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Introduction

Soil microorganisms are essential for soil content and compo-
nents and have many roles, such as use in assessing soil conditions,
encouraging plant growth. They have a role in soil texture. soil and
affect the soil's physical, chemical, and biological properties, acting as
a complementary mediator of biological processes and life support in
the soil environment (Maw, 2020). Fungi constitute a large part of the
soil microbes, greater than the natural presence of bacteria, depending
on the soil depth and nutritional conditions (Koorem et al., 2014; Su
et al., 2022) stated that fungi play an important role in the functioning
of the ecosystem, especially in forests and agricultural soils.
They play an important role in many basic processes, such as the
decomposition of organic matter, the liberation of elements through
the mineralization process, and the regulation of the soil's biological
activity. Fungi thrive in soil due to their extraordinary adaptability and
ability to take on a variety of shapes in response to difficult and unfa-
vorable conditions. They can break down different types of organic
molecules due to their ability to produce a wide range of extracellular
enzymes (Olorunfemi et al., 2018). These fungal genera have interac-
tions with citrus trees growing in these soils, which sometimes lead to
beneficial effects but often to disastrous consequences. Among these
fungal genera are Aspergillus sp., Penicillium sp., Alternaria sp.,
Mucor sp., and Cladosporium sp., which researchers consider to be
the main causes of diseases of citrus trees (Timmer et al., 2013; Rata-
na-Kumar et al., 2015; Wang et al., 2023). The fungus Aspergillus
niger causes black mold disease on citrus trees and infects mechani-
cally damaged fruits. The species belonging to this fungus genus such
as A. terrus, A. fumigatus A. flavus are toxic and produce aflatoxins
(Mailafia et al., 2016; Amenu et al., 2024). The high amount of vita-
min C in citrus fruits, along with sugar, organic acids, minerals, and
amino acids, makes them highly favored by consumers. Citrus trees
have effects on plant species, and it was found that herbaceous plants
such as Cynodon dactylon L., Chenopodium album L., and oats (4ve-
na sativa L.) do not grow under orange trees, and it was noted that
water extracts and decaying leaves of these trees and volatile com-
pounds from their green, aged leaves inhibited the germination of

seeds and seedling growth of these plant species (El Sawi et al.,
2019). Fungi are a dominant and effective microbial mass in the soil,
particularly in the soil of forests and trees (Zhang et al., 2019). They
are one of the main pathogens that play a major role in causing da-
mage to crops, and many types of fungi are pathogenic to plants and
humans. They are particularly insidious as they exist in plants far
from human sight, and their disease symptoms usually appear on the
vegetative system of the plant after they have completely destroyed its
root group, which increases its danger if many of them are resistant to
unfavorable environmental conditions and can survive in the soil and
infected plant debris for a long time (Prusky & Wilson, 2018; Juan-
Garcia, 2020). The various compounds produced by plants, including
phenolic compounds, alcohols, polysaccharides, and other com-
pounds, have a major and influential role on the growth of fungi.
Many of them inhibit the growth of fungi. Thus, plant residues,
whether their remains or what is shed during washing, have a signifi-
cant impact on the types of natural microbial organisms in the soil
(Al-Rejaboo & Jalaluldeen, 2019; Al-Sumaidaiea & Al-Rejaboo,
2023; Al-Rejaboo et al., 2024).

The most popular techniques for identifying species are those that
use DNA molecular marker technology. Numerous techniques for
using DNA have been created, including RFLP, rolling circle ampli-
fication, sequencing technologies and PCR (Wei et al., 2022). The
latter approach, which is based on genotypic characters, produces
findings quickly, effectively, and possibly more accurately than the
previous method, which relies on phenotypic characters. It is not
necessary to cultivate an organism in order to isolate it, unlike the
with basic procedures (Aslam et al., 2017).The food and other indus-
tries may find use for citrus peels, which are a promising bioresource
of antifungal drugs. HPLC-DAD was used to identify twelve poly-
phenols, of which narirutin and hesperidin were the most prevalent.
There were two phenolic acids and ten flavonoids. Rhizoctonia sola-
ni, Macrophomina phaseolina, Fusarium solani, Alternaria solani,
and Trichothecium roseum are among the fungi that are inhibited in
growth by extracts from citrus peels. Extracts from the leaves of
C. sinensis showed a notable antifungal effect against Aspergillus
fumigatus and A. niger. A remarkable antifungal activity was demon-
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strated by the ethanol extract against Aspergillus fumigatus (ATCC
16404) and Aspergillus niger (ATCC 16404) (Mohammed et al.,
2019). In this study, as for molds, they were diagnosed based on the
phenotypic and microscopic traits and following the taxonomic keys;
as for yeasts, they were diagnosed based on the polymerase chain
reaction (PCR amplification) and DNA sequencing of molecular gene
markers were applied to the yeast isolates obtained from this investi-
gation so the fungi present in the soil near citrus in the gardens of the
University of Mosul were isolated and identified In addition, we
measured bioactivity of the aqueous extract of Citrus sinensis and C.
aurantium at four concentrations on Aspergillus niger, Cladosporium
cladosporioides and Penicillium melanoconidium.

Materials and methods

Soil sample collection. Samples were collected from the soils ad-
jacent to the plants under study in three replicates. Samples were
collected from three soils under the influence of orange trees, which
are from a children's nursery garden, the garden of the Deanship of
the College of Science, and the garden of the Department of Mecha-
nical Engineering, while the samples adjacent to the orange trees were
collected from the College of Education for Pure Science garden, the
garden of the Civil Engineering Department, the garden of the De-
partment of Debt Affairs, and the Agricultural Division. A control
sample was taken from uncultivated soils, far from plant residues, in
front of the Biology Department.

Isolation of fungi by dilution method. The indirect method (dilu-
tion method) was used, where 1g of each sample was weighed and
placed in 9 mL of sterile distilled water, and shaken well. 1 mL was
withdrawn and added to 9 mL of sterile distilled water to obtain a 1—
10 dilution, and a series of dilutions was made until a 5-10 dilution
was obtained, after which 1 mL of concentration 10~ was grown on a
Petri dish containing PDA medium and repeated with three dishes for
each concentration. The dishes were incubated at 25 °C for seven
days, with the results being observed and recorded, and the work was
done under appropriate sterilization conditions (Raja et al., 2017).

Preparation of agarose gel and electrophoresis process of ex-
tracted DNA. To migrate and detect DNA, a 2% agarose gel was pre-
pared. The migration device was operated by passing an electric cur-
rent with a voltage difference of 5 volts/cm, and the process took 1.5~
2.0 hours. The gel was then photographed under ultraviolet light using a
gel documentation device to make it possible to see the DNA bands and
also the product of the PCR reaction (Ibrahim & Faisal, 2024).

Detecting the presence of the highly conserved ITS region in
yeast using PCR technology. The DNA concentration in all study
samples was adjusted by dilution with TE Buffer solution to obtain
the concentration required to perform PCR reactions (Table 1, 2).
Take 50 ng/pL for each sample. The master reaction mixture was
prepared for each PCR reaction by mixing the DNA sample and the
primer for each gene with the components of the master mix inside a
0.2 mL Eppendorf tube prepared by the New England Biolaps. The
reaction volume was fixed to 20 uL with distilled water, and the mix-
ture was discarded. It was placed in the Microfuge device for a period
of between 3-5 s to ensure that the reaction components were mixed,
then the reaction tubes were inserted into the Thermocycler device to
perform the multiplex reaction using the special program for each
(Khaleel et al., 2023).

Extracting DNA from the gel. The bands resulting from the PCR
reaction were extracted from the gel in order to purify them and send
them for nucleotide sequence testing, based on the analysis kit pro-
vided by the company (Geneaid).

Preparation of the aqueous extract. The the water extract of the
leaves of bitter orange and sweet orange trees was prepared by mixing
500 g of the fresh leaves after washing them and cutting them into
small pieces with 500 mL of distilled water using an electric mixer for
5 minutes and leaving the resulting suspension in a dark place at a
temperature of 10 °C for 24 hours for soaking Then the mixture was
filtered using several layers of gauze, then the filtrate was exposed to
a Remi centrifuge at a speed of 3000 d/min for 10 minutes, and a
filtration process was performed again with a Buchner funnel using
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Whatman No. 1, and the extract was sterilized by pasteurization at a
temperature of 62 °C for 15 minutes, and the sterilized extract re-
ceived in sealed sterile bottles and placed in the refrigerator so that the
filtrate was sterile and ready for addition.

Table 1
Elected ITS regions

Primer Sequence
Forward (ITS1) TCCGTAGGTGAACCTGCGG
Reverse (ITS4) TCCTCCGCTTATTGATATGC
Table 2
Elected ITS regions

Stage Temperature Time Cycle Number

Initial denaturation 95 6 min. 1
Denaturation 95 45 sec.
Annealing 58 1 min. 35
Extension 72 1 min.
Final extension 72 5 min. 1

Testing the inhibitory effectiveness of the plant extracts against
the growth of fungi. The plant extracte were mixed with the previous-
ly prepared sterile food medium (PDA) and cooled to 50 °C to pre-
pare concentrations 10-20-30-40 mg/mL at a rate of three replicates
for each concentration. These dishes were cultivated by taking a tablet
of the edge of the fungal colony at the age of one week using a cork
borer with a diameter of 5 cm and placed in the center of the plate
under sterile conditions, and then the dishes were incubated at a tem-
perature of 28 °C for a week (Mahmood & Almola, 2024).

Results

Three areas were chosen for isolation for each plant (all gardens
are affiliated with the University of Mosul in the city of Mosul in
Northern Iraq). It was found that the most common fungal species in
the selected soils was Aspergillus niger and followed by other fungi
such as Penicillium sp, Fusarium sp, Cladosporium sp. Also, varying
numbers of yeasts were observed, including Saccharomyces cerevi-
siae and Pichia fermentans. From Table 3, we note that the fungal
content of the uncultivated soils was very low, and the fungus Asper-
gillus niger also appeared in it. Thus, it became clear that the culti-
vated soils are richer in fungal content than the uncultivated soils,
according to the results we obtained, and that the fungus Aspergillus
niger is the dominant fungus in these soils belonging to the gardens of
the University of Mosul.

The soil of orange trees was more contaminated with fungi than
other soils, as 13, 9, 6, 5 colonies of Aspergillus niger were isolated
from Deanship of the College of Science, Department of Mechanical
Engineering, College of Education for Pure Science, children's nur-
sery. Then 4 colonies of Aspergillus fumigatus, Fusarium sp. In addi-
tion to Penicillium, Cladosporium, Curvularia, Rhizoctonia, Rhizo-
pus, and Helminthosporium (Fig. 1) appeared and were isolated at
lower frequencies.

Saccharomyces cerevisiae exists in all gardens soils of Mosul
University, two samples of isolated yeasts were randomly selected to
detect their genetic structures and diagnose them genetically. One of
them was a yeast sample isolated from the soil adjacent to Citrus
aurantium trees, and the other was isolated from the soil adjacent to
Citrus sinensis trees. As shown in Figure 2, is the genome extracted
from the yeast sample. The chromosomal sequence of the fungus
Saccharomyces cerevisiae isolated from the soil was identified Fig-
ure 3. The yeast has been registered as a new isolate at the National
Center for Information and Technology NCBI, Gen Bank: Saccha-
romyces cerevisiee MAZSS2, with a GenBank LC768856.1, as
shown in Figure 3a. A second yeast is registered in the International
GenBank under the name Pichia fermentans MAZSS1, with the
GenBank number LC767347.1 and with a genetic sequence as shown
in Figure 3b. A genetic affinity tree was designed between the differ-
ent strains isolated from different countries of the world (Fig. 4), we
notice a closeness between the Iraqi strain Pichia fermentans
MAZSS1 with the Italian strains and then the Denmark strain.
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a— Aspergillus niger ¢ — Aspergillus flavus

d — Cladosporium cladosporioides e — Penicillium melanoconidium

h— Rhizopus sp. i — Fusarium sp.

Jj— Curvularia sp. k— Geotrichum candidum [ — Helminthosporium sp.

Fig. 1. Microscopic photo at 40* for some molds isolated from the soil of university garden
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Fig. 2. The genome extracted from the yeast samples (@), and the product of the PCR reaction
for the ITS region is the product of the 700 bp reaction of the yeast (b)

a — Saccharomyces cerevisiae MAZSS2

CTCCAAGCCCTATTGACTCTTACCCGGAGTTTCAGCTAAAAGCTATACTTACTACCTTTATTTTATGTTTACTTTTTATAGACT
GTCTTTTCATCCTACTCCTTCGCACTTGTCTCTCGCTACTGCCGTGCAACAAACACTAAATCAAAACAGTAAAATACTACATC
AAAACGCATATTCCCTAGAAAAAAATTTTCTTACAATATACTATACTACACAATACATAATCAGTGACTTTCGTAACAACAA
TTTCCTTCACTCTCCAACTTCTCTGCTCGAATCCCTACATAATAATATATCAAATCTACCGTCTGGAACATCATCGCTATCCAG
CTCTTTGTGAACCGCTACCATCAGCATGTACAGTGGTACCCTCGTGTCATCTGCAGCGAGAACTTCAACGTTTGCCAAATCAA
GCCAATGTGGTAACAACCACACCTCCGAAATCTGCTCCAAAAGATACTCCAGTTTCTGCCGAAATGTTTTATTGTAGAACAG
CCCTATCAGCATCGAGAGGAATGCCGTCCAATCCGGCACTTTAGATGGGGTAACTCCCAGCG

b — Pichia fermentans MAZSS1

TTTTGAGTACCTTCGTTTCCTCGGCGGGTTCGCCCGCCGATTGGACAATTTAAACCATTTGCAGTTGCAATCAGCGTCTGAAA
AAACATAATAGTTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTG
TGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCATGGGGCATGCCTGTTCGAGC
GTCATTTGTACCTTCAAGCTCTGCTTGGTGTTGGGTGTTTGTCTCGCCTCTGCGCGTAGACTCGCCTCAAAACAATTGGCAGC
CGGCGTATTGATTTCGGAGCGCAGTACATCTCGCGCTTTGCATTCAGAACGACGACGTCCAAAAGTACATTTTTACACTCTTG
ACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA

Fig. 3. Gene sequence of the yeast Saccharomyces cerevisiae (a), and gene sequence of the yeast Pichia fermentans (b)
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Fig. 4. Genetic affinity tree between different strains isolated from different countries of the world and Pichia fermentans MAZSS1
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Table 3
Fungi isolated from the soil of different gardens
of the Mosul University
No. Trees Gardens Isolated fungi Freqli-
ency, %
1 Citrus  Children's nursery Aspergillus niger 5
sinensis Saccharomyces cerevisiae 2
2 Citrus Deanship ofthe  Aspergillus niger 13
sinensis College of Fusarium sp. 3
Science Penicillium sp. 2
3 Citrus Departmentof  Aspergillus niger 9
sinensis Mechanical Penicillium sp. 2
Engineering
4 Citrus  Mosque Aspergillus flavus
sinensis university Cladosporium cladosporioides
Helminthosporium sp.
Phytophthora sp.
Rhizopus sp.
Fusarium sp.
5 Citrus  College of Aspergillus niger
auran-  Education for Saccharomyces cerevisiae
tium Pure Science Aspergillus fumigatus
Yeast
Fusarium sp.
Curvularia sp.

Penicillium sp.

6 Citrus  Civil Engineering Aspergillus niger
auran-  Department Saccharomyces cerevisiae
tium Yeast
Penicillium sp.
Cladosporium sp.

R NN\ N [N NS SN GO\ (VNN NN

Aspergillus sp.
7 Citrus Departmentof  Aspergillus niger
auran-  Debt Affairs, Pichia fermentans
tium Agricultural
Division
8 Citrus  Mosque Geotrichum candidum 1
auran-  university Rhizoctonia solani 1
tium Penicillium melanoconidium 1
Helminthosporium sp. 1
Aspergillus sp. 1
Yeasts 1
9 Uncul- Biology Aspergillus niger 3
tivated Department
soils

From Figure 5 and 6, it was observed that the mold Penicillium
melanoconidium was more sensitive to the two extracts compared to
the other two fungi, while there was no significant effect of the two
extracts on the fungus Cladosporium cladosporioides. As for the
fungus Aspergillus niger, the two extracts had a gradual inhibitory
effect that increased with increasing concentration. In general, it was
found that the aqueous extract of the leaves of Citrus aurantium
inhibited the growth of the studied fungi more than the Citrus sinensis
extract.

Balamurugan (2014) evaluating aqueous extracts of bitter orange
leaves against the fungus Macrophomina phaseolina isolated from
dry root rot samples of sesame plants, found that the extracts were
more effective in inhibiting this fungus. The results of Ahmed et al.
(2010) study showed the antimicrobial activity of oil extracted from
dry and fresh orange peels against bacteria and fungi such as Asper-
gillus niger, Rhizopus sp. and Penicillium melanoconidium. Three
concentrations (1000, 2000, and 4000 ppm) of orange peel oil were
used and showed. This extract showed inhibition against fungi. The
fungus Rhizopus spp. was the most affected fungus, as the percentage
of inhibition at a concentration of 4000 was 41%. The results of the
study of Mohammed et al. (2019) showed that the Estonian coriander
plant extract, ethanolic and aqueous, has high inhibitory effectiveness
against the plant pathogenic fungi Fusarium oxysporum, Aspergillus
niger, and Penicillium melanoconidium. All extracts showed a high
inhibitory effect against these fungi, though the inhibitory effective-
ness varied according to the solvent and the concentration of the ex-
tract. It ranged from 63.1% to 78.1%, and the concentration of
20 pL/mL for the three extracts achieved a high inhibitory effect on
the growth of these fungi. The results of the Al-Zaidbaqy & Hmawn-
di (2019) study in testing the antagonistic effectiveness of leaf extracts
of some types of forest trees Olea europea and Thuja oreintalis
against two pathogenic fungi of many plants Rhizopus stolonifer and
Aspergillus niger showed that there was an inhibitory activity of the
extracts against the two fungi studied. The lowest rates of fungal
growth when using a concentration of 0.5 pg/mL for green olive leaf
extract, green cypress, and thuja, respectively, were 2.3, 2.1, 2.2 cm,
with an inhibition rate of fungal growth amounting to 69.3%, 73.4%,
72.8% against Rhizopus stolonifer and 1.9, 0.9, 1.6 cm with a fungal
growth inhibition rate of 80.2%, 89.0%, 76.7% against Aspergillus
niger. Citrus aurantifolia peels had the highest concentrations of total
phenolics and flavonoids, with 96 mg GAE/g and 54 mg QE/g, re-
spectively (Benredjem, 2023).

55 10 MG\ML
m A niger

20 MG\ML 30 MG\ML 40 MG\ML

m Cladosporium Pencillium

Fig. 5. Bioactivity of the aqueous extract of Citrus sinensis at concentrations of 10, 20, 30, and 40 mg/mL
on Aspergillus niger, Cladosporium cladosporioides and Penicillium melanoconidium

S5 10 MG\ML
m Aspergillus niger

20 MG\ML 30 MG\ML 40 MG\ML

m Cladosporium Pencillium

Fig. 6. Bioactivity of the aqueous extract of Citrus aurantium at concentrations of 10, 20, 30, and 40 mg/mL
on Aspergillus niger, Cladosporium cladosporioides and Penicillium melanoconidium
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Discussion

In this study, the dominant strains of yeast isolated from the soils
of Citrus sinensis trees and C. aurantium trees were identified as
Saccharomyces cerevisiae and Pichia fermentans. This is the first
time that these strains were recorded in the soils of C. sinensis and
C. aurantium trees in the gardens of Mosul University. Also Aspergil-
lus niger is considered the most important and most isolated mold,
isolated by a large percentage from the soil of orange trees. Both
herbicidal and phytotoxic properties are tested in the most potent
extracts made from Aspergillus species (Khattak et al., 2014). Raja
et al. (2017) mentioned that one gram of soil contained a large num-
ber of fungi, some of which are intrusive, causing plant diseases,
while the others were saprophytic, living on dead and rotting mate-
rials. Analyzing them through the balance of environmental condi-
tions in the soil, he found that humidity is an important factor as it
directly affects the fungal communities in a positive direction and to a
certain extent. A significant number of keratinophilic fungi that have
been identified from park soil are threats to public health, and
youngsters are particularly vulnerable to the effects of these fungi
(Pakshir et al., 2013). Abdel-Sater et al. (2016) isolated Fusarium,
Penicillium, and Aspergillus from the soil of citrus trees (Azaz &
Pekel, 2003; Balami et al., 2020) and also proved that Aspergillius
niger and A. ochtraceous were isolated with a high frequency from
the soil of these trees, and this is consistent with our results. Aspergil-
lus is the most dominant genus in the soil of citrus trees. Younus &
Hussain (2022) mentioned that the two fungi, Aspergillus and Penicil-
lium, are the most abundant and dominant fungi in most soils of field
crops, and they indicated the ability of each of these fungal genera to
form several types of toxins, such as aflatoxins and ochratoxins,
which are likely to represent a barrier to the growth of other fungi in
the same environmental location (Hardan & Muhsen, 2024). Ali et al.
(2014) mentioned that soil fungi are responsible for a large percentage
of the damage to citrus trees, he also mentioned that the Fusarium
Sungus is almost present in all agricultural ecosystems that support
citrus trees with high-frequency rates, we notice an increase in fungal
growth in soils under the influence of C. sinensis followed by C.
aurantium. It is possible that the secondary metabolite compounds in
the precipitation, rich in organic matter, favor the growth of fungi
compared to the control sample and this explains the appearance of
Fusarium at a rate of 13% in the two citrus species (sweet and bitter
orange ). Bitter orange rootstock infected with F. solani, growing in a
Mission, Texas, dooryard, displayed significant symptoms of dieback
of the canopy, purple discoloration of the wood, wilt, tree decline, and
desiccation of leaves and leaf drop.

Rasool et al. (2014) indicated that Fusarium is the most common
fungus associated with diseases of citrus trees, and it is one of the
most pathogenic (dry root rot disease), being also associated with
post-harvest fruit rot. Evans et al. (2013) indicated that the fungi As-
pergillus, Penicillium, Fusarium, Cladosporium, and Ulocladium are
widespread in different soils, and they proved that pH (soil pH) has a
direct effect on the growth of these fungi and that Fuasrium can grow
well in pH more than 7 and cannot grow in pH less than 6, and A4s-
pergillus grows well in pH = 5, while Penicillium cannot grow in pH
more than 7. As there is a relationship between the spread and distri-
bution of soil fungi and the physical and chemical properties of the
soil, there is a direct relationship between high temperatures and fun-
gal growth. There is an increase in the growth of fungi with high
temperatures up to 25 °C, after which there is a decrease in the growth
rate with a temperature increase of more than 25 °C. This can be
attributed to the loss of the cell membrane's vital functions or the
breakdown of some components. Cellularization, or lysis, of cells can
occur under high-temperature conditions (Rohilla & Sallar, 2012;
Moubasher, 2018; Balami et al., 2020; Rehman et al., 2023).

Conclusion
Experiments conducted in the soil microcosms of sweet and bitter

orange trees evaluated the survival of two chosen yeast species (Sac-
charomyces cerevisiae and Pichia fermentans) using a molecular
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approach for fungal community profiling.. The most common mold
in the soil of citrus trees is Aspergillus niger. There are clear changes
in the numbers and types of fungi present in different soils due to their
influence on plant residues and the inhibitory effects of the studied
citrus trees varied considerably at different concentrations on the
studied fungi. The aqueous extract of C. aurantium leaves was more
effective against fungi than the aqueous extract of C. sinensis leaves.
The aqueous extract of C. aurantium and C. sinensis leaves showed a
gradual inhibitory effect against Aspergillus niger, which increased
with increasing concentration. Penicillium melanoconidium was the
most sensitive fungus to the aqueous extract of the C. aurantium
leaves of the plant. Cladosporium oxysporum was more resistant to
aqueous extracts of Citrus sinensis leaves.

We value the assistance provided by the University of Mosul's College of
Science's Biology Department.
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