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Abstract

The fungus Rhizoctonia solani Kiihn is considered one of the major pathogens causing root rot in the
common bean (Phaseolus vulgaris L.). Due to the soil-borne nature of the pathogen, its control
through chemical methods is difficult to achieve. Therefore, the use of alternative management
strategies, particularly the deployment of resistant cultivars, can be effective in reducing the impact of
the disease. The objective of this study was to investigate the response of eight bean cultivars to R.
solani under greenhouse conditions. In the 2022-2023 crop years, bean fields in Lorestan Province
were monitored, and samples were collected from plants showing symptoms suggestive of infection.
Isolation and purification of fungal isolates were conducted under laboratory conditions, and their
pathogenicity was evaluated on bean seedlings. The isolate demonstrating the highest pathogenicity
was selected and identified based on its morphological features and sequencing of the internal
transcribed spacer (ITS) region. The impact of this isolate on different bean cultivars was examined.
The experiment was conducted in a completely randomized design with three replications. Thirty days
after planting, plant growth parameters and disease severity were measured in the studied cultivars.
Results from colony characteristics, growth, morphological features, and molecular studies confirmed
that the fungus isolated from the roots and crowns of the bean plants was R. solani. The findings
revealed that the severity of pathogenicity among the different cultivars ranged from 3.37 to 5. None
of the bean cultivars exhibited complete resistance to R. solani, and all were classified as either
susceptible or moderately susceptible. Among them, the 'Talash' cultivar of pinto bean, with an
average disease severity of 3.37, demonstrated relatively higher resistance (moderate susceptibility)
compared to the other cultivars.
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Introduction
Common bean (Phaseolus vulgaris L.), the most significant legume crop globally, accounts for approximately

85% of worldwide legume production. Biotic stresses, including plant diseases highly influence bean production.
Bean root rot is a complex disease caused by multiple pathogenic agents and influenced by environmental factors.
The fungus Rhizoctonia solani Kuhn is considered one of the major pathogens causing root and crown rot in the
common bean (Phaseolus vulgaris L.). This pathogenic fungus negatively affects water and nutrient uptake and
directly reduces biomass, thereby damaging the crop. It significantly impacts bean yield, potentially leading to up
to a complete loss in seed production. The broad host range, widespread geographical distribution, high
pathogenicity, saprophytic survival ability, and durability of this fungus make it a pathogen of major concern.
Additionally, the complexity of the soil environment and the limited effectiveness of conventional chemical
control methods complicate the management of diseases caused by this pathogen. Due to its soil-borne nature,
controlling R. solani through chemical methods is not easily achievable. Therefore, the use of alternative
management strategies, particularly resistant cultivars, can be effective in reducing disease-related losses. The
objective of this study was to evaluate the response of eight bean cultivars to R. solani under greenhouse
conditions.

Materials and methods

During the 2022—-2023 cropping season, bean fields in Lorestan Province, Iran, were surveyed, and samples were
collected from plants showing symptoms of Rhizoctonia infection, including root and crown rot, damping-off, and
crown canker. Fungal isolates were isolated and purified under laboratory conditions, and their pathogenicity was
assessed on bean seedlings. The isolate demonstrating the highest pathogenicity was selected and identified based
on morphological characteristics and the sequence of the internal transcribed spacer (ITS) region. The effect of
this isolate was investigated on eight common bean cultivars, including pinto bean cultivars "Talash,” "Ghaffar,"
and "Kosha," white bean cultivars "Almas" and "Shokufa,” and red bean cultivars "Ofogh," "Dadfar,” and
"Yaghoot" (common cultivars cultivated in the region). The experiment was conducted in a completely
randomized design with three replications. Thirty days after planting, plant growth traits, including plant height,
root length, fresh and dry weight of the plant, and fresh and dry weight of the roots, and disease severity were
measured in the studied cultivars.

Discussion and Conclusions

The results of the examination of the colony morphology, growth pattern and morphological characteristics of the
isolate obtained from bean plant, as well as molecular studies, revealed that the fungus isolated from the roots and
crowns of the bean is Rhizoctonia solani. According to the findings, the various bean cultivars examined are either
susceptible or moderately resistant to the pathogenic fungus R. solani. Analysis of the interaction effect between
R. solani and bean cultivars based on mean comparisons showed that the disease severity ranged fom 3.37 to 5,
and the percentage of disease severity ranged from 62.5% and 100%. The lowest disease severity, with a score of
3.37 and an average disease severity percentage of 62.5%, was observed in the pinto bean cultivar "Talash," while
the highest disease severity was recorded in three cultivars —red bean "Yaghoot," white bean "Dadfar," and white
bean "Almas" —, with a disease severity score of 5 and an average disease severity percentage of 100%. Infection
with R. solani caused both pre- and post-emergence seed rot and damping-off in these cultivars. Furthermore, the
results obtained from assessing the impact of R. solani on growth traits across bean cultivars demonstrated that
this species caused a significant reduction in all growth traits in the studied cultivars compared to the control (P <
0.05).

In this study, the pathogenic fungus R. solani was isolated from bean plants showing symptoms of infection and
identified based on a combination of morphological characteristics and ITS region sequencing. Pathogenicity tests
revealed that this fungus is a primary causal agent of root and crown rot in beans and exhibited high
pathogenicity across various bean cultivars. According to this study and previous investigations conducted both in
Iran and globally, it appears that R. solani is one of the primary agents of root and crown rot in beans, representing
a major threat to commercial bean production worldwide due to the substantial economic losses it causes. It was
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determined that various bean cultivars are either susceptible or moderately resistant to the pathogenic fungus R.
solani. Based on the results of this research, R. solani has a high potential to cause disease and subsequent damage
to bean seedlings during both pre- and post-emergence stages. This disease can cause damage at the seed and
seedling stages, depending on the cultivar. According to the results of this research and previous studies,
resistance to Rhizoctonia in beans is a complex, polygenic trait influenced by environmental and genetic factors,
which poses a major challenge in developing resistant cultivars. The results indicated that root infection in
seedlings significantly reduced the fresh and dry weights of various parts of the examined cultivars. According to
previous studies, this reduction can disrupt the connection between the root system and the aerial parts of the
plant, leading to insufficient nutrient transport to the upper parts, resulting in stunted growth and reduced plant
weight. In some of the studied cultivars, such as "Dadfar," seeds underwent rot at early growth stages. This
finding suggests that R. solani is one of the most common and widespread seed-borne fungi. In this study, no
correlation was observed between seed coat color and disease severity, which may be attributed to differences in
fungal isolates or additional host genetic factors. However, some studies have suggested that darker seed coats
may exhibit greater resistance to R. solani infection. The disease severity observed in this study was inconsistent
with some previous reports. These differences may be attributed to genetic variability among fungal isolates,
environmental conditions, and host physiological factors. None of the tested bean cultivars were fully resistant to
this disease. These findings highlight the need to develop resistant cultivars and effective management strategies
to control this disease.
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Figure 1- (A) Symptoms of Rhizoctonia root and collar rot on the bean plant. (B) Morphological characteristics of R. solani
isolated from bean: (a) Colony of R. solani, (b) Hyphal branching with constriction at the base and a septum above the
constriction, (c) Monilioid cells, (d) Stained nuclei. Scale bar: 10 pum.
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Figure 3- Percentage of disease severity in different bean cultivars in response to infection with Rhizoctonia solani.
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Table 1- Comparison of mean data on disease severity and growth traits of different bean cultivars inoculated with
Rhizoctonia solani in comparison to the control.
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Figure 4- Symptoms of infection, including seed rot, seedling death, stunted growth, the presence of wounds, as well as the
severity of pathogenicity of the isolated Rhizoctonia solani fungus on eight bean cultivars were investigated and compared

with the control.
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