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Abstract

Ascochyta spp., which are plant fungal pathogens in the order
Ascomycota infect many legume species, causing Ascochyta blight
disease and serious yield and quality loss in plants. The disease agent
causes typical necrosis and cell death in the aboveground parts of the
plant. Wild forms of many legumes, which are among the plants
infected by Ascochyta spp., are important genetic resources in the
domestication process and are very important in terms of genetic
diversity. Genetic resources are affected and destroyed by abiotic
effects such as erosion, flood, fire, etc., natural disasters, and by
biotic effects from some important plant pathogens, such as
Ascochyta spp. Since it also affects cultivated plants and causes
serious yield losses, it is necessary to obtain more information about
the development process and conidia formation ability of Ascochyta
spp., which evolved together with the wild form of the plant during
the cultivation process. In this study, it was observed whether 107
isolates of Ascochyta spp. isolated from Vicia spp., Pisum sativum,
Lens spp. and Lathyrus spp. developed hyphae and formed conidia
in different media [potato dextrose agar (PDA), chickpea seed meal
dextrose agar (CSMDA), potato dextrose broth (PDB)]. While 32,
10, 7 and 8 of the isolates of Vicia spp., Pisum sativum, Lens spp.
and Lathyrus spp., inoculated in PDA medium, exhibited hyphal
growth, and 18, 5, 10 and 6 formed conidia as well as hyphal growth.
All of the conidia-forming and non conidia-forming isolates in PDA
were also inoculated in CSMDA medium, and 24, 5, 10, and 10 of
the isolates formed hyphal growth, respectively, while 26, 10, 7, and
4 formed conidia as well as hyphal growth. It was observed that 11,
3, 5and 2 isolates formed conidia in both media (PDA and CSMDA).
Of the 54 isolates of Vicia spp. (25), Pisum sativum (9), Lens spp.
(13) and Lathyrus spp. (7) grown in PDB medium, 14, 5, 8, and 5
exhibited only hyphal growth, and 11, 4, 5, and 2 showed only
conidial growth, respectively. It is thought that the data obtained may
form a basis for studies in the field of plant diseases.
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1.Introduction

Plant food sources have been the basis of
human nutrition since ancient times
(Obuseng et al., 2022). In addition to the
experiencing global climate change in
today's world, the rapid increase in
population and the emergence of food
starvations also increase the production of
legumes with high plant-based-nutrient
contents (Ray et al., 2015). Legumes are
one of the first choices in terms of
environmentally friendly sustainable food
sources and nutritionally healthy diets due
to their contribution to fossil energy
conservation, carbon sequestration and
reduction of greenhouse gas emissions
thanks to the fixation of nitrogen in the soil
in terms of agriculture (Bessada et al.,
2019). However, today's food safety and
security problems are a global problem of
great importance. Interest in pulses is
increasing daily due to their contribution to
reducing global problems and ensuring the
food supply (Oguiba et al., 2023). For this
purpose, the cooperation of agriculture and
food  sustainability  strategies  with
technology allows to be obtained much
more efficient products (Rehman et al.,
2022) and helps to solve problems and
reduce worries (Kahraman, 2023).

Turkey, located in the Fertile Crescent
lands, which is the homeland of many
legumes, holds a significant position for
ancestral species. While Turkey has
achieved a prominent global ranking in
some product groups (such as lentils and
chickpeas) (FAOSTAT, 2021), it struggles
with some challenges in the production and
yields of these crops (Aydin, 2016; Keceli,
2023). Some of the main reasons for these
challenges are attributed to certain abiotic
and biotic factors (Polatbilek et al., 2017,
Kizilok et al., 2019). Fungal factors, one of
the biotic stress factors, are at the top of the
priority problems of plant diseases and are
considered a major concern (Akveg et al.,
2018; Altiok et al., 2023). Additionally,

plant diseases, which play a crucial role in
plant pathology, also constitute an
important part of plant protection and
breeding (Foresto et al., 2023).

Learning and understanding the genetic
processes of plant populations are a source
of fundamental information that guides
plant pathogen evolution, which is very
important for plant pathologists and
evolutionary biologists. There is not enough
information in the literature on the genetic
makeup of populations of pathogens that
cause wild plant infections in the natural
ecosystem, including the studies carried out
in this context (Bradley et al., 2008; Treindl
et al., 2023). In the natural ecosystem of
plant communities, many plants coexist and
are exposed to diseases together.
Differences in disease prognosis lead to
different results in the infection of plant
species with a convergent history with
similar disease agents. Because host—
pathogen interactions are phylogenetically
conserved,  traditionally  the  first
considerations have been that similar results
will be obtained (Gilbert and Webb, 2007).
The distributions of host—pathogen genetic
diversity ~within and between their
populations can be explained by genetic
diversity and genetic differentiation. These
terms give us an idea about their
evolutionary history, geographic
distribution and disease dynamics, as well
as playing a major role in determining the
evolutionary potential of host—pathogen
species that interact with each other
(Treindl et al., 2023).

Many agricultural crops worldwide are
highly  susceptible to fungal plant
pathogens. Ascochyta blight disease caused
by Ascochyta spp., is seen as one of the most
important biotic factors globally, which
prevents production in many agricultural
products (pea, chickpea, lentil, and Vicia
faba) and causes yield losses at different
rates depending on the products (Chasti et
al., 2022; Singh et al., 2022; Foresto et al.,
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2023; Oguiba et al., 2023; Talapov et al.,
2023). Ascochyta blight, which is a
devastating seed-borne disease, causes
symptomatic spotting and drying of all
aboveground parts of the host plants, and its
progressive stages result in the death of the
plants. As a source of inoculum (infected
plant  residue,  mycelium,  conidia,
ascospores, etc.), Ascochyta spp., which
experience harsh winter conditions in the
agricultural field, can make the planted
crops sick again under suitable conditions
or remain in the soil until the appropriate
host and condition.

Climate has many effects, from
pathogens to  hosts, host—pathogen
interactions, and even host-infection stages.
It is well known that the spread of
Ascochyta spp. is much faster, especially in
agricultural areas with humid and cool
climate conditions (Pande et al., 2005; Vail
and Banniza, 2008; Manjunatha et al.,
2021). Thus, when Ascochyta spp.
encounters suitable hosts in suitable
conditions and climates, they make plants
diseased and act as sources of yield loss
(Nalcaci et al., 2021). Due to various factors
such as these, Ascochyta spp. as a global
threat can also infect ancestral wild plants
similar to cultivars. Some genetic resources
of ancestral plants, which are of great
importance for genetic diversity, during the
first cultivation stage are affected by many
abiotic and biotic factors and are reduced or
lost (Rajpal et al., 2023; Salgotra and
Chauhan, 2023). Since it is thought that
Ascochyta spp. has coevolved with the wild
form of the plant, more information is
needed about the growth process of
Ascochyta spp., and its ability to form
conidia at the stages of obtaining cultivated
plants. The fact that the disease is associated
with many host plants, the increase in yield
losses and the decrease in the resources
required for adequate nutrition every day
lead human beings to an unavoidable
concern. In addition, the variable nature of
Ascochyta spp. (existence of sexual and

asexual forms) is highly effective on
virulence and genetic diversity, especially
pathogenicity (Rhaiem et al., 2008; Atik et
al., 2011). Such factors are some of the
factors that complicate the management of
Ascochyta blight diseases (Manjunatha et
al., 2018).

Detection of the pathogen causing the
disease is very important in terms of the
effectiveness of disease management in
plant protection and breeding. In-vitro
applications help facilitate hyphal and
conidial growth as well as direct detection,
in an optimum area, due to the
determination of all requirements of
pathogens (Kosiada, 2012). Thus, the
disease will be detected, and results that will
form the basis for in—vivo applications can
be obtained. Thanks to the support of all the
data obtained and the combination of expert
opinions, it helps to develop disease-
causing conditions, disease prognoses,
disease prevention and disease management
strategies. However, the difficulties in
determining the effect of environmental
properties on pathogen-related properties
with in-vivo applications highlight the
importance of much more research for the
standardization of in-vitro applications
about the growth of disease caused by
Ascochyta spp. (Endes, 2021).

In—vitro culturing of fungi, preserving

their biodiversity, microscopic
examinations and biochemical-
physiological ~ characterizations,  etc.,

require special media to carry out studies.
Additionally, the use of two or more media
instead of one in the standardization of
applications is an important factor in
obtaining meaningful results in the
morphological characterization of fungal
disease diagnoses to examine many colony-
related features (Sharma and Pandey,
2010). In studies carried out in—vitro under
experimental conditions, the differentiation
of media and the use of these different
media are very important in terms of
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phytopathology studies. These media,
which are used for the morphological
determination of diseases obtained from
different plant species, can also form
developmental differentiations in different
media due to the differentiations within the
species. The content of the media, light/dark
environment conditions and temperature
changes in addition to pH cause differences
in the detection of fungal diseases.
Especially within the scope of many studies
on the detection of the disease within the
species, it has been determined that the
temperature has great effects. On the other
hand, the necessity of light in conidial
development for most fungi is emphasized,
and it is known that it is also widely used.
However, it has been determined within the
scope of the studies that it encourages the
growth of pycnidia in dark conditions as
well as bright conditions. In addition, it is
stated that there is only pycnidium growth
under certain developmental conditions and
that pycnidium growth is affected by these
differences and plays a decisive role in the
morphological determinations of the
disease. In this manner, it reveals the
necessity of determining the environmental
factors that play a dependent and effective
role in the growth of isolates for the
diagnosis of diseases (Kosiada, 2012).

On the other hand, detecting the
pathogen causing the disease with a fast,
accurate and inexpensive method is a
critical first step with the purpose of
realizing effective disease management.
Concentric necrotic rings formed by dark
brown pycnidia known as raised spots are
one of the most prominent symptoms in the
detection of infected plants (leaf, stem,
capsule and even seed surface, etc.)
(Markell et al., 2008). However, during the
diagnosis of diseases, morphological
(colonial and conidial growth, pycnidia and
pseudothecia examinations, etc.) and
physiological evaluation of the pathogen is
not always a method that can discriminate
(Manjunatha et al., 2021). Diagnosing

diseases with such traditional methods is
one of the most frequently used methods in
the field of plant pathology, although it is
time consuming, challenging and requires
expertise (Ahmed et al., 2015). In contrast,
molecular techniques used in the field of
plant pathology are the focus of attention
today and in the future due to their
potentially rapid, reliable and reproducible
properties (Demirel et al., 2022; Bulat et al.,
2023). A good understanding of the host
range of Ascochyta spp. is the one of the
great importance in the management of
Ascochyta blight in places where the
disease is endemic or where the primary
infection is due to ascospores. Therefore,
the management of Ascochyta blight relies
on part on the host plants diversity, and also
appropriate identification of the basis for
variation in cross-pathogenicity (Barilli et
al., 2016; Foresto et al., 2023).

In today's world, the diagnosis of plant
diseases and the development of
management strategies are extremely
important issues to meet the increasing food
demand and protect plant diversity from
diseases. In addition, the importance of
collecting, conserving and sustainably using
of plant genetic resources, together with
their discovery, to overcome current and
future global problems is undeniable. Every
study and information to be done on this
subject is very necessary and has great
value. Moreover, contrary to the increasing
studies on wild chickpea genotypes, it is
thought that this study will be considered to
be the basis for the studies carried out both

for the purpose of eliminating the
deficiencies in the literature for the
diagnosis, detection, identification

(morphological, pathogenic, and genetic)
and management of Ascochyta spp. as the
cause of disease and yield losses in wild
legumes (Vicia spp., Pisum spp., Lens spp.
and Lathyrus spp.), and the data obtained
from the morphological growth
examinations of Ascochyta spp. for
applications in the field of plant diseases.
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2. Materials and Methods

2.1.Preparation  for  morphological
examination of Ascochyta spp.

2.1.1. Fungal material

Within the study, a total of 107
Ascochyta spp. isolates obtained from wild
legumes and found in the stocks of the
Gaziantep University Biology Department,
given in Table 1, were used.

2.1.2. Media

To observe the conidial and hyphal
growth of Ascochyta spp. isolates, 2 PDA
(potato dextrose agar), CSMDA (chickpea
seed meal dextrose agar) and PDB (potato
dextrose broth) after the media was
prepared, it was sterilized (121 °C 15") and
used.

2.1.2.1. PDA medium

%2 PDA medium (g/L) was prepared by
adding 24 g Agar to 19,5 g Potato Dextrose
Agar and dissolving in ~100 mL sdHz0 to
makeupto 1l L.

2.1.2.2. CSMDA Medium

CSMDA medium (g/L) was prepared by
adding 20 g Agar to 20 g Chickpea Seed
Meal and 20 g Glukoz and dissolving in
~100 mL sdH20 to makeup to 1 L.

2.1.2.3. PDB Medium

PDB medium (g/L) was prepared by
dissolving 24 g Potato Dextrose Broth in
~100 mL sdH20 to makeup to 1 L.

2.2. Growth of Ascochyta spp. in different
media

2.2.1. PDA

Prepared sterile 2 PDA medium was
poured into ~10 mL Petri dishes (sterile, 90
x 17 mm) and exposed to UV after freezing.
The isolates in Table 1 were transferred to

the medium and incubated at 22 £2 °C in a
dark condition incubator (Niive, Turkey).
After each of the growing isolates (~20
days) was examined in terms of hyphal
growth, it was also examined whether each
isolate showed conidial growth in the
medium using a binocular light microscope
(Zeiss PrimoStar, Germany). Isolates that
did not grow in PDA medium were not
examined.

2.2.2. CSMDA

Sterile /2 PDA medium was poured into
~10 mL Petri dishes (sterile, 90 x 17 mm)
and exposed to UV after freezing. The
isolates in Table 1 were transferred to the
medium and incubated at 22 £2 °C in an
incubator. After incubation (~20 days), the
growth of each isolate was examined
hyphally and conidially. One isolate from
each genus showing conidial growth [21
ERG KSTS VA2 (Vicia spp.), PS3 (Pisum
sativum), YB90-27 LA 03 (Lathyrus spp.),
02 BSN 02/5 (Lens spp.)] was examined
under a light microscope (Leica, Germany),
and their conidial dimensions were
determined.

2.2.3. PDB

The PDB medium, which was used as
liguid medium, was sterilized and then
exposed to UV after adding ~50 mL of
medium into sterile sample containers (100
mL). After reculturing the isolates in Table
1 in PDA, 3-4 explants were taken and left
in the medium, and sterile sample
containers were incubated for ~10 days in
an orbital shaker (Gerhardt, Germany) at
room temperature. Each isolate was
examined to determine its hyphal and
conidial growth following incubation.
Thirty—two isolates showing hyphal growth
in PDB medium were not examined for
conidial growth.
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Table 1. Isolates used in examinations of the morphological growth of Ascochyta spp.

PLANT SPECIES

LOCATIONS

ISOLATE NAME

Pisum sativum

Kayatepe/Savur/Diyarbakir
Hatunkdy/Sivrice/Elazig
Hatunkoy/Sivrice/Elaz1g
Hatunkdy/Sivrice/Elazig
Hatunkdy/Sivrice/Elaz1g

21 KYTP SVR PS

23 HTKY SVRC PS1
23 HTKY SVRC PS2
23 HTKY SVRC PS3
23 HTKY SVRC PS4

Cermik/Diyarbakir 21 CRMK/KK-1 PS
Gaziantep YB55-27 PS 01
Gaziantep YB56-27 PS 02

Gaziantep University Stocks

PS1
PS2
PS3
PS4
PS5
PS6
pPS7

Ovyali/Besni/Adiyaman
Oyali/Besni/Adiyaman
Kesentas/Ergani/Diyarbakir
Dargecit/Baristepe/Mardin
Ekindiizii/Pervari/Siirt

02 BSN OYL VS1
02 BSN OYL VS2
21 ERG KSTS VS
47 DRGT-BRTP VS1
56 EKDZ PRV VS

Gaziantep YB1-27 VS 01
Gaziantep YB2-27 VS 02
Gaziantep YB3-27 VS 03
Gaziantep YB4-27 VS 04

Vicia sativa Gaz!antep YB8-27 VS 05
Gaziantep YB9-27 VS 06
Gaziantep YB10-27 VS 07
Gaziantep YB11-27 VS 08
Gaziantep YB12-27 VS 09
Gaziantep YB13-27 VS 10
Gaziantep YB14-27 VS 11
Gaziantep YB15-27 VS 12
Gaziantep YB16-27 VS 13
Gaziantep YB17-27 VS 14
Gaziantep YB18-27 VS 15
Kokliice/Gerger/Adiyaman 02 KKLC GG VA
Karadut Koyii/Adiyaman 02 KRDT KHT VA1
Karadut Koyii/Adiyaman 02 KRDT KHT VA2

Vicia anatolica

Kesentas/Ergani/Diyarbakir
Kesentag/Ergani/Diyarbakir
Kayatepe/Savur/Diyarbakir

21 ERG KSTS VA
21 ERG KSTS VA2
21 SVR KYTP VA

Vicia cassiae

Ekindiizii/Pervari/Siirt 56 EKDZ PRV VA
Yesilova/Burdur 15YSV VC
Hatunkoy/Sivrice/Elazig 21 HTKY SVRC VC
Hazar Golii/Elaz1g 23 HZRG VC

Sarikaya/Midyat/Mardin
Sarikaya/Midyat/Mardin
Sarikaya/Midyat/Mardin
Sarikaya/Midyat/Mardin
Sarikaya/Midyat/Mardin
Gaziantep

Gaziantep

47 MDYT SRKY VC1
47 MDYT SRKY VC2-1
47 MDYT SRKY VC2-2
47 MDYT SRKY VC2-3
47 MDYT SRKY VC3
YB45-27 VC 01
YB46-27 VC 02

Vicia narbonensis

Sarikaya/Midyat/Mardin
Omerli/Anittepe/Mardin
Omerli/Anittepe/Mardin
Omerli/Anittepe/Mardin
Omerli/Anittepe/Mardin
Omerli/Anittepe/Mardin
Omerli/Anittepe/Mardin
Omerli/Anittepe/Mardin
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47 OMRL ANTP VN1
47 OMRL ANTP VN1/1
47 OMRL ANTP VN1/2
47 OMRL ANTP VN1/3
47 OMRL ANTP VN2
47 OMRL ANTP VN2-2
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Omerli/Anittepe/Mardin

47 OMRL ANTP VN2/2

Vicia narbonensis L. var.

Gaziantep

YB25-27 VN 01

Vicia palaestina

Omerli/Anittepe/Mardin

47 OMRL ANTP VP

Vicia palaestina Boiss.

Gaziantep

YB23-27 VP 01

Gaziantep YB24-27 VP 02
Vicia villosa Pervari/Uzunca Dag1/Siirt 56 PRV UZDG VV
Vicia galilaea Oyali/Besni/Adiyaman 02 BSN OYL VG
Gaziantep YB47-27 VG 01
Gaziantep YB48-27 VG 02
Gaziantep YB49-27 VG 03
Vicia galilaea Plitmann & Zohary  Gaziantep YB50-27 VG 04
Gaziantep YB51-27 VG 05
Gaziantep YB52-27 VG 06
Gaziantep YB53-27 VG 07
Vicia hybrida L. Gaziantep YB7-27 VH 01
Besni/Adiyaman 02 BSN 01/4
Besni/Adiyaman 02 BSN 02/5
Besni/Adiyaman 02 BSN 03/1
Lens spp. Besni/Adiyaman 02 BSN 04/2
Besni/Adiyaman 02 BSN 05/4
Besni/Adiyaman 02 BSN 06/9
Lens culinaris Midyat/Gerciis/Mardin 47 MDYT GRCS LeCu
Gaziantep YB66-27 LeCu 01
Gaziantep YB67-27 LeCu 02
Gaziantep YB68-27 LeCu 03
Gaziantep YB69-27 LeCu 04
Lens culinaris subsp. orientalis Gaz!antep YBr0-27LeCu 05
Gaziantep YB71-27 LeCu 06
Gaziantep YB72-27 LeCu 07
Gaziantep YB73-27 LeCu 08
Gaziantep YB74-27 LeCu 09
Gaziantep YB75-27 LeCu 10
Lens orientalis Sarikaya/Midyat/Mardin 47 MDYT SRKY LeOr
Oyali/Besni/Adiyaman 02 BSN OYL LG1
Lathyrus gorgoni var.gorgoni Oyali/Besni/Adiyaman 02 BSN OYL LG2
Oyali/Besni/Adiyaman 02 BSN OYL LG3

Kesentas/Ergani/Diyarbakir
Kesentas/Ergani/Diyarbakir

21 ERG KSTS LA-1
21 ERG KSTS LA-2

Lathyrus aphaca L. Gaziantep YB88-27 LA 01
Gaziantep YB89-27 LA 02
Gaziantep YB90-27 LA 03
Adiyaman 02 KRDT3 LC
Gaziantep YB19/A-27 LC 01
Lathyrus cicera L Gaz!antep YB19/B-27 LC 02
' Gaziantep YB20-27 LC 03
Gaziantep YB21-27 LC 04
Gaziantep YB26-27 LC 05

3. Results and Discussion

Ascochyta blight, a universal fungal
plant disease, is very difficult, costly and
complex to manage. Currently, it is
recommended to use disease-resistant
varieties, fungicides and disease-free seeds,

as well as rotational planting within the
scope of integrated disease management
(Stoddard et al., 2010; Ahmed et al., 2016).
Although it is known that the best
management is through the use of disease-
resistant varieties, the complexity of the
disease and the problems in identifying
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resistant lines make them limited in the
management of Ascochyta spp. (Rubiales
and Khazaei, 2022). In addition, alternative,
eco-friendly, cost-free and sustainable
innovative methods are needed due to the
negative effects of the chemical control
methods used, such as economy-
environment-resistance to disease (Gikas et
al., 2022; Giines et al., 2022). Accordingly,
a good understanding of disease-related
characteristics (morphological, pathogenic
and genetic) and the identification of new
disease-resistant  varieties, taking into
account their genetic diversity, form the

basis of management. In this context, 107
Ascochyta spp. isolates (Table 1) collected
from different provinces of Southeastern
Anatolia, Eastern Anatolia and
Mediterranean regions and stocked from
pure culture were used together with
different media (PDA, CSMDA and PDB)
to examine their growth morphologies. Data
obtained using different media for
morphological observations of isolates
known to cause Ascochyta blight disease in
Vicia spp., Pisum sativum (P. sativum),
Lens spp. and Lathyrus spp. wild legumes
are listed in Table 2.

Table 2. Growth differences in different media within the scope of morphological examinations

PDA CSMDA PDB
ISOLATES
Onl Hyphae + Onl Hyphae + -
Hyph)c;e (%/(E)nidia Hyph)z/ae g(?nidia Hyphae Only Conidia

21 KYTP SVR PS + - + - Not selected Not selected
23 HTKY SVRC PS1 + - + - Not selected Not selected
23 HTKY SVRC PS2 + - - + + X
23 HTKY SVRC PS3 + - - + + X
23 HTKY SVRC PS4 + - - + Not selected Not selected
21 CRMK/KK-1 PS - + - + + X
YB55-27 PS 01 + - + - Not selected Not selected
YB56-27 PS 02 + - - + Not selected Not selected
PS1 + - - + + X
PS2 - + + - - +
PS3 - + - + - +
PS4 + - - + Not selected Not selected
PS5 - + + - +
PS6 + - - + + X
PS7 - + + - - +
02 BSN OYL VS1 - + + - - +
02 BSN OYL VS2 + - + - Not selected Not selected
21 ERG KSTS VS - + + - - +
47 DRGT-BRTP VS1 - - - - - -
56 EKDZ PRV VS + - + - Not selected Not selected
YB1-27 VS 01 - + + - + X
YB2-27 VS 02 + - + - Not selected Not selected
YB3-27 VS 03 + - + - Not selected Not selected
YB4-27 VS 04 - + + - - +
YB8-27 VS 05 + - + - Not selected Not selected
YB9-27 VS 06 + - + - Not selected Not selected
YB10-27 VS 07 - - - - - -
YB11-27 VS 08 + - + - Not selected Not selected
YB12-27 VS 09 + - + - Not selected Not selected
YB13-27 VS 10 + - + - Not selected Not selected
YB14-27 VS 11 + - + - Not selected Not selected
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YB15-27 VS 12 + - + - Not selected Not selected
YB16-27 VS 13 + - + - Not selected Not selected
YB17-27 VS 14 + - + - Not selected Not selected
YB18-27 VS 15 + - + - Not selected Not selected
02 KKLC GG VA - + + - + X
02 KRDT KHT VA1 - - - - - -
02 KRDT KHT VA2 + - + - Not selected Not selected
21 ERG KSTS VA + - - + Not selected Not selected
21 ERG KSTS VA2 - + - + Not selected Not selected
21 SVRKYTP VA + - + - Not selected Not selected
56 EKDZ PRV VA - + - + Not selected Not selected
15YSV VC - + - + - +
21 HTKY SVRC VC - - - - - -
23 HZRG VC - + + - + X
47 MDYT SRKY - + - + + X
47 MDYT SRKY - + - + + X
47 MDYT SRKY - + + . } +
47 MDYT SRKY + - - + - +
47 MDYT SRKY - + - + + X
YB45-27 VC 01 + - - + Not selected Not selected
YB46-27 VC 02 + - - + + X
47 MDYT SRKY VN - + - + - +
47 OMRL ANTP + - - + - +
47 OMRL ANTP - - - - - -
47 OMRL ANTP - - - - - -
47 OMRL ANTP + - - + + X
47 OMRL ANTP + - - + Not selected Not selected
47 OMRL ANTP - + - + + X
47 OMRL ANTP - - - - - -
47 OMRL ANTP - - - - - -
YB25-27 VN 01 + - - + - +
47 OMRL ANTP VP - + - + + X
YB23-27 VP 01 + - + - Not selected Not selected
YB24-27 VP 02 + - - + Not selected Not selected
56 PRV UZDG VV - + - + + X
02 BSN OYL VG - - - - - -
YB47-27 VG 01 - + - + + X
YB48-27 VG 02 + - - + - +
YB49-27 VG 03 + - - + Not selected Not selected
YB50-27 VG 04 + - - + - +
YB51-27 VG 05 + - - + Not selected Not selected
YB52-27 VG 06 + - + + X
YB53-27 VG 07 + - - + + X
YB7-27 VH 01 + - + - Not selected Not selected
02 BSN 01/4 - + + - + X
02 BSN 02/5 - + - + + X
02 BSN 03/1 + - + - +
02 BSN 04/2 + - - + - +
02 BSN 05/4 - + - + X
02 BSN 06/9 - + - + X
47 MDYT GRCS + - + - +
YB66-27 LeCu 01 - + + - + X
YB67-27 LeCu 02 - + - + - +
YB68-27 LeCu 03 - + + - - +
YB69-27 LeCu 04 - + + - + X
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YB70-27 LeCu 05 + - + Not selected Not selected
YB71-27 LeCu 06 + + Not selected Not selected
YB72-27 LeCu 07 - + + + X
YB73-27 LeCu 08 + - + + X
YB74-27 LeCu 09 + - + Not selected Not selected
YB75-27 LeCu 10 + - + Not selected Not selected
47 MDYT SRKY - - -
02 BSN OYL LG1 + - - + + X
02 BSN OYL LG2 + - + Not selected Not selected
02 BSN OYL LG3 + + + X
21 ERG KSTS LA-1 - + +
21 ERG KSTS LA-2 - + - +
YB88-27 LA 01 + - Not selected Not selected
YB89-27 LA 02 + - + + X
YB90-27 LA 03 - + - + + X
02 KRDT3 LC - + + + X
YB19/A-27 LC 01 + - + Not selected Not selected
YB19/B-27 LC 02 - + + Not selected Not selected
YB20-27 LC 03 + + Not selected Not selected
YB21-27 LC 04 + - + Not selected Not selected
YB26-27 LC 05 + - + Not selected Not selected

(+: There is growth/ -: No growth/ X: Out of the scope of examination

To observe morphological growth in
PDA medium, which is the first step of the
study, the isolates were recultured in PDA
medium and incubated at 22 +£2 °C.
According to the study conducted by
Nalcaci et al. (2021), for the purpose of
performing pathogenic characterization and
mating type analysis of 237 Didymella
rabiei isolates isolated from 106 chickpea
cultivation areas in 44 provinces of Turkey,
the isolates were incubated in a 22 £2 °C or
in the dark at room temperature in cabinets
(~10 days), and fungal colony growth in the
medium was examined. As a result of
microscopic examination of the isolates
whose growth was examined, the isolates
were pure-cultured in PDA medium, and
morphological differences were revealed
similar to Nene (1982). Thus, information
about the growth morphology of D. rabiei
isolates was obtained, and differences were
determined. Accordingly, they stated that

D. rabiei morphologically showed annular
and pycnidial growth on the plant, while
microscopically, it showed special conidial
growth in terms of form and structure. It
was determined that the performed study
and the findings obtained support each
other, and the representative images of 1
isolate from each genera, whose growth
morphologies of Ascochyta spp. were
determined in PDA medium, are given in
Figure 1, and the observational data of the
grown-up state of the ~20-day-old isolates
are as given in the explanation of Figure 1.
Within the examinations carried out with
107 Ascochyta spp. isolates from 12 species
of 4 genera of wild legumes carried out in
PDA medium, it was determined that a total
of 58 only hyphal growth, additionally 39
hyphal growth and conodial growth were
observed, and there was no growth in 10
isolates (Table 2).
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YB90-27 LA 03

02 BSN 02/5

Figure 1. Growth morphology of Ascochyta spp. in PDA medium
(Growth morphology of Ascochyta spp. isolated from a: Vicia spp., b: P. sativum, c: Lathyrus spp., d: Lens spp. wild legumes in Petri dishes (front-
back) containing PDA medium)

a.The isolate covers the whole of the
Petri dish, and its edges are whitish-gray in
color, darkening towards the middle of the
Petri dish and taking on a reed green color
similar to khaki. Colony edges have a
partite appearance and structure with
varying color tones.

b.The isolate covers most of the Petri
dish and shows a circular structure with
dark brown edges and a grayish color in the
middle. The colony has a dispersed form
with circular development and intense
hyphal development on its edges.

c.The isolate shows regular circular
growth in camel color covering the entire
Petri dish. Colony edges are smooth, and
the middle part has a white netted structure.

d.The isolate is slow growing, covering a
small part of the Petri dish, and shows
hyphal growth in the middle with wild rose
colored growth on the obverse. On the back
of the Petri dish, scattered growth, which is
not white annular, on the edges and darker
colourations are observed in the middle
parts.

In the second part, the growth
morphology of Ascochyta spp. isolates was

investigated using CSMDA, also known as
a special medium for Ascochyta studies. All
isolates (97 isolates) that grew in PDA
medium were cultured in CSMDA medium
and incubated at 22 +2 °C. Within the
literature review, Mahiout et al., in 2015,
isolated 16 isolates of the pathogen from
diseased plants in 6 chickpea growing
regions [Mascara (called C), Mostaganem
(called M), Ain Temouchet (called A), Ain
Defla (called Z), Sidi Belabbes (called B)
and Relizane (called R)] in the northwestern
Algeria, similar to the study of Benzohra et
al. (2013), on CSMDA medium (CSMDA,
40 g chickpea seed meal; 20 g dextrose; 20
g agar and 1 L dsH20) at 20 +2 °C. They
performed symptomatic, morphological,
pathogenicity and mating type analyses of
the pathogen isolates they isolated. It has
been determined that the study is similar to
the results of Mahiout et al. (2015) within
the scope of the findings we have obtained.
In addition, the CSMDA medium prepared
in the study was used by modification (20 g
chickpea flour), and it was observed that it
did not affect the growth of the isolates.
This result supports the opinion of Gowen
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(1986), who stated that Ascochyta spp. is the
most suitable environment for conidial
development (Maden, 2007).

In the continuation of the study using
CSMDA, 97 Ascochyta spp. isolates grown
in PDA medium and diagnosed within
microscopic examinations were cultured in
CSMDA medium and incubated at 22 + 2
°C, and information about the effect on
morphological growth was obtained.
Moreover, after the detection of hyphal
growth, whether the isolates showed
conidial growth was also examined using
binocular light microscopy. To achieve
information about morphological
examinations of 16 Ascochyta rabiei
isolates, Mahiout et al. (2015) incubated at
20 +2 °C by placing discs with a diameter
of 5 mm, cut from each of the pure cultures
of the isolates, in the center of Petri dishes
(90 mm) containing CSMDA. In their 6-
replication study, they observed the
morphological  characteristics  (colony
color, diameter (mm), quantitative and
physiological conidial growth and size of
conidia, etc.) of the isolates after
incubation. They stated that the findings
they obtained within the scope of the
examinations were clearly observed to
differ between the isolates, especially in
terms of three criteria (colony colouration,
conidia size and colony growth diameter).
They observed that most of the isolates
formed colonies with olive green or mouse
gray color, while the remaining formed
distinctive gray and white colouration in the
center. They also determined that only the
colony of the R2 isolate was colored with a
dark brown center. They showed that the
conidial dimensions of the isolates also
differed in length and width (the length of
the conidiawas 5.2 - 17.2 pm, and the width
of the conidia was 2.4 - 6.7 um). They
explained that the conidial difference can be
compared with the data obtained by Udupa
and Weigand (1997) and Basandrai et al.
(2005). To determine the lowest and highest

colony diameters of 16 isolates, they
examined all isolates inoculated (~10 days)
in CSMDA medium and found that it varied
between 30.75 mm for the B2 isolate and
54.5 mm for C1.

They also explained that the findings of
their study showed resemblance in
accordance with other studies in which the
colony diameters of 16 Ascochyta rabiei
isolates developed in CSMDA medium
were determined to be related to the
variability of colony growth of the isolates
(Basandrai et al., 2005; Ozkilinc et al.,
2010). When the information in the
literature was examined (Kaiser, 1973;
Grewal, 1984), they stated that similar
morphological differences were obtained
and emphasized that this had never been
based on geographical or pathogenic
diversity sources before (Pande et al.,
2005). According to the data obtained from
the study in which CSMDA medium was
used, hyphae and conidial growth were
detected in 47 isolates, while 50 isolates
showed only hyphal growth. In addition, it
was found that 4 isolates obtained from 4
wild legumes and had conidial growth in
CSMDA medium had similar
characteristics according to conidial size
examinations. The conidial dimension
image of the "02 BSN 02/5" isolate, which
was representatively isolated from Lens
spp., is given in Figure 2. Accordingly, it
was observed that the conidial diameter was
~19.68 x 5.66 um in length and width.
Moreover, in terms of colony development,
the growth images of Ascochyta spp. in the
Petri dish obtained in the CSMDA medium
are shown in Figure 3, similar to the
representative images of one isolate from
each genus whose growth morphology was
determined for these four isolates in PDA
medium. Thus, the observational data of the
developed state of the ~20-day-old isolates
were determined as indicated in the
description of Figure 3.
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Figure 3. Growth morphology Ascochyta spp. in CSMDA medium

a.The isolate covers a large part of the
Petri dish, has whitish and brownish
colourations in places and has a circular
development.

b.The isolate covers most of the Petri
dish and forms nested annular structures.
Intense hyphal development is observed
towards the middle part. The inner annular

structures of the colony show growth with
white and brown colour and light brown
colour in the outer annular structure.

c.The isolate has rapid growth and shows
brown ring formation in the middle parts
and white rings in the outer parts, almost
covering the Petri dish. The upper surface
of the Petri dish is covered with a white net-
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like structure over time. Colony edges are in
white ring structure and regular symmetry.

d.The isolate shows circular growth, and
the colony has smooth symmetrical growth
with white edges that turn gray and brown
towards the middle.

In the study in which Ascochyta spp.
isolated from Vicia spp., P. sativum, Lens
spp. and Lathyrus spp. wild legumes were
used, the isolates grown in PDA and
CSMDA media were examined using
binocular light  microscopy, and
quantitative and morphological
observations of conidia were carried out.
Mahiout et al. (2015), emphasizing that the
biggest significant difference between
isolates in terms of literature research is
observed in conidial growth in terms of
quantity, stated that this difference belongs
to the diversity of colonies. They state that
diversity is  highly effective on
differentiation and that these differences
cause a change in the number of conidia.
They explained that the conidial number is
between 0,13 x 107 sp mL* (for C2 and C3
isolates isolated from Mascara) and 2.52 x
107 sp mL* (for R3 isolate isolated from
Relizane). Moreover, they determined that
the investigations they made on the basis of
the area where the isolates were collected
also contributed to this. They found that the
conidial numbers of the isolates they
isolated from Mascara and Mostaganem
(0,242 x 10" sp mL*and 0,279 x 107 sp mL"
1), respectively, were much lower than those
isolated from Ain Temouchet, Ain Defla,
Sidi Belabbes and Relizane (0,947 x 107 sp
mL?, 1,309 x 10" sp mL?, 1.616 x 107 sp
mL-1 and 2.049 x 107 sp mL?), and as a
result of statistical analysis, in terms of the
collecting area effect of infected plants was
divided into 4 different groups. In addition,
they also emphasized that colony growth
rate and conidial number were inversely
related in CSMDA. In particular, they
pointed out that the isolates isolated from
C1, C2 or B1 had rapid colony growth but

low quantitative conidial growth and
associated this with the results of the
pathogenicity test. They argued that the
findings were consistent with Grewal’s
(1984) findings, and as Schmit (2002)
stated, the inverse relationship could be
associated with the changes between
vegetative development and reproduction.
Similarly, Kaur (1995) reported that
Ascochyta rabiei isolates with rapid colony
growth showed less conidial growth than
other isolates, and their pathogenicity was
determined at a much lower level. For this
reason, they stated that, by examining the
literature studies, the results of the
pathogenicity tests have not been related so
deeply in any previous study and that the
results have no effect on each other (Ali et
al., 2009). In addition, the studies of Baite
and Singh (2016) and Manjunatha et al. in
2021 and the detection of pycnidia nests and
conidia (pycnidiospores), known as the
secondary inoculum source of Ascochyta
spp., were obtained from the microscopic
examination of isolates grown in PDA
medium. Moreover, blunt-tipped rod-
shaped conidia, which were observed to
form as single or bicelled conidia during
quantitative  conidial  growth,  were
examined under a binocular light
microscope (Figure 4).

On the other hand, in the study of Al-
Maaroof and Salih (2022) to determine the
physiological and morphological growth
and to identify genetic variations in
Ascochyta rabiei isolates obtained from
infected plants collected from chickpea
growing areas in lIraq, they reported that
CSMDA medium was the most suitable
medium for hyphal growth. In contrast to
from other studies, A. rabiei isolates were
divided into 3 groups according to
pycnidium color; in addition, they
determined the diameters of pycnidia nests.
Thus, they determined that the mean
conidia and pycnidia sizes ranged from 20.0
x 7.5 pm and 70.8 x 47.9 um to 21.8 x 9.0
pm and 140.7 x 93.6 um. Moreover, in this
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study, which also examined the effect of
temperature on the growth of isolates, they
stated that while the maximum growth was
achieved at 25 °C, it was now terminated at
35 °C. In the study in which the
morphological growth of Ascochyta spp.
obtained from 3 regions of Turkey was
examined, and the isolates in which
Ascochyta conidia with their unique forms

Pycnidiospore

Pycnidia aperture

were detected within the microscopic
observations of the isolates in PDA medium
are listed in Table 1. Pycnidia nests of
Ascochyta spp., defined as small pear- or
spheroidal (ostiole)—shaped structures, from
which asexual fungal conidia form and are
expelled from a pore or opening, have been
observed under a binocular light

microscope (Figure 4).

Pycnidia

Figure 4. Morphological conidial growth of Ascochyta spp. (pycnidia and conidial growth in

PDB medium, also known as liquid medium,
was used as the last step to determine the growth
morphology of Ascochyta spp. For this purpose,
50 mL of PDB medium was added to 100 mL
sterile sample containers after UV exposure,
and 3-4 pieces of fungal explant were placed in
the container and incubated at room
temperature in the dark for ~10 days. Conidial
and hyphal growth was observed following
incubation. Mahiout et al. (2015) obtained discs
from pure culture colonies on CSMDA medium
and added the discs to 250 mL bottles
containing 200 mL potato dextrose broth
medium to prepare for mating type analysis.
They stated that they showed mycelial growth
after incubating all broth suspensions at 20 +2
°C for 7 days. Similarly, Nalcaci et al. (2021)
stated that they obtained hyphal and conidial
growth from A. rabiei isolates incubated (~15
days) using PDB medium and stored in
ultradeep freezers at -80 °C after cleaning from
residues with sdH,O for use in future studies.

PDA)

Within the scope of the study carried out with
Ascochyta spp. causing Ascochyta blight in
wild legumes, applications in liquid media were
carried out similarly to those of Mahiout et al.
(2015) and Nalcaci et al. (2021). In the study,
where 54 isolates from 107 Ascochta spp.
isolates were selected and used, it was
determined that 32 isolates formed hyphal
growth and 22 isolates only conidial growth.
According to the literature, some fungi form
conidial growth in different morphologies and
structures to protect themselves under the
minimum nutrient concentration. It is also
reported that the amount of nutrients in the
environment supports hyphal growth or spore
formation (Morkunas and Ratajczak, 2014;
Capa, 2022). In this study, hyphal growth was
also not observed in any of the isolates, and the
presence of direct conidial growth was detected.
Thirty—two isolates showing hyphal growth in
PDB medium were not examined in terms of
conidial growth, and it was emphasized that the

663



Giimiis et al.

medium supported conidial growth due to the
insufficient amount of nutrients for these
isolates (Figure 5).

21 ERG KST$ VA2 Ps3

YB68-27 LeCu 03

21 ERG KST$ LA-2

Figure 5. Growth morphology of Ascochyta spp. in PDB medium
(Hyphal growth of fungal explants added to PDB medium after incubation (~10 days) - a: mycelial and yellowish growth similar to the bacillus form,
b: cocci-like mycelial and white growth, ¢, d: conidia formation in yellow—orange blurred image without any hyphal development)

4. Conclusion

In the study carried out to examine the
hyphal and conidial growth of 107
Ascochyta spp isolates isolated from Vicia
spp., Pisum sativum, Lens spp. and Lathyrus
spp, 32 for Vicia spp. 10 for P. sativum, 7
for Lens spp., and 8 for Lathyrus spp. in
PDA medium was expressed to observe
hyphal development. In addition, no
developmental findings were found in 10
isolates. Moreover, it was determined that
18, 5, 10 and 6 of the isolates used in the
study had conidial development together
with hyphal growth, respectively. In the
second stage of the study, in 97 isolates used
in CSMDA, which is a special medium for
Ascochyta spp., 24 from Vicia spp., 5 from
P. sativum, 10 from Lens spp. and 10 from
Lathyrus spp. to hyphal growth, and 26, 10,
7 and 4 of them had conidial growth as well
as hyphal growth, respectively. In addition,
11, 3, 5 and 2 isolates, formed conidial
growths together with hyphal growth
simultaneously in PDA and CSMDA
media. Moreover, it was explained that
there were 39, 12, 12 and 12 hyphal growths
on the genus basis in 75 isolates
simultaneously on PDA and CSMDA
media, but no conidial growth was
observed, and 31 isolates did not show

conidial growth on both media. Of the 65
isolates with a total of 65 conidial and
hyphal growths, 18 only in PDA, 26 only in
CSMDA, and 21 in both media were found
to have conidial and hyphal growth.
Accordingly, it was determined that 32 out
of 50 isolates that showed hyphal growth in
CSMDA also showed hyphal growth in
PDA medium, and 18 of them had conidial
development as well as hyphal
development. It was found that 14, 5, 8 and
5 of the 54 isolates [Vicia spp. (25), P.
sativum (9), Lens spp. (13) and Lathyrus
spp. (7)] taken into the PDB, which is also
described as the liquid medium used in the
last stage, showed hyphal growth, in
addition, 11, 4, 5 and 2 of them had only
conidial growth, respectively, without
hyphal growth being observed. Within the
scope of the study in which PDB medium
was used, 20 of 32 isolates with hyphal
growth showed conidial growth in PDA,
and 22 of them showed conidial growth in
CSMDA medium. It was concluded that 10
of the 32 isolates examined in terms of
hyphal growth in PDB had hyphal
development in PDA and 8 in CSMDA.
Similarly, in terms of conidial growth in
PDB, 15 of 22 isolates were found to have
conidial growth in PDA and 12 in CSMDA.
Moreover, it was stated that 31 of the 58
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isolates, which were found to have hyphal
growth only in PDA medium, also had
hyphal growth in CSMDA, 27 of them
formed conidial growth, 10 of them showed
hyphal growth in PDB medium, and 7 of
them had conidial growth. Six isolates (PS3,
PS5,15YSV VC,47MDYT SRKY VN, 47
MDYT GRCS LeCu, YB67-27 LeCu 02)
had conidial growth, and 1 isolate (YB73-
27 LeCu 08) had hyphal growth in all three
media used within the scope of the study. It
was also determined that 7 isolates from
Vicia spp., 1 isolate from P. sativum, 3
isolates from Lens spp. and 2 isolates from
Lathyrus spp., which had conidial growth in
PDA and CSMDA, produced hyphal
growth in PDB. In addition to the
importance of the study for plant pathology,
it is thought that the findings obtained will
form a basis for studies to be carried out in
this context, and the importance of the
quality and suitability of the media in terms
of examination is emphasized.
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