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Kastamonu ve Erzincan illerindeki Tereyaglardan
Izole Edilen Funguslar Uzerine Arastirmalar
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Oz: Bu arastirmada tereyadi numuneleri 2012-2013 vyillari arasinda yaz ve kig
mevsimlerinde Kastamonu ve Erzincan illerinden toplanmistir. Kastamonu ve Erzincan illerindeki
cesitli  evlerden toplanan tereyadi numunelerindeki mikrofunguslarin izolasyonlari ve
identifikasyonlari amaglanmistir. Ornekler steril kosullarda alinmis, steril numune kaplari igerisine
konulmus, tasima cantasiyla +3 - +6 °C’ de saklanmis, laboratuvara getirilmis ve incelenmistir.
Mikrofunguslar Pepton Dekstroz Agar, Malt Ekstrakt Agar (MEA), Patates Dekstroz Agar (PDA)
ve Czapek’'s Agar (CZ) gibi suni besin ortamlarinda Uretildikten sonra, hazirlanan laktofenolll
preparatlarinda dlciimleri yapilmistir. incelenen tiirlerin identifikasyonlari yabanci eserlere gore
verilmeye galisilmistir. izole edilmis olan tiirlerin fotograflari cekilmistir. Arastirma siiresince 16
ornek incelenmis, toplam 158 fungus kolonisi ve 4 cinse ait 12 tiir izole edilmigtir. Arastirma
sahasindan izole edilen cinsler; Aspergillus, Fusarium, Penicillium ve Geotrichum’ dur. Bunlar
arasindan yaygin olanlar Aspergillus ve Penicillium’ dur. Arastirmada izole edilen tirler ise
Aspergillus flavus, A.parasiticus, A.versicolor, Fusarium oxysporum, Penicillium chrysogenum,
P.echinulatum, P.griseofulvum, P.palitans, P.roqueforti, P.solitum, P.verrucosum ve Geotrichum
candidum’dur. Sonug olarak, arastirma sahasinda, tereyaglarinda zararlar yaparak, ekonomik ve
saglik kayiplarina sebep olan bir mikrofungus florasi tespit edilmistir.

Anahtar kelimeler: Kastamonu, Erzincan, Tereyagi, Fungus

Investigations on Fungi Isolated from Butter
in Kastamonu and Erzincan Provinces

Abstract: In this research butter samples were collected from Kastamonu and Erzincan
cities during summer and winter seasons between 2012-2013 years. The aim of this research is
isolate and identify the microfungi in butter samples collected from various houses in Kastamonu
and Erzincan cities. Samples were taken in sterile conditions, placed in sterile sample containers,
hidden at +3 - +6 ° C temperature with a carrying case, brought to the laboratory and examined.
Microfungi are measured in lacto-phenol preparations after they were reproduced in artifical
nutrient media such as Peptone Dextrose Agar, Malt Extract Agar (MEA), Potato Dextrose Agar
(PDA) and Czapek's Agar (CZ). For the identifications of the studied species, foreign literature
sources are reviewed. The photographs of isolated species were taken via microscope. During
research, 16 samples were studied, total of 158 fungal colonies and 12 species belonging to four
genera were isolated. The isolated genera in research area are Aspergillus, Fusarium, Penicillium
and Geotrichum. Amongst these, Aspergillus and Penicillium are common. Isolated species in
this research are Aspergillus flavus, A.parasiticus, A.versicolor, Fusarium oxysporum, Penicillium
chrysogenum, P.echinulatum, P.griseofulvum, P.palitans, P.roqueforti, P.solitum, P.verrucosum
and Geotrichum candidum. In conclusion, a flora of microfungi has been found which causes
economic and health losses by damaging the butters in research area.

Key words: Kastamonu, Erzincan, Butter, Fungus
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Girig

Gidalarin uretilmesi 8-10 bin yil 6nce baslamistir.
insanlarin gidalarin bozulmasi ve gida zehirlenmeleri gibi
sorunlarla bu dénemin basinda kargilagsmaya basladiklari
sanilmaktadir. Hazirlanmig gidalarin bozulmasina ait ilk
bulgularin M.0.6000 civarinda oldugu gériilmektedir.
Sumerlerin ise tereyadini ilk elde edenler oldudu, ayrica
etleri ve baliklar tuzladiklari bilinmektedir. Stt, peynir ve
tereyaginin M.0.3000 yilinda Misirlilarca kullanildig
bildiriimistir (Anonim, 2007).

Sut proteinleri canli  organizmasinin  gelisip
buyuyebilmesi ve kendi kendini yenileyebilmesi i¢in son
derece dnemli bilesenlerdir. Sut proteinlerinin yapisinda
vucut tarafindan sentezlenemeyen ve mutlaka disaridan
alinmasi gereken tim esansiyel aminoasitler bulunur.
Ayrica si0tlin bilesiminde hidroksiprolin hari¢ diger 19
aminoasit de mevcuttur (Spreer, 2017; Metin, 2007).

Tuark Gida Kodeksi 2005/19 sayili yonetmelikte
tereyadi ve sadeyagd tanimi su sekilde yapilmistir; sit
ve/veya st Urunlerinden elde edilen, su ve yagsiz kuru
madde  unsurlarinin  tamamina  yakin  boélimu
uzaklastiriimis ve agirlikga en az % 99 oraninda st yagi
icerigine sahip Urline sadeyag; agirlikca en az % 80, en
fazla % 90 oraninda sit yagi, en fazla % 2 oraninda
yagsiz sut kuru maddesi ve en fazla % 16 oraninda su
icerigine sahip Urline tereyagdi denir (Anonim, 2005).

Dinyada tereyag Uretimi her yil yaklasik olarak %
2 dolayinda artis gOstermektedir. 1970-2003 yillari
arasinda Dinya tereyadi Uretimini % 40.6 oraninda
artmistir (Capraz ve Yilmaz, 2005). En 6nemli tereyagi
uretici Ulkeler; AB, ABD, Rusya, Avustralya, Polonya,
Ukrayna, Kanada, Yeni Zelanda ve Hindistan olup;
Uretimlerini her yil artirmaktadirlar (Capraz ve Yilmaz,
2005; icdz, 2007).

Arastirmamizda Kastamonu ve Erzincan illerindeki
cesitli evlerden toplanan tereyadi numunelerindeki
mikrofunguslarin izolasyonlari ve teshisleri
(identifikasyonlar1) yapilmistir. Arastirma sahasinda,
tereyaglarinda zararlar yaparak, ekonomik ve saglik
kayiplarina sebep olan mikrofungus florasi
saptanmistir.Tereyaglarinin insan saglhdi bakimindan
yarari, izole ettiimiz mikrofunguslarin  zararlari
vurgulanmistir.

Materyal ve Metot

Tereyagi numuneleri Kastamonu ve Erzincan
illerinden 2012-2013 yillari arasinda yaz ve Kkis
mevsiminde yilda 2 kere, her ilden 2 tane olmak Uzere
toplam 16 tane her seferinde 200’er gram alinmistir. Bu
numuneler steril torbalar icinde ve sogutucularla getirilip,
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tereyaglarin Uzerinde olusan mikrofunguslar izole edilip,
teshisleri yapiimistir.

Ornekler tereyaginin tst ylizeyi steril bir spatula ile
siyrilarak, hava ile temasi olmayan kisimlardan yaz
mevsiminde Temmuz ayinda ve kis mevsiminde Subat
ayinda sabah 09:00 ile 11:00 arasinda alinmigtir. Bu
islem 2 farkli kdyde, 2 farkli evden alinarak uygulanmistir.
Ornekler alinirken steril eldiven ve maske takilmistir.
Alinan tereyaglari, sterii numune kaplari igerisine
konmus, tasima cantasinda +3 - +6 °C’'de saklanarak,
inceleme yapmak Uzere laboratuvara getirilmistir.

Bu cgalismada Kastamonu ve Erzincan illerinden
toplanan tereyagi ornekleri homojenize edilmigtir. Bu
islem icin 1’ er g’ lik tereyaglarina 10 ml steril fizyolojik su
eklenmistir (Anonim, 1995). Sonra bakterilerin Gremesini
engellemek icin icine 30 mg/l Rose Bengal ve 30 mg/l
streptomisin ilave edilmis (Kornacki ve ark., 2001) Pepton
Dekstroz Agara ekilmis, 22-26 °C’ de 7-10 gin inkube
edilmis ve ureyen mikrofungus kolonileri izole edilmigtir.
izole edilen tereyag o©rneklerindeki mikrofungus
kolonilerini saf olarak Uretmek icin her Petrideki gelisen
bitiin kolonilerden tek tek Malt Ekstrakt Agar (MEA),
Patates Dekstroz Agar (PDA) ve Czapek’'s Agar (CZ)
besiyerlerine ekim yapilmis, 22-26°C’ de inkiibe edilmis,
7-10 gln sonra saf koloniler elde edilmis ve makroskopik
incelemeleri yapilmigtir.

Mikrofunguslarin mikroskopik incelemesinde ise
preparat ortami olarak pikrik asitle boyanmis laktofenol
¢cOzeltisi kullaniimistir (Bilgehan, 2002). Lam Uzerine
pikrik asitle boyanmis laktofenol c¢oOzeltisi bir damla
damlatiimis, steril 6zenin ucu ile alinan mikrofunguslar
laktofenol ¢ozeltisinin icine konulmus ve lzeri lamel ile
kapatiimistir. Mikroskobun okdilerine adapte edilen okuler
mikrometrik disk ile hazirlanan  preparatlardaki
mikrofunguslarin mikronlarla Olgimu yapiimis,
mikrofunguslarin her birinin batin organlari 50 kere
Olculerek, ortalamasi alinmis, tur teshisleri yapiimis ve
dijital kamera ile fotograflari c¢ekilmistir (Sekil 1-12).
Aspergillus tirlerinin teshisinde (Klich, 2002; Raper ve
Fennel, 1965), Fusarium tartndn teshisinde (Samson ve
ark., 2002; Booth, 1971), Geotrichum turinun teghisinde
(Samson ve ark., 2002) ve Penicillium turlerinin
teshisinde (Samson ve ark., 2002; Raper ve ark., 1949)
degisik yabanci eserlerden yararlaniimistir.
Preparatlardaki lamellerin kenarlari oje ile kapatiimis ve
saklama kutularina konarak muhafaza edilmistir.
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2012-2013 yillari arasinda Kastamonu ve Erzincan
illerinden yaz ve kig mevsimlerinde yilda 2 kere, her ilden
2 tane olmak Uzere toplam 16 tane alinan tereyagi
numunelerinden toplamda 158 koloni incelenmis (Tablo

1), 4 cinse (Tablo 2) ait 12 farkl tir (Tablo 3, 4; Sekil 1-
12) izole edilmistir. Toplamda en fazla izole edilen
mikrofungus cinsi % 48.1 ile Aspergillus olup, bunu %
47.5 ile Penicillium, % 2.5 ile Geotrichum ve % 1.9 ile
Fusarium takip etmistir (Tablo 2).

Tablo 1. Kastamonu ve Erzincan illerinde 2012-2013 yillari arasinda yaz ve
kis mevsiminde izole edilen toplam mikrofungus koloni sayisi ve yiizde oranlari

Mevsim Kastamonu ili | Erzincan ili | Toplam Koloni Sayisi %
Yaz 30 84 114 72.1
Kis 24 20 44 27.9
Toplam 54 104 158 100

Tablo 2. Kastamonu ve Erzincan illerinde 2012-2013 yillari arasinda izole edilen toplam

mikrofungus cinslerinin koloni sayisi ve ylzde oranlari

Cins Kastamonu ili | Erzincan ili | Toplam Koloni Sayisi %
Aspergillus 38 38 76 48.1
Fusarium - 3 3 1.9
Penicillium 15 60 75 47.5
Geotrichum 1 3 4 25
Toplam 54 104 158 100

Kastamonu ilinde 3 cinse ait 7 tur teshis edilmigtir.
En cok izole edilen tiir % 40.7 ile Aspergillus flavus Link
olmustur ve bunu % 22.2 ile Aspergillus parasiticus
Speare, %13 ile Penicillium palitans Westling, % 11.1 ile
Penicillium chrysogenum Thom, % 7.4 ile Aspergillus

versicolor (Vuill.) Tirab., % 3.7 ile Penicillium roqueforti
Thom ve % 1.9 ile Geotrichum candidum Link
[Dipodascus geotrichum (E.E. Butler & L.J. Petersen) Arx]
takip etmigtir (Tablo 3).

Tablo 3. Kastamonu ilinde 2012-2013 yillari arasinda izole edilen toplam mikrofungus

tirlerinin koloni sayisi ve ytzde oranlari

Tar Koloni %
Aspergillus flavus 22 40.7
Aspergillus parasiticus 12 22.2
Aspergillus versicolor 4 7.4
Penicillium chrysogenum 6 111
Penicillium palitans 7 13
Penicillium roqueforti 2 3.7
Geotrichum candidum 1 1.9
(Dipodascus geotrichum)

Toplam 54 100

Erzincan ilinde 4 cinse ait 12 tlr teshis edilmigtir.
En cok izole edilen tir % 24 ile Aspergillus flavus olmustur
ve bunu % 17.3 ile Penicillium chrysogenum, % 12.5 ile
Penicillium palitans, % 10.6 ile Aspergillus parasiticus ve
Penicillium solitum Westling, % 6.7 ile Penicillium
griseofulvum Dierckx ve Penicillium verrucosum Dierckx,
% 2.9 ile Fusarium oxysporum Schitdl. ve Geotrichum
candidum, % 1.9 ile Aspergillus versicolor, Penicillium
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echinulatum E.Dale ve Penicillium roqueforti takip etmistir

(Tablo 4).
Tereyadl numunelerinden izole edilen Aspergillus,
Fusarium, Penicillium, Geotrichum cinslerinin

http://www.indexfungorum.org’ a goére sistematigi ve
mikrofungus tirlerinin mikroskobik goruntileri asagdida
verilmigtir (Sekil 1-12).



MANTAR DERGISI/The Journal of Fungus Ekim(2019)10(2)70-81

Tablo 4. Erzincan ilinde 2012-2013 yillar1 arasinda izole edilen toplam
mikrofungus tirlerinin koloni sayisi ve yilizde oranlari

Tar Koloni %
Aspergillus flavus 25 24
Aspergillus parasiticus 11 10.6
Aspergillus versicolor 2 1.9
Fusarium oxysporum 3 2.9
Penicillium chrysogenum 18 17.3
Penicillium echinulatum 2 1.9
Penicillium griseofulvum 7 6.7
Penicillium palitans 13 125
Penicillium roqueforti 2 1.9
Penicillium solitum 11 10.6
Penicillium verrucosum 7 6.7
Geotrichum candidum 3 2.9
(Dipodascus geotrichum)

Toplam 104 100

Fungi

Divisio: Ascomycota
Subdivisio: Pezizomycotina
Classis: Eurotiomycetes
Subclassis: Eurotiomycetidae
Ordo: Eurotiales

Familia: Aspergillaceae
Genus: Aspergillus

Sekil 1. Aspergillus flavus’un mikroskobik gérintiso (10x40)
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Sekil 3. Aspergillus versicolor'un mikroskobik goriintisi (10x40)

Fungi

Divisio: Ascomycota

Subdivisio: Pezizomycotina
Classis: Sordariomycetes
Subclassis: Hypocreomycetidae
Ordo: Hypocreales

Familia: Nectriaceae

Genus: Fusarium
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Sekil 4. Fusarium oxysporum’ un mikroskobik gorintasa (10x40)

Fungi

Divisio: Ascomycota
Subdivisio: Pezizomycotina
Classis: Eurotiomycetes
Subclassis: Eurotiomycetidae
Ordo: Eurotiales

Familia: Aspergillaceae
Genus: Penicillium

Sekil 5. Penicillium chrysogenum’un mikroskobik gorintusa (10x40)
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Sekil 6. Penicillium echinulatum’un mikroskobik gortinttsi (10x40)

Sekil 7. Penicillium griseofulvum’un mikroskobik gorantasa (10x40)
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Sekil 9. Penicillium roqueforti nin mikroskobik gorinttsa (10x40)
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Sekil 11. Penicillium verrucosum’un mikroskobik gérintasa (10x40)

Fungi

Divisio: Ascomycota

Subdivisio: Saccharomycotina
Classis: Saccharomycetes
Subclassis: Saccharomycetidae
Ordo: Saccharomycetales
Familia: Dipodascaceae
Genus: Geotrichum
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Sekil 12. Geotrichum candidum’un mikroskobik gorantasa (10x40)

Tartisma

Yapilan ¢alismalar genellikle soguk aylarda,
mikrofungus konsantrasyonlarinda duislis go6zlendigini
gOstermistir (Colakoglu, 2004; Colakoglu, 2003). Bu
durum calismada bulunan sonuglar ile paralellik
gostermektedir (Tablo 1). Ayrica sicaklik ve nemin,
mikrofungus konsantrasyonu ile dogru orantili oldugu
belirtilmistir (Colakoglu, 1996; Sarica ve ark., 2002).
Calismada yaz aylarinda mikrofungus
konsantrasyonunun kis aylarina oranla yiksek oldugu
gorulip, sicakligin bu sonucu etkiledigi tespit edilmistir
(Tablo 1). Alghamdi ve ark. (2014) farkli meteorolojik
faktorlerin  (rizgar hizi, nispi nem ve sicaklik)
mikrofunguslarin ~ konsantrasyonlarini  ve tiplerini
etkiledigini belirtiimektedirler. Moreno-Sarmiento ve ark.
(2016) yagis ve bagil nem igeren toplam fungal sporlar
icin istatistiksel olarak anlamli pozitif korelasyonlar elde
edildigini, kurak bdlgelerde baskin cinslerin Alternaria,
Aspergillus ve Penicillium oldugunu goéstermislerdir.
Bahsedilen mikrofunguslardan Aspergillus ve Penicillium
¢alismada da baskin cinsler olarak belirlenmistir (Tablo
2).

Pal (2014) sut ve sit UrUnlerinde bozulma etmeni
Acremonium, Alternaria, Aspergillus, Cladosporium,
Curvularia, Fusarium, Mucor ve Penicillium mikrofungus
cinslerinin oldugunu, bunlar arasinda  Aspergillus,
Fusarium ve Penicillium’ un duyarl bireylerde ciddi saghk
tehlikelerine yol acabilen mikotoksinler Urettidi icin 6nem
tasidigini, fungal kontaminasyona bagl olarak da
yaklagik %5 ila %10 oraninda gida GUrdninin
kayboldugunu bildirmistir. Bu  mikrofungus cinsleri
¢alismada elde edilmistir (Tablo 2).
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Calismanin sonuglarina gore tereyaglardan izole
edilen fungus yogunlugu Erzincan ilinde fazla olup,
Kastamonu ilinde daha az bulunmustur (Tablo 3, 4). Erkol
ve Colakoglu (2018)’ nun Erzincan tulum peynirlerinden
izole ettikleri fungal tirler Erzincan ilindeki tereyaglardan
izole edilen fungal tirler ile uyum saglamis ancak
galismada Aspergillus niger ve Cladosporium herbarum
turleri izole edilmemiglerdir. Bursa ve Samsun illerindeki
tereyaglardan izole edilen funguslar (Oztirk ve
Colakoglu, 2018) ile galismadan izole edilen funguslar
ayni olmakla birlikte farkl olarak ¢alismada Cladosporium
herbarum ve Cladosporium sphaerospermum trleri elde
edilmemiglerdir.

Patojen bir mikroorganizma veya onun Uurettigi
toksini iceren bir gidanin tiketimi sonucu ortaya ¢ikan
hastaliklara gida kaynakli mikrobiyal hastaliklar denir. Bu
hastaliklar, gida enfeksiyonlari ve gida intoksikasyonlari
olmak Uzere ikiye ayrilir. Mikotoksijenik
mikrofunguslardan; Aspergillus flavus (% 40.7 Tablo 3; %
24 Tablo 4) ve Aspergillus parasiticus (% 22.2 Tablo 3; %
10.6 Tablo 4) urettikleri aflatoksin B: ile aflatoksikozis,
Aspergillus versicolor (% 7.4 Tablo 3; % 1.9 Tablo 4)
Urettigi toksik metabolitleri nidulotoksin, sterigmatosistin
ile karsinogenesis, Penicillium verrucosum (% 6.7 Tablo
4) Urettigi okratoksin A ile nefropati hastaliklarini yaparlar
(Karapinar ve ark., 1998; Klich, 2002; Samson ve ark.,
2002; Tunail, 2002). Toksik metabolitler olarak;
Penicillium chrysogenum (% 11.1 Tablo 3; % 17.3 Tablo
4) rokfortin C (Pitt ve Hocking, 1999), Penicillium
echinulatum (% 1.9 Tablo 4) territrems (Samson ve ark.,
2002), Penicillium griseofulvum (% 6.7 Tablo 4) patulin,
siklopiazonik asit, rokfortin C, griseofulvin (Pitt ve
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Hocking, 1999), Penicillium palitans (% 13 Tablo 3; %

12.5 Tablo 4) siklopiazonik asit, fumigaklavin A ve B
(Samson ve ark., 2002), Penicillium roqueforti (% 3.7
Tablo 3; % 1.9 Tablo 4)' nin baz suslari rokfortin C,
izofumigaklavin A ve B, PR toksin, mikofenolik asit
(Samson ve ark., 2002; Pitt ve Hocking, 1999), Fusarium
oxysporum (% 2.9 Tablo 4)’ un fusarik asit, moniliformin
(Samson ve ark., 2002) Urettikleri bildiriimistir. Penicillium
solitum (% 10.6 Tablo 4)' un siklopenin, siklofenol,
dehidrosiklopeptin, siklopeptin metabolitlerini Urettigi,
Geotrichum candidum (% 1.9 Tablo 3; % 2.9 Tablo 4)’ un
ise habitatlarindan birinin stt ve st Urlnleri oldugu
belirtilmistir (Samson ve ark., 2002). Tablo 3 ve ve Tablo
4 de (goruldiglu Uzere tereyaglarni o6rneklerinden
Aspergillus ve Penicillium torleri yiksek oranda izole
edilmislerdir.

Mikrofunguslarin Urettikleri mikotoksinler
gidalarda bozulmalara neden olarak canlilarin yagsamini
tehdit etmektedirler. Sitte ve kremada mikrobiyal gelisme
sonucunda, tereyaginda mikrofungus ve Actinomycetes’
lerin neden oldugu kiifims, kiflerin neden oldugu Rokfor
benzeri lezzet olusur. Tereyaglarinda meydana gelen
renk bozukluklarinda mikrobiyal gelisme sonucu ylizeyde
Penicillium tirleri yesil renge neden olurlar. Gidalarda
mikotoksin miktarinin ylksek olmasi o Grtinin ihracina da
darbe vurmaktadir. Depo kosullari elverisli degilse
depolanan drunlerin timd mikrofunguslar tarafindan
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Abstract: In this study, 17 species of smut fungi and their hosts, which were found in
Aladaglar and Bolkar mountains were described. The research was carried out between 2013
and 2016. The 17 species of microfungi were observed on a total of 16 distinct host species from
3 families and 14 genera. The smut fungi determined from the study area are distributed in 8
genera, 5 families and 3 orders and 2 classes. Melanopsichium eleusines (Kulk.) Mundk. &
Thirum was first time recorded for Turkish mycobiota.

Key words: smut fungi, biodiversity, Aladaglar and Bolkar mountains, Turkey

Aladaglar ve Bolkar Daglari (Tiirkiye)’ndan
Belirlenen Siirme Mantarlari

Oz: Bu galismada, Aladaglar ve Bolkar daglarinda bulunan 17 siirme mantar tirii ve
konakgilari tanimlanmistir. Arastirma 2013-2016 yillari arasinda gergeklestiriimis, 3 familya ve 14
cinsten toplam 16 farkli konakgi tirG Uzerinde 17 mikrofungus tirld goézlenmistir. Calisma
alanindan belirlenen sirme mantarlari 8 cins, 5 familya ve 3 takim ve 2 sinif iginde dagilim
gOstermektedir. Melanopsichium eleusines (Kulk.) Mundk. & Thirum ilk kez Turkiye mikobiyotasi
icin kaydedilmigtir.

Anahtar kelimeler: Stirme Mantarlari, Biyogesitlilik, Aladaglar ve Bolkar Daglari, Tlrkiye

Introduction

Aladaglar and Bolkar Mountains are situated in the
Eastern region of the Central Taurus Mountains complex
resides in the Southern Anatolia and surrounded by
Mersin in the south, Adana in the southeast, Nigde and
Eregli in the northwest, Kayseri in the northeast and
Karaman in the west (Figure 1). The southern slopes of
the study area exhibit characteristics of the
Mediterranean climate, while the northern slopes of the
study area show the semi-arid climate (Kabaktepe and
Akata, 2018).

Smut fungi are multicellular fungi characterized by
teliospores, and they are the second important obligate
biotrophic plant parasitic group after the rust fungi. The
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group contains roughly 1200 fungi species infecting over
4000 species of Angiosperms, mainly the families
Poaceae and Cyperaceae (Vanky, 2012).

According to the literature (Akata et al., 2019;
Bahcgecioglu and Yildiz, 2005; Bahc¢ecioglu et al., 2006;
Bremer et al., 1947; 1952; Gobelez, 1962; Kabaktepe and
Bahcgecioglu 2006; 2012; Kabaktepe et al., 2016, 2018;
Karel, 1958; Kirbag, 2003; Magnus, 1899; Petrak, 1953;
Sert, 2009; Sert et al., 2004; Sahin and Tamer 1998;
Vasighzadeh et al., 2014) on Turkish smut fungi, 62
species belonging to 15 genera within 5 families were
previously recorded in different regions of Turkey but
there is not any detailed mycological study on smut fungi
in Aladaglar and Bolkar Mountains.
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Figure 1. Map of the research area (Kabaktepe and Akata, 2018).

Materials and Methods

Infected plant samples were collected from
Aladaglar and Bolkar mountains (Kayseri, Nigde, Konya,
Karaman, Mersin, Adana) in Turkey between 2013 and
2016. The Flora of Turkey (Davis, 1965-1985; Davis et al.,
1988) was the main source used for the identification of
the host specimens. The fungal specimens were isolated
from the plant materials either by scraping, or thin
sections were obtained with a razor blade. The fungal
specimens were examined microscopically.
Macrophotographs were taken under a stereomicroscope
(Novex trinocular zoom stereo microscope RZT-SF).
Microphotographs were taken under a light microscope
(Noveks B series 1000). Analysis LS Starter software was
used for sizing the spores and sporophores. While
systematic of the fungal taxa were in accordance with Kirk
et al. (2008), and Index fungorum
(www.indexfungorum.org), current names of the host
plant taxa were confirmed according to the plant list
(www.theplantlist.org). Identification of the fungal
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samples was performed according to Vanky (2012). The
identified samples were kept at the Inénu University
herbaria (INU).

Results

Fungi

Basidiomycota

Ustilaginomycetes

Urocystidales

Urocystidaceae

Urocystis ixiolirii Zaprom.: On Ixiolirion tataricum
(Pall.) Schult. & Schult.f. (Ixioliriaceae) Mersin,
Camliyayla, between Papazin bahgesi and Olukkaya,
Kanh Obruk location, 1850 m, 18.07.2014, Kabaktepe &
Akata 7692.

Ustilaginales

Anthracoideaceae

Anthracoideairregularis (Liro) Boidol & Poelt: On
Carex halleriana Asso (Cyperaceae) Nigde, Camardi,
Emli valley, 1800 m, 25.06.2015, Kabaktepe & Akata
8125.



MANTAR DERGISI/The Journal of Fungus

Ekim(2019)10(2)82-86

Anthracoidea pratensis (Syd.) Boidol & Poelt: On
Carex flacca Schreb. (Cyperaceae) Mersin, Camliyayla,
Kadincik valey, Cevizlioluk, 900 m, 26.06.2015,
Kabaktepe & Akata 8129; Mersin, Camliyayla, Kadincik
valley, Kuzbagi location, 1350 m, 26.06.2015, Kabaktepe
& Akata 8139; Mersin, Camliyayla, Kadincik valley, Kale
location, 1600 m, 26.06.2015, Kabaktepe & Akata 8148.

Melanopsichiaceae

A

Melanopsichium eleusines (Kulk.)) Mundk. &
Thirum.: On Eleusine indica (L.) Gaertn. (Poaceae)
Adana, Aladag, Buyiksofulu village, 700 m, 25.08.2015,
Kabaktepe & Akata 8185. Sori in spikes, scattered in the
inflorescence, firstly grey after dark brown, the surface is
covered by peridia, surface powdery. Spores grouped, 7—
16 x 9-13 um, yellowish brown, wall 0.5-1 pm thick,
verrucose-smooth (Figure 2).

Figure 2. Melanopsichium eleusines, A. dried herbarium specimen, B. SM view of M. eleusines on sori,

C. LM view of spores.

Ustilaginaceae

Anthracocystis penniseti (Rabenh.) McTaggart
& R.G. Shivas: On Pennisetum orientale Rich. (Poaceae)
Kayseri: Yahyali, ilyash village, 1250 m, 26.09.2013,

Kabaktepe & Akata 7185; Mersin, Tarsus, Gulek village,
1240 m, 08.10.2013, Kabaktepe & Akata 7318.

Sporisorium cruentum (J.G. Kihn) Vanky: On

Sorghum halepense (L.) Pers. (Poaceae) Mersin, Tarsus,
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Gulek village, 1100 m, 08.10.2013, Kabaktepe & Akata
7308.

Tranzscheliella hypodytes (Schitdl.) Vanky &
McKenzie: On Elymus hispidus (Opizi) Melderis
(Poaceae) Kayseri, Yahyali, Kayapinar plateau, 1650 m,
23.06.2015, Kabaktepe & Akata 8082; On Piptatherum
miliaceum (L.) Coss. (Poaceae), Konya, Halkapinar,
south Ivriz village, 1300 m, 15.10.2015, Kabaktepe &
Akata 8383.

Tranzscheliella williamsii (Griffiths) Dingley &
Versluys: On Stipa L. (Poaceae) Mersin, Sebil,
Cehennem deresi, 620 m, 23.05.2014, Kabaktepe &
Akata 7520.

Ustilago avenae (Pers.) Rostr.: On Avena sterilis
L. (Poaceae) Adana, Pozanti, between Omerli and
Kamisli, 1200 m, 20.05.2014, Kabaktepe & Akata 7430;
Kayseri, Yahyali, Camlica village, 900 m, 21.05.2014,
Kabaktepe & Akata 7477; Kayseri, Yahyali, between
Camlica and Ulupinar, 1400 m, 16.07.2014, Kabaktepe &
Akata 7642.

Ustilago bulgarica Bubak: On Sorghum
halepense (L.) Pers. (Poaceae) Konya, Halkapinar,
between ivriz and Eregli, 1100 m, 28.08.2015, Kabaktepe
& Akata 8266.

Ustilago bullata Berk.: On Bromus sterilis L.
(Poaceae) Nigde, Ulukisla, Emirler village, 1800 m,
13.07.2014, Kabaktepe & Akata 7526.

Ustilago cynodontis (Pass.) Henn.: On Cynodon
dactylon (L.) Pers. (Poaceae) Mersin, Degirmendere
village, 1080 m, 25.04.2014, Kabaktepe & Akata 7386;
Kayseri, Yahyali 1100 m, 21.05.2014, Kabaktepe & Akata
7458; Adana, Pozanti, Horoz mountain pass, 1000 m,
30.10.2014, Kabaktepe & Akata 7918.

Ustilago hordei (Pers.) Lagerh.: On Avena
barbata Pottex Link (Poaceae) Adana, Akgatekir plateau,
950 m, 22.05.2014, Kabaktepe & Akata 7503.
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Ustilago maydis (DC.) Corda: On Zea mays L.
(Poaceae) Kayseri, Yahyali, Camlica village, 1100 m,
16.07.2014, Kabaktepe & Akata 7655; Kayseri, Yahyall,
Derebag waterfall, 1270 m, 17.09.2014, Kabaktepe &
Akata 7769.

Ustilago phrygica Magnus: On Taeniatherum
caput-medusae (L.) Nevski (Poaceae) Kayseri, Yahyali,
Derebagd waterfall, 1270 m, 17.09.2014, Kabaktepe &
Akata 7765.

Ustilago tritici (Pers.) C.N. Jensen: On Triticum
turgidum L. (Poaceae) Kayseri, Yahyali, between
Camlica and Ulupinar, 1050 m, 21.05.2014, Kabaktepe &
Akata 7469.

Exobasidiomycetes

Tilletiales

Tilletiaceae

Tilletia laevis J.G. Kuhn.: On Triticum turgidum L.
(Poaceae) Adana: Aladag, Yetimli village, 27.09.2013,
Kabaktepe & Akata 7250.

Acknowledgments
This study was supported by TUBITAK (Project no:
1137093).

Discussion

As a result, 17 species belonging to 2 classes, 3
order, 5 families and 8 genera were listed. The list
includes 16 Ustilaginomycetes (Ustilaginaceae 12,
Anthracoideaceae 2, Urocystidaceae and
Melanopsichiaceae 1) and 1 Exobasidiomycetes
(Tilletiaceae 1). Additionally, Melanopsichium eleusines
(Kulk.) Mundk. & Thirum. (Melanopsichiaceae) was
reported for the first time from Turkey at the family level
and the number of Turkish smut fungi species, genus and
family reached to 63, 16 and 6 respectively.

Akata I., Altuntag, D. and Kabaktepe, S. (2019). Fungi Determined in Ankara University Tandogan Campus Area (Ankara-
Turkey). Trakya University Journal of Natural Science, 20(1): 47-55.

Bahcecioglu, Z. and Yildiz, B. (2005). A study on the microfungi of Sivas Province. Turkish J. Bot., 29: 23-44.

Bahgecioglu, Z., Kabaktepe, S. and Yildiz, B. (2006). Microfungi isolated from plants in Kahramanmaras Province, Turkey.

Turkish J. Bot., 30: 419-434.

Bremer, H., Ismen, H., Karel, G. and Ozkan, M. (1947). Beitrdge zur kenntnis der parasitischen pilze der Turkei. |. Revue
de la Faculte des Sciences de | Universite d Istanbul, Seri B. 12(2): 307-334.

Bremer, H., Karel, G., Biyikoglu, K., Goksel, N. and Petrak, F. (1952). Beitrdge zur kenntnis der parasitischen pilze der
Turkei V. Revue de la Faculte des Sciences de | Universite d Istanbul, Seri B. 17(2): 161-181.

Davis, P.H. (ed.) (1965-85). Flora of Turkey and East Aegean Island. Vols 1-9. Edinburgh: Edinburgh University Press.

Davis, P.H., Mill, R.R. and Tan, K. (eds). (1988). Flora of Turkey and the East Aegean Islands, Vol. 10, (supplement).

Edinburgh: Edinburgh University Press.

Gobelez, M. (1962). La mycoflore de Turquie 1. Mycopathologia Applicata, 19(4): 296—-314.



MANTAR DERGISI/The Journal of Fungus Ekim(2019)10(2)82-86

U
\

RC‘L‘K
D
5 \
% ‘
» >
e
L

2 »&

Index Fungorum (2019).: http://www.indexfungorum.org/ Accessed 1 March 2019.

Kabaktepe, $. and Akata, |I. (2018). Septoria Sacc. (Mycosphaerellales) Species Determined in Aladaglar and Bolkar
Mountains (Turkey). Mantar Dergisi, 9(2):142-47.

Kabaktepe, $. and Bahgecioglu, Z. (2006). Microfungi identified from the flora of Ordu Province in Turkey. Turkish J. Bot.,
30: 251-265.

Kabaktepe, S. and Bahgecioglu, Z. (2012). New Anthracoidea, Tilletia, and Ustilago records for Turkey. Mycotaxon, 122:
283-285.

Kabaktepe, S., Akata, |. and Akgiil, H. (2016). A New Anthracocystis (Ustilaginales) Record for Turkey. Hacettepe J. Biol.
& Chem., 44 (1): 21-24.

Kabaktepe, S., Akata, |. and Karakus S. (2018). A new Anthracoidea (Ustilaginales) Record for Turkey. Hacettepe J. Biol.
& Chem., 46 (3): 391-393.

Karel, G. (1958). A Preliminary List of Plant Disease in Turkey. Ankara: Ayyildiz press.

Kirk, P.F., Cannon, P.F., Minter, D.W. and Stalpers, J.A. (2008). Dictionary of the fungi 10th ed. CAB International,
Wallingford, UK.

Kirbag, S. (2003). Two new records for the mycoflora of Turkey. Turkish J. Bot., 27: 153-154.

Magnus, P. (1899). J. Bornmdiller. Iter Persico-turcicum 1892/93. Fungi, Pars Il. Verh. Zool. Bot. Ges. Wien, 49: 87-103.

Petrak, F. (1953). Neue Beitrage zur Pilzflora der Turkei. Sydowia, 7: 14-15.

Sahin, N. and Tamer, A.U. (1998). Smut species determined in Turkey. J. Turk. Phytopath., 27: 151-156.

Sert, H.B. (2009). Additions to rust and smut fungi of Turkey. Phytoparasitica, 37: 189-192.

Sert, H.B., Sumbul, H. and Isiloglu, M. (2004). Phytopathogenic fungi new for Southern Anatolia, Turkey. Phytoparasitica,
32: 402-408.

The Plant list (2019).: http://www.theplantlist.org/ Accessed 1 March 2019.

Vanky, K. (2012). Smut Fungi of the World. St. Paul. Minnesota: APS press.

Vasighzadeh, A., Zafari, D., Selguk, F., Hiseyin, E., Kursat, M., Lutz, M. and Piatek, M. (2014). Discovery of Thecaphora
schwarzmaniana on Rheum ribes in Iran and Turkey: implications for the diversity and phylogeny of leaf smuts on
rhubarbs. Mycological Progress, 13:881-892.

02,

86



MANTAR DERGISI/The Journal of Fungus

Ekim(2019)10(2)87-90

:22/04/2019
:17/05/2019

Gelig(Recevied)
Kabul(Accepted)

Arastirma Makalesi/Research Article
Do0i:10.30708mantar.556750

Psathyrella typhae, a new macrofungus record for Turkey
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Abstract: The basidiomycete species Psathyrella typhae (Kalchbr.) A.Pearson & Dennis,
was given as new record for Turkey. A brief description of the species is provided together with
its photographs related to its macro and micromorphology.

Key words: Biodiversity, new record, Psathyrellaceae, taxonomy, Turkey

Psathyrella typhae, Turkiye i¢in yeni bir makromantar kaydi

Oz: Bir bazidiyomiset turii olan Psathyrella typhae (Kalchbr.) A.Pearson & Dennis, Tiirkiye
icin yeni kayit olarak verilmigtir. TurGn kisa deskripsiyonu, makro ve mikromorfolojisine iligkin

fotograflari ile birlikte verilmistir.

Anahtar kelimeler: Biyogesitlilik, yeni kayit, Psathyrellaceae, taksonomi, Turkiye

Introduction

Psathyrella (Fr.) Quél. is a genus of
Psathyrellaceae (Kirk et al., 2008). The members of the
genus have a saprotrophic habit and mainly
characterized by a membraneous, hygrophanus, straight
margined pileus with a cellular pileipellis composed of
ellipsoid more or less rounded cells, reddish-brown to
brownish-black spore deposit, smooth or rarely
granulose basidiospores. Most species of the genus are
thought to be cosmopolitan and grow on soil or wood,
while some grow on dung or other substrates (Kits van
Waveren, 1985; VasSutova, 2008; Seok et al., 2010; Yan
and Bau., 2018).

Yan and Bau (2018) mention about the existance
of approximately 500 species of the genus while Index
Fungorum presents 1037 records, 637 of which are
confirmed species (Index Fungorum, 2019).

Though 50 members of the genus have so far
been reported from Turkey (Sesli and Denchev, 2014;
Gungor et al., 2014, 2015; Demirel and Kogak, 2016), the
current checklists (Sesli and Denchev, 2014; Solak et al.,
2015) and the latest contributions (Isik and Tulrkekul,
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2017; Kasik et al., 2017; Oztirk et al., 2017; Uzun and
Acar, 2018; Sadullahoglu and Demirel, 2018; Sesli,
2018; Keles, 2019; Acar et al., 2019; Ozkazang and
Yesilbas Keles, 2019; Tirkekul and Isik, 2019) indicate
that Psathyrella typhae has not been reported before.

The study aims to make a contribution to Turkish
mycobiota.

Materials and methods

The macromycete samples were collected from
central district of Karaman province in 2016. The fruit
bodies were photographed in the field and necessary
morphological and ecological characteristics were
recorded. Then the specimens were transferred to the
fungarium within paper bags. Investigation related to its
microscopy were carried out under a Nikon Eclipse Ci
trinocular light microscope by mounting the specimen in
water, Congo red and Melzer's reagent. The samples
were identified by comparing the obtained data with
Boudier (1897), Kotlaba (1952), Redhead (1979), Moser
(1983) and Breitenbach and Kranzlin (1995). The
specimens are kept at Karamanoglu Mehmetbey
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University, Kamil Ozdag Science Faculty, Department of
Biology.

Results

Basidiomycota R.T. Moore

Psathyrellaceae Vilgalys, Moncalvo & Redhead

Psathyrella typhae (Kalchbr.) A. Pearson &
Dennis

Syn: [Agaricus typhae Kalchbr., Drosophila
typhae (Kalchbr.) Romagn., Pilosace typhae (Kalchbr.)
Kuntze, Psathyra typhae (Kalchbr.) Sacc., Psathyra
typhae var. iridis Boud., Psathyrella typhae f. acori J.
Veselsky, Psathyrella typhae var. bispora Kits van Wav.]

Macroscopic and microscopic features: Pileus
8-16 mm in diameter, hemispherical when young, convex
to almost plane when mature, some slightly umbonate,
dull, hygrophanous, pale brown to greyish brown with a

darker center, margin acute and slightly crenate. Flesh
thin, taste mild, odour insignificant. Lamellae ochraceous
to light brownish or brown, adnexed. Stipe 8-18 x 0.7-1.7
mm, cylindrical, slightly enlarged towards the base,
hollow, fragile, generally whitish above, light to greyish
brownish below, finely tomentose especially towards the
base (Figure 1). Basidia 15-29 x 9-13 um, 4-spored.
Cheilocystidia 20-60 x 8-18 pm. Basidiospores 9-12.5 x
5-7.5 um, ellipsoid, oil drops visible especially in Congo
red, germ pore indistinct, some with tiny apiculus,
brownish (Figure 2).

Ecology: Psathyrella typhae was reported to grow
on dead parts of various aquatic plants, especially Typha
L. species (Redhead, 1979; Breitenbach and Kranzlin,
1995).

Figure 1. Basidiocarps of Psathyrella typhae.
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(a-c in Congo red; d,e in Melzer)

Specimen examined: Karaman, Derekdy village,
on decaying remains of Typha latifolia L. in muddy soil,
37°12'N-33°26'E, 1100 m, 09.05.2018, K.12952.

Discussions

Psathyrella typhae was given as new record for
the mycobiota of Turkey. General characteristics of the
specimen, studied here, are in aggreement with those
given in literature (Redhead, 1979; Breitenbach and
Kranzlin, (1995).

Morphologically P. typhae is closely related to P.
lacuum Huijsman and P. rubiginosa A.H. Sm. and P.
sulcatotuberculosa (J.Favre) Einhell. Psathyrella lacuum
is distinguished from P. typhae by its white pileal color
with a grey to brownish grey centre. P. rubiginosa differs
by the presence of pleurocystidia and darker spores. P.
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sulcatotuberculosa differs by sulcate pileal margin and
smaller spores (Smith, 1972; Redhead, 1979; Kits van
Waveren, 1985; Battistin et al., 2014).

Sesli and Denchev (2014) and Solak et al. (2015)
list 47 Psathyrella species occurring in Turkey. Later on
three species, P. sacchariolens Enderle, P. canoceps
(Kauffman) A.H. Sm. and P. pseudovernalis A.H. Sm.,
were also added to this list by Giingor et al. (2014, 2015)
and Demirel and Kogak (2016) respectively. With the
addition of P. typhae, the current taxa number of the
genus Psathyrella in Turkey increased to 51.
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Oz: Kiltir mantarlarinin yetistiriimesine ilk defa 1650 yilinda Fransa’da, ticari boyutta ilk
uretimine ise 1880’lerde Amerika Birlesik Devletler’nde baslanmistir. Tlrkiye’de mantarlarin
kiltire alinma calismalarina ilk 1960’larda baslanmig, 1990’larda ticari bir deger kazanarak
sektdrlesen mantar dretimi, 2000’li yillarda 6nemli bir yatirrm alanina dénismustir. Kultari
yapilan mantarlar siralamasinda ilk sirayi “beyaz sapkali mantar” olarak da bilinen Agaricus
bisporus turi mantar alirken, kayin, kavak ya da istiridye mantari olarak bilinen Pleurotus
ostreatus turi mantarin ise ikinci en ¢ok Uretilen mantar cesidi olarak karsimiza c¢iktig
goérulmektedir. Bu arastirmada, Marmara Bélgesi'nde Pleurotus ostreatus’un mevcut Uretim
durumu ve bdlgedeki Uretim yogunlugu arastirimistir. Bu amagla bélgede 6 mantar Ureticisi
isletme ile yiiz ylize gorisiilerek bir anket calismasi yapilmistir. Uretici firmalarin kompost ve
misel de Ureten isletmeler olmasina dikkat edilmistir. Arastirma sonuglarina goére; goérusilen
mantar igletmelerinin tesis biiy(ikliklerinin optimum diizeyde oldugu gériilmustir. Uretici firmalar,
ortalama olarak %23 diizeyinde bir verimle istiridye mantari tiretmektedir. isletmelerin bu verim
dislkluginde en 6nemli sebeplerden birinin istiridye mantari Uretimindeki girdi fiyatlarinin
yiksekligi oldugu gérilmustir. istiridye mantari Gretiminin yayginlagmasi icin 6zellikle kompost
iceriginde yer alan bitkisel materyallerin fiyatlarinin daha normal seviyelere ¢ekilmesinin dnemi
ortaya ¢ikmistir.

Anahtar kelimeler: Kompost, Kiiltir mantari, Marmara bdlgesi, Miselyum, Pleurotus
ostreatus

Cultivation and Dissemination of Pleurotus ostreatus (Jacq.) P.
Kumm. in Marmara Region

Abstract: Cultivated mushrooms have been grown firstly in France in 1650 and
commercially produced for the first time in the United States of America during 1880s. In Turkey
the practice of cultivating mushrooms have been started firstly in 1960s, the production of
cultivated mushrooms had gained a commercial value and turned into an industry in 1990s and
an important area of investment in 2000s. Amongst those mushrooms that have been cultivated,
Agaricus bisporus (also known as “common mushroom”) comes first and Pleurotus ostreatus
appears as the second most produced mushroom type. This research investigates the current
production status of Pleurotus ostreatus in Marmara Region and the density of production in the
region. In order to do this a survey study had been conducted by meeting 6 different mushroom
producer company face-to-face. The companies have been carefully choosen from those who are
also producing composts and mycelium. According to the results of the research, it's been seen
that the size of the interviewed mushroom companies are at optimum levels. The producer
companies are producing Pleurotus ostreatus with an average of 23% efficiency. It's been found
out that one of the most important reasons in this low efficiency levels is the high input prices for
the production of Pleurotus ostreatus. The importance of pulling the prices of the herbal materials
of the components of compost to more normal levels comes up in order to extend the production
of Pleurotus ostreatus.

Key words: Compost, Cultivated mushroom, Marmara region, Mycelium, Pleurotus
ostreatus
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Giris

YUz bini agkin tir ve buylklige sahip olan
mantarlar insanlarin beslenmesinde son derece énemli
besinler arasinda yer almaktadir. Mantarlarin faydali
ozelliklerinden dolayi kullanimi uzun bir ge¢gmise sahiptir
(Zaidman ve Ark., 2005). Lezzeti, dokusu, besin degeri ve
birim alan basina yuksek verimliligi ile mantarlar
gelismekte olan Ulkelerde yetersiz beslenmeyi azaltmak
icin mukemmel bir besin kaynagi olarak tanimlanmak-
tadir. Genel olarak yenilebilir mantarlar, diusik yag ve
kalori igerirler, B ve C vitaminleri agisindan zengindirler.
Bitki orjinli besinlere goére; daha fazla protein ihtiva eden
mantarlar ilaveten iyi bir mineral kaynagidirlar
(Patmashini ve Ark., 2008).

Dinyada yillik bazda yaklasik olarak 3,29 milyon
ton mantar Uretilmektedir. Yillik kisi basina disen mantar
miktari ise gelismis Ulkelerde 2,5 kg iken Turkiye’de 0,4
kg olarak kayitlara gegmektedir (Dogan ve Ark, 2015).
Dunya Uzerinde 1.5 milyon civarinda tire sahip oldugu
tahmin edilen mantarlar (Adanacioglu ve ark., 2016), ilk
baslarda taksonomik olarak bitkiler aleminin bir parcasi
olarak incelenmekteydi. Fakat daha sonra birgok
arastirmaci tarafindan da kabul edilen gortisle mantarlar,
bitkilerden ayri ve bagimsiz bir alem olarak ele alinmaya
baslanmistir. Mantarlar, kendi dogal habitatlarindan
toplanarak elde edilebildigi gibi klltlr yolu ile de Uretimi
yapilabilmektedir. Pleurotus, Agaricus, Hypholoma,
Agrocybe, Macrolepiota, Flammulina, Pholiota, Tuber,
Lentinus, Kuehneromyces cinslerine sahip turlerin Cin,
Japonya, Avrupa llkeleri ve ABD’de kltur yolu ile Gretimi
yapilmaktadir ve s6z konusu bu Ulkelerde kiiltir mantari
yetistiriciligi “endustriyel bir sektor” halini almistir.

Mantar uretimi sicaklik, nem ve havalandirmanin
duzenlendigi, teknolojiden yararlanilarak tim islemlerin
mekanize edildigi buylk isletmelerde yapilmaktadir (Ak
ve Ark, 2008). Mantarlarin Uretimi, miseller sayesinde

olmaktadir. Mantarin taninmasinin ve
degerlendiriimesinin hayli eski olmasina kargilik, mantar
miseli  Uretimi, ancak mantarin 6zel sartlarda

yetistirimeye baglanmasindan sonra gergeklesebilmistir
(Bora ve Ark, 1996).

Pleurotus cinsi mantarlar, yetistirimesinde &zel
olarak kompost hazirlamaya gereksinim duyulmamasi,
gerek iscilik gerekse de zaman agisindan yiksek
maliyetler icermemesi ve diger mantar cinslerine gore
ucuz ve basit yetistirme kosullari nedeniyle daha ¢ok
tercih edilmektedir (Kirbag ve Korkmaz, 2013). Pleurotus
turlerinin, yetisme kosullari agisindan mevsimlere baghlik
gOstermemesi ve acgik havada yapilan tarima goére kapali
alanlardaki Uretiminin daha verimli olmasi nedenleriyle
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sera tipi olusumlarda vyetistiriimesi agirlik kazanmistir
(Kugukomuzlu ve Peksen, 2005).

Mantar yetistiriciliginde ilk dnemli unsur, mantarin
hem buyimesi hem de gelisip olgunlagsmasi igin gerekli
fiziksel ortamin yani ¢gevrenin saglanmasidir (Mushworld,
2004). Bir diger onemli unsur ise tohumluk miseldir
(Spawn). Mantarlar, sapkalari altindaki sporlarin, bu ig
icin olusturulmus besin ortamlarinda g¢imlendiriimesiyle
elde edilen tohumluk misellerin, hazirlanan kompost icine
ekilmesiyle Uretilirler (MEB, 2012). Tohumluk misel;
saman, talas veya kompost gibi yetisme ortami igine
ekilmeye hazir olan basit bir miselyumdur (Cotter, 2014).
Kaltdr mantari yetigtiriciliginin son énemli unsuru ise,
mantarin yetistirildigi ortam olan komposttur. En basit
tanimiyla kompost, miselin igine ekildigi ve mantarin
yetismesi icin bitki ve hayvan orjinli atiklarin
ayristinimasindan elde edilmis organik ortamidir.

ilk kiltir mantar yetistiriciligi, 18.  ylzyil
Fransa’sinda “Agaricus bisporus (J.E. Lange)” kultur
mantarinin yetigtiriimesiyle baslamigtir (Islam, 2013).
Tiarkiye'de ilk kiiltir mantari yetistirme ¢alismalari Ankara
Universitesi Ziraat Fakiltesi Bahce Bitkileri balimi
tarafindan 1960 yilinda yapilmaya baslanmistir (Deniz ve
Ark, 2016; Esen ve Dernek, 2008). 1990’larla beraber
sektorlesen kiltir mantar yetistiriciligi, 2000’li yillarda
Ozellikle teknolojik yenilenmenin de etkisiyle hem verim
hem de kalite olarak yUkselise gegmistir (Eren ve Peksen,
2016).

Ekolojik ve ekonomik anlamda degerli, tibbi
Ozelliklere sahip olan Pleurotus ostreatus (Jacq.) P.
Kumm, Agaricus bisporus’un ardindan diinyada en fazla
kultird yapilan mantardir. Diger mantar tirleri ile
kiyaslandiginda daha kisa surede gelisim ve buyume
gOstermesi, kompost yapisinda fermentasyon
gerektirmeyen materyaller icermesi, cevresel acgidan
daha az kontrole ihtiyag duymasi ve zararllar ile
hastaliklara direncli bir yapisi nedeniyle P. ostreatus,
kultirG yapilan ve sevilerek tiiketilen mantarlardan biri
olmustur(Dogdan ve Ark, 2014; Eren ve Ark, 2017).
P.ostreatus’un yetistiriimesine ilk olarak 1914 yilinda
Almanya’da kavak kutukleri Gzerinde baslanmistir. Fakat
geleneksel yontemlerle bu Uretim gergeklestirildigi icin
yuksek verim saglanamamistir. 1959'da bu sefer talas
Uzerinde yetistiriimeye bagslanarak, 6nemli bir asama elde
edilmistir. 1970’li yillarda Pleurotus turlerinin yetistiriime-
sinde hububat saplarindan yararlaniimis ve bdylece bu
mantar tlrlerinin ticari Olgekte Uretimine baslanmistir
(Dogan ve Ark, 2015). Turkiye'de daha ¢ok kayin ya da
kavak mantari olarak bilinen Pleurotus turleri Gzerine ilk
bilimsel galismalar ise 1980’lerle beraber baslamistir
(Kugikomuzlu ve Peksen, 2005).
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Materyal ve Metot

Bu arastirmanin galisma alanini Marmara Bolgesi
olusturmaktadir. Asya ile Avrupa kitalari arasinda bir
koprii gorevi géren Marmara bolgesi, 67.000 km?2lik
yuzoélcimuyle Turkiye yizolgiminin % 8,5'ine sahiptir.
Bdlge, doguda Karadeniz, glineyde Ege ve gliineydoguda
ic Anadolu Boélgeleri ile komsudur. 11 ile ev sahipligi
yapan bdlgede sbéz konusu iller; Edirne, Kirklareli,
Tekirdag, istanbul, Kocaeli, Sakarya, Bilecik, Bursa,
Balikesir, Canakkale ve Yalova’dir. Sanayi, ticaret, tarim
ve turizm yoninden gelismis olan bdlge, diger bolgelerle
karsilastirildiginda yukseltisi en dusuk olan bdlgedir.
YiUzo6lgimU bakimindan kiguk olan bdlge, Turkiye’nin en
fazla nifus yogunluguna sahip bolgesidir. Sanayi ve
ticaret akisinin yogunlugu nedeniyle bdlge gd¢ etme
niyeti olanlar agisindan énemli bir cazibe merkezi haline
gelmektedir ki, Ulkenin en fazla gb6¢ alan bodlgesi
konumundadir. Ekili-dikili alanlar agisindan Tirkiye'nin en
fazla ekili dikili alanina sahip bdlgede, Karadeniz, Akdeniz
ve karasal iklim olmak lzere Gg¢ iklim tipinin hikm surer.
Bu zengin iklim yapisi, boélgede gesitli tarim Urinlerinin
yetistiriimesine de imkan saglamaktadir. Ancak nifus
fazlaligi nedeniyle yetistirilen Grinler bdlge ihtiyacini
karsilamadigi igin diger boélgelerden Urin tedariki yoluna
gidilmektedir. Kulltir mantari yetigtiriciligi agisindan
degerlendirildiginde ise bolge; Turkiye’nin en buyuk ikinci
kultur mantar dreticisi iken, kultir mantar tiketiminde ilk
sirada yer almaktadir.

Bu arastirmada calisma alani olarak belirlenen
Marmara Bolgesi'nden istanbul, Bursa, Kocaeli, Yalova
ve Sakarya illeri segilerek, buralarda aktif olarak faaliyet
gOsteren 6 kiltlir mantari Uretim isletmesi ile arastirma
konusu test edilmistir. Firmalarin se¢im asamasinda
Atatlirk Bahcge Kdlttrleri Merkez Arastirma Enstitist’nde
gorevli ve mantar tzerine ¢alismalari olan bir mihendis
ile beraber galisiimistir. S6z konusu muhendis ile ilk dnce
Enstiti’nin calistigi firmalar incelenmis ve bdlgenin en
biyik ve en guvenilir 6 mantar isletmesi belirlenerek
kendileriyle irtibata gecilmis ve gerekli randevular
alinmigtir. Segilen bu firmalarin, Pleurotus ostreatus tiri
mantar Ureten firmalar olmasinin disinda, ayni zamanda
Urettigi mantarlari ihrag eden, mantar Uretimi igin gerekli
misel ve kompostu Ureten firmalar olmasina da dikkat
edilmigtir. Calismada yalnizca Yalova ilinde iki dretici
firma ile ¢alisiimig, diger illerden birer firma kapsama
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alinmistir. istanbul Catalca’da ve Kocaeli Kandira’daki
mantar isletmeleri buyik olcekli, Bursa, Sakarya ve
Yalova'daki firmalar klglk Olcekte faaliyet gosteren
mantar igletmeleridir. S6z konusu bu mantar
isletmelerinde, firma sahibi/sahipleri ve (st kademe
calisanlar (idari, mali yapilanmada goérev alan caliganlar)
olmak Uzere toplamda 100 kisi arastirmaya dahil
edilmistir. Bu 100 kigiye, yuz ylze goérismek suretiyle
daha 6nce hazirlanmig bir anket galismasi soru-cevap
seklinde uygulanmistir. Anket c¢alismasinda yer alan
sorularin olusturulmasinda yine Atatlrk Bahge Kdltrleri
Merkez Arastirma Enstitisi’nde galigan bir ekonomist ve
ziraat mihendisi ile ortak hareket edilmistir. Calismanin
kapsayici bir nitelik arz edebilmesi ve Ureticilere ydnelik
bilgilerin gergekgi bir sekilde yansitilabilmesi amaciyla
degisik soru ve anket kaliplari incelenmis ve ihtiyaci en iyi
karsilayan anket formunun olusturulmasina galigiimistir.
En uygun anket formunun olusturulmasinin ardindan
uretim merkezleri belirlenen 6 mantar isletmesine Mart
2018 — Eylul 2018 donemi arasinda gidilerek s6z konusu
calisma gergeklestiriimistir. Uygulanan bu anket
calismasiyla mantar igletmelerine yoénelik su bilgilerin
elde edilmesine calisiimistir: isletmelerin  Uretimde
kullandiklari tesis blaytklUklerine dair veriler, bu tesislerde
mantar Uretimi igin gerekli bélimlerin varligi ve yeterlilik
durumu, dénemsel Uretim miktari, isletmelerin isglcu
gereksinimi, Pleurotus ostreatus tiri mantarin
isletmelerde Uretim boyutu, isletmelerin kompost ve misel
uretimi, kompost ve misel satis fiyati ve satis miktari,
uretici firmalarin tretim maliyetleri, firmalarin yillik ciro ve
k&r durumuna dair veriler. Anket galismasinin ardindan 6
mantar isletmesine ait veriler ylizdesel ve grafiksel agidan
analize tabi tutulmustur.

Arastirma Sonuglarn

Arastirmaya dahil edilen 6 mantar isletmesinde; 3
isletme sahibi lisans, 2 isletme sahibi lise, bir isletme
sahibi de onlisans dlizeyinde egditim durumuna sahiptir.
Mantar igletmesi sahipleri egzotik mantar yetistiriciliginde
en az 5 en fazla 27 yillik deneyim sahibidirler. Firmalarin
tesis buyukliklerine dair veriler incelediginde (Sekil 1),
firmalarin 1500-10000 m? arasinda degisen agik, 1000-
5000 m? arasinda degisen kapali, toplamda ise 2500-
15000 m? arasinda degisen toplam alanda Uretim
yaptiklari tespit edilmistir.
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Sekil 1. Firmalarin Tesis Buyuklukleri

istanbul-Catalca’da gériisiilen mantar isletmesinin
Uretim alaninin bir bolimu asagida Sekil 2'de goruldugi

gibidir. Firma 3.700 m? toplam alan ile Uretim faaliyetine
devam etmektedir.

P hond

Eren ve Peksen’in (2016) yapmis oldugu
arastirmada 2005 yilinda Tirkiye’de faaliyet gosteren
mantar isletmelerinin blylk ¢ogunlugu 500m?'ye kadar
bir Uretim alanina sahipken, on yillik sire zarfinda 500-

Sekil 2. Catalca'da Faaliyet Gésteren isletmenin Uretim Tesisinden Bir Boliim
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2000 m? ile 2000m?den blyik alana sahip isletme
sayisinda gdzle gérilir bir artis s6z konusudur. Ikisi
blylk, dordi ise kuguk Olgekte faaliyet gosteren alti
mantar Uretim isletmesinde, hangar veya depo olarak
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adlandirilan  birim, kompost hazirlama platformu,
pastdrizasyon odasi, misel ekiminin yapildidi oda, toprak
sterilize odasli, yetistirme odasi ve idari binalar
bulunmakta, kimi firmalarda hangar, yetistirme odasi,
idari binalar ve misel ekim odalarinin sayisi birden fazla

olarak kayitlara gegirilmistir. Yine mantar isletmelerinin
¢ogu, kompost hazirlama, misel ekimi, pastdrizasyon ve
hasat islemlerini gunlik olarak gerceklestirmektedir
(Tablo 1).

Tablo 1. Gériisiilen Firmalardaki Mantar Uretim Béliimlerinin Durumu

Sakarya Kocaeli Bursa istanbul | Yaloval | Yalova 2

Kag adet/Toplam kag m?

Hangar veya depo - 3/60m?| 2/300m? 8/20m? - 1/50m?
Kompost hazirlama platformu 1/500m? 1/25m? 1/20m? 1 - 1
Past6rizasyon odasi - 3/50m?2 - 1 1/10m?2 1/26m?2
Misel ekim odasi 1/100m? 2/30m?2 1/50m? - 1/10m? 1
Kulugka-Misel 6n gelisme odasi - - - - 1/10m? -
Toprak sterilize odasi - - - - - -
Yetistirme odalari -| 16/120m2| 20/100m2 - - -
idari binalar ve diger bélimler 1/100m2| 2/100m2| 7/200m?2 1 1 1

Sakarya Akyazi ilgesinde gorisilen Sifa Mantar
isletmesinde P. ostreatus Uretiminin gergeklestirildigi
Uretim bolima Sekil 3'te gorulebilmektedir. Firma, mantar
dretimi icin 1000 m?lik bir alandan yararlanmaktadir.
Kocaeli - Kandira’da faaliyet gosteren Has Mantar
isletmesinin mantar Uretimi igin kullandigi alan 15.000
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m?2dir. Bir diger mantar isletmesi olan Aras Mantar
(Yalova) mantar uretimi icin toplamda 1.300 m?'lik bir tesis
inga etmistir. Istanbul Catalca’da faaliyet gésteren
Marmara Mantar 3.700 m2, Bursa Oztumsan Mantar
3.500 m?, Yildiz Misel ve Mantar (Yalova) 1.200 m?’lik bir
alani mantar Uretimi igin kullanmaktadir.
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Bir diger gorintude (Sekil 4), Bursa’daki mantar
isletmesine ait depo/hangar boélimi yer almaktadir.
Firmanin tesis iginde toplam 300 m?lik iki adet deposu
bulunmaktadir. Yalova Ciftlikkdy’de Uretime devam eden
iki mantar isletmesinden Aras Misel ve Mantar, mantar
depolama alanina sahip degilken, Yildiz Misel ve Mantar
ise 50 m?lik depolama alanina sahiptir. Kandira'daki

Sekil 3. Pleurotus ostreatus Uretiminin Yapildigi Uretim Balimi
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mantar isletmesi 20 m?lik 3 adet depolama alanina sahip
oldugunu belirtirken, Catalca’daki Uretici firmanin ise 8
adet 20 m?lik (toplamda 160 m?) bir depolama
kapasitesine sahip oldugu tespit edilmistir. Sakarya’'daki
Sifa Mantar da herhangi bir mantar depolama alanina
sahip olmadidini ifade etmistir.
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Sekil 4. Mantar Uretim Tesisinde Depo-Hangar Bélimii

isletmelerin isglicti yodunluklarinin gésterildigi ihtiyag duymaktadir. Diger firmalar ise mevsimlik isglcl
Tablo 2’ye gore; firmalarin %50’si yil icinde diizenli olarak talebinde bulunmaktadir.
mantar Uretmekte ve bu nedenle her ay dizenli isglcune

Tablo 2. Firmalarin isgiicii Yogunluk Durumu

Sakarya Kocaeli istanbul Bursa Yalova 1 Yalova 2
Gegici is glcl
kullanimi Her ay Her ay Her ay Eylil-Haziran Eylil-Nisan Eylal-Nisan|
Gegici isgi Ucreti ] |
100 TL 50 TL 100 TL
Ortalama Ucret: 83 TL

Goriasme gergeklestirilen 6 firma, mantar yetistirme Firmalarin ortalama olarak gunlik is¢i basina 83 TL Ucret
déneminde ihtiyag duydugu iscilerin Ucretlendirmesini odedikleri tespit edilmigtir.
gunlik (yevmiye) Ucret Uzerinden gergeklestirmektedir.

Uretici isletmeler, ortalama olarak 10 yildan bu kasaba, 52 toplayici ile baglanti halindedirler (Tablo 3).
yana mantar alimi yapmaktadir. Bu amagla 127 kdy ya da

Tablo 3. Firmalarin Mantar Toplama Faaliyetlerinin Mevcut Durumu

Sakarya Kocaeli istanbul Bursa Yaloval | Yalova?2

M?ntar toplayicisi olarak ka¢ adet 60 500 30 20 150 |
Kdy/kasabaya ulagiyorsunuz?
Mantar toplayicisi olarak kag adet 60 500 30 20 150, |
toplayiciya ulasiyorsunuz?

? i
Kag yildir mantar alimi yapiyorsunuz? 5 o5 9 8 20
Alimi yapilan mantarlarin 6deme sekli
nasil? Pesin Pesin Pesin Pesin Pesin Pesin
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Mantar Uretiminde ortalama verimlilik, mantarin
yetismesi  icin  gerekli  altyapinin  (otomasyon,
iklimlendirme vb. gibi) olusturuimasiyla beraber,
hazirlanan kompostun ve ekimi yapilan miselin niteligine
bagl olarak degisim gostermektedir. 6 firmaya ait Tablo
4'te verilen ortalama verimlilik oranlar incelendiginde;

firmalarin P. ostreatus (kayin mantari) Uretiminden
ortalama %23.75 oraninda bir verim elde ettikleri
go6rulmektedir. Firmalar bu verimlilik altinda elde ettikleri
kayin mantarlarini, kg basina 7.5 ila 15 TL arasinda
degisen fiyatlarda satmaktadir.

Tablo 4. Firmalarin Pleurotus ostreatus Uretim Verimliligi ve Satis Fiyati Durumu

Sakarya Kocaeli Bursa istanbul Yalova 1 Yalova 2
Kayin mantari verimi % kag? %25 %20-25 %25 %20 - -
Kayin mantari satis fiyati 107U sTL 7 5TL 15TL

kg/TL?

Firmalarin mantar dretiminin dnemli unsurlarindan
olan misel ve kompost Uretimine dair verilerine
bakildiginda su sonuglara ulasiimistir: 6 isletmenin
ortalama yilik kompost Uretim miktari 67.834 tondur.
isletmeler drettikleri bu miktar kompostun ise ortalama

Tablo 5. Firmalarin Kompost ve Misel Uretim ve Satis Miktarlari

olarak 650 tonunu yil icinde kompost talebinde bulunan
firmalara satmaktadir. Yine firmalar, yillik ortalama 2000
ton misel tdretmekte ve uretilen bu miselin 2.2 tonunu da
yil icinde talep eden diger Uretici isletmelere satmaktadir
(Tablo 5).

Sakarya Kocaeli Bursa istanbul Yalova 1 Yalova 2

Yillik Gretilen kompost miktari 300 2500 300 100 1500
|(ton)

Yillik satilan kompost miktari 300 500 15 | - |
(ton)

Kompost fiyati (TL) 900 650, 825 - - -
Kompost alani (m?) 2500 3000 500 1000 - 100
Yillik Uretilen misel miktar (kg) - - - - 2500 1500
Misel birim fiyati (TL) - - - - 8 7
Yillik alinan misel miktari (kg) - - 2500 2000 - 1000
lelll_l)k toplam misel alim fiyati | | 26000 28000 - |

Mantar yaninda mantar sektorinin yan sanayi
arinu olan kompost Ureticisi de olan 6 firma, kompost

Gorugulen firmalarin  mantar Uretiminde girdi
(maliyet) fiyatlarina baktigimizda ilk tg¢ sirayi, kompost
hazirlama asamasinda ihtiya¢ duyulan “sap, saman,
pamuk ve kepek” maliyetlerinin aldigi goériimektedir.
isletme sahipleri kompost hazirlama siirecinde sap,
saman, pamuk ve kepek icin yillik ortalama 145.625 TL
odemektedir. Firmalarin, 06zellikle mantar toplama
dénemlerinde ihtiyag duyup dénemsel istihdam ettikleri
isciler icin ddedikleri Ucretler %12’lik bir pay ile kompost
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Uretiminde ortalama 1183 mZlik bir Gretim alanini bu
amagcla kullanmaktadir.

girdilerinin arkasindan gelmektedir. Gegici isgiler igin
firmalarin ortalama olarak yillik 38 bin TL 6demeye razi
olduklari bilgisine ulasiimigtir. Daha &nceki yillarda
yapilmis arastirmalarda mantar Ureticilerinin énemli girdi
kalemleri arasinda yer alan enerji maliyetlerinin firmalarin
maliyet unsurlari siralamasinda alt siralarda yer almasi
ise dikkat ¢ekicidir. Mantar Ureticilerinin enerji maliyetleri
ortalama olarak yillik 13 bin TL’ye varmaktadir (Sekil 5).
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Sekil 5. Firmalarin Uretim Maliyetleri Dagilimi

Marmara Bélgesi’nde mantar Ureticisi 6 isletmenin
faaliyet alanlarina dair yillik gelirlerinin gosterildigi Tablo
6’ya gore; isletmeler mantar tretiminden yilda 30 bin-3
milyon TL arasinda degisen gelirlere ulasmaktadir.
Gorisllen mantar igletmeleri, kompost ve miseli kendileri
digsinda diger mantar Uretim isletmelerine satarak da
kazang saglamaktadir. Bunun yaninda yine firmalar diger
firmalarin makine ve isgucli taleplerine de cevap

Tablo 6. Firmalarin Gelir Durumu

vermekte bu Uretim faktdrlerinden rant elde etmektedir.
Buna gore; 6 mantar isletmesinin, diger mantar Ureten
isletmelere kompost satisindan yilda yaklasik olarak
ortalama 4.300 TL, misel satisindan ise yillik ortalama
156.250 TL kazan¢ elde ettikleri, makine ve isgucu
tahsisatindan ise yillik ortalama 3.750 TL’lik bir gelire
ulastiklari sonucuna ulagiimistir.

Sakarya Kocaeli Bursa istanbul Yalova 1 Yalova 2
Mantar dretimi gelirt | g0, 000.000| 2500000 5000.000 | >00%-090-00 . 30.000
(ciro) ne kadar?
Kompost satisindan -
elde edilen TL/Y1I? 900 650 11.250
Misel satisindan elde -
edilen TL/YII? - - - 200.000 10.500
Tarim (makine-ig -
gucu kirast) geliri ne 2.500| Kendisine ait| Kendisine ait - 5.000
kadar?
Isletmenin yillik geliri | g5 100.000|  2.500.650 511.250 | 3-000-000.000 200.000 45.500
(ciro) ne kadar?

Arastirma kapsamina alinan 6 mantar Ureticisi
firma, yillik ortalama 62.900 ton egzotik mantar tretmekte
ve Urettikleri bu mantarlari ortalamada kilogram basina
8.6 TL'den piyasaya arz etmektedir. Firmalarin Uretim
miktari ya da hacmine gore degisen maliyetleri toplami

ortalama olarak 214.762 TL olarak hesaplanmistir. S6z
konusu maliyetlerin ¢ikarilmasiyla firmalarin elinde
332.438 TLlik vergilendiriimemis kazan¢ kalmaktadir
(Tablo 7).
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Tablo 7. Firmalarin Ortalama Briit Gelir-Kar Durumu

Ortalama Satig L Degisken
Jr iltlil:nMniithrn Fiyati g:‘f:irfm Masraflar Briit Gelir (TL) | Briit Kar (TL/kg)
(TL/kg) ’ Toplami (TL)
62900 8.6 547200 214762 332438 5.285
Tartisma ettikleri bilgisine ulasilmistir. istiridye mantari yetistiriciligi,
Marmara Bdlgesi'nde P. ostreatus (kayin, istiridye beyaz sapkali mantar olarak bilinen “Agaricus bisporus”
mantar1) tiri mantar dreten alti  kdltir mantar gibi 6zellikli ve maliyeti yiksek kompostlar icermemesi ve

isletmecisiyle yapilan bu arastirmada ilk olarak, firmalarin
tesis bulylkliklerinin  zaman icerisinde daha genis
alanlara ulastiklari bilgisine ulasiimistir. 10 yil 6nce 0-500
m2’lik alanda Uretim yapan mantar Ureticilerinin toplamda
10000 m2’yi bulan tesis buayukliklileri ile Uretim
faaliyetlerini  gergeklestirildigi  goriimustir. Blylyen
tesisler beraberinde mantar Uretimi i¢in gerek duyulan
Uretim odalarinin (hangar veya depolar, pastdrizasyon
odalari, kompost hazirlama odalari vb. gibi) da tesis
icinde yapilandiriimasi  sonucunu getirmis, hatta
gorusulen firmalardan bazilarinda s6z konusu odalardan
bazilarina rastlanmazken bazilarinda ise bu Uretim
bélimlerine birden ¢ok sayida rastlanmistir. Gerek
kompost hazirlama slrecinde, gerekse mantar yetistirme
ve hasat donemlerinde emek yogun bir isguictiine ihtiyag
duyan sektorde ticari faaliyette bulunan 6 igletmenin
yarisi yilin her dénemine duzenli olarak yayillmis isglci
ile calismakta iken, diger yarisi ise donemsel isglcu
istihdam ederek Uretimini gerceklestirmektedir. Mantar
isletmeleri bu konuda gereksinim duyduklari isglcunu ise
civar kOy ve kasabalardan ve ticari iliski iginde
bulunduklar mantar toplayicilarindan elde etmekte ve
boylelikle bolgesel istihdama da o6nemli katkilar
sunmaktadir. Mantar Uretiminin  disinda mantarin
yetistiriimesi i¢in gerekli yan mamuller olan kompost ve
misel Uretiminde de yer alan s6z konusu igletmeler,
Urettikleri kompost ve miselleri hem kendi Uretim
safhasinda kullanmakta hem de sektérde yer alan diger
mantar Ureticilerinin talepleri dogrultusunda kendilerine
arz etmektedir. Toplamda yaklasik olarak 68 bin ton
kompost ve ortalama 2000 ton misel Uretim hacmine
sahip isletmeler, kompost satigindan 650 — 11.250 TL,
misel satisindan ise 10.500 — 20.000 TL arasinda bir satis
kari elde etmektedir. S6z konusu rakamlar
degerlendirildiginde, gerek Uretim ve gerekse de satis
miktarlarinin kiltir mantari Gretiminde 6ncu tlkelerin gok
altinda oldugu goérulmektedir. 6 mantar isletmesi, diger
mantar tdrlerinin  yaninda istiidye mantarn da
Uretmektedir. Isletmelerin istiidye mantar  verim
oranlarina baktigimizda %23 gibi bir verim orani elde
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kolay yetistiriimesi gibi avantajlara sahipken, elde edilen
verimin dusuklugu, sap, saman gibi ihtiyag duydugu bazi
bitkisel materyallerin firmalar agisindan yiksek girdi
fiyatlarinin olmasina baglanabilir. Goérusilen firmalarin
maliyet unsurlarini gdsteren grafik incelediginde de ilk
sirada sap ve saman fiyatlarinin yer aldigi
gérilebilmektedir.

Gerek mevcut firmalar gerek yeni girisimciler ve

gerekse devlet agisindan mantar sektoéri ve gelecegine
dair su éneriler siralanmigtir:
- Sektdérin mevcut durumu ve gelecedi agisindan
hem ulusal hem de yerel dlgekte akademik ¢alismalarin,
calistaylarin ve tesvik projelerinin sayisi artiriimahdir. Bu
konuda ilki 2014, ikincisi 2017 yilinda toplanan “Yemeklik
Kaltir Cahstayrnin” her yil bu organizasyonu yaparak
ureticiler, yatinmcilarla akademisyenleri bir araya
getirmesi saglanmalidir.

- Akademik boyutta mantar ve mantar yetistiriciligine
dair galismalarin sayisi pek tatmin edici boyutta degildir.
Bu konuda universitelerin ilgili bélimlerinin 6zendiriimesi
son derece 6nem arz eden konulardan biri olmahdir.

- Mantar uretimi Turkiye'de her yil artarak devam
etmektedir. Bu devamhhgin surduirulebilir kilinmasi igin,
sektore yeni aktorlerin girisini tesvik edecek devlet
politikalari  olusturulmali, mevcut Ureticilerin  girdi
maliyetleri azaltiimali ve k&r marjlar1 yikseltiimelidir.

- Kiltdr mantari sadece Uretim anlaminda degil,
tuketim boyutuyla da ele alinmali, halkin kaltdr mantari
konusunda o6zellikle farklh mantar tirleri ile ilgili
bilgilendiriimesi saglanmaldir. Turkiye’de hala kultur
mantari denilince beyaz sapkali mantar disinda baska
mantar bilinmemekte, halktaki bu konudaki eksikligin
giderilmesi gerekmektedir.

Atik  kompostlar konusu blylk &6nem arz
etmektedir. Uretim sonucu ortaya c¢ikan biiyiik miktardaki
verimli attk kompostun yeniden Uretime geri
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kazandirilmasi igin sanayi ve Universite birlikte hareket
etmelidir.
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Abstract: The purpose of this study was to investigate the antimicrobial activity of
formulations of F. fomentarius. The antimicrobial efficacy levels of extracts of F. fomentarius
prepared from ethanol, water and of various formulations (emulsion, ointment, paste, cream and
gel) were determined. For this purpose, the disk diffusion method was used to test the extracts
for antimicrobial activity against hospital isolates including Klebsiella pneumoniae, Acinetobacter
baumannii, Staphylococcus aureus, vancomycin-resistant enterococci (VRE+), Escherichia coli,
Candida krusei, C. albicans, C. tropicalis, C. guilliermondii and C. glabrata. Some standard
antibiotics were used for comparison. The ointment formulation (No. 4) showed a good
antimicrobial effect on bacteria compared to the antibiotics (9.6 - 16.1 mm.). The extracts were
found to be more effective than the antibiotics against Candida species. Formulation No. 4 was
considered to be more effective because of the protective nature of its cetyl alcohol and sodium
lauryl sulfate (SLS) content. F. fomentarius ethanol extract, F. fomentarius water extract and gel
formulation showed similar activity; however, other formulations (emulsion, paste, cream) were
generally more effective due to the stabilizing effects of the polymers, oil and alcohols present in
their preparations. The findings of this study establish the possibility of discovering new clinically
effective antibiotic drugs and could be useful in understanding the relationship between traditional
remedies and modern medicines.

Key words: Fomes fomentarius; B-glukan; antimicrobial activity; sodium lauryl ether
sulphate; cethyl alchol

Fomes fomentarius‘dan elde edilen gesitli formulasyonlarin hastane
izolatlarina karsi antimikrobiyal etkisi

Oz: Bu galismanin amaci, F. fomentarius formilasyonlarinin antimikrobiyal aktivitesini
arastirmaktir. Etanol ve sudan hazirlanan F. fomentarius 6zltlerinin ve gesitli formulasyonlarin
(emulsiyon, merhem, pat, krem ve jel) antimikrobiyal etkinlik seviyeleri belirlendi. Bu amagcla
ekstreleri, Klebsiella pneumoniae, Acinetobacter baumannii, Staphylococcus aureus,
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vankomisine direncgli enterokok, (VRE +), Esch

[

erichia coli, Candida krusei; C. albicans, C.

tropicalis, C. guilliermondii ve C. glabrata iceren hastane izolatlarina kargi antimikrobiyal aktivite
agisindan test etmek igin disk difiizyon yontemi kullaniimistir. Karsilastirma igin bazi standart
antibiyotikler kullaniimistir. Merhem formilasyonu (No. 4), antibiyotiklere kiyasla bakteriler
Uzerinde iyi bir antimikrobiyal etki gdstermistir (9.6 - 16.1 mm.). Ekstrelerin Candida tiirlerine karsi
antibiyotiklerden daha etkili oldugu bulunmustur. 4 Nolu formulasyonun, setil alkolinin ve
sodyum lauril sullfat (SLS) igeriginin koruyucu dogasi nedeniyle daha etkili oldugu diginalmustur.
F. fomentarius etanol ekstresi, F. fomentarius su ekstresi ve jel formilasyonu benzer aktivite
gOstermistir; bununla birlikte, diger formilasyonlar (emdilsiyon, pat, krem), preparasyonlarinda
bulunan polimerlerin, yagin ve alkollerin stabilize edici etkileri nedeniyle genellikle daha etkili
olmustur. Bu g¢alismanin bulgulari, klinik olarak etkili yeni antibiyotik ilaglari kesfetme olasiligini
ortaya koymaktadir ve geleneksel ilaglar ile modern ilaglar arasindaki iliskiyi anlamada faydali

olabilir.

Anahtar kelimeler: Fomes fomentarius; B-glukan; antimikrobiyal aktivite; sodyum lauril

eter sulfat; setil alkol

Introduction

Fungi have long been used as traditional medicine
worldwide (Bal et al., 2017); Among them, polypore fungi,
especially Fomes fomentarius (L.) Fr., Summa Veg.
Scand., Sectio Post. (Stockholm): 321 (1849) have been
widely applied as alternative remedies in recent years.
The tinder fungus, in the Polyporaceae family, is a woody,
perennial fungus, large in size, which develops as a
parasite or sapropbe on beech (Fagus sylvatica L.) and
other deciduous species (Vetrovsky et al., 2011). It is a
white root fungus which causes heart rot in the wood.
Shape likes a horse’s hoof, it is 5-50 cm in length, 3—25
cm in width, 2-25 cm in height and without a stem
(Breitenbach et al., 1986). As this fungus develops, it
appears as gray-colored concentric zones of varying
thickness. These zones are formed as remnants from
past years are covered with new parts that grow every
year and are stacked on top of each other. In traditional
medicine, F. fomentarius has been used to relieve pain
and to treat rheumatism, painful menstruation
(dysmenorrhea), hemorrhoids and bladder disorders.
Furthermore, esophageal, gastric and uterine cancers are
treated with the fungus. Moreover, compounds with
potential antitumor, immuno-modulatory and anti-
inflammatory activity have been identified in F.
fomentarius, which have also shown potential in the
treatment of diabetes (Grienke et al., 2014).

The most important compounds of F. fomentarius
are polysaccharides,, which exhibit an anti-proliferative
effect and power to promote the secretion of TNF-alpha,
IFN-gamma and IL-2 (Wei et al., 2011, Gao et al., 2009),
while the second class includes polyphenolic compounds.
Bal et al, investigated anti-oxidative activities of
Trametes gibbosa (Pers.) Fr., Fomes fomentarius (L.)
Fr., Fuscoporia torulosa (Pers.) T. Wagner and M. Fisch.,
Daedalea quercina (L.) Pers., Inonotus hispidus (Bull.)
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P. Karst. and Trichaptum biforme (Fr.) According to this
study, researchers concluded that cinnamic, caffeic and
benzoic acid content determined in 1. hispidus, F.
fomentarius and F. torulosa mushrooms (Bal et al., 2017).
Thus, antioxidant, antimicrobial and cytotoxic activities
are among the different biological activities possessed by
the fungi (Heleno et al., 2015). For this reason, the
antimicrobial activities of F. fomentarius extracts and a
variety of simple topical formulations were tested in this
study, with focus on the antimicrobial activity against
hospital infections like Candida (Berkhout), Escherichia
coli (Migula), Staphylococccus aureus (F.J.Rosenbach),
Klebsiella pneumoniae (Schroeter), vancomycin-resistant
enterococci and Acinetobacter baumannii (Bouvet and
Grimont).The objective of the study was to determine the
antimicrobial effect of various formulations of F.
fomentarius. Additionally, the enhanced antimicrobial
efficacy was explored by using different pharmaceutical
excipiants in the formulations with the goal of designing
simple, producible, cheap and effective topical
formulations to be used for treatment.

Materials and Methods

Reagents and chemicals

Two emulsifiers, borax and sodium lauryl sulfate
(SLS), were chosen for the cream and ointment
formulations, with cold cream (United States
Pharmacopeia 21) used as the cream base material.
Other materials used in the study, including cetaceum,
cera alba, liquid paraffin, dimethicone, cetyl alcohol,
gelatin, glycerine, carboxy methyl cellulose (CMC) and
castor oil, were of analytical grade and purchased from
Sigma-Aldrich (St. Louis, MO, USA). Double-distilled
water was used throughout the study. Mueller Hinton agar
(Sigma-Aldrich) was chosen for the antimicrobial activity
test. Ethanol (Merck, Darmstadt, Germany) was used to
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obtain the fungus extract and dimethyl sulfoxide (DMSO)
was used for impregnation in the prepared formulations.
Mushroom material
The aerial parts (fruit bodies) of F. fomentarius in
the Figure 1 were collected by Hakan Alli on 25 March
2014. on Liquidambar orientalis Mill., Gard. Dict. ed. 8: n.°

2 (1768). in Kbycegiz in the Toparlar region of Mugla,
Turkey. A sample of the fungus was authenticated and a
voucher specimen (No: 5379) was deposited in the
herbarium of the Mugla University Faculty of Sciences.
The fungus parts were ground to a powder using a
porcelain mortar and pestle.

Figure 1. F. fomentarius on the body of a tree (Photo by Hakan Alli, Mugla City, Turkey, March 25, 2014).

Preparation of the extracts

Seven different formulations were prepared. The
first and second formulations were fungus extracts. In
formulation No. 1, 15 g of the dry powdered fungus
material was mixed with 150 mL of 99% ethanol/water
and processed for 12 h in a Soxhlet extractor. The extract
was filtered using Whatman Grade 1 Qualitative Filtration
Paper (Sigma-Aldrich) and the filtrate solvent was
evaporated under vacuum using a rotary evaporator at
55°C. The extract was then kept in a sterile black glass
bottle at + 4°C. Approximately 2 g of the extract in the
form of a sticky, black substance was dissolved in 0.1 mL
of DMSO (5 mg/qg) before testing.
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The aqueous extract for formulation No. 2 was
obtained via extraction of 5 g fungus powder with 100 mL
distilled water at 80°C for 30 min using a water bath. The
extract was filtered through Grade 1 Whatman paper and
the filtrate was then used instead of water to prepare
formulation Nos. 3, 4, 5,6 and 7.

Preparation of formulations

The different compositions included: emulsion (No.
3), ointment (No. 4), paste (No. 5), cream (No. 6) and gel
(No. 7) formulations without permeation enhancers or
preservatives.
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Emulsion formulation: The CMC powder (0.8 g)
was added to the filtrate (20 g), and castor oil (8.0 g) was
then mixed with it for the emulsion formulation.

Ointment formulation: All the aqueous phase
materials (F. fomentarius water extract 5 % 3 g, SLS 0.2
g) and the oil phase ingredients (dimethicone 8 g, cetyl
alcohol 3 g) were placed in two separate porcelain
containers and heated to above 75°C. The water phase
was then added to the oil phase using continuous
agitation.

Paste formulation: Gelatin powder (3 g) was added
to the filtrate (7 g) under continuous stirring, and was then
dissolved at above 70°C. Glycerine (8 g) was added and
mixed with hydrated gelatin under continuous stirring at
37°C until the paste was formed.

Oil-in-water cream formulation: All the aqueous
phase materials (F. fomentarius water extract 5 % 40 mL,
borax 1 g) and the oil phase ingredients (cetaceum 15 g,
cera alba 14 g, liquid paraffin 66 g) were placed in two
separate porcelain containers and heated at above 75°C.
The oil phase was then added to the water phase under
continuous agitation. The semisolid emulsion (O/W) was
then cooled to approximately 40°C.

Gel formulation: Carbomer 940 powder (1 %) was
added to the fitrate. Triethanolamine was then added and
mixed with it enough to gel.

Bacterial cultures

All test microorganisms, including Klebsiella
pneumoniae, Acinetobacter baumannii, Staphylococcus
aureus, vancomycin-resistant enterococci (VRE)+,
Escherichia coli, Candida albicans (C.P. Robin) C.
tropicalis (Castell.) C. krusei (Kudryavtsev), , C.
guilliermondii (Kurtzman and Suzuki) and C. glabrata
(HW. Anderson) were obtained from the Duzce
University Research Hospital (Duzce, Turkey). The
microorganisims were stored in a refrigerator at +4°C
prior to the study.

Screening antimicrobial activity

The disk diffusion method for antimicrobial
susceptibility testing was carried out according to the
Clinical and Laboratory Standards Institute (CLSI)
technique to assess the antimicrobial activities of the
fungal extracts and formulations (Clinical and Laboratory
Standards Institute, 2006). All cultures (adjusted to 0.5
McFarland standard) were transferred equally to Mueller
Hinton agar plates using a sterile swab and 50 pL of each
formulation were impregnated onto sterile disks (6mm.) in
order to determine the antimicrobial activity spectra.
Standard commericial antibiotic disks (erythromycin,
gentamicin, ampicillin, amphotericin B, fluconazole and
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ketoconazole) were used as a control group. In addition,
the antimicrobial activity of all chemicals used in
preparing the formulations was checked. In this context,
each formulation was used as a control for the same
formulation without extractions. The discs soaked in each
of the formulations were placed and slightly pressed onto
the inoculated agar and then incubated at 35°C for 24 h
for bacteria, and at 25°C for 72 h for yeast. At the end of
the incubation period, the inhibition zones were measured
in mm and evaluated.

Results

The disk diffusion method for antimicrobial
susceptibility testing was carried out according to the
Clinical and Laboratory Standards Institute (CLSI)
technique to assess the antimicrobial activities of the
fungal extracts and formulations (Clinical and Laboratory
Standards Institute, 2006). The antimicrobial activities of
the various formulations of F. fomentarious are shown in
the Table 1. The control studies included only the
formulation carriers (no extracts) and displayed no
antimicrobial activity. The emulsion and cream
formulations of F. fomentarius exhibited good results
against bacteria and fungi, respectively, while the other
formulations showed moderate antimicrobial effects
against the test organisms. In particular, the emulsion
formulation showed the highest effect on K. pneumoniae,
with an inhibition zone of 15.2 mm from the test bacteria
as compared to the commercial antibiotics gentamicin
and ampicillin. The water extract did not demonstrate
inhibition against bacteria or fungi. Suprisingly, the
ointment formulation was observed to have the greatest
effect of all the formulations against all test bacteria. The
disk diffusion zones varied from 14 mm to 16.1 mm. Cetyl
alcohol is used as a preservative in the medical and
cosmetics sectors in addition to its other properties as a
lubricant, softener and transporter. Sodium lauryl sulfate
(SLS) is an emulsifier that denatures protein and breaks
down cell membrane structures. Formulation No. 4
(ointment) was seen to be more effective because of the
protective nature of the cetyl alcohol and SLS in its
content. Except for VRE+ , with an inhibition zone of 14.8
mm, and C. krusei, with an inhibition zone of 7.0 mm, the
paste formulation displayed no other effect against the
test microorganisms. When the antimicrobial effect of the
cream formulation was examined, among the yeasts, a
high effect (19.2 mm) on C. glabrata was observed.
Moreover, this was found to be the highest value when
compared with the antimicrobial effects of the other
formulations.
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Table 1.Antibacterial and antifungal activity of various extracts from F. fomentarius.

Inhibition zones (mm)*

Test 1 2 3 4 5 6 7 E GN AM AMB FLU KTC
Microorganisms
Klebsiella 8 - 15.2 16.1 - 7 10.3 NT - 7 NT NT NT
pneumoniae +0.36 +0.52 +0.75 +0.26 +0.79
Acinetobacter 11 - 8 15.2 - - - NT 9 10 NT NT NT
baumannii +0.75 0.5 +0.95
Staphylococcus 8 - 10.3 14.6 - 10 10.5 14 NT 11 NT NT NT
aureus 0.5 +0.17 +0.87 +0.3 +0.43
VRE+ - - 125 14 14.8 - - 10 12 9 NT NT NT
+0.65 +0.8 +0.85
Escherichia coli 7 - 13.2 14.6 - 8.2 7 11 NT - NT NT NT
+0.26 +0.79 +1.0 +0.34 +0
Candida krusei 9 - 9.5 11 7 10.5 11 NT NT NT 9 - -
0.3 +0.52 +0.51 +0.51 +0.98 +0.26
C. albicans 8 - 8 13.8 - - 7 NT NT NT 9 8 9
+0.17 +0.51 +0.55 +0.45
C. tropicalis 10 - 10 12.4 - - 9 NT NT NT - - -
+0 +0.52 +0.17
+0.52
C. guilliermondii 7+0 - 14 9.6 - 13.2 10.2 NT NT NT 8 - -
+0.72 +0.26 +0.36 +0.4
C. glabrata 11 - 13.8 16 - 19.2 10 NT NT NT - - 15
+0.36 +0 +0 +0.26 +0.62

*1: Formulation of F. fomentarius ethanol extract; 2: Formulation of F. fomentarius water extract; 3: Emulsion Formulation (castor oil 8 g, carboxy
methyl cellulose 0.8 g, F. fomentarius water extract 5% 20 g; 4: Ointment Formulation (dimethicone 8 g, cetyl alcohol 3 g, sodium lauryl sulfate
0.2 g, F. fomentarius water extract 5% 3 g; 5: Paste Formulation (gelatin 3 g, glycerine 8 g, F. fomentarius water extract 5% 7 g; 6: Cream
Formulation (cetaceum 15 g, cera alba 14 g, liquid paraffin 66 g, borax 1 g, F. fomentarius water extract 5% 40 mL; 7: Gel Formulation (F.
fomentarius water extract 5 % 50 mL, Carbomer 940 1 g, triethanolamine g.s.; VRE+: Vancomycin resistant Enterococci, E: Erythromycin 15 ug;
GN: Gentamicin 30 pg; AM: Ampicillin 10 pg; AMB: Amphotericin B 100 pg; FLU: Fluconazole 25 pg; KTC: Ketoconazole 10 pg; NT: Not tried.
The extracts were performed under sterile conditions in duplicate and repeated three times.

Discussion

Similar to the present study, Kolundzic¢ et al. tested
the antimicrobial activity of F. fomentarius extracts of
different polarity, especially against Gram-negative and
Gram-positive bacteria (Staphylococcus aureus, S.
epidermidis (Winslow and Winslow), Micrococcus luteus
(Schroeter)), Bacillus subtilis (Ehrenberg), Enterococcus
faecalis (Andrewes and Horder), Escherichia coli,
Klebsiella pneumoniae and Pseudomonas aeruginosa
(Schroter) They indicated that their F. fomentarius
extracts  (C-cyclohexane, D-dichloromethane, M-
methanol and A-aqueous) displayed strong antimicrobial
activity (Kolundzi¢ et al., 2016). Recently, other scientists
have demonstrated the potential therapeutic effects of F.
fomentarius resulting from compounds that exhibit strong
antiviral activity against the human immunodeficiency
virus HIV-1 and antimicrobial properties against Candida
albicans and Helicobacter pylori (Marshall et al. 1985)
C.S.Goodwin, J.A.Armstrong, T.Chilvers, M.Peters,
M.D.Collins, L.Sly, W.McConnell, W.E.S.Harper, Int. J.
Syst. Bacteriol. 39: 397-405 (1989) (Senyuk et al., 2011).
Moreover, it was seen to inhibit the growth of several
other pathogenic bacteria, including Pseudomonas
aeruginosa, Serratia marcescens Bizio, Biblioteca
Italiana o sia Giornale di Letteratura, Scienze e Arti 30(8):
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275-295 (1823), Staphylococcus aureus, Bacillus subtilis
(Ehrenberg 1835) F.Cohn, Untersuchungen Uber
Bakterien. Beitrage zur Biologie der Pflanzen, 1(2), 127-
224 (1872), and Mycobacterium smegmatis (Trevisan
1889) K.B.Lehmann, R.Neumann, Lehmann's Medizin,
Handatlanter X. Atlas und Grundriss der Bakteriologie
und Lehrbuch der speziellen bakteriologischen
Diagnostik. 2 Aulf., JF. Lehmann, Miinchen, 1-497 (1899)
(Senyuk et al.,, 2011). Formulation Nos. 1, 2 and 7
exhibited similar activity; however, the other formulations
were generally more effective due to the stabilizing effects
of their polymers, oils and alcohols.

The results of Zhao et al. (2013) demonstrated
weak antimicrobial activity in isolated phenyl-ethanediols
from the fruting bodies of F. fomentarius (Zhao et al,
2013). The presence of polysaccharides in the polar
extracts was considered to be very important because a
previous study of Senyuk et al. (2011) had shown that a
water-soluble melanin-glucan complex (containing 80 %
melanins and 20 % [-glucans) completely inhibited the
growth of C. albicans (Senyuk et al., 2011). Methanol is
rich in total polyphenol content and as a result, the F.
fomentarius extracts were generally found to be more
effective than the standard antibiotics for all Candida
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species (C. krusei, C. albicans, C.
guilliermondii and C. glabrata).

Several classes of metabolites were identified:
Primary metabolites (i.e., proteins), polysaccharides (-
glucans), polysaccharide—protein complexes, and
secondary metabolites such as triterpene glycosides
(1444001-94-8, tuberoside), esters and lactones
(fungisterollinoleate, betulin 28-O-acetate), alcohols (7-
ergostenol, -sitosterol), aldehydes and ketones
(protocatechualdehyde), (22E)-ergosta-7,22-dien-3-one,
organic acids, benzofurans (paulownin), coumarins
(daphnetin), and volatile components (Grienke et al.,
2014). The most important compounds with clinically
beneficial activity are -glucans. In vitro studies have
suggested that large molecular weight or particular -
glucans can directly activate leukocytes, stimulating their
phagocytic, cytotoxic and antimicrobial activities,
including the production of reactive oxygen and nitrogen
intermediates (Akramiene et al., 2007).

Numerous studies and clinical trials have been
conducted with soluble yeast B-glucans and whole glucan
particulates, ranging from the impact of B-glucans on
post-surgical nosocomial infections to the role of yeast B-
glucans in treating anthrax infections. Post-surgical
infections are a serious challenge following major
surgery, with post-surgical infection rate estimates of 25—
27%. Alpha—Beta Technologies conducted a series of
human clinical trials in the 1990s to evaluate the impact
B-glucan therapy had on controlling infections in high-risk
surgical patients. In the initial trial, 34 patients were
randomly (double-blind, placebo-controlled) assigned to
treatment or placebo groups. The patients who received
PGG-glucan had significantly fewer infectious
complications than the placebo group (1.4 infections per
infected patient for the PGG-glucan group versus 3.4
infections per infected patient for the placebo group).
Additional data from the clinical trial revealed decreased
use of intravenous antibiotics and shorter stays in the
intensive care unit (ICU) for patients receiving PGG-
glucan versus patients receiving the placebo.

Studies conducted with humans and animal
models further support the efficacy of B-glucan in
combating various infectious diseases. One human study
demonstrated that the oral consumption of whole glucan
particles increased the ability of immune cells to consume
a bacterial challenge (phagocytosis). The total number of
phagocytic cells and the efficiency of phagocytosis in the
healthy human study participants increased when a
commercial particulate yeast B-glucan was consumed,
showing the potential for yeast p-glucan to increase the

tropicalis, C.
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reaction rate of the immune system to infectious
challenges. The study concluded that the oral
consumption of whole glucan particles was demonstrated
to be a good enhancer of natural immunity (Vetvicka et
al., 2002, Onderdonk et al., 1992).

The B-glucan from oats has been shown to have
antimicrobial effects against Escherichia coli and Bacillus
subtilis. On comparing cationic and native B-glucans, the
latter was seen to inhibit the growth of these bacteria by
approximately 35 %, while the cationic one led to 80%
inhibition in both microorganisms, indicating that p-glucan
amination promotes antimicrobial effects. In this same
study, cationic B-glucan was found to be more effective
against E. coli (Gram-negative) than against B. subtilis
(Gram-positive), which can be explained by the
interaction of the polycations with the negatively charged
bacterial surface, which altered membrane permeability
and thereby inhibited growth (Shin et al., 2005).

The ointment formulation (No. 4) was seen to be
more effective because of the protective nature of cetyl
alcohol and SLS. Cetyl alcohol is also used as a
preservative in the medical and cosmetics sectors in
addition to having other properties as a lubricant,
softener, transporter and emulsifier. Sodium lauryl sulfate
(SLS) is an emulsifier which denatures protein and breaks
down the cell membrane structure (Committee for Human
Medicinal Products, 2018). The presence of an anionic
surfactant such as SLS was considered to enhance the
activity of the glucan in the extract and thus increase its
antimicrobial activity. High concentrations of SLS in
glucan-synthesizing mixtures have been shown to inhibit
the production of glucans, whereas low concentrations of
SLS increase the production of glucans (Tadamichi et al.,
1981). It was believed that the low concentration of SLS
in formulation No. 4 led to the increased glucan
concentration which enhanced its antimicrobial efficacy.

In our study, it was observed that the SLS and cetyl
alcohol enhanced the antimicrobial effect significantly by
increasing the beta glucan activity in the structure of the
fungus. As a result, the natural extracts obtained can be
formulated with substances such as SLS and cetyl
alcohol to heighten their activity. Today many natural
products are being used to facilitate the treatment of
infections. Antibiotic resistance has become a significant
public health problem and consequently, scientists have
accelerated the search for new antimicrobial molecules.
In particular, the search for antibiotics of natural origin is
progressing rapidly, which points to the need for further
studies exploring the utilization of the therapeutic agents
from Fomes fomentarius.
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Abstract: Basidiomata of Tricholomella constricta (Fr.) Zerova ex Kalamees belonging to
Lyophyllaceae are collected from Halkali-istanbul and studied using both morphologic and
molecular methods. According to the classical systematic the genus Tricholomella Zerova ex
Kalamees contains more than one species, such as T. constricta and T. leucocephala. Our studies
found out that the two species are not genetically too different, but conspecific and a new
description is needed including the members with- or without annulus. In this study, illustrations,
a short discussion and a simple phylogenetic tree are provided.

Key words: Fungal taxonomy, ITS, Systematics, Turkey

istanbul, Halkalr’'dan toplanan bazidiyomalara gére Tricholomella
constricta (Lyophyllaceae) nin taksonomi ve yayilisina katkilar

Oz: Lyophyllaceae ailesine ait Tricholomella constricta (Fr.) Zerova ex Kalamees'in
istanbul-Halkalr'dan toplanan bazidiyomalari hem morfolojik ve hem de molekiiler yéntemlerle
calisiimistir. Klasik sistematige gore Tricholomella Zerova ex Kalamees genusu, T. constricta ve
T. leucocephala gibi birden fazla tir icermektedir. Caligmalarimiz, bu iki tiriin genetik olarak
birbirinden ¢ok da farkli olmadigini, ayni tir icerisinde oldugunu ve annulus igeren ve de
icermeyen turleri icerisine alan yeni bir deskripsiyon yapilmasi gerektigini ortaya ¢ikarmistir. Bu
calismada arazi ve laboratuvar resimleri, kisa bir tartisma ve basit bir soyadaci verilmistir.

Anahtar kelimeler: Fungal taksonomi, ITS, Sistematik, Turkiye

Introduction

Tricholomella Zerova ex Kalamees is monotypic
and looks near to Tricholoma; saprotrophic on soil in
forests and meadows in summer to autumn (Kalamees,
2004; Kirk et al., 2008). Basidiomata tricholomatoid;
pileus convex to plane, smooth, cottony-tomentose, white
to pale brownish, often olivaceous, yellowish to greyish.
Lamellae emarginate to almost free, whitish. Stem
whitish, smooth, tapered, fibrillose and dry. Veil whitish,
membranous; smell and taste farinaceous. Basidiospores
broadly ellipsoid to ovoid, typically echinulate; basidia
siderophilous; cystidia absent; clamps present and
pileipellis a cutis (Knudsen and Vesterholt, 2008).
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The aim of this study is to contribute to the
taxonomy and distribution of Tricholomella (Fr.) Zerova ex
Kalamees. We aimed to found out the genetic similarity of
Tricholomella constricta (Fr.) Zerova ex Kalamees and T.
leucocephala (Bull.) Zerova ex Bon.

Materials and methods

Basidiomata were detected, photographed and
collected from Halkali-istanbul on 23.12.2018 and
22.01.2019. Floristic elements, mycorrhizal relationships
were noted in the field; sectioned from the pileus, lamellae
and stipe; mounted in concentrated ammonia,
subsequently stained with Congo red and later examined
under Zeiss A2 Axio Imager trinocular research
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microscope. Micro-slides of the pileipellis, basidia and the
basidiospores were obtained and at least 25
measurements were made for each structures
(Clémencon, 2009). Dried voucher specimens are kept at
a personal fungarium of the Fatih Faculty of Education in
the Trabzon University, Trabzon, Turkey. Morphological
findings have been confirmed by the molecular analysis
(ITS, GenBank code: MK957138) and a phylogenetic tree
was produced. Total DNA was extracted from a dry
specimen employing a modified protocol based on Murray
and Thompson (1980). PCR reactions (Mullis and
Faloona, 1987) included 35 cycles with an annealing
temperature of 54 °C, using primers ITS1F and ITS4
(White et al., 1990, Gardes and Bruns, 1993) to amplify
the ITS rDNA region. PCR product was checked in a 1%
agarose gel, and sequenced with primer ITS4. The
chromatogram was checked searching for putative
reading errors, and these were corrected. BLAST
(Altschul et al., 1990) was used to select the most closely
related sequences from the International Nucleotide
Sequence Database Collaboration (INSDC) public
databases. Sequences came mainly from Hofstetter et al.
(2002), Consiglio et al. (2011), and Bellanger et al. (2015).
Sequences first were aligned in MEGA 5.0 (Tamura et al.,
2011) software with its Clustal W application and then
corrected manually. The final alignment included 324/604
variable sites. The aligned dataset was loaded in
MrBayes 3.2.6 (Ronquist and Huelsenbeck, 2003), where
a Bayesian analysis was performed (model GTR+G, two
simultaneous runs, six chains, temperature set to 0.2,
sampling every 100th generation) until convergence
parameters were met after 0.42 M generations, standard
deviation having fell below 0.01. Finally, a full search for
the best-scoring maximum likelihood tree was performed
in RAXML (Stamatakis, 2006) using the standard search
algorithm (GTRMIX model, 2000 bootstrap replications).
Significance threshold was set above 0.95 for posterior
probability (PP) and 70% bootstrap proportions (BP).

Taxonomy

Lyophyllaceae

Tricholomella constricta (Fr.) Zerova ex Kalamees,
Persoonia 14 (4): 446 (1992) [Syn. Agaricus constrictus
Fr. = Armillaria constricta (Fr.) Gillet = Calocybe constricta
(Fr.) Kihner ex Singer = Echinosporella constricta (Fr.)
Contu = Gyrophila constricta (Fr) Quél. = Lepiota
constricta (Fr.) Quél. = L. constricta (Fr) Rea =
Lyophyllum constrictum (Fr.) Singer = Melanoleuca
constricta (Fr.) Métrod= Tricholoma constrictum (Fr.)
J.E.Lange = T. constrictum (Fr.) Ricken= Tricholomella
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constricta (Fr.) Zerova = T. constrictum (Fr.) Zerova ex
Kalamees = T. constrictum (Fr.) Zerova]

Pileus 50-70 mm, convex to expanded or plane;
sometimes slightly whitish, grey-yellowish on drying;
umbo indistinct, sometimes umbilicate, slightly depressed
when old, dirty, surface not very smooth, rough,
sometimes partially eaten by insects. Lamellae crowded,
white, broad. (L = 80-100, | = 2-5). Stipe 50-80 x 5-30 mm,
cylindrical, generally curved; tapering towards the base,
white, solid to stuffed, pruinose. Context white (Figure 1).
Basidiospores strongly echinulate and typically elliptical,
(8.1)8.5-10(10.5) x (5.3)6-6.7(7.3) ym, on average 9.3 x
6.3 um (n = 50). Basidia clavate, 30-35 x 8-12 um,
generally 4- spored, rarely 2- spored. Cystidia absent.
Pileipellis consists of an epicutis made up of 4.5-10.8 ym
wide parallel hyphae with encrusting (Figure 2).
Morphological findings are accordance with ITS
sequence.

Specimens examined

Turkey, istanbul, Halkali, plantation, 23.12.2018,
41°02'45.44" N, 28°47'38.54" E, 100 m alt., Aytac 026a;
22.01.2019, 41°02'45.57" N, 28°47' 39.02" E, Ayta¢ 026b,
larch, spindles, needle tree, cherry laurel, bay tree.

Discussion

According to the traditional systematic based on
the morphology, Tricholomella is not monotypic, but
contains more than one species, such as T. constricta and
T. leucocephala (Bon, 1999). T. constricta differs from T.
leucocephala with the presence of a simple membranous
annulus. Our studies found out that the two species are
not genetically too different, but conspecific and a new
description is needed including the members with- or
without annulus. Before the present study Tricholomella
constricta (Fr.) Zerova ex Kalamees was collected from
Sarikamis Allahukeber Mountains National Park (Kars)
and studied according to morphological methods (Akcay,
2019). Our collection is from istanbul-Halkali; identified
according to both molecular (Figure 3) and morphological
methods and is the second record for the Turkish mycota
(Keles et al., 2014; Sesli and Denchev, 2014; Dogan and
Kurt, 2016; Akata et al., 2018). The pileus of the collection
from Istanbul is 50-70 mm, whitish, grey-yellowish,
umbilicate, slightly depressed around the center when
old. The pileus of the collection from Sarikamis
Allahuekber mountains is 20-60 mm, silky white,
yellowish or greyish. The stipe of our collection is 50-80 x
5-30 mm, cylindrical, generally curved; tapering towards
the base, white, solid to stuffed, pruinose. The Sarikamis
collection has 20-55 x 10-15 mm, white, slightly floccose-
fibrilose, cylindrical or slightly tapered stipe.
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Basidiospores of our collection are strongly echinulate collection are hyaline, ellipsoid to oval and distinctly
and typically elliptical, 8.5-10 x 6-6.7 ym and the basidia echinulate, 7-10 x 5-6 ym, while the basidia slenderly
clavate, 30-35 x 8-12 ym. The basidiospores of the other clavate and 25-35 x 6-8 um (Akcay, 2019).

Figure 1. Tricholomella constricta: a, b and c. basidiomata (scale bars: 30 mm).

112



MANTAR DERGISI/The Journal of Fungus Ekim(2019)10(2)110-115

Figure 2. Tricholomella constricta: a. basidia, b and c. basidiospores (scale bars: 10 um).
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GU373512 Entoloma sinuatum
1.00/100 —— NR 156303 Calocybe convexa
0.96/85 L AF357029 Calocybe ionides
100/200 — KP192581 Lyophyllum leucophaeatum
L AF357032 Lyophyllum leucophaeatum
MG890393 Asterophora parasitica
AF357038 Asterophora parasitica ASTEROPHORA
AF357037 Asterophora lycoperdoides
1.00/86 AF357044 Tephrocybe palustris
1.00/99 L AF357043 Tephrocybe palustris
AF357042 Tephrocybe gibberosa
AF357040 Tephrocybe tylicolor
0.95/94 |y KP192642 Tephrocybe tesquorum
0.94/991 KP192558 Lyophyllum plexipes
AF357049 Lyophyllum semitale
KP192562 Lyophyllum aemiliae
KP192627 Lyophyllum infumatum LYOPHYLLUM
qo/100 L KP192612 Lyophyllum macrosporum
L00/85 EF421105 Hypsizygus ulmarius
4‘1MH444819 Hypsizygus marmoreus HYPSIZYGUS
KP192620 Hypsizygus tessulatus
AF357045 Tephrocybe inolens
KP192629 Tephrocybe boudieri
KP192593 Tephrocybe ozes MYOCHROMELLA
KP192576 Tephrocybe fibrosipes
KP192549 Tephrocybe ochraceobrun
HE649949 Ossicaulis lignatilis
L L00/100 KY411962 Ossicaulis yunnanensis
0.99/1;|;[

CALOCYBE

1.00/96

0.98/74

SPHAGNURUS

1.00/96

SAGARANELLA

1.00/99
1.00/99

-

1.00/99

0.98/80

1.00/100

DQ825426 Ossicaulis lignatilis OSSICAULIS

MG874709 Ossicaulis lachnopus
EU571227 Tricholomella constricta
JN790692 Tricholomella leucocephala
JN790691 Tricholomella constricta
JF907769 Tricholomella constricta TRICHOLOMELLA
ALV19629-Aytac 026-T. constricta
DQ825429 Tricholomella constricta
1.00/100 L AF357036 Calocybe constricta
EU708340 Blastosporella zonata

1.00/99

00273 UDB014227 Tephrocybe sp.
JF519534 Uncultured Tephrocybe TEPHROCYBE
1.00/99 EU669249 Tephrocybe rancida
0.95/82L EU697260 Tephrocybe rancida
——— AF321367 Termitomyces striatus
1.00/100 EF636908 Termitomyces sp.
EF636905 Termitomyces sp.
-99/87 FJ769409 Termitomyces sp.
0.97/59 AF321372 Termitomyces sp. TERMITOMYCES
AB051880 Termitomyces sp.
AB073517 Termitomyces sp.
09/77 AF321375 Termitomyces sp.
— 1.00/99 .- EF636912 Termitomyces sp.

0.05

Figure 3. 50% Majority rule consensus ITS rDNA phylogram of selected genera of the family Lyophyllaceae obtained in
MrBayes from 3150 sampled trees. Nodes were annotated if supported by >0.95 Bayesian PP (left) or >70% ML BP

(right).
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Abstract: The aim of this study is to determine the fungi, the concentration and distribution
of fungi in the Yalova atmosphere in 2005 to create fungal spore calendar of the province. As a
result of the study, totally 264984 s/m3 belonging to 47 fungal species and 3 fungal groups were
determined. Cladosporium (55.36%) was determined as the dominant taxon of Yalova
atmosphere and was observed during all months of the study period. Agrocybe (13.61%), Ustilago
(7.72%), Alternaria (7.59%) and Ganoderma (5.13%) were identified as common fungi. The
highest spore concentration was recorded in July, the lowest spore concentration in February.

Key words: Atmospheric Fungal Spores, Fungal Spore Calendar, Fungus, Yalova

Yalova ili Fungal Spor Takvimi (2005)

Oz: Bu galismanin amaci 2005 yilinda Yalova atmosferinde dagilim gésteren funguslari,
bu funguslarin konsantrasyonlari ve dagihimlarini belirleyerek ilin fungus spor takvimini
olusturmaktir. Yapilan galisma sonucunda 47 fungus cinsi ve 3 fungal gruba ait toplam 264.984
spor/m3 tespit edilmistir. Cladosporium (%55.36) Yalova atmosferinin dominant taksonu olarak
belirlenmis ve calisma slresince tum aylarda gézlemlenmistir. Agrocybe (%13.61), Ustilago
(%7.72), Alternaria (%7.59) ve Ganoderma (%5.13) yaygin funguslar olarak tespit edilmistir. En
yuksek spor konsantrasyonu Temmuz, en dusuk spor konsantrasyonu Subat ayinda

kaydedilmigtir.

Anahtar kelimeler: Atmosferik Fungus Sporlari, Fungus Spor Takvimi, Fungus, Yalova

Introduction

Most of the atmospheric aerosol is of biological
origin. Bioaerosols have biological effects like infectivity,
allergenicity, toxicity etc. on plants, animals and humans.
(Grinn-Gofroh et al., 2011). The fungi, which form an
important part of the bioaerosol distributed in the
atmosphere, are cosmopolitan organisms and their
composition and concentration in the atmosphere is
shaped by the complex relationship between biological
and environmental factors such as geographic location,
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air pollution, weather, human activity and vegetation
(Grinn-Gofron and Bosiacka, 2015).

Determining the presence and distribution of fungi
in a particular region is important for plant, animal and
human health. Aerobiological monitoring guides to
investigate the life cycle of parasites and to develop plant
protection plans in agriculture; to realize extreme
concentrations of allergic taxon and to help in the
diagnosis and treatment of inhaled allergens in medicine.
Fungi affect human life adversely especially with their
allergen properties today. The international allergen
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nomenclature sub-committee identified 112 allergens in
28 fungi (Levetin et al., 2015). Alternaria sp., Aspergillus
sp., Penicillium sp., Cladosporium sp., Botrytis sp.,
Drechslera sp., Epicoccum sp., Leptosphaeria sp.,
Pithomyces sp., Pleospora sp. and Stemphylium sp. are
the leading allergen taxa in this list (Sadys et al., 2016).
Fungus spore calendars are prepared for this purpose.
Fungus spore calendars are considered due to the
increased prevalence of allergic diseases, including
Cladosporium and Alternaria, which are more than three
times greater than 30 years, particularly in terms of
allergenic spores. The aim of this study was to determine
the fungi and their concentrations in the atmosphere of
Yalova and to establish the 2005 spore calendar.

Materials and Methods

Yalova is located in the southeastern part of
Marmara region, in the northwest of Turkey (40°39'32"N;
29° 16'26.06"E). The altitude of the province is 2 m height
above sea level. The vegetation is composed of maquis
and forests. Forests cover about 5% of the province, and
generally consist of beech, oak, hornbeam, cranberry,
chestnut and linden trees. The climate of the province has
the characteristics of transition between Mediterranean
and Black Sea climates (Anonymous, 2017).

i
i
£

Materials were collected by using Hirst-type pollen
and spore trap (Lanzoni VPSS 2000, Bologna, ltaly),
placed 25 mm above ground level in the city center in
2005 (Figure 1). The device absorbs 10 L of air per minute
equivalent to the human lung (Sanchez Reyes et al.,
2016). The air sucked through the 2x14 mm wide hole,
then enters the spore trap. The hand-held sampling
cylinder with a mechanical watch on it travels 2 mm per
hour to 48 mm per day and completes its full cycle in one
week. 336 mm transparent tape is applied around the
sampling cylinder and silicone oil solution is applied on it.
The air entering the spore trap strikes the transparent
tape on which adhesive is applied and the contents
adhere to the tape. The band which is taken from the
cylinder after completing its cycle is cut on the cutting
board and then turned into daily preparations. Sampling
and analysis were performed according to the guidelines
of the European Association of Aerobiology (Galan et al.,
2014). The number of fungal spores was multiplied by the
calculated conversion factor and the average daily spore
concentration in the cubic meter was determined
(spore/m?). Fungi detected in the atmosphere above 5%
were accepted as common elements of the atmosphere
(Mallo et al., 2011). Fungus spore calendar was prepared
according to Spieksma (1991).

Figure 1. Hirst-type pollen and spore trap (Lanzoni VPSS 2000)

Results and Discussion

As a result of the aeromycological monitoring,
264984 s/m3 belonging to 47 fungus genera and 3 fungal
groups were determined in Yalova province in 2005
(Table 1). 37 of the identified spores belonging to
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Ascomycota, 9 to Basidiomycota and 1 to Oomycota

divisions. The groups are consisted of
Aspergillus/Penicillium, one-septate ascospores and
Myxomycota.
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Table 1. Fungus spores, concentrations (s/m?3) and percentages of Yalova atmosphere in 2005

Taxa/Groups Total Percentage
Cladosporium 146707 55.364%
Agrocybe 36069 13.612%
Ustilago 20463 7.722%
Alternaria 20122 7.594%
Ganoderma 13590 5.129%
Leptosphaeria 4554 1.719%
Boletus 3244 1.224%
Coprinus 3107 1.173%
Periconia 2454 0.926%
Epicoccum 2332 0.880%
Fusarium 2281 0.861%
Botrytis 1590 0.600%
Pleospora 1313 0.496%
Stemphylium 717 0.271%
Asper./Peni type spores 662 0.250%
Bovista 615 0.232%
Drechslera 529 0.200%
Exosporium 525 0.198%
Didymella 475 0.179%
Torula 440 0.166%
Paraphaeosphaeria 332 0.125%
Peronospora 328 0.124%
Antennularia 318 0.120%
Oidium 295 0.111%
Laccaria 286 0.108%
One-septate ascospores 183 0.069%
Tilletia 180 0.068%
Pithomyces 178 0.067%
Helicomyces 138 0.052%
Curvularia 135 0.051%
Puccinia 128 0.048%
Arthrinium 87 0.033%
Bipolaris 81 0.031%
Chaetomium 79 0.030%
Polythrincium 65 0.025%
Myxomycota 65 0.025%
Cercospora 59 0.022%
Melanomma 59 0.022%
Sporormiella 43 0.016%
Diplodia 34 0.013%
Pestalotiopsis 34 0.013%
Dictyosporium 22 0.008%
Ulocladium 16 0.006%
Ascobolus 12 0.005%
Xylaria 10 0.004%
Trichothecium 9 0.003%
Nigrospora 8 0.003%
Helminthosporium 5 0.002%
Erysiphe 4 0.002%
Tetracoccosporium 2 0.001%
Total 264984  100.00%
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The majority of atmospheric fungi captured in the
Yalova atmosphere were included in the Ascomycota
division with 70.22%. Ascomycota division is followed by
Basidiomycota division with 29.32%,
Aspergillus/Penicillium with 0.25%, Oomycota division
with 0.12%, one-septate ascospores with 0.07% and
Myxomycota with 0.02%.

Ascomycota division is mainly represented by
Cladosporium and Alternaria and peak concentration was
recorded in July with 62118 s/m?3 for Cladosporium and
9316 s/m? for Alternaria. Basidiomycota division reached
higher concentrations especially with the contribution of
Agrocybe and Ustilago spore density; Agrocybe peak
recorded in October with 16932 s/m® and Ustilago
reached peak concentration in May with 6085 s/m3. Only
one genus was identified from the Oomycota division in
the study and peak concentration was recorded in June
with 139 s/m3. Peak concentration was recorded with 252
s/m? in January for Aspergillus/Penicillium; with 45 s/m3
for one-septate ascospores in July; with 35 s/m3 in
October for Myxomycota.

The dominant fungal spore of Yalova atmosphere
was determined as Cladosporium. Cladosporium
dominance was observed in many studies conducted
worldwide (Almaguer et al., 2015; Mallo et al., 2011,
O'Connor et al., 2014; Pyrri and Kapsanaki-Gotsi, 2015;
Sanchez Reyes et al., 2016; Séevkova and Kovag, 2019;
Songnuan et al., 2018; Sadys et al., 2016; Sousa et al.,
2016; Vélez-Pereira et al., 2016). Cladosporium
determined as dominant taxa in studies conducted in
Turkey (Akgll et al., 2016; Asan et al., 2004; Ataygul et
al., 2007; Ayvaz et al., 2008; Bigakgi et al., 2001; Bican
Suterdem and Yildirim, 2009; Bulbdl et al., 2011; Ceter et
al., 2006; Ceter and Pinar, 2009; Erkan et al., 2006; imali

et al., 2008; Kalyoncu, 2010; Otag et al., 2014; Potoglu
Erkara et al., 2008; Tatlidil et al., 2000, 2001). Spore
concentrations of 3000 s/m? and above for Cladosporium
and 100 s/m? for Alternaria and above were determined
as risky values for allergy in the atmosphere (Durugbo,
2013). In our study, the limit of 3000 s/m3 for
Cladosporium was exceeded in the last three days of July
and the first day of August. The 100 s /m?3 limit for
Alternaria was exceeded for 8 days in June, 28 days in
July, 23 days in August and 5 days in September.

The highest spore concentration was recorded in
summer; followed by autumn, spring and winter (Figure
2), whereas the lowest spore concentrations were
observed in February and March. The spore
concentration started to increase with the increasing
temperatures starting from April and the highest spore
concentration was recorded in July (Figure 3). The spore
concentration, which was started to decrease from
August, showed an increase again in October and the
spore concentration decreased rapidly as the
temperature dropped below 15 ° C in November (Figure
3).

Cladosporium spores reached the highest
exponential class (11th class; spore concentration 1600<)
in the first 10-day mean of May, the last 10-day mean of
May-the third 10-day mean of August period and the
second and third 10-day mean of September. Agrocybe
reached the 11th class in the last 10-day mean of
September - the last 10-day mean of October period.
Alternaria reached the highest exponential in the first 10-
day mean of July. Ustilago reached the 10th step during
May and in the second 10-day mean of June; Ganoderma
only reached up to the 9th class (Table 2).

Spring
Summer
Autumn

Winter

Figure 2. Seasonal distribution of fungus spores detected in Yalova atmosphere in 2005
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Figure 3. Distribution of dominant and common fungus spores and total spore concentration in Yalova atmosphere in 2005
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Table 2. Fungal spore calendar of Yalova atmosphere in 2005

Months January February March April May June July August September October November | December

Periods 12 3|1 2 3|1 2 3|1 2 3|1 2 3|1 2 3|1 2 3|1 2 3|1 2 3|1 2 3|1 2 3|1 2 3
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Conclusion

As a result of the study, it was determined that the
fungi distributed in Yalova atmosphere throughout the
year. The highest spore concentrations were seen in July
and August and Cladosporium was determined as the
dominant taxon. Cladosporium exceeded the danger limit
for 4 days and Alternaria exceeded for 64 days during the
study period. It is clearly seen that both the periods in
which the concentrations of allergens and plant pathogen

fungi start to increase and the periods in which the
maximum spore concentrations are reached in the
prepared spore calendar. These data can help farmers
and agriculturists to determine the amount and time of
fungicide use. For patients suffering from allergies, the
calendar can be a guide when planning daily activities
and holiday times during peak periods. The prepared
spore calendar will help to allergy specialists to diagnose
sensitive patients.
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Toprak Mikrofunguslarinin Dikotan Duyarliliklarinin Belirlenmesi
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Oz: Bu galismada, Manisa ilindeki tarim alanlarindan izole edilen mikrofunguslarin siklikla
kullanilan bir fungisit olan dikotana karsi duyarlilik / direnglilik durumlari belirlenmeye c¢alisiimistir.
Bu amagla; kati besiyeri tGizerinde direnglilik yoninden tarama testleri yapiimis, direngli izolatlarin
sivi ortamda gelisimlerinin hangi oranda engellendidi arastirilmistir. Calisma kapsaminda izole
edilen 183 mikrofungus izolatindan 28 tanesinin dikotana diren¢ gosterdigi saptanmistir.
Dikotanin bu direngli izolatlarin gelisimlerini engelleme oraninin % 15 ile % 48 arasinda oldugu
tespit edilmistir.

Anahtar kelimeler: Dikotan, Direnglilik, Duyarlilik, Fungisit, Mikrofungus

Determination of Dikotan Sensitivity of Soil Microfungi

Abstract: In this study, determination of susceptibility / resistance conditions of microfungi
isolated from different agricultural areas against dikotan which is a commonly used fungicide. For
this purpose, screening tests were performed on solid medium in terms of resistance and rate of
inhibition of the development of resistant isolates in liquid medium was investigated. It was
determined that 28 of the 183 isolates of microfungi showed dikotan resistance. Dikotan has been

found to inhibit the development of these resistant isolates from 15 % to 48 %.

Key words: Dikotan, Fungicides, Microfungus, Resistance, Sensitivity

Giris

Funguslar ayristirici rolleri ile dogal ¢evrimin
devamlihidini saglayan ve yeryuzinin her parcasinda
genis yayihm gésteren canlilardir. insanoglunun var
oldugu gunden bu yana funguslar ile yakin iligkisi
bulunmaktadir. Bu iliski gida elde etmek icin
kullanimlarindan, hastaliklarindan korunmaya kadar
genis bir yelpazeye vyayilmigtir. Arastirmacilar bir
milyonun  Uzerinde  fungus tird  bulundugunu
distinmektedirler ancak bu tlrlerin glinimize degin
yalnizca yuz bin kadari tanimlanabilmistir (Singh, 2005).

Hizh nifus artisi tarimsal Urdnlere gereksinimi
artirirken, ekimi yapilan arazilerin orani farkli amagclar igin
kullanim sebebi ile hizla azalmaktadir (Ni vd,, 2004;
Karako¢ ve Nakiboglu, 2010). Tarim Urdnlerinde verim
kaybi olusturan etmenlerden biri de blylime ve gelismeyi
engelleyici, parazitik veya patojen yapidaki gesitli bitki,
hayvan ve mikroorganizmalardir. Bu etmenlerle
mucadele igin farkli ydontemler kullaniimakla birlikte en sik
tercih edilen kimyasal micadeledir (Delen vd., 2005).

124

Bilingli ve kontrolli kimyasal kullanimi; yiksek ve hizli etki
kapasitesi, ekonomik olmasi, bitki gelisimini istenilen
yonde etkileme ve tarla kosullarinda drinG toksin
kontaminasyonundan koruma gibi avantajlara sahiptir
(Rapsdale, 1994). FAO verilerine gore Ulkemizde tarimsal
ilag kullanimi yaklasik 1.63 kg/ha’dir ve Ege Bolgesi
kullanim miktari agisindan % 25 ile Marmara Bolgesinin
(% 28) ardindan ikinci sirada yer almaktadir (Arslan ve
Cicekgil, 2018). Dikotan dithiyokarbanat grubundan bir
fungisittir. Etken maddesi mancozebdir ve direnglilik riski
dislk olarak  degerlendiriimektedir.  Pargalanma
drtnlerinin  fungus hucresindeki proteinlerin  sulfidril
gruplari ile birlesmesi sonucu enzimleri ve diger hicresel
fonksiyonlar durdurarak etki gdstermektedir. Yapisinda
bulunan ¢inko ve mangan bu elementler agisindan fakir
yerlerde yetisen bitkiler tarafindan kullanilabilir (Delen,
2008).

Bu calismanin amaci; yogun tarimsal Uretim
yapilan alanlarda bulunan mikrofunguslarin, arastirma
alaninda siklikla kullanildigi yapilan saha incelemesi ile
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anlasilan ve literatirde direnglilik riski disuk olarak
degerlendirilen bir fungisit olan dikotana karsi duyarlilik /
direnglilik durumlarinin saptanmasidir. Elde edilecek
verilerin dikotanin mikrofunguslar tizerindeki etki diizeyini
glncel olarak ortaya ¢gikarmasi amaglanmistir.

Materyal ve Metot

Calismamizda kullanilan toprak numuneleri
Manisa ili, Yunusemre ilgesinde bulunan ve farkli
aranlerin (misir, ttdn, zeytin, domates, Gzim) yetistirildigi
alti araziden kis ve yaz mevsimlerinde (Ocak ve Temmuz)
kompozit toprak o6rneklemesi yontemi ile alinmistir
(Aderiye vd., 2008). En kisa siirede laboratuvara getirilen
ornekler hizla analiz edilmigtir. YlUzde nem degerleri
hesaplanan 6rneklerin kimyasal analizleri (pH, tuzluluk,
kireg, nitrat, fosfor, potasyum, sodyum, demir, bakir, ginko
ve mangan) Manisa il Tarm Mudarligh toprak
laboratuvarinda  yaptirilmistir.  Toprak  6rneklerinin
kimyasal analizleri istasyonlar arasinda fungal yogunlugu

etkileyecek  dizeyde farkhhk olup olmadidinin
belirlenebilmesi amaci ile yapilmistir.

Orneklerin  mikrofungus  yogunluklari  topragi
sulandirma  yontemi ile seyreltme  sonucunda

hesaplanmistir. Onceden yiizde nem degeri hesaplanan
numuneler 10 gr kuru agirlik olarak tartiimis ve toplam
hacim 100 ml olacak sekilde steril distile su ile
seyreltilmistir. Bu stok solisyon 120 rpm hizinda 10
dakika calkalandiktan sonra 102 — 10®lik dilisyonlar
hazirlanmis ve tium dilisyonlar incelenmistir (Waksman,
1922). Her bir istasyon igin ayri ayri hazirlanan seyreltme
tiplerinden steril Rosebengal Chloramphenicol Agar
(RBCA) igeren petrilere 1’er ml aktarilmis ve 27°C’de 3-10
gun inkUbasyona alinmistir. Dizenli kontrol edilen Petri
kaplarindaki mikrofungus kolonileri sayllarak
numaralandiriimis ve Malt Ekstrakt Agar (MEA) iceren
tlplere alinarak inkiibasyon sonrasi +4°C’de muhafaza
edilmislerdir (Kalyoncu ve Ozer, 2017).

Takip eden asamada mikrofungus izolatlar 2 gr/L
dozda dikotan igeren MEA besiyerine asilanarak (27°C’'de
3-10 guin) duyarliliklari belirlenmeye ¢alisiimistir. Bu doz
dikotanin kullanim regetesinde verilen en yuksek dozdur.
Bu tarama testi sonucunda dikotan igeren ortamda
gelisme gdsteren izolatlar belirlenmistir. Dikotana direngli
oldugu distnulen bu izolatlar glincel literattr kullanilarak
tanimlanmistir (Domsch vd., 1980; Pitt, 2000; Klich, 2002;
Samson vd., 2004). Bu izolatlar daha sonra ayni dozda
dikotan iceren sivi besiyerine (Malt Ekstrakt Broth)
aktanimiglardir. Asilamada standardi saglamak icin kati
ortamda gelisen kolonilerden g¢ikarilan 6 mm c¢apindaki
misel kapl tek disk kullaniimistir. inokulasyon sonrasi
erlenler g¢alkalamali inkiibatérde 27°C’de, 120 rpm
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hizinda 30 gun sure ile karanlkta inkibe edilmislerdir.
Ayni islem dikotan icermeyen sivi besiyeri ile de
tekrarlanmigtir. TiUm denemeler g tekrarli olacak sekilde
yapilmis, inkiibasyon sonunda mikrofungus miselleri
sividan suzilerek ayrilmis ve kurutulup tartilmistir
(Kalyoncu ve Ozer, 2017). Bu sekilde ayni izolatin dikotan
iceren ve igcermeyen sivi ortamdaki biomass miktari
hesaplanarak aradaki fark ortaya ¢ikariimis ve dikotanin
fungusun gelisimi Uzerindeki etki dizeyi belirlenmeye
calisiimigtir.

Bulgular

Bu calismada izole edilen 183 mikrofungus izolati
icinde en sik karsilagilan U¢ genus sirasiyla Aspergillus
(% 26), Rhizopus (% 21) ve Penicillium (% 15)’dur. Kati
ortam denemelerinde dikotana direngli oldugu belirlenen
izolat sayisi ise 28’dir. Bu izolatlarin teshisi ile belirlenen
8 genusa dahil 18 mikrofungus turli Tablo 1°de verilmigtir.

Sivi ortamda gergeklesen ve dikotanin etki
dizeyini belirlemeye ybnelik denemelerin sonuglari da
Tablo 2'de gosterilmistir. Bu sonuglara gore dikotan
direngli oldugu belirlenen izolatlarin gelisimini % 15 ile %
48 arasinda engellemistir. Gelisim Penicillium expansum
Link’de % 48 oraninda, Aspergillus fumigatus Fresen’de
ise % 15 oraninda inhibe edilmistir.

Toprak numunelerinin kimyasal analiz sonuglari
Tablo 3’de verilmistir. Funguslarin optimum gelisim igin
asidik ortamlari tercih ettikleri bilinen bir durumdur
(Bagbulbil vd., 2011). Ornekleme yapilan araziler ise
genel olarak alkali o6zelliktedir. Bu durumun fungal
biyogesitlilik  (zerinde olumsuz etkisi olabilecegdi
distnllmektedir. Ayrica Tablo 3'de de gorllebilecegi
Uzere istasyonlarimiz azot ve fosfor agisindan genelde
fakirdir. Bu sebeple yodun glbreleme faaliyeti
g6rulmektedir.

Tartisma

Dinya genelinde gorilen hizli nifus artisi ve
beslenme sorunlari glinimizde buytyen bir sorun teskil
etmektedir. Tarima dayali ekonomiye sahip Ulkelerde bu
durum sosyo-ekonomik gelisim Uzerinde de etkili
olmaktadir. Birim alandan daha yuiksek verim elde etmek
icin tohum, toprak, sulama, gubreleme gibi konularda
calismalar yapilmaktadir. Bunlarin yani sira Urdnu
zararhlardan  korumak icin de buyik c¢aba
harcanmaktadir. Hastalik ve zararlilarin tarimsal Gretimde
% 30’a varan kayiplara neden olmasi, mikroorganizmalar
tarafindan Uretilen toksinlerin Griiniin kalitesini olumsuz
etkilemesi gibi nedenlerden dolayr yodun kimyasal
miicadele yapiimaktadir (Kalyoncu ve Ozer, 2017).
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1 Alternaria alternata (Fr.) Keissl.

2 A. tenuissima (Kunze) Wiltshire

3 Aspergillus flavus Link

4 A. fumigatus Fresen.

5 A. niger Tiegh.

6 A. parasiticus Speare

7 A. wentii Wehmer

8 Cladosporium oxysporum Berk. & M.A. Curtis
9 Fusarium oxysporum Schitdl.

10 Penicillium aurantiogriseum Dierckx

11 P. brevicompactum Dierckx

12 P. digitatum (Pers.) Sacc.

13 P. expansum Link

14 P. lanosum Westling

15 Rhizopus arrhizus A. Fisch.

16 R. stolonifer (Ehrenb.) Vuill.

17 Talaromyces funiculosus (Thom) Samson, N. Yilmaz, Frisvad & Seifert
18 Trichoderma viride Pers.

Tablo 2. Direngli mikrofunguslarin misel kuru agirliklari (gr)

Dikotan igeren Ortam Dikotansiz Ortam Gelisim Farki %
Alternaria alternata 1.32 1.67 21
A. tenuissima 1.58 2.13 26
Aspergillus flavus 1.17 1.43 18
A. fumigatus 2.32 2.73 15
A. niger 1.03 1.32 22
A. parasiticus 1.13 1.69 33
A. wentii 1.34 1.78 25
Cladosporium oxysporum 2.14 2.68 20
Fusarium oxysporum 2.29 3.23 29
Penicillium aurantiogriseum 1.13 1.79 37
P. brevicompactum 2.15 3.16 32
P. digitatum 1.66 2.18 24
P. expansum 1.40 2.68 48
P. lanosum 1.70 2.75 38
Rhizopus arrhizus 1.91 2.82 32
R. stolonifer 1.09 1.67 35
Talaromyces funiculosus 1.13 1.62 30
Trichoderma viride 1.29 2.19 41
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istasyon | Mevsim | pH | Tuz* | Kire¢** | N** | P* | K** | Na** | Fe** | Cu* | Zn*™* | Mn**
Yaz 7.5 | 640 7.02 3.8 | 11.6 | 276 | 60 1.4 21 | 046 | 3.3

1
Kis 7.1 | 706 4.29 32 | 15 | 237 | 24 2.2 19 | 072 | 4.2
Yaz 6.7 | 410 0.78 3.0 | 105 | 145 | 25 1.0 0.7 | 048 | 31.8

2
Kis 6.4 | 386 0.78 36 | 1.2 | 224 | 22 1.1 0.8 | 055 | 115
Yaz 74 | 732 28.08 |59 | 7.8 | 253 8 1.6 14 | 043 | 4.6

3
Kis 6.7 | 1076 | 2262 |50 | 12 |498 | 16 15 1.8 | 0.97 | 19.2
Yaz 7.1 | 450 0.78 59 | 38.8 376 | 25 5.9 1.7 | 354 | 16.8

4
Kig 6.9 | 510 0.78 39| 51 | 775 | 25 6.0 1.3 | 3.20 | 12.9
Yaz 7.6 | 595 2457 |59 | 122 | 330 | 10 17 | 142 | 0.70 | 6.6

5
Kis 7.3 | 642 20.67 |47 | 0.8 | 384 | 12 0.7 36 102 | 7.7
Yaz 7.6 | 465 5.46 32 | 52 | 154 | 12 1.8 6.9 | 053 | 45

6
Kis 7.5 443 5.46 3.2 0.7 | 279 22 1.8 54 1.40 57

*uS /em; ** %; ** ppm

Kimyasal mucadelede istenmeyen durumlardan
birisi de kullanilan fungisitlere karsi diren¢ olusumudur.
Kimyasal etmenle karsilagsan fungusun Urettigi sporlarda
seleksiyon baskisi sonucu mutasyon goérilme olasiligi
artmaktadir. Bu sekilde, birkag nesil sonunda direngli
birey sayisi popllasyonda baskin hale gelebilmektedir.
Diren¢g olugsumu vyalnizca fungisitin kullanilabilirligini
azaltmaz ayni zamanda yetersiz mucadele sonucu
ekonomik kayiplara ve beslenme problemlerine de yol
acar (Yesil ve Boyraz, 2010). Calismamizda izole
edilebilen 183 mikrofungus izolatinin 28’inde dikotana
karsi direnglilik gortlmustir. Bu veriler oransal olarak
calisma yapilan alanlarda % 15,30 oraninda direngliligi
gOstermektedir. Bu oran ginimiz igin dislk olarak
gorulse bile, direnclilik beklenmeyen bir fungisit olan
dikotanin kullanim imkaninin gelecekte azalabilecegi
degerlendirilmistir. Tarimsal Gretimde fungisit kullanimi
gelecekte de oOnemli bir yer tutacagi igin fungisit
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dayanikhlik yonetimi stratejilerinin gelistiriimesi gerektigi
dusundlmektedir.

Topraktaki mikrofungus sayisini etkileyen en
onemli ekolojik faktorlerden birisi de toprak pH’sidir.
Calismamizda toprak érneklerinin alindiklari yerlere gére
pH farkhliklari gérilmektedir. istasyonlarimiz  Ocak
ayinda Temmuz ayina goére asitlesmistir. Baz
arastirmalarda da kis mevsimine geciste toprak
orneklerinin  pH degerlerinin  dustigu  belirtilmistir
(Basbulbdl vd., 2011). Ayrica toprak érneklerimizin kireg
oranlari da farklilik gdstermektedir. 3. istasyonumuz her
iki drnekleme déneminde en yuksek, 2. istasyonumuz ise
en dusik kireglilik oranina sahiptir. ikinci istasyonumuz
ayni zamanda mikrofungus yogdunlugunun ve izolat
sayisinin en disuk oldugu istasyonumuzdur.

Alinabilir fosfor miktari agisindan
degerlendirildiinde yaz doéneminde tum istasyonlar
yeterli dizeyde iken kis doéneminde istasyonlarda
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fakirlesme goridlmektedir. Sicakligin azalmasinin yani (Asan, 1997). Cahsmamizda da topradi sulandirma
sira alinabilir fosfor miktarindaki disis de kis yontemi kullanildidi i¢in bu iki genus Uyelerine daha
orneklemesinde mikrofungus yogunlugunun disik yuksek oranda rastlaniimistir.
¢cikmasinin nedenlerinden biri olabilir. Elbette ki toprak Sonug olarak; fungisitlerin de diger kimyasal
mikrofunguslarinin sayisi ve biyogesitliligi Gzerinde tek bir ajanlar gibi gevre ve canlilar Uzerinde olumsuz etkileri
faktorin etkili oldugunu séylemek mimkiin degildir (Kara, bulunmasina karsin insektisit ve herbisitlere oranla daha
2005). Ornegin yaz aylarinda artan ortam sicakligina az kullanildiklari i¢cin bu etkinin orani nispeten disuk
karsin toprak neminin azalmasi fungal yogunlugu kalmaktadir. Ancak funguslar ¢ok sayida spor Urettikleri
sinirlamaktadir. Dolayisi ile fungal yayilimda tim ekolojik icin ve olusan seleksiyon baskisindan dolayl fungisit
kosullarin etkisi oldugu ancak habitat ve iklime bagl dayaniklihdi olusma olasiligi diger pestisitlere gére daha
olarak bazi kosullarin etkisi artarken bazilarinin azaldigi yuksek olmaktadir. Calismamiz sonuglarinin fungisit
g6rulmektedir. dayanikhhdi  arastirmalari  igin  faydali  olacag
Toprak mikrofunguslari Uzerine yapilan dusundlmektedir.
calismalarda Aspergillus ve Penicillium genuslarinin
oraninin yiksek olmasinin bir nedeni de topragi Tesekkiir
sulandirma yonteminin tercih edilmesidir. Cok sayida Bu arastirma Manisa Celal Bayar Universitesi BAP
spor olusturabilen bu genuslara ait tirlerin bu yontem ile Koordinasyon  Birimi'nce  2010-099 nolu proje
topraktan izole edilme oranlari oldukga artmaktadir kapsaminda desteklenmistir.
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Abstract: Gautieria graveolens is described and illustrated based on the specimens
collected from Rize and Trabzon provinces. This is the first known report for the species in Turkey
since its discovery in 1937. The brief description for the species was provided together with the
collection localities and photographs related to its macro and micromorphologies.

Key words: Biodiversity, false truffles, Gomphaceae, hypogeous fungi

Gautieria graveolens’in Turkiye’de Yeniden Kesfi

Oz: Gautieria graveolens Rize ve Trabzon’dan toplanan oérnekler degerlendirilerek
betimlenmis ve resmedilmistir. Bu, tir icin 1937°de Tirkiye’'de kesfinden sonraki bilinen ilk rapor
ediligidir. Turln betimleyici 6zellikleri, toplanma lokaliteleri ve tiiriin makro ve mikromorfolojisine

iligkin fotograflari ile birlikte verilmistir.

Anahtar kelimeler: Biyogesitlilik, yalanci triifler, Gomhaceae, toprakalti mantarlar

Introduction

Gautieria Vittad. is a hypogeous fungi genus in the
family Gomphaceae (Kirk et al., 2008). The genus was
first proposed by Carlo Vittadini (1831) based on the
collection of Gautieria morchelliformis Vittad. and G.
graveolens Vittad. in Italy. The members of the genus are
characterised by a globose to subglobose or irregular
basidiomata usually with a persisting single or branched
rhizomorph; thin and soon evanescing peridium;
labyrinthine chambered gleba usually with cartilaginous
columella; longitudinally symmetric, ellipsoid to ovoid,
obovoid, or globose spores with ornamentation of
meridional costae (Pegler et al., 1993; Montecchi and
Sarasini, 2000; Trappe et al., 2009).

Index Fungorum presents 28 confirmed Gautieria
species (Index Fungorum, 2019), six of which currently
exist in Turkey. Five of them, G. monticola Harkn., G.
morchelliformis Vittad., G. otthii Trog, G. retirugosa Th.
Fr. and G. trabutii (Chatin) Pat., have been presented in
last decade and well documented (Kaya, 2009; Dogan
and Akata, 2015; Turkoglu et al., 2015; Uzun et al., 2015).
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Gautieria graveolens Vittad. was reported by Pilat (1937)
and only known from a list published in Bulletin Trimestriel
Society Mycologie France.

Here we present G. graveolens for the second time
based on the specimens collected from Rize and Trabzon
provinces. The study aims to make a contribution to
Turkish mycobiota.

Materials and methods

Gautieria samples were collected from Rize and
Trabzon provinces in 2017. Colour photographs of the
samples were taken and necessary descriptive
characteristics were recorded in the field. Microscopic
investigations are based on dry specimens and
performed under a Nikon Eclipse Ci trinocular light
microscope. A Nikon DS-Fi2 camera were used to take
photographs related to micromorphology. A Hitachi
SU5000 scanning electron microscope were used for
SEM images. ldentification of the samples were carried
out with the help of Vittadini (1831), Zeller and Dodge
(1918), Soehner (1951), Smith and Solheim (1953),
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Montecchi and Sarasini (2000) and Nedelin et al. (2016).

The specimens are kept at Karamanoglu Mehmetbey
University, Kamil Ozdag Science Faculty, Department of
Biology.

Results

Basidiomycota R.T. Moore

Gomphales Jilich

Gomphaceae Donk

Gautieria Vittad

Gautieria graveolens Vittad.

Syn: [Gautieria graveolens f. inodora A.H. Sm. &
Solheim]

Macroscopic and microscopic features:
Basidiomata 13-35 mm in diam, hypogeous or semi-
hypogeous, subglobose, irregularly lobed with small
depressions and a white mycelial tuft of strands at the
base (Figure l1a). Peridium thin, can be seen only in
immature stage and disappears before maturity. Gleba
pinkish brown, becoming ochraceous to yellowish brown

Ekim(2019)10(2)129-132

or grey in age, composed of labyrinthine-like elongate or
near roundish cavities among branches or walls that form
whitish columella by enlarging toward the base (Figure
1b,c). Odour become distinct at maturity and unpleasant.
Basidiospores 14-19 x 8.5-10 ym, broadly ellipsoid with a
conical or rounded apiculus, yellowish or pale ocher to
light rusty brown (Figure 2a,b), longitudinally ribbed,
some ribs are forked, some interrupted and not complete,
and some with rare warts (Figure 2c,d).

Ecology: Gautieria graveolens was reported to
grow in soil, in coniferous and decidious forests, from late
summer to late autumn (Vittad., 1831; Montecchi and
Sarasini, 2000; Nedelin et al., 2016).

Specimen examined: Rize, Ardesen, Seslikaya
village, in soil in mixed Castanea Mill., Fagus L., Picea
A.Dietr., Quercus L. and Rhododendron L. forest,
41°08'N-41°01'E, 440 m, 30.11.2017, Yuzun 5989;
Trabzon, Tonya, Cayirici village, in soil, in mixed Fagus,
Picea and Rhododendron forest, 40°49'N-39°17'E, 1300
m, 11.04.2017, Yuzun 5517.
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Figure 2. Light microscope (a,b) and SEM (c,d) images of basidiospores of Gautieria graveolens. (bars 10 um) (a:
in Congo red, b: in Melzer)

Discussions

Gautieria graveolens was reported from Turkey for
the second time. Our Turkish collections are generally in
agreement with those given in literature (Vittadini, 1831;
Zeller and Dodge, 1918; Montecchi and Sarasini, 2000;
Nedelin et al., 2016), in terms of morphology and ecology.

Gautieria morchelliformis is very similar species to
G. graveolens in terms of morphology. But the larger
spore size of the latter species easily differentiate it from
G. morchelliformis (Dogan and Akata, 2015; Nedelin et
al., 2016). Members of Chamonixia genus also have
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Abstract: In this study, 282 macrofungi samples were collected from ten localities in
Kdycegiz (Mugla) between the years 2016 and 2018. As a result of field and laboratory studies,
a number of 125 species belonging to 82 genus, 43 families and 2 divisions were listed. 5 of them
belong to the Ascomycota and 120 to Basidiomycota. The list of identified species is given along
with localities, habitats, collection dates and collection numbers.

Key words: Macrofungi, Biodiversity, Kdycegiz, Turkey

Koéycegiz (Mugla) ilgesi’nden Belirlenen Makrofunguslar

Oz: Bu galismada, Kdycegiz (Mugla) yoresinde on lokaliteden 2016-2018 yillari arasinda
282 makrofungus 6rnegdi toplanmistir. Arazi ve laboratuvar galismalari sonucunda 82 cins, 43
familya ve 2 subeye ait toplam 125 tir belirlenmistir. Bunlardan 5'i Ascomycota, 120'si ise
Basidiomycota boélimune aittir. Belirlenen tirlerin listesi, lokaliteler, habitatlar, toplanma tarihleri

ve koleksiyon numaralari ile birlikte verilmistir.

Anahtar kelimeler: Makrofunguslar, Biyogesitlilik, Kéycegiz, Turkiye

Introduction

Kdycegiz, with a surface area of 1.758 km, is
surrounded by Sandras Mountain to the north, Marmaris
to the west, Ortaca and Dalaman district to the east and
Akdeniz coast to the south (Figure 1). The Kdycegiz
region, is located in the transition zone of the
Mediterranean phytogeographical region. While the
coastal regions of the study area are influenced by a
Mediterranean climate, a continental climate is observed
through out the mountainous regions. Winters are cold,
rainy and temperate. On the contrary, summers are quite
dry and hot. The annual average temperature and rainfall
are 18.3 °C and 650 mm respectively. The rainy period is
observed between December and January while dry
period is July and August (Gugli 2001). Forest
vegetation is mainly dominated by Pinus brutia Ten.,
Pinus nigra J.F. Arnold. and Liquidambar orientalis Mill.
Due to its climatic and habitat and floristic characteristics,
study area is very suitable for macrofungal growth. The
purpose of this study is to make a contribution to the
macrofungal diversity of Turkey. According to current
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checklist (Sesli and Denchev, 2008) approximately 2500
macrofungi species have so far been reported from
Turkey. However, many studies have been conducted in
recent years and new data were also added to this list
from different part of the country (Acar et al., 2019; Akata
and Uzun, 2017; Akata and Girkanli, 2018; Akata et al.,
2019; Alli et al., 2016; All et al., 2017; Demirel et al.,
2017; Dogan and Oztiirk, 2015; Dogan and Kurt, 2016;
Dogan et al., 2018; Dogan and Alli, 2019; Gingoér and
Alli, 2016; Glngor et al., 2016; Kasik et al., 2017; Kaya,
2015; Kaya and Uzun, 2018; Oztiirk et al, 2017; Solak et
al., 2015; Tirpan et al., 2018; Uzun and Acar, 2018; Uzun
and Kaya 2018).

Materials and methods

Macrofungi specimens were collected from the
Kéycegiz district (Mugla) during the field studies between
2016 and 2018 (Table 1). Macroscopic and ecological
features of the fresh fungal samples, which were
photographed in their natural habitats.
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Figure 1. Map of Kdycegiz District

Table 1. Collection localities

No Localities

Coordinates

Altitudes (m)

Kulak Hacilar State Forest
Gurpinar State Forest
Toparlar Neighborhood
Ekincik Neighborhood
Kdycegiz Municipal Cemetery
Yuvarlakcay

Aricilar Neighborhood

Geyik Canyon

© 00 N o o B~ W N -

Yayla Neighborhood

[E=Y
o

Sandras Mountain

36°57'N-28°40'E
36°57'N-28°41'E
36°59'N-28°38'E
36°50'N-28°32'E
36°58'N-28°42'E
36°56'N-28°48'E
37°06'N-28°35'E
37°08'N-28°36'E
37°01'N-28°45'E
37°03'N-28°48'E

5-15
5-20

10-15
35-75
60-70
100-245
320-335
350-550
800-850
1700-1800
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Macro and micro-chemical reactions were
conducted, reagents such as Melzer's reagent, H2SOa,
5% KOH, Congo red and Cotton blue etc. were used for
investigations. ldentification of the fungal samples was
performed according to; Breitenbach and Kranzlin (1984
- 2000), Buczacki (1989), Dahncke (1993), Ellis and Ellis
(1990), Hansen and Knudsen (2000), Kranzlin (2005),
Knudsen and Vesterholt (2008), Noordeloos (1992),
Moser (1983), Pacioni (1985), Phillips (1981). The
identified samples were kept at the fungarium of Mugla
Sitki Kogman University.

Results

The systematics of the taxa are given in
accordance with www.mycobank.org (access date 20
November 2018).

Ascomycota Caval.-Sm.

Helvellaceae Fr.

1.Helvella leucomelaena (Pers.) Nannf.

Locality 6, P. brutia - L. orientalis mixed forest, 212 m,
13.04.2017, GNZ 22.

Morchellaceae Rchb.

2.Morchella angusticeps Peck

Locality 3, L. orientalis forest, 14 m, 07.04.2018, GNZ
191.

Pezizaceae Dumort.

3.Peziza vesiculosa Bull.

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 10 m, 24.10.2017, GNZ 61.

4.Sarcosphaera coronaria (Jacq.) J. Schrét.

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 9 m, 24.10.2017, GNZ 56.

Xylariaceae Tul. & C. Tul

5.Xylaria hypoxylon (L.) Grev.

Locality 10, Pinus nigra J.F. Arnold forest, on branch of P.
nigra, 1700 m, 09.11.2018, GNZ 281.

Basidiomycota R.T. Moore

Agaricaceae Chevall.

6.Agaricus bitorquis (Quél.) Sacc.

Locality 4, P. brutia forest, meadow area, 60 m,
17.03.2018, GNZ 186.

7.Agaricus campestris L.

Locality 6, P. brutia - L. orientalis mixed forest, meadow
area, 135 m, 26.03.2018, GNZ 187.

8.Agaricus xanthodermus Genev

Locality 3, L. orientalis forest, 12 m, 23.12.2017, GNZ
164.

9.Bovista plumbea Pers.
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Locality 3, L. orientalis forest, 10 m, 31.10.2017, GNZ

116.

10.Chlorophyllum molybdites (G. Mey.) Massee
Locality 10, P. nigra - Quercus sp. mixed forest, meadow
area, 1715 m, 09.11.2018, GNZ 257.

11.Coprinus comatus (O.F. Mlll.) Pers.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis L. mixed forest, 400 m, 04.11.2017, GNZ 126.
12.Crucibulum laeve (Huds.) Kambly

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on branch of P. brutia, 500 m,
28.10.2017, GNZ 84.

13.Cyathus olla (Batsch) Pers.

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, on branch of P. brutia, 7 m, 10.09.2017, GNZ 31.
14.Echinoderma asperum (Pers.) Bon

Locality 10, P. nigra - Quercus sp. mixed forest, 1720 m,
09.11.2018, GNZ 267.

15.Leucoagaricus leucothites (Vittad.) Wasser
Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, meadow area, 500 m, 28.10.2017,
GNZ 95; Locality 3, L. orientalis forest, meadow area, 14
m, 31.10.2017, GNZ 102.

16.Leucocoprinus cepistipes (Sowerby) Pat.

Locality 3, L. orientalis forest, 15 m, 06.10.2018, GNZ
229.

17.Lycoperdon molle Pers.

Locality 5, P. brutia forest, 70 m, 10.12.2017, GNZ 132.
18.Lycoperdon perlatum Pers.

Locality 4, P. brutia forest, 10.05.2017, GNZ 24,
19.Macrolepiota procera (Scop.) Singer

Locality 3, L. orientalis forest, 12 m, 31.10.2017, GNZ
117.

20.Panaeolus fimicola (Pers.) Gillet

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 7 m, 24.10.2017, GNZ 69.

21.Tulostoma brumale Pers.

Locality 1, P. brutia - L. orientalis mixed forest, 10 m,
25.11.2018, GNZ 282.

Amanitaceae R. Heim ex Pouzar

22.Amanita caesarea (Scop.) Pers.

Locality 10, P. nigra - Quercus sp. mixed forest, 1700 m,
09.11.2018, GNZ 280.

23.Amanita muscaria (L.) Lam.

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 10 m, 10.09.2017, GNZ 30.

24.Amanita pantherina (DC.) Krombh.

Locality 10, P. nigra - Quercus sp. mixed forest, 1710 m,
09.11.2018, GNZ 263.

25.Amanita vaginata (Bull.) Lam.

Locality 5, P. brutia forest, 65 m, 10.12.2017, GNZ 147.
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Auriculariaceae Fr.

26.Auricularia auricula-judae (Bull.) Quél.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on Quercus sp, 515 m,
28.10.2017, GNZ 89.

27.Auricularia mesenterica (Dicks.) Pers.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on Quercus sp, 520 m,
28.10.2017, GNZ 79.

Bolbitiaceae Singer

28.Bolbitius titubans (Bull.) Fr.

Locality 3, L. orientalis forest, 15 m, 23.12.2017, GNZ
157.

29.Conocybe filaris (Fr.) Kihner.

Locality 1, P. brutia - L. orientalis mixed forest, 10 m,
03.06.2018, GNZ 200.

Boletaceae Chevall.

30.Cyanoboletus pulverulentus (Opat.) Gelardi, Vizzini
& Simonini

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, 500 m, 28.10.2017, GNZ 80.
31.Xerocomellus chrysenteron (Bull.) Sutara

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 10 m, 07.10.2017, GNZ 46.

Cantharellaceae J. Schrot.

32.Cantharellus cibarius Fr.

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 5 m, 10.09.2017, GNZ 33.

Clavulinaceae Donk

33.Clavulina coralloides (L.) J. Schrét.

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 7 m, 10.09.2017, GNZ 36.

Cortinariaceae R. Heim ex Pouzar

34.Cortinarius trivialis J.E. Lange

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 10 m, 07.10.2017, GNZ 45.

Cyphellaceae Lotsy

35.Chondrostereum purpureum (Pers.) Pouzar
Locality 5, P. brutia forest, on stump of P. brutia, 60 m,
10.12.2017, GNZ 154.

Dacrymycetaceae J. Schrot.

36.Calocera cornea (Batsch) Fr.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on stump of P. brutia, 505 m,
28.10.2017, GNZ 74.

Fomitopsidaceae Jiilich

37.Phaeolus schweinitzii (Fr.) Pat.

Locality 3, L. orientalis forest, on stump of L. orientalis, 8
m, 06.10.2018, GNZ 231.

Ganodermataceae Donk

38.Ganoderma adspersum (Schulzer) Donk

Locality 6, P. brutia - L. orientalis mixed forest, on P.
brutia, 200 m, 17.09.2017, GNZ 41.

39.Ganoderma applanatum (Pers.) Pat.

Locality 3, L. orientalis forest, on L. orientalis, 12 m,
15.10.2017, GNZ 49.

40.Ganoderma carnosum Pat.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on L. orientalis, 455 m,
28.10.2017, GNZ 90.

41.Ganoderma lucidum (Curtis) P. Karst.

Locality 3, L. orientalis forest, on L. orientalis, 15 m,
06.03.2017, GNZ 19.

42.Ganoderma resinaceum Boud.

Locality 3, L. orientalis forest, on L. orientalis, 15 m,
15.10.2017, GNZ 50.

Geastraceae Corda

43.Geastrum fimbriatum Fr.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, 415 m, 06.10.2018, GNZ 226.

44 .Geastrum rufescens Pers.

Locality 9, P. brutia forest, 830 m, 01.06.2018, GNZ 195.
45.Geastrum triplex Jungh.

Locality 10, P. nigra - Quercus sp. mixed forest, 1710 m,
05.06.2017, GNZ 28.

46.Sphaerobolus stellatus Tode

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on stump of P. brutia, 500 m,
28.10.2017, GNZ 71.

Gloeophyllaceae Jilich

47.Gloeophyllum trabeum (Pers.) Murrill

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on root of P. brutia, 410 m,
28.10.2017, GNZ 97.

Gomphidiaceae Maire ex Jilich

48.Chroogomphus rutilus (Schaeff.) O.K. Mill.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, 530 m, 04.11.2017, GNZ 118.
Hygrophoraceae Lotsy

49.Hygrocybe cantharellus (Fr.) Murrill

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 9 m, 24.10.2017, GNZ 62.

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

Locality 4, P. brutia forest, 45 m, 10.05.2017, GNZ 27.
51.Hygrophorus pudorinus (Fr.) Fr.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, 415 m, 04.11.2017, GNZ 124.
Hymenochaetaceae Imazeki & Toki
52.Fuscoporiatorulosa (Pers.) T. Wagner & M. Fisch.
Locality 3, L. orientalis forest, on L. orientalis, 13 m,
06.03.2017, GNZ 237.

53.Inonotus hispidus (Bull.) P. Karst.
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Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, on P. brutia, 15 m, 24.10.2017, GNZ 51.
54.Phellinus igniarius (L.) Quél.

Locality 3, L. orientalis forest, on L. orientalis, 10 m,
06.10.2018, GNZ 20.

Inocybaceae Jilich

55.Crepidotus applanatus (Pers.) P. Kumm.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on stump of L. orientalis, 375 m,
06.10.2018, GNZ 225.

56.Crepidotus epibryus (Fr.) Quél.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on stump of P. brutia, 385 m,
28.10.2017, GNZ 72.

57.Crepidotus mollis (Schaeff.) Staude.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on stump of P. brutia, 390 m,
28.10.2017, GNZz 78.

58.Crepidotus variabilis (Pers.) P. Kumm.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on stump of P. brutia, 450 m,
06.10.2018, GNZ 227.

59.Inocybe erubescens A. Blytt

Locality 5, P. brutia forest, 67 m, 10.12.2017, GNZ 144.
60.Inocybe lacera (Fr.) P. Kumm.

Locality 5, P. brutia forest, 68 m, 10.12.2017, GNZ 143.
61.lInocybe rimosa (Bull.) P. Kumm.

Locality 5, P. brutia forest, 70 m, 10.12.2017, GNZ 146.
Marasmiaceae Roze ex Kihner

62.Baeospora myosura (Fr.) Singer

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, on cones of P. brutia, 15 m, 10.09.2017, GNZ 37.
63.Marasmius epiphyllus (Pers.) Fr.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on branch of P. brutia, 525 m,
28.10.2017, GNZ 73.

Meruliaceae Rea

64.Abortiporus biennis (Bull.) Singer

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, on stump of P. brutia, 14 m, 24.10.2017, GNZ 58.
Mycenaceae Overeem

65.Mycena epipterygia (Scop.) Gray

Locality 3, L. orientalis forest, on stump of L. orientalis, 10
m, 06.10.2018, GNZ 241.

66.Mycena pura (Pers.) P. Kumm.

Locality 4, P. brutia forest, 50 m, 10.05.2017, GNZ 26.
67.Mycena rosella (Fr.) P. Kumm.

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 13 m, 07.10.2017, GNZ 48.

68.Mycena seynii Quél.
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Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on cones of P. brutia, 472 m,
28.10.2017, GNZ 82.

69.Mycena silvae-nigrae Maas Geest. & Schwdbel
Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, on branch of P. brutia, 18 m, 24.10.2017, GNZ 52.
Omphalotaceae Bresinsky

70.Marasmiellus ramealis (Bull.) Singer

Locality 5, P. brutia forest, on branch of P. brutia, 66 m,
10.12.2017, GNZ 141.

71.0mphalotus olearius (DC.) Singer

Locality 9, on Platanus orientalis L., 825 m, 05.06.2017,
GNZ 29.

Phallaceae Corda

72.Clathrus ruber P. Micheli ex Pers.

Locality 6, P. brutia - L. orientalis mixed forest, 212 m,
13.04.2017, GNZ 21.

73.Colus hirudinosus Cavalier & Séchier

Locality 5, P. brutia forest, 60 m, 10.12.2017, GNZ 139.
74.Phallus impudicus L.

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 15 m, 10.09.2017, GNZ 32.

Phanerochaetaceae Jiilich

75.Terana coerulea (Lam.) Kuntze

Locality 6, P. brutia - L. orientalis mixed forest, on stump
of P. brutia, 245 m, 17.09.2017, GNZ 40.
Physalacriaceae Corner

76.Armillaria mellea (Vahl) P. Kumm.

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on root of P. brutia, 420 m,
28.10.2017, GNZ 88.

Pleurotaceae Kuhner

77.Hohenbuehelia petaloides (Bull.) Schulzer

Locality 3, L. orientalis forest, 11 m, 23.12.2017, GNZ
160.

Pluteaceae Kotl. & Pouzar

78.Pluteus chrysophaeus (Schaeff.) Quél.

Locality 3, L. orientalis forest, on stump of L. orientalis, 15
m, 28.04.2018, GNZ 193.

79.Pluteus petasatus (Fr.) Gillet

Locality 1, P. brutia - L. orientalis mixed forest, on stump
of P. brutia, 15 m, 03.06.2018, GNZ 209.
80.Volvopluteus gloiocephalus (DC.) Vizzini, Contu &
Justo

Locality 1, P. brutia - L. orientalis mixed forest, 5 m,
03.06.2018, GNZ 216.

Polyporaceae Fr. ex Corda

81.Daedaleopsis confragosa (Bolton) J. Schrot.
Locality 1, P. brutia - L. orientalis mixed forest, on branch
of P. brutia, 14 m, 03.06.2018, GNZ 204.

82.Fomes fomentarius (L.) Fr.
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Locality 1, P. brutia - L. orientalis mixed forest, on L.
orientalis, 14 m, 03.06.2018, GNZ 211.

83.Lentinus arcularius (Batsch) Zmitr.

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, on stump of P. brutia, 10 m, 24.10.2017, GNZ 59.
84.Lentinus tigrinus (Bull.) Fr.

Locality 3, L. orientalis forest, on stump of L. orientalis, 10
m, 31.10.2017, GNZ 99.

85.Trametes versicolor (L.) Lloyd

Locality 3, L. orientalis forest, on stump of L. orientalis, 13
m, 15.10.2016, GNZ 5.

Psathyrellaceae Vilgalys, Moncalvo & Redhead
86.Coprinellus disseminatus (Pers.) J.E. Lange
Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on stump of P. brutia, 405 m,
28.10.2017, GNZ 77.

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

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 17 m, 10.09.2017, GNZ 38.

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

Locality 3, L. orientalis forest, 15 m, 23.12.2016, GNZ 12.
89.Coprinellus silvaticus (Peck) Gminder

Locality 3, L. orientalis forest, 10 m, 23.12.2017, GNZ
172.

90.Coprinopsis atramentaria (Bull.) Redhead, Vilgalys
& Moncalvo

Locality 4, P. brutia forest, 35 m, 10.05.2017, GNZ 25.
91.Coprinopsis lagopus (Fr.) Redhead, Vilgalys &
Moncalvo

Locality 3, L. orientalis forest, 10 m, 31.10.2017, GNZ
115.

92.Coprinopsis variegata (Peck) Redhead, Vilgalys &
Moncalvo

Locality 1, P. brutia - L. orientalis mixed forest,
03.06.2018, GNZ 214.

93.Psathyrella candolleana (Fr.) Maire

Locality 3, L. orientalis forest, 12 m, 23.12.2017, GNZ
188.

Rhizopogonaceae Gaum. & C.W. Dodge
94.Rhizopogon luteolus Fr.

Locality 8, P. brutia - L. orientalis - Quercus sp. mixed
forest, 457 m, 28.10.2017, GNZ 70.

95.Rhizopogon roseolus (Corda) Th. Fr.

Locality 8, P. brutia - L. orientalis - Quercus sp. mixed
forest, 457 m, 28.10.2017, GNZ 92.

Russulaceae Lotsy

96.Lactarius deliciosus (L.) Gray

Locality 3, L. orientalis forest, 8 m, 23.12.2017, GNZ 183.
97.Lactarius sanguifluus (Paulet) Fr.

5 m,
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Locality 10, P. nigra - Quercus sp. mixed forest, 1755 m,
09.11.2018, GNZ 256.

98.Russula delica Fr.

Locality 3, L. orientalis forest, 5 m, 23.12.2017, GNZ 158.
99.Russula rosea Pers.

Locality 5, P. brutia forest, 55 m, 10.12.2017, GNZ 138.
100.Russula torulosa Bres.

Locality 10, P. nigra - Quercus sp. mixed forest, 1765 m,
09.11.2018, GNZ 268.

101.Russula queletii Fr.

Locality 2 P. brutia - L. orientalis- Quercus sp. mixed
forest, 10 m, 24.10.2017, GNZ 55.

Schizophyllaceae Quél.

102.Schizophyllum commune Fr.

Locality 4, P. brutia forest, on stump of P. brutia, 58 m,
10.05.2017, GNZ 23.

Sclerodermataceae Corda

103.Pisolithus arhizus (Scop.) Rauschert

Locality 3, L. orientalis forest, 9 m, 06.10.2018, GNZ 238.
Sparassidaceae Herter

104.Sparassis crispa (Wulfen) Fr.

Locality 10, P. nigra - Quercus sp. mixed forest, on stump
of P. nigra, 1761 m, 09.11.2018, GNZ 265.

Stereaceae Pilat

105.Stereum hirsutum (Willd.) Pers.

Locality 8, P. brutia - L. orientalis - Quercus sp. mixed
forest, on stump of P. brutia, 368 m, 28.10.2017, GNZ 76.
Strophariaceae Singer & A.H. Sm.

106.Agrocybe dura (Bolton) Singer

Locality 9, on stump of poplar, 826 m, 01.06.2018, GNZ
198.

107.Agrocybe praecox (Pers.) Fayod

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, on stump of P. orientalis, 413 m,
04.11.2017, GNZ 125.

108.Cyclocybe aegerita (V. Brig.) Vizzini

Locality 10, on stump of poplar, 1787 m, 20.08.2018, GNZ
220.

109.Cyclocybe cylindracea (DC.) Vizzini & Angelini
Locality 10, on stump of poplar, 1787 m, 20.08.2018, GNZ
222.

110.Stropharia melanosperma (Bull.) Gillet

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 17 m, 24.10.2017, GNZ 64.

Suillaceae Besl & Bresinsk

111.Suillus collinitus (Fr.) Kuntze

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, 367 m, 28.10.2017, GNZ 83.
112.Suillus luteus (L.) Roussel

Locality 5, P. brutia forest, 56 m, 10.12.2017, GNZ 133.
Tapinellaceae C. Hahn
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113.Tapinella panuoides (Fr.) E.-J. Gilbert

Locality 9, on stump of P. orientalis, 833 m, 04.11.2018,
GNz 252.

Tricholomataceae R. Heim ex Pouzar

114.Clitocybe costata Kihner & Romagn.

Locality 5, P. brutia forest, 65 m, 10.12.2017, GNZ 140.
115.Clitocybe fragrans (With.) P. Kumm.

Locality 5, P. brutia forest, 68 m, 10.12.2017, GNZ 150.
116.Infundibulicybe geotropa (Bull.) Harmaja.

Locality 10, P. nigra - Quercus sp. mixed forest, 1745 m,
09.11.2018, GNZ 255.

117.Leucopaxillus gentianeus (Quél.) Kotl.

Locality 10, P. nigra - Quercus sp. mixed forest, 1763 m,
09.11.2018, GNZ 269.

118.Lepista nuda (Bull.) Cooke

Locality 3, L. orientalis forest, 9 m, 23.12.2017, GNZ 180.
119.Lepista sordida (Schumach.) Singer

Locality 3, L. orientalis forest, 11 m, 23.12.2017, GNZ
167.

120.Melanoleuca exscissa (Fr.) Singer

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 18 m, 30.05.2018, GNZ 194.

121.Melanoleuca humilis (Pers.) Pat.

Locality 5, P. brutia forest, 67 m, 10.12.2017, GNZ 155.
122.Melanoleuca stridula (Fr.) Singer

Locality 8, P. brutia - L. orientalis - Quercus sp. - P.
orientalis mixed forest, 518 m, 04.11.2017, GNZ 127.
123.Paralepista flaccida (Sowerby) Vizzini

Locality 10, P. nigra - Quercus sp. mixed forest, 1747 m,
09.11.2018, GNZ 272.

124.Tricholoma fracticum (Britzelm.) Kreisel

Locality 2, P. brutia - L. orientalis- Quercus sp. mixed
forest, 11 m, 24.10.2017, GNZ 60.

125.Tricholoma terreum (Schaeff.) P. Kumm.
Locality 10, P. nigra - Quercus sp. mixed forest, 1750 m,
09.11.2018, GNZ 264.

Discussion

In this study, 125 species belonging to 82 genus,
43 families and 2 divisions were listed. The percentages
of edible, inedible and poisonous species were given in

the Figure 2.
Seventeen of 125 species; Agaricus campestris (cayir
mantar1), Amanita caesarea (imparator mantari),

Armillaria mellea (bal mantari), Auricularia auricula-judae
(kulak mantari), Cantharellus cibarius (kaz ayagi, tavuk
bacagdi), Coprinus comatus (s6belen), Cyclocybe aegerita
(kavak mantari), Cyclocybe cylindracea (kavak mantari),
Infundibulicybe geotropa (balkadin, etce mantari),
Lactarius deliciosus (¢intar), Lepista nuda (mavi cincile),

Macrolepiota procera (semsiye mantari), Morchella
angusticeps (kuzu goébegdi), Rhizopogon luteolus
(domalan), Rhizopogon roseolus (tavsan bobregi),

Russula delica (ak ¢intar) and Sparassis crispa
(karnibahar mantari) are consumed in the region by local
people. Except those 22 species; Agaricus bitorquis,
Agrocybe dura, Agrocybe praecox, Auricularia
mesenterica, Bovista plumbea, Chroogomphus rutilus,
Clavulina coralloides, Helvella leucomelaena,
Hohenbuehelia petaloides, Hygrocybe cantharellus,
Hygrophorus pudorinus Lactarius sanguifluus,
Leucoagaricus leucothites, Lycoperdon molle,
Lycoperdon perlatum, Phallus impudicus, Pluteus
petasatus, Suillus collinitus, Suillus luteus, Tricholoma
terreum, Volvopluteus gloiocephalus and Xerocomellus
chrysenteron are edible.

Figure 2. Edibility of the macrofungi of Kbycegiz District
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There were also 11 poisonous fungi in the research

area; Agaricus xanthodermus, Amanita muscaria,
Amanita  pantherina,  Chlorophyllum  molybdites,
Coprinopsis atramentaria, Cyanoboletus

pulverulentus, Echinoderma asperum, Mycena pura,
Omphalotus olearius, Panaeolus fimicola
and Sarcosphaera coronaria.

The distribution of the species in their families are
as follows; Agaricaceae 16, Tricholomataceae 12,
Psathyrellaceae 8, Inocybaceae 7, Russulaceae 6,
Ganodermataceaae, Mycenaceae, Polyporaceae and
Strophariacea 5, Amanitacea and Geastraceae 4,

Hygrophoraceae, Hymenochaetaceae, Phallaceae and
Pluteaceae 3, Auriculariaceae, Boletaceae, Bolbitiaceae,

Marasmiaceae, Omphalotaceae, Pezizaceae,
Rhizopogonaceae and Suillaceae 2, Cantharellaceae,
Clavulinaceae, Cortinariaceae, Cyphellaceae,
Dacrymycetaceae, Fomitopsidaceae, Gloeophllaceae,
Gomphidiaceae, Helvellaceae, Meruliaceae,

Morchellaceae, Phanerochaetaceae, Physalacriaceae,
Pleurotaceae, Schizophyllaceae, Sclerodermataceae,
Sparassidaceae, Stereaceae, Tapinellaceae and
Xylariaceae 1 (Figure 3).
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Figure 3. The distribution of the species in their families

The results of this study were compared with the
data of the other studies carried out in its close environs
and number of the determined species and similarity
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percentages are presented in Table 2. These similarities
may be due to similarities in climate, flora and vegetation.
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Table 2. Similarity percentages of neighbouring studies with Koycegiz District

Investigations Research Area Total taxa Identical taxa Similarity (%)
Allr ve Isiloglu (2000) Mugla Province 32 15 46.87
Isiloglu (2001) Sandras Mountain 76 33 43.42
Gungor vd. (2016) Mugla Province 211 50 23.69
Guingdr ve Alli (2016) Mugla Province 40 19 47.50
Tirpan (2018) Datca Peninsula 102 36 35.29
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Abstract: Members of the genus Leucoagaricus (Agaricaceae) grow in the temperate
climatic zone of the world. Only 10 species have been identified up to now in Turkey even though
238 Leucoagaricus species are listed in Mycobank database. In this study, the taxonomic
positions of four species, Leucoagaricus subvolvatus, L. barssii, L. subcretaceus and L.
leucothites, are discussed by evaluating morphological and molecular evidences and L.
subvolvatus is approved as a new record for Turkey mycobiota. Internal transcribed spacer region
(ITS) of each studied species is sequenced to resolve phylogenetic relationship and microscopic
and macroscopic features of new record are described in detail.

Key words: Leucoagaricus, Molecular taxonomy, New record.

Turkiye’de Bulunan Bazi Leucoagaricus Turlerinin Morfolojik ve Molektler
Teshisleri ve Yeni Bir Kaydin Ortaya Cikariimasi

Oz: Leucoagaricus (Agaricaceae) cinsinin Uyeleri, diinyanin ihman iklim bdlgesinde
yetisirler. Mycobank veri tabaninda 238 Leucoagaricus turd listelenmesine ragmen, Turkiye'de su
ana kadar sadece 10 tir belirlenmistir. Bu calismada cinse ait doért tiriin (Leucoagaricus
subvolvatus, L. barssii, L. subcretaceus ve L. leucothites) taksonomik konumlari, morfolojik ve
molekuler kanitlar degerlendirilerek tartisiimis ve L. subvolvatus Tirkiye mikobiyotasi i¢in yeni bir
kayit olarak tanimlanmigtir. Her g¢alisilan turiin i¢ Internal transcribed spacer bdlgesi (ITS)
filogenetik iliskileri ¢ozmek igin dizilenmis ve yeni kayit tirin mikroskobik ve makroskobik
ozellikleri ayrintili olarak agiklanmigtir.

Anahtar kelimeler: Leucoagaricus, Molekuler taksonomi, Yeni kayit.

Introduction

The genus Leucoagaricus (Locg. ex) Singer is
widely distributed in both Northern and Southern
Hemispheres. Leucoagaricus species are saprophytic,
growing on soil, wood chips, grasslands, road verges, and
dune vegetation (Vellinga, 2001; Ortiz et al. 2008). In
Mycobank database 238 Leucoagaricus species are
listed (http://www.mycobank.org, accessed; 02.05.2019)
and only 10 of them have been identified up to now in
Turkey (Sesli and Denchev 2014). Members of the genus
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are characterized by pluteoid basidiomata, fibrillose to
squamulose or silky pileal surface, free lamellae,
presence of annulus, white to cream or pink spore print,
dextrinoid spores and absence clamp connections
(Vellinga, 2001; 2004).

According to some researchers Leucoagaricus, as
other lepiotoid genera in Agaricaceae, is polyphyletic
(Johnson and Vilgalys 1998; Johnson 1999; Vellinga et
al. 2003; Vellinga, 2004). Taxonomic and phylogenetic
relationships of Leucoagaricus and Leucocoprinus
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species are unresolved because molecular data for
previously described species are limited (Hussain et al.,
2018). These two genera were accepted as separate by
Vellinga and Davis (2006) and Kumar and Manimohan
(2009).

In the present study, four Leucoagaricus species
(Leucoagaricus subvolvatus (Malencon & Bertault), L.
barssii (Zeller) Vellinga, L. subcretaceus Bon and L.
leucothites (Vittad.) Wasser) were identified based on
morphologically and molecularly. The ribosomal internal
transcribed spacers (ITS) comprising ITS1, 5.8S rDNA,
ITS2 sub-regions sequences were used to be sure of
species delimitation and to determine the phylogenetic
relationships of the species within the genus. Moreover,
Leucoagaricus subvolvatus are identify as a new record

for Turkey based on microscopic, macroscopic and
molecular characters.

Material and Method

Taxon sampling and morphological studies

The macrofungus samples were collected from
Bingdl and Hakkari province of Turkey (Table 1) and
deposited in the Fungarium of Van Yuzuncu Yil University
(VANF). Macroscopic and microscopic characters were
observed in distilled water and 3% KOH solution under a
Leica EZ4 stereo microscope while sections were
examined under a Leica DM500 research microscope
and they were measured with the Leica Application Suite
(version 3.2.0) programme and described based on
different studies (Singer, 1986; Breitenbach and Kranzlin,
1991; Vellinga, 2001; Kumar and Manimohan, 2009).

Table 1. Location of studied taxa and GenBank accession numbers used in the phylogenetic analysis.

Samples Location GenBank number
Leucoagaricus subvolvatus Bingol MN134030
Leucoagaricus barssii Bingol MN134031
Leucoagaricus subcretaceus Hakkari MN134032
Leucoagaricus leucothites Bingol MN134033

DNA extraction, PCR and

Sequencing

Total DNA was extracted from dried basidiomata
using the CTAB method with minor modifications (Doyle
and Doyle, 1987). The purity and quantity of extracted
DNA were determined by using NanoDrop2000c¢ UV-Vis
Spectrophotometer (Thermo Scientific) and 0.8%
agarose gel electrophoresis. DNA amplification was
performed in a 25 pl volume mixture containing genomic
DNA (10 ng/ul), 10X PCR Buffer, MgClz (25 mM), dNTP
mixture (10 mM), selected primer pair (10 pM), Taq
polymerase (5u/ul) and sterile water. To amplify ITS
(ITS1-5.85-ITS2) region, primer pairs N-ncl8S10
5'’AGGAGAAGTCGTAACAAG3/C26A
5'GTTTCTTTTCCTCCGCT3' (Wen and Zimmer, 1996)
were used. PCR products were run in a 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 (Applied
Biosystems, Foster City, CA, USA).

amplification

Sequence alignment and phylogenetic analysis
Forward and reverse sequences were assembled
and edited using Alibee Multiple Alignment 3.0
software from the GeneBee website
(http://www.genebee.msu.su/genebee.html). Ambiguous
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sites were checked manually and corrected by comparing
the strands. Sequences of studied samples generated
from the present study and additional sequences
retrieved from NCBI were analyzed together to see
phylogenetic relationships among Leucoagaricus species
in the phylogenetic tree. The sequences downloaded
from NCBI were selected considering results of BLAST
searches. Cystolepiota seminuda (Genbank no:
AY176350; Mufioz et al., 2014) was chosen as outgroup
taxa. All sequences were aligned with the aid of the
program ClustalW (Thompson et al., 1994) and adjusted
manually where it was necessary.

Prior to construction of phylogenetic tree, total
nucleotide length (bp) and variable sites were calculated
using Molecular Evolutionary Genetics Analysis software
(MEGA 6.0; Tamura et al., 2013). Phylogenetic tree of ITS
region was constructed using two different methods;
Maximum Likelihood (ML) and Maximum Parsimony
(MP). The sequence data was analyzed by using the
Maximum Likelihood (ML) method based on the Tamura-
Nei model (Tamura and Nei, 1993). To test branch
support, bootstrap analysis was used with 1000 replicates
(Felsenstein, 1985). In the ML method, initial tree(s) for
the heuristic search were obtained automatically by
applying Neighbor-Joining and BioNJ algorithms to a
matrix of pairwise distances estimated using the
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Maximum Composite Likelihood (MCL) approach, and
then the topology with superior log likelihood value was
selected. The Tree-Bisection-Reconnection (TBR) search
method was employed with 100 random addition
replications to construct the MP trees and the consensus
tree inferred from 10 most parsimonious trees was used.
All positions containing gaps and missing data were
eliminated.

Results

Taxonomy

Leucoagaricus subvolvatus (Malencon & Bertault)
Bon (Figure 1-2)

Pileus 50-60 mm, conic when young then flattened
with slightly umbo, pale white-cream, surface smooth,
silky, robust, radial fibrillose. Lamellae crowded, pale
white when young, creamy when mature. Stipe 40-80 x
5-10 mm, whitish grey, silky, cyclindric, expanded
towards the base, has universal veil remnants, bulbous
base, annulus membranous, persistent, not movable,
white. Spores 6-8(9) x 4-5.5 um, hyaline, smooth,
amydaloid. Basidia 18-30 x 6-10 um, clavate to capitate,
with 4 spores. Cheilocystidia 25-52 x 5.5-12 um,
irregular, lageniform to cyclindrical, clavate, usually has
crystal shaped at apex. Pleurocystidia absent. Pleipellis
cutis made up of 3-15 pum wide, septate, hyaline in KOH,
thin-walled hyphae, clamp absent.

Ecology

Under Quercus sp., Tarlabasi village, Bingdl
province, 37° 21'409"K - 44° 30'002"D, 1481 m,
28.10.2018, Acar 1079.

Molecular phylogeny

Sequences of Leucoagaricus generated from the
current study and additional sequences retrieved from
GenBank were combined and analyzed together to identify
our samples correctly and see phylogenetic relationships
among species in the phylogenetic tree. The amplified
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DNA fragment of the region was approximately 700 bp

length encompassing complete ITS1, 5.8S and ITS2
subregions. ITS data matrix comprised a total of 39
sequences including 35 from NCBI. The aligned data
included a total of 717 positions, of which 379 were
conserved, and 326 were variable (216 variable sites in
ITS1 and 110 in |ITS2 subregion) nucleotides.
Leucoagaricus leucothites (JQ683081) was used as
reference sequence.

The Maximum Likelihood analysis resulted in
similar  phylogenetic  topologies with Maximum
Parsimony, so only one tree (ML) was given to indicate
phylogenetic relationships and taxonomic position of
studied species. In the ML phylogenetic tree, two
Leucoagaricus sections, L. sect. Rubrotincti Singer and L.
sect. Piloselli (Kiihner ex) Singer, separated from each
other and caused two main clades (Figure 3). The taxa
that clustered together in a section carried morphological
similarities.

L. sect. Rubrotincti is characterized by a reddish-
brown pileus, ellipsoid spores, and a negative ammonia
reaction (Singer 1986; Vellinga 2001). Section Piloselli is
distinguished by basidiomes usually staining orange-red
when bruised and turning green with ammonia and
spores without germ pore (Singer 1986; Vellinga 2010).

Leucoagaricus subvolvatus grouped with its
representative  (KP300878) and several retrieved
samples in section Rubrotincti with a bootstrap value of
100% (Figure 3). Leucoagaricus barssii, L. leucothites
and L. subcretaceus placed in section Piloselli.
Leucoagaricus leucothites clustered close to L.
subcretaceus. Although these two species are
molecularly similar, they can be distinguished from each
other based on macroscopic and microscopic characters
(Table 2). Leucoagaricus barssii grouped with three
representatives from NCBI with 99% bootstrap.
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Figure 1. Macroscopic and microscopic characters of Leucoagaricus subvolvatus.

Figure 2. Pleipellis a. in dH20 b. in KOH
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Table 2. Considerable morphologic characters of studied Leucoagaricus samples.
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Leucoagaricus
subvolvatus

Leucoagaricus barssii

Leucoagaricus
subcretaceus

Leucoagaricus leucothites

Pileus

expands to 6 cm,
conic then flattened
with  slightly umbo,
pale white-cream,
surface smootbh, silky,
robust, radial fibrillose

4-13 cm, hemispherical,
margin at first incurved,
becoming decurved,
surface fibrillose to
squamulose

8-12 cm, or more when
growing on rich
substrates, silky to plushy
toward the edge

5-7.5 cm, conico-
campanulate with a truncate
apex, then flattened,

nonstriate margin, cream to
dirty white, sometimes grey-
brown at the centre, surface
granular-punctate

Stipe

4-8 x0.5-1 cm, whitish
grey, silky, cyclindric,
with  universal veil
remnants, annulus
membranous, white

5-10x1.5-2.5 cm, equal,
spindle-shaped, white,
partial veil fibrillose-
membranous, white,
forming a medial to
superior annulus

4-7x0.5-1.5 cm, white,
brown at the base,
annulus thick,
membranous, broad,
white, then becoming
brown

7-9x0.8-1.8 cm, cylindric-
clavate, wide at the swollen
base, white, fibrillose or with
a faint zigzag pattern, and
with an apical membranous
ring, annulus persistent

Lamellae

crowded, pale white
when young, finally
cream

free, crowded, cream-
colored

dirty white, then brownish
toward the edge

free, crowded, pinkish-cream

Spores

(7)8-10 x 2.5-6 pm,
amydaloid

6.5-85 x 4-5 pum,
smooth, oval to elliptical

(75)8 -85 (10) x 5.5- 6
pum

6-8 X 4-4.75 pm,
amygdaliform with a small
germ-pore

Cheilocystidia

24-50 x 6.5-13 pm,
irregular, lageniform
to cyclindrical,
clavate, cyristal
shaped at apex.

23-50 x 7-13  pum,
clavate to fusiform

(25) 30-45 (55) x 8 -10
um, clavate, to
lageniform,  sometimes
capitate

8-10 x 20-40 um abundant,
thin walled, hyaline, very
variable in shape
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Leucoagaricus subcretaceus (GQ329052)
Leucoagaricus holosericeus (GQ329058)
Leucoagaricus subcretaceus (GQ329063)
Leucoagaricus leucothites (GQ329038)
@ Leucoagaricus leucothites
@ Leucoagaricus subcretaceus

,_— Leucoagaricus subcretaceus (KF410815)
1|- Leucoagaricus leucothites (KF316477)
L Leucoagaricus leucothites (JQ683123)

Leucoagaricus sericifer (AF482872)
100! Leucoagaricus sericifer (AY176426)
Leucoagaricus adelphicus (AY243624)
Leucoagaricus cupresseus (AY243629)
95 Leucoagaricus barssii (DQ911600)
Leucoagaricus barssii (AF295931)

Leucoagaricus barssii (GQ329062)

@ Leucoagaricus barsii
Leucoagaricus badhamii (GQ329056)

Leucoagaricus variicolor (JX880030)

Leucoagaricus pardalotus (GQ258479)

Leucoagaricus erythrophaeus (GQ258471)
1oo|- Leucoagaricus erythrophaeus (GU136178)

95 Leucoagaricus truncatus (NR 155319)
—: Leucoagaricus purpureolilacinus (GQ329053)
Leucoagaricus littoralis (GQ329041)

Leucoagaricus wychanskyi (AF482874)

100

IS

Piloselli

99

100

82

Leucoagaricus littoralis (GQ329060)

@ Leucoagaricus subvolvatus

86 [ Leucoagaricus subvolvatus (KP300878)
98 100 Leucoagaricus menieri (KP300879)

Leucoagaricus volvatus (KT992150)

Leucoagaricus subcrystallifer (KP205399)

Leucoagaricus sublittoralis (KR673553)
Leucoagaricus sublittoralis (AY176442)
Leucoagaricus rubrotinctus (KP300876)
Leucoagaricus vassiljevae (JX896447)

Leucoagaricus rubrotinctus (JN944082)
Leucoagaricus rubroconfusus (KP300875)

96

66

Cystolepiota seminuda (AY176350)

0.05

Leucoagaricus subpurpureolilacinus (KP096234)
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Rubrotincti

Figure 3. Phylogenetic tree of Leucoagaricus species based on ML analysis of the ITS region. Black circle indicates
studied specimen. Cystolepiota seminuda was used as outgroup. Bootstrap analysis of ML was based on 1000 replicates
and values higher than 40% were indicated on branches.

Discussion

Section Rubrotincti is characterized a moderately
fleshy basidiomata that does not change color when
damaged, a red brown, pinkish ochre, olive, or orange
pileus with radially arranged hyphae, ellipsoid spores, and
a negative ammonia reaction (Singer 1986; Vellinga
2001). Section Piloselli is traditionally distinguished by
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basidiomes usually staining orange-red when bruised and
turning green with ammonia and spores without germ
pore (Singer 1986; Vellinga 2010). These characters
were also observed for studied samples and used to
identify correctly in section and species levels.

The ITS phylogeny showed that Leucoagaricus
subvolvatus is closely related to L. menieri (Sacc.) Singer,
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L. volvatus Bon & A. Caball. and L. subcrystallifer Ge & similar but L. subcretaceus is larger and more coloured
Yang. Morphologically these species have white (Bon, 1981; Reid and Eicker, 1993). In the constructed
basiomata, similar basidiospores and cheilocystidia with tree, these three species were located in the Piloselli
crystals at the apex. However, L. menieri has broad, clade. Leucoagaricus barssii is one of the few species
fragile, shining basidiomata and smaller basidiospores within the genus to possess pleurocystidia. It has a
(6—7 x 4.7-5 pm; Candusso and Lanzoni 1990; Bas et al., radially fibrillose and white to greyish pileus (Desjardin et
1999). Leucoagaricus subcrystallifer has a greenish gray al., 2015; Vellinga 2000; 2001). The ellipsoid spores do
pileus with a dark gray umbo, amygdaliform not have germ pore, and pleurocystidia are observed
basidiospores, narrowly fusiform cheilocystidia with close to the edge of lamella (Vellinga 2000; 2001).
crystals at the apex, and filamentous hyphae (Ge et al. Identification of Leucoagaricus samples is difficult
2015). Leucoagaricus subvolvatus and L. volvatus are because of close relationships with some Lepioid genera
two white volvate species. L. subvolvatus has fleshy such as Leucocoprinus. Therefore, molecular data is
basidiomata with a white to cream pileus, roundish stipe needed to support the diagnosis that is completed based
base that is somewhat volvate and narrowly lageniform to on only morphological characters. In this study, four
cyclindrical cheilocystidia which bear cyristal shaped at Leucoagaricus species were identified by using both
apex (Candusso and Lanzoni 1990; Bas et al., 1999). morphological and molecular data and Leucoagaricus
Leucoagaricus volvatus has some olivaceous tinges in subvolvatus was determined as a new record. The
the pileus, but also has crystals on the cystidia and a number of Leucoagaricus species in Turkey was
slightly gelatinized pileus. The current name of L. increased from 10 to 11 with the results of the current
subvolvatus is same name in Mycobank database but study.
Lepiota subvolvata in the Index Fungorum.

Leucoagaricus leucothites, L. subcretaceus and L. Acknowledgements
barssii clustered in section Piloselli. Leucoagaricus This study was financially supported by Van
leucothites is a widespread species and grows Yuzuncu Yil University (Scientific Research Project
grasslands, lawns, meadows and road verges. Foundation, FHD-2018-6858), Van, Turkey.

Leucoagaricus subcretaceus and L. leucothites are
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Oz: Mantarlar diger organizmalardan farkl bir alem olarak ayrilirlar ve cevre, doga ve
insanlar icin ¢ok Onemlidirler. Bakterilerle birlikte, organik madde déngisinde ve dogada
ayrismada 6nemli bir rol oynamaktadirlar. Ayrica diger organizmalar tarafindan parcalanamayan
malzemeleri de ayristirirlar. Mantarlar ayni zamanda iyi bir akimdulatér olduklar igin
cevrelerindeki agir metalleri, iyonlari ve boyalari ¢ekebilirler. Bu galismada laboratuvarda Metilen
mavisi ile hazirlanan renkli sentetik atiksudan kirletici giderimi icin makromantarlarin kullanimi
arastinimistir. Calismada kullanilan mantar tirleri; Pleurotus ostreatus (Jacq.) P. Kumm., Fomes
fomentarius (L.) Fr., Agaricus bisporus (J.E. Lange) Imbach, Russula delica Fr., Armillaria mellea
(Vahl) P. Kumm., Calvatia gigantea (Batsch) Lloyd’'dir. Arastirma kapsaminda 1000 mg/L stok
Metilen mavisi ¢ozeltisinden elde edilen 50 mg/L baslangi¢ konsantrasyondaki renkli sentetik
atiksu kullaniimistir. Deneysel arastirma sonucunda 500 mg/50 mL adsorban dozunda 90 dakika
temas suresinde yaklasik %80’in Uzerinde metilen mavisi boya giderimi elde edilmistir. Bu
arastirma cgalismasinda kullanilan P. ostreatus (M1), F. fomentarius (M2), A. bisporus (M3), R.
delica (M4), A. mellea (M5), C. gigantea (M6) mantarlarinin hepsi renk gideriminde olduk¢a
basarili oldugu tespit edilmistir.

Anahtar kelimeler: Adsorpsiyon, Mantar, Atiksu Aritimi, Renk, Boya, Giderim

Dye Removal from Synthetic Wastewater by Adsorption Process
Using Different Fungi Species

Abstract: Fungi have separated from other organisms as a different kingdom, and they
are very important for the environment, nature, and humans. With the bacteria, they play an
important role in the cycle of organic substances, and decomposition in nature. They also
decompose materials that cannot be torn apart by other organisms. Fungi are also a good
accumulator, so they can absorb heavy metals, ions and dyes around them. In this study, the use
of macrofungi for pollutant removal from colored synthetic wastewater prepared with methylene
blue in the laboratory was investigated. Fungi species used in the study; Pleurotus ostreatus
(Jacq.) P. Kumm., Fomes fomentarius (L.) Fr., Agaricus bisporus (J.E. Lange) Imbach, Russula
delica Fr., Armillaria mellea (Vahl) P. Kumm., Calvatia gigantea (Batsch) Lloyd. In the research,
colored synthetic wastewater at a beginning concentration of 50 mg / L obtained from 1000 mg /
L stock Methylene blue solution was used. As a result of experimental research, over 80%
methylene blue dye removal was obtained at 90 minutes contact time at 500 mg / 50 mL adsorbent
dose. All of the fungi P. ostreatus (M1), F. fomentarius (M2), A. bisporus (M3), R. delica (M4), A.
mellea (M5), C. gigantea (M6) used in this research study were found to be quite successful in
color removal.

Key words: Adsorption, Mushroom, Wastewater Treatment, Color, Dye, Removal
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Giris

Gunlimlz dinyasinda en blyuk problemler
arasinda gelisen teknoloji, degisen uretim prosesleri ve
hizli nifis artisindan dolayr dogal kaynaklarin hizla
tuketilmesi olarak goérllmektedir. Dogal kaynaklar hizla
artan nufusun ihtiyaglarini karsilamak igin tiiketilirken ayni
zamanda gevreye kati, sivi ve gaz atiklar verilmektedir.
Bu atiklarin fiziksel sartlarinin 6nemi yaninda igerdikleri
kirletici muhtevalarida dnemli olmaktadir. Bu bakimdan
bilim insanlari bu atiklarin ve atiksularin gevreye daha az
zarar vermesi ve/veya hi¢ zarar vermemesi yoninde
arastirmalar yapmaktadir. Birgok dogal (biyotik veya
abiyotik) ve yapay (endistriyel ve/veya sentetik) unsurun
bu kirleticilerin gideriminde kullanilabilirligi
arastiriimaktadir.

Her yil dinya capinda pek c¢ok Ulkede tekstil
drtnleri igin tonlarca boya kullanilmakta ve her gegen vyl
gelisen tekstil endustrisinde kullanilan boya miktari
artmaktadir. Bu tekstil endustrilerinden salinan fazla atik
su miktari, cevre lzerinde ciddi olumsuz etkilere neden
olmaktadir (Radhika ve ark., 2014).

Tekstil sektérinde birgok yardimci kimyasal
maddenin yaninda, sayisiz renk ve tirde boyarmadde
kullaniimakta ve buna bagl olarak gerek uretim gerekse
kullanim sirasinda ¢ok miktarda renkli atiksu aciga
ctkmaktadir (Demir ve ark., 2006, Kapdan ve ark., 2000).

Boyalar gida, ilag, kozmetik, baski, tekstil ve deri
endustrilerinde yaygin olarak kullaniimaktadir. Bunun
sonucu olarak dinya U(zerindeki su rezervlerinin
kullanilan bu boya atiklarindan her gecen gin kirlendigi
bilinmektedir (Chung ve ark., 1992; Couto, 2009; Oden ve
Kigukgongar, 2018; Tochhawng ve ark., 2019). Ayrica,
bu boyalar kanserojen ve toksik 6zellikleri nedeniyle de
sorun yaratmaktadirlar. Bu nedenle, bu tir boyalarin
dogal su kaynaklarina bosaltilmadan o6nce aritilarak
dogaya birakilmasi olduk¢a énemlidir (Field ve ark., 1995;
Mathur ve ark., 2006; Puvaneswari ve ark., 2006; Khan
ve Malik, 2014; ). Bunun i¢in uygun aritma sistemleri ve
bu sistemleri daha kullanigh yapacak yeni teknikler
gereklidir. Ayrica yeni teknikler denenerek bu aritma
islemlerinin hem daha hizli, hem daha disik maliyetli,
hem de daha kolay uygulanabilir olmasi i¢in arastirmalar
yapmak gerekmektedir. Bu amagla yaptigimiz calismada
endustride kullanilan boyalardan biri olan Metilen
mavisinin farkli mantar tdrleri ile sentetik atiksudan
adsorpsiyon prosesi uygulanarak ortamdan
uzaklastiriimasi gézlemlenmistir.

Ozellikle mantarlar dogada ayristirici 6zellikleri ve
bunyelerinde Urettikleri pargalayici enzimler sayesinde
bakterilerden sonra diinya Uzerindeki atiklari besin
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zincirine kazandiran 6nemli ve biyulk bir canli grubudur.
Ayrica hlcre yapilarinin akimdlatif 6zellikleri sayesinde
cevrelerinde bulunan agir metalleri, iyonlari ve boyalari
binyelerine cekerek biriktirebilirler (Kasik, 2010). Bu
sayede aslinda mantarlar da likenler gibi ¢ok iyi bir gevre
indikatorleridir.

Calismamizda dogada bolca bulunan ve faydasi
saymakla bitmeyecek olan mantarlarin biyoabsorban
olarak farkli bir kullanimi ortaya konmaya calisiimigtir.
Farkli mantar O&rneklerinden olusan toz haldeki
malzemeler adsorpsiyon sisteminde renkli atiksulardan
boya giderimi basarisi ortaya konmaya c¢alisiimistir.
Calisma kapsaminda kesikli sistem ve calkalamasi
proses tercih edilmis olup Metilen mavisi boyasi
giderilmesi amaglanmistir.

Materyal ve Metot

Arastirma c¢alismasinda P. ostreatus (M1), F.
fomentarius (M2), A. bisporus (M3), R. delica (M4), A.
mellea (M5), C. gigantea (M6) isimli alti (6) mantar tiri
renk giderim performansi bakimindan kullaniimigtir
(Tablo1). Mantar érnekleri Selguk Universitesi Mantarcilik
Uygulama ve Arastirma Merkezi blnyesinde bulunan
kiltir odasinda kultiri yapilarak yetistirilen (M3) veya
dogadan dogrudan toplanan mantarlardan (M1, M2, M4,
M5 ve M6) olusmaktadir. Ozellikle dogadan uygun sekilde
toplanarak laboratuvara getirilen mantarlarla birlikte
kiltira yapilan A. bisporus (M3), 6zel yaptirilan hava
sikllasyonlu mantar kurutma cihazinda 40-50°C’de bir
hafta boyunca kurutulmuglardir. Fungaryum uygulama
prosedirlerine gobre kuruyan mantarlar teker teker
0gutme makinesinde 6gutllerek toz haline getirilmistir.
Ancak sadece F. fomentarius (M2) doku farkliigindan
Otaru égutilduginde toz halinden daha ¢ok kaba yiin gibi
bir formda kuguk parcalara ayrilmigtir. Her bir mantar
orneginden 100 mg tartilarak ayri ayri siselere toz halinde
doldurulmustur.

Tablo 1'den anlasilacagi gibi farkli familya ve
yetisme ortamlarina sahip alti farkli mantar tariinin renkli
sentetik atiksudan Kkirletici gideriminde kullanilabilirligi
arastinimistir. Deneysel arastirma sirasinda kullanilan
tim malzemeler ve sarf kimyasallar literatire uygun
standart metodlar dogrultusunda tasinmis ve muhafaza
edilmigtir. Deneysel arastirma sirasinda kullanilan
malzeme ve cihazlar ise saf su (Nive NS 104), termal
calkalamali inkibatér (Nuve SL 350 ve ZHWY-200B),
Santrifij (NF 800), UV-VIS spektrofotometre (Libra
Biochrom S60), pH metre (WTW 330i-Set) ve Kern 440-
35N hassas terazidir.
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Pleurotus ostreatus (Jacq.) P. Kumm.
Fomes fomentarius (L.) Fr.

Agaricus bisporus (J.E. Lange) Imbach
Russula delica Fr.

Armillaria mellea (Vahl) P. Kumm.

Calvatia gigantea (Batsch) Lloyd

Metilen mavisi tuz formunda olan bazik, katyonik
boyar maddedir. Bu 6zelliginden dolayi suda iyi ¢gozlinen
bir reaktif oldugundan arastirmalarda kullaniimaktadir
(Akgakoca ve Atav, 2006; Yemis ve Yenil, 2018). Renk
kaynagi olarak segilen ve aritim galismasinda kullanilan
Metilen mavisi molekll formili CisH1sCIN3S-3H20 ve

CH3

KoNva
k .
il

Tablo 1: Calismada kullanilan makromantar érnekleri ve bilgileri

Ekim(2019)10(2)150-158

Pleurotaceae Kesilmig Kavak kutugu tzerinde

Polyporaceae Kavak agaci Uzerinde

Agaricaceae Kdltur ortaminda

Russulaceae Cam ormani ibreler arasinda

Physalacriaceae Cam, Mese karisik ormanda

Agaricaceae Cayirlik alan, dere kenarinda

molekdl agirigr ise 319.90 g mol-Ydlr. Boyanin CAS
numarasi 61-73-4 ve dalga boyu Amax = 661 nm’dir.
Metilen mavisinin kimyasal formulu ise Sekil 1'de
gOsterilmektedir (Gurses ve ark., 2004; Khosravi ve
Eftekhar, 2014; Oden ve Kugukgongar, 2018).

/N
HyC N/<:\E :©\ CHy cr
~ s N
| |
CH,

Sekil.1 Metilen Mavisi Kimyasal Formuli (Khosravi ve Eftekhar, 2014)

Calismanin yapilabilmesi i¢in, 1000 mL deiyonize
su igerisinde metilen mavisi ¢ozllerek stok c¢ozeltisi
hazirlandi ve tim deneyler ayni laboratuvar sartlarinda
yuratalda. Farkli adsorbanlarin doz ve slire optimizasyon
kriterlerinin belirlenmesi sirasinda sulu ¢ozelti hacmi 50
mL olarak belirlendi. 50 mg/L boya ¢ozeltisi
konsantrasyonunda absorban dozu (0,1-1 g) ve temas
suresi (0-150 dk) optimize edilmeye calisiimigtir.
Kararlagtirilan  optimizasyon  araliklarinda  deney
yuratildikten sonra adsorbandan adsorbati ayirmak igin
hazirlanan 15 mL'lik numune O&rnekleri 4000 rpm
degerinde 15 dakika santriftj edilmistir (Sekil 2).

Sentetik  atiksudan  boya giderim  verimi
hesaplanmasi; baslangi¢ boya konsantrasyonu (Co) ve
cOzeltide kalan konsantrasyon (Ce) ile oranlanarak
hesaplanmaktadir. Esitlik (1)'de gosterilmistir.

Boya Giderimi (%) = [W] x 100 1)
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Deneylerde kullanilacak boyarmadde iceren
atiksuyun maksimum dalga boyu spektroskopik analiz
metotlarindan absorpsiyon spektrofotometresi yardimiyla
daha 6nce belirlenen dalga boyunda gergeklestiriimistir.

Bulgular

Arastirma calismasi sirasinda metilen mavisine ait
kalibrasyon egrisi ¢ikariimigtir. Bu egrinin denklemi ile
konsantrasyon verilerine datalar dénusturiimustar. Elde
edilen korelasyon katsayisi (R?) degeri ile dogrulugu teyit
edilmigtir (Sekil 3). Mantar tirlerinin sentetik atiksudan
boyar madde giderim performansi sirasinda P. ostreatus
(M1), F. fomentarius (M2), A. bisporus (M3), R. delica
(M4), A. mellea (M5), C. gigantea (M6) mantarlarinin
genel olarak temas suresi ve doz miktari optimizasyonlari
yapilmistir. Bu parametrelerden elde edilen verilere ait
grafikler Sekil 4 ve Sekil 5’de gdsterilmistir.
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Sekil 2. A- Calismada kullanilan mantarlarin erlenlere tartilarak konulmasi, B- Mantarlarin tzerlerine
cozelti olarak hazirlanan Metilen Mavisinin ilavesi, C- Mantarlarla hazirlanan diizenegin santrifiij edildikten
sonraki ¢okeltisi, D- Santrifj tiplerindeki ¢dzeltinin siizildikten sonra renk farkliliklari

y = 0,2194x
R?=0,9851

Absorbans

0 T T T T T 1
0 1 2 3 4 5 6

Boya Konsantrasyonu mg/L

Sekil 3. Metilen mavisi i¢in elde edilen kalibrasyon egrisi
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Sekil 4. Mantar Cesitlerine ait farkli temas siirelerinde boyar madde giderim verimleri (Co:50 mg/L,
pH: orjinal, Doz:1000 mg, Temas Siiresi: 150 dak, Karistirma Hizi: 200 rpm, Sicaklik:298 K)
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Sekil 5. Mantar Cesitlerine ait farkli adsorban dozlarina kargi boyar madde giderim verimleri
(Co:50 mg/L, pH: orjinal, Temas Siiresi: 90 dak, Karistirma Hizi: 200 rpm, Sicaklik:298 K)

155



MANTAR DERGISI/The Journal of Fungus

Ekim(2019)10(2)151-158

Arastirma kapsaminda metilen mavisi
optimizasyon galismasi sirasinda bazi parametreler sabit
tutulmus olup deney tamamlanincaya kadar degisiklik
yapilmamistir. Adsorpsiyon islemleri sirasinda sabit olan
parametreler ise karistirma hizi 200 rpm, laboratuvar
sicakhgi 25 °C ve tim deney numuleri igin pH degerleri
ise orijinal olarak yurGtaimastir. Numuneler kesikli
adsorpsiyon sisteminden alindiktan sonra esit bekleme
sureleri sonrasinda 15 mlL’lik falkon santriflj tdpleri
icerisine 10’ar mL olacak sekilde hazirlanmistir. Santrif{j
cihazinda 4000 rpm karnistirma hizinda 15 dakika
suresince islem tamamlanmistir. Elde edilen veriler
Isiginda tim mantar cesitleri icin 90 dakika temas
suresinde yaklasik %80 Uzerinde verim elde edildigi
goriimustar.

Orijinal pH degerlerinde her bir numune igin 150
dakikalik temas suresi, 1000 mg mantar dozu, 200 rpm
karistirma hizinda ve 25 ©°C ortam sicakliginda
gerceklestirilen deneylerde elde edilen veriler ise; M1 igin
%83,86, M2 icin %98,55, M3 icin %83,50, M4 icin
%92,16, M5 igin %89,09 ve M6 icin %87,15 metilen
mavisi boya giderim verimleri hesaplanmistir.

Tartisma

Arastirma kapsaminda 1000 mg/L stok Metilen
mavisi  ¢ozeltisinden elde  edilen 50 mg/L
konsantrasyondaki renkli sentetik atiksu ile

yurGtiimistir. Adsorpsiyon sisteminde farkli deneysel
g¢alisma sartlarinin belirlenmesi sirasinda sulu ¢ozelti
hacmi 50 mL olarak belirlenmig olup absorban dozu (0,1-
1 g) ve temas suresi (0-150 dk) kriterleri arasindan
arastinlmigtir.  Diger mevcut c¢alisma sartlari ise
karistirma hizi (200 rpm), ham pH degerlerinde ve
sicaklik (25 °C)de tamamlanmistir.

Deneysel arastirma sonucunda 500 mg/50 mL
adsorban dozunda 90 dakika temas slresinde yaklagik
%80’in Uzerinde metilen mavisi boya giderimi ile ilgili
onemli sonuglar elde edilmisti. Bu arastirma
calismasinda kullanilan P. ostreatus (M1), F. fomentarius
(M2), A. bisporus (M3), R. delica (M4), A. mellea (M5), C.
gigantea (M6) mantarlarinin hepsi renk gideriminde
oldukga basarili  olduklarn tespit edilmigtir. Bu

156

malzemelerin dogadan temin edilebildigi veyahut
endustriyel olarak yetistirildigi distnildiginde katma
deger saglamasi ve ikincil bir kullanim sahasinin bu
calisma ile ortaya sunuldugu énemli bir sonug¢ olarak
karsimiza ¢ikmaktadir. Fakat yapilan ¢alismalarin
laboratuvar Olgekli ve sentetik atiksu ile yapildigi
disunuldiginde elbette calismanin gergek bir atiksu ile
denenmesi ile daha net ve sahaya ydnelik sonug¢
yargilarina varilacaktir. Bu noktada yaptigimiz ¢alisma
sayesinde ileride yapilacak daha kapsamli ¢alismalara
Isik tutacagi ve sektdrel olarak da cevre Kkirliliginin
Onlenmesi agisindan farkh ydntemlerin kullanilabilecegi
sonucuna varilmistir.

Tablo 2 incelendiginde literatlirde yer alan bazi

mantar ¢esitleri ile gergeklestiriien renk giderim
calismalari yer almaktadir. Benzer sekilde diger
arastirmalarla karsilastirma yapildiginda bizim

calismamizla benzer yiksek oranlarda olumlu sonuglar
bulunmustur. Demir ve arkadaslar (2006) tarafindan
yapilan c¢alismada Phanerochaete chrysosporium
mantari ile remazol yellow ve red boyalarin giderimden
yaklasik %50 giderim elde etmistir. Yang ve arkadaslari
(2009) yiinda yapilan azo boya grubundaki boyalarin
gideriminde ise%70 civarinda verim elde edildigi
gorilmektedir. Tian ve arkadaslari (2011) yilinda yapilan
arastirma calismasinda 100 mg/L Congo red isimli boya
konsantrasyonunda, 4 g¢g/L adsorban dozunda
(Tricholoma lobayense), 60 dakikalik temas suresi ve 180
rpm karistirma hizinda yaklasik %80 lizerinde verim elde
ettigi gorulmuistir. Bu c¢alisma bizim g¢alismamiz ile
karsilastinildiginda farkli boya, mantar tirleri ve dozlar
kullaniimasina ragmen boya giderimi konusunda iki
calismada da tim mantarlarda verim %80’nin Uzerinde
oldugu tespit edilmistir. Isik ve arkadaslari tarafindan
(2019) yihinda yapilan arastirma ¢alismasinda ise yuksek
renk giderim verim elde edilmis fakat olduk¢a fazla temas
suresi (3-5 gun) g6ze carpmaktadir. Tablo 2'de de
gorulecegi Uzere gergeklestirdigimiz ¢galismada yaklasik
90 dakikalik temas suresinde %80 Uzerinde verim elde
edildigi ve galismamizin diger ¢alismalar ile benzerlik ve
farklilklari ayrintili bir sekilde ortaya konmustur.
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Tablo 2. Mantar ile Boya Giderimi Uzerine Yapilan Diger Akademik Calismalar
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Giderim
Mantar Adi Proses Kirletici Adi Verimi, % Proses Kriterleri Kaynak
veya (e
. . . . Polman ve
Botrytis cinerea Adsorption Reaktif Mavi 19 13 mg/g -- Breckenridge, 1996
) . . pH:4.5 .
Coriolus versicolor Reaktor Boya % 99 : Hai ve ark., 2006
Zaman:15 saat
Remazol Sari RR
Gran,
Remazol Kirmizi % 53.49,
%34,
Phanerochaete RR Gran, %20 .
: Reaktor Remazol Mavi RR Co:50 mg/L, Demir ve ark., 2006
chrysosporium G %93.6,
ran,
; % 22.3,
KOl, % 56
Aramatik Grup,
Cu(ll
Mantar konsorsiyumu Biyoreaktor Azo Boya % 70-80 Zaman: 12 saat Yang ve ark., 2009
ZnO nano-mushrooms Fotode%]radasyo Methyl orange % 92 Zaman: 210 min Kumar ve ark., 2013
Co:600 mg/L,
Alternaria alternata CMERI Biyodegredasyo o Zaman: 48 h, Chakraborty ve ark.,
F6 n Kongo Kirmizisi 7699.99 pH:5, Hiz:150 rpm 2013
Doz: 0.2 g
Bazik Kirmizi 18, 11%0!’5 Zaman: 4 h,
Agaricus bisporus Adsorpsiyon Levafix Braun E-RN, 140.9 m / pH:3 and 8, Toptas, 2014
Asit Kirmizi 111 -~ Mg’y Doz: 0.2 g
Aspergillus carbonarius Paketlenmis . .
M333 ve Penicillium glabrum Yatak Tekstil Endistrisi Boyal % 98.2 pH:5.5 Aikan ve ark., 2019
. . Gergek Atiksu
Pgl Biyoreaktdr
Bivoaktif Gergek Boya igeren Tekstil )
Aspergillus carbonarius Y Endustrisi Atiksuyu (Basic Inkiibasyon Siresi: 3-
Ultrafiltrasyon : % 91 . Isik ve ark., 2019
M333 Red 18 ve Remozal Brillant 5 glin
Membran
Blue R)
Zaman:90dk
M1,M2 ’
! . . - Do0z:500 mg/50 mL
M3,M4 Adsorpsiyon Metilen Mavisi >% 80 Hiz:200 rpm, pH:orj Bu Calisma
M5,M6
Sonug¢ ham renkli atiksular lizerinde denenmesi, adasorpsiyon

Bu calisma kapsaminda saymakla bitmeyen
mantarlar aleminin igerisinden bazi morfolojik &zellikleri
fakli mantar tdrlerinin ¢evresel olarak tehdit 6zelligi
bulunan atiksulardan biyosorbsiyonla renk giderme
performansinin arastiriimasi amaglanmistir. Laboratuvar
ortaminda yapilan c¢alismamizda c¢esitli mantarlar
kullanilarak metilen mavisi gideriminde elde edilen verim
% 80Q’in lizerinde olmustur. Yapilan bu ¢galismalarla birlikte
bizim yaptidimiz ¢alisma da gostermistir ki, boya
gideriminde mantarlarin kullaniimasi mantarin tiriine ve
boyanin kimyasal yapisina bagli olarak genellikle olumlu
sonuglar ortaya koymaktadir. Elbette yapilan ¢alismanin
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reaksiyon datalarinin (kinetik, izoterm ve termodinamik
gibi) elde edilerek gelistirimesi daha net ve dogru
yargilara varilmasini saglayacagi unutulmamaldir.
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Abstract: Helvella phlebophora Pat. & Doass. is an Ascomycete species and, was given
as new record for Turkey. A brief description of the species is provided together with its
photographs related to its macro and micromorphology.

Key words: Biodiversity, New record, Helvellaceae, Taxonomy, Turkey

Helvella phlebophora, Tiirkiye igin Yeni Bir Askomiset Kaydi

Oz: Bir askomiset tiirii olan Helvella phlebophora Pat. & Doass., Tirkiye icin yeni kayit
olarak verilmistir. Tarlin kisa deskripsiyonu, makro ve mikromorfolojisine iligkin fotograflari ile

birlikte verilmistir.

Anahtar kelimeler: Biyogesitlilik, Yeni kayit, Helvellaceae, Taksonomi, Turkiye

Introduction

Helvella L. is a genus of the family Helvellaceae
within the order Pezizales (Kirk et al., 2008). The genus
contains many of the larger species of the order Pezizales
and includes operculate discomycetes having subsessile
to stipitate apothecia with discoid, cupulate, saddle-
shaped or connivent pilei (Wang and, Chen, 2002; Skrede
etal., 2017). Members of the genus are widely distributed,
especially in the temperate regions of the northern
hemisphere (Landeros and Guzman-Davalos, 2013).

Though Kirk et al. (2008) reports the existance of
about 52 Helvella species worldwide, Index Fungorum
(accessed 19 August 2019) contains 501 records, 128 of
which seems to be confirmed taxa. Twenty two members
of the genus have so far been reported from Turkey
(Gucin and Oner, 1982a,b; Giicin, 1987; Sesli, 1993;
Oztiirk and Kasik, 1996; Afyon, 1997; Solak, 1998; Kasik
and Oztiirk, 2000; Kasik et al., 2000; Tirkekul, 2003;
Kaya et al., 2004; Alli and Isiloglu, 2007; Turkoglu et al.,
2007; Kaya, 2009; Keles and Demirel, 2010; Akata and
Kaya, 2012; Uzun et al., 2015; GUngoér et al., 2015; Alli et
al., 2017), But the current checklists (Sesli and Denchev,
2014; Solak et al., 2015) and the latest contributions to
the Pezizales of Turkey (Kaya and Uzun, 2018; Uzun and
Kaya, 2018, 2019; Kaya et al., 2016; Uzun et al., 2018a,b;
Karacan et al., 2015; Acar and Uzun, 2016; Keles, 2019;
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All and Dogan, 2019) indicate that Helvella phlebophora
Pat. & Doass. hasn’t been reported from Turkey before.

The study aims to make a contribution to Turkish
mycobiota.

Materials and methods

The fruit bodies of H. phlebophora were collected
from Tonya district of Trabzon province in 2015 and 2017.
During field study the necessary morphological and
ecological characteristics were recorded and samples
were photographed at their natural habitat. Then the
specimens were brought to the fungarium within paper
bags and further investigations were carried out in the
fungarium. A Nikon Eclipse Ci trinocular light microscope
by mounting the specimen in water or Melzer reagent.
The samples were identified with the help of Dissing,
(1966), Billekens (1984), Breitenbach and Kranzlin
(1984), Haffner (1987) Baiano et al. (1993) and Skrede et
al. (2017). The specimens are kept at Karamanoglu
Mehmetbey University, Kamil Ozdag Science Faculty,
Department of Biology.

Results

Ascomycota Caval.-Sm.
Pezizales J. Schrot.
Helvellaceae Fr.
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Helvella phlebophora Pat. & Doass., in
Patouillard, Tab. analyt. Fung. (Paris)(5): 208 (1886)

Syn: [Globopilea phlebophora (Pat. & Doass.)
Beauseign.]

Macroscopic and microscopic features:
Ascomata composed of a head and a stalk. Head 12-22
mm in diam, globose when young, semiglobose to convex
or irregularly wavy when mature, generally curved like an
umbrella, hymenial surface dirty white, greyish, dark grey
to smoky gray, undersurface lighter gray to whitish, with
anastomosing ribs in full length as the continuations of the
ribs of stalk. Stalk 18-28 x 3-6 mm, furrowed
longitudinally, almost concolorous with the undersurface
of the head (Figure 1a). Asci 220-280 x 12-17 um,
cylindrical, 8-spored. Paraphyses cylindrical, thickened

up to 7 uym toward the apex (Figure 1b), septate.
Ascospores 14.5-18 x 10-12.5 pm, ellipsoid, hyaline,
smooth, with a large central guttule, uniseriate (Figure
1c).

Ecology: Helvella phlebophora grows on bare
sandy ground or between leaves under decidious or
coniferous trees such as Castanea, Quercus, Corylus and
Picea (Breitenbach and Kranzlin, 1984; Haffner, 1987;
Baiano et al, 1993).

Specimen examined: Trabzon, Tonya, Zere high
plateau, on soil among leaves in mixed forest, 40°54'N-
39°21'E, 1510 m, 22.07.2015, Yuzun 4262; Kosecik
village, on soil among grasses under Corylus sp.,
40°57'N-39°17'E, 600 m, 22.06.2017, Yuzun 5612.

Figure 1. Asco arpé (a), asci and paraphyses(b) and as-cosporés of H. phlebophora (bars, b: 50
pm, ¢:10 ym) (b: in Melzer, c: in water)
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Discussions

Helvella phlebophora was given as new record for
the mycobiota of Turkey as the 23th member of the genus
Helvella. This species characteristics with its umbrella-
like cap and the distinct ribs running radially from the stalk
to the margin of the cap. It is reported to be a rare species
in Switzerland (Breitenbach and Kranzlin, 1984). The
sulcate stem of this species is somewhat similar with
some other Helvella species such as H. lacunosa Afzel.
and H. crispa (Scop.) Fr., but the hemispherical cap

General characteristics of the Turkish collection,
are in agreement with those given in Billekens (1984),
Breitenbach and Kranzlin (1984), Haffner (1987) Baiano
et al. (1993) and Skrede et al. (2017).
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shape easily differentiates it from the latter species.
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Oz: Bu calismada, Tirkiye'den daha énce kortikol olarak kaydedilen Licea parasitica
(Zukal) G.W. Martin, ilk kez Melanelixia glabratula (Lamy) Sandler & Arup 6rnekleri Gzerinde tespit
edilmistir. Bu liken tiri ayni zamanda dinyada L. parasitica i¢in konakgi olarak ilk kez

kaydedilmektedir.

Anahtar kelimeler: Licea, Likenikol, Miksomiset, Biyogesitlilik

First Lichenicolous Myxomycetes Record From Turkey

Abstract: In this study, previously recorded as corticolous from Turkey Licea parasitica
(Zukal) G.W. Martin was first identified as lichenicol on the samples of Melanelixia glabratula
(Lamy) Sandler & Arup. This lichen species is also recorded for the first time in the world as a

host for L. parasitica.

Key words: Licea, Lichenicolous, Myxomycetes, Biodiversity

Girig

Civik mantarlar olarak da bilinen miksomisetler
yasam dongusundeki farkli agsamalar distnulerek gegmis
yillarda hayvanlar alemi, bitkiler alemi ve mantarlar alemi
altinda incelenmistir (Keller ve Everhart, 2010). Son
yilllarda yapilan caligmalar ile Protozoa alemi igine
alinmistir (Ruggiero ve ark., 2015). Guncel olarak
bulundugu sistematik konumuna ragmen mantar
arastirmacilari tarafindan incelenmeye devam etmektedir
(Keller ve Everhart, 2010).

Miksomisetler dinya Uzerinde genis vyayilig
gosterirler. Bazi ekolojik gruplari sadece Kuzey Amerika,
Avrupa Alpleri ve kuzeydogu Avustralya’daki ylksek
daglarin kar birikintilerinin eridigi bélgelerde bulunurken
bazi tlrleri ise bitkinin bulundugu buitin karasal
ekosistemlerde bulunur (Stephenson, 2010). Substrat
olarak ise aga¢ kabuklari, odun, 6li yapraklar, toprak,
gubreler, karayosunlari ve likenler gibi ¢esitli substratlar
Uzerinde gelismektedir.

Liken birlikteligi genel olarak bir alg ve bir
mantardan olusur. Liken Uzerinde yasayarak besinini
liken birlikteligindeki algden, mantardan ya da her
ikisinden elde eden canlilara likenikol denir (Nash III,
2008). Likenikoller askomiset, basidyomiset ya da
durumlari tartismal olsa da miksomiset, zigomiset gibi
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farkli taksonomik gruplara ait olabilir
Diederich, 2003).

Tuarkiye miksomiset g¢esitligi Gzerindeki ¢alismalar
son yillarda biyuk artis gostermistir (Eroglu ve ark., 2015;
Sesli ve ark., 2016; Caglar ve ark., 2016; Baba ve Arslan,
2017; Ocak ve Konuk, 2018). Buna ragmen likenler
Uzerinde gelisen miksomisetler ile ilgili yayin
bulunmamaktadir.

Bu calismada, Turkiye'den daha o6nce farkli
substratlardan kaydedilen Licea parasitica (Zukal) G.W.
Martin ve olasi diger turler i¢in yeni bir substrat olarak
likenlere dikkat ¢cekilmesi amaglanmistir.

(Lawrey ve

Materyal ve Metot

Materyal  23.07.2014 tarihinde, Bursa’dan
toplanmigtir. Liken ve likenikol mantar gesitliligini ele alan
bir calisma sirasinda dikkat geken bir miksomiset 6rnegi,
bu gruba ait eserler kullanilarak teshis edilmistir (Keller ve
Brooks,1977; Liu ve Chang, 2010). Likenlerin teshis
islemi sirasinda Leica MZ12.5 stereomikroskop altinda ve
nemli oda teknigi kullanilmaksizin fark edilmiglerdir.
Mikroskobik incelemeler ise Olympus CX21 sk
mikroskobunda yapilmistir. Makro ve mikro fotograflarin
cekiminde Zeiss Discovery V12 ve Zeiss Imager A2
mikroskoplarindan yararlaniimisgtir.
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Bulgular

Licea parasitica (Zukal) G.W. Martin tlrine ait
genis deskripsiyon Martin, 1942’de ve Moreno ve
arkadaslari 2017°'de verilmistir.

incelenen &rnekler Anadolu Universitesi Biyoloji
Bolim Herbaryumunda (ANES): 19641 numara ile kayit
altina alinmigtir. Konakgi liken olarak Melanelixia
glabratula (Lamy) Sandler & Arup (Sekil 1.A.) Gzerindedir.

Licea parasitica (Zukal) G.W.Martin, Mycologia
34: 702 (1942).

Sporokarp sapsiz, daginik veya grup halinde,
kiuresel, 0.05-0.2 mm ¢apinda, siyahtan koyu
kahverengiye degisen renkte, kapak kismi agik renkte ve
bazen parlaktir (Sekil 1. A). Peridium sert, kapak iki
kathdir. Digtaki tabaka jelatinimsi, icteki tabaka
zarnimsidir. Sporlar yigin halde koyu kahverengi, 1sik
mikroskobunda yesilimsi, duvar diiz, kalin tarafi agik, ince
tarafi koyu renklidir. Sporlar 12-15 um’dir (Sekil 1. B).

Sekil 1. A. ve B. Melanelixia glabratula tallusu Uzerinde C. L. parasitica sporlari

Lokalite: Bursa, iznik, Kirinti Kyii’'niin batisi, yasli
Pinus sylvestris ormani, 807 metre, 23.07.2014.

Tirkiye’deki Yayiligi: Giresun (Ocak ve
Hasenekoglu, 2005), Kastamonu (Ergll ve ark., 2005),
istanbul (Oran ve ark., 2006) ve Konya (Eroglu ve Kaglk,
2013)’dan kaydedilmistir.

Dunyadaki Yayihsi: Kortikol olarak: Hindistan
(Lakhanpal ve Chopra, 1982), ispanya (Wrigrey de
Basanta, 1998), izlanda (Gotzsche, 1990), Cin (Ukkola
vd., 2001), Rusya (Novozhilov vd., 2006), Amerika (Bates
ve Barber, 2008), Avustralya (Knight ve Brims, 2010),
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Tayvan (Liu & Chang, 2010), Papua Yeni Gine ve Yeni
Kaledonya (Kylin vd., 2013), Polonya (Szymczyk vd.,
2014), Kanarya Adalari (Compagno vd., 2016), Belarus
(Tsurykau, 2017), Ukrayna (Prylutskyi vd,, 2017),
Japonya (Takahashi vd., 2018) likenikol olarak: Avusturya
(Obermayer, 1993), Cek Cumbhuriyeti, ingiltere, Fransa ve
Liksemburg (Kocourkova, 2000), Polonya (Faitynowicz,
2003; Kukwa ve Czarnota, 2006; Czyzewska vd., 2008)
Almanya (Brackel, 2009), Belarus (Tsurykau, 2017).
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Tartisma Kukwa ve Czarnota, 2006; Kocourkova, 2000;
Licea parasitica Turkiye'’den daha once sadece Obermayer, 1993; Brackel, 2009; Czyzewska ve ark.,
aga¢ kabuklari Uzerinden kaydedilmistir (Ocak ve 2008). Onceki substratlari incelendiginde L. parasitica, M.
Hasenekoglu, 2005; Ergil ve ark., 2005; Oran ve ark., glabratula Gzerinden ilk kez rapor edilmektedir.
2006; Eroglu ve Kasik, 2013). Ancak miksomisetlerin M. glabratula, Glkemizde ¢ok yaygin bir liken olup,
dinya genelindeki yayilisina bakildiginda c¢ok farkh muhtemelen (zerinde yasayan miksomiset Uyelerinin
substratlar Uzerinde bulunmaktadir. Bu c¢alisma ile L. g6zden kactigi 6ngordlebilir. Tirkiye’de de, bundan boyle
parasitica i¢in Ulkemizde ilk kez aga¢ kabugu disinda bir disiplinlerarasi calismalarla hem oda sartlarinda kurutma,
substrat tespit edilmistir. Bu sayede 6zelde L. parasitica hem de nemli oda teknigiyle liken ve likenikol
icin genelde ise tim miksomiset Uyeleri icin yeni bir alan miksomisetlerin  teghisinin literatire Onemli katkilar
isaret  edilmektedir. Bundan sonra  yapilacak saglayacag acgiktir.
arastirmalarda liken ve mantar uzmanlarinin
miksometlerin substrati olarak likenleri de g6z 6nline alip Tesekkiir
calisma yapmalari taksonlarin yayilis alanlarinin daha iyi Teshis sirasinda yardimci olan Dr. Wolfgang von
anlasiimasini sadlayacaktir. Brackel'e tesekkir ederim. Bu c¢alisma, Anadolu
Licea parasitica c¢esitli yayinlarda farkli liken Universitesi BAP Komisyonu tarafindan 1307F287
taksonlari tUzerinde tespit edilmistir. (Kocourkova, 2000; numarall proje ile desteklenmistir.
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Abstract: Efforts to eliminate environmental pollution are becoming more and more
important. Because, with the rapidly increasing world population and technological developments,
natural resources are rapidly being destroyed. In this respect, it is widely believed that 100 years
later, human beings will find it difficult to find water and nutrients and environmental pollution will
reach serious levels. These environmental impurities are known to be of organic, inorganic and
biological origin. In terms of toxic effects, heavy metal group is more prominent. These pollutants
can interfere with soil, air and water resources and threaten living things. The most important part
of the studies in the prevention of environmental pollution is the cost of plant or application
investment, additional consumables and chemical needs, operating costs and toxic effects of the
outputs (such as a waste sludge) after treatment. Therefore, the use and investigation of the
easier and economical application of natural products in environmental studies is gaining
importance. In this study, the usability of fungi growing naturally in environmental pollution
prevention studies were investigated. In the literature, some studies have been identified that
remove pollutants with mushrooms and their process, fungus and optimization criteria were
compared. The achievements were shared with the values and what kind of pollutants were
removed. In the light of the information presented in this study, it was observed that parameter
“Pleurotus mushroom” species were more preferred in these studies and high pollutant parameter
removal was obtained.

Key words: Mushroom, Environment, Biosorption, Pleurotus, Pollution, Removal

Cevre Kirliligi Aragstirmalarinda Mantarlarin
Kullaniminin Incelenmesi

Oz: Cevresel kirliklerin ortadan kaldirmaya yénelik calismalar giinden giine dnem
kazanmaktadir. Cinkd hizla artan dinya nifusu ve teknolojik gelismeler ile birlikte dogal
kaynaklar hizla yok edilmektedir. Bu bakimdan bundan 100 yil sonra insanoglunun su ve besin
bulmakta zorlanacagdi ve gevre kirliliklerinin ciddi boyutlara ulasacagdi yoninde yaygin bir kani
bulunmaktadir. Bu c¢evre Kkirliliklerinin organik, inorganik ve biyolojik kdkenli olabildikleri
bilinmektedir. Toksik etkileri bakimindan ise adir metal grubu daha 6n plana ¢ikmaktadir. Bu
kirleticiler toprada, havaya ve su kaynaklarina karigabilmekte ve canlilari tehdit edebilmektedir.
Mevcut cevre kirliliklerin 6nlenmesi calismalarinda dikkat edilen kisimlarin basinda, tesis veya
uygulama yatinm maliyeti, ilave sarf malzeme ve kimyasal ihtiyaci, isletme maliyetleri ve aritim
sonrasi olusan ¢iktilarin (camur gibi) toksik etkisidir. Bu yiizden ¢evre ¢alismalarinda uygulamasi
daha kolay, ekonomik ve dogal Urdnlerin kullanimi ve arastirimasi ginden gine 6nem
kazanmaktadir. Bu arastirma ¢alismasi ile dogal olarak yetisen mantarlarin ¢evre kirliligi 6nleme
calismalarinda kullanilabilirligi incelenmistir. Literatlirde mantar ile kirletici gideren bazi ¢alismalar
tespit edilmis ve bunlarin proses, mantar ve optimizasyon kriterleri kiyaslanmigtir. Elde edilen
basari degerleri ile birlikte ne tur kirleticileri giderdigi paylasiimistir. Bu calisma icerisinde sunulan
bilgiler 1s1ginda “Pleurotus” mantar turlerinin bu ¢alismalarda daha fazla tercih edildigi ve yliksek
kirletici parametre giderimi elde ettigi goralmustir.

Anahtar kelimeler: Mantar, Cevre, Biyosorpsiyon, Pleurotus, Kirlilik, Giderim
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Introduction

In today's world, the most important problems
encountered in all geographies are water, food, energy
need and rapidly consumed natural resources and
generated environmental pollution due to rapid
population growth. The resulting environmental pollution
has adverse effects on the aquatic environment, soil and
air. Different Environmental Engineering treatment
methods and pathways are being tried to prevent these
impurities and great successes are achieved in the
removal of pollutants. The main advantages of all the
works that are planned and to be done are, they need to
be easy to be applied, they need to fewer energy needs,
they shouldn't need extra chemical, and material (such
as coagulant and adsorbent. In order to achieve these
advantages in full, it is necessary to apply to nature,
biotic and abiotic components.

Thousands of mushrooms (fungi) grow
spontaneously in hature due to many microbiological and
microbiological constituents in our world. It is known that
there are quite a few species (about 10,000) of
mushroom groups and about 60 - 70% of them are non-
toxic, edible mushrooms. But not all of the desired flavor
and quality. The number of mushrooms that can be
cultured is close to 50 and the number of fungi produced
commercially in the economic area is about 20-25. In our
country in the 1970s only a few mushrooms can be
grown in the plant, today, the number of enterprises and
facilities of different sizes is close to 1000 and annual
mushroom production amount is close to 30,000 tons
(Aksu et al., 1996; Aksu, 2006; Deniz et al., 2016).

Edible fungi are considered as a healthy nutrient
with high protein value for humans. 100 g of mushrooms;
4 g of protein, 0.26 g of fat, 3.75 g of non-dilute
substances, 0.92 g of cellulose, 0.97 g of mineral matter
are present. Mushrooms with these values have an
important place among other vegetable species and they
are more valuable than most of the vegetables in terms
of their nutritional value (Chang and Buswell, 1996;
Askun ve Isiloglu, 1997; Polat ve Selvi, 2011; Ulziijargal
and Mau, 2011). 22% of the common mushroom
samples are protein (mostly composed of basic amino
acids), 5% fat (essential fatty acids in the human body),
63% fiber-containing carbohydrates, 10% as minerals in
ash and many other such as thiamine, riboflavin, niacin,
and biotin. It is known to contain vitamin (Matilla et al.,
2000). Basic fatty acids and calorie-rich mushroom
species are rich in plant proteins, minerals, and vitamins.
In terms of healthy eating, consumption is increasing. In
our country, due to the favorable environment and
climate conditions in terms of mushroom cultivation, the
potential for edible mushrooms is quite high (Demirci,
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2010). Mushrooms are living things that reproduce with
their spores. The spores are dispersed in the wind and
can live in the soil for years. The climatic conditions, that
is, the temperature and humidity of the soil and air, when
appropriate, these spores germinate and give a
fractionation. These mushrooms, which have a million
species in our world and are generally referred to as cork
mushrooms as shown in Figure 1, are mostly
encountered as a foodstuff (Royse and Schisler, 1980;
Pilz and Molina, 2002; Wasser, 2011).

In this review, different mushroom studies used in
pollutant removal from the receiving environment of the
Environmental Engineering were investigated. Along
with the success yields, the optimization criteria of fungal
varieties and processes were presented in the article and
the success of the applications was compared.

1 -2

Figure 1. General view and parts of mushrooms (1: Cap
(Pileus), 2:Scales, 3:Annulus, 4: Stipe, 5:Lamellae,
6:Volva, 7:Base ) (Cogkun, 2019)

General characteristics of mushrooms

Mushrooms are eukaryotic organisms that are
commonly found in nature and are not photosynthetic,
which can grow in different environmental conditions with
sexual and non-sexual reproductive characteristics.
They show 3 different structures according to their
morphological structure; 1. Mayans (Without Flamenco),
2.Molars (Flamenco), 3.Macrofungi (Miles and Chang,
1997). Mushrooms are usually divided into four sub-

classes called Ascomycota, Basidiomycota,
Chytridiomycota and Zygomycota. Some edible
mushrooms and macrofungi are all included in

Ascomycota and Basidiomycota. Mushrooms are
heterotrophic organisms because they do not carry
chlorophyll differently from autotrophic plants and are
unable to synthesize their own carbohydrates through
photosynthesis. They supply carbohydrate requirements
and some organic substances from their environment
(Elmastas et al., 2007).
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These substances taken from the mushrooms are
divided into three groups as parasitic, saprophytic and
symbiotic. When fed with dead tissues, called
saprophytic fed mushrooms, parasitic mushrooms and
animal tissues or those living dependent on plants are
called symbiotic fungi (Chang, 1999).

Fungi are considered as plants with their inability
to act in terms of their properties, their cell walls in their
cells, their proliferation ability. They do not contain
chlorophyll and do not contain the organs that are
common in the plants because they have a very different
structure than high plants. Biologically it breaks down the
substrates and therefore the fungi play an important role
in the ecosystem. Mushrooms are defined as food and
as a source that contains many bioactive components in

their medically valuable content (Sarikirkgul et al., 2004;
Bonfante and Genre, 2008; Guillamén et al., 2010).
There are many studies investigating the contents of
fungi in Turkey (Isildak et al., 2004; Akgul et al., 2016;
Akin et al., 2019). Some of the data obtained from the
study on the minerals of wild edible mushrooms made by
Kaya et al. (2017) are given in Table 1. As can be seen
from this point, the mushrooms are rich in minerals.
Reproduction in mushrooms, according to the
environmental conditions and species, non-sexual and
sexual takes place. In most of the fungi, although both
reproductive types are seen, non-sexual reproduction is
more common and is carried out asexually spores
(Sumer, 2000).

Table 1. The mineral content of some wild edible mushrooms (Kaya et al., 2017)

Amount of mineral
Mushroom Name Habitat (mg/kg dry weight)
Ca Fe Mg Mn
Coprinus comatus (O.F. Miill.) Pers. Meadow 2627 306.4 62.39 | 31.08
Leucoagaricus leucothites (Vittad.) Meadow 5905 59 42 61.03 995
Wasser
Lycoperdon molle Pers Forest clearings 584.2 585.3 67.23 | 68.53
Volvopluteus gloiocephalus (DC.) Justo Among grasses 2404 585 65.22 138.2
Coprinellus micaceus (Bull.) Vilgalys, Around Populus 1794 148.4 6234 | 12.91
Hopple & Jacq. Johnson sp. remains
Psathyrella candolleana (Fr.) Maire Around POPUIUS 2397 382.8 63.54 45.57
sp. remains
Lepista nuda (Bull.) Cooke Forest and 1361 | 156 | 6229 | 19.88
shruby areas
Melanoleuca cognata (Fr.) Konrad & Mixed forest 562.0 | 84.47 | 6191 | 53.19
Maubl.
Tricholoma terreum (Schaeff.) P. Kumm Pine forest 2487 217.4 62.07 12.54

Therapeutic and anti-oxidant/microbial

characteristics of mushrooms

As a result of scientific researches, it has been
determined that some macrofungi species have various
chemical compounds showing antibacterial, antifungal,
antiviral and antiprotozoal properties. The organism
needs such chemicals in order to survive in the
environment where it lives and to give an advantage to
the competitive species around it. The antimicrobial
effects of macrofungi are caused by certain phenolic
compounds, purines, pyrimidines, quinones, terpenoids,
and phenyl proponoid derivative antagonistic substances,
which are synthesized in the fungal structure and are
usually organism-specific (Benedict et al., 1983; Aly and
Bafiel, 2008; Bokhari, 2009; Amini et al, 2012).

169

Significant pharmacological and physiological features of
fungi are to increase immunity, to preserve homeostasis
and to regulate biorhythm, to prevent and improve various
diseases, to cure life-threatening diseases such as
cancer, stroke and heart diseases (Rathee et al., 2012).
Edible fungi are considered as therapeutic foods in the
treatment of diseases such as cancer,
hypocholesterolemia, hypertension (Manzi et al., 2001).
In the studies, various therapeutic effects of fungi
such as antimicrobial, anti-inflammatory and antibiotic
effects have been shown. In terms of their antioxidant
properties, mushrooms can accumulate various
secondary metabolic products, including steroids,
phenolic compounds, terpenes, and polyketides. There
are also a variety of molecules, such as polysaccharides
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and polyphenols, which are particularly effective in
clearing free radicals known to be harmful to cells. It has
been determined that phenolic compounds have an
antioxidant effect on the inhibition of LDL (low-density
lipoprotein) oxidation (Yu and Keller, 2005; Frisvad et al.,
2008; Schneideret al., 2011 Kozarski et al., 2012). In
addition to their protective effects on biological systems,
phenolic compounds exhibit antioxidant activity.
Antioxidant capacity of plant tissues; It is mainly related
to the amount of antioxidants such as phenolic
compounds, tocopherols, carotenoids and ascorbic acid
and the activity of free radical scavenging enzymes
(superoxide dismutase, catalase, peroxidase, etc.) (Yagi,
1970; Bartosz, 1997; Watanabe vd., 2008).

Areas of usage of fungi

Fungi which are important parts of the ecosystem
are important. They have an important place for people
because of their roles. In addition to its harmful effects in
human life, it also has beneficial effects. In addition, it
plays a role in the decaying of plant and animal structures
and causes the release of elements such as nitrogen,
potassium, iron, phosphorus, sulfur, etc. in organic
structures. They produce inorganic substances and thus
help plants to make photosynthesis. Fungi have
properties to break down cellulose. They cause
deterioration of plant structures (Weimer, 1996; Giicin ve
Tamer, 1997; Pérez et al., 2002).

In addition, in our country and in the world is a
significant amount of cultural mushrooms. It is widely
cultivated in Europe and has a high consumption of
culture mushrooms (Chang and Miles, 1984; Demir,
2010; Eren et al., 2017).

Due to the flora and climatic conditions of Turkey,
it is rich in natural fungi that can be grown in different
environments. For this reason, edible varieties of macro
mushrooms are collected in many regions of our country
during the season they are grown and used as food and
also trade is also done (Isildak et al., 2004). When the
distribution of culture mushroom production in Turkey is
examined, Agaricus species is ranked first with 86%,
Pleurotus species second with 10% and Lentinula edodes
third with 3% (Eren ve Peksen, 2016; Eliuz, 2019). There
are also very different uses of fungi (Kasik, 2010; Anonim
a, 2019; Anonim b, 2019).

e They are used as yeast in bakery and fermentation
industry.

e They are used in alcoholic beverages industry.

¢ They are used for industrial production of citric acid.

e They are used in bread making.
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e They are used in the construction of some types of
cheese.

e They are used in making many useful antibiotics such
as penicillin.

e They are used in the preparation of some vitamins such
as Thiamin, biotin and riboflavin.

e They are used in the production of some enzymes
(amylase, pectolase) and hormones (such as gibberellin).
e They are used in genetic studies (Neurospora fungus).
e They are used in the construction of agricultural
medicine.

e They are used
weapons.

e They are used as food.

In addition, different characteristics of the fungus
are discovered and new areas of use can occur. A plastic-
eating mushroom species found in a dump in Pakistan's
capital Islamabad has been discovered and it is argued
that the fungus may be a solution to the growing plastic
pollution. According to the report published by the Royal
Botanic Gardens in London, the fungus can dissolve the
plastic, which has been dissolved in nature for centuries,
in weeks (Cevre Aktiel, 2019).

in the construction of biological

Results for chemical resistance applications of

mushrooms

During the developmental adventure on earth, the
human being explores and explores new sources (such
as mushrooms) that grow naturally to treat both the food
source and the health problems they face. However,
during this research adventure, he also develops new
inventions and new techniques. The use of mushrooms,
which have been known for centuries, to be used within
the scope of Environmental Engineering activities are
also innovations in this field. There are studies to reduce
or remove impurities by taking advantage of the
absorption, retention or shredding properties of
mushroom groups. Table 2 shows that different
mushrooms are used in pollutant removal in different
processes. In the studies, it is seen that heavy metal
removal and high removal efficiency are obtained. In the
research articles, the most preferred treatment process is
the adsorption mechanism.

Mushrooms are used to remove pollutants from
different environments such as water system (Law et
al.,2003), industrial soils (Chiu et al., 2009), solution
(Kumar et al., 2013), aqueous solution (Kamarudzaman
et al., 2015; Kariuki et al., 2017), synthetic wastewater
(Yang et al.,, 2017), Piggery wastewater (Yang et al.,
2018), aqueous mixtures (Bettin et al., 2019).
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Result of Optimization
Mushroom Name Process Parameters Removal, P . . Reference
Criteria
% or Qe
Pentachlorophenol Co: 100 mg/L
Pleurotus pulmonarius Sorption 89.0+0.4% PCP, Law et al.,2003
(PCP) .
Time: 2 days
T(CC): 25
I . . . Cu(ll) >95%, ’
Penicillium lanosa- Biosorption with Lead(ll) 27%, 'pH §.8-7.2,_ ilhan et al., 2004
coeruleum Pretreatment . Time: 180 min
Ni(l1) 2%
Co: 150 mg/L
S 17.03 mg/g .
Botrytis cinerea (B. . ) pH:5 Akar and Tunall,
cinerea) Biosorption Cd(ll) and Cu(ll) 9.23 mg/g T(C): 25 2005
Dosage: 2 g/L
[ 279.2 mglg T (°C): 25,
PEl-modified biomass of Biosorption Cr(VI) (5.37 mmol/g) pH 4.6, Deng and Ting, 2005
P. chrysogenum Time:
ime: 6 h
Remazol Yellow RR
Gran,
Remazol Red RR 53.49%,
34%,
Phanerochaete Batch Reactor RemaSCJrlagI’ue RR 20% Co.50 mg/L Demir et al., 2006
chrysosporium G 93.6%, o oL, "
ran,
i 22.3%,
KO, 56%
Aramatik Grup, 0
Cu(l
Time: 10 min,
Ganoderma carnosum Biosorption Lead(ll) 22.79 mgl/g pH:5 Akar et al., 2006
Dosage: 4 g/L
Time: 60 min,
pH:2 and 4, .
Fungal biomass Biosorption Cr(VI) and Cu(ll) 74.58, T(CC): 25 Razmovskl and
58 g Sciban, 2008
Dosage: 4 -3
mg/L
TPH, 56-64%, 3% SMC
Pleurotus pulmonarius Biodegradation oil and grease, 31-33%and ameondment Chiu et al., 2009
phthalate 51-54%
Photocatalysts,
ZnO nano-mushrooms Photo- Methyl orange 92% Time: 210 min Kumar et al., 2013
degradation
Basic Red 18, l‘égoé Time: 4 h,
Agaricus bisporus) Adsorption Levafix Braun E-RN, 140.9 m I pH:3 and 8, Toptas, 2014
Acid Red 111 -~ Mg/g Dosage: 0.2 g
Co: 10 mg/L
Pleurotus mushroom Biosorotion Mn(l) successfull Exhaustion time: | Kamarudzaman et al.,
compost P Y 26.7 h, 2015
Co: 300 - 500 ug/g
Time: 24-40 min,
Lepiota hystrix adgc?rtcnon Lgid((llll))’ S'Qrﬁn;j 8.9 pH: 4.5 and 6, Kariuki et al., 2017
P 99 Dosage: 2.1- 1.5
9
pH: 4,
Rhizopus delemar Adsorption tetrasiklin 1.117 mgl/g T(CC): 25 Kip and Acikel, 2018
Flammulina velutipes, o
Auricularia polytricha, lon exchange, Copper (", 73.11%, Time:120 min, .
- ) Zinc (1), 66.67%, . Lietal., 2018
Pleurotus eryngii and Adsorption Mercury (I1) 69.35% pH: 6
Pleurotus ostreatus v ek
Time:8 h,
N 89% pH: 7,
Fixed-bed NH.™N, 95% Subunit mass: 65
Acinetobacter sp. TX5 TN, > ’ Yang et al., 2018
reactor 82% kDa,
COD .
Max rate:
35 ymol /min.mg
. . . Co: 1 mmol/L
— - - — 0,
Pleurotus sajor-caju PS St_lrred tank phenol 69-76% pH 6.5 Bettin et al., 2019
2001 bioreactor T(C): 28
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Discussion and conclusion

Our country has different climate zones due to its
half-sphere and it enables to grow different types of
mushrooms. We have seen that the fungus we use for the
treatment of nutrients and diseases until this time has
found its place in different engineering disciplines. In this
research, the studies on the removal of some parameters
that cause environmental pollution with the help of
different fungi were examined. The obtained information
and results show that the fungi have found a significant
use in this area. In addition, the results of the research
articles examined showed a high rate of pollutant

study, it was observed that parametre Pleurotus
mushroom species were more preferred in these studies
and high pollutant parameter removal was obtained. In
the research articles, the most preferred treatment
process is the adsorption mechanism. With the rapid
development of the researches of molecular biology,
biotechnology and environmental engineering science, it
is seen that many ecological components naturally
growing in nature will increase the use of environmental
pollution prevention studies. Therefore, the importance of
studying the fungus and providing them with different
scientific fields will be very important.

removal. In the light of the information presented in this
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Oz: Funguslarin tir sayisinin 2.2 ile 3.8 milyon arasinda oldugu tahmin edilmektedir. Bu
cesitlilige ragmen gunimuzde tanimlanmis tir sayisi sadece 120.000’dir. Ginimuzde 6karyotik
makro organizmalara ait olan bazi fosillerin fungus olabilecegdi disinilmektedir. Okaryotik
mikrofosiller (izerinde yapilan calismalar ise bu fosillerin fungus oldugunu ayni zamanda
funguslarin tahmin edilenden daha antik canlilar oldugunu goéstermistir.  Bu fosillerle
ginimizdeki funguslarin morfolojik farkliliklarinin analiz edilmesi, genomlarin karsilastirmali
analizleri ve filogenetik analizler funguslarin evriminde etkili olan faktérlerin aydinlatiimasini
saglayacaktir. Ayni zamanda funguslarin igerdigi enzimler ve bunlari kodlayan genlerin filogenetik
analizleri antik funguslarin beslendikleri organizmalarla ilgili bilgi edinilmesini ve diger
organizmalarla iligkilerinin belirlenmesi ya da tahmin edilmesinde kullanilabilmektedir. Bu
calismalarin kombine bir sekilde yapilmasi funguslarin evrimi hakkindaki bilgi birikiminin
artmasini saglayabilecektir. Bir patojenin evrimi Uzerine birden fazla faktor etki edebilmektedir.
Ayni zamanda, tlrlerde varyasyona neden olan bu faktorlerin etkisi patojene gore
degisebilmektedir. Bu derleme bitki patojeni funguslarin evriminde hangi faktorlerin etkili
olduguyla ilgili bilgi vermek amaciyla yazilmistir. Bu faktorlerin ele alinmasi funguslarin evrimsel
sureglerinin degerlendiriimesinde, bitki koruma agisindan agresif irklarin olusmasini engellemede
ya da yavasglatmada ve bu irklarla micadelede yol gésterici olabilir.

Anahtar kelimeler: Evrim, transpozon, poliploidi, hibridizasyon, rekombinasyon, yatay gen
transferi.

Mechanisms Effecting Evolution of Plant Pathogenic Fungi

Abstract: The number of species of fungi is estimated to be between 2.2 and 3.8 millions.
Despite this diversity, only 120,000 species have been identified currently. Today, some fossils
belonging to eukaryotic macro organisms are thought to be fungi. Studies on eukaryotic
microfossils have shown that these fossils are fungi, but also that the fungi are more ancient than
expected. Analyzing the morphological differences between these fossils and the current fungi,
comparative analysis of genomes and phylogenetic analyzes will provide an insight into the
factors influencing the evolution of fungi. At the same time, the enzymes contained in the fungi
and the phylogenetic analysis of the genes encoding them can be used to obtain information
about the organisms they feed on, and to determine or predict their relationship with other
organisms. Conducting these studies in a combined way will increase the knowledge about the
evolution of fungi. More than one factor can influence the evolution of a pathogen. At the same
time, the effect of these factors, which cause variation in species, may vary according to
pathogen. This review is written to give information about which factors are effective in the
evolution of plant pathogenic fungi. Consideration of these factors may be helpful in evaluating
the evolutionary processes of fungi and to preventing or slowing down the formation of aggressive
races and controlling of these races in terms of plant protection.

Key words: Evolution, transposon, polyploidy, hybridization, recombination, horizontal
gene transfer.
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Fungi, Chromista ve Rhizaria alemleri bitkilerde
patojen olan Okaryotik organizmalari igermektedir.
International Commission on the Taxonomy of Fungi’e
gore bitkilerde patojen olan 48 Fungi, 3 Chromista ve 1
Rhizaria takimi bulunmaktadir (Anonymous, 2015). Fungi
alemine ait olan gergek funguslar 6 bdlimde yer
almaktadirlar (Ascomycota, Basidiomycota,
Chytridiomycota, Glomeromycota, Microsporidia ve
Zygomycota) (Kirk ve ark., 2008). Funguslarin tar
sayisinin 2.2 ile 3.8 milyon arasinda oldugu tahmin
edilmektedir. Glnlimizde tanimlanmis tir sayisi ise
sadece 120.000’dir (Hawksworth ve Licking 2017).

Funguslar mikroskobik canlilar olmasina ragmen,
son galismalara gore funguslar hayvanlarla ortak bir atayi
paylasmakta ve hayvanlarla evrim agisindan birgok
benzerlik godstermektedirler (Badouin ve ark., 2017).
Fungi alemi yaklasik 800-900 milyon yil 6nce hayvanlarla
ortak olan atasindan ayrilmistir. Glinimuzde fungi alemi
yasayan organizmalarin en yasli ve en genis gruplarindan
biri olarak kabul edilmektedir (Moore ve ark., 2011).

Funguslarin taksonomisi yeni genotipik verilerin
elde edimesiyle degismektedir. Ornegin tirlerinin
%60’ Indan fazlasi bitkilerde patojen olan (Thines ve
Kamoun, 2010) Oomycetes sinifi artik fungi alemi
icerisinde degildir (Albertin ve Marullo, 2012). Oomycetes
sinifindaki patojenler artik Chromista alemi igerisinde yer
almalarina ragmen, bitkileri enfekte etme sekilleri ve
kamcili  gelismeleri gibi  6zellikleriyle  funguslara
benzemektedirler (De Wilt, 2015).

Cok lokuslu filogeni caligmalari sonucunda ilk
dénem funguslarin  bashca sucul ve zoosporik
olabilecekleri, ve sporlarinin hava yoluyla yayilmasinin
zayif oldugu onerilmistir (James ve ark., 2006). Daha
sonraki donemlerde fungal sporlardaki kamgcilarin
kaybedildigi, sporlarin olugsmasinda ve hava yoluyla
yayllmasinda yeni mekanizmalarin meydana geldigi
belirtiimektedir (James ve ark., 2006). Yani evrimsel
sure¢ funguslarin Greme ve yayillmasini kolaylasgtirarak
hayatta kalma kabiliyetlerinin artmasina neden olmustur.
Ayrica funguslarda evrimsel sirec icerisinde kitince
zengin sert bir hiicre duvari kazaniimis, ipliksi yapilar
gelismis, saprofit ve patojenik yasam tarzlari edinilmistir
(Jones ve Richard, 2011).

Ascomycota ve Basidiomycota  boélumlerini
kapsayan Dikarya (James ve ark., 2006; Hibbett ve ark.,
2007) alt alemi tanimlanmig fungus tdrlerinin yaklagik
%98’ini olusturmaktadir (Sz6llési ve ark., 2015). Maya
benzeri gelisim Dikarya alt aleminin erken ayrilan hatlari
arasinda gorulebilmektedir. Funguslarin erken ayrilan
hatlarinda maya benzeri gelisim goériimesi nedeniyle
Dikarya alt aleminde gdzlenen maya benzeri gelisim
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formunun, funguslarin hayatta kalmasinda avantaj
saglamis olabilecegi dusunulmektedir (James ve ark.,
2006).

Pektinler sadece streptophyte algleri, karasal
bitkiler ve onlarin yakin akrabalarinin hiicre duvarlarinda
bulunan bir polisakkarittir. Pektin sentezi icin gerekli
genler de sadece karasal bitkiler ve gelismis streptophyte
alglerinde tanimlanirken erken ddénemde yer alan
streptophyte alg turlerinde bulunmamaktadir. Funguslarin
pektinaz kodlayan genlerinin filogenetik analizlerine gore,
ilk karasal funguslarin atalarinin tath sulardan karaya
streptophyte algleri takip etttikleri ve enzim sistemlerini
genigleterek karasal bitkilerle beslenmeye basladiklari
tahmin edilmektedir (Chang ve ark., 2015).

Pektinaz kodlayan genlerin analizleri sonucunda,
bitkilerle beslenen organizmalarda pektinazlarin iki katina
ciktigi belirlenirken, basit sekerlerle beslenen Dikarya
alemindeki mayalarin pektinazlarinin tamamini ya da
cogunu, hayvanlari enfekte eden funguslarin da
pektinazlari kaybettigi ortaya ¢ikmistir (Chang ve ark.,
2015). Bu yuzden pektik molekiilleri pargalayan enzimler
funguslarla karasal bitkiler arasindaki iliskinin iyi bir
gostergecisidir (Chang ve ark., 2015). Bu enzimlerin
genetik analizleri funguslarin atasal besinleri dolayisiyla
evrimi hakkinda bilgi verebilmektedir. Cok erken
funguslarda bitkileri pargalayabilen enzimlerin bulunmasi,
funguslarin en erken karasal bitkiler ile birlikte yasadigi
fikrini desteklemistir (Chang ve ark., 2015).

Karasal fungusun ortak atasinin yasini tahmin
etmek icin 750 milyon yildan daha yagh olmadigi tahmin
edilen, hucre duvarinda pektin bulunan streptophyte yasi
kullaniimigtir. Buna goOre karasal funguslarin karasal
bitkilerden 100 milyon yil 6nce ortaya c¢iktigi 6nerisi
desteklenmistir (Chang ve ark., 2015). Protein sekans
analizleri de yesil alg ve funguslarin ¢cogu hattinin karasal
bitkilerden 6nce ortaya ciktigini desteklemektedir
(Heckman ve ark., 2001).

GunumuUzde bitki patojeni funguslar hem tarimsal
hem de vyabani bitkiler Gzerinde patojen olan
organizmalarin ¢ok genis ve heterojen bir grubunu
icermektedir. Bu patojenler hem tarim alanlarinda hem de
depolarda Urtin kayiplarina neden olduklari igin ekonomik
Oneme sahiptirler (Lo Presti ve ark., 2015).

Gunimizde fungal hastaliklarla micadelede
dayanikh gesitler ve 6zellikle yogun tarimin yapildigi bazi
boélgelerde hizli ve etkili bir ¢ézim oldugu kabul edilen
fungisitler yaygin olarak kullaniimaktadir. Patojenlerin
yeni irklarini olusturmasi patojenlerin kontroliinde surekli
olarak yeni gesitlerin 1slah edilmesine, funguslarda ilag
dayaniklihdi problemlerinin artmasi ise surekli olarak yeni
fungisitlerin gelistirimesine neden olmaktadir. Ozellikle
yogun ila¢ kullaniminin gevre ve insan saghgi uzerindeki
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etkilerini azaltmak igin ve daha sdrduarulebilir ya da
entegre micadele ydntemlerinin gelistiriimesine ihtiyac
duyulmaktadir.

Bu derlemede patojenlerin degismesinde hangi
faktorler ya da mekanizmalarin etkili oldugu sorusu
degerlendirilmistir. Bazi patojenlerde irk olusumuna
neden olan faktorler hakkinda bilgi verilmistir. Bitki
patojeni funguslarin evrimini etkileyen bu mekanizmalarin
g6z 6ninde bulundurulmasinin bitki koruma faaliyetleri
acgisindan yeni irklarin/patotiplerin olugsmasini
yavaglatmada ya da engellemede ve surdurilebilir
mucadele yontemlerinin geligtiriimesinde kullanilabilecegi
disundlmektedir.

Bulgular

1.Fungus ya da fungus benzeri organizma

fosilleri

Funguslarin fungal yapilari iyi fosillesemedigi icin
ilk donemlere ait fosil kayitlari zayiftir (Moore ve ark.,
2011). Bitkiler ve hayvanlar var olmadan 6nce si§ deniz
sularinda birikmis olan Tappania sp. nin fungus olup
olmadigi bilinmemektedir (Berbee ve Taylor, 2010).
Bilinen okaryotik fosillerin en yashlari arasinda olan bu
fosilin etrafindaki anastomosis ipliklerinin fungal hif
olabilecegi dnerilmistir (Butterfield, 2005).

Fungus olabilecegi dustnulen diger bir fosil cinsi
Prototaxitesdir. Prototaxites cinsine ait olan bazi fosiller
1 metreden daha fazla ¢apa ve 8.8 metre yikseklige
ulagsabilmektedir (Huber, 2001). Bu boyutlariyla o
dénemde yasayan karasal organizmalarin en buyagu
olan bu canllarin, hem yayginlik hem de cesitlilik
agisindan ilk dénem karasal ekosisteminin ana pargasi
olduklari disunulmektedir (Moore ve ark., 2011) (Sekil 1).
GunUmuUzde Prototaxites Gyelerinin ya liken ya da saprofit
bir fungus oldugu dusunulmektedir. Prototaxites cinsi
fosiller (izerinde vyapilan incelemelerde, alglerde
g6zlenen flamentlerden farkh olan hifler ve saprofit
funguslarda gdézlenen sporofor bu canlinin fungus
olabilecegini gdstermesine ragmen, fosillerde sporlarin
bulunmamasi nedeniyle sporofor vyapisinin supheli
kaldigi belirtiimigtir (Selosse, 2002).

Son zamanlarda elektron ve 1sik mikroskobuyla
yurGtilen calismalarda ise Prototaxites taiti turinde
Ascomycetes sinifindaki funguslarda g6rilen
apotheciuma benzeyen hymenium tabakasi ile askus,
askosporlar ve parafiz goézlenmisti. Bu fungusun
Taphrinomycotina ve likenleri de iceren Pezizomycotina
alt  boéluminin  o6zelliklerini  tasidigi  belirtiimistir.
Gunimuzde Prototaxites cinsinde yer alan yaklasik 14 tir
tanimlanmistir (Honegger ve ark., 2017).
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Sekil 1: Bilinen en bbuyuk Prototaxnes fosm (Huber 2001)

Gunudmuzdeki funguslara benzeyen fosillerden en
yaslilari arasinda Glomeromycota fosilleri (400-460
milyon yasinda) bulunmaktadir. Bu fosillerin yasi vaskiler
bitkiler ortaya gikmadan once, karasal florada sadece
yosun, liken ve siyonabakteriler bulundugu zaman, bu
funguslarin var oldugunu goéstermistir (Moore ve ark.,
2011).

Bu funguslarin hem vaskiler bitkilerden dnce hem
de erken vaskdler bitki fosili dokularinda tespit edilmis
olmasi, arbuskuler mikorizal funguslarin karasal bitkilerin

basarisinda 6nemli bir role sahip olabilecegini
gOstermistir (Redecker ve ark., 2000). Ginumizde
Glomeromycota  boélimindeki  funguslar  bitkilerle
simbiyotik bir iliski olusturmaktadir.

Yaklagitk  1,010-890 milyon yil  yasindaki

mikrofosillerin (Ourasphaira giraldae) belirlenmesi ise
funguslarin daha yasli organizmalar oldugunu ortaya
ctkarmistir (Loron ve ark., 2019). Mikrofosillerin
morfolojisi, hiicre duvarinin ultrastriktirt ve kimyasi (gift
tabakali hiicre duvarinin dis tabakasinin kitin, glukan ve
proteinlerden olugsmasi) fungus olduklarini gostermistir.
(Loron ve ark., 2019).

Gunumuizde tespit edilmis en yash fungus fosilleri
olmalari nedeniyle, bu mikrofosiller funguslarin ve fungus,
metazoa ve protistleri kapsayan Opisthokonta st
grubunun evrimi igin yeni bir kalibrasyon noktasi
saglamistir (Loron ve ark., 2019). Okaryotik canllarin
ortaya ¢iktigi Proterozoic devirden daha fazla fungus ve
Okaryot organizma fosillerinin kesfedilmesinin, ilk
doénemlerdeki biyosfer evriminin aydinlatiimasina katki
saglayacagi dusunulmektedir.

2. Evrimi etkileyen mekanizmalar

Bu derlemede funguslarda evrimi etkileyen
mekanizmalar; Dogal secilim, birlikte evrimlesme, gen
akisi, genetik suriklenme, c¢evresel degdisimler,
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rekombinasyon, mutasyonlar, yatay gen transferi
baslklari altinda degerlendirilecektir. Dogal segilim,
genetik suriklenme, g6¢ ve mutasyonun patojen
populasyonlarinin genetik yapisi ve gesitliligi Gzerine ana
etkisi bulunmaktadir. Ancak bu faktérlerin nispi rolleri
farkli patojen ve konukgular arasinda, epidemiyolojik
déngl asamalari arasinda, tarimsal ve dogal
ekosistemlerde Onemli derecede degisebilmektedir
(Burdon ve Silk, 1997). Ornegin; genetik siiriiklenme
populasyon icinde genotipik cesitliligi azaltirken gog¢
genotipik cesitliligi arttirabilmektedir (Burdon ve Silk,
1997). Bazi durumlarda ise evrimi etkileyen bir faktor
diger faktorler Gzerine ayni yonde etki ederek genetik
gesitliligin artmasini saglayabilmektedir. Ornegin; bazi
patojenlerin yeni cografik alanlara yayllmasina neden
olan iklim degisimi, patojenlerdeki konukgu degisimi,
hibridizasyon ve vyatay gen transferi olaylarini
arttirabilmektedir (Santini ve Ghelardini, 2015).

Tlrlerde varyasyona neden olan bu faktorlerin
etkisi patojene godre degisebilmektedir. Yeni bir tlrln
olusumunda hibridizasyon gibi tek bir faktdr (Newcombe
ve ark., 2000) etkili oldugu gibi, birden fazla faktoér de etkili
olabilmektedir (Fourie ve ark., 2009).

2. 1. Dogal segilim

Adaptif Ozelliklerin evriminden sorumlu olan bir
suire¢ olan dogal segilim evrimsel degisimin ana
mekanizmalarindan biridir (Gregory, 2009).

Dogal secilimdeki temel nokta Ureme basarisidir
(Freeman ve Herron, 2009). Belirli fenotipteki bireylerin
hayatta kalarak daha fazla dél vermeleri sonucunda
secilim meydana gelmektedir (Agrios, 2005). Dogal
secilim patojenin kendisiyle ilgili, konukgu, vektor, cevre
ve patojenin yasam donglisi gibi hemen her faktor
tarafindan etkilenmektedir (Agrios, 2005).

Tekduze bir gevrede, segilimin belirli genotiplerin
lehine olmasi cesitliligin azalmasina neden olmaktadir
ancak konukg¢u varyasyonunun énemli oldugu daha dogal
kosullarda secilim cesitliligi gelistirebilmektedir (Burdon
ve Silk, 1997). Ornegin; bitki koruma agisindan
dusundlduginde Uretim alanlarinda dayanikli gesitlerin
kullaniimasi patojen irklarinin bazilarinin daha az
gérilmesine ya da yok olmasina neden olurken,
konukcuyu enfekte edebilen patojen irklarinin daha hakim
hale gelmesine neden olabilmektedir. Patojenin alternatif
konukgu tirleri ise genotipik cesitliligin artmasina neden
olarak funguslarin yeni patotiplerinin ortaya ¢ikmasina
neden olabilmektedir (Burdon ve Silk, 1997).

2. 2.Konukgu-patojenin birlikte evrim gegirmesi

Birlikte  evrimlesme hem bitki hem de
patojenlerdeki populasyon dizeyini ve genetik
varyasyonu sekillendirmektedir (Méller ve Stukenbrock,
2017).
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Basarili bir enfeksiyon igin GUreme ve yayllmanin
gerekli olmasi nedeniyle, konukgu bir patojenin evriminde
oldukc¢a énemlidir (Mdller ve Stukenbrock, 2017).

Virulans gen/genleri igeren bir patojene karsi bitki
yeni bir dayaniklilik geni elde ettiginde, bitki patojenin
bitln bireylerine ya da ¢ogu bireyine kargi dayaniklilik
kazanmaktadir (Agrios, 2005). Ancak patojenin daha
agresif olan yeni irklarinin ortaya ¢ikmasi bitkilerdeki
dayaniklihgin kirlimasina neden olabilmektedir.

Bitki ve patojenleri arasindaki dayanikllik genleri
ve virulans genlerinin dinamigi “trench-warfare” ve “arms
race” evriminin bir kombinasyonunu icermektedir (Mdller
ve Stukenbrock, 2017). Bitki ve patojenlerin birlikte
evrimlesme dinamikleri dogada blylk ol¢ide trench-
warfare modelinde ortaya c¢ikarken, tarimsal alanlarda
arms race modelinde olugsmaktadir (Brown ve Tellier,
2011).

Trench warfare modelinde efektor ve bitki hedef
allelleri  populasyonda  korunmaktadir. Dogal
ekosistemlerde meydana gelen bu modelde konukgu-
patojen arasindaki etkilesimi saglayan efektor ve bitki
hedef allellerinin gesitliligi sabittir (Mdller ve Stukenbrock,
2017).

Tarimsal ekosistemlerde goérilen arms race
dinamiginde, o6zellikle patojenlerin  evrimi  dogal
ekosistemlerden ¢ok daha hizli gergeklesmektedir. Bu
modelde hem konukgu hem de patojende surekli yeni
efektor ve bitki hedef allelleri gelismektedir (Lo Presti ve
ark., 2015). Arms race modelinde, konukgu bireylerin
Oneminin daha az oldudu, tarimsal ekosistemlerdeki
patojenlerin evriminin ise dogal ekosistemlerden c¢ok
daha hizli gerceklestigi belirtiimektedir (Brown ve Tellier,
2011). Gunimuzde patojenlerin dayanikhhk genlerini
asmalari ve virulansi ylksek olan yeni rklarini
olusturmalari  Grin kayiplarinin  artmasina neden
olmaktadir. Birlikte evrimlesmenin tarimda istikrarsiz hale
gelmesinde, patojenin yeni olugan irklarini kontrol etmek
icin surekli olarak yeni dayaniklilik genlerine sahip ticari
cesitlerin  tarima  girmesinin  etkili  olabilecegi
belirtiimektedir (Brown ve Tellier 2011).

2. 2. 1. Efektorler

Efektorler genellikle bitkiyle temastan hemen sonra
ifade edilen proteinler ya da biyosentetik enzimler
tarafindan kodlanan metabolitler olabilirler. Funguslar
konukgu savunmasini baskilamak ve fungal istilayi
basarmak icin efektdrler salgilamaktadir (Lo Presti ve
ark., 2015).

Efektdrler fungusun hicre duvarina yapigabilir,
apoplasta yerlesebilir ya da bitki hiicresine aktarilabilirler
(Lo Presti ve ark., 2015). Bazi efektdrler kloroplast ya da
cekirdek gibi hicresel kisimlara da ge¢gmektedir (Moller
ve Stukenbrock 2017). Phytophthora cinsi funguslarin
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RXLR efektorleri ise enfeksiyon siliresince haustoriumun
olugstugu bdlgede birikmektedir (Gilroy ve ark., 2011).
Efektdr genlerin delesyonu enfekteli dokudaki fungal
biyokitlenin  azalmasina, hastallk  simptomlarinin
azalmasina velveya bitkinin tepkisinin degismesine
neden olmaktadir (Lo Presti ve ark., 2015).

Patojenler ve efektorlerinin yeni konukgulara nasil
adapte oldugu ve oOzellesti§i hakkinda c¢ok az sey
bilinmektedir (Dong ve ark., 2015). Yeni bir cevreye giris
yeni konukgulari kolonize ederek evrim gegirmede bitki
patojenlerine biylk bir firsat sunmaktadir (Santini ve
Ghelardini, 2015). Modern tarim uygulamalari da yeni
bitki hastaliklarinin  seleksiyonunu ve yayllmasini
kolaylastirabilmektedir (Daverdin ve ark., 2012).

2. 3. Gen akisi

Gen akigi cografik olarak ayri bir populasyondan
digerine bazi alellerin (genlerin) hareket etmesi sirecidir
(Agrios, 2005). Bu siire¢ genlerin hareketiyle sonuglanan
butin mekanizmalari kapsamaktadir (McDermott ve
McDonald, 1993). Gen akisi sonucunda farkh
populasyonlar arasindaki genetik farkliliklar azalmaktadir
(Agrios, 2005).

Cevresel, biyolojik ve genetik faktorler gen akisini
etkilemektedir (Rogers ve Rogers, 1999). Patojenlerdeki
gen akigina insanlarin tarimsal uygulamalari, kitalar arasi
seyahatleri ve ticareti de Onemli derecede etki
edebilmektedir (Agrios, 2005).

Neslin tikenmesi ve yeniden kolonilesme sireci
patojen populasyonlarindaki gen akisinin énemli bir
kaynadi olabilmektedir. Lokal mutasyonlar lokal
farklihklari arttirma egiliminde iken gen akisi lokal farkliligi
azaltma  egilimindedir. Bu durumda  yeniden
kolonilesmenin sonucunda populasyonlar arasindaki
farklilik azalmaktadir (McDermott ve McDonald, 1993).

Bitki patolojisinde gen akisi farkh populasyonlar
arasinda virllent mutant alellerin hareketi ile ilgili oldugu
icin ¢cok onemlidir. Bir patojende gen akisinin yiksek
olmasi patojen populasyonunun ve patojenin yayildigi
cografik alanin boyutunda artisa neden olmaktadir. Bu
nedenle ylksek dizeyde gen akigl gbésteren patojenlerin
genellikle genetik cesitliligi daha yuksektir ve bu
patojenler tarimsal agidan ¢ok daha etkili olmakta ve gok
daha blyuk tehdit olusturmaktadir (Agrios, 2005).

Avustralya’da kara pas etmenindeki degisimler,
gen akisinin uzak mesafelerdeki patojen
populasyonlarinda nasil genotipik cesitlilige neden
olabilecegini gésteren bir érnektir (Burdon ve Silk, 1997).
Ruzgar yoluyla yayilan bir patojen olan kara pasin
sporlari okyanuslari asarak baska kitalara
tasinabilmektedir. Patojenin  Afrika orijinli irklarinin
sporlari Hint okyanusunu asarak Avustralya kitasina
ulasabilmektedir. Afrika ve Avustralya populasyonlari
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arasindaki genetik yakinlik gen akisinin oldugunu
gOstermektedir (Burdon ve ark., 1982). Uzak mesafelere
patojenin hava yoluyla tasinabiliyor olmasi patojenin
virulansi ylksek olan yeni irklarinin dinyadaki diger
bdlgelere yayilabilecegini gostermektedir.

Gen akisinin  belirlenmesinde, populasyonlar
molekuler markirlar kullanilarak karakterize edilmektedir.
Bu sekilde nadir ya da &zel allellerin hareketi
belirlenebilmektedir (McDermott ve McDonald, 1993).

2. 3. 1. Hibridizasyon

Hibridizasyon ayni tlrlerin iki farkli tir ya da iki
farkh bireyinden genomlarin birlesmesidir. Hibrit tirler
eseyli veya eseysiz rekombinasyonla olusabilmektedir
(Stukenbrock, 2016). Bu durum yeni konukgu
Ozellesmesine sahip superpatojenlerin ortaya gikmasina
neden olabilmektedir. Hem eseyli hem de eseysiz
etkilesimleri icerebilen hibridizasyon, fungal genlerin
karismasina ve yatay gen transferine énemli derecede
katki saglamaktadir (Aguileta ve ark., 2009; Moller ve
Stukenbrock, 2017).

Ayni cografik alandaki funguslar genellikle tirler
arasi hibridizasyona karsi gu¢li genetik bariyerler (eseyli
ya da eseysiz) gOstermektedirler. Dobzhansky (1937)e
gbre bu bariyerler muhtemelen ekolojik nise optimal
adaptasyonu saglayan gen kombinasyonlarini
korumaktadir. Turler arasinda virtsler gibi zararl genetik
elementlerin  yayilmasi  bu bariyerler sayesinde
onlenebilmektedir. Cografik olarak izole kalan funguslar
arasinda ise bu bariyerler olmayabilir ya da zayif olabilir.
Bu ylzden teoride, hibridizasyon buylk bir olasilikla
funguslar yeni cografik bdlgelere yayildiklari zaman
gerceklesmektedir (Brasier, 2000).

Gd¢ ve gen akisinin olmamasi nedeniyle cografik
olarak izole kalmis populasyonlar, genetik olarak farkli
olabildigi icin varyasyonu baglatmada islev
gorebilmektedirler. Bu sire¢ etkilesen tiirlerden birinde
patojenisitede artigla ya da yeni bir bitki hastaliginin
ortaya ¢ikmasiyla bile sonuglanabilmektedir (Santini ve
Ghelardini, 2015).

Farkli bitki tlurlerine &zellesmis patojen tirleri
arasindaki hibridizasyon tarima yeni girmis bitkilere karsi
bir adaptasyon mekanizmasina neden olabilmektedir.
Ornegin; killlemeye dayanikli hexaploid genomlu bugday
ve gavdar bitkilerinin melezlenmesiyle elde edilen triticale
bitkisi ticari olarak tarima 1960 yilinda girmistir. 2001
yiinda bu bitki Gzerinde killeme etmeni gézlenmeye
baslamistir. Blumeria graminis f. sp. tritici Marchal ve
Blumeria graminis f. sp. secalis Marchal’in hibridizasyonu,
triticale’yi enfekte eden Blumeria graminis f. sp. triticale
Wittm.’nin ortaya ¢ikmasina neden olmustur. Bu drnek
yeni bir konukguya siradisi bir sekilde hizli adaptasyonu
gostermektedir. Ayni zamanda dayanikli cesit elde
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etmede kullanilacak bitkilerin secgilmesinde dikkatli
olunmasi gerektigini ortaya koymaktadir (Menardo ve
ark., 2016). Diger taraftan, hibrit patojenin hibrit cesit
disinda konukgu araligini arttirarak bugdayi da enfekte
edebilmesi (Menardo ve ark., 2016), tarimsal agidan ayri
bir problem olarak degerlendirilebilir.

Blumeria graminis f. sp. triticale Wittm.'nin
hibridizasyonla ortaya ¢ikmasina triticale hibrit ¢esidinin
gelistiriimesi etki ettidi icin, hibridizasyona dayal birlikte
evrimlesmenin Blumeria graminis’ in evrimsel hikayesini
olusturabilecedi dusinilmektedir (Menardo ve ark.,
2016).

Benzer sekilde; Melampsora x columbiana
Amerika’nin dogu bolgelerinde baslica Populus deltoides
Marshall'i enfekte eden M. medusae Thim. ve Ulkenin
bati bolgelerindeki P. trichocarpa Hooker'1 enfekte eden
M. occidentalis Jacks. arasindaki dogal hibridizasyon
sonucu meydana gelmistir (Newcombe ve ark., 2000).

Hibritler eger fertil olurlarsa, ana tirlerle rekabet
edebilirler ve yeni bir konukguyu kolonize etmesini
sa@layacak ozellikler kazanarak farkli bir yeni tir
olusturabilirler (Méller ve Stukenbrock, 2017). Turler arasi
hibritlerin, daha agresif olmalari ya da baska bir
konukcuyu enfekte etme vyetenegine sahip olmalari
durumunda hayatta kalmalari daha olasidir (Brasier ve
ark., 1999).

Bazi durumlarda ise hibritler bir tirden digerine
genetik materyalin gegisinde kopri vazifesi gordikleri igin
gecici bir agsamayl temsil edebilmektedir (Moller ve
Stukenbrock, 2017).

2. 3. 2. Yatay gen transferi

Yatay gen transferi (YGT) dikey olarak yani ireme
yoluyla gen akisinin olmadigi filogenetik olarak farkh
organizmalar arasinda genetik materyalin transfer
edilmesini icermektedir (Sun ve ark., 2013).

Prokaryotlara gore okaryotlarda daha az gérilen
YGT'nin fungal genomlarda evrime etkisi daha azdir.
Ancak funguslardaki YGT nin diger 6karyotlara gére daha
onemli bir evrimsel faktor olabilecegi dusunulmektedir
(Rosewich ve Kistler, 2000). Genom evrimi Uzerine etkisi
kiguk olmasina ragmen YGT nin fenotipik sonugclarinin
onemli olabilicedi ve funguslarin bu sayede yeni ekolojik

nigler olusturabilecegi dusunilmektedir (Soanes ve
Richards, 2014).
YGT bitki patojenlerinin  genom  yapisini

degistirebilen ve virulansina katki saglayabilen bir
mekanizmadir (Manning ve ark., 2013). Patojenisite ya da
konukgu spesifikligini degdistiren kromozomlar funguslar
arasinda transfer edilebilmektedir (Sun ve ark., 2013).
YGT genleri yeni gevreye adaptasyonu hizlandirabilir,
konukgu aralidinin genislemesine ya da degismesine,
yeni gevrelerde kolonize olmaya ya da daha énce olimcil
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olan kosullarda patojenin hayatta kalma yetenegini
kazanmasina neden olabilirler (Mitreva ve ark., 2009).

Eger genler ayni kromozom Uzerinde ya da
kimeler halindeyseler, bir YGT olayinda birden fazla gen
tasinabilmektedir (Van Der Does ve Rep, 2007). Genom
sekanslari, turler ve alemler arasinda bile ¢oklu gen
transferlerinin oldugunu gostermistir. Alemler arasi YGT,
Ozellikle bakteriyel-fungal YGT fungal metabolizma,
yayllma ve patojenisitenin evriminde o6nemli bir rol
oynamaktadir. Bitki ve hayvanlardan funguslara gen
transferinin ise onemli metabolik Ozelliklerin
kazanilmasini saglayabilecegi dusundlmektedir (Sun ve
ark., 2013).

Alemler aras1 YGT ye 6rnek olarak fungi aleminden
chromista alemine gen transferi verilebilir. Okaryotik Cyt
b genleri muhtemelen Alphaproteobacteria’daki antik bir
prokaryotik genden koken almaktadir. Chromista
alemindeki Pseudoperonospora cubensis (Berk. & Curtis)
Rostovzev’in Cyt b genlerinin Hypocreales’deki bir
fungustan horizantal olarak transfer edildigi kanitlanmistir
(Yin ve ark., 2014).

Konukgu bitkiden fungusa YGT transferine 6rnek
olarak Hordeum vulgare L.’den Pyrenophora’ya lGsince
zengin tekrar proteinlerini kodlayan genin transferi
verilebilir. Bu proteinin transfer edilmesinin konukgu
bitkiye enfeksiyonu kolaylastirabilecegi ifade edilmektedir
(Sun ve ark., 2013).

Fungus tirleri arasinda da YGT meydana
gelmektedir.  Ornegin  Pyrenophora tritici-repentis
(Diedicke) Drechsler'e Stagonospora nodorum (Berk.)
Castell. & Germano’dan konukguya spesifik ToxA
toksinini kodlayan genin YGT ile transfer edilmesi,
patojenin bugdayi enfekte etme yetenegi kazanmasina
neden olmustur (Friesen ve ark., 2006).

Funguslarda YGT kromozom dulzeyinde gen
kimelesmesi ve B- kromozomlarin kazaniimasi ve
kaybedilmesi olmak Uzere iki dinamikle baglantihdir
(Soanes ve Richards, 2014).

2. 3. 2. 1. Gen kiimelesmesi ve B- kromozomlar

Gen kimelesmesi funguslarda yaygindir ve
kimedeki her bir gen enzim ya da duzenleyici
kodlamaktadir (Soanes ve Richards, 2014).

B- kromozomlar; soya spesifik kromozomlar,
kosula bagh kromozomlar, accessory kromozomlar,
ekstra  kromozomlar, ek  kromozomlar-yardimci
kromozomlar olarak da adlandiriimaktadir. Normal
kromozomlarin aksine bu kromozomlarda diizensiz mitoz
ve mayoz gorilmektedir. Her zaman iftler halinde
g6rilmeyen bu kromozomlar mayoz sirasinda karsi
kutuplara ayrilmaktadirlar (Camacho ve ark., 2000).
Birka¢ fungus turiinde ise B- kromozomlarin mitoz ve
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mayoz siresince kayboldugu goérilmustir (Moéller ve
Stukenbrock, 2017).

Sadece Okaryotik organizmalarda tespit edilmis
olan bu kromozomlar ayni patojenik turlerin butun
izolatlarinda bulunmamaktadir. Tipik olarak tekrar eden
DNA'ca zengindirler ve gekirdekteki genomlardan daha
disik gen yogunluguna sahiptirler. Bu kromozomlardaki
genler cekirdekteki genomlara goére daha hizli evrim
gecirmektedir. Funguslarda B- kromozomlardaki genlerin
cekirdekteki kromozomlar ya da yakindan akraba tlrlerde
bulunan genlerle homoloijisi zayiftir (Croll ve Mcdonald,
2012).

Bu kromozomlar populasyonlar arasinda virulans
ozellikleri basarili bir sekilde transfer edebilmektedir.
Cogu patojenisiteye katki saglayan gen kimeleri iceren
B- kromozomlar fungusun hayatta kalmasi igin gerekli
degildir ve yakindan akraba tarler ya da ayni tlrdn irklari
arasinda bile dagilimlan farkhlik gostermektedirler
(Soanes ve Richards, 2014). Ornegin; Alternaria alternata
(Fries) Keissler elma patotiplerinin alt kiltire alinmasi
nedeniyle patojenisitesini kaybetmis olan izolatlarinda
AM toksin Uretiminden sorumlu genlerin (AMT geni)
bulundugu 1.1 Mb kromozom kaybi tespit edilmigstir
(Johnson ve ark., 2001).

Farkl Alternaria alternata irklarinin konukguya
spesifik toksin tretiminden sorumlu genlerinin ¢odu bu
kromozomlar Gzerindedir (Soanes ve Richards, 2014). A.
alternata’nin gilek ve domates patotiplerinden protoplast
birlestirmesiyle elde edilen sentetik bir hibrit irkin hem
cilek hem de domateste hastaliga neden oldugu
belirlenmistir. Bu iki patotip arasindaki B- kromozomlarin
YGT’si bu duruma neden olmustur. iki farkli patotip
arasindaki hibrit bir irkin atasal irklardan tureyen B-
kromozomlara sahip olmasi  konukgu arahgini
genisletmektedir (Akagi ve ark., 2009). Bu kromozomlar
konukgu araliginin geniglemesine neden olabilen yeni
virulans faktorlerinin edinilmesini de
saglayabilmektedirler (Croll ve Mcdonald, 2012). Bunun
disinda, patojenisite igin énemli olan efektdér ve efektor
uyaran transkripsiyon faktorlerini de kodlamaktadirlar
(Mdller ve Stukenbrock, 2017).

B-  kromozomlarin  Nectria  haematococca
(Anamorf: Fusarium solani) izolatlarinin  konukgu
araliginin  belirlenmesinde roli bulunmaktadir. Bu

kromozomlar yatay olarak hareket edebilirler ve F.
oxysporum hatlari arasinda konukgu spesifikliginin
degismesine aracilik edebilirler (Méller ve Stukenbrock,
2017).

Pyrenophora tritici-repentis’deki ToxA (konukguya
spesifik toksin) YGT’nin patojenisite Uzerinde sahip
olabilecegi etkiyi géstermek icin iyi bir érnektir. ToxA
toksine hassas gesitlerde hizli hicre 6limind uyaran bir
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virulans faktorudir. ToxA arpa patojeni Pyrenophora
teres Drechslerde rapor edilmistir. Bugday patojeni
Stagonospora nodorum’da ToxA geninin kesfedilmesi S.
nodorum’dan Pyrenophora tritici-repentis’e ToxA'nin YGT
ile aktarildigina dair hipoteze sebep olmustur (Manning
ve ark., 2013).

Arastiricilar transpozon elementlerin de
Okaryotlarda yatay olarak hareket edebilecegini
onermislerdir. Transpozon elementleri patojen ve/veya
irklarin virulansi Uzerine etki ettigi gibi ayni zamanda
genom blyukliginde ve varyasyonunda artiglara neden
olarak turlerin birbirlerinden ayrilmasini saglayabil-
mektedirler. Ornegin; (i¢ Fusarium tiriiniin kargilagtirmali
genom analizlerine gore, F. oxysporum f. sp. lycopersici
(Fol) (60 megabaz), F. verticillioides (Fv) (42 Mb),ve, F.
graminearum (Fg) (36 Mb) tlrlerinin genom buyukIUk-
lerindeki farkliliklar transpozonlardan kaynaklanmaktadir.
(Ma ve ark., 2010). Benzer bir sekilde, Pseudocercospora
musae (83 Mb), P. eumusae (54 Mb) ve P. fijiensis (74
Mb) tdrlerinde genom  blyikliklerinde  farkliliklar
bulunmaktadir (Chang ve ark., 2010).

Transpozon igeren kromozomlarin transferinin ayni
zamanda patojenisite tizerinde etkili oldugu belirlenmistir.
Fusarium cinsinde patojenisitenin altinda yatan molekduler
mekanizmayl agiga cikarmak amaciyla yapilan calis-
mada Fusarium graminearum Schwabe, F. verticillioides
(Sacc.) Nirenberg ve F. oxysporum f. sp. lycopersici
(Sacc.) W.C. Snyder & H.N. Hansen genomlari karsilasti-
riimistir. F. oxysporum genomunun transpozonca zengin
oldugu belirlenmistir. Deneysel olarak, F. oxysporum
irklari arasinda transpozon igeren kromozomun transfer
edilmesinin non-patojen bir irki patojene doénusturdagu
kanitlanmigtir (Ma ve ark., 2010).

2. 4. Genetik siiriklenme

Rastgele bir sure¢ olan genetik siriklenme daha
¢ok kuguk populasyonlarda 6nemlidir (Freeman ve
Herron 2009). Kuguk populasyonlarda hizli gerceklesen
genetik suriklenme altinda her bir populasyon kendine
06zgu bir evrimsel yol izlemektedir (Freeman ve Herron
2009).

Klaglk bir populasyonun ana populasyondan
ayrilarak izole hale gelmesi durumunda, bu populasyon
sinirl bir gen havuzuna sahip olmasi nedeniyle zamanla
ana populasyondan farklilagsmaktadir. Bu nedenle genetik
surltklenme kiiglik populasyonlarda daha etkilidir.

Genetik suriiklenme bir populasyondaki alel
sikhginda degisime neden olmaktadir. Genetik
suriklenme evrime etki eden tek mekanizma olmasi
durumunda, bir alel sabit hale gelirken, diger aleller ise
yok olacaktir. Aleller sabitlenmeye ya da yok olmaya
dogru suriklendikge, populasyondaki heterozigotluk
disecektir (Freeman ve Herron, 2009).
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Populasyon buydkliginin disinda gevresel
faktorler ya da dogal afetler genetik suriklenmeye etki
edebilmektedir. Ornegin; bir gevreye bir ya da birkag
bireyin yayllmasiyla ya da bir populasyonu hemen hemen
yok eden bir felaketten sonra bireylerin kiglk bir seti
baskin hale gelebilir. Bdyle bir kurucu etkinin sonucunda

populasyon orijinal olandan genetik olarak farkl
olmaktadir (Moore ve ark., 2011).
Kestane kanseri hastaligina neden olan

Cryphonectria parasitica etmenindeki genetik cesitliligin
Asya kitasina gore Kuzey Amerika'da ¢ok diusuk olmasi
muhtemelen bdyle bir kurucu etkinin yansimasidir
(Boddy, 2016).

2. 5. Cevresel degisimler

iklim degisimi bitki patojenlerinin evriminde etkili bir
rol oynayabilmektedir. iklim degisimi nedeniyle konukgu
ve patojenin cografik dagiliminda, konukgu-patojen
interaksiyonunun fizyolojisinde ve driin kayiplarinda
degismeler ortaya gikmaktadir (Coakley ve ark., 1999).
iklim  degisiminin  etkisiyle patojenlerin  cografik
dagihminin geniglemesi izole kalmis patojenlerle diger
patojenlerin temas etmesine neden olabilmektedir. iki
cografik olarak izole patojen ya da bir patojen ve bir
saprofit arasindaki genetik degisimin yeni enzimlerin,
toksinlerin ya da virulans bélgelerinin elde edilmesine ve
ekstrem durumlarda sUperpatojenin ortaya g¢ikmasina
sebep olabilecegi belirtiimektedir (Brasier, 1995).

Sadece tek bir enzim ya da toksin sisteminin elde
edilmesinin  patojenlerin  virulansi  Uzerinde etkili
olabilecegi ve patojenlerin konukgusu olmayan bitkileri
enfekte etmesini saglayabilecegdi belirlenmistir. Ornegin;
bezelyenin patojeni olan Nectria haematococca Berk. &
Broome’nin bazi genleri pisatin fitoaleksinini detoksifiye
eden pisatin demetilase (pda) kodlamaktadir. Pda
kodlayan genler misirda patojen olan Cochliobolus
heterostrophus Drechsler'a aktarildiginda, Cochliobolus
heterostrophus’un bezelyeyi enfekte ettigi belirlenmistir
(Schafer ve ark., 1989).

Ophiostoma novo-ulmi Brasier ise karaagaglarda
solgunluga neden olan cerato-ulmin  toksinini
uretmektedir (Brasier, 1995). O. novo-ulmi cerato-ulmin
geni yapay olarak O. quercus (Georgev.) Nannf.’a
transfer edildigi zaman, O. quercus karaagacin solgunluk
patojeni haline gelmistir (Del sorbo ve ark., 2000).

Patojenin yeni konukgu populasyonlari, yeni
vektorler, yeni rakipler, farkli iklim gibi yeni biyotik ve
abiyotik  etkilere ani maruz kalmasi  evrimini
hizlandirabilmektedir (Santini ve Ghelardini, 2015).

Bir bélgeye yeni giren bitki patojenlerinin genellikle
kisa hayat dongllerinde yayilma yetenekleri oldukca
gelismistir. iklim degisiminin bu istilaci patojenlerin
yayilmasini kolaylastirdigi tahmin edilmektedir (Dukes ve
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Mooney, 1999). Patojenin yeni bdlgeye yerlesmesini
patojenin hayatta kalma yetenegi, yeni ¢evrede konukgu
fizyolojisi ve ekolojisindeki herhangi degisme de
etkilemektedir (Coakley ve ark., 1999). Ayrica
patojenlerin yeni bir ¢cevrede yeni yabani konukgulari
enfekte etmeleri bitki patojenlerinin evrimi igin buyuk bir
firsat sunmaktadir (Santini ve Ghelardini, 2015).

Dasuk kis sicakhdl patojen populasyonlarinin
azalmasinda oldukga etkili iken iklim degisimi nedeniyle
daha iliman kis sicakliklarinin yasanmasi durumunda,
patojenin kiglama basarisinin ve hastalik siddetinin
artacagi, patojenin daha kuzey kesimlere ve daha yiuksek
rakimlara yayilabilecegi tahmin edilmektedir (Santini ve
Ghelardini, 2015).

iklim degisimine neden olan en &énemli sera
gazlarindan olan CO2’deki artis bitkilerin gelisimlerindeki
degismelere bagl olarak patojen populasyonlarinda
degismelere neden olabilmektedir. CO2'deki artis
patojenler tarafindan enfekte edilebilecek bitki
biyokitlesinde (siirgiin, yaprak, c¢icek ve meyve
Uretiminde) artisa, yapraktaki stoma yogunlugunun
azalmasina neden olacaktir. Bitkilerin daha fazla
gelismeleri daha fazla bitki artiginin olugsmasina bu da
nekrotrofik patojenlerin hayatta kalma olasiliginin
artmasina neden olabilecektir. Bitkilerin gelisme
periyotlarinin kisalmasi ve hizli olgunlagmalar biyotrofik
patojenlerin enfeksiyon periyodunun azalmasina neden
olurken, nekrotrofik patojen populasyonlarinin artmasina
neden olabilecektir. Stoma agikliginin azalmasi pas,
kiulleme ve baz nekrotroflar gibi stomay: istila eden
patojenleri engelleyebilir. Kok biyokutlesindeki artig
mikoriza ya da toprak patojenleri tarafindan enfekte
edilebilecek doku miktarini arttiracaktir (Ghini ve ark.,
2008). Bazi durumlarda mikoriza ve bitkiler arasindaki
simbiyotik iliski bitkinin daha gli¢lu gelismesini saglayarak
patojen kaynakli zararlarin azalmasini saglayabilir.

COz2 konsantrasyonunun artmasinin ayni zamanda
patojenlerin  populasyonu Uzerine dogrudan etkisi
bulunmaktadir. Ornegin; Colletotrichum gloeosporioides
(Penz.) Penz. & Sacc. izolatlarinin 700 ppm CO:
konsantrasyonda populasyon boyutlari ve verimliliginin
arttigi belirlenmistir (Chakraborty ve Datta, 2003).

Ani gevresel degisimler ise patojenlerin mikroevrim
gegirmelerine neden olabilmektedir. Ozellikle
Ascomycota bdlimindeki funguslarin  ani gevresel
degisme kosullari altinda kaldiklari zaman mikroevrim
gecirebildikleri belirtiimektedir (Brasier, 1995). Bdyle
kosullarin sureksiz secilime (episodic selection’a) neden
oldugu belirtiimektedir.

Sureksiz segilim basitge tanimlanacak olursa bir
triin populasyon yapisinda dnemli bir degisime sebep
olabilecek herhangi bir ani ¢cevresel bozulmanin etkisidir
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(Brasier, 1995). Bu genetik bir tanimdan ziyade ekolojiktir.
Kaynak ulasilabilirligi ya da kalitesinde degisimler, yeni
konukgu ya da vektérlere maruz kalmak, bir rekabetin
olmasi, ani iklim degisimi slreksiz segilime neden
olabilmektedir (Brasier, 1995).

2. 6. Rekombinasyon

Bitki patojenlerindeki rekombinasyon ya eseyli
Ureme ya da fungal hifler arasindaki anastomosis yoluyla
cekirdek ve sitoplazmik materyalin degisebilecegdi
somatik hibridizasyon sireciyle eseysiz olarak meydana
gelmektedir. Anastomosis ayni zamanda organeller,
plazmitler, virisler ve ekstra niukleer DNA’nin degisim
olasiligini da artttirmaktadir (Burdon ve Silk, 1997).
Rekombinasyon patojen populasyonundaki genetik
cesitliligi arttirabilmektedir. Ancak hem tirler arasinda
hem de tur i¢cinde rekombinasyonun O6nemi
degisebilmektedir (Burdon ve Silk, 1997).

2. 6. 1. Egeysiz rekombinasyon

Genetik varyasyon baslica genetik olarak farkli
bireyler arasinda eseyli Uremeyle gergeklesmektedir.
Ancak eseysiz rekombinasyonunda funguslarda genetik
cesitlilige neden olabilecegi dusunulmektedir (Brasier,
2000). Ornegin; Puccinia striiformis f. sp. tritici Eriksson
patojeni kompleks irklar olustururken farkh virulans
genlerini biriktirmektedir. Irklar tanimlanmamig irklardan
mutasyon yoluyla ya da énceden var olan ya da sonradan
ortaya ¢ilkmis olan iki irkin rekombinasyonuyla
olugabilmektedir (Liu ve ark.,, 2017). Somatik
rekombinasyonun bu patojenin yeni irklar olusturmasini
saglayabilecegi belirtiimektedir.

Eseysiz Ureme funguslarda bazi dezavantajlara
neden olabilmektedir. Birincisi, eseysiz Uremenin baskin
oldugu populasyonlarda gesitlilik azalmaktadir (Burdon
ve Silk, 1997). ikincisi, klonal populasyonlar bazen
genomdaki yararli mutasyonlari rekombine
edememektedirler. Uglinclist, zararll  mutasyonlarin
geriye dondurulemez sekilde genomda birikmesine
neden olabilmektedir (Mdller ve Stukenbrock, 2017).

Heterokaryonlar eseyli Greme ya da hifsel birlesme
yoluyla meydana gelen iki ya da daha fazla genetik olarak
farkl c¢ekirdek iceren hicrelerdir. Genellikle benzer
genotipe sahip irklar arasinda somatik birlesme ve
heterokaryon olusumu eseyli iremeden bagimsiz olarak
meydana gelmektedir. Heterokaryosis yetenegindeki bu
irklar ~ vejetatif uyum gruplari (vic) olarak
adlandiriimaktadirlar.

Eger farkl vic irklari arasinda uyusmazIlik varsa bu
durumda anastomosis (hifsel birlesme) olusmamaktadir.
Vejetatif uyumsuzluk diger hiicrelere gegebilen gekirdek,
mitokondri, plazmid ve virslerden patojenleri koruyan bir
savunma mekanizmasidir (Agrios, 2005).

183

Vejetatif olarak uyumlu gruplar arasinda virtslerin
aktarilabildigi patojenlere 6rnek olarak O. ulmi (Buisman)
Melin & Nannf. ve Cryphonectria parasitica (Murrill) M. E.
Barr) verilebilir. O. ulmi (Buisman) Melin & Nannf.
Avrupa’da yogun epidemilere neden olduktan sonra
beklenmedik bir sekilde yayginligi dismustir. Bu disltste
patojen populasyonunda virtslerin yayillmasinin etkili
olabilecedi dusunudlmustir. Yani virlslerin patojen
populasyonunda yayilmasi virulansin kaybedilmesine
neden olmus olabilir. Avrupa’dan elde edilmis
Ophiostoma ulmi ve O. novo-ulmi izolatlarindaki virtisler
karsilastirildiginda bunlarin RNA sekanslarinin gok yakin
benzerlik gostermeleri nedeniyle O. novo-ulmi
patojenindeki virlslerin de O. ulmi'den transfer edilmis
olabilecegi belirtiimistir (Brasier, 2001).

Vejetatif olarak uyumlu irklar arasinda virtslerin
aktariimasi, patojenin virulansini distrdigu igin biyolojik
miicadele galismalarinda kullanilabilmektedir. Ornegin;
kestane kanseri hastaliyi etmeni (Cryphonectria
parasitica (Murrill) M. E. Barr) virls ile enfekte oldugunda
virulansi azalarak hipovirtilent irka dénismektedir. Ancak
bunun igin virtlent irk ve hipovirilent irk arasinda uyumlu
bir anastomosis gergeklesmelidir. Eder uyumsuz bir
etkilesim meydana gelirse anastomosis
gerceklesmemekte ve virlis  aktarilamamaktadir.
Hipovirulans bu patojenin biyolojik kontrol ¢aligsmalarinda
kullaniimaktadir (Milgroom ve Cortesi, 2004; Akilli ve ark.,
2011).

2. 6. 2. Paraseksiiel rekombinasyon

Paraseksuel dongu eseyli donglyle hemen hemen
ayni etkilere sahiptir (Moore ve ark., 2011). Paraseksuel
rekombinasyonda mayoz olmadan bireyler arasinda
genetik materyal transferi gerceklesmektedir
(Stukenbrock, 2016). Parasekstiel dongi anastomosis ile
baslamakta ve cok c¢ekirdekli hicreler olusmaktadir.
(Schardl ve Craven, 2003). Eger haploid cekirdekler
birlesirse diploid heterozigot bir ¢ekirdek olusmaktadir.
Mitoz boélinme asamasinda homolog kromozom
segmentlerinin kazara eglesmesinden dolayl nadiren
krossing-over gerceklesebilmektedir. Mitotik krossing-
over | takiben bir heterokaryondaki genetik olarak farkh
haploit c¢ekirdeklerin birlesmesi ve haploidizasyonun
tamamlanmasi parasekuel dongu olarak
adlandiriimaktadir (Moore ve ark., 2011).

2. 6. 3. Eseyli rekombinasyon

Eseyli rekombinasyon o©karyotik organizmalarda
genetik cesitlilige katki yapmasina ragmen, bazi
patojenlerde eseyli Ureme nadiren gérulmektedir. Bazi
organizmalarda ise eseyli Greme tespit edilememisgtir.

Funguslarin eseyli Uremesi tipik olarak bir ya da
daha fazla mating-tip bdlgesi igeren kigik ribozomal
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bélgeler tarafindan dizenlenmektedir
Johannesson, 2011).

Funguslarda eseyli olarak Ureyen turler heterotallik
(farkh tallus Uzerinde erkek ve disi Ureme organlar

bulunmaktadir) ya da homotallik (ayni tallus Gzerinde

(Whittle

ve

erkek ve disi Ureme organlari bulunmaktadir)
olabilmektedir.
Eseyli Ureme Zymoseptoria pseudotritici B.

McDonald, Stukenbrock & Crous hibrit tirliiniin ortaya
citkmasinda ve evriminde, P. graminis f. sp. tritici’nin
populasyon cesitliliginin artmasinda etkili olmustur
(Stukenbrock ve ark., 2012). Ayni zamanda O. novo-ulmi,
C. parasitica gibi o6nemli patojenlerdeki vejetatif
uyumsuzluk tiplerinin  sayisinin artmasina neden
olmaktadir. Ornegin; C. parasitica epidemileri baglangicta
1 vejetatif uyumsuzluk tipi tarafindan olusturulurken,
eseyli Gireme sonucunda hastalia neden olan vejetatif
uyumsuzluk tiplerinin sayisinda artis meydana gelmistir
(Burdon ve Silk, 1997).

2. 7. Mutasyonlar

Mutasyon bir organizmanin genetik materyalinin
ani ve kalici degisimidir. Mutasyonlar delesyon,
inversiyon, insersiyon ya da transpozon elementler
yoluyla meydana gelebilmektedir. Ortalama olarak her
jenerasyonda bir milyonda bir mutasyon meydana
gelmektedir (Agrios, 2005).

Mutasyonlarin etkisi Gge ayrilabilir. Birincisi, belirli
mutasyona sahip olan bireylerde etkisi olmayabilir.
ikincisi, mutasyonlar bireyin hayatta kalmasi ya da
Uremesini azaltabilir. Uglinclisii mutasyonlar birey igin
yararl olabilir ve bireyin uyum gucunu arttirabilir (Moller
ve Stukenbrock, 2017).

Mayoz sadece var olan alelleri  yeni
kombinasyonlar  olusturacak sekilde karistirirken,
mutasyon tamamen yeni aleller ve yeni genler

vermektedir. Funguslarda siklikla gérilen (Moore ve ark.,
2011) gen duplikasyonlari da olasi en dnemli yeni gen
kaynagidir (Freeman ve Herron, 2009).

Mutasyonlar evrim icin genetik ham materyal
sagladiklari igin énemlidirler. Haploit genomlarin hizl
replikasyonu mutasyon vyoluyla evrimi hizlandirabilir
(Schardl ve Craven, 2003). Enzim kodlayan bir lokustaki
mutasyon ise, enzimin degismis bir formunu Ureten bir
alelle sonucglanmaktadir (Agrios, 2005). Ekstranukleer
DNA'da mutasyon meydana geldigi zaman, ¢ogu patojen
daha once gergeklestiremedigi (ya da gergeklestirdigi)
fizyolojik bir slreci gerceklestirme yetenegdi kazanmakta
(ya da kaybetmektedir) (Agrios, 2005).

Mutasyonlar birgok patojen populasyonunda
varyasyonun olusmasina neden oldugu gibi vyeni
patotiplerin olusmasina da neden olmaktadir. Ornegin
Puccinia graminis f. sp. tritici Eriksson & Henning’nin yeni
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patotiplerinin gogu sadece bir ya da iki virulans genindeki
mutasyonlar sayesinde olusmustur (Burdon ve Silk,
1997).

2.7. 1. Poliploidi

Poliploidi kromozomlarin t¢ ya da daha fazla setine
sahip olma durumudur. Poliploit organizmalar tetraploit
(4n), hekzaploit (6n), oktoploit (8n) veya daha fazla
kromozom  takimina sahip  olabilirler.  Poliploit
populasyonlar genomlar duplike oldugunda ve ¢ogu
kromozom zaman iginde yitiriimeden tutuldugunda
meydana gelmektedir (Freeman ve Herron, 2009).

Hibridizasyonla yakindan iligkili bir sure¢ olan
poliploidi mutasyonun 6zel bir sinifini temsil etmektedir
(Otto ve Whitton, 2000; Albertin ve Marullo, 2012).

Bitkiler, hayvanlar ve funguslar yaninda, diger
Okaryotik taksonlarda evrimsel hikayeleri suresince bir ya
da daha fazla poliploidizasyon olayl meydana gelmistir
(Albertin  ve Marullo, 2012). Cok vyillik bitkiler ve
bdceklerde poliploidinin daha sik goérilmesinin nedeni,
yasam sdurelerinin ylksek olmasina bagh olarak nadir
olaylarin meydana gelme olasiiginin da ylksek
olmasindan kaynaklanabilir (Otto ve Whitton, 2000).

Poliploidinin 6karyot evrimini sekillendiren énemli
bir siire¢ oldugu distintilmektedir (Wendel, 2000). Ancak
funguslarda poliploidi nadiren goriilmektedir. Ascomycota
bolimindeki Pezizomycotina ve Saccharomycotina alt
bélimlerinde, = Oomycetes sinifinda  yer alan
Phytophthora cinsinde ve Basidiomycota bdélimu
icerisinde poliploid tdrler bulunmaktadir (Albertin ve
Marullo, 2012).

2.7.2. Transpozonlar

Transpozonlar bir kromozom bdlgesinden digerine
hareket edebilen tekrar eden genomik dizilerdir.
Transpozonlar replikasyon sekillerine gore iki ana gruba
ayrilmaktadir. DNA transpozonlari bir RNA aracisi
olmaksizin  kes-yapistir mekanizmasiyla dogrudan
hareket ederken, retrotranspozonlar RNA aracili kopyala-
yapistir mekanizmasiyla hareket etmektedir.

Okaryotik genom evriminin ana oyuncularindan
olan transpozonlar (Bowen ve Jordan, 2002) genellikle
fungus genomunun %Z20’sinden azini olugsturmaktadir
(Aguileta ve ark., 2009). Eseyli Greyen populasyonlarda,
transpozonlar mayoz siresince aktarilabilirken eseysiz
ureyenlerde yeni transpozonlarin elde edilme olasiligi
daha dusuktir.

Transpozon elementler bir konukgu hicresi
genomunu istila ederek replike olmaktadirlar. Konukgu
hiicresine zarar verebilen fonksiyonel olarak &énemli
DNA'y1 yerlestirebilmektedirler. Funguslar ise transpozon
elementleri sessizlestirmek icin genom savunma
mekanizmalarina  sahiptir. Bu genom savunma
mekanizmalari, DNA metilasyonu, heterokromatin, tekrar
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eden uyarilmis nokta mutasyonu (RIP) ve RNA
interferans’dir (Méller ve Stukenbrock, 2017). Ornegin;
RIP, mayozdan énce yeterli uzunluktaki DNA’nin benzer
bélgelerinde sitozin bazini timine doénudstirmektedir
(Hane ve ark., 2011). RIP mutasyonlari genellikle
sekansta stop kodonlari olugturmaktadir (Daverdin ve
ark., 2012). Bu da transpozonlarin ifadesini
engellemektedir.

Transpozon elementler muhtemelen patojen
populasyonlarinda genetik c¢esitlilige katki saglayan
faktorlerden birisidir. Genomdaki degisiklikler
organizmalarda kompleks irklarin olusmasina, ve gesitli
toksin genleri ve patojenisite faktorlerinin girigine,
amplifikasyonuna ve cesitlenmesine imkan
saglamaktadir. Ayni zamanda genomun daha esnek
olmasini saglayan transpozonlar, Raffaele ve Kamoun
(2012) tarafindan 6nerilen atla ya da 6l modeli modeline
gore, patojenlerin yeni konukculari enfekte edebilmelerini
saglayabilmektedir (Manning ve ark., 2013).

Fungus genomundaki transpozon istilalari ayni
zamanda bazi gen ailelerinde genisleme ve kromozom
sayisi dahil genom yapisindaki 6énemli degismeler ile
sonuglanabilir. Patojenik funguslar yiksek derecede
genom esnekligi ve degisken genom yapisi
gOstermektedirler. Genom esnekligine katki saglayan
olaylarin ¢odu ayni zamanda patojen virulansinin
degismesine de katki saglamaktadir (Manning ve ark.,
2013). Genom esnekligine neden olan transpozonlar
patojenlerin virulans genlerini igerebilmektedir. Nitekim,
bitki patojeni funguslarin genom tabanli c¢alismalari,
virulansla ilgili genlerin  tipik olarak transpozon
elementlerince zengin bdlgeler ya da spesifik
kromozomlar Uzerinde konumlandigini gostermistir
(Moller ve Stukenbrock, 2017).

YUiksek derecede adaptasyon yetenegdi olan esnek
genomlar, genom boyutunun blylimesiyle
sonuclanabilen, genellikle nispeten ylksek miktarda
tekrar eden DNA’ya sahiptirler. Batin turler genislemis
genomlara sahip olmamasina ragmen, kamgcili bitki
patojenlerinin bir kismi tekrar eden DNA ve &nemli
derecede artan genom boyutuyla karakterize edilmektedir
(Dong ve ark., 2015).

Tartisma

Patojenlerin evrimine birden fazla faktor etki
edebilmektedir. Ornegin, muz Uretimini etkileyen en
onemli hastalik olan (O'Donnell ve ark., 1998), Panama
hastaligi ya da Fusarium solgunlugu hastaligina neden
olan polifiletik orijinli Fusarium oxysporum f. sp. cubense’
(E .F. Smith) Snyder & Hansen’nin evriminde konukgu ile
birlikte evrimlesme, yatay gen transferi ve eseyli
rekombinasyonun etkili oldugu belirtiimektedir (Fourie ve
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ark., 2009). Bu nedenle patojenlerin evrimsel hikayesinin
ortaya konulabilmesi i¢in ¢ok yoénli galismalara ihtiyag
duyulmaktadir. Filogenetik analizler, karsilastirmali
genom analizleri, enzim ve protein analizleri gibi
funguslarin evrimsel suregleri hakkinda bilgi verebilecek
yontemlerin kombine edilmesi, fungus
bélim/takim/tirlerinin - evrimsel olarak farklilagsmasi
hakkinda yeni bilgilerin elde edilmesini saglayabilecektir.

Ozellikle karsilastirmali genom analizleri patojenler
ve patojen irklari arasindaki farkhlik ve benzerliklerin
ortaya cikarilmasini saglamaktadir. Bu analizlerle fungus
tirlerinin  genom  buyuklikleri  karsilastirilabilmekte,
patojenik ve nonpatojenik izolatlarin kargilastiriimasi
virulanslikla ilgili bolgelerin  tespit  edilmesini
saglayabilmektedir. Ayni zamanda toksin Uretiminden
sorumlu olan genlerin kaybi nedeniyle patojenin avirulans
olduguna dair degerlendirmeler yapilabilmektedir.

Patojenlerin evrimi Gzerine etki eden mekanizmalar
yeni tlrlerin ortaya c¢ikmasina neden olabilmektedir.
Hibridizasyon hibrit tlrlerin ortaya c¢ikmasina neden
olurken, patojenlerin virulansi Uzerine etki edebilen
transpozonlar ise genom boyutunda ve varyasyonunda
artigslara neden olarak yeni tiurlerin ortaya g¢ikmasini
saglayabilmektedir.

Bitki patojenlerinin evrimsel hikayesi tarimsal
alanlardaki 6énemli patojenlerin hem taninmasi hem de
kontrol edilmesine yonelik onemli bilgiler
saglayabilmektedir. Arastiricilara gore; patojen
populasyonundaki varyasyonun dizeyi ve evrimsel

hikayesi hastaligin dayaniklilik genleri yoluyla kontroll
hakkinda fikir verebilmektedir. Ornegin F. oxysporum f.
sp. ciceris Matuo & K. Sato ’in monofiletik ya da polifiletik
orijinli olup olmamasinin genetik dayaniklilik yoluyla
hastaligin  kontrol edilebilmesi Uzerine dogrudan
sonuglari bulunmaktadir (Jiménez-Gasco ve ark., 2004).

Patojenlerin evrimine etki eden mekanizmalar
konukgu araligi daha genis olabilen yeni agresif irklarin
ya da hibritlerin ortaya c¢ikmasina, genetik cesitliligin
artmasina, vejetatif uyumsuzluk tiplerinin genislemesine
neden olabilmektedir. Bu durumlar da patojenlerin
kontrolinii  zorlastirabilmektedir.  Ornegin;  kestane
kanseri hastaligina neden olan C. parasitica patojeninin
eseyli uremesi sonucu genisleyen vc gesitliligi, virisun
tasinmasini sinirflandirdigr igin patojenin hipovirilent
irklariyla yirutilen biyolojik micadele c¢alismalarinin
basarisini olumsuz yonde etkileyebilmektedir (Milgroom
ve Cortesi, 2004). Agresif irklarin olugsmasi ise
dayaniklihdin kirilmasi nedeniyle dayanikh cesitlerle
mucadelenin etkisini azaltmaktadir.

GunumUzde dayanikli ¢esitlerin kullaniimasi bitki
hastaliklarinin kontroliindeki en pratik ve disuk maliyetli
stratejilerden biri olarak kabul edilmektedir. Ancak,
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patojen populasyonundaki varyasyonun dizeyi hastaligin
yobnetiminde dayanikli cesitlerin etkinliginin
sinirlanmasina neden olabilmektedir. Diger taraftan,
hastaliga dayanikli gesitler elde etmek igin arastiricilar
tarafindan gelistirilmis olan hibrit gesitlerin konukgu araligi
daha genis olan hibrit patojenin ortaya ¢ikmasina neden
olabilecegi ispatlanmistir. Bu nedenle, dayanikh gesitler
elde etmede kullanilabilecek bitkilerin secilmesinde daha
dikkatli olunmasi tavsiye edilmektedir (Menardo ve ark.,
2016).

Dayanikh bitki elde etmek igin ydritilen islah
¢alismalari sonucunda bitki hedef alellerinin gesitlenmesi
ayni zamanda patojendeki efektorlerin degismesine ve
cesitlenmesine  neden olmaktadir. Evrimsel
mekanizmalardan birlikte evrimlesmenin etkili oldugu bu
olayda tarimsal ekosistemlerde patojen daha hizli irk
olusturmaktadir. Bu durumun olusmasinda, hastaligin
irklarina kargi surekli olarak yeni dayanikli gesitlerin
gelistirilmesinin etkili olabilecegdi distunilmektedir (Brown
ve Tellier, 2011). Bu durumda hastalikla miicadelede
sadece dayanikli gesitlerin kullaniimasi hastaligin uzun
vadeli kontroltinde etkili olmamakta ve patojenin virulansi
yuksek olan yeni irklarini olusturmasini
saglayabilmektedir. Ayrica gunimuizde fungisitlerin tek
yonli olarak ve yogun olarak kullaniimasi nedeniyle
fungisit dayanikliigi problemleri artmaktadir. Bu nedenle
hastalikla mucadele entegre muicadele programlarinin
gelistirimesi  gerekmektedir.  Ayrica  insanoglunun
patojenlerin  evrimi  Uzerindeki etkilerini azaltmak
amaciyla, dayanikl ¢esite karsi patojenin yeni irk ya da
hibrit ~ tir  olusturma olasihginin arastiriimasi
gerekmektedir. Patojenin evriminin yavaslatilmasinda
alternatif micadele yontemlerinin de kullaniimasi tavsiye
edilebilir. Ornegin patojenlerin virulans genleri ya da
patojenin hayatiyetini etkileyen diger genlerin hedef
alinarak sessizlestirildigi RNA interferans yakin gelecekte
hastaliklarin micadelesinde yaygin olarak
kullanilabilir.Patojenlerin cografik olarak yer degistirmesi
insanoglunun etkisiyle de muhtemelen oldukc¢a artmis ve
hizlanmigtir. Bu durumda izole kalmis patojenlerin
birbirleriyle etkilesmesiyle gen akisinin meydana gelmesi
tarimsal acidan risk olugturabilecek patojen irklarinin
yayllmasina neden olabilmektedir. Bu nedenle
patojenlerin yeni bolgelere girerek yayillmasini ve Urin
kayiplarinin artmasini engellemek icin gerekli énlemler
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alinmaldir. Ozellikle karantinaya tabi olan patojenlerde
ulkeye girisin ya da (Ulke igerisinde vyayllmanin
engellenmesi igin gerekli olan eradikasyon tedbirlerinin
uygulanmasi énemlidir.

Bazi patojenlerde yeni irklar eseyli Uremenin
gerceklestigi ara konukgular tzerinde olusmaktadir. Bu
hastaliklarla micadelede ara konukgularin ortadan
kaldiriimasi patojenin hayat c¢emberinin kirilarak ilk
enfeksiyonlarin  olugsmasini  engellemektedir.  Ayni
zamanda eseyli Greme yoluyla patojenin yeni irklarini
olusturmasi engellenmektedir.. Ornegin; kara pasin
(Puccinia graminis f. sp. tritici) ara konukgusu olan
Berberis bitkisinin oldugu Kayalik daglari dodusunda,
1930’dan beri yluratilen Berberis eradikasyon galismalari
neticesinde kara pasin eseyli Gremesinin engellenmesi,
bu alanda kara pasin patotip sayisinin azalmasina neden
olmus ancak eradikasyon galismalarina ragmen patojen
tamamen yok edilememistir (Burdon ve Silk, 1997;
Boddy, 2016). Patojenin tamamen yok edilememesi hava
yoluyla patojenin sporlarinin boélgeye ulasmasindan
kaynaklanabilir.

Hava yoluyla uzak mesafelere yayilabilen bir
patojen olmasi nedeniyle populasyonlar arasinda gen
akisinin  olusabilmesi, eseyli Ureme ve Vvirulans
genlerindeki mutasyonlar sonucunda yeni irklarin
olusmasi bu patojenin miicadelesini zorlastirmaktadir. Bu
nedenle hava yoluyla yayilabilen irklarin Glkeye girisini ve
yeni Irk olusumlarini takip edebilmek igin rutin olarak irk
belirleme calismalarinin gerceklestiriimesi
gerekmektedir.

Evrim yasamin baslangicindan beri bitiin yasayan
canlilarda oldugu gibi gelecekte de gesitli mekanizmalarla
patojenlerin  gelismesine, yeni kosullara adapte
olmalarina, ya da yok olmalarina neden olabilecektir.
Evrimin yasamin baslangicindan beri devam eden bir
sire¢ oldugu g6z o©Oninde bulunduruldugunda,
ginimuzde elde edilen bilgi birikimleri 1s1dinda,
funguslarin hizl bir sekilde evrim gecirerek yeni irklarini
olusturmasini ya da konukgu aralid1 daha genis olan hibrit
turlerini olusturmasini engellemeye yonelik micadele
programlarinin gelistirilebilecegi digtiniimektedir.
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