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Abstract

Hameed, Z.L. and B.T. Mohammed. 2026. Morphological and Molecular Identification, Pathogenicity Analyses and
Prevalence of Alternaria alternata in Wheat Fields of Karbala Province, Iraq. Arab Journal of Plant Protection, 44(3):320-
327. https://doi.org/10.22268/AJPP-001417

Alternaria alternata is well-known as a causal agent of various plant diseases worldwide. However, the species distribution causing the
failure of wheat seed germination in Iraq has not been studied. During a field survey, one hundred seventy-two Alternaria isolates were
collected from 69 wheat fields in Karbala province, Iraq in 2022-2023. Based on morphological features and sequence analysis of different
genetic markers included the internal transcribed spacer (ITS), the DNA-directed RNA polymerase I (RPB1) and DNA-directed RNA
polymerase II (RPB 2), the translation elongation factor (TEF) gene, and the beta-tubulin gene (B-tubulin) were determined. The majority of
the Alternaria isolates obtained were recognized as 4. alternata. To the best of our knowledge, this is the first description of 4. alternata as

the leading cause of seed decay and damping-off of wheat crop in Karbala province of Iraq.
Keywords: Alternaria alternata, morphology, wheat, pathogenicity, phylogeny

Introduction

Wheat, Triticum aestivum L. is one of the most economically
important cereal crops worldwide, belonging to the genus
Triticum within the Poaceae family (Haas et al., 2019).
Globally, wheat is the second most widely cultivated cereal
after maize, with major producing countries including China,
India, Russia, the United States, and France (FAO, 2023). In
Iraq, wheat is a vital agricultural crop, forming a cornerstone
of food security and staple food production (Lahuf et al.,
2018a). In 2020, the country had a cultivated area of
approximately 2.1 million hectares dedicated to wheat
production, primarily for domestic consumption as bread and
other traditional food. The annual production of wheat in Iraq
is around 6.2 million tonnes, making it one of the most
significant cereal crops in the region and essential for
meeting the nation's dietary and economic needs (Ministry of
Agriculture of Iraq, 2020).

Wheat crops are susceptible to a significant number of
biotic and abiotic stresses, with fungal diseases being the
most important. These stresses can severely impact yield and
quality, particularly under unfavourable environmental
conditions (Chen, 2005). Major fungal and fungal-like
diseases affecting wheat production globally, including Iraq,
are Fusarium head blight (Fusarium graminearum
Schwabe), leaf rust (Puccinia recondita Roberge ex Desm.),
stripe rust (P. striiformis f. sp. tritici), stem rust (P. graminis
f. sp. tritici), powdery mildew (Blumeria graminis f. sp.
tritici), and take-all (Gaeumannomyces graminis var. tritici).
These pathogens cause substantial yield losses and threaten
food security, especially in areas with limited resources to
implement effective management strategies (Bockus et al.,
2015; Jaber & Lahuf, 2020; Singh et al., 2011).
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Alternaria species are universal fungal pathogens and
saprotrophs distributed worldwide in various environments.
They can infect numerous vegetables, oil, cereal and
medicinal plants, including wheat crops (Alamry et al., 2024;
Gao et al., 2021; Hameed et al., 2021; Lahuf et al., 2018b).
One harmful species is A. alternata, whose interaction with
wheat significantly affects production, primarily due to its
role in seed decay and damping-off diseases (Mercado ef al.,
2000). A. alternata is recognized as a widespread fungal
pathogen capable of infecting a range of plant species (Lahuf
et al, 2020), including wheat, resulting in significant
economic yield loss. This pathogen is mainly responsible for
black point disease in wheat, which can significantly reduce
seed quality and germination rates, impacting overall crop
yields (Adhikari ef al., 2016; Bensassi et al., 2009; Hussain
et al., 2013; Turzhanova et al., 2020). The existence of this
fungus in wheat seeds has been related to substantial yield
losses, ranging from 15 to 90%, mainly with untreated wheat
seeds (Adhikari er al, 2018; Hussain et al, 2013).
Additionally, 4. alternata fungus can produce mycotoxins,
such as alternariol and alternariol monomethyl ether, which
can cause additional harmful risks to both human and
livestock health (Bagi ef al., 2022; Meena et al., 2017).

The relationship between 4. alternata, seed decay, and
damping-off in wheat highlights the need to investigate the
distribution and pathogenicity of this pathogen on wheat
fields in Karbala province, which has been recently
considered one of the main wheat producing regions in Iraq.
Thus, this study aimed to isolate and identify the 4. alternata
pathogen associated with seed decay and damping-off wheat
crops, based on morphological and phylogenetic analysis,
and to confirm their pathogenicity and virulence on wheat
cultivars that are common in Karbala Province, Iraq.
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Materials and Methods

Collection of samples, isolation, and purification

Wheat seed samples harvested in the agricultural season
2022-2023 (500g/field) were collected randomly from 69
fields spread across the districts and sub-districts of Karbala
province. Samples were packed in tightly sealed plastic bags
with all related information marked on them. These samples
were then transferred to the laboratory and stored in the
refrigerator at 4°C. The seed samples were washed
thoroughly using tap water, then superficially sterilized with
2% sodium hypochlorite solution for three minutes, and then
washed well with distilled water, sterilized with 70% ethanol
for half a minute, and dried using filter paper (Lahuf, 2019a;
Mehdi et al., 2018). Subsequently, the sterilized seeds were
transferred using sterile forceps to plastic Petri dishes with
8.5 cm in diameter containing prepared water agar medium
(WA), were prepared with five seeds in each Petri dish.
Dishes were then incubated at 25+2°C for 3 days (Jasim et
al.,, 2019). After observing the fungal growth around the
seeds, a disk (5 mm) was taken from the edge of each fungal
colony and planted in Petri dishes containing potato dextrose
agar medium (PDA) for purification, then incubated at the
same temperature mentioned above (Burns, 2009; Lahuf et
al., 2022; Watanabe, 2010).

Morphological identification

The initial assessment of fungi resembling Alternaria spp.
was carried out as described by Basim et al. (2017). Among
172 fungal isolates obtained, the suspected Alternaria
cultures were sustained on PDA at 25°C. The morphology of
the emerging colonies was examined. The size and
morphological characteristics were then analyzed, including
colony colour, margin, and texture (Deng et al., 2013). The
sporulation patterns and the characteristics of conidia (n =
50) were analyzed using light microscopy (Nikon, Tokyo,
Japan) and documented through photography (Yassin &
Mohammed, 2021). These morphological features were
compared with previous descriptions by Watanabe (2010)
and Simmons (2007).

Molecular identification

Polymerase chain reaction (PCR) test and determination of
the five selected genetic markers' nucleotide sequences were
used to confirm the morphological identification of
Alternaria fungal isolates associated with wheat seeds as
described by Narayanasamy (2011). The PCR test used two
microliters of genomic DNA extracted from each fungal
isolate isolated from wheat seeds, and applied on 50 different
isolates. The Ready-To-Go PCR Beads kit was used, which
included the essential components for obtaining the PCR
products, in addition to the genetic marker primers used in
molecular identification, which amplify different genetic
regions of the fungal genome (Lahuf ef al., 2019).

The internal transcribed spacer (ITS) region of rDNA was
amplified via ITS1 and ITS4 primers (White ef al. 1990); the
DNA-directed RNA polymerase I (RPB1) and DNA-directed
RNA polymerase II (RPB 2) were amplified via RPB1-Af
and RPBI1-Cr and RPBI-5F and RPBI1-7R respectively
(Matheny, 2005). The translation elongation factor (TEF)
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gene was amplified via EF1-728 F and EF1-986 R primers
(Carbone & Kohn, 1999); and the beta-tubulin gene (B-
tubulin) was amplified via BT2F and BT2R primers (Glass
& Donaldson, 1995).

PCR amplicons were sent to Macrogen, South Korea,
for sequencing. The sequencing data received were
evaluated, cleaned and analyzed using the ApE plasmid
Editor program. Then, the Basic Local Alignment Search
Tool (BLAST) program was employed to determine the
similarity between the sequences of the studied Alternaria
fungi and the globally identified fungi stored in the GenBank
repository of the National Center for Biotechnology
Information (NCBI). The results of this analysis were also
used to build a phylogenetic tree that showed the extent of
convergence between local and global fungal isolates using
the Molecular Evolutionary Genetics Analysis (MEGA)
program version 10. The sequences of the nucleotide of the
local fungal isolates were then deposited in the GenBank
repository after assigning accession numbers to them (Lahuf,
2019b).

Pathogenicity assessment

The plate method was applied to determine the pathogenicity
of Alternaria fungi associated with wheat seeds (Christensen
et al., 1988). This was done by taking a disc (5 mm in
diameter) from the edge of pure 7 days old fungal colonies
grown on PDA medium and placed in the middle of a plastic
Petri dish containing the prepared WA medium. All
inoculated dishes were incubated for 3 days at 25+2°C. The
cultivar Iba 99 wheat seeds were then planted on the edges
of the fungal colonies grown in the dish (10 seeds/dish). Each
fungal isolate was repeated three times, in addition to the
control treatments by planting sterile wheat seeds of the same
variety without fungal colonies. All plates were incubated at
2542°C until all wheat seeds in the control treatment
germinated. The germination rate was then calculated as
follows (Jaber & Lahuf, 2020):

Number of germinated seeds
Total number of seeds

Germination (%) = x 100

Another pathogenicity assessment was conducted using
plastic pots with dimensions of 8x8x10 cm filled with mixed
soil and peat moss fertilizer (1:1) and sterilized with 70%
ethanol. Wheat seeds of three varieties were used, varying in
their sensitivity, including Rashid, Ibaa 99 and Wafiya. The
treatments were then carried out, with each treatment
repeated three times. The sterilized wheat seeds were
inoculated with the previously prepared pathogenic fungal
inoculum at a concentration of 1x10° conidia/ml by soaking
them for 2 hours, then planted at a rate of 10 seeds per pot.
However, the control pots were planted with sterilized seeds
without inoculum (Jaber, 2020).

Two weeks after planting date, the germination rate was
calculated using the above equation. Four weeks after
planting, the disease incidence (%) was calculated according
to the following equation:

number of infected seedlings
total number of seedlings

Disease incidence (%) = %100



Results

Morphological and molecular identification

Seed decay and damping-off symptoms were observed in
numerous surveyed wheat fields. Out of 172 fungal isolates
obtained from diseased wheat seeds, 120 were identified as
members of the Alternaria genus. This initial morphological
identification depended on cultural and microscopic
characterizations (Simmons, 2007). After one week, all of
these Alternaria isolates developed aerial mycelium colonies
in dark grey to olive brown color, with white edges. The
mycelium growth converted to dark brown after two weeks.
The average radial growth of the colony was 4.9 cm. The
conidia, born on light brown conidiophores, were ellipsoidal
or ovoid with 14 transverse septa, 24-28 pm long and 9-12
um wide.

The sequences of ITS marker genes of the 120 isolates
of Alternaria spp. obtained in the current study were
subjected to a BLAST analysis with NCBI-GenBank. The
similarity of these isolates was very high (98-100%)
compared with standard Alternaria species. The majority of
them (45 out of 120 isolates) belonged to Alternaria
alternata, followed by A. chlamydosporigena and A. sorghi
(16 out of 120 isolates for each species), then A. cumini (12
out of 120 isolates), in addition to other Alternaria species
(Table 1).

To confirm the identification of 4. alternata isolates,
the cultural and microscopic features of the 45 isolates were
further examined. The pure colony of these species was
cottony, olive brown colour and had slight concentric growth
circles (Figure 1-A). These isolates generated a conidial
series of 5-10 conidia with many derived branching carried
on little conidiophores. Conidia were obpyriform to ellipsoid
with 1-4 transverse septa and 0-3 longitudinal septa. The
average size was 26 um long and 10 um wide (Figure 1-B).

A multilocus identity and phylogenetic analyses were
conducted utilizing five genetic markers (ITS, RPB1, RPB2,
TEF, beta-tubulin). These analyses showed that the isolated
A. alternata was similar to several global isolates of the same
species by showing 100% similarity in ITS and TEF marker
sequences and 99% similarity in RPB 1, RPB2 and B-tubulin
sequences. Likewise, the phylogenetic tree among these
marker sequences and other related sequences revealed the
close relationship between the isolated A. alternata and
many universal isolates and strains belonging to the same
species by clustering them in the same clade. However, the
other out-of-group fungi were placed in another clade.
Based on these characteristics and analyses that agreed with
what has been reported by description of Nishikawa &
Nakashima (2019), the Iraqi fungal isolate was confirmed to
be A. alternata (Fries) Kessler. Thus, the representative
sequence of each of the above marker genes was deposited
to the NCBI-GenBank database with the name Karbala-1 and
several accession numbers were assigned (ITS-PQ217832,
RPB1-PQ212707, RPB2- PQ212708, TEF-PQ212710, B-
tubulin- PQ212709) (Figures 2).

Table 1. Alternaria species isolated in this study.

Species Number of isolates
Alternaria alternata 45
Alternaria chlamydosporigena 16
Alternaria sorghi 16
Alternaria cumini 12
Alternaria japonica 10
Alternaria tenuissima 10
Alternaria hungarica 7
Alternaria lolii 3
Alternaria rosae 1

Total 120

Figure 1. Cultural and microscopic features of 4. alternata
isolate Karbala-1. (A) colony growth of 4. alternata isolate
Karbala-1 after 7 days on PDA, (B) conidia of 4. alternata
isolate Karbala-1 found after two weeks on PDA. Scale bar
=20 pm.
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[ ] PQ217832.1 Alternaria alternata isolate Karbala-1 ITS
MT446176.1 Alternaria alternata strain ZMXL7 ITS
MT446076.1 Alternaria alternata strain ZMGR24 ITS
MT126620.1 Alternaria alternata strain SPS4 ITS
PQ675644.1 Alternaria alternata isolate 504 ITS
PQ675646.1 Alternaria alternata isolate 506 ITS

MKS518403.1 Alternaria alternata strain KPMBO8 ITS

PQ675649.1 Alternaria alternata isolate 509 ITS

MN871825.1 Alternaria alternata strain 19/33 ITS

OR601589.1 Pachyella pulchella voucher UPS F-923036 ITS

0.050

PQ212707.1 Alternaria alternata isolate Karbala-1 RPB1
XM 018528914.1 Alternaria alternata RPB1
XM 028648416.1 Alternaria arborescens RPB1

XM 038933826.1 Alternaria burnsii RPB1

XM 069453599.1 Alternaria dauci RPB1

XM 043318899.1 Alternaria atra RPB1

XM 049344029.1 Alternaria ventricosa RPB1
XM 051450614.1 Alternaria arbusti RPB1
XM 049366202.1 Alternaria triticimaculans RPB1

0.02

AB979934.1 Alternaria alternata strain: MAFF 235991 TEF gene
KY676199.1 Alternaria alternata strain AE1 TEF gene
ON427943.1 Alternaria alternata isolate MT-5 TEF gene
PQ212710.1 Alternaria alternata isolate Karbala-1 TEF gene
‘ON427942.1 Alternaria alternata isolate MT-2 TEF gene

‘ON427944.1 Alternaria alternata isolate MT-8 TEF gene

KY676198.1 Alternaria alternata strain AE1 TEF gene
MK386655.1 Alternaria alternata isolate WGL3 TEF gene
MK386653.1 Alternaria alternata isolate WLLS TEF gene

AY179868.1 Pichia angusta TEF gene

PQ212708.1 Alternaria alternata isolate Karbala-1 RPB2

XM 018528909.1 Alternaria alternata RPB2
XM 038932061.1 Alternaria burnsii RPB2

XM 069452855.1 Alternaria dauci RPB2

{ MK388242.1 Alternaria solani isolate AKNL03003 RPB2

XM 043314931.1 Alternaria atra RPB2

XM 051473294.1 Alternaria conjuncta RPB2

XM 051434029.1 Alternaria incomplexa RPB2

XM 049402110.1 Alternaria novae-zelandiae RPB2

XM 049390585.1 Alternaria hordeiaustralica RPB2

PQ584009.1 Alternaria sp. strain A-592-2 beta-tubulin gene

E KJ396337.1 Alternaria alternata strain MP39 beta-tubulin gene

KJ396336.1 Alternaria alternata strain MP23 beta-tubulin gene
HQ413316.1 Alternaria alternata beta-tubulin gene

MN196486.1 Alternaria alternata strain Col-1 beta-tubulin gene

MN692937.1 Alternaria alternata strain PaF-2 beta-tubulin gene

MN692936.1 Alternaria alternata strain PaF-1 beta-tubulin gene
PQ212709.1 Alternaria alternata isolate Karbala-1 beta-tubulin gene

0Q716827.1 Alternaria alternata isolate GHT-8 beta-tubulin gene

MW478509.1 Aspergillus spelaeus strain CCF6248 beta-tubulin gene

Figure 2. Phylogenetic tree illustrating the evolutionary relationships among Alfernaria alternata isolate Karbala-1 (highlighted
with a black dot) and other related isolates and strains based on (A) ITS marker sequences similarity; (B) TEF marker sequences
similarity, (C) RPB1 marker sequences similarity, (D) RPB2 marker sequences similarity, (E) beta-tubulin marker sequences

similarity.

Pathogenicity assessment

The examined Alternaria isolates were pathogenic on
artificially inoculated wheat seeds by causing 100%
infection. Symptoms appeared on wheat seeds infected by
Alternaria spp., including A. alternata, which have various
symptoms, including dark brown to black discolouration at
the germ tube end and black, brown, or dark grey patches on
the seed's coat. Infected seeds have a small, shell-like
appearance, shriveled, and have a deformed shape. The seed
surface was often fluffy or powdery in texture. In the most
severe instances, seeds were soft and may ultimately lose
their tissue. These symptoms can lead to lack of germination
or produce seedlings that have malformatted roots and
shoots. The seed's surface appeared rough, scabby, or chalky,
suggesting the fungus presence (Figure 3). To achieve
Koch's requirements, re-isolation was performed on all
inoculated symptomatic seeds, and the isolated fungi were
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identified as being Alternaria spp. germinated healthy
control seeds were symptomless.

Figure 3. Pathogenicity of the representative isolates of A.
alternata on wheat seeds. (A) Germinated healthy control
seeds, (B) Disease symptoms of A. alternata on wheat seeds.



On the other hand, the pathogenicity assessment of 4.
altenata isolate Karbala-1 conducted in plastic pots showed
the pathogenic effect on the seeds of three local varieties
(Rashid, Ibaa 99 and Wafiya). The highest disease incidence
(Figures 4 and 5) was noticed in Rashid variety by reaching
the highest inhibition rate of 40%, followed by Ibaa 99 and
Wafiya varieties at 33% and 10%, respectively.

45 4
40 4
35 4 33
30
25 A

20 A
10

10 4
5— .
0

Rashid Ibaa 99 Wafiya
Varieties

Inhibition rate of seed germination (%)

Figure 4. The inhibition rate of seed germination (%) caused
by A. alternata on three Iraqi local varieties of wheat seeds
(LSD = 2.00).

Figure 5. Effect of A. alternata on wheat seeds and seedlings
of three wheat varieties. (A) Rashid variety, (B) Ibaa 99
variety, and (C) Wafiya variety. In each image, the left pot
contains fungus-inoculated seeds, whereas the right pot
served as the non-inoculated control.

Discussion

In the current study, various species of Alternaria were
associated with low seed germination in several wheat fields
located in different regions of Kerbala Province, Iraq. These
various species included A. alternata, A.
chlamydosporigena, A. sorghi, A. cumini, A. japonica, A.
tenuissima, A. hungarica, A. lolii and A. rosae identified on
the basis of morphological and molecular analysis. The field
survey in all wheat fields revealed the presence of A.
alternata, the main fungus isolated from wheat seeds.

A. alternata is a well-studied pathogen that can infect a
variety of seeds, including those of wheat. This fungus is
associated with its broad host range and the capacity to
cause significant agricultural damage. In relation to wheat
crop, A. alternata has been recognized as the primary
pathogen that causes diseases on seeds, particularly the
black point disease. This disease negatively affects the
quality of seeds and the germination rate (Duarte et al.,
2022). The presence of A. alternata in wheat seeds can
adversely affect the viability and strength of the seeds,
ultimately affecting the yield and quality of the crop (Casa
etal., 2012).

Studies have demonstrated that A. alternata can adapt
to survive on wheat seeds, and serve as the inoculum for
subsequent crops (Casa et al., 2012). The pathogen's
capacity to create mycotoxins, such as alternariol, further
amplifies its effect. These toxins can inhibit the process of
seed germination and affect the health of young plants
(Grover & Lawrence, 2017). The association of 4. alternata
with wheat seeds is not an isolated case; other plants have
been infected with the same pathogen indicating its general
pathogenic nature and its potential for transmission through
seeds (Mangwende et al., 2018). Other previously reported
research has demonstrated that 4. alternata can adapt to
different environmental conditions, which increases its
probability of survival and reproduction on seeds. The
consequences of A. alternata infection are more extensive
than simply the immediate seed health. Infected seeds can
lead to more significant problems in agriculture, including
decreased yields and reliance on pesticides for management
(Mokhtar & Dehimat, 2013). As a result, understanding the
behaviour of A. alternata in wheat seeds is pivotal in
developing effective strategies to mitigate the impact of the
disease in wheat production.

Molecular-based assays may facilitate accurate
identification of fungi including Alternaria spp. in addition
to morphological traits (Lahuf et al., 2023; Lawrence et al.,
2016). However, molecular analysis faces certain hurdles,
as standard genetic loci fail to distinguish Alternaria section
due to minimal or nonexistent variation in molecular
markers (Andrew et al., 2009; Peever et al., 2004; Prencipe
et al., 2023). Research results have indicated that the
criteria for identifying low resolution in species
delimitation among small-spored Alternaria spp. are only
meaningful when a combination of different genes is
utilized (Mati¢ et al., 2020). To address these challenges,
Woudenberg et al. (2015) resolved the phylogeny of
Alternaria species by employing various gene regions.
Considering the current molecular analysis results, applying
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several marker genes (ITS, RPB1, RPB2, TEF, beta-tubulin)
have increased the discrimination ability of identification
among Alternaria species (Zhang et al., 2023).

The pathogenicity assay displayed that all the
Alternaria species, including the isolated A. alternata, were
pathogenic and had high virulence by causing inhibition to
seed germination or entire infection to the germinated
seedlings. However, in the pots assay, 4. alternata species
were less pathogenic on wheat seeds of three varieties
inoculated with conidial suspension. This discrepancy may
be due to the presence of different resistance genes among
the three wheat varieties against 4. alternata.

In the current investigation, it was possible for the first
time to describe the diversity of Alternaria spp. associated
with wheat seeds in Karbala Province, Iraq. However, further
examinations are still needed to verify the presence of other
Alternaria species or other fungi that could be associated
with inhibition of wheat seed germination. Additionally, the
genetic  diversity of fungal isolates from different
geographical areas related to disease should be involved in
discovering the community of the pathogens of wheat seed
decay. Thus, additional studies must concentrate on
developing and examining active disease management
approaches.
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