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Abstract

This study aimed to isolate, identify and characterize Fusarium
pseudograminearum from wheat fields in Karbala provinces, Iraq
with this disease; pathogenicity assessment; genetic diversity estima-
tion among these isolates and finally investigate the resistance of
some commonly cultivated wheat cultivars against it. All fungal iso-
lates were collected from symptomatic wheat plants during the grow-
ing season of 2023, and identified through morphological features as
well as molecular characteristics based on gene sequencing (ITS and
TEF-10.) F. pseudograminearum isolates analysis demonstrated 89—
99% homology to global strains, which were confirmed by BLAST
analysis on all retrieved isolates in the study. Iraqi isolates grouped in
a single clade with very low genetic diversity and likely shared an-
cestral background according to phylogenetic analysis. All isolates
caused full inhibition of seed germination and seedling growth, indi-
cating high virulence in pathogenicity assays. All ten wheat cultivars
(Sally, Al-Tahaddi, Ashour, Abu Ghraib, Research 22, Iraq, Sabah,
Ibaa 99, Latifiyah and Adnaniah) were evaluated for both percent
disease incidence and severity of the pathogen categories which
showed that one hundred percent (100%) incidence was the extent of
susceptibility among all tested genotypes. Reported genetic uni-
formity of the pathogen population suggests persistence of host—
pathogen interactions, which underlines the need for cultivar screen-
ing to identify resistant or tolerant ones. It gives us vital information
about the epidemiology and management of FCR in Iraq, highlight
the importance of breeding programs to improve F. pseudogramine-
arum resistance.

Keywords: Fusarium crown rot, Fusarium pseudograminearum,
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Introduction

Wheat (Triticum aestivum L.) is a member of the Poaceae family and one of the
most important cereal crops globally, being a major staple for humans and livestock
[1]. Wheat production in Iraq was estimated at 5,234,171 tons in a mixed gover-
norates of Iraq during the 2024 [2]. However, wheat production is heavily limited by
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abiotic and biotic stresses that negatively impact yield and grain quality. One of the
major biotic constraints to wheat production is Fusarium crown rot (FCR), a severe
disease caused by the plant pathogenic fungus Fusarium pseudograminearum. This
pathogen is ubiquitous in regions where cereal crops are grown and occurs predomi-
nantly under arid or semiarid climatic conditions. The occurrence of FCR has risen in
recent years, partly due to moisture-conserving agricultural practices such as mini-
mum tillage and stubble retention [3]. F. pseudograminearum has been identified as
one of the major Fusarium species causing FCR in surveys of both Basrah (2012) [4]
and Karbala Province (2025) [5] in Iraq.

FCR mainly target wheat at the seedling stage, causing loss of seedlings either at
emergence or shortly afterwards. which typically includes brown discoloured coleop-
tile, subcrown internode, lower leaf sheaths and basal stem tissues of the plants. In
certain instances, nodes or stems beneath the leaf sheaths develop a pinkish coloura-
tion [6]. A consequence of the progress of this disease is that it prematurely induces
senescence in wheat heads (also known as "Whiteheads"), which can produce none or
shriveled grains [7]. These traits, such as grain yield, tiller height and straw biomass,
are all negatively correlated with FCR incidence and severity with potential yield
losses as great as 35% [8]. Furthermore, infection by Fusarium spp. and can cause
contamination of wheat grains with toxic mycotoxins [9].

Fusarium species were originally identified using morphological characteristics e.g.
colony morphology (growth on the different culture media), pigmentation and shape
of spore types such as microconidia, macroconidia and chlamydospores [10]. Fungal
mycelia and mycelial fragments can also act as sources of infection in addition to
spores [11]. Nevertheless, identification based solely on morphological features is
typically not effective with such genera. At present, molecular methods (especially
DNA sequencing of PCR-amplified regions with gene-specific primers) are used for
fast, sensitive and accurate identification of Fusarium species [12]. The internal tran-
scribed spacer (ITS) region of nuclear ribosomal DNA is among the most popular
molecular markers for fungal identification and primer design [13,14]. Commonly
used primer pairs for the detection of Fusarium spp. include those such as ITS1/ITS4
and ITS5/ITS4, in various crops [15,16].

In addition to identification based on ITS, numerous gene regions have been widely
employed in molecular characterization and phylogenetic assessment of Fusarium
species. Such markers have included the translation elongation factor 1-alpha
(TEF1a), mating type (MAT) genes, phosphate permease gene, -tubulin gene and
largest and second-largest subunit of RNA polymerase II (RPB1 and RPB2) [17-18].
Combining multi-locus molecular data with morphological characters is now consid-
ered necessary for identifying species correctly and streamline phylogenetic relation-
ships among Fusarium [19-20].

Fusarium spp.-associated diseases are best managed in the long-term with the in-
troduction and use of resistant cultivars. However, there are no fully resistant com-
mercial wheat cultivars worldwide [5]. FCR resistance is in general only partial, pol-
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ygenic, and thus very much affected by environmental factors and the interaction of
genotype—environment [21,22]. Tolerance, or partial resistance, with reduced disease
severity and improved agronomic performance under infection have been described
in some cases [23].

Knowledge of diversity and pathogenicity in F. pseudograminearum, accompanied
by evaluations of wheat cultivar responses to the pathogen, will be useful for devel-
oping effective management practices for FCR that would be particularly applicable
to major sites of wheat production (e.g., Karbala Province). Accordingly, this study
was conducted to: (1) isolate and characterize F. pseudograminearum morphological-
ly and molecularly and pathogenicity assessment under artificial conditions; (2) ana-
lyze the genetic diversity of F. pseudograminearum populations from major wheat-
growing regions in Iraq; and (3) evaluate resistance/tolerance of ten cultivars of
wheat.

Materials and Methods
Isolation, and morphological Identification

During the 2023 growing season, wheat plants that exhibited typical symptoms of
crown rot were collected from wheat fields in several locations in Karbala Province.
Fields were randomly selected.

Small pieces of tissue (about 5-10 mm) were taken from the interface of healthy
and diseased tissue. Surface sterilization of the samples was performed by immersion
in 70% (v/v) ethanol for 30 s, followed by a treatment with 1% (v/v) sodium hypo-
chlorite (NaClO) for 2 min, and rinsed three times in sterile distilled water. The
cleaned tissues were air-dried placed on sterile filter paper. The obtained paper was
cut into small pieces and placed in potato dextrose agar (PDA) medium [24, 25] with
50 pg/mL streptomycin sulfate to prevent bacterial growth, then incubated at 25°C
under darkness for 48—72 hours. Identical characteristics were observed in emerging
colonies, which were resubcultured to fresh PDA plates and the use of the hyphal tip
method produced pure cultures. The isolated Fusarium-like isolates were subsequent-
ly stored at —4°C for further analysis. Purified isolates were morphologically charac-
terized from their colony characteristics and pigmentation, as well as the morphology
of reproductive structures (i.e., microconidia, and macroconidia) [26-27].

Molecular identification

A representative Fusarium-like isolate was cultured on potato dextrose agar (PDA)
plates for 7 days at 25°C in the dark. PCR amplification and sequencing of genomic
DNA was performed using genetic markers by Macrogen, Inc. (Seoul, South Korea).
The universal primer pair ITS1/ITS4 [28] was used to amplify the internal transcribed
spacer (ITS) region of ribosomal DNA (rDNA-ITS). Second, the translation elonga-
tion factor 1-alpha (TEF-1a) gene was amplified using primers EF1/EF2 [29]. PCR
products were purified and sequenced. The sequences obtained were edited by A
Plasmid Editor v3. 1. 6 and subsequently aligned against reference fungal sequences
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published in the GenBank database by BLAST. Sequence Demarcation Tool (SDT)
v1.3 was used for further sequence analysis.
Genetic diversity and Phylogenetic analyses

Phylogenetic analyses were used to infer relationships among the isolates and
branch support was evaluated using 1,000 bootstrap replicates. For the analysis,
Spongosporat subterranea sequence was used as an outgroup. Tree Topology and Age
Estimation Phylogenetic trees were built using Molecular Evolutionary Genetics
Analysis version 11.0.13 (MEGAT11). The sequences generated were then submitted
to the GenBank database for accession numbers.

Moreover, phylogenetic analysis of the ITS sequences was carried out to analyze
the origin and genetic diversity of Fusarium pseudograminearum isolates from Iraq.
TEF-1a gene sequences were aligned by ClustalX for sequence alignment and char-
acterized using WebLogo3 for F. pseudograminearum isolates in collected from Kar-
bala Province [31].

Pathogenicity Assessments

Fungal isolates identification and assessment of pathogenicity were based on plate
assay method [32] with ten for Fusarium sp. A mycelial disc (0.5 cm apart) was re-
moved from the margin of 7-day-old pure cultures grown on PDA and placed in cen-
tre of petri dishes (9 cm x 2 cm) containing WA. The inoculated plates were incubat-
ed at 25 £+ 2 °C for three days.

Surface-sterilized wheat seeds (Ibaa 99 cv.) were prepared by immersing them in a
solution of 1% sodium hypochlorite for 2 minutes, rinsing three times with sterile dis-
tilled water and air-drying on sterile filter paper. Ten seeds were subsequently placed
at the edge of expanding fungal colonies on each plate. There were three replicates
for each isolate. The control treatment with the same number of replicates was steri-
lized seeds without fungal inoculation. Plates were then incubated at 25 + 2°C until
control treatment germination was complete. Then seed germination percent was
measured based on the following equation:

Germination % = (number of germinated seeds / total number of seeds) x 100

Evaluation of resistance/susceptibility of common wheat genotypes to
F.pseudograminearum in Karbala Province

The soil mixture experienced two consecutive sterilization processes in an auto-
clave for 1 h. The sterilized soil was transferred into disinfected (70% ethanol) plastic
pots (8 cm in depth). A 1 x 10° spores mL™" of each pathogenic isolate of F.
pseudograminearum was prepared using a hemocytometer. 1 mL of each spore sus-
pension was inoculated into each pot, while control pots were received 1ml sterile
distilled water. The experiment was laid out in a randomized complete block design.
These pots were then sown with the surface-sterilized wheat seeds (1% sodium hypo-
chlorite) of ten cultivars including Sally, Al-Tahaddi, Ashour, Abu Ghraib, Research
22, Iraq, Sabah, Ibaa 99 Latifiyah and Adnaniah. The control treatment was included
and each treatment replicated four times [31]. Four weeks post-sowing, Fusarium
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crown rot (FCR) was evaluated and the percentage disease incidence calculated using
the following equation:
FCR %= Number of infected seedling/ total number of seedlings

Results and Discussion
Isolation, and morphological Identification

A comprehensive morphological and cultural characterization of the Fusarium iso-
lates from wheat samples with crown and root rot determined characteristics suffi-
cient for genus-level identification [26]. The isolates were fast-growing on potato
dextrose agar (PDA) forming profuse, fluffy aerial mycelium with a pink pigment
diffusing into the medium (figure 1A).

Microscopically, macroconidia were plentiful and narrow to almost straight, gen-
erally 2—4 septate, ranging in size from 21-70 x 1.9—4.6 um (n = 20). Microconidia
were not observed. Morphological characteristics were highly consistent with previ-
ously described characteristics for Fusarium spp. (Figure 2B).

Figure (1): Cultural (A) and microscopic features (B) of the fungus Fusarium sp. iso-
lated from infected wheat seedlings.

Molecular identification

All isolates were positive for amplification and sequencing of the rDNA-ITS re-
gion, and TEF-1a. BLASTn analysis confirmed the initial morphological identifica-
tion with all isolates containing sequences originally classified within the genus
Fusarium, labelled as F. pseudograminearum. Compared to previously characterized
global strains of the same species, sequence similarity was between 89% and 99%
(Figure 2A-B). In addition, the purified sequences were subsequently deposited to
GenBank database and accession numbers assigned for each isolate included in this
study (ITS accession number PZ293192.1).
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Figure (2) A: Comparative pairwise identity analysis of F. pseudograminearum
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Figure (2) B: Comparative pairwise identity analysis of F. pseudograminearum
(Karbal-2 isolate) and related taxa based on TEF-1a sequences

6



Journal of Kerbala for Agricultural Sciences Issue (2), Volume (13), (2026)

Genetic diversity and Phylogenetic analyses

Results Sequence similarity and genetic variation analyses based on the rDNA-ITS
region indicated that Iraqi isolates of Fusarium pseudograminearum including the
two obtained from Karbala Province (Karbala-1 and Karbala-2) are closely related.
Despite the presence of minor differences in their sequence, these isolates were high-
ly homologous and therefore genetically stable. Their taxonomic placement in the
species F. pseudograminearum was confirmed by >90% sequence identity with rep-
resentative global isolates reported previously.

These results were further supported by the phylogenetic analyses where all F.
pseudograminearum isolates clustered within a common-supported clade (Figures 3).
Such close clustering indicates a common evolutionary ancestor and extreme genetic
neutrality among the isolates sampled in this study. On the other hand, Sporngospora
subterranea clearly grouped and was unequivocally placed in a separate and distance
clade (as outgroup), thereby testing for the appropriateness of it as an outgroup, while
confirming the strength of phylogenetic reconstruction.

The low genetic diversity detected among the Iraqi isolates may indicate a popula-
tion structure that is quite uniform. This genetic uniformity can be explained by either
few introduction events or a common dispersal scheme, like infected seeds or crop
residues and agricultural practices designed to favour pathogen survival, such as min-
imum tillage and residue retention. Low genetic diversity patterns are similarly re-
ported for F. pseudograminearum populations in many cereal-growing regions,
where both pathogen spread and limited gene flow is often mediated by human activi-
ty [3,7].

On a global scale all isolates were clustered in one clade with very high sequence
similarity implying low genetic diversity within populations of F. pseudogramine-
arum across Iraq and could be derived from the same or low number of introduction
events. Genetically uniform populations may confer similar responses to control
strategies, including host resistance and cultural practices, making sick farms easier
to manage (or conversely more challenging) depending on if the solution requires a
synergistic or antagonistic action from the uniform population.
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Figure (3): Phylogenetic tree of F. pseudograminearum isolates including Karbala-1
(indicated with black square) and Karbal-2 (indicated with black dot) and related Ira-
qi isolates based on ITS sequences.

Although the ITS region is a fairly conserved genetic marker, it may not provide
enough resolution for distinguishing intraspecific variation within Fusarium species.
Conversely, multi-locus approaches utilizing greater number of more variable genes;
e.g.RPB1, RPB2 and TEF-1a have been shown to provide a higher level of resolution
in terms of population structure and genetic diversity analyses [33, 34].

Because the similarity was not 100% among isolates studied, more informative mo-
lecular markers are needed to further clarify population structure and evolutionary re-
lationships of F. pseudograminearum populations in Iraq. Interestingly, the TEF-1a
sequences (only two) had been previously sequenced for F. pseudograminearum iso-
lates collected from Karbala Province (Karbala-1 and Karbala-2). Consequently,
these fragments were aligned to analyze genetic variability among isolates. The re-
sults showed these two isolates almost identical with similarity percentage >99%
(Figure 4). Consequently, screening and evaluation of wheat cultivars for resistance
or tolerance to this pathogen are likely to be effective, as genetically homogeneous
pathogen populations are expected to exhibit relatively consistent responses to host
resistance.
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Figure (4): Sequence logo representation of TEF-la gene alignment of Fusarium
pseudograminearum isolates from Karbala Province

Pathogenicity Assessments

The tested Fusarium isolates caused 100 % inhibition for all wheat seeds and seed-
lings (Figure 5). No Fusarium isolates were re-isolated from the control seedlings,
while Fusarium isolates were consistently re-isolated from wheat seedlings. The iden-
tities of the re-isolated fungi were confirmed by molecular characterizations as de-
scribed above, thus fulfilling Koch’s postulates.

The pathogenicity of all tested Fusarium isolates was high (inhibiting seed germina-
tion and seedling development totally—100%), independent of wheat cultivar evalu-
ated. Conversely, no visual symptoms of disease were recorded in the control treat-
ment, and non-inoculated seedlings did not yield any Fusarium isolates (not
shown).Infected wheat seedlings were then tested at different time points (7 and 15
days post-inoculation) to recover the pathogen, which was consistently re-isolated
from diseased samples, with both morphological and molecular characteristics of iso-
lates recovered being identical to those of the original inoculated strains. Molecular
confirmation was performed as previously described with verification that the re-
isolated fungi identified as Fusarium pseudograminearum.



Figure (5): Effect of Fusarium pseudograminearum infection on wheat seeds (culti-
var Ibaa 99). Diseased seeds are shown on the left, while healthy germinated seeds
are shown on the right.

The high virulence of these tested isolates and the ability to induce acute disease in
the early stages of development suggest that these isolates could be an important
challenge for wheat. Finally, the re-isolation and molecular characterization of the
pathogen fulfill Koch's postulates to demonstrate that F. pseudograminearum is suffi-
cient under natural transmission conditions to cause symptoms on cereal species.

Evaluation of resistance/susceptibility of common wheat genotypes to
F.pseudograminearum in Karbala Province

Fusarium crown rot (FCR) incidence was determined at four weeks after sowing on
all tested wheat cultivars. F. pseudograminearum infection was high in all ten culti-
vars (Sally, Al-Tahaddi, Ashour, Abu Ghraib, Research 22, Iraq, Sabah, Ibaa 99,
Latifiyah and Adnaniah), which yielded a disease incidence of 100% in all treat-
ments. Infected plants showed expected symptoms of crown and root rot, confirming
the pathogenicity of this high-virulence pathogen under our experimental conditions.

On the other hand, the control treatment did not show any symptoms with no visi-
ble signs of infection (Figure 6), supporting that disease progression was exclusive to
fungal inoculation. This is further supported by our findings which show limited re-
sistance among the cultivars we have evaluated, indicating most common wheat
grown in this region are potentially at risk to FCR.

This result is in agreement with a previous Iraqi study [5] conducted in Karbala
province that found all the tested wheat cultivars (Al-Tahaddi, Tamooz, Research 22,
Arabyia, Ibaa 99 and wafaia were sensitive to F. pseudograminearum infection.

The high susceptibility observed among all tested Iraqi wheat cultivars in the pre-
sent study is consistent also with previous global reports highlighting the limited
availability of strong resistance to Fusarium pseudograminearum in wheat

10



Journal of Kerbala for Agricultural Sciences Issue (2), Volume (13), (2026)

germplasm. A recent study evaluating a wide range of spring wheat lines, including
CIMMY T-derived germplasm and local cultivars, demonstrated that while several
lines exhibited resistance to Fusarium culmorum, only moderate levels of resistance
were identified against F. pseudograminearum, and no fully resistant genotypes were
reported under most environmental conditions. Furthermore, resistance to F.
pseudograminearum was found to be inconsistent and often restricted to controlled
environments, indicating the complexity of host—pathogen interactions and the strong
influence of environmental factors on disease expression. These findings support the
results of the current study, where all evaluated cultivars showed complete suscepti-
bility (100% disease incidence), emphasizing the lack of effective resistance in com-
monly cultivated Iraqi wheat varieties. The absence of highly resistant cultivars may
be attributed to the quantitative nature of resistance to Fusarium crown rot, which is
typically controlled by multiple genes and influenced by environmental conditions.
Additionally, the difficulty in identifying stable resistance sources further compli-
cates breeding efforts [35].

Figure (6): Symptom of crown ro on wheat seedlings caused by Fusarium
pseudograminearum in this study (left: infected; right: healthy)

Therefore, the integration of resistant or moderately resistant genetic resources,
combined with continuous screening under diverse environmental conditions, is es-
sential for developing wheat cultivars with improved tolerance to F. pseudogramine-
arum. Ultimately, the deployment of resistant varieties remains a key strategy for re-
ducing disease severity, minimizing yield losses, and limiting mycotoxin contamina-
tion in wheat production systems [35, 36].
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