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Abstract. Plant pathogens of fungus have become of the most crucially
harmful objects that may affect overall plants growth rate and crops
production worldwide. This study involved the identification of six species
and six genera was achieved from the ten fungal plant pathogen isolates that
gathered from different sites and regions in Taif region, Saudi Arabia. The
identification of these organisms was conducted using molecular markers;
among the identified species, 30% were Mucor circinelloides, 20% were
Penicillium crustosum, and 20% were Alternaria alternata. The remaining
30% was comprised of Cladosporium tenuissimum, Phoma macrostoma,
and Fusarium equiseti. A considerable proportion of these genera are widely
acknowledged for their capacity to generate mycotoxins. The linear growth
regression derived by the new plant extract is higher than fungicide, it has
been found that the growth inhibition percentage driven by fungicide was
between (20 to 85%), whereas for plant extract was between (80 to 100%)
across all isolates. This data facilitate the contributing to the exploration of
a more secure alternative to fungicides. Further, it will facilitate the
development of regulatory approaches aimed at alleviating the detrimental
consequences of fungal infections.
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1. Introduction

The Taif region's primary source of revenue has historically been agriculture. Farmers used
both modern and traditional irrigation techniques even in pre-Islamic times, diverting
rainwater that was falling downward to agricultural terraces or bringing rainwater from dams
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to irrigate dry wadis. In the past, the tribes of Taif produced wheat, barley, and a variety of
fruits, including dates, limes, apricots, oranges, olives, figs, peaches, and pomegranates. The
Taif region's native vegetation, however, paid a high price for agricultural expansion.
Numerous wild species have vanished because of the extensive tracts of virgin territory that
have been converted to agricultural land over time [18].

Plant diseases pose a significant challenge in the fields of agriculture and food security,
as they are estimated to account for as much as 40% of annual crop losses worldwide [32]
and [13]. Fungi rank second in the frequency of plant maladies owing to their severe
detrimental impacts on plants. For example, they are accountable for a 50% annual reduction
in maize productivity [19]. Infection of crops with mycotoxins and direct reduction in crop
production are both capabilities of fungi. Mycotoxins, which are substances produced by
fungi, are hazardous to the health of both humans and animals. They are carcinogenic, as
stated by the International Agency for Research [25]. Furthermore, according to the Food
and Agriculture Organization (FAO) [19], mycotoxins can contaminate as much as fifty per
cent of the world's annual crops.

The need to develop tactics that control and fight these infections has intensified as a
result of the approaching withdrawal of pesticides and fungicides from some nations due to
their negative impact on humans, animals, and other beneficial insects or fungi [16] and [13].
To protect crops from invasive phytopathogenic species, some nations, including Sweden,
Canada, and Indonesia, have developed strategies to replace the use of pesticides and
fungicides with environmentally friendly alternatives, such as plant or microorganism
extracts, biological controls, and environmental controls [26] and [27].

Rosa damascena Mill (family Rosaceae), also known as Damask rose, holds a
significant and emblematic status in Saudi Arabia, with widespread uses in gastronomy and
traditional medicine [33]. Decoction and artisanal jam or jelly derived from rose petals have
been employed as a diuretic and gentle laxative for constipation. Rose water is commonly
utilized to improve the taste of many confections, such as Turkish delight, rice pudding, and
yogurt [33]. In addition to its culinary use, it is recognized as an antibacterial agent,
antifungal against fungi that invade plants [17] and [18]. Therefore, this research aims to
assess the fungicidal effect of Rosa Damascena Mill extracts against fungal infections
invading plants in Taif region, Saudi Arabia.

2. Materials and methods

2.1 Sample Collection Sites and Sampling

This study selected 10 geographical sites for sample collection and from different plant parts
within Al-Hada city which is administratively affiliated with the Taif Governorate.

2.2 Isolation and purification of the isolated fungal strains

Following a thorough cleansing with tap water, the harvested crops were subsequently
subjected to a two-minute disinfection period utilizing 1% sodium hypochlorite (Sigma
Aldrich, USA) and the plant surfaces were rinsed with distilled water after the disinfection.
Following the proper preparation of the crops, spores or mycelium were transferred to a
Potato dextrose agar (PDA) (Oxoid, Germany) medium which was prepared according to the
manufacturer instructions for cultivation using a sterilized loop to puncture the surface of the
infected tissue. After two times of subculture in PDA for 7 days for each subculture at 30°C.
To obtain a culture of a pure isolate, a 0.5 mm inoculum was re-inoculated onto a fresh Potaro
dextrose agar (PDA) medium for subculturing, which was done five days after the initial
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cultivation on the PDA medium at 25°C [1],[3].and [18]. Subsequently, stock cultures of
newly acquired fungal isolates were established and preserved in the Al-Baha University
stock culture bank.

2.3 Fungicide preparation

Four grams of fungicide (TOLEX 500WP) in powder form were added into 1 L of PDA
medium after autoclaving. Later this medium was poured into 9 mm Petri dishes and kept for
the next experiment.

2.4 Plant extract preparation (Rosa Damascena Mill)

The first step; drying plant tissue and then grinding it to be in powder form. After that, weigh
50 grams of the plant and dissolve it in 200 ml of 80%ml methanol, a concentration of 20%
distilled water and put it in a closed bottle for a week. After that, we take the extract or the
bottle and filter it through A paper filter to get rid of plant residues. After that, we put the
pure extract in a glass dish or an aluminum dish, and after two days it dries, we have added
1:10 volume to volume, for example for each 1 gram of plant extract 9 ml of DMSO was add,
to have a raw plant extract of 100% concentration. The PDA medium was modified by plant
extract at 10% level via adding 10 ml pre-prepared plant extract into each 100 ml of PDA
medium prior to solidifying.

2.5 Growth rate assessment at three different media conditions

To establish fungal cultures on 9 cm PDA plates, 0.5 mm agar plugs were inoculated with
material extracted from vigorously developing sections of 5-day-old cultures. Five replicates
of each isolate were subsequently cultivated for six days under three distinct media
conditions: the first replicate served as the negative control and was not treated with fungicide,
the second replicate was treated with fungicide, and the third replicate was treated with plant
extract. To determine the rate of growth, radial expansion was monitored for six days [5].

2.6 DNA extraction kit-based method

The mycelium material was transferred from the liquid culture Potato dextrose broth (PDB)
into a 2 ml tube before being drained off the medium and centrifuged to form a particle.
Grinding commenced after an equivalent volume of sand and Chelex was added to the
mycelium mass, the DNA extraction was carried out according to the manufacturer instruction
kit (DNA extraction purified kit, Thermofischer, Germany) (Ultimately, the column was
disposed of, while the tube was frozen for subsequent utilization [5].

2.7 Phylogenetic tree analysis and molecular identification

PCR reactions of 20 and 50 microliters were prepared using the forward and reverse primers
(ITS1: TCCGTAGGTGAACCTGCGG and ITS4: TCCTCCGCTTATTGATATGC) following
the specified PCR conditions. PCR product of the amplified samples was placed onto the
agarose gel for visualization using agarose gel electrophoresis as described by [4], [29] and
[35].

The products of the amplicons were subsequently purified using the technique of the
Qiagen QIAquick PCR Purification Kit. Afterwards, the PCR products were sent to
Macrogen Inc., an external laboratory that specializes in sequencing, for sequencing. The
returned sequencing results were represented as trace data. Subsequently, the FASTA format
was employed for species identification in BLAST analysis on either UNITE or NCBI, as
described by [6] and [28].



BIO Web of Conferences 150, 02001 (2025) https://doi.org/10.1051/bioconf/202515002001
ICBAE 2024

For phylogenetic analysis, only sequences from gene banks that had a similarity of more
than 90% were downloaded and used as reference sequences [23]. The MUSCLE alignment
tool in Geneious Prime was used to align several sequences. The Generous tree builder
approach was employed to construct the phylogenetic tree utilizing the distance tree and
neighbor joining methods. The genetic distance of the tree was calculated using the Bootstrap
supporting value range of 70% to 100% for the consensus phylogenetic tree, employing the
Tamura-Nei model. The General Time-Reversible evolutionary model with 500 bootstrap
replications was chosen to obtain the most accurate consensus phylogenetic tree [4] and [22].

3. Resuults

3.1 Collection and Molecular Identification of isolated fungal strains

From an each of the 10 samples collection sites Multiple fungal samples were taken from
different hosts and plant parts, to confirm the predominant fungal pathogen in each of the 10
geographical sites and to avoid of transient species. Only the confirmed casual disease for
each site was carried over in this study. The 10 new isolates were confirmed as fungi though
DNA extraction and the PCR amplification using ITS marker, based on gel electrophoresis
image (Figure 1).

N N T T T A T S e N . —

Figure 1. This image represented the PCR products along with the DNA ladder on agarose
gel electrophoresis.

The generated FASTA sequence for each isolate was successfully used for species
identification and drawing a phylogenetic tree by matching the new sequence isolate with
high similarity corresponding species above 90% in GenBank National Center for
Biotechnology Information (NCBI) (Tables 1, 2 and 3). After that, the phylogenetic tree was
drawn to identify the new isolates, by grouping the new and reference isolates in one species
group (Figure 2).

Table 1. The background information for the new isolates collected in this research.

N | Isolate code Species Host Plant part
1 | MDO1 Cladosporium tenuissimum | Vitis vinifera Stem

2 | MAO12 Mucor circinelloides Psidium guajava Leaf

3 | MB02 Penicillium crustosum Vitis vinifera Fruits
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4 | MA020 Alternaria alternata Prunus armeniaca Leaf
5 | MDO8 Phoma macrostoma Ficus Leaf
6 | MAO13 Mucor circinelloides Brassica oleracea var | Leaf
7 | MAO7 Mucor circinelloides Ficus Leaf
8 | MAO21 Alternaria alternata Prunus armeniaca Leaf
9 | MAO11 Penicillium crustosum Psidium guajava Leaf
10 | MAO6 Fusarium equiseti Brassica oleracea var | Leaf

Table 2. Details of the reference sequence isolates downloaded from NCBI gene bank.

N Accession Species Host Origin
number

1 |MH712244.1 |Cladosporium tenuissimum |Cerops tagal Hainan — China

2 |[MH427070.1 |Penicillium crustosum Citrus x sinensis |Beijing - China

3 |LC543661.1 |Mucor circinelloides Glycine max Hiroshima - Japan

4 |MW555341.1 |Mucor circinelloides Beta vulgaris Harbin - China

5 |AJ878535.1 |Mucor circinelloides Fagus sylvatica chlrpenden - United

Kingdom

6 |KY549055.1 |Fusarium equiseti Capsicum annuum | Punjab - Pakistan

7 |DQ474115.1 |Phoma macrostoma Cirsium arvense |Saskatoon - Canada

8 |[MH992147.1 |Alternaria alternata Citrus x sinensis | Erzurum - Turkey

9 |MZ664272.1 |Alternaria alternata Camellia Hunan - China

Table 3. Represent the percentage similarity across new and reference isolates.
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Figure 2. The phylogenetic tree was constructed utilizing ITS genetic markers and a
consensus tree-based approach based on neighbor-joining. The 10 de novo isolates have
been assigned the isolates identifier, while the reference sequences have been assigned the
NCBI accession number (MEGA 11).

3.2 Evaluation of the inhibition capability for plant extract and fungicide against fungal
growth

After six days of fungi growth, these ten new isolates are representative of six species and
genera, showed that the isolates encoded (MAO12, MA0O13 and MAO021) represent Mucor
circinelloides species that showed a growth rate between 4.8-4.4 cm at PDA medium, while
the growth rate was recorded at 0.5-1.6 cm for fungicide medium and for the plant extract
medium the growth rate was between 0.0-0.3 cm. Whereas the two isolate codes (MB02 and
MAO11) belonging to Penicillium crustosum species showed a growth rate between 4.9-5.1
cm in the PDA medium, while the growth rate was recorded at 2.1-4.0 cm for the fungicide
medium and for the plant extract medium the growth rate was between 0.8-1.0 cm. Whereas
the two isolates code (MA020 and MAO021) belongs to Alternaria alternata species showed
a growth rate between 4.2-4.9 cm in the PDA medium, while the growth rate was recorded
at 0.8-1.1 cm for the fungicide medium and for the plant extract medium the growth rate was
between 0.1-0.16 cm. The isolate code (MDO1) belongs to Cladosporium tenuissimum
species and showed a growth rate of 3.1 cm in the PDA medium, while the growth rate was
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recorded at 0.8 cm for the fungicide medium and for the plant extract medium the growth
rate was 0.1 cm. The isolated code (MDO0S8) belonging to the Phoma macrostoma species
showed a growth rate of 3 cm in the PDA medium, while the growth rate was recorded at 0.8
cm for the fungicide medium and the plant extract medium the growth rate was inhibited. On
the other hand, isolate code (MA06) belonging to Fusarium equiseti species showed a growth
rate of 4.3 cm in the PDA medium, in contrast, the growth rate was reduced to 0.7 cm for the
fungicide medium and for the plant extract medium the growth rate was 0.6 cm (Figure 3).
The MIC values and fungicidal results with percentage in plant extracts are shown in Figure 4.
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Figure 3. The Minimum Fungicide inhibitory concentration (MFC)% for fungicide and
plant extract.
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Figure 4. The growth rate at three variances; the blue bar represents the negative control
condition (PDA); the red bar represents the growth at the medium treated with fungicide:
while the green bar represents the growth at the medium treated with plant extract.
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4. Discussion

The utilization of molecular traits and phylogenetic relationships derived from the ITS
genetic markers enabled the identification of six species and six genera. The utilization of
ITS markers has significantly enhanced the ability of researchers to identify and differentiate
isolates from distinct species. Nevertheless, the process may prove to be less effective when
attempting to distinguish isolates from closely related species.

The previous claim that ITS markers are more helpful for species identification and
interspecies distinction is supported by the data. According to [3], [10], [21], [34] and S.
Rolfsii's mycelia in vitro, ITS markers for Aspergillus and Alternaria allow for precise
species differentiation [16].

Because biocontrol agents are highly selective, biodegradable, non-toxic to plants,
ecologically friendly, and often employed in disease management, biological control is the
best alternative technique to restrict the activity of pathogens [31]. As a result, substitutes for
these artificial pesticides are being used, such as vegetable oils and plant extracts, such as M.
oleifera extract [13].

According to this study, using plant extracts seemed to inhibit the pathogens' linear
growth, which caused the foliar diseases or root rot that were investigated. All infections'
linear expansion was generally and at varying degrees suppressed by the Rosa Damascena
Mill extract.

For example, the results of this study demonstrated that plant extracts were more
effective than fungicides at inhibiting certain plant activities (Figure 5).

For the majority of isolates, the fungal growth rate on the PDA medium treated with
plant extract ranged from 0 to 0.5 cm, while the growth rate on the PDA medium treated with
fungicide ranged from 0.5 to 4 cm.

Figure 5. Compare the inhibition ability of the plant extract toward the negative and
positive control; the first was the negative control (PDA); the second was treated with plant
extract and the third was treated with fungicide.

The findings aligned with the findings of [12] and [21]. Several oils were found to inhibit
the growth of multiple pathogens, including F. moniliform, Helminthosporium oryzar, Alternaria
citri, Sclerotium Batticaloa, Aspergillus niger, and Penicillium italicum. Clove juice also hinders
the formation of Macrophomina Phaseolina sclerotia [9]. Furthermore, the growth of the
parasite Aspergillus parasiticus and the synthesis of aflatoxin are inhibited by the essential oils of
thyme, cumin, clove, and rosemary [8]. Penicillium, Alternaria and Fusarium species can
therefore be recognized as the most abundant mycotoxigenic genera [3] and [14].

In general, both fungicide and plant extract have a positive influence on fungal growth
reduction, but the plant extract showed a higher reduction compared to fungicide (Table 4).
For example, the percentage of inhibitory activity of plant extract on Mucor circinelloides
species was between (88.9-100%) while in fungicide was about (63.5-85.2%). Also, the
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growth reduction percentage for Penicillium crustosum and Alternaria alternata species was
between 83-98% using plant extract and for fungicide, it was between 20.3-78%. While for
the remaining isolates Cladosporium tenuissimum, Phoma macrostoma and Fusarium
equiseti, the plant extract scored an inhibitory percentage between (84.5-100%), whereas for
fungicide it was around (73.9-84.4%) (Table 3). However, fungal species have developed
resistance to these herbicides, although synthetic pesticides have several harmful effects on
the immune system and the environment. It has been shown to destroy beneficial insects and
cause a range of diseases in both humans and animals, which increases the need to find new
replacements for fungicides that are more efficient and friendly environment [10] and [24].

Table 4. Represent the summary of the inhibition activity results for both fungicide and
plant extract against all fungal species isolates identified in this work.

Isolates code Fungicide inhiEitory Plant extract inhibitory
percentage% percentage%

MDO1 77.00617 97.53086
MAO12 63.54626 98.23789

MBO02 20.39216 83.13725
MAO020 78.79859 98.11543

MDO08 73.33333 100

MAO13 85.20115 88.93678

MAO07 83.52332 100

MAO021 77.95918 96.73469
MAO11 55.46559 80.16194

MAO06 84.47489 84.93151

5. Conclusion and Future Perspectives

The present study has brought to light the fact that Mucor circinelloides species are the
predominant fungi that have an impact on fruit and vegetable produce. Three of ten isolates,
also Penicillium crustosum and Alternaria alternata species appeared 40% of the total
isolates number. Whereas the remaining single isolates from each of the following species:
Cladosporium tenuissimum, Phoma macrostoma and Fusarium equiseti represent 30% of a
total number of pathogens. Using ITS markers and the data stored in GenBank, a
phylogenetic tree was constructed, which confirmed the species of the isolates and fitted
them to the appropriate species branch in the tree. Further research is required to ascertain
the optimal conditions under which mycotoxigenic organisms can produce mycotoxins. Such
research may consider the influence of pH, temperature, and water activity on the virulence
of phytopathogenic fungi, among other variables. Prospective lines of inquiry may revolve
around the determination of the acceptable level of toxicity for the various varieties of
mycotoxins that are generated. To validate the effectiveness of existing plant extracts as
fungicide substitutes, research could be conducted in conjunction with these studies to
expand their application to include additional isolates and species of fungi.
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