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Dysaphis devecta is a common aphid species on apples. In this study, the antifungal activities of
different plant extracts against Alternaria alternata isolated from galls formed by the apple aphid
D. devecta were investigated. Rosmarinus officinalis (rosemary), Echinacea purpurea (purple
coneflower), Salvia officinalis (sage), and Thymus vulgaris (thyme), which are medicinal and
aromatic plants with high antimicrobial activity, were used as test materials in the study. Plant
extracts were prepared using two different solvents (ethanol and methanol) by ultrasound-assisted
extraction method and antifungal activity tests were conducted according to the food poison method.
The results indicated that all plant extracts had significant antifungal activity against A. alternata.
All ethanol and methanol extracts with 100 mg/mL concentration exhibited complete inhibiton
(100%) against A. alternata for all investigated plants. Among the extracts prepared with ethanol,
R. officinalis at a concentration of 50 mg/mL showed the highest activity with a rate of 100%. For
the extracts prepared with methanol at a concentration of 50 mg/mL, E. purpurea exhibited the
highest antifungal activity, at 68.15%. These findings suggest that plant extracts may represent a
potential alternative to chemical fungicides in the biological control of plant pathogens, and future

field trials may be useful to confirm this effect.
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Introduction

Aphids (Hemiptera: Aphidoidea) can be considered a
major group of insect pests due to their close relationship
with host plants, polymorphism, host alternation, rapid
reproduction and adaptation potential, along with short
developmental periods (Olcabey Ergin, 2024). Aphids,
obligatory phytophagous insects, directly harm host plants
by feeding on phloem sap and indirectly by transmitting
more than 300 plant viruses (Ng & Perry, 2004; Oguzoglu
& Avcy, 2019). Aphids are considered one of the most
serious pest species around the world, causing a huge
amount of crop losses in agricultural production. Thanks to
their feeding-based relationships with the host plant, they
form crowded colonies on the leaves, shoots, flowers,
roots, and stems of the host plant, causing decreases in the
quality and yield of agricultural products and other plants,
thus causing serious economic losses (Van Emden &
Harrington, 2017). Apple production in Tirkiye is
threatened annually by various aphid species (Karaca et al.,
2010; Erdogan et al., 2023; Bilgi¢ & Birgiicii, 2024). Aphid
can damage the plants directly by feeding from the plant
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sap causing chlorosis, leaf damage and gall formation or
indirectly by transmission of the fungal and viral disease
agents. They negatively affect the growth of shoots and the
entire plant (Petrovi¢-Obradovi¢, 2022). One of the most
significant fruit species cultivated in temperate climates,
apple (M. domestica) is valued globally for their nutritional
content and financial return (FAO, 2023). According to
2024 data, approximately 4,420,185 tons of apples were
produced in Tiirkiye and Nigde province has an important
place in apple cultivation. Nigde province ranks third in
Tiirkiye with 12.6% of apple production (Bayav & Karli,
2020; Muder et al., 2022). There are many pests that cause
serious losses in apples and aphids are the most important
of them. The aphid species Dysaphis devecta causes
pseudogall formation on apple leaves, turning them bright
red and forming dense colonies. They cause stunting and
drying of the leaves (Goriir, 2022). The galls are occupied
with a combination of dark green to reddish alatiform
apterac and typical bluish-grey wax-powder apterae
(Andreev et al., 2007). In addition to gall formation, fungal
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diseases particularly Alternaria species can also cause
quality and yield losses in apple. (Agrios, 2005; Fernandes
et al., 2023). The genus Alternaria sp., with its widespread
saprophytic and parasitic life forms, causes leaf spots, fruit
rot, and storage losses in many plants (Ustiiner, 1996;
Thomma, 2003; Mutlu et al., 2015; Mutlu and Ustiiner,
2017; Ustuner, 2017; Prechsl et al, 2023). Species
belonging to the genus Alternaria are fungal agents that
form dark-colored, septate conidia and are mostly
transmitted by air. Once the conidia reach the plant surface,
they germinate under appropriate temperature and
humidity conditions, initiating infection (Ustuner, 1996;
Woudenberg et al., 2015).

Cultural methods are the first practice for controlling
disease agents. Practices such as pruning, weed removal,
destruction of disease residues, and ensuring air circulation
in the garden reduce the risk of infection by reducing the
spore load. Irrigation management is also important;
overwatering and prolonged moisture accumulation on the
leaf  surface  accelerate  pathogen  development
(Ramanjineyulu et al., 2024). The second option in
chemical control is the use of fungicides, a common
method. Copper compounds, mancozeb and strobilurin-
group fungicides are effective against Alternaria species
(Ustiiner, 2017; FRAC, 2022). However, repeated use of
the same active ingredient in chemical control can trigger
the development of resistance in disease agents (Yin et al.,
2023). Therefore, fungicide rotation and integrated
management approaches are recommended. In addition to
traditional fungicides and microbial agents, plant extracts
have been reported to be effective against a wide variety of
pathogens (Sahayaraj et al., 2009).

Plant-based biofungicides, on the other hand, are
systemic, have specific effects, are not phytotoxic and do
not cause environmental pollution (Deresa & Diriba,
2023). Many plant extracts contain active ingredients that
either have direct antimicrobial activity or reduce disease
development by triggering host defense responses
(Amadioha, 2000; Ustiiner et al., 2018).

The aim of this study was to characterize the fungus
isolated from apple galls by molecular testing, to compare
in vitro effects of some medicinal plant extracts on the
mycelial growth of the identified fungus and to determine
the concentration of plant extracts with fungicidal
properties against this fungus.

Materials and Methods

Collection of Gall Samples and Isolation of Fungus

Specific gall samples of D. devecta were collected from
ten different apple trees in the village of Yesilburg, Nigde,
in June 2024. Gall samples were removed from the host
plant using scissors and transferred to glass containers.
Gall samples taken from each host were brought to the
laboratory in separate glass containers. Permanent slides of
the samples were studied under laboratory conditions
according to the method offered by Martin (1983). Species
were identified according to the internationally accepted
identification key provided by Blackman & Eastop (2025),
and the last taxonomical status of the species was checked
by Favret (2025). To isolate the causal fungus, leaf galls
were surface-sterilized using five percent sodium
hypochlorite for five minutes and rinsed thrice with

deionized water. The leaf galls were then blotted dry using
sterilized tissue paper. Sterilized leaf galls were cut into
small pieces of 1 cm in diameter and inoculated onto Potato
Dextrose Agar (PDA) medium. To prevent the risk of
bacterial contamination, 0.3 g/L streptomycin was added to
the PDA after the medium was autoclaved and before
pouring it into Petri dishes. The Petri dishes were then
sealed with parafilm and incubated at 25-27°C for 7-10
days. At the end of the incubation period, the Petri dishes
were examined.

Identification of Isolated Fungi

After obtaining pure cultures, spore analysis was
performed. A drop of sterile distilled water was placed on
the slide, and a small piece containing spores was taken
from the colony using a coverslip. The sample was placed
on the slide, covered with the coverslip, and then examined
under a microscope. Genomic DNA was extracted from
approximately 100 mg of fresh mycelium scraped from a
7-day-old pure culture using the Macherey-Nagel™
Nucleospin™ Plant II kit, following the manufacturer’s
instructions for filamentous fungi. The Internal
Transcribed Spacer (ITS) region was amplified, allowing
for molecular identification in addition to morphological
identification. Following genomic DNA extraction,
Polymerase Chain Reaction (PCR) was performed using
ITS-1 (5’-TCCGTAGGTGAACCTGCGG-3")-ITS4 (5°-
TCCTCCGCTTATTGATATGC-3’) primers (White et al.,
1990). The PCR conditions in the study are as follows;
94°C 2 min, (94°C 30 sec, 59°C 30 sec, 72°C 1 min) (30
cycles), 72°C 5 min and DreamTaq Master Mix (2X)
(Thermo Scientific) was used in the study. The components
and amounts of the PCR mixture, with a final volume of 25
uL, were as follows: 12.5 pL 2X PCR Master Mix, 2.5 pL.
template DNA, 2 puL forward primer (FP) (10 uM), 2 uL
reverse primer (RP) (10 uM), and 6 pL ddH>O (Canpolat
et al., 2024b). The obtained PCR samples were sent to BM
Labosis (Ankara) for sequence analysis.

Efficacy of plant extracts against A. alternata

In this study, medicinal plants known to have high
antimicrobial activity were selected. Aerial parts of the
plant samples (Rosmarinus officinalis, Echinacea
purpurea, Salvia officinalis, and Thymus vulgaris) were
provided from the agricultural products sales office in
Nigde Omer Halisdemir University campus area and
extracted with two different solvents at analytical grade
namely ethanol and methanol (Sigma Aldrich). One gram
of dried plant samples was pulverized and mixed with
ethanol or methanol at a rate of 1:10 (w/v). The mixture
was homogenized at 7500 rpm for 3 min using a
homogenizer (HG-15D, Daihan Scientific). Following the
ultrasonication process (Sonorex, Bandelin) at 40°C for 30
min samples were incubated overnight at ambient
temperature in the dark. Then, the samples were
centrifuged at 4000 rpm for 10 min and the supernatant was
filtered through nylon filters with a pore diameter of 0.45
pm. The solvent was removed by a rotary evaporator
(HeiVap Value, Heidolph) until dryness and the residue
was recovered with DMSO to obtain an extract with a
concentration of 100 mg/mL (Altin et al., 2023). Plant
extracts were added to the media at concentrations of 25,
50, and 100 mg/mL. The effectiveness of the plant extracts
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against 4. alternata was tested using the “poisoned food
method” (Olikh et al., 2023). After 2 mL of the plant
extracts were filtered through a membrane filter, they were
added separately to 18 mL of sterilized PDA medium and
poured into sterile Petri dishes under aseptic conditions. A
6 mm disc from the culture of the fungus was sampled by
a sterile corn borer and placed in the center of the PDA
medium. The experiments were conducted as completely
randomized design with triplicates. The Petri dishes were
incubated at 27°C for 7 days. The DMSO solvent was used
as a negative control. The experiment was continued until
the diameter of the control colony was equal to the Petri
dish. Mycelial growth of the pathogen was measured when
the control pathogen completely covered the Petri dish.
Inhibition percentage of mycelial growth was calculated
(Gupta & Gupta, 2011; Rodino et al., 2014). The activity
of the four selected plant extracts and the percentage of
mycelium growth of the test pathogen relative to the
control were measured using the following formula:

% inhibition = [(C-T)/C] x 100 (1)

where, “C” represents the diameter of the control and
“T” represents the diameter of the application.

Statistical analysis

Data evaluation was performed using the IBM
Statistical Package for Social Sciences (SPSS, version
24.0) software. Means between groups were compared by
one-way analysis of variance (ANOVA) and Tukey’s tests
at a significance level of p<0.05.

Results and Discussion

In this study, gall samples were collected from M.
domestica leaves in the Yesilburg village of Nigde in 2024
and morphologically identified under a microscope. As a
result of the isolations performed from galls, numerous
isolates exhibiting similar macroscopic and microscopic
characteristics were obtained. One representative isolate
was selected from these isolates, and all subsequent
analyses were conducted using this isolate. The
morphologies of the fungal isolates grown on samples
cultivated on PDA media were examined. Examination of
the colony morphology and spore structure of all fungal
isolates concluded that the isolates belonged to the genus
Alternaria sp. The cultured Alternaria strain exhibited
rapid growth and reached full maturity within 7 days, with
colony diameters expanding to approximately 9 cm after

incubation at 27 °C. The fungal mycelium in the Petri dish
was blackish to dark green in appearance. Colonies
developed a dense cottony (floccos) structure, dark olive
brown, and in some areas covered with grayish secondary
mycelium. Conidial structures with long conidiospores,
chained septate structures, and an inverted pear-shaped
appearance were formed. The appearance and development
of mycelial structures are consistent with 4. alternata, as
reported in many studies, and the isolate showed
morphologically similar developments (Zhang et al., 2023;
Giildiir et al., 2024).

The most preferred region for the molecular
identification of fungi is the 18S rDNA within the
ribosomal DNA (rDNA) unit as well as the Internal
Transcribed Spacer (ITS) region. The ITS region, a non-
coding region that undergoes more rapid evolution, is
reported to be useful for comparing strains within a species
or fungal species within a genus (Kiligoglu & Ozkog,
2008). The ITS region, one of the polymorphic DNA
sequences among fungal species, is currently considered a
good candidate for accurately identifying a species and can
be largely distinguished from all other species (Bridge et
al., 1998; Schoch et al., 2012). The isolate was identified
as A. alternata with a similarity rate of 99.23% (Accesion
no: PX460418) based on the sequence obtained using
ITS1-ITS4 primers for the molecular identification of fungi
at the species level.

Many studies have tested the antifungal effects of
extracts from different plants against Alternaria sp.
(Daradka et al., 2021; Sharma et al., 2021; Olikh et al.,
2023; Yavuz et al., 2024; Khan et al., 2025). In this study,
the antifungal activity of three different concentrations of
extracts from four different medicinal plants using two
different solvents was tested against 4. alternata. The
statistical evaluation of the antifungal effects of plant
extracts obtained using different solvents on A. alternata is
shown in Table 1. It was determined that the extracts at a
concentration of 50 mg/mL prepared with both solvents
had higher antifungal activity than the plant extracts at a
concentration of 25 mg/mL. Among the four plant extracts
evaluated, R. officinalis (50 mg/mL) was found to have the
highest activity (100%) in ethanol extracts, followed by E.
purpurea (75.93%), S. officinalis (71.11%) and T. vulgaris
(69.33%) (Figure 1). Among the methanol extracts (50
mg/mL), E. purpurea had the highest antifungal activity
with 68.15%, followed by S. officinalis (65.93%), T.
vulgaris (57.04%) and R. officinalis (54.96%), respectively
(Figure 2).

Table 1. Inhibition effect (%) of plant extracts against Alternaria alternata isolated from galls.

Extraction| Extract concentration Inhibition
solvent (mg/mL) Salvia officinalis Rosmarinus officinalis Echinacea purpurea  Thymus vulgaris
25 47.78+1.11c¢ 51.11£2.22¢ 37.78+£2.22¢ 43.41+1.12d
Ethanol 50 71.11+£2.22b 100 75.93+1.70a 69.33£1.60b
100 100 100 100 100
25 42.524+0.51c 31.70+1.43d 33.19+2.45d 31.56+1.60d
Methanol 50 65.93+1.28a 54.96+1.43b 68.15+1.28a 57.04+1.28b
100 100 100 100 100

*The data presented in the table are expressed as means+tstandard deviations of three independent experiments.
**Lower case letters indicate significant differences among test groups at a significance level of p<0.05 for each solvent seperately.
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A

Figure 1. Inoculation of gall samples collected from apple trees onto PDA (A), mycelial colony of the isolated A.
alternata on a Petri dish (B) microscope image of the fungus (C)

R. officinalis S. officinalis E. purpurea T vulgaris Control

Figure 2. Antifungal activity of ethanol extracts of plants against A. alternata

R. officinalis S. officinalis E. purpurea T. vulgaris Control

Figure 3. Antifungal activity of methanol extracts of plants against A. alternata
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Additionally, all plant extracts prepared with both ethanol
and methanol at a concentration of 100 mg/mL were found to
have a 100% inhibitory effect on 4. alternata. Overall, among
the plant extracts prepared at concentrations of 25 and 50
mg/mL, the antifungal activity of the plant extracts prepared
with ethanol was more effective than that of the plant extracts
prepared with methanol under in vitro conditions. The results
indicated that extracts prepared with ethyl alcohol had more
antifungal activity than extracts prepared with methanol. It
can be deduced that ethanol is more effective in extracting
soluble biomolecules with antifungal activity. Ethanol
extracts may contain additional compounds beyond phenolics
that contribute to their effectiveness and may enhance the
effects of phenolics. Ethanol potentially provides higher
yields for extracting ascorbic acid, carbohydrates, and specific
amino acids such as tryptophan or tyrosine (Palacios et al.,
2011). It’s possible that insufficient extraction of the active
components is the cause of methanol extracts’ decreased
efficacy against Alternaria species (El-Mahmood et al.,
2008). Our findings agreed with those of Pinelo et al. (2004),
who proposed that the behaviors of each material-solvent
system vary depending on the solvent’s chemical
characteristics, the extraction technique, and the different
structural and compositional characteristics of the natural
products. In a study, methanol extracts and acetone exudates
obtained from three different plant species (7agetes patula L.,
Tanacetum vulgare L., and Salvia officinalis L.) were
evaluated in vitro for their effects on the mycelial growth of
four phytopathogenic fungi (4. alternata, Fusarium
oxysporum, Botrytis cinerea, and Phytophthora cambivora).
It was reported that the most effective plant extract against A.
alternata was determined to be 7. patula (Slavov et al., 2021).
The antifungal activity of several medicinal plants including
Majorana syriaca, Rosmarinus officinalis, Salvia fruticosa,
Hibiscus sabdariffa, and Santolina chamaecyparissus against
Alternaria solani was investigated. It was reported that the
highest antifungal activity was observed from the extracts of
M. syriaca and H. sabdariffa with complete inhibition of the
fungus at 8-10% concentration (Goussous et al., 2010). Itako
et al. (2008) reported 60% inhibition of A. solani germination
using an aqueous extract of R. officinalis. Comparison of
growth inhibition of extracts and dilutions shows that
concentrations also have a strong effect. In general, the
antifungal activity of extract dilutions is weaker than that of
crude extracts. Previous studies have provided evidence
regarding the antifungal activity of the essential oil and
methanol extract of S. officinalis (El Ouadi et al., 2015; Rus et
al., 2015). In our study, the inhibition rate increased as the
concentration ratio increased. This demonstrates that the
inhibitory activity of the extracts is concentration-dependent.

The antifungal activities of plants are attributed to the
biologically active secondary metabolites they contain.
Compounds such as phenolics, flavonoids, terpenoids, and
alkaloids can disrupt the integrity of fungal cell membranes,
inhibit enzymatic processes, and prevent spore germination.
In addition, essential oils can alter cellular permeability and
suppress pathogen growth. These natural defense
mechanisms suggest that plant extracts may serve as a
potential alternative for the biological control of
phytopathogens. Additionally, the synergistic action of
many chemicals found in trace levels in a single plant may
be responsible for the antimicrobial activity of plant extracts
rather than the action of a single active component (Davicino

et al., 2007; Gizaw et al., 2022; Lee et al., 2022; Aamer et
al.,, 2023; Canpolat et al., 2024a). In conclusion, this
laboratory study determined that plant extracts are highly
effective in the mycelial growth of 4. alternata.

Conclusion

In this study, the antifungal activity of extracts of four
medicinal and aromatic plants obtained with two different
solvents against the fungus 4. alternata isolated from gall
was investigated. Among these plants, S50mg/mL
concentration of R. officinalis prepared with ethanol
showed the highest activity with 100% inhibition. Among
these extracts, ethanol extracts of R. officinalis at a
concentration of 50 mg/mL were found to be the most
effective, followed by E. purpurea, S. officinalis and T.
vulgaris, respectively. It is thought that plant extracts show
antifungal activity due to the secondary metabolites that
plants contain. These plant extracts may be safe and good
alternative fungicides and have potential for the control of
plant diseases in agricultural crops. This in vitro test
determined that plant extracts are effective in the mycelial
growth of 4. alternata.

However, these studies need to be supported not only
by laboratory trials but also by field trials. Furthermore, the
effects of plant extracts in the field of application should
be clarified not only on A. alfernata but also on other
beneficial and/or harmful organisms in the ecosystem and
even determining the effects of plant extracts on air, water
and soil will also help to increase the value of such
ecological research. In controlling fungal pathogens, using
biological and/or integrated control methods instead of
chemical methods, which are known to have negative
effects on environment, would be a more reliable and eco-
friendly approach. This study presents promising results
showing that extracts obtained from plants can be used as
an alternative to synthetic pesticides in the control of plant
diseases and serves as a reference for future studies.
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