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Summary. This research aimed to determine abilities of endophytic Aspergillus, Peni-
cillium, and Trichoderma species to colonize grapevine cuttings, and to evaluate their
performance for protecting pruning wounds from Botryosphaeriaceae fungi under
greenhouse and field conditions. Colonization ability of five endophytic species (Asper-
gillus allahabadi, A. flavipes, Penicillium canescens, P. fructuariae-cellae, and Trichoder-
ma brevicompactum) was assessed after introductions into cuttings using two inocula-
tion methods: immersion in conidial suspensions or contact with dry conidia. Coloni-
zation by the inoculated fungi was subsequently confirmed through re-isolations, and
species identities were verified by PCR and gene sequencing. After confirming coloni-
zation, biological activity of the endophytes was assessed against pathogens. Conidium
suspensions were either sprayed onto host wounds or applied systemically to cuttings,
and necrotic lengths in internal tissues were measured 4 months after inoculations. In
a subsequent field experiment, conidium suspensions were applied by spraying onto
pruning wounds, or placing mycelium/agar plugs, and extent of necroses was assessed
6 months after inoculations. Penicillium and Trichoderma species colonized internal
tissues of grapevine plants, whereas Aspergillus species were not re-isolated. In green-
house trials, the endophytes reduced lesion lengths caused by Botryosphaeriaceae spe-
cies by 22 to 85 %. Under field conditions, and where applied to pruning wounds,
these fungi gave 51 to 70% protection against Lasiodiplodia brasiliensis and Neofusico-
ccum parvum, with Trichoderma brevicompactum giving greatest efficacy. This study
has shown that vineyard-derived Penicillium and Trichoderma endophytes can estab-
lish within grapevine tissues, and have potential to effectively suppress Botryospha-
eriaceae pathogens of grapevines.

Keywords. Botryosphaeriaceae, Grapevine Trunk Diseases (GTDs), Lasiodiplodia bra-
siliensis, Neofusicoccum parvum, Vitis vinifera
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INTRODUCTION

Tirkiye is an important grape-producing coun-
try, and grapevine nurseries are important agricultural
industries. According to the Ministry of Agriculture and
Forestry, approx. three million grapevine plants (reg-
istered) are produced annually in Tirkiye, and these
plants are sold to establish new vineyards or replace
uprooted vines dying from pests or diseases in their
first years (Anonymous, 2025). During vineyard estab-
lishment, some young plants die due to abiotic factors
such as unfavorable soil conditions, poor cutting quality,
improper planting, or biotic factors (fungal pathogens,
and nematode or insect pests).

Fungal pathogens (Botryosphaeriaceae, Diaporthe,
Eutypa species, Cylindrocarpon-like fungi, Phaeomon-
iella, Phaeoacremonium, Fomitiporia species) associated
with grapevine trunk diseases (GTDs), and some soil-
borne fungi (species of Phytophthora, Fusarium, Rhizoc-
tonia, Macrophomina, or Verticillium) are among the
leading causes of plant death in newly established vine-
yards (Gramaje and Armengol, 2011). These pathogens
are disseminated latently by dormant vines or propaga-
tion material, spreading over large areas and causing
economic losses.

Controlling latent infections is challenging, and var-
ious management methods are followed at nursery prop-
agation stages to ensure healthy plant production. Some
disinfectants (quaternary ammonium salts, hydroxyqui-
noline sulfate) and fungicides added to water-soaking
tanks reduce fungal contamination of propagation mate-
rials (Gramaje et al., 2009). Hot water treatments can
also eradicate most latent infections, and combining hot
water treatments with fungicides has been found to aug-
ment these effects (Goriir and Akgiil, 2019). Systemic
fungicides are also applied via drip irrigation systems
when grafted cuttings are planted in the soil or during
root formation.

These treatments may protect plant roots for short
periods, but they are not effective against latent patho-
gen infections in grapevine stems. In recent years,
research has focused on biological control of fungal
pathogens associated with grapevine trunk diseases in
grapevine nurseries and in field vineyards. These efforts
aimed to reduce pathogen spread and promote produc-
tion of healthy plants. Some microorganisms with poten-
tial biocontrol activity can minimize plant diseases by
competing with pathogens for nutrients, producing anti-
biotics, or parasitizing pathogens. They can also con-
tribute to plant growth by facilitating nutrient uptake
and by producing beneficial substances that favour plant
growth (Pieterse et al., 2014).
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Endophytic fungi live with most vascular plants, and
do not cause disease symptoms. They are also known to
suppress plant pathogens through production of vari-
ous secondary metabolites, and supporting plants against
environmental stress factors (Busby et al., 2016). Grape-
vine is also a host for endophytic microorganisms, and
research using advanced technologies such as Next Gen-
eration Sequencing (NGS) and metatranscriptomics anal-
ysis have shown that grapevines are rich in bacterial and
fungal microbiota. Some studies have indicated that up to
60 endophytic fungal genera are present in adult grape-
vines, of which Alternaria, Aspergillus, Cladosporium,
Clonostachys, Epicoccum, Penicillium and Trichoderma
predominate. Species in these genera have been studied
for biocontrol of fungal plant pathogens, due to their high
proliferation, abilities to colonize organic matter rapidly,
and production of antimicrobial secondary metabolites
(Thambugala et al.,, 2020). Deyett and Rolshausen (2020)
showed that approx. 28% of grapevine endomycota were
acquired from the soil and plant environments, gradu-
ally colonizing grapevines from the time of planting.
This indicates that local and natural endophytes have
coevolved with grapevine, and these have superior poten-
tial for colonization and pathogen antagonism compared
to other endophytic species. Aspergillus and Penicillium
are genera that are found wherever organic matter is pre-
sent, and are adapted to various harsh environmental con-
ditions, including drought and high temperatures. Some
species of these genera can live with plants as endophytes,
while others can cause fruit bunch rots, plant mortality,
and canker diseases (Bustamente et al., 2024; El-Dawy et
al., 2024). Endophytic species of these genera can direct-
ly or indirectly inhibit the growth of other microorgan-
isms, and contribute to plant health by secreting various
metabolites, antibiotics, or mycotoxins (Grijseels et al.,
2017; Hagag et al., 2022). In addition to these genera, the
Trichoderma also includes species proven to have biocon-
trol activities against plant diseases, including GTDs (Ber-
begal et al., 2020; Silva-Valderrama et al., 2021). Most of
these studies used commercially produced Trichoderma
isolates, and some studies examined disease-reducing per-
formance of local endophytic species.

Very few studies have assessed endophytic Penicilli-
um and Aspergillus species for biocontrol of GTDs. Since
biological fungicides produced in different countries may
not perform well when used against a particular disease
in another country, results obtained using local isolates
can sometimes be more effective (Pollard-Flamand et al.,
2022).

The hypothesis examined in the present study
was that antagonist isolates selected from local fungal
endophytes could successfully reduce diseases caused
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by Botryosphaeriaceae, both at young vine stages and
under field conditions, through applications to prun-
ing wounds and as inoculations of grapevine cuttings.
Fungal endophytes from different locations or vineyards
were assessed for abilities to suppress fungal pathogens
associated with GTDs.

The objectives of this study were: (i) to determine
colonization performance of the endophytic Aspergil-
lus, Penicillium, and Trichoderma species in detached
grapevine canes; and (ii) to assess their prophylactic
performances for reducing lesions caused by Botryospha-
eriaceae species through protecting wounds on grape-
vine plants and adult vines, using greenhouse and field
experiments.

MATERIALS AND METHODS
Fungus isolates

The Botryosphaeriaceae pathogens and endophytic
Aspergillus, Penicillium, or Trichoderma isolates used in
this study were obtained from a survey conducted dur-
ing 2020-21 in vineyards, from the local cultivars Hatun
Parmagi, Horozkarasi, Kabarcik, Mahrabasi, or Tarsus
Beyazi, grown on their own roots. These grapevines
were in the Eastern Mediterranean Region of Tiirkiye.
Pure cultures obtained were deposited in the culture
collection of the Mycology Laboratory at the Faculty
of Agriculture, Cukurova University. The isolates were
identified using DNA analyses, and virulence of Botry-
osphaeriaceae isolates was previously shown using path-
ogenicity tests. In a preliminary study, endophytic Asper-
gillus, Penicillium, or Trichoderma isolates were subjected
to dual-culture tests, and those with prominent antago-
nistic properties were selected for use in the pot and

field trials described below (Table 1).

Assessments of colonization of grapevine cuttings by antag-
onistic fungi

Ability of antagonistic species to colonize grapevine
cuttings was tested using two different methods. In the
first, mycelial agar discs (maintained in 30% glycerol
and 70% sterile distilled water) of antagonistic Aspergil-
lus allahabadii (Aab), A. flavipes (Afp), Penicillium cane-
scens (Pcn), P. fructuariae-cellae (Pfc), or Trichoderma
brevicompactum (Tbr) were taken from the fungal cul-
ture collection, and transferred to Petri dishes contain-
ing potato dextrose agar (PDA). To ensure high conid-
ium production, the isolates were incubated at 25 °C
under a 12 h light, 12 h dark cycle for 15 d.
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Sterile distilled water was added to the mature cul-
tures, and conidia were dislodged into the water using a
sterile spatula. The resulting conidium suspensions were
then each homogenized with 50 pL of polyoxyethylene
sorbitan monolaurate (Tween-20™), the conidia were
counted with a haemocytometer (Thoma Slide™) under a
light microscope (Olympus, model BX-51), and the con-
centration was adjusted to 10% conidia-mLl. The basal
regions (5 cm) of dormant canes (Vitis vinifera ‘Cardi-
nal’, 30 cm in length, with 2-3 buds) were dipped into
the conidium suspension, and the canes were kept in
this suspension at room temperature for 24 h.

The canes were then planted into the plastic pots (1
L capacity) containing rooting medium (equal volumes
of peat moss and perlite). To induce root and shoot for-
mation, the pots were kept in a climate controlled room
(28 °C, relative humidity = 85%, 12 h light, 12 h dark
cycle) for 4 weeks. The plants were then transferred to
a lath-house to grow naturally for 4 months. During
the growth period, the dormant cuttings were irrigated
weekly with a liquid nutrient solution (20% nitrogen,
20% phosphorus, 20% potassium, 0.02% copper, 0.05%
iron, 0.02% manganese, and 0.02% zinc), and no pesti-
cides were applied. Twenty cuttings were used for each
antagonistic species, and each cutting was planted into a
separate pot.

In the second method, pure and highly sporulat-
ing PDA cultures of the antagonistic fungi were used to
inoculate dormant canes. The basal ends of the canes
were bluntly cut with sterilized pruning shears, and the
fresh wounds were directly blotted on the surfaces of
the sporulated cultures to ensure conidium adherence.
The canes were then planted pots, placed in the con-
trolled climate room, and grown as described (above)
for the first method.

To assess internal colonization by antagonistic fun-
gal species, grapevine plants were uprooted from the
pots 4 months after planting, their roots were removed
with pruning shears, and their basal parts were thor-
oughly washed under tap water. Segments (2 cm in
length) were then cut from points 10 cm from the plant
base, and were then surface disinfected for 3 min using
a 2.5% sodium hypochlorite solution containing >5%
active chlorine (Hypo: Koruma A.§). The segments were
then rinsed twice in sterile distilled water and blotted
with sterile paper towels. The bark tissues were then
removed, internal tissues were cut aseptically with ster-
ile scissors, and 3-5 mm woody tissues were plated onto
PDA amended with streptomycin sulfate (250 mg-L™).

Internal stem colonization by the respective inocu-
lated fungi was determined as the percentage of fungus
re-isolated. Twenty PDA Petri plates were used for each
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antagonistic fungus, with each plate containing seven
internal tissues from one cane segment. Re-isolation
rates were assessed as proportions of tissue pieces yield-
ing antagonistic species.

Verifying endophytic colonization by PCR and gene
sequencing

The re-isolated species were examined morphologi-
cally and microscopically, and species identifications
were confirmed using PCR and gene sequencing.

Genomic DNA was extracted from Aspergillus, Peni-
cillium, and Trichoderma colonies using the CTAB (2%)
protocol described by O'Donnell et al. (1998). ITS1, 5.8S,
and ITS2 regions of the rDNA, beta-tubulin, and par-
tial translation elongation factor (TEF 1-o) genes were
amplified with PCR reactions using ITS4/ITS5, Bt2a/
Bt2b, and EF688F/EF1251R primers (White ef al., 1990;
Glass and Donaldson, 1995; Alves et al, 2008). PCR
reactions were carried out in a thermal cycler (Simpli-
Amp A24811", Applied Biosystems) in 50 pL mixtures
for each sample. Each reaction tube contained 25 pL of
Thermo Scientific Master Mix (2X)", 23 pL of PCR grade
water (Lonza’), 0.5 pL of forward and reverse primers
(10 pmol-pL™), and 1 pL of genomic DNA (approx. 100
ng-uL™1). PCR conditions were 95 °C for 3 min (initial
denaturation), followed by 35 cycles each of denatura-
tion at 95 °C for 1 min, annealing at 52 °C (for ITS), 55
°C (for beta-tubulin), or 53 °C (for TEF1-a), for 1 min,
extension at 72 °C for 1 min, and final extension at 72
°C for 10 min. Success of PCR reactions was then con-
firmed using agarose gel electrophoresis (1.5% agarose,
Invitrogen) and visualization of DNA bands under a
UV illuminator. PCR products were sequenced by Mac-
rogen Co. (South Korea), The sequences obtained were
compared with those deposited in the NCBI GenBank
database using the BLAST search (version 2.0; National
Center for Biotechnology Information, United States
National Institutes of Health).

Assessments of prophylactic capacity of antagonistic fungi
against Botryosphaeriaece pathogens in grapevine cuttings
(pot experiments)

The prophylactic capacities of endophytic fungi were
assessed using two methods: (1) spraying conidium sus-
pensions onto open wounds in grapevine wood tissue, or
(2) systemically inoculating dormant cuttings with these
suspensions.

For Method (1), dormant Cardinal grapevine cut-
tings, each 30 cm long with 2 to 3 buds, were washed
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under tap water, then superficially disinfected in a 2.5%
sodium hypochlorite solution for 3 min, then rinsed
twice with sterile distilled water. Endophytic fungal
isolates (five species, one isolate each) were incubated
on PDA at 24 °C in the dark for 10 d. Sterile distilled
water plus one to two drops of polyoxyethylene sorbi-
tan monolaurate (Tween 20™) were then added to heav-
ily conidiating cultures, and the conidium suspensions
were adjusted to 10° conidia mL"! after counting conidia
with a haemocytometer (Thoma Slide™). An internode
on each cutting was wounded with a sterile 5 mm diam.
cork-borer, the bark tissues were removed, and 25 pL of
endophytic fungus conidium suspension was sprayed
onto each wound using a fine droplet sprayer. These cut-
tings were then incubated at room temperature for 24
h, and mycelium/agar plugs of the Botryosphaeriaceae
fungi (eight species, one isolate each; Table 1) were then
inoculated into the wounds. For inoculation controls,
no endophytic isolates were inoculated, but pathogens
were inoculated into the wounds (Blundell and Eskalen,
2022). The inoculation points were each wrapped with
parafilm to prevent desiccation of the inoculation agar
plugs. The cuttings were then planted into plastic pots
(1 L capacity) containing rooting medium (equal vol-
umes of peat moss and perlite). The plants were grown
in a controlled climate room (28 °C, 85% relative humid-
ity, 12 h light:12-h dark cycle) for 4 weeks, to induce root
and shoot formation. The pots were then transferred to
the lath-house to grow naturally for 4 months.

For Method (2), endophytic isolates were inoculated
into grapevine cuttings as described by Benlioglu and
Ozakman (1998). Transparent sterile rubber tubing was
attached to both ends of each dormant grapevine cut-
tings. One end of the cutting was linked, via tubing, to
a Buchner funnel fitted into an Erlenmeyer flask, which
was then connected to an air pump (Merck Millipore)
operating under negative pressure (-0.4 bar). One mL of
each endophyte conidium suspension (10® conidia-mL?)
was then injected into the tubing at the opposite end
using an automatic pipette, ensuring that the conidia
entered each cutting. To facilitate endophyte colonization
and prevent dehydration, the base sections of the cuttings
were immersed in water in plastic containers, and were
then incubated at 25 °C for 1 week. Internode sections of
stems were then laterally drilled with an electric drill and
2 mm diam. bit, and mycelium agar pieces of the respec-
tive pathogens were inoculated into the holes (Pouzoulet
et al., 2013). The inoculation points were then wrapped
with parafilm, and the cuttings were planted into the
plastic pots (as described above). The cuttings were then
grown in an climate controlled room (28 °C, 85% relative
humidity, 12 h light:12 h dark) for 4 weeks to induce root
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Table 1. Locations of source vineyards and grapevine cultivars, and details of the endophytic and pathogenic Botryosphaeriaceae fungi used

in this study (with their respective NCBI GenBank sequence numbers).

GenBank accession numbers*

. Location Grapevine
Fungus species Isolate code e .
(in Tiirkiye) cultivar ITS BT TEF CAL

Endophytic species

Aspergillus allahabadii BMAE208IB  Tarsus, Mersin Tarsus Beyazi  PP989656 PV864710 - -

Aspergillus flavipes BMAE161IB  Tarsus, Mersin Tarsus Beyazi  PP989655 PV864709 - -

Penicillium canescens BMAE2911IB  Tarsus, Mersin Tarsus Beyazi  PP989657 - - PV864707

Penicillium fructuariae-cellae CUZF39HIK Islahiye, Gaziantep ~ Dimugkt OM980658 - - PV791715

Trichoderma brevicompactum BMAE96IB  Hassa, Hatay Hatunparmagi PP989654 - PV864708 -
Botryosphaeriaceae species

Botryosphaeria dothidea BMAE155IB Pazarcik, K. Marag ~ Kabarcik PP703088 - PV795919 -

Diplodia olivarum BMAE184IB  Toroslar, Mersin Tarsus Beyaz1 ~ PP703095 - PV855303 -

Diplodia seriata BMAEG68IB  Tarsus, Mersin Tarsus Beyaz1  PP703073 - PP791972 -

Dothiorella omnivora BMAE290IB  Saimbeyli, Adana Miicennis PP703108 - PV855304 -

Lasiodiplodia brasiliensis BMAES89IB  Hassa, Hatay Horozkarasi PP703079 - PV763370 -

Neofusicoccum australe BMAE229IB  Tarsus, Mersin Tarsus Beyaz1 ~ PP703105 - PV855300 -

Neofusicoccum parvum BMAE201IB Tarsus, Mersin Tarsus Beyazi  PP703101 - PV795916 -

Neoscytalidium dimidiatum ~ BMAE103IB  Onikisubat, K. Marag Mahrabag: PP703081 - PV3832488 -

*ITS, internal transcribed spacer; BT, B-tubulin; TEF, translation elongation factor 1-a; CAL, calmodulin.

and shoot formation. The pots were then transferred to
the lath-house to grow naturally for 4 months.

For both inoculation methods, six replicates per
endophyte-pathogen combination (one plant per pot, each
representing a replicate) were used, with completely rand-
omized experimental design for each testing method. The
inoculation experiments were each conducted twice.

To evaluate the prophylactic effects of the endophyt-
ic isolates, in Method (1) lesion lengths were measured
in wood tissues by removing bark tissues. In Method (2)
lesions were measured after excising the plant stems lon-
gitudinally.

Variance analyses of data obtained were carried
out for lesion length data to reveal differences between
means of the treatments, and the statistically similar
groups were determined by Fisher’s Least Significant
Difference (LSD) test (P < 0.05) in all the experiments
(Gomez and Gomez, 1984).

Assessments of prophylactic activity of antagonistic fungi
against Lasiodiplodia brasiliensis or Neofusicoccum par-
vum in field conditions

Trials to assess performance of endophytic isolates
under field conditions were carried out in 2023 and
2024, in a 7-year-old vineyard (‘Cardinal’ grapevines
grafted on 1103 Paulsen rootstock) at the implementa-
tion area of Cukurova University Faculty of Agriculture.

All the endophytic fungi listed in Table 1 (five spe-

cies, one isolate each) were used in field trials against the
two most virulent pathogenic species (L. brasiliensis and
N. parvum). To prepare inocula of the endophytic fungi,
the isolates were grown on PDA at 25 °C under a 12 h
light, 12 h dark cycle for 10 d. Conidium suspensions
of the endophytic isolates were prepared as described
above, and the suspension concentration in each sus-
pension was adjusted to 10® conidia-mL!, after count-
ing using a haemocytometer. The vines were each spur-
pruned to three buds in March of 2023 or 2024. Imme-
diately after spur pruning, the endophyte conidium
suspensions were sprayed onto fresh pruning wounds.
Pathogen inoculations (with either L. brasiliensis or N.
parvum) were the applied 24 h later.

Two pathogen inoculation methods were used. For
the first, mycelium agar plugs of L. brasiliensis or N. par-
vum obtained from 10-d-old PDA cultures were placed
onto pruning wounds, and were sealed with parafilm.
For the second method, pycniospore suspensions were
used as inoculum. Because sufficient pycniospores could
only be produced by L. brasiliensis, this method was
evaluated only for that species. Neofusicoccum parvum
was therefore tested only using mycelium agar plugs.
Positive experimental control wounds received ster-
ile distilled water instead of endophyte conidium sus-
pensions, and were inoculated with the pathogens 24
h later. The experiment was arranged in a randomized
complete block design, with four replicates. Each grape-
vine spur represented one replicate, and each vine car-



292

ried five spurs receiving different endophyte treatments.
Six months after inoculation, spurs were collected, lesion
lengths were measured, and pathogen re-isolations were
carried out to confirm infections (Blundell and Eskalen,
2022; Akgiil et al., 2023). A total of 192 grapevines were
used in the field experiments. The experiments were set
up in separate vineyard blocks, with four replicates per
block, and with randomized block designs. There were
five spurs on each vine, and each spur formed one rep-
licate. On each vine, separate endophyte fungal isolates
were inoculated onto each spur (five endophyte species
plus one pathogen species on five spurs).

Six months after inoculations (in September 2023
and September 2024), the spurs were cut to length 10-12
cm, and lesion lengths were measured from the treated
and non-treated spurs. The re-isolation procedure was
used to confirm that the lesions were caused by the
particular inoculated pathogens. Efficacy of treatments
was calculated according to the Abbott formula [(lesion
length in non-treated control - lesion length in treated
spur) / lesion length in non-treated control) x-100]. Vari-
ance analyses were carried out on these data to deter-
mine differences between means of lesion lengths, and
statistically similar groups were determined by Fisher’s
Least Significant Difference (LSD) test (P < 0.05) in all
experiments (Gomez and Gomez, 1984).

RESULTS

Abilities of antagonistic species to colonize grapevine cut-
tings

The re-isolation rates of endophytic fungal spe-
cies inoculated into grapevine cuttings using two differ-
ent methods, 10 cm from the basal ends of the cuttings,
after 4 months, are shown in Table 2. Penicillium and
Trichoderma species were re-isolated from inoculated tis-
sues 10 cm from the inoculation point, whereas Aspergil-
lus species were not detected. In general, the re-isolation
percentages of endophytic species from internal tissues
using the basal ends of the cuttings blotting-in-conidial-
mass method have been greater than from the conidium
suspension immersion method. The Penicillium and
Trichoderma species were re-isolated from woody tis-
sues located 10 cm above the inoculation points, whereas
Aspergillus species were not detected. Among the assessed
endophytes, Trichoderma brevicompactum gave the great-
est re-isolation frequencies, from both of the inoculation
methods and in both years, ranging from 22.8 to 34.2%.
Penicillium canescens and P. fructuariae-cellae were
recovered at lower frequencies, ranging from 4.2 to 12.8%
for P. canescens, and from 5.7 to 11.4% for P. fructuariae-
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cellae. No re-isolations were obtained of Aspergillus alla-
habadii or A. flavipes from internal tissues sampled 10 cm
from the basal ends of the cuttings. PCR amplification
and gene sequencing confirmed that the re-isolated Peni-
cillium or Trichoderma colonies corresponded to the spe-
cies originally inoculated into the cuttings, showing 99%
similarity in the respective BLAST analyses.

Prophylactic activity of antagonistic species against Botry-
osphaeriaceae fungi in grapevine plants

The effects of endophytic Aspergillus, Penicillium, or
Trichoderma species on internal lesions caused by the
eight Botryosphaeriaceae species were examined, focus-
ing on their protective effects on external plant wounds.
As well, the question of how much endophytes could
reduce lesions caused by pathogens, if they had systemi-
cally colonized the cuttings earlier, was also assessed,
four months after inoculations, in grapevine plantlets
not treated with endophytes (experimental controls), L.
brasiliensis and N. parvum caused the longest lesions,
whereas Diplodia olivarum and Neofusicoccum australe
produced shorter lesions. In comparison, Botryospha-
eria dothidea, Diplodia seriata, Dothiorella omnivora,
and Neoscytalidium dimidiatum caused shorter lesions
than the previously fungi. All the endophytes applied to
grapevine canes reduced (P = 0.05) mean internal lesion
lengths compared to the experimental controls.

All the endophyte treatments reduced mean lesion
lengths (P > 0.05) caused by the eight Botryosphaeriace-
ae species, compared with the pathogen-inoculated con-
trols in both years (Figures 1 and 2). Lasiodiplodia bra-
siliensis and Neofusicoccum parvum produced the long-
est lesions in the control plants, whereas Botryosphaeria
dothidea, Diplodia seriata, Dothiorella omnivora, and

Table 2. Mean re-isolation proportions for endophytic fungi from
internal grapevine tissues sampled at 10 cm from the basal ends of
grapevine rootstock cuttings.

Re-isolation proportions (%)

Dipping L
. . . o Blotting in
Endophytic fungus species in conlqlal conidial mass
suspension

2023 2024 2023 2024

Aspergillus allahabadii - - - -
A. flavipes - - - -
Penicillium canescens 114 4.2 12.8 7.1
P. fructuariae-cellae 8.5 5.7 11.4 8.5

Trichoderma brevicompactum  28.5 22.8 34.2 285
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Figure 1. Mean lesion lengths (mm) caused by six Botryospha-
eriaceae fungi in grapevine plants under greenhouse conditions,
following applications of five endophytic fungi (by wound spray-
ing). *Means (+ standard errors) accompanied by different letters
are different (P < 0.05), as indicated by Fisher’s Least Significant
Difference tests. Aabd, Aspergillus allahabadi; Aflv, A. flavipes);
Pcan, Penicillium canescens; Pfc, P. fructuariae-cellae; Tbr, Tricho-
derma brevicompactum.

Neoscytalidium dimidiatum caused comparatively short-
er lesions. Similar trends were observed in the wound-
protection and the systemic-inoculation experiments.
Depending on the pathogen, endophyte species, or inoc-
ulation method, lesion reduction ranged from means of
21.9% to 84.6%. The greatest reductions were obtained
from Trichoderma brevicompactum against L. brasiliensis
or N. parvum in the systemic inoculation experiments,
whereas the lowest efficacy was observed for Aspergillus
allahabadii against B. dothidea. Overall, Trichoderma
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Figure 2. Mean lesion lengths (mm) caused by six Botryospha-
eriaceae fungi in grapevine plants under greenhouse conditions,
following applications of five endophytic fungi (by systemic inocu-
lation). *Means (+ standard errors) accompanied by different let-
ters are different (P < 0.05), as indicated by Fisher’s Least Signifi-
cant Difference tests. Aabd, Aspergillus allahabadi; Aflv, A. flavipes);
Pcan, Penicillium canescens; Pfc, P. fructuariae-cellae; Tbr, Tricho-
derma brevicompactum.

treatments provided the greatest levels of protection, fol-
lowed by Penicillium species, while Aspergillus species
generally gave lower efficacy.

Effects of antagonists on lesion development caused by
Lasiodiplodia brasiliensis or Neofusicoccum parvum
under field conditions

The effects of endophytic fungi on lesion develop-
ment caused by L. brasiliensis and N. parvum were evalu-
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Figure 3. Internal lesions in 1-year-old woody shoots of grapevine (‘Cardinal’), caused by Botryosphaeriaceae pathogens under field condi-
tions, following prior applications of endophytic fungi. a to f; Inoculation with L. brasiliensis: a, control (water); b, A. allahabadi; ¢, A. flavi-
pes; d, P. canescens; e, P. fructuariae-cellae; f) T. brevicompactum. g to 1; Inoculation with N. parvum: g, control (water); h, A. allahabadi; i,
A. flavipes; j, P. canescens; k, P. fructuariae-cellae; 1, T. brevicompactum.

ated under field conditions in 2023 and 2024. Six months
after inoculations, all Aspergillus, Penicillium, and Tricho-
derma treatments reduced internal lesion lengths (P
> 0.05) compared with the pathogen-inoculated con-
trols (Figure 3; Table 3). All treatments reduced lesion
lengths compared with the pathogen-inoculated controls.
Overall, biological efficacy ranged from 42.8% to 71.8%
against L. brasiliensis and from 51.0% to 69.6% against
N. parvum. Among the tested endophytes, T. brevicom-
pactum consistently provided the greatest reductions in
lesion development, whereas Aspergillus species gener-
ally showed lower efficacy. Penicillium canescens and P.
fructuariae-cellae exhibited intermediate but consistent
performance in both years. Similar trends were observed
regardless of the inoculation method used.

DISCUSSION

This is the first study to evaluate local endophytic
isolates against Botryosphaeriaceae pathogens in grape-
vines in Tiirkiye. To date, research has focused on spe-
cies such as T. asperellum, T. atroviride, T. harzianum,
and T. viride, or antagonistic Bacillus bacteria, for effects
on grapevine trunk pathogens (Billar de Almeida et al.,
2020; Langa-Lomba et al, 2023; Zanfano et al., 2025).
Little data on bioactivity of T. brevicompactum against
these pathogens has been reported.

Aspergillus species can exist as pathogens or endo-
phytes in agricultural plants, and they are most preva-
lent in hot, arid regions (Sibakwe et al.,, 2017). Some
endophytic Aspergillus species can protect plants to some
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Table 3. Mean lesion lengths (+ standard errors) and bio-control efficacy (%) from treatments with endophytic fungi against L. brasiliensis

(Lbra) or Neofusicoccum parvum (Np) infections in field conditions

Endophyte Pycniospore inoculations Mycelium disc inoculations
Lesion length (mm) Efficacy (%) Lesion length (mm) Efficacy (%)
Treatment
2023 2024 2023 2024 2023 2024 2023 2024
Aab + Lbra 178 +09b* 198+14b 47.0 42.8 155+ 09b 158+ 0.6 b 51.6 53.0
Afp + Lbra 148+ 03 ¢ 173+ 0.8 ¢ 56.0 50.0 153+09b 150+ 0.6 b 52.3 54.9
Pcn + Lbra 128 +0.5d 125+0.6d 62.0 63.8 12.5 £ 0.3¢ 113+10c 60.9 66.1
Pfc + Lbra 12.0 +0.4de 128 +05d 64.1 63.0 123+ 09 ¢ 11.5+ 0.6 ¢ 61.7 65.4
Tbr + Lbra 105+ 05e 11.3+03d 68.7 67.4 9.0+0.7d 10.0 + 04 c 71.8 69.9
Control (Lbra) 335+0.5a 345%0.6a - - 320+08a 333+13a - -
Aab + Np - - - - 13.3+03b 143+ 0.6 b 51.4 51.7
Afp + Np - - - - 120+ 08bc  113+08c 56.0 61.9
Pcn + Np - - - - 105+0.6cd 11.0+04c¢ 61.5 67.8
Pfc + Np - - - - 113+ 0.6 ¢ 9.5+ 0.6 cd 58.7 62.8
Tbr + Np - - - - 93+0.5d 9.0+0.7d 66.1 69.6
Control (Np) - - - - 273+09a 295+0.5a - -

*Means within columns are different (P < 0.05), based on Fisher’s Least Significant Difference tests. Aab, Aspergillus allahabadi: Aflv, A. fla-
vipes; Pcn, Penicillium canescens; Pfc, P. fructuariae-cellae; Tbr, Trichoderma brevicompactum.

extent against adverse environmental stresses, includ-
ing high temperatures and drought, through the sec-
ondary metabolites they produce, and may these fungi
can enhance plant growth (Ngo et al.,, 2021; Niaz et al,
2024). As endophytes, Penicillium species can produce a
variety of metabolites that protect plants from stresses,
encourage plant growth, and inhibit the development
of plant diseases. Poveda et al. (2025) reported that
Trichoderma species have antagonistic activity against
plant diseases, and have beneficial effects comparable to
endophytes. These results are supported by the fact that
the Aspergillus, Penicillium, and Trichoderma isolates
employed by Poveda et al. (2025) were from old vine-
yards (>40-years-old) growing in the hot, arid regions
of southern Tirkiye. Their prevalence under these chal-
lenging conditions, and their stability, demonstrate their
potential as biological control agents, and indicate that
they have adapted to the local environment. According
to Baron and Rigobelo (2022), soil-borne fungi in plant
rhizospheres disrupt root hair apical dominance, infect
root cortices with hyphae, and then spread to endoderm
cells, pericycles, and xylem and phloem tissues. This
lends credence to the theory that the grapevines may
have been infected over time by soil-inhabiting Aspergil-
lus, Penicillium, and Trichoderma.

Although the re-isolation frequencies of Penicillium
and Trichoderma species were moderate (4.2-34.2%),
their recovery from woody tissues located 10 cm above
the inoculation points demonstrated that these endo-
phytes were could establish within grapevine tissues fol-

lowing inoculations. The present study was designed to
assess the ability of selected local endophytes to colonize
grapevine cuttings, rather than to optimize colonization
under nursery production conditions. Colonization effi-
ciency is likely to be influenced by factors such as inocu-
lum formulation, application method, frequency of expo-
sure, and environmental conditions during propagation.
Previous studies have shown that Trichoderma-based
biological control agents can establish in grapevine tis-
sues, and provide long-term protection when applied
during nursery propagation processes (Berbegal et al.,
2020). Therefore, further research focusing on formula-
tion development and nursery-scale applications may
provide knowledge to help improve establishment of
these local endophytic isolates. The present study results
further highlight the potential of Penicillium and Tricho-
derma as biological control agents, demonstrating that
they can successfully colonize grapevine cuttings when
adequately formulated.

Aspergillus allahabadi has previously been detected
in the rhizospheres of tomatoes and cabbage in northern
Benin, as well as in internal tissues of these plants (Affok-
pon et al, 2010). This fungus has also been found in
root endodermis tissues of cinnamon plants in Thailand
(Sadorn et al., 2016), and in agricultural soils in India
and South Korea (Mehrotra and Agnihotri, 1962; Tagele
et al., 2018). On the other hand, neither its rhizospheric
nor endophytic forms have been documented in grape-
vines. Thus, the present study observation in Tirkiye
constitutes the first known detection of A. allahabadi in
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grapevines. This species was isolated from a vine that was
more than 40 years old, indicating, as with other plants,
that it infects roots of grapevine plants before progres-
sively colonizing internal tissues. Aspergillus allahabadi
and A. flavipes, on the other hand, have slower infection
and colonization processes than Penicillium and Tricho-
derma species, which can be occur more rapidly in these
tissues. This was shown by their inabilities to be isolated
from woody tissues 10 cm from the stem bases, even at
4 months after two separate inoculations. Trichoderma
brevicompactum had a greater re-isolation rate than Peni-
cillium, suggesting a greater ability to persist or grow in
grapevine cuttings in the internal tissues within 4 months.

This study has also shown that these endophytes
prevented internal lesions caused by Botryosphaeriaceae
pathogens in grapevine stems, at rates of up to 84.6%
when applied as sprays over open trunk wounds or sys-
temically infiltrated into dormant grapevine cuttings.
These results indicate that the endophytic isolates used
in this study may have exerted their effects through
competition for nutrients and for habitat, as well as
through the secondary metabolites they produce. Sadorn
et al. (2016) reported that A. allahabadi produced twelve
different antimicrobial compounds, including allahabad-
olactones A and B. Ten of these compounds were found
to inhibit growth of Bacillus cereus. Additionally, Nashat
et al. (2024) investigated ability of A. flavipes isolated
from grapevine trunks to prevent the in vitro mycelium
growth of several grapevine trunk disease pathogens.
Culture filtrates of A. allahabadi inhibited the mycelium
growth of Ilyonectria liriodendri by 100%, of Botrytis
cinerea by 49%, of Macrophomina phaseolina by 28%,
and of Neoscytalidium dimidiatum by 3%.

Penicillium fructuariae-cellae was first discovered as
a unique species on withered grape berries in the two
Italian wine-producing regions of Soave and Valpolicella,
and was classified as a weak pathogen (Lorenzini et al.,
2019). Its presence on grapevine trunks in Tirkiye was
later reported by Akgiil and Kara (2022), who discovered
that it had antagonistic properties that prevent growth
of other fungi associated with GTDs. Building on these
results, the present study has shown that P. fructuari-
ae-cellae has potential to be an antagonistic fungus for
use in grapevine wound protection, producing systemic
infections and protecting grapevine wounds by 42 to
78.8%. Beyond grapevines, the study of Ren et al., (2024)
in China showed that applying culture filtrates of endo-
phytic P. fructuariae-cellae isolates as sprays to seedling
shoots decreased (by approx. 50-60%) internal lesions
caused by Diplodia sapinea, a pathogen linked to shoot
dieback of Mongolian pine. Through processes including
nutrient and space competition, the treatment also had

Izzet Biilbiil, Davut Soner Akgiil

positive impact on Mongolian pine microbiota. Simi-
larly, P. canescens isolated from grapevine roots reduced
in vitro mycelium growth of pathogenic Cytospora chrys-
osperma, associated with GTDs, by 39% (using a dual
culture assay) (Pazooki et al. (2026) in Iran. Penicillium
canescens has been proposed as a possible biocontrol
agent based on this effect, which is due to the synthesis
of secondary metabolites (Toghueo and Boyom, 2020).

Biocontrol studies on grapevine plants and mature
vines under field conditions using Trichoderma species
have shown that fungi are consistently preferred over
others, due to their significant activities. For example, in
southern Italy (Urbez-Torres et al., 2020), protective and
tissue-colonizing properties of eight Trichoderma species
isolated from grapevines against infections by Diplodia
seriata, N. parvum, and Eutypa lata were examined. Of
these, T. atroviride, T. koningiopsis, and T. paratroviride
provided the strongest protection and host colonization
abilities, while the other species showed comparatively
lower performance. Contrary to present study results, T.
brevicompactum was not detected in the southern Ital-
ian vineyards where isolations were carried out. These
results indicate regional variability in presence and bio-
control effectiveness of different fungal species. In simi-
lar in Chile (Silva-Valderrama et al., 2021), endophytic
Clonostachys rosea and Trichoderma sp. obtained from
grapevine rhizospheres and internal tissues inhibited D.
seriata, N. parvum, and Phaeomoniella chlamydospora
in grapevine cuttings. Clonostachys rosea gave stronger
inhibitory eftects than Trichoderma sp., likely due to a
dual mechanism involving both hyperparasitism and
antibiosis. These results show that performance of endo-
phytic isolates can vary with regional and experimental
conditions. Pollard-Flamand et al. (2023) conducted stud-
ies in Canada in greenhouse and field conditions, com-
paring how local isolates of T. asperelloides, T. atroviride,
and T. canadense protected grapevine wounds after prun-
ing, alongside a commercial product (T. atroviride 77-b)
and a fungicide (tebuconazole + boric acid). The local T.
atroviride and T. asperelloides together reduced lesions of
D. seriata and N. parvum by 93 to 100%, and this com-
bination gave better pathogen control than commercial
treatments in glasshouse and field conditions.

A limitation of the present study was that pycnio-
spore inoculations could not be assessed for N. parvum
under field conditions. Despite repeated attempts using
the methods of Amponsah et al. (2008), pycniospore
production by the isolate used in the present study
remained insufficient for inoculation experiments. Con-
sequently, mycelium agar plugs were used as inoculum
for N. parvum. Since Botryosphaeriaceae species natu-
rally infect pruning wounds primarily through airborne
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conidia, results obtained with mycelium inoculations
should be interpreted with caution, although use of
mycelium plugs is a common experimental approach for
evaluating susceptibility of grapevine tissues and efficacy
of pruning wound protectants under controlled condi-
tions (e.g. Blundell and Eskalen, 2022). Future research
should evaluate endophytic fungi for effects on naturally
produced pathogen conidia under field conditions.

CONCLUSIONS

This study has demonstrated the biocontrol poten-
tial of vineyard-origin endophytic Penicillium and
Trichoderma species from the Eastern Mediterranean
Region (Tirkiye) against Botryosphaeriaceae pathogens,
in laboratory and field conditions. This is also the first
report of P. fructuariae-cellae and T. brevicompactum
applications against GTDs. While Aspergillus species
showed lower performance than other candidate fungi,
they still protected grapevine pruning wounds. Effective
colonization and systemic establishment of Penicillium
and T. brevicompactum, together with substantial wound
protection, indicates that these local isolates merit fur-
ther evaluation for nursery and field uses. Nevertheless,
practical applications in vineyards require formulation
development and further field performance assessments
across different locations.
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