | in thawing loss and cooking yield during storage at -18°C;
(SPI) (2%) F s) and salmon | increase in total viable counts, but there was no significant
(Salmo salar) | change during storage and no effect on sensory characteristics
minced meat | of the products. Microbiological analyses were within acceptable
substitution range for all samples
Bakery Products
Noodles (2, 4, 6, 8 and | Wheat flour | Increase in protein and fiber content; More than 4% increased | Arora et al.,
10%) D substitution cooking time, water absorption and tensile strength; Good | 2018
acceptability with noodles at 4% replacement
Noodles (5,8and 10%) D | Wheat  flour | 5% resulted in better sensory scores than higher replacements; | Parvin et al.,
substitution Improved nutritional characteristics 2020
Maize flour A. bisporus; P. | Enrichment Increase in protein; Control flour: 6.95%; up to 50% A. bisporus: | Ishara et al,
ostreatus (10, | with MF 15.87% DW; 50% P. ostreatus: 19.32% DW, and mineral | 2018
20, 30, 40 and content (Fe and Zn), fiber and ash; Reduction in fat and energy;
50%) D A positive significant linear effect on foaming capacity, foam
stability, fat absorption capacity, water retention capacity, water
absorption capacity, solubility index and swelling capacity, while
a negative linear effect on compact density, bulk density, and
syneresis
Cassava (5, 10, 15, 20% | Enrichment Increase in protein; Control bread: 8.02%; up to 25% P. | Azeez et al.,
bread and 25%) D with MP ostreatus: 10.03%; Increase in functional properties of water | 2018
absorption capacity, bulk density, swelling power, oil absorption
capacity and solubility; 25% P. ostreatus containing sample was
the most acceptable
Wheat bread | P. ostreatus; | Wheat flour | Increase in ash content, fiber, and protein content; Protein | Oyetayo and
Calocybe indica | substitution content increased from 9.12% in the negative control to 18.7% | Oyedeji, 2017
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Increasement in K, Na, Ca, Mg, Mn, Cu, Zn and Fe content of

(0, 5, 10, 15 and | and
20%) D fortification the bread significantly with increase in MP
Pan bread Lactic acid | Enhancement | 100% FDP and 5% MP had the highest protein (16.05%), dry | Khider et al.,
fermented dairy | of quality and | matter (63.23%), and ash (1.84%). Significantly increase in | 2015
permeates nutritional mineral contents by adding FDP and MP. Decrease in total
(FDP); D and | values of | counts of spore formers and molds as % of FDP in the dough
ground MP product increased
Biscuits Muffin Supplementati | Increase in moisture, protein, fat, ash, and hardness; Decrease | Cornelia and
on with MP in lightness; The best formulation chosen was 25% of white | Chandra, 2019
oyster MP added one
Biscuits (10, 20 and | Wheat flour | Increase in volume, spread ratio, and protein content; Decrease | Baltacioglu et
30%) D substitution in hardness values; Increase in fracturability value; 10% added | al., 2021
biscuits showed the best sensory properties in terms of general
acceptability and average values
Fried (0, 5, 10, 15 and | Development Significant decreases (p<0.05) in the L* value, oil absorption | Yahya et al.,
mushroom 20%) D MP of vegetarian | and hardness, while increases in the b* value, linear expansion, | 2017
crackers fried ash, and protein contents of MP-added products when the
mushroom content of P. ostreatus powder was increased in the crackers;
crackers The highest mean score in all evaluated sensory attributes of
crackers made with 15%MP: 85%tapioca flour
Cake (0, 5, 10, 15 and | Replacement Improved color, flavor, and texture of cake Sheikh et al.,
20%) D of wheat flour 2010;  Singh
with MP and  Thakur,
2016
(0, 10, 20, 30 | Replacement Significant effect on ash and crude fiber; Significant effect on | Farooq et al.,
and 40%) D of wheat flour | loaf weight; Significant effect on texture and color value; High | 2021
with MP sensory score in 10% MP added muffin
Cookies Bean and oat | Replacement Increase in antioxidant capacity, when compared with cookies | Espinosa-
flour formulation | of unfermented | made without fermented flours, while maintaining its antioxidant | Paez et al.,
fermented with | black capacity after simulated digestion assay; Increase in | 2021
P. ostreatus | bean/kidney bioavailable protein compared to wheat control cookie, higher
CS155  strain, | bean/oat and | fiber content and lower sugars compared to commercial
Incorporation of | wheat flour cookies; Good sensorial acceptability of cookies
fermented
black/kidney
bean and oat
flour (50 and
80%) as ground
and D
Dairy Products
Cheese (0, 5, 10 and | Supplementati | Increase in protein/DM (31.20-36.36%) comparing to control | Khider et al.,
spreads 15%) F, (0,1,1.5 | on with | (30.88%); Processed cheese spreads have pH values of 5.39- | 2017
and 2%) D mushroom as | 5.78, while in control ranged from 5.47-5.63; The total viable
fresh and flour | counts and spore former bacteria was lower in processed
cheese than in cheese control; The highest flavor scores were
37.4 and 37.3 in processed cheese supplemented with 1% and
1.5% MP, respectively
Yogurt B-D-glucan Fat reduction °SH and pH of samples showed values typical for this kind of | Hozova et al.,
(Pleuran-P. product, the groups of microorganisms (coliform bacteria, | 2004
ostreatus  and yeasts, and molds) did not appear during the whole storage
Lentinan- period (< 1 CFU/g); both Hs added yogurts had no negative
Lentinula influence on the sensory acceptability; all samples maintained a
edodes) Hs very good quality during the whole storage period and did not
obtained from F differ significantly from one another in the individual parameters
and D evaluated
mushrooms
Yogurt Aqueous E of D | Fat reduction Increase in Streptococcus thermophilus and Lactobacillus | Vital et al.,
and ground bulgaricus CFU counts; Lower syneresis and firmness, more | 2015
mushrooms adhesiveness, springiness, and cohesiveness than control.

Supplemented yogurts were darker, contained more
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polyphenols and exhibited higher antioxidant activity than
controls in cold storage

Ice cream

Natural protein
solutions of MP
(0.1 g/20 ml, 0.2
g/40 ml, 0.4 g/80
ml, 0.8 g/160 ml
and 1.6 ¢/320
ml) with water in
different

Protein
enrichment

Increase in the protein content of the ice cream up to
approximately 15.08% (highest: 4.12%) compared to the initial
percentage; Statistically significant results in terms of color
values

Besir et al,

2019

concentrations
Other Products
Chips MP (13.18- | Substitution of | Optimum cooking conditions for fried mushroom chips were | Dogan et al.,
46.82%) wheat flour | determined as 180 °C, 155 sec and 40% MP ratio. Dry matter, | 2017
and ash, protein, water activity, oil and sensory evaluation results
enrichment of | were 99.10%, 3.25%, 15.10%, 0.10, 19.02% and 5.39,
chips respectively
Chips D and ground | Enrichment of | Microwaving was the most suitable method for preserving some | Dogan et al.,
MP (20, 30 and | wheat chips | nutraceutical value of enriched wheat flour (WF)-MP composite | 2020
40%) cooking  with | chips; MP increased the total phenolic content, antioxidant
deep-frying, activity, and protein value of all samples; utilization of MP in fried
baking, and | chips reduced the oil content up to 37.07% compared to control;
microwaving MP can be used up to about 37% in chips with its superior
functional and nutritional properties
Soup, D and ground | Replacement Production of functional and long shelf-life foods Rai and
biscuit, MP  (10-16%), | of corn flour, Arumuganat-
nugget Boiled maida (Indian han, 2008
ketch-up, mushroom in | wheat flour),
candy, chips, | 0.05% KMS | urad dhal
ready-to- containing water | (Indian black
serve lentil), arrarote
mushroom (tropical
curry starchy
substance),
sugar
Soup D (Sun/Oven) or | Functional No significant difference in taste (P=0.37) and flavor (P=0.10) of | Muyanja et al.,
(Blanched in hot | mushroom the prepared soups; Soups prepared from sun-dried powders | 2014
water and | soup had the highest overall acceptability scores
Sun/Oven-D) or
(Brined and
Sun/Oven-D),
ground MP
Boiled P. florida, P. | Functional No significant (P>0.05) sensory acceptability differences were | Michael et al.,
mushroom ostreatus, P. | boiled observed for boiled mushroom and mushroom sauce except | 2011
and sajor-caju; mushrooms color of boiled mushrooms; Overall acceptance for mushroom
mushroom Chopped F | and mushroom | sauce products was 90% (like extremely) followed by 8% (like
sauce mushroom sauce moderately) and 2% (neither like nor dislike)
Seasoning MP of D P. | Functional Increase in functionality Park et al,
ostreatus flavoring agent 2001
Traditional Products
Potato Blanched in | Fortified potato | Increase in protein (2.28 g) and fiber (0.26 g) and good amount | Verma and
pudding water, oven/sun | pudding, of fat (1.36 g) and carbohydrate (18.93 g) in 5% fortified sample | Singh, 2017
(Indian D, and ground | replacement of | than control sample. 5% fortification of MP in potato pudding
traditional MP (5, 10, 15 | fresh  grated | was the most liked in terms of organoleptic acceptability
food) and 20%) potato
Tikki (Indian | Corn flour; | Replacement 8% fortified sample was found high fiber content than other | Singh and
fried potato | Blanched in | of sweet potato | samples and a high score for overall acceptability of 8.66. The | Lakshmi, 2015
patties with | water, 0.5% | flour product was found to be acceptable after the storage period for
spice) mix citric acid, 0.5% 60 days with HDPE packaging
ascorbic  acid,
10% NacCl
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applied, D, and
ground MP flour

Papad D and ground | Replacement Increase in protein content with increased level of MP in | Nande, 2017

(Indian MP (10, 15 and | of gram dahl | experimental papad (24.49 to 24.71%); Decrease in energy and

snack food) 20%) (chickpea carbohydrate contents; Ca, P, Fe, Na and K content of these

flour) papads were found to be good; 10% and 15% MP incorporated
papads were well accepted for all sensory attributes

Ogi (Nigerian | D and ground | Improvement Increase in moisture (9.08-10.02%), protein (8.90-13.29%), fat | Ajala and

fermented MF (10, 15 and | the nutritional | (4.73-5.03%), ash (1.56-1.90%), crude fiber (3.13-3.90%), | Taiwo, 2018

cereal gruel) | %20) quality of Ogi- | decrease in carbohydrate content (66.64-72.51%) of Ogi-MF

MF mixes in | mixes; Swelling power (19.25-19.45 g water/g sample),
terms of | solubility (21.49-22.90%), water absorption capacity (40.07-
protein and | 42.25%), bulk density (0.51-0.57 g/ml) in mixes; Overall
fiber acceptability (2.50-3.50) in Ogi-mushroom pap

Beverages

Health drink | D and ground | Enrichment of | Moisture, ash, protein, fat, fiber, carbohydrate, and energy | Farzana et al.,

powder MF (5%) soy-mushroom | contents of soy-mushroom health drink powder was 3.84%, | 2017

health drink | 3.23%, 21.37%, 10.13%, 1.50%, 59.93% and 416.4 kcal/100g,
powder in | respectively; The highest acceptability (9.0) among all health
terms of | drink products; Microbiological assay showed its shelf life to be
protein and | 1 year

fiber

Healthy drink | B-glucan from E | Value-added Healthy drink bottle of 140 ml volume contained energy, protein, | Widyastuti et
of P. ostreatus healthy drink carbohydrates, dietary fiber, beta-glucan as 37,24 kcal, 392 mg, | al., 2015

8918 mg, 70 mg, and 1380 mg, respectively, while total sugar
was 8.8% (w/v)

Wine Cell-free E of | Brewing with | The highest alcohol concentration in this wine was achieved | Okamura et
undestroyed P. ostreatus | with P. ostreatus (2.6 M, 12.2%); Effect of thrombin time of wine | al., 2001
mycelia and | producing produced by using P. ostreatus was 320.0 sec; Fibrinolytic
debris from P. | alcohol activity of the wine produced by P. ostreatus was 27 mm?
ostreatus, dehydrogenas
Agaricus blazei, | e in place of S.

Flammulina cerevisiae
velutipes

Wine, Beer, | Cell-free E of | Brewing with | The highest alcohol concentrations in the wine, beer and sake | Okamura et

Sake undestroyed P. ostreatus | were with P. ostreatus (2648 mM, 12.2%), Tricholoma | al., 2003
mycelia and | producing matsutake (1069 mM, 4.6%) and A. blazei (1736 mM, 8.0%),
debris from P. | alcohol respectively
ostreatus, dehydrogenas
Tricholoma e in place of S.
matsutake, A. | cerevisiae
blazei

Soy milk Hot water E of | Value-addition | 2.5 g of the purified 3-glucan samples from P. ostreatus and A. | Kumaresan et
shade-D and | and bisporus were used together and were added to the soy milk in | al., 2022
ground A. | fortification of | the ratio of 1:40
bisporus, P. | soy milk with
ostreatus prebiotic
containing crude | natural B-

B-glucan glucan

Mushroom Blanched in | Medicinal S. commune: P. ostreatus: P. sajor-caju at a ratio of 60:20:20 | Mongkontana-

drink fluid, D and | functional drink | showed the highest significance of $-glucan content and radical | wat and
ground MP of S. | with high (- | scavenging activity; The highest level of 3-glucan content and | Phuangborisut
commune, P. | glucan the greatest economic value and consumer acceptability were | , 2019
ostreatus, and P. found in mushroom drink produced with S. commune: P.
sajor-caju ostreatus: P. sajor-caju at the same ratio

D: Dried, F: Fresh, H: Hydrogel, E: Extract, MF: Mushroom flour, MP: Mushroom powder, KMS: Potassium metabisulfite
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P. ostreatus Incorporated Novel Functional beneficial properties, as well as the flavor and texture

Commercial Foods properties, have attracted the attention of the food
Some functional foods have already been industry to use edible mushrooms as possible substitutes
developed and produced in industrial scale such as for several ingredients and additives in processed foods,
Snorkel (Jester King Brewery, Texas, United States) mainly in bakery and meat products in recent years.
(URL-1, 2022), which is a farmhouse ale brewed with In this review, some studies about the usage of P.
alderwood smoked sea salt and local oyster mushrooms. ostreatus, one of the best-known culinary/medicinal
In addition, P. ostreatus powder incorporated vegetarian mushrooms, as a food ingredient or additive and
mushroom oyster sauce (Whan Ja Shan Brewery, Taipei, substituent/replacer in foods were reviewed. In addition,
Taiwan) (URL-2, 2022) consisted of water, sugar syrup, the effects of P. ostreatus utilization on nutraceutical,
soybeans, wheat, salt, yeast extract, sodium benzoate as physicochemical and sensorial properties of novel
food preservative, and mushroom powder is available in functional food products were also given. Consequently,
the international trade. according to the literature review, this mushroom has a
high potential to be used in functional meat, bakery, dairy,
Results and Discussion traditional foods, and beverages as a replacer and
Edible mushrooms have been classified as a ingredient/additive. Due to the increasing trend on healthy
“healthy food” since they are low in calories and fat, but and sustainable nutrition among consumers, more
rich in proteins, dietary fiber (chitin, hemicellulose, commercial, value-added, standardized, and processed
mannans, and B-glucans), and minerals. In addition, all functional P. ostreatus-incorporated foods could be
essential amino acids are present in the mushrooms and available in the markets in near future. On the other hand,
polyunsaturated fatty acids are in higher proportion the bioavailability and bioaccessibility properties of these
compared to saturated fatty acids. Their chemical profiles novel foods, their food matrix structures, and cultivation
include several bioactive compounds, such as techniques of P. ostreatus in large-scale production
polysaccharides, biologically active proteins (enzymes, should be more studied for nutritious, tasty, healthy,
lectins), ergothioneine (amino acid), terpenoids, sterols, sustainable, environmentally friendly, and low-cost P.
antioxidants, and vitamins such as thiamine, riboflavin, ostreatus based functional foods to be consumed by
niacin, ascorbic acid, and tocopherols, which contribute to human and used by food, pharmaceutical, and
improved immune function and show antitumor, cosmeceutical industries worldwide. In addition, these
antimicrobial, anti-inflammatory, hypoglycemic, studies must be conducted according to EFSA, FDA,
hypocholesterolemic, and antioxidant effects. Their JECFA, and WHO standards and regulations.

nutritional value, antioxidant activity, and health-
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Abstract: Edible and medicinal wild mushrooms have been valuable natural sources of
ethnofood and ethnomedicine since ancient times. Wild mushrooms growing in Anatolia have
seasonally been collected from nature for traditional recipes and traditional treatments by
indigenous people for hundreds of years. In addition, economically important wild mushrooms
such as Amanita caesarea, Boletus spp., Cantharellus cibarius, Craterellus cornucopioides,
Hydnum repandum, Lactarius spp., and Morchella spp. have been sold in local markets and
exported abroad as a source of income by the people living in rural areas since the end of the
20th century. This review has aimed to keep and publish comprehensive traditional knowledge
about the collection and consumption of wild mushrooms by compiling studies on ethnomycology
in Anatolia in addition to their importance for gastronomy, culinary culture, and consumers.

Key words: Wild mushrooms, Indigenous beliefs, Ethnofood, Ethnomedicine, Traditional
knowledge

Gegmisten Gunumuze Anadolu’daki Etnomikolojik Caligmalar

Oz: Yenilebilir ve medikal doga mantarlari, antik gaglardan beri degerli dogal etnogida ve
etnotip kaynaklari olmustur. Anadolu'da yetisen doda mantarlari, yizlerce yildir yerli halk
tarafindan geleneksel tarifler ve geleneksel tedaviler igin dogadan mevsimsel olarak toplanmistir.
Ayrica, Amanita caesarea, Boletus spp., Cantharellus cibarius, Craterellus cornucopioides,
Hydnum repandum, Lactarius spp. ve Morchella spp. gibi ekonomik agidan 6nemli doga
mantarlari 20. yuzyihn sonlarindan itibaren kirsal kesimde yasayan halk tarafindan bir gecim
kaynagi olarak yerel pazarlarda satiimakta ve yurt digsina ihra¢ edilmektedir. Bu derleme,
gastronomi, mutfak kiltlrt ve tuketiciler agisindan dneminin yani sira Anadolu'da etnomikoloji
Uzerine yapilan galismalari derleyerek, doga mantarlarinin toplanmasi ve tiketimine iliskin
kapsamli geleneksel bilgilerin korunmasini ve yayinlanmasini amaglamistir.

Anahtar kelimeler: Doga mantarlari, Yerel inanglar, Etnogida, Etnotip, Geleneksel bilgi

Aralik(2022)13(Special issue)144-156

Review Article
Doi: 10.30708.mantar.1203105

Introduction

Mushrooms are seasonal macrofungi, which
occupy diverse niches in nature within the forest
ecosystem of which some species have environmental
functionality as decomposers and form mycorrhizal
associations to sustain tree growths and healthy forests.
Generally, they are economically important due to their

importance in food, medicine, biocontrol, chemical,
biological, and other industries (Meena et al., 2020).
Mushrooms are the fleshy and fruiting bodies of higher
fungi largely Basidiomycetes and some extant
Ascomycetes, which are present above the ground
(epigeous) or underground (hypogeous) where they may
be picked by hand. Mushrooms are classified as wild,
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cultivated, edible, and poisonous species (Chang and
Miles, 1989; Quadir, 2021).

“Edibility” can be defined by criteria that include the
absence of poisonous effects on human beings and
desirable taste and aroma (Rubel and Arora, 2008).
“Medicinal” properties are attributed to the biologically
active compounds of mushrooms (Venturella et al., 2021).
In recent years, edible and medicinal wild mushrooms
(WM) have been considered precious natural sources of
multifunctional foods and medicines. Mushrooms are
highly nutritive, low-calorie food with good quality
proteins, vitamins, and minerals (Waktola and Temesgen,
2018) and have various biological activities correlated to
their bioactive compounds varied depending on their
locations and species (Turfan et al., 2019; Bulam et al.,
2022). Edible mushrooms are considered a "superfood"
and can be recommended as a valuable constituent in the
daily diet of humans (Sganzerla et al., 2022).

“Ethnomycology” researches the traditional and
indigenous knowledge of mushroom utilization and
consumption patterns in nutrition, medicine, cosmetics
and other uses such as religion, tinder, jewelry, spice,
perfume, etc. by the local people from ancient civilizations
to the present cultures (Martins, 2017; Meena et al.,
2020). The beginning of ethnomycology as a field of
scientific study started in 1957 when the book
“Mushrooms, Russia and History” was published in which
the usage of mushrooms was explained in Europe
(Comandini and Rinaldi, 2020).

Although many ethnomycological studies have
been conducted in Anatolia as well as in other mycophilic
countries from past to present, there are three main
problems in the development of these studies: (1) great
destruction of wild vegetation in nature because of climate
change, urbanization, chemical pollution, overgrazing
and deforestation; (2) the small number of specialists on
WM in the country; and (3) the loss of traditions among
the rural people and villagers, owing to the advancement
of modern civilization, migration to the urban areas, and
increase in education level, which means that traditional
knowledge on edible and medicinal WM has nearly
become unavailable (Guzman, 2001; Peksen et al., 2016;
Martins, 2017; Gizaw et al., 2018). Accordingly,
ethnomycological and taxonomic studies including
traditional knowledge have high importance due to
passing information on next generations to keep
traditional culture and memory in Anatolia as well as
worldwide. Within this viewpoint, this review has aimed to
compile some ethnomycological and taxonomic studies
reported the traditional knowledge about the recognition,

collection, and consumption patterns of edible and
medicinal WM in Anatolia. Additionally, a short evaluation
on utilization of WM by local and national gastronomy and
culinary culture and consumers living in urban areas was
given.

Global Usage of Edible and Medicinal Wild
Mushrooms in History

From the view of consumption as food, a total of
1.154 edible and food species was recorded from the total
of 2.327 useful WM species compiled from 85 countries
(Martins, 2017). The oldest evidence for the usage of WM
(possibly bolete mushrooms) as a food source has been
determined in Spain belonging to the human diet during
the Magdalenian phase of Europe’s Upper Palaeolithic
Period (Old Stone Age) between 18.000 and 12.000
years ago (Power et al., 2015). The usage of edible WM
by people living in Chile 13.000 years ago was
documented in archaeological records (Rojas and
Mansur, 1995). Edible WM were collected in the forests
during Greek and Roman antiquity but were mainly
appreciated by people having higher status (Buller, 1914).
The Roman Empire was well-known for the mushroom
consumption of its emperors, who employed food tasters
to ensure that the WM were safe to eat (Jordan, 2015).
The Caesar mushroom (Amanita caesarea) referred to an
ancient ltalian tradition that still exists in many parts of
Italy, using a diversity of edible species dominated today
by Tuber spp. (truffles) and Boletus edulis (porcini). In
China, many WM species collected from the forests and
fields have been traditionally valued for food for centuries.
Today, China is the leading country with an 85% share of
production of cultivated mushrooms. Although less well
known, countries like Mexico and Turkiye and wide areas
of Central and Southern Africa also have a long and
important tradition of edible WM consumption (Martins,
2017; Royse et al., 2017).

Until today, edible WM have been traditionally
collected from gardens, meadows, and forests,
consumed in tasty recipes as seasoned cooked WM,
soups, simmered, roasted, teas, etc. and preserved for
off-season usage by drying, freezing, brining, and sold
worldwide by local inhabitants for hundreds of years
(Zsigmond, 2010; Sitta and Davoli, 2012; Kim and Song,
2014). In Korea, China, Japan, Hong Kong, the Russian
Federation, and some other European countries such as
Bulgaria, Ukraine, Austria, France, Italy, Spain,
Switzerland, and the Slavic countries, some African
countries (e.g., Benin, Congo), and Mexico, the tradition
of eating edible WM is much stronger (Peintner et al.,
2013; Martins, 2017). Some proverbs including
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“mushroom” are used in various mycophilic countries.
One of them belongs to the Estonians describing Russian
passion towards WM as “Where there is a mushroom
coming up, there is always a Russian waiting for it.”
(Azeem et al., 2020).

On the other hand, economically important edible
WM species including A. caesarea, B. edulis,
Cantharellus cibarius, Craterellus cornucopioides, C.
tubaeformis, Hydnum repandum, Lactarius spp.,
Morchella spp., and Tuber spp. were recently reported
among the most valuable bioeconomic non-wood forest
products with 8.1 billion Euro (€) year? total economic
value and 1.017 billion kg year?! collected amount in
Europe (Lovri¢ et al., 2020; 2021). Today, edible WM are
commercially sold in local and national markets as fresh
or processed as sources of income by indigenous people,
especially in developing countries and bought by urban
consumers, restaurants, and tourism establishments for
the vegan, vegetarian, and local/international
gastronomic menus, and trading companies for the
exportation worldwide (Sitta and Davoli, 2012; Bulam et
al., 2018a, b; De Frutos, 2020).

The total number of useful WM, defined as having
edible and medicinal value, is estimated to be over 2.300
species (Martins, 2017). In terms of ethnomedicine, they
have been used for preventing and treating diseases in
Asian countries for centuries, and their usage in Western
countries has been increasing over the past decades
(Lindequist et al., 2005). Therapeutic applications of
medicinal WM as an adjuvant in Traditional Chinese
Medicine have been documented in Far Eastern
Countries mainly in China, Japan, and Korea for
centuries, where WM have been used by traditional
knowledge for their medicinal properties. Agaricus
brasiliensis, Cordyceps sinensis, Flammulina velutipes,
Ganoderma lucidum, Grifola frondosa, Lentinula edodes,
Pleurotus ostreatus, Polyporus umbellatus and Trametes
versicolor were among the most valuable medicinal WM
species used in Traditional Chinese Medicine with the
name of “elixir of life” (Wasser, 2002; Sullivan et al., 2006;
Zhao, 2013; Gopal et al., 2022). Medicinal applications of
several WM to maintain human health was recorded in
“Meteria Medica” in China as early as 500 BC by Shen-
Nong who was known as “God of Chinese herbal
medicine”. Dendropolyporus umbellatus and Ganoderma
lucidum with the power of healing were described by Tao
Hongjing (456-536 AD) who was a Chinese alchemist and
pharmacologist. Edible and medicinal practices of WM in
India is quite common, some of which dated to 1.700-

1.100 BC (Zhao, 2013; Stamets and Zwickey, 2014;

Debnath et al., 2019; Quadir, 2021).

In Europe, Otzi, the Ice Man, who lived nearly 5300
years ago, carried Fomes fomentarius and a Fomitopsis
betulina tethered in a pouch to help him survive in the Alps
of northern Italy. Hippocrates (450 BC), the famous Greek
physician, classified the Fomes fomentarius among anti-
inflammatory agents and for cauterizing wounds. First
people of North America used Calvatia genus as wound
healers (Stamets and Zwickey, 2014). Pope Gregory IV
(827-844 AD) suggested that soldiers consume truffles
(Tuber spp.) to strengthen them in the war against their
enemies (Hall et al., 2007). In Mexico, the traditional
usage of medicinal WM by Mexican and Guatemalan
Indians as curative adjuvant against diseases such as
asthma, colds, diabetes, dysentery, epilepsy, eye
infections, fever, gastrointestinal disorders, insect bites
intestinal ulcers, nervous disorders, pellagra, and
stomach-tooth aches in Maya, Purepecha, and Aztec
cultures was dated to 2.500 BC-1.521 AD (Guzman,
2001).

Nowadays, WM are used as therapeutic and
functional foods, as they prevent diseases such as
hypertension, hypercholesterolemia, atherosclerosis, and
cancer due to primarily their chemical composition and
bioactive compounds such as lentinan and lovastatin of
which global market values are also expected to rise
(Wasser, 2014; Woldegiorgis et al., 2015; Zhang et al.,
2016; Niego et al., 2021). Their bioactivities such as
antioxidant, anticancer, antitumor, anti-inflammatory, and
antimicrobial properties depend on how the WM are
prepared and eaten or used (Heleno et al., 2015; Martins,
2017).

Medicinal WM are still locally consumed by
traditional knowledge in rural areas and mushroom-
derived preparations containing bioactive components of
some medicinal WM after cultivation are globally used by
pharmaceutical companies to produce novel
nutraceuticals including immunoceuticals, dietary
supplements, and mushroom pharmaceuticals for
modern applications in prevention and treatment of
cancer and other chronic diseases and boosting the
human immune system (Wasser, 2014; Ustiin et al.,
2018, Tieu et al.,, 2022). Nowadays, enzymatic and
nonenzymatic antioxidant-rich mycochemicals (Islam et
al., 2019) and polysaccharides (Chen and Li, 2014)
obtained from fruiting bodies and the mycelium of
mushrooms make them attractive for alternative and
complementary medicines. However, different
manufacturing standards, criteria of purity, and
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underpowered clinical trials make the assessment of
efficacy and toxicity difficult in clinical evidence-based
Western medicine. Thus, in vivo, in vitro, and clinical
studies searching the pharmacological properties or side
effects of WM consumption are increasing to be able to
use traditional Eastern medicinal WM practices in
Western therapies and their bioactive compounds for
medicines (Sullivan et al., 2006; Badalyan et al., 2019;
Venturella et al., 2021; Panda et al., 2022; Panda and
Luyten, 2022). In addition, some patented products of
active metabolites of medicinal WM were presented by
Bhambri et al. (2022). Moreover, WM are also used to
produce antibiotics and natural biocontrol agents against
bacteria, fungi, viruses, and insects (Anguix, 2011),
cosmeceduticals (Badalyan et al., 2022), enzymes (Dutta
et al., 2022) as well as functional foods (Sganzerla et al.,
2022).

From another perspective, ceremonial and
religious roles played by WM in different cultures are
closely associated with their hallucinogenic properties.
Hallucinogenic WM (e.g., Psilocybe spp., Cordyceps
spp.) are occasionally consumed for recreational or
religious purposes but can produce severe nausea and
disorientation. Therefore, they are not commonly
considered edible although they are not poisonous. The
Egyptians and Greeks referred to WM as “the food of the
gods”, “celestial food”, and “the flesh of the gods” (Abdel-
Azeem, 2010). The Mexican Indians had a mythological
thought that hallucinogenic WM were mediators with God,
while Nahum Aztecs considered sacred WM (Psilocybe
spp. including psilocybin/psilocin) as “teonanacatl” with
the meaning of “God’'s flesh” (Singh, 1999). Guzman
(2015) stated that Mexican people also used these
hallucinogenic WM for their therapeutic value which had
some modern applications in psychiatry. In addition,
Amanita muscaria including ibotenic acid and muscimol,
which is a poisonous and hallucinogenic WM, has been
used for sacred purposes and shamanic and religious
ceremonies in diverse cultures (Guzmén, 2001; Martins,
2017; Quadir, 2021).

Apart from the utilization of WM as traditional food
(spice, delicacy, beverage, etc.) for everyday use or
feasts, ethnomedicine, and religious ceremonies, WM
have also been used for many other purposes such as
ware, raw material, decorative motif, symbol (immortality,
fertility), poison for humans and animals, fumigation of
bees, perfume, lubricant, and manure in Hungarian folk
tradition. On the contrary, the mycophobic people who did
not appreciate WM, called them "the bread of the devil",
"food of the dead", and "stool” (Zsigmond, 2010). Today,

lack of public awareness, lack of available markets, high
transportation cost, large number of middlemen, very
limited wholesale market, lack of advertising, and storage
limitations are a few of the challenges and limiting factors
of edible and medicinal WM commercialization and
consumption (Gopal et al., 2022).

On the other hand, many WM are simply inedible
even they are not toxic. In comparison, the number of
poisonous WM species is very small, and just a very few
are mortal. However, this very small group of lethal
species has significantly influenced the attitudes of
consumers to eat WM, creating mycophobic behavior and
potential barriers to wider marketing in many places.
Before assuming that any wild mushroom is edible, it
should be exactly identified. Accurate determination and
proper identification of a wild species is the only safe way
to ensure edibilty and the only protection against
mushroom poisonings. Furthermore, some WM that are
edible for most people can cause allergic reactions in
some individuals, and old or improperly stored species
can cause food poisoning. The risk associated with
poisonous and lethal species is often exaggerated since
occurrences of poisoning and deaths are few when
compared to the regular and safe consumption of edible
WM. Publicity, cultural attitudes, and the increasing
urban, nature-ignorant population continue to spread out
an intrinsic fear of WM in some countries (Rubel and
Arora, 2008; Peintner et al., 2013; Martins, 2017). In
Finland, Italy, Spain, and the United Republic of
Tanzania, the opinion towards WM varies even among
different parts of the same country. In mycophobic
countries like Britain, people are afraid of consuming
them. However, this fear is disappearing, and the usage
of WM is expanding because of immigrants from
mycophilic regions (Azeem et al., 2020).

The inability to distinguish WM collected from
nature and included in the group of poisonous WM leads
to severe illnesses and can even lead to death. A wise old
Croatian proverb also known in Poland and Hungary says
that “All mushrooms are edible, but some only once”
(Zsigmond, 2010). Mushroom poisoning cases, in which
Amanita phalloides (death cap) was in the first place,
were globally reported (Tang et al., 2022). In addition,
Amanita ocreata, Conocybe filaris, Galerina marginata,
and Gyromitra esculenta, and Gyromitra infula (false
morels) were reported among the most poisonous WM
(Gopal et al., 2022). Therefore, different machine learning
algorithms were recently developed to classify the
poisonous and edible WM using their morphological or
physical properties with a success ratio of up to 100%
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apart  from morphological identification and
biochemical/molecular characterization which need an
expert and longer time, respectively (Erkan and
Kahramanli Ornek, 2019; Tutuncu et al., 2021).

Historical Usage of Edible and Medicinal Wild
Mushrooms in Anatolia

In Anatolia, edible and medicinal WM have been
most widely valued as a source of food and flavouring,
medicine, and local/national income from the past to the
present. Additionally, they have had considerable direct
and indirect economic, social, and cultural value in our
country. Edible WM are collected and consumed by the
rural people and economic species are sold in local
markets by mostly woman villagers and vendors. Edible
WM species of A. caesarea, Boletus spp., Calocybe
gambosa, C. cibarius, C. cornucopioides, Hydnum
repandum, Lactarius spp., Morchella spp., Rhizopogon
spp., Terfezia spp., Tricholoma spp., and Tuber spp. are
exported to some European, Middle East, and East
African countries, Japan, USA, Canada, the Turkish
Republic of Northern Cyprus, and Georgia as fresh or
processed including frozen, dried, and pickled. Edible
WM are cooked as fresh by different methods including
roasting, grilling, baking, and frying, consumed in various
meals, and preserved as frozen, dried, and brined on the
local and urban household scale in Anatolia (Okan et al.,
2013; Allrand $Sen, 2016; Peksen et al., 2016; Yiimaz and
Zencirci, 2016; Bulam et al., 2018a, b; Turfan et al., 2019).
Another importance of WM is to create a good outdoor
activity. People considered it as a sports activity to relax
and rest with outdoor nature walks while picking WM
(Acar, 2016; 2018).

On the contrary, poisoning cases mostly occurred
in autumn with the first symptoms such as nausea,
vomiting, dizziness, and abdominal pain were reported in
the country which were accidental, i.e. consumption of
WM collected from open fields and woodlands or
purchased from local markets (Eren et al., 2010; Yardan
et al., 2010; Ozdemir et al., 2022). A decrease was
detected in the poisoning cases due to the changes in
consumer attitudes and behaviors and lifestyles of people
during the COVID-19 pandemic (Ozdemir et al., 2022).

From another perspective, although WM have
mostly been used as a source of food in Anatolia for
centuries, there is also a historical background in terms of
their medicinal applications. The great Turkish-Islam
scientist lbn Sina (Avicenna) recommended truffles
(Tuber spp.) as a remedy for weakness, vomiting, pain,
and wound healing in the 11th century (Hall et al., 2007).

Local Names of Edible Wild Mushrooms in
Anatolia

The word mushroom was transferred to Turkish
from Greek (New Greek) “Manitari” (pavitdpi) (Akalin vd.,
2015). It was used in Anatolia dialects as “Gébelek,
Gobek, Gobeleh, Gofek, Gomelek, and Govelek”. The
fact that the WM are buried in the soil and that they have
a repeating continuity supports this view. Additionally, it
was determined that in both Kastamonu and Sinop, the
word “mushroom” is used in some idioms, and sayings
and observations and experiences are expressed for the
weather forecast related to less/more WM presence.
Moreover, local people say that “I prefer mushrooms to
meat” (Acar, 2016; 2018). When evaluated in terms of
onomastics (the science of naming), using local
mushroom names of 233 (Acar, 2016) for 25 edible WM
species in Sinop and 266 (Acar, 2018) for 26 edible WM
species in Kastamonu according to socio-cultural,
economical and historical traditional knowledge regarding
morphological characteristics, shape (size-smallness),
cap/stalk, color, taste, sound, smell, and texture of WM,
place/region where they grow, time of growth, and names
of organs, animals and plants (tree, grass, flower), names
of clothes and goods, tools and equipment, gender,
kinship, names of religious and literary figures,
nicknames, numbers and elements such as belief were
found to be more determinative among indigenous
people. In addition, a general and bad name was given to
the bitter inedible and poisonous WM and it was
determined that it was very few.

Local names of edible WM can be used in common
for the same species or may differ from province to
province. While the same type of edible WM can be given
different local names in different places, the same local
names can be sometimes given to different types of
edible WM in different places (Yiimaz and Zencirci, 2016;
Bulam et al., 2018b). Simsek and Onek (2021)
determined that in Kastamonu, the Kuzu Gobegi
mushroom, Truffle mushroom, and Porcini (Bolet)
mushroom were called “Kuzukulagr’, “Kara mantar” and
“Tavsan Gdbegi”, and “Ayuca”, respectively. Peksen and
Kaplan (2017) showed that Ordu edible WM were very
similar to Giresun species (Peksen et al., 2016) in terms
of both species’ diversity and naming. However, they
stated that instead of the word "Mushroom/Mantar", the
words "Kirmit" or "Tirmit" were also used (e.g., Tavuk
kirmiti, Findik kirmiti, Geyik tirmiti, Beyaz dag tirmiti, etc.).
The Turkish names of the edible and medicinal WM were
recently stated and published in a book to maintain the
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usage of common names of WM species belonging to
Anatolia flora by Sesli et al. (2020).

Historical Background of Ethnomycological
Studies in Anatolia

2.728 Ascomycota and 2.782 Basidiomycota
species including edible and medicinal WM, which grow
naturally in the rich vegetation of Anatolia, were
previously identified by various taxonomic studies (Sesli
et al., 2020). Moreover, current checklist studies reporting
previously known species and new records are
continuously performed in the country (Akata et al., 2022).
The importance of edible and medicinal WM species
depending on cultural and ecological factors has been
reported in many ethnomycological and taxonomic
studies reporting recognition level and consumption
patterns of WM in Anatolia since the 1980s. Information
about some of these studies is given as follows.

Akman and Baysal (1984) examined WM
consumption status of 200 households randomly selected
from Bergama district center and 5 villages of izmir
province. 3 species of WM in the region, namely
Grass/Cayir (Agaricus campestris), Pine/Cam (Clavaria
salmonicolar), and Morel/Kuzu Go&begi (Morchella
esculenta) grew naturally in the months of March-April,
and October-December. It was reported that 44% of the
households in the district center bought them, and 78% of
them in the villages collected WM by themselves and
consumed them. Monthly consumption per individual
varied between 170 and 2.727 g, with an average of 1.448
g. Among the households consuming WM, 54.6% in the
district center and 23.0% in the villages reported that they
were mildly or moderately poisoned by WM.

In taxonomic research conducted by Sesli (1998)
in Giresun, a total of 42 species of WM, including 5
species belonging to the Ascomycetes class and 37
species belonging to the Basidiomycetes class were
identified. It has been reported that 24 of them were
edible, 14 were inedible, and 2 were poisonous (A.
muscaria and Hypholoma fasciculare), and it was not
known whether the 2 species were edible. It was stated
that people living in the region recognized and used some
identified edible species such as H. repandum, Lactarius
deliciosus, Macrolepiota procera and Ramaria aurea as
food, but did not recognize the other edible WM.

From the recent taxonomic studies, Keles et al.
(2014) identified 7 WM taxa within 11 orders, 40 families
and 69 genera in Ayder (Rize/Turkiye) plateau. 3 of them
belonged to the division Ascomycota and 124 belonged
to Basidiomycota. Among them, 54 (%42.52) were edible,
59 (%46.46) were inedible. It was reported that Agaricus

essettei, A.

langei, A. lanipes, Cantharellus cibarius,
Macrolepiota procera, and Russula delica were collected
and consumed locally. Although 14 (11.02%) poisonous
taxa existed in the region, no incidence was reported
officially.

In the research of Akata et al. (2016), 182 WM
species belonging to 117 genera in 60 families were listed
in the Zigana Mountains (Gimigshane) study area. The
list included 38 Ascomycota and 144 Basidiomycota. 46
of 182 WM species were edible WM, but only 4 species
(A. campestris, C. cibarius, Lactarius volemus and M.
procera) were collected and consumed by local people.

In an ethnomycological and taxonomic study
conducted in Samsun, 78 edible WM species were
identified. 20 of these species were known by the public,
consumed, and sold in local markets. It has been reported
that in addition to domestic market consumption,
especially Chanterelle spp. (Sari mantar), Hydnum spp.,
and Morchella spp. (Kuzu Gébegi) were also exported
abroad (Peksen and Karaca, 2000). In addition, the
species that were not sold in local markets and consumed
by the public were Agaricus spp. (Top top mantari),
Coprinus comatus (Kumyaran), Fistulina hepatica (Okiiz
Dili), Lactarius fuliginosus (Tirmit), Lepiota kondradii, M.
procera (Dede mantari), and R. delica. It has been also
determined that the WM known and consumed in the
province by local inhabitants were evaluated as fresh,
pickled (Cantharellus spp., Lactarius spp.) or dried
(Marasmius oreades, Morchella spp.). However,
Clitopilus prunulus, C. cornucopioides, Lepista spp., and
Pleurotus spp. were some delicious edible WM that were
not recognized by the indigenous public.

Yilmaz and Zencirci (2016) conducted research in
6 provinces (Bolu, Dlizce, Karabik, Zonguldak, Bartin
and Kastamonu) of Western Black Sea Region and in 70
different local markets, especially during WM gathering
seasons. It was determined that 33 species from 14
families were used as food (55.4%), income (43.8%) or
medicine (0.8%). In addition, 169 different Turkish local
names were recorded, and 5 marketing channels were
identified, 3 for cultivated mushrooms and 2 for WM. L.
deliciosus and Lactarius salmonicolor (Kanlica) were the
most affordable species, while Morel WM (Kuzu Gobegi)
were the most expensive species among all collected
WM.

In another study, 22 species of edible WM
belonging to 13 families that were collected from nature
and had economic importance in Giresun province were
identified and listed with their local names (Peksen et al.,
2016). It has been also determined that these WM were

149



MANTAR DERGISI/The Journal of Fungus

Aralik(2022)13(Special issue)144/156

3" International Eurasian Mycology Congress 2022

b s

consumed as food by collectors or intermediaries and
were sold in local markets to generate income. A.
campestris, Boletus aestivalis, B. edulis, C. cibarius, H.
repandum, Lactarius spp., Laetiporus sulphureus, Lepista
saeva, M. procera, M. oreades, Morchella spp. and
Sparassis crispa were consumed as fresh in different
recipes, especially by roasting, as a meal, or they were
frozen, dried, or preserved as pickled for winter
consumption. B. edulis, C. cibarius, H. repandum and
Morchella spp. were delivered to foreign trade companies
by intermediaries and exported as fresh, frozen, or dried.
It was reported that most of mushroom pickers and sellers
were women. This was important in terms of women's
contribution to the family budget. Edible WM prices varied
according to season, species, and amount of WM
collected.

Akylz et al. (2017) interviewed 230 truffle
gatherers in the Elazig-Malatya region. It was determined
that truffle gatherers looked for truffle types in areas
where the soil bulged and cracked (97.0%), or where
kumi plant grew (95.2%), and they found truffles using
their personal experience (94.8%). The local people have
expressed that they collected about 2 kg or less truffles
per day (68.7%), and the financial profit was high (68.3%).
They acquired information from their families and elders
(92.6%) about WM, and they gathered truffles for nutrition
(97.8%), for their high nutritious value (67.8%), as they
were a natural food source (94.3%), and because of the
feeling of satiety they provided (95.7%). Truffles were
usually fried with eggs when cooking (84.8%), preserved
in refrigerators (93.0%), and the quality of edibility was
high (83.9%). Terfezia boudieri was preferred for
commercial usage, whereas other species (Picoa
lefebvrei, P. juniper, and T. olbiensis) were mostly used
for daily consumption because they did not provide
financial profit.

In the study conducted by Peksen and Kaplan
(2017), the WM species that had current economic
importance in the macrofungi mycobiota of Ordu province
and collected by the villagers and sold in local markets
were reported as 22 WM species belonging to 13 families.
In addition, it has been determined that there were
species with high nutritional value, such as B. edulis, C.
cibarius, H. repandum and Morchella species, which had
the potential to be exported abroad in fresh and dried
forms. Moreover, although they were not sold in the
market, M. procera and Polyporus squamosus edible
WM, which were collected and consumed by the people
of Ordu, were as valuable and delicious as meat. In the
province, edible WM was generally consumed as fresh,

and they were preserved by pickling, drying, canning, or
freezing for winter consumption. Many of these WM sold
in the market were roasted and consumed by the public.
Edible WM could be sold by the villagers in the market, as
well as by the stalls set up on the roadside and by
peddlers. The prices of WM, which were an important
source of income for the villagers, varied depending on
the season, species and the amount of WM collected.

According to Bulam et al. (2018b) B. edulis, C.
cibarius and Morchella spp. were the exported WM
species in Vezirkdpru district of Samsun where A.
caesarea, B. edulis, C. cibarius, Cantharellus
ferruginascens, Clitocybe geotropa, C. cornucopioides,
H. repandum, Hydnum rufescens, L. deliciosus, Lactarius
semisanguifluus, Lactarius vellereus, Lactarius vinosus,
M. procera, Morchella spp., Ramaria spp., R. delica and
Tricholoma terreum were identified as edible WM species
with high eating quality and economic importance.

Uzun and Kaya (2020) reported that 88 of the 404
WM taxa were edible, but only 6 taxa of A. campestris,
Coprinus comatus, Pleurotus ostreatus, Terfezia
boudieri, Tricholoma anatolicum, and Volvopluteus
gloiocephalus were collected and consumed in the
Gaziantep region by local people. T. boudieri had local
economic importance while T. anatolicum had
international economic importance. 283 WM of the
determined taxa were classified as inedible while 33 were
poisonous.

Orug¢ et al. (2021) identified 109 macromycete
species belonging to 4 classes, 12 orders, 41 families and
64 genera in Camburnu Nature Park (Surmene/Trabzon).
Of these, 6 belonged to Ascomycota and 103 belonged to
Basidiomycota. Of the 109 macromycetes detected, 44
(40.37%) were edible, 51 (46.79%) were inedible, and 14
(12.84%) were poisonous. L. delicious was intensely
collected and consumed by the local people under the
name of "Kanlica". A. campestris was also collected and
consumed in the region, and it has not been given a
special local name.

Sadullahoglu et al. (2021) determined 9 and 55
edible WM species belonging to Ascomycota and
Basidiomycota divisions in Oltu and Narman (Erzurum)
districts, respectively. Although 64 edible WM have been
identified, local people consumed as food only some well-
known species belonging to the genera of Agaricus,
Morchella and Pleurotus. It has been determined that the
local people called Agaricus species "Cayir mantari”,
Morchella species "Dana Burnu" and Pleurotus species
(P. ostreatus and Pleurotus populinus) "Kavak mantari,"
or “Agac¢ mantari”. When the species collected during field
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studies were shown to the local people, they stated that
they did not eat any WM other than those species and that
they knew the other WM as poisonous. Although there
were suitable habitats in Oltu and Narman districts, there
was no evidence that Morchella species collected and
traded.

Uzun and Kaya (2022) presented a list of 216 WM
species from the Tonya (Trabzon) district. Of these, 75
(34.72%) belonged to Ascomycota, and 141 (65.28%)
belonged to Basidiomycota. According to the current
literature, 52 of the identified taxa were edible. 8 of them
were collected under different names and consumed by
the local people. Locally consumed taxa and their local
names were C. cibarius (Yumurta mantari, Tavuk tirmiti,
Sari mantar), C. cornucopioides (Huni mantari, Borazan
mantari), Fistulina hepatica (Karaciger mantari, Biftek
mantari), H. repandum (Sigir Dili), L. volemus (Sutli
mantar), Lepista nuda (Mor mantar), M. procera (Turna
Bacagi, Kartal Kanat) and P. ostreatus (Kavak mantari).
Among them, C. cibarius, C. cornucopioides, L. volemus
and M. procera also had regional economic importance
which were collected and sold in public markets.

On the other hand, Simsek and Onek (2021) found
that the methods of detecting non-poisonous WM differed
from each other, among which the color, smell and
appearance of the WM were influential, as well as the
experiences of family elders and collectors in Kastamonu.
In addition, some collectors stated that they collected only
known WM. It was determined that the participants
perceived WM with worms and milk coming out of their
caps as non-toxic. In the same study, all of the
participants stated that they collected WM species
themselves and bought them from the local markets.

In terms of medicinal applications, it was
determined that carpophor saps of edible WM species of
Morchella spp. (Kuzu Goébegi) (Yimaz and Zencirci,
2016) and Pleurotus eryngii (Karik/Kivark) (Sirri and Sirri,
2020) are used against eye infections and scorpion stings
in Anatolia. Acar (2018) stated that the Calvatia gigantea
(Pos/Fos mantari) is used in folk medicine to stop the
blood of open wounds in Kastamonu, while F. fomentarius
(Kav mantari) is used to make a fire.

From the perspective of WM gatherers, Arslan et
al. (2021) reported the WM species most collected and
benefited from by gatherers as A. caesarea (imparator
mantari), Boletus spp. (GCoérek mantari, Ay mantari), C.
cibarius (Yumurta mantari), C. cornucopioides (Borazan
mantari), H. repandum (Sidirdili mantari), and Lactarius
spp. (Kanlica mantari). It has been seen that the
collectors benefited from the WM in the form of selling

them as commercial products, generating income, and

consuming them for their own needs. It has been
understood that the converting potential of WM into
products by the collectors selling them was low. It has
been determined that 95% of the intermediaries working
in the WM picking business were men and 5% were
women. It has been seen that middlemen sold WM mostly
to mushroom processing plants.

Gastronomic and Culinary Culture Perspective
on Usage of Edible Wild Mushrooms

In Anatolia, there are traditional edible WM dishes
prepared on a local cuisine scale. Examples of these
dishes are mushroom stew, mushroom rice (with rice or
bulgur), mushroom pasta, mushroom soup, grilled
mushroom kebab, mushroom roasting, mushroom tas
kebab, lamb roasting with mushrooms, mushroom pastry,
mushroom roasting with egg, stuffed mushrooms, and
mushroom frying (Tuzlaci, 2011). In Kastamonu, many
dishes are made, such as bread, banduma, roasted on
the stove, pickles, and WM made by hammering
(cracked) eggs on them in the households (Acar, 2018).
In Sinop cuisine, the mushroom's value is equated with
meat, and consumed in various traditional recipes such
as soup, pastry (borek), Turkish ravioli (manti), tirid,
roasting with onions, grilling, with eggs, Turkish pancake
(gozleme), with garlic yoghurt, and pickles. In addition,
WM are dried and stored for later usage and the WM
sauce is prepared for meals. Some WM are even eaten
raw in the region (Acar, 2016).

From the gastronomic point of view, some vegan,
vegetarian, and fusion menu options including recipes
such as soup, rice, pastry (borek) and sauté consisting of
edible WM and other ingredients are available at
restaurants, hotels, and other professional kitchens in
recent years and offered to guests as "alternative taste
sources" (Erdem et al., 2018a). In a study, it was
determined that chefs from the Mengen district of Bolu
province recognized 19 WM species with their local
names of Kanlica, Cincile, ici Kizil, Ayica, Kedi Kirisi,
Mihlica, Tellice, Ebisge, Kuzugdbegi, Ayikoski (koku),
Débelen, Porgini, Porsuk, Duvaklica, Polet, Yumurta
mantari, Sarikiz, Malkadin, and Cirol/Elik (Erdem et al.,
2018b). However, while 45.5% of the culinary chefs
stated that they used local WM such as Kanlica, Cincile,
Polet, Sarikiz, and Porcini in their kitchens, 54.5% of the
chefs could not use local WM in the kitchens of the food
and beverage businesses they worked for due to the
reasons such as supply/continuity problems, not knowing
by the customers, not having a commercial market,
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having risk or not finding products with the same quality
standards in the same study.

Karakayali et al. (2022) conducted a gastronomy
and culinary culture study in Giresun. It was determined
that among the 45 species known and consumed as WM,
Sigirdili (Hydnum repandum-Ak Sigirdili and Hydnum
rufescens-Sari  Sigirdili), Tellice, Gelinparmagi, Hal
Sacagi (Ramaria spp.), Kiremit Balaban mantari
(Sarcodon imbricatus) were dried, Kayigkiran mantari
(Russula chloroides) and Akgintar mantari (Russula
delica) were canned and pickled, and species suitable for
shock freezing were stored in the freezer/deep freezer
with/without boiling and consumed off-season. In the
same study, it was stated that WM affected social and
cultural relations in Giresun province by an example of
offering the difficult and rare collected Cansur mantari
(Pleurotus eryngii var. ferulae) to the guests coming to the
house was an indication of the given importance and
value to the guest by the host.

Consumers’ Perspective on Consumption of
Edible Wild Mushrooms

Apart from the ethnomycological and taxonomic
studies reporting traditional knowledge on consumption of
edible and medicinal WM in Anatolia, some studies were
performed about the consumption patterns and consumer
attitudes towards WM in urban areas.

When the reasons for consuming mushrooms were
examined, it was seen that consumers consume WM
because they liked the taste and flavor. In addition, it has
been determined that the answers related to being
healthy and nutritious, being a protein source, habit,
easily obtaining of WM and being affordable were among
the reasons for WM consumption (Kibar, 2015; Simsek
and Onek, 2021; Yilmaz et al., 2016). In a study, it was
determined that 54.7% of the mushroom consumers
obtained the mushroom from the local market, 36.8%
from the shopping malls and markets, and 8.4% from
nature themselves in Antalya urban area (Uysal, 2014).
In the study conducted in 13dir, of those who consumed
mushrooms, 56.6% reported that they consumed only
cultivated mushrooms, 37.2% consumed both cultivated
and wild mushrooms, and 6.2% only consumed edible
WM (Kibar, 2015). In another research conducted by
Yilmaz et al. (2016) in Trabzon, 74.6% of the 260
participants of whom 50 lived in rural areas were indicated
that they consumed cultivated mushrooms while 38.1% of
them consumed WM.

Unfortunately, there is a tendency of less frequent
usage of WM because of non-recognition of species,

poisoning suspicion, not thinking that WM are healthy and
nutritious, disliking of WM taste, not having the habit of
WM consumption, and high price as people move away
from the rural areas and have a higher education level as
well as advancing age and higher income like in many
urban areas of mycophilic countries (Kibar, 2015; Yilmaz
et al., 2016; Bulam et al., 2018c).

Results and Discussion

The aim of this review was to keep and publish
traditional knowledge about the awareness, collection,
and consumption patterns of WM by compiling the studies
on ethnomycology in Anatolia. According to literature
information, WM are collected from nature and mostly
consumed as food after cooking with various methods
and stored after preserving with processes in a household
scale for winter usage in the country. In addition, a few of
WM are also used for medicinal applications. For our
population’s health, more ethnomycological and
taxonomic studies should be performed to identify edible,
inedible, and poisonous WM species and the results of
the studies should be shared with people living in Anatolia
primarily to prevent mushroom poisoning cases. It is not
a correct practice to think that the mushroom is non-toxic
according to its shape or color. All generalizations
circulating among the public about the edibility of WM can
have deadly results. Therefore, in order not to consume
WM unconsciously and to ensure sustainability,
education should be given to consumers about edible and
medicinal WM.

On the other hand, more ethnomycological studies
should be conducted in edible and medicinal WM
research areas to determine WM species and their
consumption patterns among the local people and their
cultivation potential for sustainable, healthy, adequate,
and balanced diet of the population in Anatolia. Moreover,
ethnomycological studies could be useful to be learned
the WM known and preferred by rural and urban people,
so some new standard recipes could be prepared in the
gastronomic field for the consumers appreciating WM and
vegans, vegetarians and those who need high-quality
vegetable protein. Furthermore, more edible and
medicinal WM should be conserved and cultivated to
produce commercial functional foods by the food industry,
and some new biotechnological enzymes, drugs, and
products by national or international pharmaceutic and
cosmetic industries in the near future after
ethnomycological studies conducted in Anatolia.
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