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Abstract

Background and Objectives

Fusarium is a significant soil fungus found globally. The fungus responsible for the disease can
survive as chlamydospores in infected seeds and plant debris for more than five years in the
soil. When conditions are right, it can devastate entire crops. This fungus releases spores that
grow when they come into contact with chemicals from the chickpea roots. The fungal threads
invade the plant's roots and vascular system, which blocks the plant's ability to absorb water.
As a result, the chickpea plant can die from lack of moisture. In Iran, the disease is common in
many areas where chickpeas are grown, resulting in a 17% decrease in chickpea yields. In
Lorestan Province, it causes root rot and wilting in chickpeas, severely impacting their
production. Under suitable conditions, this disease can entirely devastate crops. To effectively
manage this issue, it is crucial to identify the various Fusarium species, understand their
detrimental effects, and evaluate which plants they can infect. Also, studying these species'
genetic relationships can facilitate the development of improved disease control strategies.

Materials and Methods

This study focused on identifying Fusarium species that cause root rot in chickpeas in Lorestan
Province. Researchers visited chickpea farms, collecting 155 samples from plants exhibiting
yellowing, wilting, and root rot symptoms. The samples underwent isolation, purification, and
identification in the laboratory based on their morphological traits. Pathogenicity tests were
conducted on a susceptible chickpea cultivar named Arman to evaluate the pathogenic potential
of the identified Fusarium species. This study focused on analyzing specific genetic markers to
identify particular isolates. Researchers amplified two gene regions: the internal transcribed
spacer (ITS) of ribosomal DNA and the ef1-a gene, utilizing materials from SinaGen Company.
The amplified DNA fragments were sequenced by Biomegic Company in Tehran. The
sequences were edited and analyzed using BioEdit 7.1 software and registered in the NCBI
GenBank database. MEGA 7.0 software was employed for phylogenetic analysis to construct
a phylogenetic tree, comparing the isolates with others in the gene bank. A bootstrap analysis
with 1,000 repetitions was conducted to confirm the stability of the phylogenetic tree branches.
The study evaluated specific isolates’ harmful effects on the above-ground parts and roots of
intentionally infected plants.

Results

The phylogenetic tree presented in this study, constructed from specific gene sequences, aligns
with the results of morphological analyses. The research identified Fusarium oxysporum and



Fusarium solani as the most prevalent isolates. F. falciforme affects plants by causing
yellowing and wilting, starting from the lower leaflets and spreading upwards. The roots also
show signs of damage, with visible root rot symptoms after emerging from the soil.
Additionally, there are instances of discoloration in the vascular bundles when looking at
sections of the stem, both longitudinally and cross-sectionally. These findings correspond with
previous studies in the field. Furthermore, the study uncovered that Fusarium falciforme is a
weak pathogen for chickpea roots. Importantly, this research represents the first documented
evidence of the pathogenic effects of Fusarium falciforme on chickpeas.

Discussion

The phylogenetic tree presented in this study, constructed from specific gene sequences, aligns
with the findings of morphological analyses. The research identified Fusarium oxysporum and
Fusarium solani as the most prevalent isolates. The disease symptoms linked to most isolates
from the F. oxysporum complex in this study resemble those caused by F. redolens. DNA
sequencing revealed that the F. oxysporum isolates are closely related to F. redolens, with a
96% genetic similarity. All isolates of F. redolens showed symptoms similar to those of F.
oxysporum f. sp. ciceris in pathogenicity tests but without any color change in the vascular
tissue. Since black root rot is a localized issue, it is crucial to differentiate it from systemic
diseases like wilting for effective plant pathology understanding. A combination of molecular
analysis and thorough morphological examination is essential to identify these isolates
correctly. These results are consistent with previous studies on the subject. Furthermore, the
investigation revealed that Fusarium falciforme exhibits weak pathogenicity towards chickpea
roots. Importantly, this research represents the first documentation of the pathogenic effects of
Fusarium falciforme on chickpeas.
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The percentage of

Isolate The total number of isolates  Separation percentage C
pathogenic isolates

Fusarium oxysporum 53 34.19 31.36

Fusarium solani 43 27.74 23.87

Fusarium redolens 37 23.87 8.31

Fusarium falciforme 22 14.19 13.52

1- Bootstrap
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Figure 2- The results of the study on the host range of the fungus Fusarium falciforme on plants are as follows:
1- Corn, 2- Okra, and 3- Bean a. Healthy control, b. Infected control.
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Figure 3- a. Healthy control, b. and c. Observing yellowing symptoms in a plant infected with F. falciforme,
d. Wilting and death of a seedling inoculated with F. falciforme, e. Root rot and browning of the vascular

tissues in a plant infected with F. falciforme.
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Figure 4- Fusarium falciforme: A Petri dish containing F. falciforme after 7 days of incubation at 25°C on
PDA culture medium, B. Phialide, C. Chlamidospores, D. Macroconidia, E.F. Isolate CB112 F. falciforme

false heads of Macroconidia, Microconidia and Phialides.
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Table 2. The sequenced Isolates utilized in this study and their accession number in the GenBank database

Species Isolate

efl-a

ITS

Fusarium oxysporum FM18
Fusarium solani FA48
Fusarium redolens UN145
Fusarium falciforme CB112

PQ093783
PQ093785
PQ093784
PQ181463

PQ181487
PQ181502
PQ181489
PQ093782

MH828024.Fusarium oxysporum

100

MK968952. Fusarium oxysporum

MH456854.Fusarium oxysporum

99

@ PQ093783 Fusarium oxysporum FM
HQ731060 Fusarium redolens

MT305222.Fusariumredolens
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A PQ093784 Fusarium redolens UNI

KT239482.Fusarium redolens

0Q511044.Fusarium falciforme

99

PQ093782 Fusarium falciforme CB

KF020513.Fusarium falciforme

MK937116.1 Fusarium solani

96

97

KT286748.Fusarium sp.
M PQ093785 Fusarium solan

MN977910 Fusarium solani

JQ958570.1 Glomerella acutata

—
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Fig. 5. Phylogenetic tree constructed from a maximum likelihood analysis based on a concatenated
alignment from efl-a sequences from Fusarium spp. isolates with 1000 bootstrap replicates at the branch
points. The representative isolates from Lorestan Province marked with accordingly.
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