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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.
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(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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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

15
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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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