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ABSTRACT

Endophytes associated with plants are recognized as bio-reservoirs of natural products and denote a significant
symbiotic interaction in nature. Endophytes penetrate the plant’s interior tissues without showing any indications
of disease or obvious alterations. In this study, the potential of a novel and new isolated plant growth-stimulating
fungus, Coniothyrium aleuritis, was evaluated against PVY (the pathogen potato virus Y) on potato plants. Many
parameters, including disease severity, PVY titer, enzymatic profiling, defense-related biochemical marker (caro-
tenoid), phenolic compounds, proline content, as well as growth and yield parameters, have been investigated to
clarify the role of C. aleuritis isolate in mitigating PVY-induced damage due to virus infection. Potato and tobacco
plants treated with C. aleuritis grew faster, showed fewer symptoms of disease, and had lower levels of PVY accu-
mulation than plants grown without the treatment. Antioxidant enzymes polyphenol oxidase, catalase, and super-
oxide dismutase were increased in treated potatoes. A notable upsurge in the transcription levels of defensive
genes (PR1b, and PAL1 in potato and PR1 and Coi1 in tobacco), phenolic compounds, carotenoid, and proline
contents was observed in treated plants after inoculation. All the experimental and analytical data show that
C. aleuritis is effective in supporting potato yield and preventing PVY infection. These findings suggest that C.
aleuritis is a promising and eco-friendly treatment for controlling PVY infections.
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1 Introduction

Solanum tuberosum (potato) is a common and cost-effective food source. A great variety of applications
have been launched to enhance agricultural production. Microorganisms such as oomycetes, bacteria,
viruses, nematodes, parasitic plants, and fungi may cause severe harm to plants via disease infections [1].
Plant viral infections seriously threaten plant biosecurity and are the primary cause of significant global
food shortages [2]. Potato viruses also frequently have a negative economic impact because they lower
seed quality and limit trade [3]. Potato virus Y, or PVY, is an epidemic viral disease of potato spread by
aphids locally. Production of certified seeds and plants grown for fresh or processed markets may be
impacted [4]. About 30 distinct plant families are impacted by PVY [5]. Recombinant strains of PVY are
the most prevalent and important, and their pathogenicity can vary from moderate to severe based on the
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strain [6]. The most obvious symptoms of PVYare leaf necrosis, yellowing, and possibly even complete leaf
death [7].

The interior tissues of all plant species are hosts to plant-associated microbes, which are becoming more
and more important bio-prospecting targets in the search for new natural growth promoters [8]. Regarding
induced systemic resistance against plant diseases, endophytic fungi are among the most promising
possibilities. Even though plant-associated endophytes can function as inducers of systemic resistance,
there are still issues due to our incomplete understanding of endophyte biology and the mechanism of
disease resistance. Endophyte asymptomatic colonization is mediated by metabolite synthesis, which uses
multipartite symbiosis to undermine host resistance [9]. The development of defense mechanisms in plant
hosts, such as the generation of secondary metabolites toward infections, is a crucial host mechanism.
Research priorities should focus on endophytic fungus and their metabolic processes.

Conventional methods of reducing the spread of infectious diseases include controlling vectors with
insecticides, using natural predators, and creating physical barriers such as reflecting mulches [10]. Plant
diseases have been successfully managed by the removal of weeds, the use of virus-free materials, early
seeding, the establishment of rest periods for crops, and the elimination of contaminated harvests [11]. A
realistic and long-term approach to agricultural sustainability is the development of disease-resistant crop
cultivars [12]. However, cultivars with the appropriate range of resistance could require an extensive
expenditure of time and resources to produce [13]. Creating more virus-resistant cultivars can help
decrease the degree of agricultural damage that viruses cause [14]. A growing number of people are
interested in biocontrol agents as environmentally friendly substitutes for the harmful pesticides now used
in plant pest management techniques to preserve sustainable practices in agriculture and the environment
[15,16]. Beneficial microorganisms known as “plant growth-promoting microorganisms,” or PGPMs,
reside naturally in the rhizosphere and promote plant development while boosting resistance to various
diseases [16]. Several investigations have demonstrated the direct impact of endophytes on plant
development and viral defenses [16,17]. Endophytes promote plant development by increasing nutrient
absorption and producing biomolecules essential for stress tolerance. These acts can either directly target
pathogens by producing antibiotics or by out-competing them for vital nutrients, or they can lessen the
plant’s susceptibility to infections indirectly by upregulating the plant’s immune system [18].

There are two main mechanisms by which plants might generate induced resistance. The first, known as
SAR (systemic-acquired resistance), is caused by pathogens or elicitor chemicals coming in touch with plant
leaves. Salicylic acid is essential in controlling this reaction [19]. Induced-systemic resistance, or ISR, is the
second type of resistance that is triggered when endophytes and other beneficial microbes come into contact
with plant roots [16]. Plants need each of these mechanisms to remain resistant to viruses [16,19]. The
activation of SAR and ISR causes several physiological responses that partially overlap, including the
production of antioxidant enzymes and defense genes [18]. The purpose of this research was to ascertain
whether Coniothyrium aleuritis could be utilized to promote plant development and protection against
PVY infection.

2 Materials and Methods

2.1 Isolation and Identification of Endophytic Fungus
Samples of roots were taken from the rhizosphere of robust potato plants. The gathered root samples

were passed through а rigorous cleaning procedure. They were first washed with running tap water to get
rid of debris, followed by washing three times with a sterile solution of distilled water. The root segments
(less than 2 cm) were treated with 70% ethanol for 45 s to guarantee surface sterilization. After that, they
were washed three times with a sterile solution of distilled water, dried on sterilized filter paper and
inoculated on PDA. The plates were then exposed to incubation in the dark (25°C). Following incubation
for seven days, fungal growth was noted, and separate colonies with various morphologies were chosen
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with the use of a sterile loop. After being carefully handled to avoid overgrowth, the colonies were grown on
new PDA plates to produce pure cultures [16]. Phenotypic analysis of the isolate was done in the Plant
Pathology Lab., Kafrelsheikh University.

An in-house fungal DNA isolation kit was used to extract genomic DNA from a 12-day-old culture, and
a Denovix DS-11 spectrophotometer was used to assess the genomic DNA’s concentration and purity [20].
The procedures for polymerase chain reaction (PCR) and sequencing were followed [21]. Using BioEdit, the
raw sequences used in this work were manually adapted and proofread. ClustalX was used to align the
adjusted sequences [22]. Consensus sequences were established from the obtained sequences and added
to Genbank after alignment. Molecular phylogenetic analysis was done using ver. 11.0.2 of MEGA-
11 software [22]. Neighbor-joining analysis and information from whole nucleotide sequences were used
to create a phylogenetic tree [22].

2.2 Potato and Virus Sources
Barley kernel inoculum (BKI) from the endophytic fungus isolate (laboratory code ME23) was prepared

as previously described by Elsharkawy et al. [16]. Colonized barley kernels (2 weeks after inoculation) were
air dried and ground to 2 mm size then stored at 4°C until use. The Spunta potato cultivar, which has been
verified free of viral infection using ELISA test, was gathered from the Agricultural Research Center’s brown
rot research project (ARC, http://www.arc.sci.eg/default.aspx?lang=en) (accessed on 20 November 2024).
The potato tubers were placed in 30 cm-wide pots that were filled with a specially made soil combination
(1:2 w/w, sand: clay ratio, mixed with barley kernels colonized with the endophytic fungus at a final
concentration 0.7% w/w). The potato virus Y subtype NTN and tobacco (Nicotiana tabacum) seeds were
obtained from Plant Pathology Lab., Kafrelsheikh University, and the seeds were planted in 15-cm pots
[23]. Smashed and extracted (in 0.1 M phosphate buffer solution, pH 7) tobacco leaves were used to
produce viral inoculum for the following infection trials. The initial sap extract that had been purified was
first filtered through cheesecloth. Potato leaves in both the main and tertiary stages were infected with a
10−1 dilution of the infectious tobacco sap. In a greenhouse at 24°C with a 16-h photoperiod, inoculated
tobacco and potato plants for PVY trials were maintained under insect-proof conditions.

2.3 Assessment of the Disease Severity Rating and AUDPC
Periodically, the foliage of infected potato plants was visually inspected to measure the evolution of the

symptoms of the PVY disease over time. A consistent 0–4 grading system was used to grade the infection
severity of each PVY-inoculated plant separately. The described symptom difference ranged from
0 = absence of obvious symptoms, 1 = moderate mottling of leaf mosaic (<20% infection area),
2 = noticeable mottling (20%–50% infected area), 3 = severe malformation, stunting, and mottling (>50%
infected area), to the maximum score of 4 = severe mosaic, deformity, necrosis, and death of the plant.
The following formula was used to determine the disease severity (DS) values at 7, 14, and 21 days post-
viral infection (DPVI) [23]. The computation of the AUDPC (area under the disease progress curve) was
done [24].

2.4 Evaluation of Total Phenols, Proline, Carotenoid and Defense Enzymes
The analysis of proline content [25], carotenoids [26], and phenolic compounds were conducted [27,28].

For enzyme estimation in this experiment, the apical buds of the treated potato plants were the source. An
enzyme estimation was performed using the clear supernatant obtained by centrifuging the sample (2 g)
for 20 min at 2000 rpm and 2°C after it had been homogenized with 10 mL of phosphate buffer at pH
6.8. A UV spectrophotometer (Spectronic 20D, Thermo Electron) was used to detect the activity of the
PPO (poly phenoloxidase), SOD (superoxide dismutase) and CAT (catalase) enzymes [23].
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2.5 Colonization of Potato and Tobacco Roots with Coniothyrium aleuritis
Seven weeks following the application treatment, the colonization of C. aleuritis in tobacco and potato

roots was assessed. Ten randomly chosen plants’ roots were removed, and after being rinsed three times with
sterile distilled water to get rid of any remaining soil, the roots were blotted dry and plated on PDA [16].
Colonies were enumerated from 100 root segments based on the isolates’ basic morphology.

2.6 Potato Yield Assessment
Twelve weeks after planting, the treated potato plants’ yield characteristics were evaluated by

harvesting. Each treatment group’s parameters, including the weight and number of tubers as well as the
fresh and dry weights, were measured.

2.7 Transcription of Defense Genes in Potato and Tobacco
Leaves of potato and tobacco (treated and non-treated) plants were collected at 0, 2, 4 DAVI (days after

virus inoculation) for tobacco and at 2 and 4 DAVI for potato. The methods of Elsharkawy et al. [23] and
Livak and Schmittgen [29] were followed to carry out quantitative RT-PCR analysis for potato and RT-
PCR for tobacco. The specific primers for tobacco and potato are listed in Tables 1 and 2 [30–33].

2.8 Statistical Analysis
Four separate duplicates of each experiment were conducted. Post-hoc analysis of ANOVA results was

applied. The means for each group of duplicates were used to illustrate the results. Using the Excel Tokei
statistical software, the Least Significant Difference (LSD) at p < 0.05 was used to evaluate the statistical
significance of differences between means.

3 Results

3.1 Endophytic Fungi Identification
PCR amplicons were utilized to identify the isolate. The studied strain has been preliminary identified as

Coniothyrium aleuritis, but the exact taxonomic name will need to be classified through additional genetic
studies. Through investigation, a 98.3% sequence identity match to C. aleuritis was found using BLAST
comparisons and ITS gene sequencing. GenBank received the obtained ITS sequence and accepted it
under accession OP862862.

Table 1: Tobacco primers utilized in RT-PCR

Primer Forward Reverse

Actin GGGTTTGCTGGAGATGATGCT GCTTCGTCACCAACATATGCAT

PR1 GTGTAGAACCTTTGACCTGGGA TTCGCCTCTATAATTACCTGGA

Coi1 GGATTGACTGATTTGGCGAAGG TCCCTCACTGGCTACAACTCGT

Table 2: Potato primers utilized in qRT-PCR

Primer Forward Reverse

Coxa CGTCGCATTCCAGATTATCAA AA CTACGGATATATAAGAGCCAAAACTG

PR1b GTATGAATAATTCCACGTACCATATGTTC GTGGAAACAAGAAGATGCAATACTTAGT

PAL1 ACGGGTTGCCATCTAATCTGACA CGAGCAATAAGAAGCCATCGCAAT
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3.2 Impact of C. aleuritis on the Severity of PVY Disease
Both tobacco and potato plants treated with C. aleuritis had considerably fewer disease symptoms than

the untreated PVY-infected control group (Fig. 1). There was a noticeable and statistically significant
decrease in PVY disease severity. The administration of C. aleuritis before PVY infection resulted in a
significant decrease in disease severity. The relevant disease indices are presented in Fig. 2, which
highlights the efficiency of C. aleuritis in reducing the severity of PVY infection in both potato and
tobacco plants, confirming its potential as a protective strategy against the disease.

3.3 Impact of C. aleuritis on the PVY Titer
The ELISA findings showed that C. aleuritis plants had considerably less viral accumulation, whereas

the non-treated group had the highest amount of viral accumulation (Fig. 3). Potato plants that were not
treated had the highest degree of viral accumulation (0.43), whereas the C. aleuritis plants displayed
much lower levels of viral accumulation (0.23). Interestingly, PVY concentration was significantly
affected by applying C. aleuritis, falling from 0.49 to 0.18 in tobacco (Fig. 3). These findings highlight
the multitude of C. aleuritis to mitigate the virus’s effects.

Figure 1: Photographs of tobacco plants treated with Coniothyrium aleuritis and non-treated control at
2 weeks after PVY inoculation

Figure 2: Effects of Coniothyrium aleuritis treatments on PVYNTN AUDPC (area under the disease progress
curve) in tobacco and potato. Within potato or tobacco, different lowercase letters above the histograms
indicate significant differences at p < 0.05
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3.4 Assessment of the Impact of Treatment with C. aleuritis on Potato Growth and Yield Parameters
Treatments with C. aleuritis produced substantial impacts on fresh and dry weights of tobacco plants

(Table 3). The comparison in tobacco plants demonstrated that the C. aleuritis-PVY treatment resulted in
the maximum dry and fresh weights (1.1 and 10.1 g/plant, respectively). Table 4 shows the influence of
C. aleuritis on major growth and yield measurements of potato. Based on the findings of the data
analysis, it is apparent that all indicators have significantly improved. The C. aleuritis treatment produced
the greatest fresh weight for PVY-infected potato (8.8 g/plant). C. aleuritis had a greater dry weight
(0.91 g/plant) compared to PVY-infected group (0.42 g/plant). C. aleuritis-PVY infection treatment
resulted in a modestly decreased fresh weight (8.8 g/plant) compared with the healthy group (10.8 g/
plant). The C. aleuritis-PVY infection treatment had the greatest tuber weight (158 g/plant) among
infected treatments. Similarly, the C. aleuritis-PVY infection treatment demonstrated the greatest tuber
number (5.8) among infected treatments. Overall, the C. aleuritis-PVY treatment regularly displayed
favorable impacts on growth indices, highlighting its ability to improve plant performance.

Figure 3: The impact of Coniothyrium aleuritis on the levels of PVYNTN in tobacco and potato plant leaves
using DAS-ELISA (enzyme-linked immunosorbent assay) three weeks after virus inoculation. The values
denoted by the different letters differ significantly. Within potato or tobacco, different lowercase letters
above the histograms indicate significant differences at p < 0.05

Table 3: The impact of treating tobacco with Coniothyrium aleuritis on some vegetative development
measurements. Control-represents healthy control, while control+ represents PVY-infected control

Treatment Fresh weight (g)/plant Dry weight (g)/plant

Control− 11.2 a 1.3 a

Control+ 4.9 c 0.5 c

C. aleuritis 10.1 b 1.1 b
Note: Means denoted by different lowercase letters indicate significant differences between treatments.

Table 4: The impact of treating potato with C. aleuritis on some vegetative development measurements

Treatment Fresh weight (g)/plant Dry weight (g)/plant Tubers weight (g)/plant Tubers number/plant

Control− 10.8 a 1.3 a 185 a 6.3 a

Control+ 4.9 c 0.42 c 98 c 3.5 c

C. aleuritis 8.8 b 0.91 b 158 b 5.8 b
Note: Means denoted by different lowercase letters indicate significant differences between treatments.
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3.5 Assessment of Enzymes and Biochemical Markers Associated with Defense Mechanisms
The treatment of potato plants with C. aleuritis before viral inoculation improves their PPO, CAT, and

SOD activities (Table 5). Results indicate that C. aleuritis treatments increased accumulated PPO, CAT, and
SOD by 0.14, 0.42 and 0.43 mol/gFW relative to the control group (0.06, 0.12, and 0.14 mol/gFW). Total
phenols and proline contents in potato plants treated with C. aleuritis were 1.3 and 0.83 mg/g FW,
respectively, compared with 0.98 and 0.64 mg/g FW in the control group. C. aleuritis-PVY infection
treatment showed a greater amount of carotenoid (0.94 mg/g FW) than the infected control (0.63 mg/g
FW) (Fig. 4).

3.6 Re-isolation Frequency of C. aleuritis
According to our findings, 7 weeks after planting, potato and tobacco plants produced significant

frequencies of C. aleuritis recording 92% and 95% for potato and tobacco plants, respectively (Fig. 5).

Table 5: Impact of Coniothyrium aleuritis on the antioxidant enzyme activity of potato plants

Treatment PPO (mol/gFW) CAT (mol/gFW) SOD (mol/gFW)

Control− 0.06 c 0.12 c 0.14 c

Control+ 0.09 b 0.21 b 0.22 b

C. aleuritis 0.14 a 0.42 a 0.43 a
Note: Means denoted by different lowercase letters indicate significant differences between treatments.

Figure 4: Impact of Coniothyrium aleuritis on the total phenols and proline contents and carotenoids in
potato plants. Different lowercase letters above the histograms on each panel indicate significant
differences at p < 0.05
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3.7 Impact of C. aleuritis on Potato PR-1b Gene Expression
PR-1b and PAL1 genes were shown to express differently in C. aleuritis potato plants compared to

healthy and infected control (Fig. 6). In comparison to the control, the potato plants treated with C.
aleuritis had relative expression levels of PR-1b that were 3 and 5-folds higher at 2 and 4 days after PVY
inoculation (DAVI), respectively. PAL1 showed upregulation of expression in all treatments, especially
treatment with C. aleuritis (2.1-fold) and (3.5-fold) at 2 and 4 (DAVI) compared to the control expression
levels (Fig. 6).

3.8 Impact of C. aleuritis on the Expression of Tobacco Genes
Transcription levels of PR1 and Coi1 genes associated with pathogenesis in tobacco are shown in

Fig. 7. In C. aleuritis, the transcription of the PR1 gene in tobacco plants started to be induced one day
after the induction treatments and continued at high levels for four days after the inoculation. Coi1
transcription initially appeared in the C. aleuritis treatment at 1 day after infection and remained
elevated 4 days later.

Figure 5: Re-isolation frequency of Coniothyrium aleuritis from potato and tobacco roots at 7 weeks after
treatment

Figure 6: Expression of the PR1-b and PAL1 genes in potato plants following the application of
Coniothyrium aleuritis. Within PR1-b or PAL1, different lowercase letters above the histograms at each
time (days) indicate significant differences at p < 0.05
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4 Discussion

Plant viruses are important causes of plant diseases since more than half of all new epidemics have a
viral cause [3,16]. One of the most significant viruses that seriously reduces the value of potato grown is
PVY [34]. In the current investigation, we used Coniothyrium aleuritis, a biotic viricide, in order to
attempt elicitation of ISR in potato and tobacco plants against PVY infection. The current study’s findings
provide insight into the complicated effects of C. aleuritis on PVY-infected potato plants. It is essential to
comprehend the complex relationships that exist between the PVY, the host plants, and C. aleuritis to
clarify possible uses in controlling viral infections and boosting plant resistance. We explore the
implications of the results regarding the literature that has already been published in this subject,
highlighting the importance of C. aleuritis-mediated biocontrol and its possible incorporation into
sustainable agriculture methods.

In the process of developing mutualistic relationships, fungal endophytes and plants may provide each
other with a wide variety of benefits [16]. Simultaneously, many kinds of endophytic microorganisms might
facilitate plant absorption and use of soil nutrients by increasing their biosimulation and availability of
various substances. These nutrients are correlated with enhanced plant development and growth, and
consequently, higher plant yields [35]. Additionally, various kinds of endophytic fungi could improve
plants’ defences against pest and disease invasions [16,17]. Plant growth and systemic resistance
responses to biotic stressors can both be induced by the application of fungal endophytes [16].
Endophytic fungi can create metabolites and signals that are important in these beneficial relationships,
and their interactions with plants can also have a significant impact on the sustainability and quality of
whole agroecosystems [36].

Plants that are exposed to specific helpful microbes have a phenomenon known as ISR, which causes
plants to boost their defensive systems and become more resistant to future pathogen attacks. It is known
that certain fungal endophytic species cause ISR in plants, preparing them for improved defense against a
variety of diseases, including viruses [16]. Applying C. aleuritis proactively before PVY infection during

Figure 7: Expression of the defense genes (PR1 and Coi1) in tobacco plants following the application of
Coniothyrium aleuritis and PVY infection
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the plant development stage results in a significant reduction in disease symptoms and viral infection, which
is consistent with the idea of ISR. Its effectiveness as a preventative and response intervention against PVY is
suggested by the constant reduction in disease severity in pre-PVY infection treatments with C. aleuritis.
This dual functioning highlights C. aleuritis adaptability and is especially significant for real applications
in controlling PVY disease at different growth stages of potato. C. aleuritis potential for biocontrol is
further supported by the quantitative measurement of PVY concentration using DAS-ELISA. The
capacity of the C. aleuritis to restrict viral growth within the plant is demonstrated by the significant
decrease in PVY concentration in protected treatments. These results highlight the efficacy of C. aleuritis
in reducing PVY concentration, demonstrating its potential as a beneficial intervention in controlling
PVY-infected potato cultivars. This is consistent with research showing endophytic fungi antiviral
properties [16]. Understanding the exact processes underlying its antiviral activity might help design
focused and optimal biocontrol techniques.

Understanding the physiological reactions of potato plants to PVY infection and C. aleuritis treatment is
possible by evaluating the effects of C. aleuritis on defense-associated biochemical indicators. Carotenoid
showed a significant recovery with application of the C. aleuritis leading to a possible reduction in virus-
induced damage. Enzymatic antioxidant activities also showed similar patterns, with C. aleuritis treatment
improving the activities of PPO, CAT and SOD.

The elevation of proline, and total phenols found after treatment with C. aleuritis highlights the
activation of defense-related biochemical pathways. It is well recognized that these substances are
essential for plants to defend themselves against a variety of threats, such as viral infections. The
concentration of these biochemical components that C. aleuritis induces is consistent with the idea that C.
aleuritis-mediated biocontrol entails triggering plant systemic defensive responses, which enhances plant
resistance to infections. Similarly, defense genes transcriptions in tobacco and potato were elevated in
pre-PVY infection treatment with C. aleuritis in comparison with PVY infected control.

Increased fresh weight, tuber weight, and tuber number show that C. aleuritis has a favorable influence
on potato plant development and yield indices. These findings are consistent with research showing the
growth-promoting properties of beneficial soil fungi [16].

5 Conclusions

Plant disease losses, particularly those caused by viral infections, are a serious global issue that affects
food security. The results of this investigation support C. aleuritis potential as an ISR-inducing agent against
PVY by reducing PVY severity and titer. This aligns with integrated pest management’s (IPM) objectives,
which aim to maximize the application of several control techniques to accomplish efficient and long-lasting
pest management. The transcription of genes associated with plant defense in the signaling pathways (both
JA and SA) was elevated by C. aleuritis. The outcomes also demonstrated C. aleuritis beneficial effects on
potato development and growth. This is the first investigation of the effectiveness of C. aleuritis in treating
PVY disease.
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