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Abstract       Isolation of endophytic fungi from grapevine (Vitis vinifera L.) 
was carried out to investigate the diversity of fungi associated to varieties of 
grapevines cultivated in Canary Islands (Spain) and in Azores (Portugal). A 
total of 11 taxa and two unidentified isolates from 4 sampling sites, were 
obtained and characterized as possible biocontrol agents against Botrytis 
cinerea Pers.:Fr in in vitro test. The fungi isolated were identified as Hortaea 
werneckii (Horta) Nishimura & Miyaji, Alternaria alternata (Fr.) Keissl., A.  
tenuissima (Nees) Wiltshire, Aspergillus spp., Pestalotiopsis spp., 
Botryosphaeria parva Pennycook & Samuels, B. lutea A.J.L. Phillips, 
Chaetomium globosum Kunze ex Fr., Gibberella intricans Wollenw., 
Penicillium spp. The strain of Penicillium spp. showed a promising 
antagonistic activity at laboratory scale.   
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Endophytic fungi inhabit plant organs colonizing 

internal tissues without causing visible disease 

symptoms [31]. Endophytes have been found in all 

plant species examined, being considered as ubiquitous 

in the plant kingdom [22, 41]. 

Over the past three decades, endophytic fungi have 

attracted increasing attention among taxonomists, 

mycologists, ecologists, chemists, and evolutionary 

biologists [35]. Current research on endophytes is 

aiming at a better understanding of the ecology and 

evolution of these organisms, their impact on 

ecosystem composition and plant communities as well 

as their unique natural products [1].  

Factors such as sampling site, tissue specificity, tissue 

age or associated vegetation can influence the 

composition of endophytic communities [6, 33, 34]. 

Among these, geographical variation is recognized as 

one of the most important [3, 20]. Taxa isolated from 

the same plant species tend to vary according to the 

location of each individual [10]. Finally, age and 

phytosanitary status of the host plant can also exert 

some effect on the composition of endophytic mycota 

[2].  

Endophytes show a remarkable chemical diversity of 

secondary metabolites and therefore possess an 

important biotechnological potential in medicine, 

agriculture or industry [40, 21, 25, 39]. Endophytes 

may also interact with their hosts, enhancing their 

growth and improving their resistance to environmental 

stresses [9, 23] or their capacity to resist attacks from 

herbivores or other plant pathogenic fungi [13, 24]. It 

has been suggested that endophytic microorganisms 

play a key role in the host-pathogen interactions prior 

to the triggering of the disease [15, 29]. The 

mechanisms capable to prevent and/or restrict the 

development of plant pathogens have been studied in 

some endophytes and these are: induction of systemic 

resistance and expression of defense genes against the 

attack of certain pathogens in their hosts [2, 18]; 

production of secondary metabolites that inhibit the 

growth of other fungi and competition with plant 

pathogenic fungi for space and nutrients within the host 

[16, 32]. 

Another important aspect of the host-pathogen 

infection processes is that some phytopathogenic fungi 

could live as endophytes during part of their life cycle 

[4, 14]. Among all fungal taxa able to penetrate and 

colonize plant tissues in a given host, only a small 

proportion of these can cause pathogenesis and disease. 

According to this view, one of the challenges of current 

phytopathology is the characterization of the 

differences existing between the infection processes 

carried out by endophytic vs. pathogenic 

microorganisms [16]. This could be applied to 

grapevine diseases, where the etiological agents of 

some of the most important diseases of the crop (i.e. 

excoriose, Petri disease, black foot, esca syndrome) are 

usually isolated living inside plant tissues from both 

diseased and asymptomatic plants [19]. Mostert et al. 

(2000) investigated the type of behavior of Phomopsis 

viticola (the etiological agent of vine excoriose) on 

several grapevine tissues. Their results demonstrated 
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that some Phomopsis isolates behaved as primary 

pathogens, whereas others acted as true endophytes 

[26]. 

Knowledge of the diversity, distribution or influence of 

these fungi in the development and/or prevention of 

certain fungal diseases is still incomplete. The search 

of antagonistic endophytes of phytopathogenic fungi in 

grapevine can contribute to understand the interactions 

that occur between endophytes-pathogens in the plant 

system.     

 

 

Material and Methods  
 

Sampling and fungal isolation  

Samplings were carried out in vineyards distributed 

along Tenerife and La Gomera, in the Canary Islands, 

and at Terceira, in Azores, during the period from 

January to March 2010 (Table 1). Plants with no 

external symptoms of disease were selected for 

sampling fragments of branches of approximately 40 

cm long. A total of 12 plants belonging to 10 different 

varieties of grapevine were processed for fungal 

isolation.

Table 1 

 Sampling sites and grapevine variety 

Sampling sites (L) Grapevine variety 

L1: Güimar 

(Tenerife, Canary Islands) 

Marmajuelo (Mj) 

Negramoll (N) 

Moscatel (M) 

Listán Negro (L) 

Güal (G) 

L2: Hermigua 

(La Gomera, Canary Islands) 

Tempranillo (Tp) 

Negramoll (N) 

Moscatel (M) 

L3: Biscoitos 

(Terceira, Azores) 

Verdelho (V) 

Terrantes (T) 

Cheiro (C) 

L4: San Pedro (Terceira, Azores) Brava (B) 

 
A surface sterilization method [38] was used in order 

to suppress epiphytic microorganisms from the plant 

samples. Thus, branch fragments were first washed 

with sterile water, afterwards immersed in 75% ethanol 

for 1 min, followed by an immersion in 5% sodium 

hypochlorite for 10 min, again in 75% ethanol for 30 

seconds and lastly were washed again two times with 

sterile distilled water. After this process, plant material 

was dried on sterile blotting sheet, excised in pieces of 

2 cm and cut in half with a sterile scalpel, segments 

were placed in potato dextrose agar (PDA) plates 

supplemented with chloramphenicol (0.5 g/L) to 

prevent bacterial contaminants. For each of the vine 

plants sampled 3 plates, each containing 2 segments of 

plant tissue, were incubated at 27°C in the dark for 3–

20 days and observed daily. When fungal outgrowth 

from the plant tissues occurred, mycelia fragments 

were subcultured on fresh antibiotic-free medium. 

Eventually, when an endophyte was acquired in pure 

culture it was identified. 

Identification of fungal isolates 

Prior to taxonomic identification, a preliminary visual 

inspection was made in order to avoid the selection of 

identical strains arising from the same plant stand. 

Among these, morphological identification was carried 

out based on macroscopic and microscopic 

appearances. Macroscopic descriptions were made 

from 5 days-old colonies grown in PDA and incubated 

at 22ºC in darkness. Microscopic slide preparations of 

fungal mycelium were stained with cotton blue and 

mounting media consisted in a mixture of resin and 

xylene (1:1). 

Mycelia is scraped using a sterile scalpel from 1-or 2-

week-old PDA fungal cultures were amplified and 

sequenced by the Genomics Service of the University 

of La Laguna (Tenerife, Spain). Amplification of the 

internal transcribed spacer (ITS) region was carried out 

using the universal eukaryotic primers of ITS1 (5′ 

TCCGTAGGTGAACCTGCGG 3′) and ITS4 (5′ 

TCCTCCGCTTATTGATATGC 3′). 

Sequence-based identifications were realized by 

searching with FASTA algorithms the EMBL/Genbank 

database of fungal nucleotide sequences [30]. When 

the homology between a strain sequence and a 

sequence in GenBank was greater than 98%, the match 

was accepted at the species level. The genus alone was 

accepted when similarity fell between 95 and 98%.  

Quantification of Fungal Isolation Frequency 

The percentage of Isolation Frequency (IF) of fungal 

endophytes was calculated as follows: %IF = (N/St) × 

100, where N=total number of fungi isolated from each 

sampling site; Nt=total number of segments cultured 

from each location. 

Fungal strains preservation  

Long-term conservation methods were used in order to 

preserve all the fungal isolates, these consisted in 

keeping, at -30ºC and -70
o
C, fungal fragments grown 

on PDA in vials with one of these cryoprotectant: 

DMSO (10%) or glycerol (18%).  
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In vitro bioassay of endophytic fungi against Botrytis 

cinerea 

Bioassays of endophytic fungi against the plant 

pathogenic B. cinerea were done by dual culture 

technique. Potato dextrose agar medium was selected 

for dual culture as it favors growth of plant pathogenic 

fungi. The plates were incubated at 22ºC in darkness 

during 3–7 days and observed daily. Antagonism was 

expressed following a modified scale proposed by 

Neville & Webster (1995) [28]. 

A1. Pathogenic fungi grows over the endophyte 

A2. Endophyte grows over the pathogen 

B. Deadlock (when both fungi contact each other and 

stop growing)  

C. Deadlock at a distance or with a change of mycelia 

color or aspect at the margin of contact.  

D. Presence of inhibition zone at the point of 

interaction. 

 

Results  
 

Isolation and fungal identification  

The survey was carried out in 4 vine-producing areas 

and a total of 12 field-sampled plants were processed. 

From these, a total 36 isolates which corresponded to 

13 different endophytic fungal strains (Table 2). Eleven 

different species were identified by morphological and 

molecular methods, all belonging to the ascomycetes 

taxa with representation of 7 orders: Capnodiales (2 

species), Pleosporales (2 spp.), Eurotiales (2 spp.), 

Xylariales (1 spp.), Dothideales (2 spp.), Sordariales (1 

spp.) and Hypocreales (1 spp.). Isolates CI.28 and 

CI.32 remain to be identified. 

 
 

Table 2 

Fungal taxa isolated from each grapevine variety and location 

 
Fungal taxa Variety 

 Mj N M L G Tp V T C B 

Hortaea werneckii  L1         

Alternaria alternata   L2   L2     

Alternaria 

tenuissima 

 
L2       

  

Penicillium spp.  L1         

Aspergillus spp.     L1      

Pestalotiopsis spp.       L3 L3   

Botryosphaeria 

parva 

 
 L2   L2 L3  

  

Botryosphaeria 

lutea 

 
     L3  

  

Chaetomium 

globosum 

 
    L2   

  

Gibberella intricans      L2     

Cladosporium 

cladosporioides 

 
L1  L1     

  

CI.28          L4 

CI.32         L3  

Mj: Marmajuelo, N: Negramoll, M: Moscatel, L: Listan negro, G: Güal, Tp: Tempranillo, V: Verdelho, T: Terrantes, C: 

Cheiro, B: Brava. 

L1: Güimar (Tenerife); L2: Hermigua (La Gomera, Canary Islands); L3 Biscoitos (Terceira, Azores); L4: San Pedro 

(Terceira, Azores). 

 
The Isolation Frequency (%IF) of grapevine branches 

for each location was 43% in Güimar (L1), 55% 

Hermigua (L2), 50% Biscoitos (L3) and 44% San 

Pedro (L4). 

Many of the fungi isolated are typically described as 

saprophytes such as Alternaria, Chaetomium, 

Cladosporium and Penicillium. The genus 

Botryosphaeria is usually associated with Black Dead 

Arm disease of grapevine. Some of the fungi isolated 

have been previously identified as potential biocontrol 

agents of different plant pathogens, which make them 

attractive for further investigation of their antimicrobial 

activities. Some of these are C. globosum, Alternaria 

alternata, Penicillium spp. and Pestalotiposis spp.  

In vitro bioassay of endophytic fungi against Botrytis 

cinerea 

Dual culture test revealed that the strain of Penicillium 

spp., showed an antagonistic activity type D against B. 

cinerea as it was produced an inhibition zone, while 

Alternaria spp., Pestalotiopsis spp., Botryosphaeria 

spp., G. intricans and isolate CI.32 produced an 

interaction type C which could be result of a 
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competition for space or nutrients between both fungi (Table 3). 

 
Table 2  

Types of interaction in dual culture antagonism bioassay with B. cinerea and fungal isolates 

 

Fungal isolate 
Type of interaction 

(endophyte-B. cinerea)  
Description 

H. werneckii A1  

A. alternata C Dark margin in endophyte mycelia 

A. tenuissima C Dark margin in endophyte mycelia 

Penicillium spp. D Inhibición zone 

Aspergillus spp. B  

Pestalotiopsis spp. C Dark margin in endohyte mycelia 

B.  parva C Deadlock at a distance 

B.  lutea C Deadlock at a distance 

C. globosum B  

G. intricans C Dark margin in both fungi  

C.  cladosporioides B  

CI.28 B  

CI.32 C Dark margin in B. cinerea 

 
Conclusions 

 
The present study describes the composition of the 

endophytic fungal communities within the plant tissues 

of several cultivars of V. vinifera from Canary Islands 

and Azores. All the associated mycota belongs to 

ascomycetes fungi which is in agreement with previous 

reports [5, 7, 16]. It has been pointed out that the 

isolation of ascomycetes is favored by the sampling 

methods used, since the sporulating and fast-growing 

species generally belong to asexual ascomycetes [36, 

8].  

There is few data in order to make statistical inference 

about fungi diversity and the influence of sampling site 

or host (vine variety); however these results could 

indicate a high potential diversity of fungal taxa as we 

isolated 13 different fungi from 12 plants which 

corresponded to 7 different orders. In other studies it 

has been suggested that V. vinifera may harbor a rich 

endophytic mycota [36, 43] and also it has been 

observed an influence in terms of species diversity 

when comparing hosts types (different grapevine 

cultivars) and its geographical distribution [7, 16]. In 

the case of Canary Islands the study of endophytes 

inhabiting grapevine has an additional interest due to 

the fact that phylloxera cannot develop in the climate 

conditions of the region, allowing traditional vine 

varieties grow naturally on their own ungrafted root-

stock. 

The isolation from healthy plants of B. parva and B. 

lutea, two species normally associated with grapevine 

diseases, would consistent with the consideration of 

these species as endophyte or as a latent pathogen [26]. 

On the other hand, some of the fungi obtained such as: 

Chaetomium globosum, Pestalotiopsis spp., Alternaria 

alternata, A. tenuissima, have been reported to possess 

antifungal properties that are useful against a number 

of plant diseases [37, 32]. Particularly A. tenuissima 

has been studied as sources of elicitors in plants such 

as cotton and wheat [44, 42]. Also Musetti et al (2006) 

[27] found strains of A. alternata which completely 

inhibited the sporulation of Plasmopara viticola due to 

the production of a low molecular weight metabolite.  

Natural product biopesticides and biocontrol agents are 

important tools for achieving a productive and 

sustainable agriculture [17]. Penicillium spp. is a genus 

with interesting antagonistic activity against diverse 

pathogenic fungi, as it has been demonstrated in 

numerous studies, due to the production of secondary 

metabolites with antibiotic activity [11]. Further 

research with this fungus is needed, aimed at the 

characterization and development of future biocontrol 

products.  
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