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ABSTRACT

Sorghum bicolor, an important crop in arid and semi-arid areas, faces significant biotic stressors,
particularly grain mold caused by fungal infections. Curvularia lunata emerged as a prominent pathogen
in sorghum leaf spot and grain mold, significantly impacting grain quality and yield. This study aimed to
isolate and characterize C. lunata strains from sorghum grain obtained from Egyptian markets. Ten
isolates were found, and tests on sorghum cultivar Giza 15 showed a wide range of virulence, with
disease ratings ranging from 22.67% to 66.68%. Morphological identification and phylogenetic
investigation verified the isolates' identity as C. lunata, with RAPD-analysis revealing the genetic
differences between isolates. Phylogenetic analysis divided the isolates into two major groups, with
considerable genetic similarity within each group. However, some isolates revealed significant genetic
divergence. The RAPD profiling revealed 38 DNA fragments, 93.05% of which were polymorphic,
showing that the isolates studied had a high level of genetic diversity. This diversity demonstrates the
pathogen's adaptability, which may be connected to pathogenic potential in various conditions. The
findings provide critical insights for breeding resistant sorghum varieties and underscore the need for
comprehensive management strategies to mitigate grain mold's impact on sorghum production.

Keywords: Sorghum grains mold, Curvularia lunata, Molecular identification, RAPD, Phylogenetic
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INTRODUCTION of animal feed, traditional and processed
foods, beverages, and biofuels. Sorghum is
critical in the drier tropics, where it is the
fifth most crucial cereal, providing essential

Sorghum (Sorghum bicolor [L.]
Moench) is the 5th most important world
?-?:iet?::lf;)p af;t;;tri?/iléel_(iea mr?z:/: L')’(Vovr;f; calories for millions (Frederiksen and
sativa L.), and barley (Hordeum vulgare L.) Odvody, 2000).

(FAO 2019). This resilient crop can thrive In Egypt, sorghum is grown in different
across various latitudes and is a vital source ecological zones due to its adaptability to
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various environmental conditions (salinity,
high temperature, and drought stressors).
The country's sorghum productivity is 0.88
tons/ ha, which is relatively low compared
with the world average of 1.45 ton/ha and
the USA's 4.58 ton/ha (FAO, 2019).

Despite its  significance, sorghum
production faces numerous challenges due
to abiotic and biotic stresses. Grain mold, a
fungal disease complex, poses a significant
constraint to sorghum productivity and grain
quality worldwide, particularly in humid and
warm environments during the rainy season
(Bandyopadhyay and Chandrashekar, 2000;
Garud et al. 1998; Singh and
Bandyopadhyay, 2000). Although, fungi in
several genera have been associated with
grain mold (Bandyopadhyay and
Chandrashekar, 2000; Esele et al., 1995;
Singh and Bandyopadhyay,2000), Fusarium
thapsinum Kilittich, Leslie, Nelson, and
Marasas and Curvularia lunata (Wakk.) are
considered the most common pathogenic
agents (Singh and Bandyopadhyay, 2000)
however, the prevalence and severity of
diseases caused by these pathogens can
differ significantly based on geographic
location and climatic conditions
(Bandyopadhyay and Chandrashekar, 2000;
Forbes et al., 1992; Singh and
Bandyopadhyay, 2000). Yield losses
attributed to grain mold ranging from 30-
100% may occur with severe epiphytotic
(Singh and Bandyopadhyay, 2000). Fungi in
genera Colletotrichum, Alternaria, and
Phoma are frequently recovered from moldy
grains, but their significance appears
insignificant (Forbes et al 1992).

Curvularia. lunata, has been identified
as a dominant pathogen on sorghum and
finger millet seeds collected in Korea,
potentially serving as a primary source of
infection (Yago et al., 2011). It is
responsible for not only grain mold in
sorghum (Tarekegn et al., 2006; Sharma et

al., 2010) but also leaf blight in other crops
such as pearl barley (Dai et al., 2019) and
leaf spot in cotton (Shirsath et al., 2018).

Furthermore, mold fungi that develop on
seeds produce mycotoxins, posing health
risks to humans and animals (Halt, 1994).
Fungi-induced discoloration of sorghum
seeds results in poor quality, diminishing
market acceptability, and economic value
(Castor and Frederiksen, 1980; Gopinath
and Shetty, 1987). Grain mold decreases
seed size and weight and negatively impacts
grains' nutritional quality and storage
viability (Gopinah, 1984; Bandyopadhyay,
1986).

Management  strategies, including
avoidance, chemical seed treatments, and
resistant cultivars, have proven effective in
mitigating the impact of grain mold disease
complex (Forbes et al., 1992). Among these,
employing resistant cultivars is the most
effective means of controlling grain mold.
However, the mechanisms of grain mold
resistance in sorghum are complex and
multifaceted (Castor, 1981; Forbes et al.,
1992; Waniska et al., 2001). Several kernel
characteristics can enhance resistance,
including grain hardness, pigmented testa,
red pericarp, endosperm texture, high tannin
content, and elevated levels of flavan-4-ol
(Mukuru, 1992; Waniska et al., 2001).
Additionally, studies have indicated that
antifungal proteins such as sormatin,
chitinases, glucanases, and ribosome-
inhibiting  proteins  contribute to the
mechanisms of resistance against grain mold
(Bueso et al., 2000; Rodriguez-Herrera et
al., 1999; Seetharaman et al., 1996). The risk
of introducing new species or strains of a
pathogen (s) can be significantly reduced
with a thorough understanding of their seed-
borne  characteristics and appropriate
treatments to minimize seed-transmitted
inoculum. This study aimed to isolate and
identify the main fungal pathogen (s)
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causing grain mold in sorghum grains from
the Egyptian retail market. The pathogen (C.
lunata) was isolated from infected grains
and tested for pathogenicity. The most
virulent strains were identified using PCR
with ITS primers and sequencing.
Additionally, the study evaluated the
susceptibility of various sorghum varieties
and the pathogen's host range, focusing on
the Poaceae family.

MATERIALS AND METHODS
Sample Collection and Fungal Isolation

Sorghum grain (Giza 15 cultivar)
samples were gathered from various
locations across Giza Governorate, Egypt
during June-September 2022. The samples
were purchased from warehouses and local
markets, with three replicates taken from
three different spots at each location. Each
sample (100 grains) was kept in a new paper
bag, promptly transported to the laboratory,
and stored at 4°C for fungal analysis.

Grains of each sample, individual, were
disinfested with a 05 % sodium
hypochlorite solution for 2 min, rinsed three
times in sterilized distilled water (SDW)for
2 min. and then transferred to potato
dextrose agar (PDA) amended with 125 ppm
of Ceftriaxone antibiotic (Sandoz, Egypt).
The plates were incubated at 26 + 1 °C for 4
days. Colonies originating from surface-
sterilized grains were isolated via hyphal tip
transfer for subsequent analysis (Sallam and
Abo-Elyousr, 2012).

Morphological characterization

All purified isolates were identified
based on their macro- and micro-
morphological characteristics according to
the keys of Sivanesan (1987), Ellis (1971),
Barnett and Hunter (1972) and Manamgoda
et al. (2012).

Fungal frequency

Isolation was carried out from 1200
sorghum grains taken randomly from Giza
15 cultivar, as previously mentioned. The
frequency of this associated fungi was
estimated.

Pathogenicity test

A pathogenicity test of isolates was
carried out on the foliage of 4-week-
sorghum seedlings (cv. Giza 15) under
greenhouse conditions at the Maize and
Sugar Crops Diseases Research Department,
Plant Pathology Institute, Agricultural
Research Center. A spore suspension (1 x
10° conidia/ml) of each of the selected
isolates was prepared by blending the
mycelium of the obtained isolates,
individually, and filtered through
cheesecloth. The sorghum seedlings were
inoculated by spraying a spore suspension
on the leaves. Control plants were treated
with SDW. The 10 plants were then
inoculated per isolate. All inoculated
seedlings were covered by clear plastic bags
and maintained in the greenhouse overnight
for 48 h at 28 + 2°C, and were observed
daily until disease symptoms were visible
(Kumar et al., 2017). The disease severity
index was evaluated at 30 days post-
inoculation as follows:

The disease index was calculated by
adopting disease-rating scale using a 0 - 10
scale with 0 = leaves without any spot
(controls), 1 = spots occupying 1-10 %, 2 =
11-20%, 3 = 21-30%, and 4 =31-40% %, 5 =
41-50%, 6 =51-60%, and 7 =61-70%, 8 =
71-80%, 9 =81-90%, and 10 =91-100% of
the leaf area.

The mean of disease severity index
(DSI) for each replicate was calculated by
the formula suggested by Lue et al. (1995)
as follows:

Disease severity (%) = Z (nxr)/ NR x 100
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Where n = number of infected leaves on the
plant, r = numerical rate of infected leaves,
N total number of leaves on the plant, and R
maximum numeric rate (Lue et al. (1995).

Koch's postulates were fulfilled as the
fungus was re-isolated from the leaf tissues
artificially inoculated with pieces of necrotic
leaves.

Molecular characterization of Curvularia
isolates

Fungal growth

Three small pieces of PDA agar
containing mycelia and spores were placed
into a 250-ml conical flask with 50 ml of
potato dextrose broth (PDB). The liquid
cultures were incubated at 25°C for 4 days
with constant shaking at 100 rpm. Mycelia
were collected by filtering the fungal culture
through the Whatman No.2 filter paper.
Excess water was removed by pressing the
filter paper with mycelia between layers of
tissue paper. The semi-dried mycelia were
then scraped off the filter paper and stored at
-40°C until DNA extraction.

DNA Extraction

Mycelia were ground using a mortar and
pestle under liquid nitrogen, and the result
was transferred into 1.5 ml Eppendorf tubes,
ensuring each tube was no more than one-
third full for optimal results. Using the
CTAB method, genomic DNA was extracted
(Murray and Thompson, 1980). The DNA's
quality and quantity were verified on 1%
agarose gel stained with 1 ug/ml acridine
orange (Sambrook et al., 1989). The DNA
was diluted to a final concentration of
20 ng/pl.

PCR and phylogenetic studies

The ITS-rDNA was amplified and

sequenced using the following primers:

ITS4 and ITS5 (White et al., 1990). The
PCR reaction mix included 1 ng/pl genomic

DNA, 1x PCR buffer (Bioline US Inc.,
USA), 1.5 mM MgCI2, 0.2 mM dNTPs,
0.25 uM of each primer, and 1.0-unit Taq
DNA polymerase (Bioline), in a final
volume of 30 pl. The PCR program was as
follows: an initial cycle at 94°C for 3
minutes, followed by 30 cycles at 94°C for 1
minute, with a final extension at 72°C for 5
minutes. PCR was conducted using a TC-
412 thermocycler (Techne, UK). The PCR
products were separated on 1.5% agarose
gel in 0.5x TBE buffer stained with 1 pg/ml
acridine orange, visualized under UV, and
photographed. Products were purified and
sequenced at the sequencing service unit of
Macrogen Inc. (Macrogen Inc., Seoul,
Korea). DNA sequences were edited and
aligned using BioEdit software, with single
nucleotide polymorphisms (SNPs) identified
within and between fungal DNA sequences.
Phylogenetic analysis was performed using
PAUP software (Swofford, 2002), where
neighbor-joining (NJ) and parsimonious
trees  (using heuristic search) were
constructed for both individual and
combined sequences. Bootstrapping with
1000 replicates was used to support tree
branches  (Felsenstein,  1985), and
consistency and retention indices (Cl and
RI) were calculated for parsimonious trees
in PAUP.

RAPD Analysis

RAPD reactions were conducted
following the protocol by Williams et al.
(1990). Each PCR reaction was prepared in
a final volume of 15 pL, containing: 2.5 pl
master-mix (Soles biodyne), 2 pl for each
primer of 10 um, 0.5 pl DNA of 100 ng, and
10 pl sterilized double distilled water. The
sequences of the RAPD primers used are
listed in Table 1. RAPD reactions were
carried out in an Applied Biosystems 2720
thermocycler. The RAPD-PCR cycling
conditions were initial denaturation at 94°C
for 5 minutes, followed by 40 cycles of
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94°C for 1 minute, 36°C for 1 minute, and
72°C for 2 minutes, with a final extension at
72°C for 10 minutes. PCR products were

then analyzed via electrophoresis on 1.5%
agarose gels stained with 0.5 pg/mL
ethidium bromide.

Table 1. List of RAPD primer sequences used in this study.

Primer code (G+C) 100 % Sequence
1 70 CACGGCGAGT
2 60 GTCGATGTCG
3 70 AAGCCTCCCC
4 70 CGTCGCCCAT
5 60 GGGTTTGGCA
6 60 AGCGAGCAAG

Varietal response

Twelve sorghum cultivars (Giza 15, 305
T.w.c, 306 T.w.c, Dorado, Shandaweel 1,
Ahmos, Ramsees, Ezees, Shahd, Mabrook,
Hourus, and Makka) were evaluated against
C. lunata. Grains were taken from Crop
Production Research Institute, ARC, Giza.
Grains were cleaned with 70% ethanol for
30 s, then in 1% bleach for one minute,
rinsed with distilled water, and then sown in
30 cm plastic pots, with ten seeds of each
cultivar sown per pot and later thinned to
four healthy seedlings. C. lunata inoculum
was prepared at a concentration of 10°
spores/ml. At 30 days post-emergence,
plants were sprayed with the inoculum and
covered with plastic bags. Four weeks post-
inoculation, plants were assessed for disease
development. The disease index was
calculated by adopting the disease-rating
scale as aforementioned described.

The mean of disease severity index
(DSI) for each replicate plant was calculated
by the formula suggested by Lue et al.
(1995) as mentioned before.

Host Range:

This study used five species of plants:
sorghum (Giza 15), maize (bushy), Soudan

grass (single hybrid 107), sugar corn (super
sweet single hybrid 110) and rice (S. 101).
Grains of the tested plants were kindly
obtained from Crop Production Research
Institute, ARC, Egypt. The teste was carried
out in pot No. 30 containing steam-sterilized
soil. Seedlings were artificially inoculated
by isolating no. C; as mentioned before.
Three replicates per treatment were used.
Plants were observed, and disease symptoms
were recorded 30 days post-inoculation.
Disease severity and disease rating were
calculated as mentioned before.

Statistical analysis

The statistical analysis for ANOVA was
done using the Minitab program version 17
(Minitab. 2010), while the cluster analysis
was done using the SPSS program version
17 (SPSS 25.0 2021).

RESULTS
Isolation and frequency of isolated fungi

Data in Table (2) shown that four
hundred and ninety fungal isolates were
isolated and purified from samples of
sorghum grains which collected from El
Giza markets. Curvularia spp. is the
dominant pathogen in diseased sorghum-
grain (37.76%), followed by Aspergillus
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spp. (29.59%), Fusarium spp. (18.37%),
Alternaria spp. (8.16%) and
Helminthosporium spp. as the least one

represented 4.08%. Also, non-identified
fungi represented about 2.04% of the total
frequency of isolated fungi.

Table 2. Frequency of different fungi associated with grain mold of sorghum.

Fungi Number of isolates Frequency (%)

Curvularia spp. 185 37.76
Aspergillus spp. 145 29.59
Fusarium spp. 90 18,37
Alternaria spp. 40 8.16
Helminthosporium spp. 20 4.08
Other fungi 10 2.04

Total 490 100

Pathogenicity test of Curvularia spp.
isolates

Due to the fungus Curvularia spp. which
was the dominant fungal isolated from
grains of sorghum, the ten isolates of
Curvularia spp. designated C; through Cy
were successfully obtained and assessed for
their pathogenicity on sorghum cv. Giza 15.
Pathogenicity testing revealed variation in
disease severity across the isolates, as
measured by the disease index (Table 3 and
figure 1). Isolate C; exhibited the highest
virulence, with a disease index of 66.68%,
making it the most aggressive among the
isolates. This was followed by C, and C3
isolates, both with a disease index of
52.00%, indicating  similarly  high
pathogenic potential.

Moderate levels of pathogenicity were
observed in isolates C4 and Cs, with disease
indices of 43.00% and 40.33%, respectively.
The remaining isolates (Cg to Cyo) displayed
lower pathogenicity, with disease indices
ranging from 22.67% to 30.67%. Notably,
isolate Co was the least virulent, with a
disease index of 22.67%, suggesting a
reduced pathogenic impact on the host.
These results indicate substantial variability
in pathogenicity among the C. lunata
isolates, with C4, C,, and C3 being the most
virulent on sorghum cv. Giza 15. This
information is critical for understanding the
potential severity of C. lunata infections and
for guiding breeding programs aimed at
developing resistant sorghum cultivars.

Table 3. Pathogenicity test of Curvularia lunata isolates to sorghum cv. Giza 15.

Fungal isolates

Disease index

C. lunata-C, 66.68°
C. lunata-C, 52.00%°
C. lunata-C; 52.00®
C. lunata-C, 43.00™
C. lunata-Cs 40.33>™
C. lunata-Cs 30.33%
C. lunata-C;, 29.33%
C. lunata-Csq 30.67%
C. lunata-C, 22.67°
C. lunata-Cy, 27.00%
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Figure 1. Pathogenicity test of C. lunata isolate C;) on sorghum leaves, the growth on PDA
(left) and artificial infection on Giza 15 cv. (right).

Morphological and

Identification

Phylogenetic

Morphological identification, based on
Sivanesan (1987), Ellis (1971), Barnett and
Hunter (1972) and Manamgoda et al. (2012)
and revealed characteristics typical of the
Curvularia genus. Colonies on PDA
medium were observed to have a cottony to
thin mycelial appearance, with colors
ranging from black and moss green to gray
(Figure 1, left). Microscopically,
conidiophores were septate, varying from
straight to bent, and conidia were observed
after 10 days of incubation at 25 °C + 2 °C.
Figure 2 illustrates these morphological
characteristics, including colony
morphology and conidial structures. The
sequences were deposited in Gen Bank

under accession numbers PP141338,
PP141339, PP141340, PP141341,
PP141342, PP141343, PP141344,

PP141345, PP141346 and PP141347 for the
obtained isolates C1, C,, C3, C4, Cs, Cs, Co,
Cs, Co and Cyo, respectively. The
phylogenetic analysis of our fungal isolates
revealed distinct clustering patterns,
indicating their genetic relationships. The

tree was generated using the neighbor-
joining algorithm, and the bootstrap values

were calculated from 1000 replicates (Fig.
3). Most of the isolates were grouped within
the Curvularia genus. Our isolates were
divided into two clusters supported by a
99% bootstrap value. The first one contained
most of the isolates (Isolates 1-9), which
were grouped as a separate branch with a
strong level of confidence (99% bootstrap
support). The isolates are determined to be
closely related and classified as Curvularia
lunata based on their sequence similarity
with known strains of C. lunata (AUMC
15458 and isolate 1z-7). The second one,
with isolate number 10 formed a distinct
subgroup, however, it remained within the
larger group of C. lunata, suggesting some
genetic variation but overall resemblance to
the C. lunata group. The reference strains,
including C. pseudorobusta, C. robusta, C.
spicifera, C. australiensis, C. oryzae, and C.
siddiquii, were found to have distinct
branches with strong bootstrap support
(ranging from 88% to 98%). This suggests
that they have clear genetic differences from
the main clades of Curvularia isolates.
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Figure 2. Conidial phase of Curvularia lunata
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Figure 3. Phylogenetic tree of representative sequences of the amplified RasClg2p protein
gene from Curvularia lunata DNA isolated from sorghum.

The genetic similarity among the ten C.
lunata isolates was assessed using six RAPD
primers, producing 38 DNA fragments with
an average of 6.3 bands per primer. Of these
fragments, 93.05% were polymorphic,
indicating a high level of genetic diversity
among the isolates. The polymorphic
information content (PIC) values ranged
from 0.32 to 0.36, with an average PIC of
0.34, suggesting the primers effectively
captured variability among the isolates. The
similarity matrix (Table 4) revealed genetic
relationships between the isolates, with the

highest similarity (100%) observed between
isolates 4 and 5, while the lowest similarity
(44%) was between isolates 8 and 10.

This variability highlights genetic
distinctions among isolates within the C.
lunata species. A dendrogram based on
Dice's coefficient (Fig. 4) was generated to
visualize the genetic relationships and
clustering patterns among the isolates. The
cluster analysis divided the ten isolates into
six distinct groups: Cluster 1 contained
isolates 4, 5, and 8, showing close genetic
similarity, Cluster 2 consisted of isolate 1,
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Cluster 3 included isolates 2, 3, and 6,
indicating moderate similarity, Cluster 4
included isolate 7, Cluster 5 comprised
isolate 9, and Cluster 6 contained isolate 10,
representing the most genetically distinct
isolate.

The efficiency of the RAPD primers
varied, with primers 1, 3, 5, and 6 showing
100% polymorphism, indicating their
effectiveness in differentiating the genetic

primer 4 showed 75% polymorphism, still
contributing valuable genetic data. Overall,
the results demonstrate significant genetic
diversity among the C. lunata isolates,
which may correlate with pathogenic
variability and adaptability across different
environments. The clustering patterns
suggest possible subgroupings within C.
lunata, which could be further explored for
insights into functional adaptations and

variability
exhibited 83.33%

among

isolates.
polymorphism, while

Primer

2

evolutionary relationships.

Table 4. The similarity matrix for ten isolates of Curvularia lunata based on RAPD data.

Case Isolatel | Isolate2 | Isolate3 | Isolate4 | Isolate5 | Isolate6 | Isolate7 | Isolate8 | Isolate9 | Isolatel0
Isolatel | 1.000
Isolate2 | .595 1.000
Isolate3 667 895 1.000
Isolate4 667 643 690 1.000
Isolate5 | c67 | 643 | 690 | 1.000 | 19000
Isolate6 | ooy | ge5 | 821 | 667 | e67 | 1900
Isolate? | o) 667 750 480 480 710 1.000
Isolate8 | ¢ 537 651 754 | 754 | 524 | 514 | 1000
Isolated | 5 606 629 566 566 529 593 632 1.000
'f;'ate 486 | .667 579 643 643 595 533 439 485 | 1000
Table 5. Total number of bands (TNB), polymorphic bands (PB), percentage of polymorphic
bands (PPB)and polymorphic information content (PIC) for the six RAPD primers.
RAPD Primer TNB PB PPB PIC
1 10 10 100 0.36
2 6 5 83.33 0.32
3 5 5 100 0.35
4 4 3 75 0.32
5 6 6 100 0.36
6 7 7 100 0.36
Total 38 36
Average 6.3 6 93.055 0.34
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Figure 4. Dendrogram of cluster analysis based on RAPD data using Dice coefficient for the ten

isolates of Curvularia lunata.

Varietal response of sorghum cultivars to
Curvularia lunata infection

The pathogenicity of Curvularia lunata
(isolate C;) on different sorghum cultivars
revealed varied responses to infection, as
shown in Table 6. Among the tested
cultivars, Giza 15 cultivar exhibited the
highest susceptibility with a disease index of
53.33%, indicating it is highly vulnerable to
C. lunata. Other cultivars, such as TW.C
305 cultivar and T.W.C 306 cultivar, also
showed moderate susceptibility, with disease
indices of 41.00% and 42.33%, respectively.
In contrast, Dorado cultivar demonstrated
the highest resistance among the cultivars,
with a disease index of only 7.33%, making

it the least affected by the pathogen. Other
cultivars, including Ahmos, Shandaweel 1,
Eseas, Shahd, and Mabrook, exhibited
intermediate resistance, with disease indices
ranging from 14.33% to 29.00%. Cultivars
like Ramsees, Horus, and Makka showed
moderately higher  susceptibility, with
disease indices between 30.33% and
34.33%. These results indicate significant
variation in susceptibility among the
sorghum cultivars, with Giza 15 being the
most susceptible and Dorado the most
resistant. This information is valuable for
selecting resistant cultivars in breeding
programs aimed to control leaf spot and
grains mold diseases caused by C. lunata.

Table 6. Reaction of some sorghum cultivars against Curvularia lunata isolate C;.

Sorghum cultivars

Disease index

Giza 15 53.33%
T.W.C 305 41.00®
T.W.C 306 42.33%

Shandaweel 1 24.67°

Dorado 7.33°

Ahmos 14.33%
Ramsees 30.33*¢
Ezeas 23.00°
Shahd 24.67°
Mabrook 29.00%¢
Horus 30.67%¢

Makka 34.33%¢
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Host Range of Curvularia lunata isolate
Ci.

The pathogenicity test conducted on
different host plants to assess their
susceptibility to C. lunata (isolate C;)
showed varying degrees of infection, as
indicated by the disease index values in
Table 7. Rice (S. 101) was the most
susceptible host, with the highest disease
index of 44.33%, closely followed by
sorghum (Giza 15) with a disease index of
43.67%. Sugar corn (S. H 110) also showed
a moderate level of susceptibility, with a

disease index of 37.67%. Soudan grass (S.H
107) exhibited a lower susceptibility, with a
disease index of 27.33%, while maize
(Boushy) had the lowest disease index of
25.00%, indicating relatively  better
resistance among the tested hosts.

These results suggest that C. lunata
(isolate C;) has a broad host range, with
varying levels of infection across different
plant species, highlighting the potential risk
of cross-infection in agricultural settings
where these crops are grown.

Table 7. Host Range of Curvularia lunata (Isolate C,).

Hosts Disease index
Maize (Boushy) 25.00°
Sorghum (Giza 15) 43.67°
Soudan Grass (S.H 107) 27.33°
Sugar corn (S. H 110) 37.67"
Rice (S. 101) 44.33°
DISCUSSION
The findings correlate with the

This study provides significant insights
into the complex relationships of genetic
diversity, pathogenic variability, and host
vulnerability within the C. lunata-sorghum
pathosystem. The significant genetic variety
among the ten isolates, as proven by RAPD
analysis, is an important finding. The high
average PIC values of 0.34 indicated an
effective capturing of genetic diversity by
the RAPD markers. This diversity
demonstrates the evolutionary plasticity of
the pathogen with potential impacts on its
virulence and host range across different
climates and agronomic conditions. The
existence of two primary phylogenetic
clusters and a genetically distinct subgroup
denoted by isolate Cip supports the
hypothesis that C. lunata populations might
exhibit restricted adaptations.

investigations conducted by Manamgoda et
al. (2012) and Yago et al. (2011), which
similarly emphasized the genetic variability
of Curvularia spp. as a factor leading to
their pathogenic efficacy.

The data of pathogenicity trials
demonstrated significant variation in disease
severity, with isolates C; and C,, whereas
isolate Cy was low pathogenic. This
variability emphasizes the importance of
identifying pathogen populations before
initiating control measures. The correlation
between genetic diversity and pathogenic
capability, as demonstrated in this study, has
been documented for other fungal diseases
such as Fusarium spp. (Bandyopadhyay et
al., 2000; Forbes et al., 1992).
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Knowing these relationships can
facilitate the prediction of disease outbreaks
and guide breeding strategies to emphasize
resistance to the most virulent pathogen
genotypes.

The assessment of sorghum cultivars
against C. lunata showed significant
diversity in resistance levels. Dorado
cultivar appeared as a promising cultivar
with the lowest disease score of 7.33%,
whereas Giza 15 cultivar exhibited
significant susceptibility at 53.33%. The
variation in resistance levels among
cultivars is due to changes in kernel
characteristics, including hardness, pericarp
color, and tannin concentration, which are
linked to defense against grain molds
(Mukuru, 1992; Waniska et al., 2001).
Identifying cultivars with high resistance,
such as Dorado, is essential for breeding
initiatives to provide long-term C. lunata
resistance.

The host range study indicated that C.
lunata isolate C; may infect several crop
species, with notable disease indices
recorded for rice (44.33%) and sorghum
(43.67%). This extensive host range
corresponds with previous findings of C.
lunata infecting several crops, such as grains
and legumes (Sharma et al., 2010; Tarekegn
et al., 2006). The variety of host infections
poses challenges for integrated disease
control, especially in areas using
intercropping practices. These findings
emphasize the necessity of crop rotation and
host resistance as synergistic approaches to
mitigate disease dissemination and longevity
in the soil.

Our findings imply that the pathogen,
which is characterized by genetic variety,
can adapt while simultaneously having a
high virulence potential. The findings
emphasize the need for integrated pest

control measures such as resistant cultivars,
seed treatments, and crop rotation.

These differences in pathogen-host
interactions underscore the need for a more
in-depth  investigation  of  sorghum'’s
molecular and physiological mechanisms
underlying  resistance.  High-throughput
genomic methods, such as genome-wide
association studies and transcriptomics, may
aid in the understanding of underlying
resistance mechanisms and  identify
candidate genes for resistance breeding.

Future research should focus on the
environmental and biological causes of the
C. lunata population structure at broader
regional scales. There is still much to learn
about how climatic parameters like
temperature, humidity, and precipitation
patterns influence pathogen virulence and
host  vulnerability.  Using  molecular
approaches to characterize strain virulence
diversity and better understand the
environmental and genotypic elements
influencing pathogen fitness will be critical
for creating tailored management measures.
The genetic and pathogenic variety of C.
lunata populations in Egypt poses a
significant challenge to sorghum-growing
crops. Developing resistant cultivars and
knowledge of pathogen biology and host-
pathogen interactions can lead to effective
disease control. C. lunata was identified as
the fungus with the highest occurrence from
sorghum grains taken from multiple species
using morphological and molecular marker
analysis. It is pathogenic to these sorghum
species, causing foliar necrotic regions and
grain mold. This information is critical for
understanding the potential severity of C.
lunata infections and for guiding breeding
programs aimed at developing resistant
sorghum cultivars. Our research provides
critical information for breeding efforts to
improve sorghum resilience and protect
global food security.
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