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Abstract

Lahuf, A. A., Abdalmoohsin, R. G. & Hameed, Z. L. (2023). Isolation and molecular characterization of Fusarium 
solani as a causal agent of Fusarium wilt on cowpea (Vigna unguiculata). Bulg. J. Agric. Sci., 29(5), 946–950

During season of 2020, cowpea (Vigna unguiculata) plants exhibiting sever wilt symptoms were collected from several 
fields in Kerbala Province of Iraq. A fungus was consistently isolated from the symptomatic tissues and identified as Fusarium 
solani, based on its cultural and morphological features, as well as the sequence analysis of the internal transcribed spacer 
(ITS), translation elongation factor-1 alpha (TEF-1α) and actin (actA). The pathogenicity of this fungus was verified on cow-
pea plants that reproduced the typical wilt symptoms. The fungal pathogen was re-isolated from these diseased plants and 
reidentified. To best of our knowledge, this is the first record of F. solani causing cowpea wilt in Kerbala, Iraq.
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Introduction

Cowpea (Vigna unguiculata (L.) Walp.), belonging to the 
family of Fabaceae, is native to West Africa, and currently is 
commonly grown worldwide (Singh, 2020). It is one of the 
world-leading legume crops with the global production of 
7.249.060 t in 2018. However, in Iraq, the production is low 
accounting for ~ 0.005% of total world production with yield 
of 0.418 t/ha and production of 396 t (FAOSTAT, 2020). Var-
ious biotic and abiotic factors, have contributed in this pro-
duction reduction involving many fungal pathogens that are 
commonly and widespread on this crop (Al-Ani et al.,1989; 
Abdulmoohsin et al., 2019).

Fusarium solani is one of those pathogens, that cause 
various diseases in many agriculturally essential crops 
(Jaber & Lahuf, 2020). This species is complex represent-
ing a biologically and genetically complex group that adapt 
numerous formae speciales (Schroers et al., 2016). Newly, 
several molecular identification approaches, implicating the 
phylogenetic analysis of various genetic markers, such as 

internal transcribed spacer (ITS) regions, RNA polymerase 
II (RPB1), translation elongation factor-1α (TEF-1α) and 
actin (actA) genes, have been developed for identification 
of this species and others (O’Donnell et al., 2008; Lahuf et 
al., 2020).

During a survey conducted for evaluating the occurrence 
of cowpea crop diseases in 2020, sever wilt symptoms were 
observed in cowpea fields in the Kerbala Province of Iraq, 
with approximately 10-20% of disease incidence. The symp-
toms displayed on the seedlings as leaves withering and 
turning into color yellow then brown, afterward they dried 
up and dropped off. The transport tissues were colored to 
brown or black and in severe infestation the seedlings fell off 
and died. On the other hands, the symptoms appeared at the 
lower leaves, when the plants reached the flowering stage, 
yellowing color started from the edges and turned to brown, 
followed by wilting, and falling the leaves. After which, the 
infection extended to the top and the symptoms emerged on 
other leaves, until the plant had completely wilted. Addition-
ally, the xylem tissues became dark brown in color. 
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Thus, the objective of current study was to identify the 
etiology of this disease via morphological and molecular 
characterizations, as well as the pathogenicity assessment.

Material and Methods

Sampling, isolation, and purification of the pathogen
Approximately 100 samples of cowpea plants display-

ing wilt symptoms were randomly collected from differ-
ent fields in three sites (Aljadwal algharbi– 32°30ʹ22.4ʹʹN 
44°11ʹ34.1ʹʹE, Al Alabrahimia–32°39ʹ43.3ʹʹN 44°08ʹ23.5ʹʹE 
and Alhusaynia– 32°42ʹ43.3ʹʹN 44°14ʹ06.6ʹʹE) of Kerbala 
Province, Iraq, from 4/6 to 25/7 of 2020. The symptomatic 
samples were washed under tap water and excised into 0.5-1 
cm pieces. These pieces were then surface sterilized with 2% 
of NaOCl for 2 min, rinsed three times in sterilized distilled 
water, and placed into plates containing Potato Dextrose 
Agar (PDA) media for 2–3 days at 25±2°C in the darkness 
(Shehan et al., 2023). Pure cultures were attained by trans-
ferring 0.5 cm mycelia plugs from the ledge of the growing 
fungal colonies to fresh PDA, amended with the antibiotic 
chloramphenicol (10 mg/L) (Lahuf et al., 2018). 

Morphological and molecular identification of the 
pathogen

After two weeks of incubation at 25+2°C in dark, a total 
of 50 isolates were obtained. The morphology and color of 
cultural growth of colonies was examined. As well as, the 
type, shape, and dimensions of 50 conidia arbitrarily selected 
were measured by a light microscope at 40 X magnification. 
Due to all recovered isolates were identical in morphological 
features, a representative isolate, Cowp-F.so1, was selected 
for further characterization and assessment.  

To identify the representative isolate molecularly, ge-
nomic DNA was extracted from one-week old pure culture, 
using a previous developed method (Lahuf et al., 2019). The 
phylogenetic analysis of three genetic markers covering the 
internal transcribed spacer (ITS) region, the translation elon-
gation factor-1 alpha (TEF-1α) gene and actin (actA) gene 
were evaluated to confirm the identification of the fungal 
agent associated with diseased cowpea plants. The select-
ed genetic markers were PCR-amplified employing specific 
primer sets, ITS1-ITS4 for ITS-rDNA region (White et al., 
1990), TEF1/TEF2 for TEF-1α gene (O’Donnel et al., 1998) 
and ACT-512F/ACT-783R for actA gene (Carbone & Kohn, 
1999).

The PCR reaction was carried out, using the Ready-To-
Go PCR Beads kit (G.E. Healthcare, Illinois, USA), in a final 
volume of 25μl containing the reaction mixture ingredients, 
provided as beads besides 1μl of each primer sets (5 pmol), 

and 2 μl of the genomic DNA extracted. The PCR conditions 
of ITS region amplification included an initial denaturation 
step at 94°C for 4 min, followed by 35 repeated cycles of 
denaturation at 94°C for 1 min, annealing at 56°C for 45 s 
and elongation at 72°C for 1 min. The final elongation was 
at 72°C for 5 min. On the other hand, The PCR conditions of 
TEF-1α and actA genes amplification comprised of an initial 
denaturation at 94°C for 3 min, and 40 repeated cycles of 
denaturation at 94°C for 30 s, annealing at 52°C (TEF-1α 
gene) and 48°C (actA gene) for 30 s and extension at 72°C 
for 45 s, in addition to the final extension at 72°C for 5 min 
(Lahuf et al., 2022).

The PCR amplicons were sent to Macrogen, Inc. (Seoul, 
South Korea) for purification and sequencing. The Gener-
ated sequences were edited through BioEdit v7.0.9.0 and A 
plasmid Editor v2.0.61. Subsequently, they compared us-
ing Blastn tool against fungal publicly available sequences 
deposited at the GenBank database in National Center for 
Biotechnology Information. The phylogenetic analysis was 
conducted in MEGA 11 (v.11.0.13), using MUSCLE for 
sequences alignment and neighbor-joining method, with a 
bootstrap test of 1000 replications for producing the phylo-
genetic trees. The genetic markers sequences of the fungus 
isolated were then submitted to the GenBank to obtain spe-
cific accession numbers (Abass & Lahuf, 2023). 

Pathogenicity assessments
The pathogenicity of fungus identified was determined 

by preparing the fungal inoculum at concentration of 1x106 

(conidia/ml), using the same method of Lahuf (2019). The 
conidial suspension was then added (A five μL/plant) on 
a two weeks-old healthy cowpea plants, while the control 
plants were inoculated with sterilized distilled water only. 
Each treatment was triplicates. After inoculation, the devel-
opment of the wilt disease was verified in inoculated plants 
whereas no disease symptoms were observed on plants of 
control. Furthermore, the fungal pathogen was re-isolated 
from diseased plants to confirm its identification and in order 
to fulfill the Koch’s postulates (Hameed et al., 2021).

Results and Discussion 

The incidence of cowpea wilt disease was estimated to be 
in the average range of 10 – 20% in all the surveyed fields of 
the three regions. A total of 50 isolates were obtained from 
the diseased cowpea samples, and were consistently had 
similar cultural and morphological characterizations. 

The fungal colony were initially white aerial hypha and 7 
days later turned to dark brown. They produced also light to 
dark brown pigment in the medium (Figure 1A and 1B). The 
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microconidia were transparent in oval, or fusiform shape 
with average size of 6.6 to 14.5 x 3.2–5.5 μm and had 0 to 
2 transversal septa. On the contrary, the macroconidia were 
thick-walled profusely produced in cylindrical curved shape, 
variable in length (31.3 to 40.2 x 4.5–5.6 μm), and usually 
with 3 to 5 transversal septations (Figure 1C). Furthermore, 
after approximately two weeks the chlamydospores were 
observed as individual and intercalary with average size 
of 6.4–8.8 μm. These cultural and morphological attributes 
were compatible with previous descriptions of Fusarium so-
lani (Leslie & Summerell, 2006).

The morphological identification was confirmed mo-
lecularly through amplification and sequencing of the re-
gion and genes of ITS, TEF-1α and actA. These sequenc-
es were deposited and had GenBank Accession numbers 
(MW076176.1, for ITS, MW080736.1 for EF-1α and 
MW080737.1 for actA). The BLASTn analysis presented 
strong evidence of 100% similarity of these three mark-

ers`s sequences with numerous corresponding sequences 
of international F. solani strains. The phylogenetic anal-
ysis demonstrated clustering of the representative isolate, 
F. solani isolate Co. Karbala-IQ 1, identified in this study 
with various F. solani strains depending on multiple align-
ments of the TEF-1α sequence (Figure 2). As determined 
by the cultural and morphological characteristics, as well 
as the confirmation of molecular identification, the fungus 
isolated in this study was identified as F. solani (Mart.) L. 
Lombard & Crous.

The pathogenicity test was proved that the associated 
fungus was pathogenic through developing the wilt symp-
toms clearly on the inoculated cowpea young plants, and 
were comparable to those naturally infected plants. How-
ever, the control plants were symptomless (Figure 3). The 
pathogen, F. solani, was re-isolated from the symptomatic 
tissues, and observed to confirm the Koch’s postulates.

Fig. 1. Morphological characteristics of the Fusarium 
solani isolate Co. Karbala-IQ 1. Colony characters of 

Co. Karbala-IQ 1 on PDA (A) upper surface, (B) bottom 
surface, (C) Microscopic observation of the Co. Karba-

la-IQ 1 conidia

Fig. 2. Phylogenetic analysis of the Fusarium solani 
isolate Co. Karbala-IQ 1 (indicated with a black dot). 
Phylogenetic tree was concluded from the translation 
elongation factor 1-alpha gene sequences of numerous  

F. solani strains by means of the neighbour-joining 
method via MEGA 11. Bootstrap values supporting the 

branch were indicated at the nodes
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Conclusions

The object of current study was to identify and charac-
terize of the causal agent of cowpea wilt disease in Kerba-
la Province, Iraq. Worldwide, F. solani is previously well-
known to cause various diseases on several agricultural 
important crops, vegetable, and trees (Coleman et al., 2016; 
Zhu et al., 2019). For instance, it was recorded as a pathogen 
of root rot on cowpea (Vigna unguiculata) and Zingiber of-
ficinale (Hussein, 2019; Liu et al., 2019). As well as, it was 
reported causing wilt disease on Gossypium barbadense and 
Melia dubia (Zhu et al., 2019; Pandey et al., 2018). Howev-
er, to best of our knowledge this is the first report of F. solani 
causing wilt of cowpea crop in Karbala, Iraq.

In view of this study, this causative agent could be a possi-
ble threat to cowpea crop production in the Kerbala Province 
and other Iraqi provinces. Thus, appropriate and effective cul-
tural, biological, and chemical approaches should be evalu-
ated to allocate direct management practices for the control.
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