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Studies on the Sensitivity Level of Some Plant Pathogenic and
Saprophytic Bacteria Against Copper Based Compounds

Kazim EGERCi' Hatice O©ZAKTAN? Yesim EGERCI3

'Bayer Tiirk Kimya San. Ltd. $ti./Crop Science, Ege Bolge Miidurliig, izmir
2Ege Universitesi, Ziraat Fakdltesi, Bitki Koruma Bolimd, izmir
3Bornova Zirai Miicadele Arastirma Enstitiisti Mudurligi, izmir

ABSTRACT

Copper based compounds have been extensively used to control of the diseases caused by plant pathogenic bacteria.
However, copper resistant bacteria were isolated from various plants and spraying with copper compounds to control of
the diseases have been reported to be increasingly ineffective. In this study, it was aimed for 33 plant pathogenic or
saprophytic bacteria from Bacteriology laboratory stocks in Department of Plant Protection of Ege University to determine
the sensitivity level against copper compounds. The reaction of bacteria against copper sulphate was tested under in-vitro
conditions. Six isolates were recorded as the most resistant to copper sulphate considering to MIC and EDso values. Two
Pseudomonas syringae pv. tomato (Pst) strains, one Acidovorax citrulli (Ac) strain, two P. syringae pv. syringae (Pss) strains, and
one P. fluorescens (Pf) strain were recorded as decreasing sensitivity to copper sulphate, showing EDso values between 0.55
pg/ml to 1.3 pg/ml, and MIC values between 0.7 mM to 2 mM. Out of six bacterial strains, that were recorded as resistant
to copper sulphate were also tested against some commercial copper-based compounds. All of the tested bacterial strains
were concluded as susceptible to liquid copper sulphate and nano copper formulation producing O. | pg/ml EDso and 0.1—0.3
mM MIC values. It was also concluded as a positive aspect for integrated pest management that antagonistic bacteria were
found decreasing sensitivity to copper based chemicals.

Keywords: Plant pathogenic and saprophytic bacteria, resistance, copper-based compounds, copper resistance
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Bazi Bitki Patojeni ve Saprofit Bakterilerin Balarh Bilesiklere Karsi Duyarlilik Diizeylerinin Arastirilmasi
Bakirli preparatlar bitki patojeni bakterilerin neden oldugu hastaliklarin miicadelesinde yogun olarak kullanilmaktadir. Ancak
cesitli bitkilerden bakira dayanikli bakterilerin izole edildigi ve dayaniklilik nedeniyle bakirli bilesiklerle ilaglama yapmanin
hastaliklarin 6nlenmesinde giderek etkisiz oldugu bildirilmektedir. Bu calismada, Ege Universitesi Ziraat Fakiiltesi Bitki Koruma
Boliimii Bakteriyoloji laboratuvari stoklarinda bulunan bitki patojeni ve saprofit olmak tizere toplam 33 bakteri izolatinin bakirli
bilesiklere karsi duyarlilik diizeylerinin belilenmesi amaglanmistir. In-vitro kosullarda gerceklestirilen testlerde; bakteriler 6nce
bakir siilfata toleranslar agisindan testlenmis ve EDso degerleri 0.55 pg/mlile 1.3 pg/ml ve MIC degerleri 0.7 mMile 2 mM
arasinda saptanan 2 Pseudomonas syringae pv. tomato (Pst) izolati, | Acidovorax citrulli (Ac) izolati, 2 Pseudomonas syringae pv.
syringae (Pss) izolati ve | Pseudomonas fluorescens (Pf) izolati olmak lzere 6 bakteri izolatinin, bakir siilfata duyarliliklarinin
azaldig) belirlenmis ve bunlar ticari bakirli preparatlara karsi testlenmistir. EDso ve MIC degerlerine bakildiginda, sivi bakir siilfat
ve nano bakir preparatlarina karsi bakteriyel patojenlerin oldukga duyarli oldugu (EDso: 0.1 pg/ml, MIC: 0.1-0.3 mM)
saptanmistir. In-vitro testlerde, bazi antagonist bakterilerde bakirli preparatlara karsi duyarlilik azalisi gézlenmesi, 6zellikle
entegre miicadele agisindan olumlu bir yaklagim olarak degerlendirilmistir.

Anahtar kelimeler: Bitki patojeni ve saprofitik bakteriler, dayaniklilik, bakirli preparatlar, bakira dayaniklilik

GiRiS olmaktadir. Bakterilerin  Snemli bir bolimi ise
Dinyada 1600 kadar bakteri turuniin varligi bitkilerde hastalik olusturmaktadir. Bitki patojeni
bilinmektedir. Bunlarin biyik bir cogunlugu saprofitik  bakteriler ile micadelede genel olarak etkin bir
karaktere sahip olup, organik  artiklarin  kimyasal veya biyolojik miicadele yontemi olmadig; igin
pargalanmasinda biiyiik rol oynamaktadir. Bazi tiirleri  bitki bakteriyel hastaliklari ile micadele etmek g¢ok
insan ve hayvanlarda Onemli hastaliklara neden zordur (Benlioglu, 2012).

Bitkileri hastalandiran bakteriyel etmenlere karsi

Article Info / Makale Bilgileri micadelede en yogun kullanilan kimyasallar; bakir,
Corresponding author e-mail: kazimegerci@hotmail.com maneb ve mancozeb gibi agr metal iceren
Received: September 27, 2020 Accepted: April |, 2021 preparatlardir. Bordo bulamaai ilk kesfedildigi 1922
ORCID ID’s of Authors in order: . . .
0000-0003-0253-1705. 0000-0001-997 -6508 yiindan beri, yaklagik 100 yildir bakteriyel bitki
0000-0002-3864-4958 hastaliklarinin miicadelesinde onerilmekte ve basariyla
Ik yazarin Yiiksek Lisans tezi Griintiddr. kullaniimaktadir (Stall ve ark., 1986). Ancak, gesitli
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bitkilerden bakira dayanikli bitki patojeni ve saprofitik
bakterilerin izole edildigi (Adaskaveg ve Hine, 1985;
Bender ve ark., 1990; Cooksey, 1990a; Marco ve Stall,
[983; Ritchie ve Dittapongpitch, 1991; Sundin ve ark.,
1989) ve bakira dayanikli bu bakteriler nedeniyle bakirli
bilesiklerle ilaglama yapmanin hastaliklarin
onlenmesinde giderek etkisiz oldugu bildirilmektedir
(Adaskaveg ve Hine, 1985; Cooksey, |990b; Marco ve
Stall, 1983; Ozaktan ve Bora, 1991: Benlioglu ve
Benlioglu, 1998; Sabet ve ark., 2000). Bakir iyonlarina
karsi duyarlilik azaliginin genetik agidan bakteriyel
kromozom vya da plazmid tarafindan yonetildigi
yonlinde yayinlara rastlaniimaktadir (Cooksey, 1987;
Cooksey, 1993).

Bitki patojeni bakteriyel hastaliklara karsi kullanilan
bakirli bilesikler 5 tip formilasyondan olusmaktadir.
Bunlar; bakir oksit, bakir oksiklorir, bakir amonyum
kompleksi, bakir hidroksit ve bakir silfattir. Bitiin bu
bakir formilasyonlari degisen ¢oziinurlikleri, partikdil
blydklikleri ve tutunma 6zellikleri gibi farkli 6zelliklere
sahiptir. Bu oOzellikler Griinin biyolojik etkinligini de
etkilemektedir. Cozinarlik  ozelligine  gore
formdlasyonlar incelendiginde, en az ¢oziinmenin bakir
oksit, en ¢ok ¢ozinenin ise bakir silfat oldugu
belirtiimektedir. Kiprik stlfat ya da bakir siilfat olarak
da denilen bakir (Il) silfat, kimyasal formili CuSO4
olan kimyasal bilesiktir. Bu tuzun hidrasyon
derecelerine bagll olarak bir dizi farkl bilesikleri
mevcuttur. Oktahedral molekiiler geometriye ve
paramanyetik  Ozellige sahip olan bakir silfat
ekzotermik olarak suda c¢ozinerek [Cu(H,O)¢]*
kompleksini olusturmaktadir (Yazan ve ark, 1972;
Anonim, 2020). Bakir siilfat “mavi vitriyol”, “goztasi” ve
“goktasl” olarak da bilinmektedir. Bakir silfat
pentahidrat bir fungisit ve ayni zamanda bakterisittir.
Bununla birlikte, bazi bakteriler yiiksek diizeydeki bakir
iyonlarina uyum saglayabilir. Kireg ile karistinldiginda
bordo bulamaci, sodyum karbonat ile karistirildiginda
ise burgonya bulamaci; Ozellikle bag ve meyve
agaglarinda hastaliklara neden olan fungal ve bakteriyel
etmenlerin kontroliinde kullaniimaktadir. Bakteriyel
hastaliklara karsi tarla ve sera kosullarinda bitkiler
lizerinde yogun miktarda bakir kullanimi s6z konusudur
(Yazan ve ark, 1972; Tirkisay ve Tosun, 2005). Bahge
bitkileri yetistiriciliginde fidelerdeki ¢okerten hastaligina
karsi bakir siilfat ve amonyum karbonat karigimi
kullaniimaktadir. Ayica, tohumla taginan bazi bakteriyel
hastalk  etmenlerinin  micadelesinde,  Srnegin
bakteriyel benek hastalik etmeni Pseudomonas syringae
pv. tomato’ya karsi tohum yataklarinda bakirli bilesikler
ile kontrol gergeklestirilmektedir (Calis ve Celik, 201 1).
Bakirll  preparatlar  bitkide  koruyucu  olarak
kullaniimakta, gesitli fungisitler ile beraber kullanimi ile
sinerjistik etki gostererek fungal etmenlere karsi
koruyucu bir etki de yapabilmektedir (Agrios, 1997).
Genellikle bakteriyel etmenlerle miicadele zor oldugu

igin kiltirel onlemlere ve sanitasyon uygulamalarina
cok dikkat edilmelidir (Loh ve Martin, 1995).

Bu calismada; Ege Universitesi Bitki Koruma Bolimii
Bakteriyoloji laboratuvari stoklarinda bulunan bir dizi
bitki patojeni ve saprofitik/antagonistik bakteri
izolatinin bakirli bilesiklere karsi duyarliik dizeyleri
agisindan in-vitro kosullarda farkll yogunlukta bakir
iceren besi yerinde kiiltlire alma yoluyla arastiriimasi
amaglanmistir. Bakir iyonlarina karsi duyarlilik azalisi
saptanan bakteriyel izolatlar daha sonra bakirli
bilesiklerin farkli formilasyonlarinin farkli dozlar ile
yine in-vitro’da karsi karsiya getirilerek, bakteriyel
etmenlerin farkl bakirli preparatlara verdigi reaksiyon
da degerlendirilmistir.

MATERYAL ve YONTEM

Materyal

Calismada bakteriyel patojen ve saprofitik/antagonistik
bakteri olarak, Ege Universitesi Ziraat Fakiiltesi Bitki
Koruma Bolimi Bakteriyoloji laboratuvari stoklarinda
bulunan 33 adet izolat (Cizelge 1) kullanilmistir.
Calisma kapsaminda denemeye alinan farkli etki
maddeli bakir formlar, cesitli bakteriyel hastaliklarin
miicadelesinde kullanilan ticari preparatlari ¢alismada
kullanilmak tzere ele alinmistir. “Bakir Siilfat” referans
bakir olarak kullanilmistir. Calisma kapsaminda; bakir
hidroksit (Champ Formula 2 Flowable, %36 SC, Lances
Link), bakir oksikloriir (Cupravit ob 21, %50 WP,
Bayer), bakir silfat pentahidrat (Mastercop SC, %6.6,
SC, Agrikem), bakir oksit (Nordox 75 WG, %75, WG,
Nordox AS), bakir silfat (Okey, %3, SC, United
Chemical Co.) ve nano bakir (Servalesa, %7, SC) ticari
bakirli bilesikleri kullaniimistir.

Calismada, besi yeri olarak  bakirl  ortam
hazirlanmasinda NA (Nutrient Broth Agar) (! litre igin;
Nutrient Broth: 8 g, Merck agar: 16 g, saf su 1000 ml)
kullaniimistir. Bakteriyel testlerde kullaniimak Gzere
yeni bakteri kiltiriinln elde edilmesi igin, King B kiltiir
besi ortami (I litre igin; Bacto pepton: 20 g, Gliserol:
[0 ml, K3HPO4: 1.5 g, MgSO4H,O: 1.5 g, Merck agar:
I8 g, saf su 1000 ml) kullanilmistir (King ve Raney,
1954).

Yoéntem

Bakterilerin bakira toleranslari acisindan in-
vitro’da testlenmesi

In-vitro testlerde; ilk olarak bakteriyel izolatlarin bakir
slfat'in farkll doz serilerinde gelisme durumuna
bakilmistir. Bakirin farkl dozlarina tolerans gosteren
bakteriyel izolatlar daha sonra farkli bakir formlarini ve
formdilasyonlarini igeren ticari bakirli preparatlarin farkl
doz serileriyle in-vitro kosullarda testlenmistir.

ilagh besi yeri haziriginda Nutrient Agar besi yeri
kullanilmistir.  Her bir doz serisi ayrn erlende

J. Turk. Phytopath., Vol. 50 No. I, 2021



Egerci et al,, 2021

Cizelge |. Calismada kullanilan test bakterilerine iligkin bilgiler

izolat izole edildigi

no izolatin ad izolatin tiirii konukgu izole edildigi yer
| 24K Acidovorax citrulli Karpuz TOTEM*
2 29 Yaprak P. syringae pv tomato Domates Aydin

3 29 Gévde P. syringae pv tomato Domates Aydin

4 30 Govde P. syringae pv tomato Domates Aydin

5 Psl (CFBP 2262) P. s. pv lachrymans Hiyar INRA, Fransa
6 Acidovorax| A. citrulli Karpuz TOTEM
7 Acidovorax2 A. citrulli Karpuz TOTEM
8 Pst Re-izolasyon P. syringae pv tomato Domates

9 Erwinia Erwinia amylovora Ayva Bursa

10 Ates yanikligiarmut  E. amylovora Armut Bayindir
I P 39/2 seftali cigek P. syringae pv syringae Seftali

12 Badem P. syringae pv syringae Badem Yalova

13 Badem Yalova P. syringae pv syringae Badem Yalova

14 PI1/2 P. syringae pv syringae Seftali Aydin

15 P29/2 P. syringae pv syringae Seftali Manisa

16 P40/3 P. syringae pv syringae Seftali Canakkale
17 P23/2-b P. syringae pv syringae Seftali Manisa

18 Da3(l) P. syringae pv syringae Kiraz izmir

19 Da3(2) P. syringae pv syringae Kiraz izmir

20 P.ago USA E 325 Pantoea agglomerans AB.D

21 P.vagans C9-1RS P. vagans AB.D

22 PF A506 P. fluorescens AB.D

23 C2 (Xaj BAN) Xanthomonas axonopodis pv. juglandis ~ Ceviz

24 C3 (Xaj BAN) X. axonopodis pv. juglandis Ceviz

25 CI (Xaj BAN) X. axonopodis pv. juglandis Ceviz

26 XA 2528 X. axonopodis pv. juglandis Ceviz Fransa/INRA
27 Clo X. axonopodis pv. juglandis Ceviz

28 Ci8 X. axonopodis pv. juglandis Ceviz

29 Harward (Xaj BAN)  X. axonopodis pv. juglandis Ceviz

30 C34 X. axonopodis pv. juglandis Ceviz

31 C28 X. axonopodis pv. juglandis Ceviz

32 Ayva bursa 2 E. amylovora Ayva Bursa

33 Ayva bursa E. amylovora Ayva Bursa

*Ege Universitesi Tohum Teknolojisi Aragtirma ve Uygulama Merkezi

hazirlanmis, otoklavda sterilize edilmis ve 40 °C'ye
sogutulmus 100’er ml NA’a ihtiyag duyulmustur. Daha
sonra stok ¢ozeltileri (bakirli preparat) belirlenen
oranlarda erlenlere ilave edilerek steril petrilere
dokdlerek katilagmalari beklenmistir.

Bakteriyel testlerde kullaniimak lzere 24 saatlik taze
bakteri kiiltirinin elde edilmesi igin, King B besi ortami
kullanilmistir. Calismada kullanilan test bakterileri besi
ortaminda gelistirilerek, sayilabilecek yogunluktaki
seyreltme basamaklari belirlenmistir.

Balkar siilfat ile yapilan in-vitro testler

Calismada; bakteriyel etmenlerin  bakira tolerans
dizeylerini belirlemek igin, oncelikle saf bakir silfat
(CuSO4.5H,O)'In farkli konsantrasyonlarina (0, 0.1,
0.3, 0.5, 0.6, 0.7, 0.8, 0.9, I, 1.5 ve 2 mM) kars
reaksiyonu in-vitro’da kiiltlire alarak belirlenmistir.
istenilen fungisit dozlarini elde edebilmek igin yiiksek
dozda hazirlanan (100000 ppm / 10000 ppm / 5000
ppm) stok solisyonlarindan seyreltmeler yapilmistir. In-
vitro testlerde Nutrient Agar (NA) besi vyeri
kullanilmigtir. Testlenen saf bakir silfatin farkli doz

J. Turk. Phytopath., Vol. 50 No. I, 2021

serileri hazirlanarak ve her bir doz serisi 40 °C'e
sogutulmus besi yerine verilerek 9 cm capli plastik
petrilere dokiilmustir. Sayilabilecek yogunlukta bakteri
suspansiyonu (10”7 CFU/ml yogunlukta hazirlanan
bakteri stspansiyonu, en az 10> basamagina kadar
seyreltilmistir) seyreltme islemi ile petri ylzeyine
birbirinden esit uzaklikta 4 noktaya |0 pl olacak sekilde
besi yeri lizerine damlatilmistir. In-vitro testlerde her bir
doz serisi testlenen her bakteri izolati igin 3 tekerrirli
ve her tekerrirde 4 nokta olmak zere
degerlendirilmistir. Uygulama goren petriler 48—72
saat slreyle 24 °C’de inkubasyona birakilmis,
inokulasyon noktalarinda gelisen bakteriyel koloniler
sayllarak bakir siilfatin farkli doz serilerindeki minimal
inhibisyon konsantrasyonu (MIC) ve bakteriyel gelisimi
%50 engelleyen doz (EDso) degerleri saptanmistir. EDso
degerleri, kontrole gore ylizde gelisim degerlerinin log-
probit  kagida  uygulanmasi ile  bulunmustur
(Georgopulos ve Dekker, 1982; Beevere ve ark,,
1989). Boylece, testlenen bakteriyel izolatlarin bakira
tolerans diizeyleri belirlenmistir.
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Cizelge 2. Bakir siilfat igin elde edilen EDso (ug/ml) ve
MIC (mM) degerleri

Tari EDso MIC

izolatlar P/S* (pg/ml) (mM)
| Ac P 0.56 I
2 Pst P 0.68 2
3 Pst P 0.65 2
4 Pst P 0.59 2
5 Psl P 0.41 0.5
6 Ac P 0.55 0.7
7 Ac P 0.48 0.7
8 Pst P 0.6 I
9 Ea P 0.12 0.2
10 Ea P 0.17 0.3
Il Pss P 1.3 2
12 Pss P 0.29 0.7
I3 Pss P 0.61 0.9
14 Pss P 0.65 0.7
I5 Pss P 0.12 0.7
16 Pss P 0.82 I
|7 Pss P 0.16 [.5
I8 Pss P 0.23 0.5
19 Pss P 0.34 0.5
20 Pa S 0.41 0.5
21 Pv S 0.22 0.5
22 Pf S 0.72 [.5
23 Xaj P 0.2 0.5
24 Xaj P 0.19 0.5
25 Xaj P 0.21 0.5
26 Xaj P 0.23 0.5
27 Xaj P 0.18 0.5
28 Xaj P 0.16 0.5
29 Xaqj P 0.17 0.5
30 Xaqj P 0.14 0.5
31 Xaqj P 0.21 0.5
32 Ea P 0.34 0.5
33 Ea P 0.15 0.3

*P: patojen, S: saprofit

Bakir siilfat ile yapilan in-vitro testler sonucunda 0.5 mM
ve Uzerindeki bakir dozlarinda koloni gelisimi gosteren
bakteriyel  izolatlar  segilerek  farkh  bakirli
formliilasyonlar iceren preparatlarin testlenmesinde
kullanilmistir.

Ticari balarh preparatlar ile yapilan in-vitro
testler

Bakir silfatin farkli doz serilerinde geliserek bakira
tolerans gosterdigi saptanan bakteriyel izolatlar, farkli
bakirli preparatlarin farkli doz serilerinde (O, 0.1, 0.3,
0.5, 0.6, 0.7, 0.8, 0.9, I, 1.5 ve 2 mM) gosterdigi
reaksiyon agisindan in-vitro kosularda “Bakir Silfat ile
yapilan in-vitro testler” bolimiinde belirtildigi gibi
testlenmis ve doz serilerindeki minimal inhibisyon
konsantrasyonu (MIC) ve bakteriyel gelisimi %50
engelleyen doz (EDsg) degerleri saptanmistir. EDsq
degerleri, kontrole gore ylizde gelisim degerlerinin log-
probit kagida uygulanmasi ile bulunmustur. Boylece,
testlenen bakteriyel izolatlarin bakira tolerans diizeyleri
belirlenmistir.

4

Bu testler sonucunda bakteriyel izolatlarin bakira
tolerans  dizeylerinin  yani  sira, farkh  bakir
formdilasyonlarinin  bakterilerin ~ bakira  tolerans
dizeyleri Uzerine etkisi de degerlendirilmistir.

BULGULAR ve TARTISMA

Bakterilerin bakira toleranslari acisindan in-
vitro’da testlenmesi

Bakar siilfat ile yapilan in-vitro testler

Bakteriyel izolatlar bakir siilfat ile in-vitro kosullarinda
testlenmistir.  Bakir  sllfatta EDsp  degerlerine
bakildiginda; izolatlarin %33.3'G (I | adet) 0.1-0.2
pg/ml arasinda, %33.3'G (I adet) 0.2-0.5 pg/ml
arasinda, %24.24’G (8 adet) 0.5—0.7 pg/ml arasinda,
%6.06’s1 (2 adet) 0.7—1 pg/ml arasinda ve %3.03°G (|
adet) | =2 pg/ml arasinda bulunmustur. Bakir silfat igin
MIC degerlerine bakilacak olursa; izolatlarin 9%9.09'u (3
adet) 0.1-0.3 mM arasinda, %45.45 (15 adet) 0.3-0.5
mM arasinda, %15.15'i (5 adet) 0.5—0.7 mM arasinda,
%12.12’si (4 adet) 0.7—1 mM arasinda ve %18.18’u (6
adet) | =2 mM arasinda bulunmustur (Cizelge 2).
Bakir silfata karsi en ¢ok dayanikliik gosterdigi
belirlenen 6 izolat MIC ve EDs, degerlerine bakilarak
saptanmistir. Buna gore; 2 (Pst) nolu izolat (EDso: 0.68
pg/ml, MIC: 2 mM), 3 (Pst) nolu izolat (EDse: 0.65
pg/ml, MIC: 2 mM), 6 (Ac) nolu izolat (EDse: 0.55
pg/ml, MIC: 0.7 mM), || (Pss) nolu izolat (EDso: 1.3
pg/ml, MIC: 2 mM), 16 (Pss) nolu izolat (EDse: 0.82
pg/ml, MIC: | mM) ve 22 (Pf) nolu izolat (EDso: 0.72
pg/ml, MIC: 1.5 mM) ticari bakirli preparatlara karsi
testlenmek lzere segilmistir. Bakira tolerans gosteren
izolatlara  bakildiginda, Pseudomonas  grubu
bakterilerde, diger tlrlere gore dayanikliigin daha fazla
oldugu gorilmektedir. Ayni sekilde, yogun bakir
kullanilan  fide firmalarindan gelen karpuz fide
orneklerinden izole edilen A. citrull’nin de bakira
duyarliiginin azaldigi gorilmektedir. Bu durum gesitli
arastiricilar tarafindan da saptanmistir (Bender ve
Cooksey, 1986; Bender ve Cooksey, 1987; Cha ve
Cooksey, 1991). Bunun nedeninin, tarla ve seralarda
yogun bakir kullanilmasindan kaynaklandigi, 6zellikle bu
alanlardan izole edilen P. syringae pv. tomato ve P.
syringae pv. syringae izolatlarinin bakira karsi dayaniklilik
kazandigr dustnulmistar.

Cooksey (1990b), sert ve yumusak gekirdekli meyve
agaglarinda bakteriyel kanser etmeni P. syringae pv.
syringae’nin de bakira karsi tolerans gosterdigini yaptigi
galismasinda belirtmistir. Benzer sekilde, domateste
bakteriyel benek etmeni P. syringae pv. tomato’nun da
bakirli bilesiklere karsi dayaniklik kazandigi da 1980’li
yillardan beri bilinmektedir (Bender ve Cooksey, 1986;
Bender ve Cooksey, 1987; Cooksey, 1987). Ayrica; P.
cichorii, P. fluorescens, P. putida gibi bazi saprofitik
Pseudomonas tiirleri arasinda da benzer sekilde bir
bakir dayanikliigi oldugu Cooksey ve ark. (1990)
tarafindan bildirilmistir. Tlrkiye'de ise; Pst izolatlarinda
bakira karsi duyarlilik azalisini Ozaktan ve ark. (1991)
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Cizelge 3. Bakteri izolatlarinin EDso degerlerine (ug/ml) gore sayisal ve oransal (%) dagilimlari

Dozlar ve EDso degerlerine (ug/ml) gore sayisal ve oransal (%) dagilimlari®

izolat <0.1 0.1-0.2 0.2-0.5 0.5-0.7 0.7-1
Kimyasal maddeler sayisl (mM) (mM) (mM) (mM) (mM)
Bakir hidroksit 6 - I (16.7) 4 (66.7) - I (16.7)
Bakir oksikloriir 5 - 3 (60) | (20) | (20) -
Balkar siilfat pentahidrat 6 - 6 (100) - - -
Nano bakir 6 - 6 (100) - - -
Bakir oksit 6 - I (16.7) 4 (66.7) I (16.7) -
Sivi bakir siilfat (Okey) 6 6 (100) - - - -

*Parantez icindeki rakamlar (%) oransal dagilimlari géstermektedir.

Cizelge 4. Bakteri izolatlarinin MIC degerlerine (mM) gore sayisal ve oransal (%) dagilimlari

Dozlar ve MIC degerlerine (mM) gore sayisal ve oransal (%) dagilimlarr*

izolat 0.1-0.3 0.3-0.5 0.5-0.7 0.7-1 1-2
Kimyasal maddeler sayisl (mM) (mM) (mM) (mM) (mM)
Bakir hidroksit 6 - 3 (50) - 2(33.3) I (16.7)
Bakir oksikloriir 5 - 3 (60) | (20) | (20) -
Balkar siilfat pentahidrat 6 4 (66.7) I (16.7) I (16.7) - -
Nano bakir 6 4 (66.7) 2(33.3) - - -
Bakir oksit 6 - 4 (66.7) I (16.7) - I (16.7)
Sivi bakir siilfat (Okey) 6 6 (100) - - - -

*Parantez icindeki rakamlar (%) oransal dagilimlari géstermektedir.

ve Benlioglu ve Benlioglu
calismalarinda saptamiglardir.

(1998)  yaptiklar

Ticari balarh preparatlar ile yapilan in-vitro
testler

Bakir siilfat ile testlenip duyarliik azaligi gozlenen 6
izolat, ticari bakirli preparatlar ile denemeye alinmistir.
Cizelge 3’te EDso degerlerine (ug/ml) gore sayisal ve
oransal (%) dagilimlar, Cizelge 4’'te ise MIC (mM)
degerlerine gore sayisal ve oransal (%) dagilimlari
ozetlenmistir.

Cizelge 3’e gore, bakir hidroksit igin EDso degerleri,
izolatlarin %16.7’sinin (1 adet) 0.1—0.2 pg/ml arasinda,
%66.7’sinin (4 adet) 0.2-0.5 pg/ml arasinda ve
%16.7'si ise (I adet) 0.7—1 pg/ml arasinda
bulunmustur. Bakir oksiklorir igin; izolatlarin %60’ (3
adet) 0.1—-0.2 pg/ml, %20’si (| adet) 0.2—0.5 pg/ml
arasinda ve %20’si 0.5—-0.7 pg/ml arasinda
saptanmistir. Bakir siilfat pentahidrat igin, izolatlarin
%1000 (6 adet) 0.1-0.2 pg/ml arasinda bulunmustur.
Nano bakir igin; izolatlarin %100’G (6 adet) 0.1-0.2
pg/ml arasinda bulunmustur. Bakir oksit igin; izolatlarin
%16.7’si (1 adet) 0.1-0.2 pg/ml arasinda, %66.7’si (4
adet) 0.2—0.5 pg/ml arasinda ve %16.7'si (I adet)
0.5—-0.7 pg/ml arasinda bulunmustur. Sivi bakir silfat
igin; izolatlarin %100’Unin (6 adet) EDso degerleri <0.1
pg/ml olarak saptanmistir.

Cizelge 4’e gore, bakir hidroksit igin MIC (mM)
degerleri, izolatlarin %50’si (3 adet) 0.3—0.5 mM
arasinda, %33.3'G (2 adet) 0.7—1 mM arasinda ve
%16.7’si (| adet) |—2 mM arasinda bulunmustur. Bakir
oksiklorir igin, izolatlarin %60" (3 adet) 0.3—0.5 mM
arasinda, %20’si (| adet) 0.5—0.7 mM arasinda ve
%20’si (| adet) 0.7—1 mM arasinda bulunmustur. Bakir
sllfat pentahidrat igin, izolatlarin %66.7’si (4 adet)
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0.1=0.3 mM arasinda, %16.7’si (I adet) 0.3—0.5 mM
arasinda ve %16.7’si (I adet) 0.5—0.7 mM arasinda
bulunmustur. Nano bakir igin izolatlarin %66.7’si (4
adet) 0.1-0.3 mM arasinda ve %33.3'0 (2 adet)
0.3—0.5 mM arasinda bulunmustur. Bakir oksit igin,
izolatlarin %66.7’si (4 adet) 0.3—0.5 mM arasinda,
%16.7’si (1 adet) 0.5—0.7 mM arasinda ve %16.7’si (|
adet) 1—2 mM arasinda bulunmustur. Sivi bakir silfat
igin, izolatlarin %100’G (6 adet) 0.1—0.3 mM arasinda
bulunmustur.

Ticari bakirli preparatlarla in-vitro kosullarda yapilan
testlerde, EDso degerlerine gore en etkili bulunan
preparatlar sirasiyla; sivi bakir siilfat, nano bakir, bakir
sllfat pentahidrat, bakir oksiklorir, bakir oksit ve bakir
hidroksit olarak saptanmistir. MIC degerlerine gore en
etkili bulunan preparatlar ise sirasiyla; sivi bakir stilfat,
nano bakir, bakir silfat pentahidrat, bakir oksit, bakir
oksikloriir ve bakir hidroksittir. Bu sonuglar, bakirin
farkli formlart ve formiilasyonlarinin etkililikte pay
oldugunu distindirmektedir. Paulin ve Lachaud (1984)
ve Burr ve Norelli (1984) degisik bakir formlarini
karsilastirdiklari  galismalarinda, silfat formundaki
bakirin, hidroksit, oksiklorlir veya amonyakli bakir
sUlfat formundan daha etkili oldugunu vurgulamislardir.
Ayrica,  bakirlilarin etkisinin @ Cu  iyonunun
konsantrasyonuna bagli oldugunu da bildirmislerdir.
Yapilan ¢alismada, in-vitro testlerde bakir hidroksit ve
bakir oksikloriir, bakteriyel patojenlere karsi en etkisiz
bulunan preparatlar olmustur. Zeller ve ark. (1984)
bakir oksikloridi gicek ve silirglin yanikligina kars
kullanarak %46—66 arasinda etkili bulmuslardir. Buna
karsin, Paulin  ve ark. (1987) armut gigek
enfeksiyonlarina karsi bordo bulamaci ve bakir
hidroksiti basarisiz bulmuslar ve bunu soguk ve nemli
hava nedeniyle bakirlilarin aktivite gosterememesine
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baglamislardir. Benlioglu ve Benlioglu (1998) bazi bakir
oksiklorir, bakir oksit, bakir hidroksit ve
ethylenebisdithiocarbamate’ll  fungisitlerin ~ (maneb,
mancozeb) bakira dayanikli Pst izolatlarina karsi tek
baslarina ve birlikte uygulandiklarinda in-vitro ve sera
testlerinde etkisiz oldugunu saptamiglardir. Ozaktan ve
ark. (1991) yaptiklari galismalarinda, Pst izolatlari
arasinda bakirli bilesiklerin etkililiginde farkliliklar
saptanmasinin, bakirli bilesiklerin eriyebilirliklerinin
birbirinden farkll olmasindan kaynaklanabilecegini
bildirmiglerdir.

Bu calismada, antagonist bakterilerin de bakirli
preparatlara karsi duyarliiginin azaldigi saptanmustir.
Bakirli preparatlara dayaniklilik konusu bitki patojeni
bakterilerle micadelede olumsuzluk yaratmaktadir.
Ancak bitki patojeni bakterilerle biyolojik miicadelede
kullanilan bakteriyel antagonistlerin bazilarinin da bakirli
preparatlara dayanikli bulunmasi 6nem tasimaktadir.
Bu ozellikle entegre miicadele (IPM) agisindan olumlu
sonuglar dogurmaktadir. Cooksey ve ark. (1990), P.
fluorescens, P. putida gibi bakteriler arasinda da benzer
sekilde bir bakir dayanikliligr oldugunu belirtilmislerdir.
Bu dayanikliigin, plazmid kaynakli bakira dayaniklilik
genleri ile idare edildigi distiniimektedir (Cooksey,
1993).

Sonug olarak calismada elde verilere gore; bitki
patojeni ve saprofit bakteri izolatlarinin  bakirli
bilesiklere olan tolerans diizeyleri arastirilmis ve 6
tanesinde duyarliik azaligi oldugu saptanmistir.
Duyarlilik azaligi gozlenen izolatlar arasinda bir
antagonist bakteri de bulunmaktadir. Bu durum bitki
patojeni bakterilerin savagiminda olumlu sonuglar
dogurmakta, Ozellikle entegre micadele (IPM)
agisindan 6nem tasimaktadir. Duyarliligi azalan bakteri
izolatlarinin sivi bakir siilfat ve nano bakira karsi duyarli
olduklar saptanmistir. Bu sonuca bakilarak, bakteriyel
patojenlerde bakir dayanikliligi ile basa gikmada, bakir
slilfat ile donusimli olarak kullanilmalari 6nerilebilir.
Dayaniklilik sorununa karsi 6nlem olarak farkl bakirli
formdlasyonlarin  kullanilmasi, bakirlilarin = yani  sira
“zararsiz kimyasallar” olarak bilinen bazi alternatif
micadele yontemlerine basvurulmasi gereklidir.
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Determination of Fungal Pathogens Causing Root-Rot on Bean Plants in
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ABSTRACT

The current study was conducted with the aim of determining fungal pathogens that cause root-rot disease on bean
(Phaseolus vulgaris L.) in Yazhlylk and Suvermez districts, Nevsehir province, Turkey. Field surveys, molecular
characterizations, and pathogenicity tests were carried out during the growing season of 2018. The most prevalent isolates
obtained from the bean cultivation areas were Fusarium (62.5%) followed by Rhizoctonia (27.5%) and Rhizopus (4.8%). The
lowest mean frequency rates were found for Epicoccum (0.7%), Penicillium (2.1%), and Alternaria (2.4%). Fusarium oxysporum
(Y1A) had the highest virulence followed by Fusarium solani (Y 1B) and Rhizoctonia solani AG-4 (Y8). The pathogenicity test
on all bean varieties revealed that the disease severity rates of F. oxysporum, F. solani and R. solani AG-4 were ranging from
48.3%-91.7%, 33.3%-95.0%, and 26.7%-50%, respectively. Overall, the Adzuki bean cultivar was the most susceptible to
the three pathogens followed by ispir, Gezin/Elazig-1 and Kidney Bean cultivars.

Keywords: Fungus, Fusarium spp., Pathogenicity, Phaseolus vulgaris, root-rot, Turkey

(074

Nevsehir ili Fasulye Alanlarinda Kék Ciriikliigiine Neden Olan Patojenlerin Saptanmasi

Nevsehir ilinindeki (Phaseolus vulgaris L.) Yazihiiylk ve Suvermez kdylerinde fasulye bitkisinde kok ¢lriikligiine neden olan
fungal patojenlerin saptanmasi amaciyla 2018 yilinda survey galismalari gergeklestiriimistir. Fasulye yetistirme alanlarindan elde
edilen en yliksek izolatlar Fusarium’dur (%62.5). Bunu takiben Rhizoctonia (%27.5), Rhizopus (%4.8), Alternaria (%2.4),
Penicillium (%2.1) ve Epicoccum (%0.7) elde edilmistir. En ylksek viriilenslige sahip izolatlarin (YIA, Y1B ve Y8) patojenite
testinde kullanilan F. oxysporum, F. solani ve R. solani izolatlarina sirasiyla ait oldugu bulunmustur. Patojenite testlerinin sonuglari
olarak, tiim fasulye gesitlerinde, F. oxysporum’un hastalik siddeti orani %48.3 ile %91.7 arasinda degisen olarak belirlenmistir.
F. oxysporum izolatinin tiim fasulye cesitlerinde ortalama hastalik siddeti orani %72.8 olarak hesaplanmistir. F. solani izolati,
hastalik siddeti oranlari %33.3 ile %95.0 arasinda degisen olarak belirlenmistir. Tim fasulye cesitlerinde F. solani izolatinin
ortalama hastalik siddeti orani %70.6 olarak hesaplanmistir. R. solani AG-4 izolati, test edilen tiim fasulye gesitlerinde ortalama
9%49.4 hastalik siddeti orani ile en duslk olarak hesaplanmistir.

Anahtar kelimeler: Fasulye, fungus, Fusarium spp., kok gliriikliigli, patojenite, Tiirkiye

INTRODUCTION

Common Bean (Phaseolus vulgaris L.) is among the
most important leguminous crops worldwide owing to
its high commercial value, consumer use, extensive
production, and nutritional value (vitamins, minerals,
carbohydrates, and proteins) (Suarez-Martinez et al.,
2015; Ntatsi et al., 2018). The crop is a basic staple
food crop in many developing countries where it
serves as an important plant protein source for urban
and rural areas (Dursun et al., 2010). In Turkey, beans
are the third most important crops among legumes
after chickpea and lentils in terms of production area
with 84,804 ha of land producing 220,000 tons of dry
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beans in 2018 (TSI 2019). Nevsehir is ranked fourth
among Turkish provinces with an estimated total area
of 8,119 ha and 24,001 tons of production which
accounts for about 0% of total bean production in the
country (TSI 2019).

Bean plants are mainly affected by several biotic and
abiotic factors. They are extremely prone to diseases
and pests which can result in severe yield reduction
(Allen et al., 1998; Graham and Vance, 2003). About
200 pathogens were reported to attack beans; some
of which cause significant economic losses
(Schoonhoven and Voysest 1991). Among 6]
described pathogenic diseases of bean plants, 31 of
them are caused by fungal organisms (Hall et al., 2005).
Root-rot is one of the most prevalent soil-borne
diseases of bean crops which is primarily associated
with southern blight (caused by Sclerotium rolfsii),
Fusarium root-rot (Fusarium solani), Pythium root-rot
(several species of Pythium), Rhizoctonia root-rot
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Table |. Location, area size, and number of samples taken during the field survey in Nevsehir Province, Turkey

Field name Isolate code

Area of the field in decare (da)

Number of samples

YI-MT 30 |7
Y2-KA 50 2|
Y3-AK 40 13
Y4-HK 30 23
- Y5-MC 35 [
Yazihtytk Y6-iB 100 21
Y7-MK 40 13
Y8-OY 20 20
Y9-GK 30 0
Y10-SC 30 19
Sl 50 18
S2 70 9
Suvermez 53 30 27
54 80 26
S5 100 30
S6 80 24
(Rhizoctonia  solani), and Aphanomyces root-rot Collecting plant samples

(Aphanomyces euteiches) (Singh and Schwartz, 2010;
Porch et al, 2014). These pathogens may act
individually or often as complex combinations
depending on soil and environmental conditions
(Rusuku et al., 1997). The interaction of root-rot
pathogens may cause higher degree of disease severity
than when they act independently; such examples of
combinations can be seen in F. solani f.sp. phaseoli
occurring concurrently with either Thielaviopsis basicola
or Pythium species (Pieczark and Abawi [978; Hatat
and Ozkog 1997).

Identifying disease-causing pathogens and determining
the disease incidence are important steps towards
planning an effective control measure. In Turkey,
various studies have been conducted to determine
different disease-causing organisms on bean plants
(Hatat and Ozkog 1997; Eken and Demirci 2004;
Kirbag and Turan 2006; Erper et al., 201 |). However,
there is no information for Nevsehir province which is
one of the most important areas in terms of bean
production in Turkey. This study was conducted with
the aim of filling this gap of information through
determining fungal pathogens that cause root-rot
diseases on common bean in Nevsehir province.

MATERIALS and METHODS

Survey area

The survey area of the study was determined based on
bean production statistics of 2018 which were
obtained from Nevsehir Directorate of the Ministry of
Agriculture. Based on the data, villages where bean
crops are cultivated in over 1000 ha of land, were
chosen as survey areas.

Bean plants were randomly collected from fields
located in Yazihiylik and Suvermez districts of
Nevsehir Province during the growing season of 2018
(Table |, Figure 1). A total of 350 plants with
symptoms of root rot diseases were collected from
bean fields during June—August 2018. Isolations were
made from discolored or necrotic lesions on roots.
Four or more randomly selected diseased plants per
field were carefully uprooted from the soil to retain
most of their root systems. The plant materials were
brought to the laboratory and kept in the refrigerator
until use for isolations.

Pathogen

At the end of the survey and molecular
characterization, the obtained pathogens from isolates
such as Fusarium oxysporum, Fusarium acuminatum,
Fusarium solani, Fusarium equiseti, Rhizoctonia solani and
Rhizoctonia solani AG-4 were used in a preliminary
pathogenicity test in greenhouse condition. In the main
and last pathogenicity test, the pathogens used were F.
oxysporum, F. solani and R. solani AG-4.

Isolation and identification of fungal
pathogens from infected bean plants

In each of the surveyed areas, individual plants were
collected from each field and the plants were examined
for disease severity. The plants were marked as
insulated for isolation and were placed in a refrigerator
with labels indicating the number of the area in which
the sampling was carried out. In the isolation process,
the initial diagnosis was based on symptoms in roots
that are usually associated with specific root rot
pathogens. In all isolations, bean roots showing
symptoms were first washed with running tap water
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Omar et al., 2021

Suvermez

Yazihiytuk

Figure |. Location of survey and sampling area in Yazihlyik and Suvermez districts, Nevsehir, Turkey

and cut into approximately |-cm portions. They were
then surface sterilized in 2% NaOCI for 2min, double
rinsed in sterile distilled water, blot dried between
sterile paper towels. Potato Dextrose Agar (PDA)
medium was used in isolation. The medium was
sterilized for 15 minutes at 121 °Cand | atm pressure,
and then cooled to 50 °C in a water bath, with the
addition of streptomycin sulfate as an antibiotic at a
dose of 200 mg/L and poured into an 8 cm diameter
petri dish. The superficially sterilized plant tissues were
cultured on this medium after which the plates were
incubated at 25 °C under dark conditions. The isolates
were examined after 2 to |5 days to determine fungi
associated with the various symptoms observed. Pure
cultures were obtained by sub-culturing and
identification of fungi was based on colony
characteristics and reproductive structures by using a
binocular microscope (Domsch et al., 1980; Barnett
and Hunter 1987). Fungal structures of identified fungi
were screened by means of a trinocular microscope
and photographed by a digital camera.

Molecular characterization of isolates of
fungal pathogens from infected bean plants
To confirm the species of the fungal isolates all 16
isolates were subjected to molecular techniques for
verification as described by Xu and Leslie (1996).
Genomic DNA was extracted using a standard CTAB
method. One gene location was amplified for species-
level identification of |6 isolated root rot causing
pathogens on beans. An ITS4 and ITS5 for PCR
amplification reaction was prepared manually for each
isolate by adding |0 X Green Buffer (Thermo Scientific,
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EPO712) 40 pL, dNTPs 16 pL, Forward primer 8 pL,
reverse primer 8 pL (ITS4 and ITS5), Tag polymerase
2 pL, nuclease-free water 310 uL (Thermo Scientific™)
and the target DNA 2 pL. Amplification was done in a
thermal cycler (Applied Biosystems®, Veriti® 96 Well
Thermal Cycler) using the following program: initial
denaturation at 95 °C for 3 min, followed by 35 cycles
of denaturation at 95 °C for | min, annealing at 53 °C
for 1:15 min, extension at 72 °C for |:30 min, and a
final extension at 72 °C for 7 min and hold at 4 °C.
Reaction products were analyzed by electrophoresis
on |% agarose gels. The annealing temperature was
optimized to efficiently amplify 1TS4 and ITS5. The
polymerase chain reaction (PCR) conditions, optimum
annealing temperature, and reagents concentrations
were optimized for effective amplification of ITS4 and
ITS5. The NCBI BLAST was performed for the 16
isolates and sequences were submitted to NBCI
GenBank.

Preparation of inoculations used in
experiments

Fungal inoculations used in all experiments in
greenhouse and climate chamber were prepared
based on by colonizing fungi in wheat seeds that were
boiled in water (Killebrew et al., 1988). Primarily,
wheat grains are boiled in water; the boiled grains were
filtered and drained off the water and then dried on
clean newspaper and filled into half autoclavable |liter
glass bottles with a screw cap. These bottles were then
placed in an autoclave at 121 °C and sterilized for 60
minutes at | atm pressure (Figure 2). After the
autoclave process, after cooling of the grains
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grains (c) Ready-to-use pathogen wheat inoculum

sufficiently, 5 mm agar plates were cut from fresh fungal
cultures in 5—6 days developed in PDA medium, and
6—7 pieces were put for each of these bottles. During
the incubation period of |5 days at 24 °C, the grains in
the bottles were shaken once every 2 days starting
from the 5th day, thus ensuring homogenous
colonization of all grains. At the end of the |5th day of
the incubation, all wheat grains were emptied from the
bottles and aired in clean plastic cuvettes for 15—20
hours in the fume hood and then stored at 4 °C.

Pathogenicity test

In order to determine the pathogenicity of fungal
pathogens isolated from diseased root bean plants, a
preliminary pathogenicity test was conducted by
randomly selecting 14 isolates among the isolates of
each species, and assessed twice in two different
experiments. The bean variety “Albert Canada”, which
is one of the most cultivated bean varieties in the
region, was used in the preliminary pathogenicity test.
The experiments were arranged in a completely
randomized design (CRD) with 5 replications, and
disease severity ratings were based on the pre-
determined scale of 0—3, as described below.

Scale Infection rating

0 - Healthy seedling

I+ Very little superficial lesions in roots
2 ++ Severe root rot

3 +++  Complete root rot

Based on the results of preliminary pathogenicity tests,
three fungal isolates with higher virulence of disease (F.
oxysporum, F. solani and R. solani AG-4) were selected
for use in the main pathogenicity test (Table 2.)
Pathogenicity of three fungal isolates on beans was

12

Figure 2. Inoculum preparation: (a) Autoclaved grains were prepared by patogen colonization (b) Colonized

assessed in the final experiment under a climate
chamber. Four replications were used for each
treatment and each replicate was inoculated by the
fungal isolate. Treatment units that are not inoculated
were used as control. A total of |3 different cultivars
of beans were used for the pathogenicity test. The
widely used wheat grain culture for soil-borne fungi
which was previously recommended by Killebrew et al.
(1988) was used in this study.

Host plant

Host plant rearing was conducted in mid-March, 2018.
Bean plants were grown in pots containing a mixture
of sandy loam soil and manure in a greenhouse (20—26
°C) located at Research and Application Site of the
Department of Plant Protection, Cukurova University.
About five seeds were sown to a depth of 2 cm in each
pot. After reaching their seedling stage, plants were
inoculated by placing 10 mg colonized wheat grains in
contact with each seedling. After 7 weeks from
inoculation, plants were uprooted, washed and disease
severity ratings were determined based on the scales
described above.

Data analysis

Disease severity data were subjected to analysis of
variance (ANOVA) to determine the significance of the
difference in lesions, and means were compared using
Fisher’s Least Significance Difference Test (LSD) at 5%
significance level using Microsoft® Excel (2016).

RESULTS and DISCUSSION

Survey results

A total of 302 different isolates were obtained from
350 bean plants collected in the 2018 growing season
from bean production areas in Yazhiylik and
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Table 2. Isolates used in this study, the gene regions sequenced, and their respective Genbank accession

numbers
Percent Disease  GenBank accession
Isolate identity severity numbers of the
Division Genus Species code (%) (%) reference sequences
Basidiomycota  Cerrana unicolor Y-2 100.00 100.00 MK581063
Ascomycota Fusarium accuminatum Y-1 100.00 73.30 MK432763
Ascomycota Fusarium equiseti Y-4B 100.00 100.00 MK780235
Ascomycota Fusarium equiseti Y-10 100.00 91.10 MK168567
Ascomycota Fusarium oxysporum S-2A 99.81 82.20 MK416124
Ascomycota Fusarium oxysporum S-2B 99.62 64.40 MK673880
Ascomycota Fusarium oxysporum S-5 96.53 86.70 MK510889
Ascomycota Fusarium oxysporum Y-9 99.81 100.00 MK790099
Ascomycota Fusarium oxysporum Y-1A 100.00 68.90 MK416124
Ascomycota Fusarium solani Y-1B 99.46 91.10 MK734064
Basidiomycota  Rhizoctonia  solani Y-6 100.00 75.60 MH483966
Basidiomycota Rhizoctonia  solani AG-4 Y-8 99.85 100.00 MH 172669
Ascomycota Trichoderma  hamatum Y-4A 100.00 100.00 MK322702
Ascomycota Trichoderma  hamatum Y-7 100.00 100.00 MK890773

Suvermez villages of Nevsehir province. The findings of
the current study showed that root-rot disease of
beans was widespread in bean growing areas of
Nevsehir province. Overall, root rots were detected
in bean plants in all surveyed fields. According to the
results of frequency analysis of fungal pathogens in the
surveyed areas, the most frequently obtained isolate
from bean cultivation areas was Fusarium with a mean
frequency rate of 62.5% followed by Rhizoctonia and
Rhizopus with a mean frequency of 27.5% and 4.8%,
respectively (Figure 3). Alternaria and Penicillium a had
mean frequency of respectively 2.4% and 2.1% while
the least isolate was Epicoccum with a mean frequency

rate of 0.7%. Disease severity was high in all surveyed
fields. Soil-borne pathogens that cause root-rot
disease in the common bean are a major constraint to
bean production in Turkey as well as in the world
(Hatat and Ozkog [997; Roman-Avilés and Kelly 2005;
Cichy et al., 2007; Naseri 2008; Erper et al., 201 |;
Nzungize et al., 2012).

PCR results of the fungal isolates

The results of the ITS gene sequence show that
different pathogenic fungi composed of two divisions
with nine different species of fungi were obtained
(Table 2). These were: Cerrana unicolor, Fusarium

B Fusarium ERhizoctonia ® Epicoccum B Alternaria O Penicillium o Rhizopus

100

Isolation Percentage

T

&

Field Name

Figure 3. Percentage of fungal pathogens isolated from samples collected from fields in Yazihlyik and

Suvermez districts, Nevsehir Province, Turkey
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Figure 4. Electrophoretic separation of PCR amplicons of fungal isolates obtained from ITS4 and ITS5 primer

pairs. Isolate origin: lanes | —4= isolates from Suvermez; lanes 5—16= isolates from Yazihiyiik

accuminatum,  Fusarium  brachygibbosum,  Fusarium
equiseti,  Fusarium  oxysporum,  Fusarium  solani,
Rhizoctonia solani, Rhizoctonia solani AG-4, and
Trichoderma hamatum (Figure 4).

Disease severity

Our study provides detailed information on fungi
organisms that are associated with root-rot disease
and their overall effects on common bean plants in the
surveyed fields of Nevsehir province, Turkey. In
general, the mean disease severity of root-rot
pathogens isolated from root samples varied slightly by
field location. In this study, |3 different cultivars of
common beans were used for pathogenicity testing
and there was no resistant common bean cultivar

against F. oxysporum, F. solani, and R. solani AG-4. F.
oxysporum and F. solani were found to be highly
aggressive against all tested beans when compared to
R. solani AG-4 under laboratory conditions. According
to the results of the pathogenicity tests, F. oxysporum
isolate had the highest rate of disease severity (91.7%)
on kidney bean cultivar (Table 3). In most of the fields,
examined plant roots had lesions of varying degrees.
Stunting, chlorosis, superficial lesions in roots, lesions
on hypocotyls and taproot, complete root rot, and
seedling death were some of the symptoms observed
on bean plants in this study. Similarly, Jensen et al.
(2002) reported that root-rot diseases caused
symptoms such as defoliation of leaves and chlorosis,

Table 3. Disease severity rate (%) of root-rot £SE of mean in green and dry bean cultivars

Cultivar name

Disease severity (%)*SE"

Green bean cultivars Fusarium oxysporum

Fusarium solani Rhizoctonia solani AG-4

Cilli Ayse 71.7x11.1 ab* 93.3%7.70b 46.713.1 a
Miray 66.7 £11.3ab 90.0£2.22 b 50.0x13.2a
Simbo 86.7£109b 83.3+16.78 b 40.0%17.5a
Sarikiz 48.3+79a 80.0x11.33b 26.718.31 a
Alman Ayse 90.0+6.7 b 60.0£16.3 ab 33.313.14a
Tursuluk Sirk 65.0£10.6 ab 36.7t16.2a 31.7x3.69a
Dry bean cultivars

Ahlat/Bitlis 73.3%13.7a 63.3%113.5 abc 26.7+1333a
Gezin/Elazig | 83.3+14.6a 68.3%117.0 bed 65.01£8.53 bc
Gezin/Elazig 2 70.0+8.0 a 33.3154a 60.0£8.31 b
ispir 71.7x135a 80.0%14.7 cd 75.0%11.5 bc
Kanada Alberta 53.3%19.1a 90.0%6.7 cd 25.0+3.69a
Kidney Bean 91.7+3.7 a 45.0+5.8 ab 78.314.84 bc
Adzuki Bean 75.0x11.1a 95.0+5.8d 83.3+4.97 ¢
Mean 72.8a 70.6 a 49.4b

T. The standard error of the mean for percent disease severity

*. Different letters within the same column and different letters for mean values within the same row denote statistically the significant

difference (LSD, p < 0.05).
14
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Figure 5. Symptoms of root-rot and wilting on bean seedlings (a) Rhizoctonia solani (b) Fusarium solani (c)

Fusarium oxysporum Y | A isolate

reduced biomass, plant stunting, and seedling death
which finally resulted in reduced seed yield.

On the other bean varieties, the disease severity rate
of F. oxysporum was in the range of 48.3% and 90.0%,
and the average rate of disease severity of this isolate
on all bean varieties was determined as 72.8%. The
highest disease severity rate (95.0%) for F. solani isolate
was determined on adzuki bean cultivar. This isolate
was also associated with symptoms such as stunting,
lesions on hypocotyls and taproot, and complete root
rot on bean plants in comparison to control plants. The
disease severity rates by this pathogen on other bean
varieties were ranged from 33.3% to 93.3% with an
average rate of 70.6% disease severity on all bean
varieties.

The highest disease severity rate (83.3%) caused by R.
solani AG-4 isolate was determined on adzuki bean
cultivar with the lowest value of 25% recorded on
Kanada Alberta cultivar. In addition, this isolate had the
lowest mean value of disease severity (49.4%) when
compared to the other isolates. While there was no
significant difference between the mean disease
severity rate of F. oxysporum and F. solani, the mean
value for R. solani was statistically different from that of
F. oxysporum and F. solani. However, even though the
symptoms differ in their rate of severity, similar disease
symptoms on the bean varieties such as wilting,
stunting, chlorosis, superficial lesions in roots, lesions
on hypocotyls and taproot, and complete root rot
were observed for R. solani AG-4, F. oxysporum and F.
solani (Figure 5). Overall, Adzuki Bean was the most
susceptible cultivar to the three pathogens followed by
ispir, Gezin/Elazig-1 and Kidney Bean.

J. Turk. Phytopath., Vol. 50 No. I, 2021

Overall, when the green and dry bean cultivars are
compared with each other, it was observed that the
latter were more susceptible to F. oxysporum and R.
solani, whereas green bean cultivars showed higher
susceptibility to F. solani than the dry bean cultivars.
This may indicate that root rot pathogens may exhibit
different virulence potential to different form of bean
seeds (green or dry).

The frequency of root-rot isolates in plant samples
showed that the disease was mainly caused by two or
more fungi, and this supports previous reports that soil
pathogens often act as complex combinations to cause
severe plant damage (Pieczark and Abawi 1978; Hatat
and Ozkog 1997; Rusuku et al., 1997). Similar to our
study, Hatat and Ozkog (1997) reported that Fusarium
spp. and R. solani were the most common fungi isolated
from bean plants. Erper et al. (201 1) also found that R.
solani AG-4 was the most abundant group found in
common bean plants in Samsun, Turkey. In addition,
they reported that the highest disease severity among
other Rhizoctonia group was determined for the AG-4
group on common bean and soybean plants. This may
show that R. solani AG-4 is the most predominant
Rhizoctonia group in the bean fields of Turkey.
Meanwhile, Pythium spp. were the most frequently
isolated fungi in common bean plants of Rwanda, East
Africa (Rusuku et al.,, 1997). F. solani was the most
abundant fungus in Iranian bean fields followed by R.
solani, M. phaseolina, and F. oxysporum (Naseri 2008).
The most prevalent fungi isolated from common bean
plants in Puerto Rico were F. solani, followed by M.
phaseolina, and Sclerotium rolfsii (Porch et al., 2014).
Based on the findings of the present study, it can be
concluded that the root-rot disease of beans is an
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important problem in Nevsehir. As it was perceived
during personal communications with the local farmers
in the survey area, growers generally pay less attention
to a disease until it causes a total death of the plants.
Hence, we recommend that farmers should implement
control measures as early as possible before higher
rates of disease severity occur. The findings of this
study can serve as an input for farmers and pest
managers in order to develop management strategies
for fungal root-rot diseases in common bean growing
areas of Turkish.
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ABSTRACT

This study was aimed to evaluate the biological control effectiveness of Trichoderma isolates against charcoal rot disease in
melon (Cucumis melo cv. Kirkagag-637). Macrophomina phaseolina (Tassi) Goid. is soilborne fungal pathogen that causes for
considerable damages in melon production. In the study, the effectiveness of six previously known Trichoderma isolates on
seed germination, plant growth and against M. phaseolina of melon in in-vitro and in-vivo was determined. As a result of the
seed germination of melon tests carried out in-vitro condition, the seed germination occurred 80—100% on Trichoderma
isolates, while 70% on control plates. In in-vivo study, when growth of plant was compared in treatments, the isolate of Tr28
was encouraged the fresh weight increase (77.68%) and root growth (177%) in comparison with the negative control. When
Tr28+Mpl5, Tr138B+Mpl5 and R+Mp|5 treatments increased the fresh weight, Tr28+Mp|5, R+Mp|5, Tri38B+Mpl5,
Tr55+Mp15 isolates increased the root weight in plants inoculated with M. phaseolina, and these applications showed the
best effect compared to the positive control. The plant growth and effectiveness on M. phaseolina in 12.5 g/| Fludioxonil +
5 g/I Metalaxyl (Cebir) treatment, it was lower than Tr28+Mp|5, TrI38B+Mp|5 treatments.

Keywords: Biocontrol, Cucumis melo, Macrophomina phaseolina, seed germination

oz

Bazi Trichoderma izolatlarinin Kavunda Kémiir Giiriikliigii Hastaligina ve Bitki Gelisimine Etkisi

Bu calisma Trichoderma izolatlarinin kavunda (Cucumis melo cv. Kirkagag-637) komiir ¢lriikligl hastaligina karsi biyolojik
micadele olanaklarinin degerlendirilmesi amaciyla yiritllmistir. Macrophomina phaseolina (Tassi) Goid. kavun Uretiminde
onemli kayiplara neden olan toprak kaynakli fungal patojendir. Calismada etkinligi dnceden bilinen alti Trichoderma izolatinin
kavunda tohum ¢imlenesi, bitki gelisimi ve M. phaseolina’ya karsi etkinligi in-vitro ve in-vivo'da belirlenmistir. In-vitro kavun
tohum ¢imlenme testi sonucunda Trichoderma izolatlarinda %80—100 tohum ¢imlenmesi gergeklesirken, kontrolde ise %70
oraninda olmustur. In-vivo galismasinda; uygulamalarin bitki gelisimine olan etkisi ele alindiginda, Tr28 izolati negatif kontrole
gore %77.68 bitki yas agirlik artisi saglayan ve %177 oraninda kok gelisimini tesvik eden en iyi izolat olmustur. M. phaseolina
ile inokule edilen bitkilerde Tr28+Mp15, Tr138B+Mp|5 ve R+Mp 5 uygulamalari yas agirlik artisinda, kok agirlik artisinda ise
Tr28+Mpl15 ve R+Mpl5, Tr138B+Mp|5 ve Tr55+Mp15 uygulamalar pozitif kontrole gére en iyi etkiyi gostermistir. 12.5
g/| Fludioxonil + 5 g/1 Metalaxyl (Cebir) uygulamasi ise Tr28+Mp15, Tr138B+Mp|5 gore bitki gelisimi ve M. phaseolina’ya
karsi etkisi daha dustik olmustur.

Anahtar kelimeler: Biyokontrol, Cucumis melo, Macrophomina phaseolina, tohum gimlenmesi

GiRiS

Kavun (Cucumis melo L.) Cucurbitaceae familyasinda
yer alan onemli bir kltir bitkisidir. 2018 yili dinyadaki
yaklagik 27.5 milyon ton kavun Uretiminin 1,753,942
ton ile Turkiye Cin’den sonra ikinci sirada yer
almaktadir (FAO, 2020). Ortiialti ve agikta kavun
yetistiriciliginde, ekolojik kosullara  bagh olarak
ekonomik 6nemi yiiksek kiiltiir bitkilerin monokdiltir
tariminin yapilmasi nedeniyle toprak yorgunlugu ve
toprak kaynakli hastaliklar gerek tlkemizde gerekse
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diinyada ciddi bir sorun olarak karsimiza gikmaktadir
(Tuzel ve Giil, 2008; de Sousa Linhares ve ark., 2020).
Diinyada kavunlarda solgunluga ve kurumalara neden
olan fungal patojenler arasinda; Fusarium oxysporum
f.sp. melonis, Fusarium solani, Pythium spp., Phytophthora
spp., Macrophomina phaseolina, Phomopsis sclerotioides,
Verticillium  dahliae,  Monosporascus  cannonballus,
Myrothecium  roridum  ve  Rhizoctonia  solani
bulunmaktadir (Blancard ve ark., 1994; Dantas ve ark.,
2013).  Macrophomina  phaseolina  (Tassi) Goid.
Botryosphaeriaceae familyasinda yer alan kavun
yetistiriciligini etkileyen ayni zamanda toprakta veya
bitki artiklarinda mikrosklerot olarak |5 yila kadar canli
kalabilen en onemli toprak kaynakli patojenlerden
biridir (Tezcan ve Yildiz,1993; Manici ve ark., 1995;
Cohen ve ark., 2016; Nascimento ve ark., 2018). M.
phaseolina 500’den fazla kiiltir bitkisi ve yabanci ot
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tirlerinde ekonomik kayiplara, komiir glrikliglne,
¢okertene, kok ¢lrikligiine neden olmaktadir (Su ve
ark., 2001). Etmen (ilkemizde ilk kez 1942 yilinda izmir
ve Ankara’da pamuk, anason, susam, tiitlin, patates,
biber ve patlicanda saptandigini bildirmistir (Karaca,
[974). Daha sonra vyapilan calismalarda etmenin
kavunla birlikte aygicegi, soya fasulyesi, fasulye ve
titlnde yaygin olarak hastalik yaptig bildirilmistir
(Yildiz ve ark., 1994). Erincik ve ark. (2017) Urla
yarimadasinda Cesme kavunu yetistirilen alanlarda
yurlttlkleri sorvey galismasi sonucu; arazinin timiinde
kavunda kurumalar gozlemlenmistir. Toplam |7 adet
tarlada hastalik bulunma orani >%50 tespit edilmistir.
Kuruyan bitkilerden yapilan izolasyon sonucunda
Fusarium oxysporum (9%52), Macrophomina phaseolina
(%24), Fusarium spp. (%24) izolati elde edilmistir.
Patojenisite testlerinde, M. phaseolina izolatlarinin
tamami, F. oxysporum izolatlarinin %68’ kavunda
patojen oldugu belirlenmistir. Son yillarda, tarimsal
Uretimde birim alandan alinan verimin arttirlmasi
amaciyla kimyasal girdilerin yogun ve kontrolsiz
kullanimi insan ve c¢evre saglg agisindan tehdit
olusturmaya baslamistir. Bu durum, giniimuizde fide
verimi ve kalitesi yaninda bitki koruma uygulamalari da
ekolojik dengeyi koruyan, gevre dostu teknikler Gnem
kazanmaktadir (Sivritepe ve ark., 2015; Kushwaha ve
ark., 2017). Biyolojik miucadele, bitki hastaliklarinin
kontroliinde kimyasal pestisitlere  bir alternatif
yontemdir. Trichoderma tirleri, birgok fungal bitki
patojeninin, ozellikle de toprak kaynakli patojenlerin
kontrollinii saglayan ayni zamanda bitki gelisimini tegvik
eden, bitki savunma sistemini uyarmak suretiyle bitki
dayanikliigini arttiran 6nemli biyolojik miicadele ajani
olarak bilinmektedir (Elad, 2000; Harman ve ark.,
2004; Shoresh ve ark., 2005; Vinale ve ark., 2008;
Keswani ve ark., 2014; Singh ve ark, 2018).
Trichoderma spp. ile kavunda M. phaseolina’nin
micadelesine yonelik yiritllen galisma sayisinin gok
fazla olmadigi gérilmektedir.

Bu calismanin amaci; kavunda 6nemli kayiplara neden
olan M. phaseolina etmenine karsi, Trichoderma
izolatlarinin  in-vitro ve in-vivo kosullar altinda
biyokontrol etkinligini aragtirmaktir.

MATERYAL ve YONTEM

Calismada daha onceki galismalarda M. phaseolina’ya
karsi antagonistik ozellikleri (ikili kdltir testi, ugucu
bilesiklerin  miselyal gelisimine ve mikrosklerot
olusumuna etkisi, ugucu olmayan bilesiklerin miselyal
gelisime etkisi) bilinen alti Trichoderma izolati ve Aydin
ili gilek Uretim alanlarindan izole edilmis virilensligi
ylksek M. phaseolina izolati (AMp2) kullaniimistir. Her
iki izolat Aydin Adnan Menderes Universitesi Ziraat
Fakdltesi Bitki Koruma Bolimi Fitopatoloji Anabilim
Dali  Mikoloji  Laboratuvar  stoklarindan  temin
edilmistir. Ayrica sertifikali Kirkagag-637 ¢esidi kavun
tohumu kullanilmistir. Calismada karsilastirma ilaci
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olarak T. asprellum irk ICCO12+T. gamsii irk ICCO80
(Remedier) biyopreparati ve 2.5 g/| Fludioxonil + 5
g/| Metalaxyl (Cebir) kullanilmistir. Bu ¢alisma 2019-
2020 yilinda yiritilmustir.

In-vitro kosullarda Trichoderma izolatlarinin
tohum cimlenmesine etkisinin belirlenmesi
Ticari olarak satilan sertifikall Kirkagag-637 gesidi ilagsiz
kavun tohumlarini % I ’lik sodyum hipokloritte (NaOCI)
5 dk. bekletildikten sonra steril saf sudan iki kez
gegirilmis ve steril kurutma kagitlari arasinda steril kabin
icerisinde kurumaya birakilmistir (Jain ve ark., 2013).
Alti adet Trichoderma izolati Potato Dextrose Agar
(PDA)'da 252 °C’'de 7 gln gelistirildikten sonra
koloni ylizeyini kaplayacak sekilde %1 Tween80 iceren
steril saf su ilave edilmis ve steril cam baget yardimiyla
tim ylzeye homojen bir sekilde yayilarak sporlarin
suya gecmesi saglanmistir. Daha sonra siispansiyon
steril tlbentten slziilerek spor yogunlugu Thoma lam
yardimiyla hesaplanmistir (Korkom ve Yildiz, 2020).
Her bir Trichoderma izolatina ait slspansiyon 2x 107
spor/ml (Jain ve ark., 2013) olacak sekilde yaklasik 10
ml olacak sekilde steril cam petrinin icerisinde bulunan
30 adet yiizey dezenfeksiyonu yapilmis tohumlarin
lizerine eklenmistir. Tohumlar slispansiyonlarin iginde
45 dakika bekledikten sonra steril kurutma kagitlarinda
kurumaya birakilmistir. Daha sonra tohumlar 90 mm
steril cam petrilerin igerisine yerlestirilen steril kurutma
kagitlarinin lizerine her petriye |0 adet tohum olacak
sekilde ¢imlenmeye birakilmistir. Kontrol grubunda ise
ylzey dezenfeksiyonu yapilan tohumlar 90 mm steril
petrilerin  igerisine  yerlestirilen  steril  kurutma
kagitlarinin lizerine her petriye |0 adet tohum olacak
sekilde yerlestirilmistir. Calisma 252  °C'deki
inkubatorde yuritilmustir. Cimlenen tohum sayisi 24
saat araliklarla kaydedilmistir. Cimlenme testi sonunda
gimlenme orani agagidaki formule gére hesaplanmistir;
Cimlenme orani (%) = [Cimlenen tohum
sayisi/ Toplam tohum sayisi] x 100 (Ozbay ve ark.,
2018)

Trichoderma izolatlarinin in-vivo kosullarda
Macrophomina phaseolina’ya ve bitki
gelisimine etkisinin degerlendirilmesi

Kavun tohumlarinin ekimi igerisinde 550 g (steril kum
+ torf (l:1)) yetistirme ortami bulunan saksilara
yapilmistir. Trichoderma spor sispansiyonu in-vitro'da
gergeklestirilen  tohum  gimlenme  galismasinda
belirtildigi gibi hazirlanmis ve her bir Trichoderma
izolatina ait spor sispansiyonu 4x10® spor/ml
(Korkom ve Yildiz, 2020) topraga icirme sekilde her
saksya 50 ml olarak tohum ekimi esnasinda
uygulanmistir.

M. phaseolina inokulumu hazirlamak igin; AMp2 izolati
PDA’da 25%2 °C’de 7 giin gelistirilmistir. Daha sonra
gelisen kilturler blendirda 250 ml steril saf su+%0.05
NaOCI iginde pargalamak suretiyle mikrosklerot
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stspansiyonu elde edilmistir. Pargalanma isleminden

sonra suspansiyon 212 ve 45 pm’lik eleklerden

gegirilerek 45um elek lizerinde kalan mikrosklerotlar

beher igerisinde toplanmistir (Aviles ve ark., 2009).

Elde edilen stspansiyonundan [0 pl alinarak 5 tekrar

olacak sekilde g¢ukur lamda mikrosklerot sayimi

yapilmistir. Mikrosklerot konsantrasyonu 1.6X 103

ms/ml olarak hazirlanmis ve Tr spor slispansiyonu

uygulandiktan |5 giin sonra topraga icirme seklinde
uygulanmistir. inokulumun homojen sekilde dagilmasini

saglamak amaciyla uygulama Oncesinde saksinin 4

yoniinde 5 mm ¢apinda 5 cm derinliginde delikler

aciimistir (Korkom ve Yildiz, 2020).

Calismada karsilastirma ilaci olarak kullanilan T.

asprellum irk ICCO12+T. gamsii irk ICC080 (Remedier)

biyopreparati (30 g/ 100 It su) ve 12.5 g/I Fludioxonil

+ 5 g/| Metalaxyl (Cebir) (500 ml/ 100 It su) topraga

icirme seklinde her bir saksiya 50 ml olarak

uygulanmistir.

Saksi galismasi Tesadif Parselleri Deneme Desenine

gore, asagida belirtildigi gibi 8 karakterli, 5 tekerrirli

her bir tekerrlrde | saksi yer alacak sekilde
yUritulmustdr.

I: Yetistirme ortamina Tr stispansiyonu uygulandiktan
I'5 glin sonra Mp inokulumu uygulamasi
(Tr+Mp15)

2: Yetistirme ortamina T. asprellum irk ICCO12+T.
gamsii irk ICCO080 (Remedier) uygulamasindan 15
guin sonra Mp inokulumu uygulamasi (R+Mp15)

3: 12.5 g/I Fludioxonil+5 g/I Metalaxyl (Cebir)
uygulamasindan |5 giin sonra Mp inokulumunun
yetistirme ortamina uygulamasi (C+Mp15)

4: Yetistirme ortamina sadece T. asprellum irk
ICCOI12+T. gamsii irk ICC080 (Remedier)
uygulamasi (R)

5: Yetistirme ortamina sadece 12.5 g/| Fludioxonil + 5
g/| Metalaxyl (Cebir) uygulamasi (C)

6: Bitki gelisimini degerlendirmek amaciyla yetistirme
ortamina sadece Trichoderma izolatlarina ait spor
slispansiyonu uygulamasi (Tr)

7: Yetistirme ortamina sadece Mp inokulumunun
uygulanmasi [Pozitif kontrol: K (+)]

8: Higbir uygulama yapilmayan [Negatif kontrol: K(-)]

Yizey dezenfeksiyonu vyapilan Kirkagag-637 cesidi
kavun tohumlari |0 adet tohum/saksi olacak sekilde
ekim gergeklestirilmistir. Deneme |6 saat aydinlik/8
saat karanlk kosullarda 2512 °C’deki iklim odasinda 8
hafta ylritllimustir. Tohum ekimi gergeklestirildikten
sonra 14 giin slresince 24 saat araliklarla tohumlarin
clkis durumu kaydedilmistir. Cimlenme sonrasi |
fide/saksi kalacak sekilde seyreltme yapilmistir. Ayrica
deneme sonlandirildiginda her karakterdeki bitkilerin;
bitki yas agirlik (g), kok agirligi (g), bitki kuru agirliklar
(g) tartilarak kaydedilmistir.

Deneme siiresince bitkiler 0-3 skalasina (0 = bitkide
hastalik belirtisi yok; | = yapraklarda renk agilmasi ve
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solgunluk; 2 = kok bogazinda leke olusumu; 3 = bitki
tamamen kurumus ve 6lmis) gore degerlendirilmistir
(Erzurum, 2000).

Calismada elde edilen veriler SPSS (v.21) istatistik
programinda tek yonli varyans analizi ANOVA ve
gruplar arasindaki fark Duncan ¢oklu karsilastirma testi
ile (p=0.05) degerlendirilmistir.

BULGULAR ve TARTISMA

Trichoderma izolatlarinin bitki gelisimine
etkisinin belirlenmesi

Trichoderma tiirlerinin tohum uygulamalari kisa ve uzun
vadede bitki gelisimini tesvik etmektedir (Mastouri ve

ark., 2010), ancak tohum-Trichoderma etkilesimi
konusunda ¢ok az  ¢galisma  bulunmaktadir.
Calismamizda  Trichoderma  izolatlarinnin  kavun

tohumlarindaki ¢imlenme testi sonucu elde edilen
veriler degerlendirildiginde; %80—100 oranlarinda
tohum  ¢imlenmesi  gozlenirken, kontrolde ise
tohumlarin %70 ¢imlenmistir. Tr138B izolati %42.86,
Tr48 izolati %32.86 oraninda kontrole gore tohum
gimlenmesinde artis saglamistir (Cizelge 1). Nitekim
ispanya’da Gandalf cesidi kavunda iki T. saturnisporum
izolatinin tohum gimlenmesine etkisinin
degerlendirildigi calismada T ve T2 izolatlarinda
sirastyla %93.50, %93.75, kontrolde ise %62 gimlenme
orani elde edilmistir (Fernando ve ark., 2018).

Tohum gimlenme kabiliyetinin arttirlmasi veya tesvik
edilmesi, fide gelisimini ayni zamanda verimi dogrudan
etkileyen  bir faktordir. Calismamizin = tohuma
Trichoderma uygulama agsamasi, kavunda tohum
gimlenmesine olumlu etkisini ortaya koymustur.
Calismamizda uygulamalarin kavunda bitki gelisimine

olan etkisi degerlendirildiginde; ekimi  yapilan
tohumlarin =~ K(—=)'de %56 oraninda ¢imlenme
gozlenirken, Trichoderma uygulamalarinin olumlu

katkistyla bu oran 9%58-74 diizeyinde olmustur.
Trichoderma uygulamalarinin tamami, bitki yas (yesil
aksam ve kok) agirligini kontrole gore arttirmistir. Tr28
izolati 18.65 gile K(—) (10.65 g) gére %77.68 oraninda
bitki yas agirliginda, kok agirliginda ise %177 oraninda
bir artis saglayarak bitki gelisimini tesvik eden en iyi
izolat olmustur. Karsilastirma ilaci olarak kullanilan 12.5
g/| Fludioxonil + 5 g/l Metalaxyl (C) uygulamasi ise
%24.03 oraninda yas agirlik artisi saglamistir. Bitki kuru
agirhk degerleri incelendiginde yine Tr28 izolat1 2.21 g
ile en yiksek kuru agirlik degeri elde edilen izolat
olmustur (Cizelge 1).

Martinez-Medina ve ark. (201 1) Arbuskiler mikorizal
fungus (AMF) ve T. harzianum uygulamalarinin kavunda
bitki gelisimine olan etkisi degerlendirildigi calismada T.
harzianum uygulamasinin stirgin yas agirhgini kontrole
gore %20 oraninda artig sagladig, kok agirligi ise
kontrolde 0.67 g olarak elde edilmistir. Sera
kosullarinda dort farkli Trichoderma tlriine ait izolatin
kullanildigr calismada; kok kuru agirliginda T. viride (3.67
g) ve T. koningii (3.55 g) uygulamalarinin kontrole (3.40
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Cizelge |. Trichoderma uygulamalarinin in-vivo kosullarda kavunda bitki gelisimine etkisi

In-vitro Tohum Yesil Kok Bitki yas Bitki yas
cimlenme ¢imlenme aksamyas agirhigi agirhk agirhk artisi Bitki kuru
Karakter orani (%)" orami (%)” agirhk (g)” (9 (" (%)™ agirhik (g)™
Tr28 80 66 12.96 5.68 18.65 77.68 a 221 a
Tr49 85 74 10.39 3.99 14.38 37.02ab [.38ab
Tr48 90 74 9.79 4.44 14.23 35.56 ab .49 ab
Tri24 85 58 10.81 3.34 14.15 34.80ab .51 ab
Tr55 85 72 10.02 3.85 13.87 32.19ab .86 ab
C - 70 9.73 3.29 13.02 24.03 ab [.75 ab
Tri38B 100 68 8.65 3.65 12.30 17.22 ab .49 ab
K(-) 70 56 8.60 2.05 10.65 0.00 ab 1.04b
R - 76 6.74 |.74 8.48 -19.15b 0.89b
F degeri - - - - - 1.22 (p>0.05)  1.53 (p>0.05)

* In-vitro testleri sadece Trichoderma izolatlari ile yapilmistir.
** Degerler 5 tekerrir ortalamasidir.

**Ayni siitunda Duncan testine gére ayni harfle ifade edilen degerler arasinda istatistiki agidan fark yoktur.

g) gore, surglin kuru agirliginda ise sadece T. viride (3.55
g)'nin kontrole (3.96 g) gore olumlu etkisinin oldugu
belirlenmistir (Gava ve Menezes, 2012). Topraktan
izole edilen T. harzianum (iki izolat), T. ghanense ve T.
hamatum olmak Uzere dért Trichoderma izolatin,
kavunda bitki gelisimini tesvik etme yetenekleri
degerlendirilmistir. Calisma sonucunda; 7 hafta sonra T.
ghanense, T. hamatum ve ticari T. harzianum (T-22) kok
yas agirliginda, sirglin yas agiriginda ise T. harzianum
(T-22)  uygulamasinin  en  yiksek  gosterdigi
belirlenmistir (Martinez-Medina ve ark., 2014). Yapilan
bir diger calismada ise T. harzianum ve T. viride
uygulamalarinin, kavuna inokulasyondan | ay sonra,
kontrole gore strgin kuru agirhgini T. harzianum 9%8.36
ve T. viride %7.03 oraninda, kok kuru agirhgini T.
harzianum %10.08 T. viride %9.26 oraninda arttirdig
belirlenmistir (Boughalleb-M’Hamdi ve ark., 2018).

Trichoderma izolatlarinin in-vivo kosullarda
Macrophomina phaseolina’ya etkisi

Saksi galismasi 27.01.2020 tarihinde kurulmustur ve 8
hafta sonra deneme degerlendiriimistir. Tohum
ekiminden sonraki 14 gin ¢ikislart takip edilerek

gimlenen tohum sayisi kaydedilmis ve ¢imlenme orani
(%) hesaplanmistir.

Cizelge 2 incelendiginde, saksilara ekilen tohumlarin
gimlenme orani K(—)'de %64 iken, AMp-2 ile inokule
edilen K(+)'de bu oran %56 olmustur. Seyreltme iglemi
sonrasinda bitkiler deneme siiresince 0—3 skalasina
gore degerlendirildiginde K(+)'de fide olimi
gozlenirken, diger uygulamalarda ise herhangi bir fide
olimi  gozlenmemistir. AMp-2 ile inokule edilen
bitkilerde Tr28 Trichoderma izolati uygulamasi K(+)
gore gerek fide yas agirlig gerekse kok gelisimi agisinda
diger uygulamalara gore olumlu katkilari olmustur.
Tr28 %1545 (4.81 g) ve Tri38B %49.7 (2.83 g)
oranlarinda kok agirliginda kontrole gore (1.89 g) en
fazla artig saglayan izolatlar olmustur. Karsilastirma ilaci
olarak kullanilan 12.5 g/I Fludioxonil + 5 g/I Metalaxyl
(©) (C+Mpl5) 1.87 g ile kontrolden daha az kok
olusumu meydana gelirken, T. asprellum irk ICCO12+T.
gamsii irk 1CC080 (R+Mpl5) uygulamasinda %15.8
olarak kok agirliginda artis meydana gelmistir (Cizelge
2). Kok ve kok bogazi curikligu etmenleri ile
micadelede kok biyomasinin arttinlmasi  bitki
dayanikliiginda 6nemli bir yer tutmaktadir. Ayrica fide
yas agirlig dikkate alindiginda 14.56 g ile Tr28 izolati

Cizelge 2. Trichoderma uygulamalarinin in-vivo kosullarda M. phaseolina’ya etkisi

Tohum Yesil aksam Kok
cimlenme  yas agirhik agirhk Bitki yas Bitki kuru
Karakter Skala degeri™  orani (%) (g)" (g)" agirhk (g)™ agirhik (g)”
Tr28+Mpl5 Ob 58 9.75 4.8l 14.56 a 2.00a
R+Mpl15 Ob 56 8.46 2.19 10.65 ab 1.21b
K (=) Ob 64 8.60 2.05 10.65 ab 1.04b
Tri38B+Mpl5 Ob 58 7.57 2.83 10.40 ab [.46 ab
K (+) 0.6a 56 7.63 1.89 9.52b 1.02b
C+Mpl5 Ob 72 6.99 1.87 8.86b 0.95b
Tr55+Mpl5 Ob 68 6.51 2.17 8.68b 1.00b
Tr49+Mpl5 Ob 70 6.09 1.95 8.04b [.15b
Tr48+Mpl5 Ob 62 6.30 1.36 7.66b [.19b
Tr124+Mpl5 Ob 68 5.83 1.18 7.0l b 0.79b
F degeri 6.0 (p<0.05) - - 2.36 (p<0.05) 2.74 (p<0.05)

* Degerler 5 tekerriir ortalamasidir.

*Ayni siitunda Duncan testine gére ayni harfle ifade edilen degerler arasinda istatistiki agidan fark yoktur.

20

J. Turk. Phytopath., Vol. 50 No. I, 2021



Bayrak et al., 2021

K(+) (9.52 g) gore %52.94, agirlik artisi saglamistir. Yas
agiriga paralel olarak fidelerin kuru agirliginda da Tr28
izolati (2 g) diger Trichoderma uygulamalari arasinda
yUksek olarak saptanmistir. Ancak diger uygulamalarda
beklenen olumlu etki gorilmemistir (Cizelge 2). Bu da
M. phaseolina’nin  miicadelesinin ne kadar glig
oldugunun bir gostergesi olarak degerlendirilebilir.
Konu ile ilgili yapilan calismalar degerlendirildiginde
Trichoderma tiirleri ile kavunda M. phaseolina’ya karsi
ylritilen galisma sayisinin az oldugu gorilmektedir.
Sera kosullarinda kavunda T. harzianum’un etkisinin
degerlendirildigi calismada 9%37-%37.5 oraninda
hastaligin gelisimini engelledigi belirlenmistir (Elad ve
ark., 1986). Yapilan bir diger calismada ise Etebarian
(2006) saksi kosullarinda M. phaseolina’ya olan etkisi
degerlendirildiginde canli kalan bitki oranlari; T. virens
%64.25, T. harzianum %75.25, T. harzianum %47.55 ve
ticari preparat olan Trichodermin B’nin %96.70 oldugu
belirtilmistir.

Gava ve Menezes (2012) tarafindan San Francisco
bolgesinde kavunda toprak kaynakli patojenlerin
kontrolline yonelik dort farkli Trichoderma izolatlarinin
arazi kosullarinda hastaligin gérilme orani T. koningii
LCB49 ve T. polysporum LCB50 uygulamalarinda en az
olarak (sirasiyla %28.6 ve %24.7) belirlenmistir. T. viride
ve T. harzianum izolatlarinin in-vivo kosullarda kavunda
M. phaseolina (Mpl ve Mp2)’'nin neden oldugu kok
kuru agirliginda meydana gelen kaybi T. viride
%35.41—48.18 oraninda, T. harzianum %37.23—50.68
oraninda azalttigi belirlenmistir. Ayrica yine ayni
galismada siirglin kuru agirliginda meydana gelen kaybi

T. viride 9%29.09—30.56 oraninda, T. harzianum
%27.80—29.52  oraninda  azaltug  bildirilmistir
(Boughalleb-M’Hamdi ve ark., 2018).

Bitkisel ~Uretimde tohum veya bitkiye yapilan

uygulamalarin  biotik ve abiyotik streslere karsi
dayanikliigin olusturulmasi 6nemli yer tutmaktadir
(Harman ve ark., 2004; Mastouri ark., 2010). Konya ili
Cumra ilgesinde Edali gesidi kavun yetistirilen alanda
toprak kaynakli patojenlerin (Fusarium oxysporum f. sp.
melonis, Macrophomina  phaseolina) miicadelesine
yonelik yurdtilen kemigasyon yonteminin
degerlendirildigi calismada dikimle ve dikimden |5 giin
sonra Fludioxonil + Metalaxyl-M uygulamasinin en
etkili uygulama oldugu belirtilmistir (Ozbahce ve ark.,
2014). Ancak bizim galismamizda in-vivo’da elde edilen
veriler hastaligin miicadelesinde 12.5 g/| Fludioxonil +
5 g/I Metalaxyl (Cebir) uygulamasinin Trichoderma
uygulamalarina nazaran etkisi daha dusiik olmustur.

Sonug olarak bu galismada Tr28 izolati, kavunda 6nemli
kayiplara neden olan Macrophomina phaseolina’nin
kontrolinde ve bitki gelisiminde olumlu etkileri
saptanmistir. Ayrica bitki gelisimine olumlu katkisi ile
verim artisinin meydana gelmesi, miicadelesi gl¢ ve
pahali olan toprak kaynakli hastaliklarin kontroliinde
basart  sansimizi  arttirilabilecegi  gorilmektedir.
Trichoderma izolatlar, bitki patojenlerini dogrudan
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etkileyebilir, ayni zamanda konukgu  bitkisinin
fitohormonal degisikliklere de neden olarak bitki
blylmesine ve stres kosullarinda da bir iyilesmeye yol
actigi bilinmektedir. Cok sayida Trichoderma izolatlari
ile benzer galismalar yapilarak izolatlarin gerek tek
basina gerekse kombinasyon seklinde etkinligi
degerlendiriimelidir. Calismamizda 6n plana gikan Tr28
izolatinin  kavunda komir  ¢lriklGgu  hastaliginin
kontroltine yonelik arazi alismalarina ve farkl kiltiir
bitkilerinde  toprak kaynakli  patojenlere  karsi
yuritilecek biyolojik micadele calismalarina yer
verilmelidir.
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