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Abstract. Olive trees showing decline symptoms were reported in an orchard in Santa 
Catarina, Southern Brazil. The symptoms included foliar browning and leaf drop, die-
back of twigs and branches, dark streaks in internal crown wood and necrotic lesions 
in bark. A grapevine sample exhibiting browning streaks in the vascular tissue of 
branches, trunk and roots, was also analysed. A Phialophora-like fungus was isolated 
from symptomatic tissues of both hosts, and monosporic cultures were established. 
Based on morphology and analysis of ITS, tub2 and tef sequences, the fungus was 
identified as Pleurostomophora richardsiae. Isolates inoculated onto young nursery olive 
trees and grapevines produced brown streaking in the wood in most of the inoculated 
plants. This is the first report of P. richardsiae occurring in olive trees and grapevines 
in Brazil.

Keywords.	 Fungal pathogenicity, molecular systematics, Olea europaea, Vitis spp. 
wood decay fungus.

INTRODUCTION

Olive cultivation is emerging in Brazil as an option for farmers. The pro-
duction and cultivated area is restricted to the southeast and south of the coun-
try where the established olive groves are young and have been in production 
for only a few decades. In 2016, national production was 647 t from 573 ha of 
harvested area, having increased 138% since 2014 (FAO, 2018). Government 
agencies estimate that approx. 110,000 L of olive oil were produced in 2017. Viti-
culture is mainly carried out in the south and northeast of Brazil, and approx. 
0.8 million t of grapes were produced in 2014 (FAO-OIV, 2016). The total area of 
vineyards in Brazil is 86,000 ha, and the south region is responsible for 75.3% of 
the production of table grapes and wines (IBGE, 2017). Olive orchard and vine-
yard production supply mostly to the Brazilian domestic markets.
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Studies of pathogens associated with grapevine 
decline in Brazil are few, and reports of pathogens in 
olive trees are even fewer (Correia et al., 2013; Chli-
yeh et al., 2014). During a survey of an olive orchard in 
Santa Catarina (SC), a state in Southern Brazil, a decline 
disease of olive trees was noted. At the same time, a 
grapevine plant brought to our laboratory for diagnosis 
showed brown streaking in the vascular tissues of the 
branches. The purpose of the study reported here was to 
determine the cause of these diseases.

MATERIALS AND METHODS

Sampling and fungal isolation

Symptomatic olive trees, showing foliar browning 
and leaf drop, wilting of apical shoots, dieback of twigs 
and branches, dark streaks in the internal wood, and 
crown and necrotic bark lesions (Figure 1) were noted 
during a survey in an experimental olive orchard in Itá, 
a municipality in SC (-27.273913, -52.339676), in 2015. 
The orchard was approx. 2.5 ha and contained 3-year-old 
olive trees of cv. Arbosana. Symptomatic trees were in a 
1,000 m² area where the soil was poorly drained. Sam-
ples were taken from two diseased plants. At the same 
time (in 2016), a grapevine plant, aged approx. 3 years, 
with dieback symptoms, was received by our labora-
tory for disease diagnosis. The branches showed brown 
discolouration in the vascular tissue and the bark was 
cracking (Figure 1). The grapevine was from Riqueza 
municipality, also in SC (-27.064126, -53.327396). Small 
pieces of the necrotic and discoloured tissues were 
removed, surface-disinfected for 3 min in 1.5% sodium 
hypochlorite solution, washed twice in sterile water 
and then incubated on 2% potato dextrose agar (PDA, 
Merck) amended with 100 mg L-1 streptomycin sul-
phate (Calbiochem). One fungal isolate was obtained 
from each sampled plant, i.e., two isolates from the two 
sampled olive tree and one from the diseased grape-
vine. After sporulation, 20 µL of a spore suspension 
were plated on PDA, and after 2 d of incubation indi-
vidual germinated spores were transferred to fresh PDA 
plates. The resulting cultures produced Phialophora-like 
fungi (Vijaykrishna et al., 2004). One isolate from olive 
(pr_OLIV) and one from the grapevine (pr_GRAP) were 
used for further analyses.

Morphological characterization

Morphological characterization followed the pro-
cedures of Vijaykrishna et al. (2004) and Carlucci et al. 

(2015) with some modifications. Colony morphology was 
determined after 21 d of incubation on 2% malt extract 
agar (MEA) at 25 ± 2°C in the dark. Dimensions and 
morphology of conidia, conidiophores and phialides 
were determined from microscopic examination of fun-
gal tissues in lactic acid preparations. For each structure, 
30 measurements were made with a ×100 objective on 
a Zeiss Scope A1 Axio microscope equipped with Axi-
oCam MRC, operated through Zen Lite Software 2012 
(Zeiss). Radial growth of the isolates was determined by 
placing individual 3 mm diam. mycelial discs on MEA 
in Petri dishes. Two perpendicular measurements of 
colony diameters were made with a digital caliper after 8 
d incubation in the dark at 4°C, 25°C or 37°C, with five 
replicates at each temperature.

DNA isolation and sequencing

Genomic DNA of the two isolates was extracted 
using the Wizard Genomic DNA Purification Kit (Pro-
mega) following the manufacturer’s instructions. The 
5.8S rDNA gene and flanking internal transcribed spac-
ers 1 and 2 (ITS), partial β-tubulin (tub2) and transla-
tion elongation factor 1-α (tef1) genes were sequenced 
to confirm fungal identification, using, respectively, the 
primer pairs ITS4 and ITS5 (White et al., 1990), Bt2a 
and Bt2b (Glass and Donaldson, 1995), and EF1 and EF2 
(O’Donnell et al., 1998). After amplification, PCR prod-
ucts were purified using the QIAquick Gel Extraction 
Kit (Qiagen). Sequencing was performed by ATCGene 
(Alvorada, Rio Grande do Sul, Brazil) in forward direc-
tion. Sequences of pr_OLIV and pr_GRAP isolates were 
deposited in GenBank. Matches with sequences in Gen-
Bank was performed with BLAST searches.

Pathogenicity of P. richardsiae isolates

The two isolates obtained in this study were inocu-
lated onto the same plant species from which they were 
each isolated. Isolate pr_OLIV was also inoculated onto 
grapevine cultivars and isolate pr_GRAP was inoculated 
onto an olive cultivar. One-year-old nursery plants of cv. 
Arbosana olive trees (Olea europaea) and two rootstock 
varieties of grapevines (Vitis vinifera), ‘Paulsen’ (V. ber-
landieri Planch. × V. rupestris Scheele) and ‘VR04343’ 
(V. rotundifolia Michx. × V. vinifera L.) approx. 50 cm 
tall, were growing in 6 L capacity plastic bags of pot-
ting mix. The plants were each wounded to about 3 
mm depth with a histological needle at 7 cm above soil 
level. Colonized mycelial agar plugs (3 mm diam.) were 
placed on the wounds, and each covered with a wet 
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Figure 1. (a–c) Disease symptoms in olive trees. (a) Severe dieback of twigs and branches, with browning of leaves, and premature plant 
death. (b) Transversal cross section of an affected trunk showing dark brown to black streaking in the crown. (c) Dark streaking in the core 
of wood and necrotic lesions affecting the bark. (d–e) Grapevine branches showing cracks and vascular discoloration. Scale bar = 1 cm. 
(f–g) Longitudinal sections showing acropetal and basipetal wood discolouration from inoculation points in (e) olive tree and (f) grapevine. 
Scale bar = 1 cm. (h) Pleurostomophora richardsiae colony, on MEA after 21 d in the dark at 25°C. (i–j) Micrographs of P. richardsiae struc-
tures. Scale bar = 10 µm. Arrows in (i) show a phialide, a conidiophore and hyphal bundles. Arrows in (j) indicate subglobose and oblong 
ellipsoid conidia, and coiled hyphae.
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piece of cotton and sealed with Parafilm. Mycelial plugs 
were taken from fungal colonies grown on PDA for 21 
d at 23°C (± 2°C). Non-colonised sterile PDA plugs 
were used for non-inoculated controls. Five non-inoc-
ulated or inoculated plants were prepared for each iso-
late. Pots containing the plants were randomly arranged 
on a bench in a greenhouse covered with an anti-aphid 
net, with temperature around 25°C, and watered three 
times each week. The inoculation points were analysed 4 
months after inoculation. A longitudinal cut was made 
in the wood tissue of each plant through the point of 
inoculation, and the length of the discoloured wood 
above and below the point of inoculation was measured 
with a digital caliper. Re-isolations were made from all 
of the inoculated pieces of wood to recover the isolates, 
in attempts to fulfil Koch’s postulates.

RESULTS AND DISCUSSION

The symptoms of disease on olive trees were foliar 
browning and leaf drop, wilting and dieback of twigs 
and branches, dark streaking in the inner wood tis-
sues and necrosis, leading to a generalized decline of 
the trees. The grapevine received for diagnosis showed 
advanced symptoms of dieback, with severe discoloura-
tion of the vascular tissues affecting the whole plant 
from the roots to the branches, where the bark was 
cracking (Figure 1). Isolates of a Phialophora-like fun-
gus was isolated from the diseased plants. Detailed 
morphological characterization and molecular analyses 
identified the isolates as Pleurostomophora richardsiae 
(Nannf.) Réblová & Jaklitsch. Voucher cultures of these 
isolates were deposited in the culture collection of the 
Centre of Biological Sciences, Federal University of Per-
nambuco (UFPE), with access numbers 7857 (pr_OLIV) 
and 7858 (pr_GRAP).

Pleurostomophora richardsiae is frequently found 
when searching for other pathogenic fungi in necrotic 
lesions in the periderms of plants (Vijaykrishna et al., 
2004; Mostert et al., 2006; Olmo et al., 2015; Réblová et 
al., 2015). This fungus is an emerging plant pathogen and 
is gaining recognition as an important vascular pathogen 
involved in Esca disease complex of grapevine, and, more 
recently, associated with decline of olive trees (Carlucci et 
al., 2013; Varela et al., 2016). Pathogenicity of P. richar-
dsiae in grapevine was confirmed by Halleen et al. (2007) 
in South Africa, and this pathogen has been recorded 
in California (Rolshausen et al., 2010), Italy (Carlucci et 
al., 2015), Spain (Varela et al., 2016) and Turkey (Özben 
et al., 2017). Reports of P. richardsiae causing decline in 
olive trees are more recent. Carlucci et al. (2013) found P. 

richardsiae associated with olive tree decline in surveys 
conducted in Italy, and remarked on the aggressiveness of 
the fungus to this host, since it can frequently be the only 
pathogen isolated from affected trees.

After 21 d in the dark on MEA, colonies of pr_
GRAP and pr_OLIV were cottony, light brown and paler 
towards the periphery, with entire margins (Figure 1), 
which agrees with the description provided by Carlucci 
et al. (2015). The mycelium is composed of branched 
septate hyphae, sometimes in bundles or forming coils 
(Figure 1). Neither of the isolates grew in cultures at 4°C. 
According to Carlucci et al. (2015) the minimum tem-
perature for growth of P. richardsiae is 10°C. Mycelia of 
P. richardsiae developed at 25°C (mean colony diam. = 
32.7 cm for pr_ OLIV and 30.2 cm for pr_GRAP), and 
at 37°C (mean colony diam. + 11.4 cm for pr_ OLIV and 
8.5 cm for pr_GRAP). Morphology of the isolates agreed 
with the previous description of P. richardsiae, produc-
ing cylindrical and oblong ellipsoidal conidia, short, 
unbranched conidiophores and predominantly type II 
phialides. The phialides were elongated, ampulliform 
and constricted at the bases (Vijaykrishna et al., 2004; 
Mostert et al., 2006; Carlucci et al., 2015).

ITS sequences of pr_GRAP and pr_OLIV were 
lodged in GenBank (NCBI), under accession numbers, 
respectively, MG966406.1 and MG966416.1. BLAST 
searches showed that these isolates had 100% identity 
with several P. richardsiae ITS sequences already depos-
ited in GenBank, including the isolate that was associ-
ated with grapevine decline in Spain, access number 
JX258852.1 (Varela et al., 2016). The ITS sequences also 
presented 99% identity with the ex-type isolate CBS 
270.33 (GenBank accession number NR135933; Mostert 
et al., 2003). Sequences of partial tub2 and tef1 genes 
were also deposited in GenBank. The accession numbers 
for pr_GRAP tub2 and tef1 sequences are MH053437 
and MH053438. For pr_OLIV tub2 and tef1 sequences, 
the accession numbers are MH053439 and MH053440.

In the pathogenicity tests, both isolates produced 
brown streaking in the wood in most of the inoculated 
plants (Figure 1). Despite of the spread of the brown 
streaking, the isolates did not kill the inoculated nurs-
ery plants. Both isolates were re-isolated from inoculated 
plants.

This is the first report of P. richardsiae associ-
ated with diseased olive trees and grapevine in Brazil. 
With this report, we hope to contribute to knowledge 
of fungal phytopathogens that can be found in these 
plant species in Brazil. Further epidemiological stud-
ies are required to investigate the incidence of P. richar- 
dsiae in the south and other regions of Brazil, where 
olive trees and grapevines are cultivated, and determine 
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the impacts of the pathogen on productivity of olive 
orchards and vineyards.

ACKNOWLEDGEMENTS

We thank Carmem Cella dos Santos (Epagri) for 
technical assistance with the microbiological and path-
ogenicity studies; Dr Cristiane de Lima Wesp (Epagri) 
for provision of grapevine and olive nursery plants; Dr 
Camila Andrade (Agronômica) for collaboration on 
gene analysis; and Prof Dr Nelson Sidnei Massola Júnior 
(University of São Paulo, Piracicaba, Brazil) for his valu-
able comments during development of this work.

LITERATURE CITED

Carlucci A., Raimondo M.L., Cibelli F., Phillips A.J.L., F. 
Lops, 2013. Pleurostomophora richardsiae, Neofusicoc-
cum parvum and Phaeoacremonium aleophilum asso-
ciated with a decline of olives in southern Italy. Phy-
topathologia Mediterranea 52: 517–527.

Carlucci A., Cibelli F., Lops F., Phillips A.J.L., Ciccarone 
C., Raimondo M.L., 2015. Pleurostomophora richar-
dsiae associated with trunk diseases of grapevine in 
southern Italy. Phytopathologia mediterranea 54: 109–
123.

Chliyeh M., Touati J., Selmaoui K., Touhami A.O., Filali-
Maltouf A., … Douira A., 2014. Bibliographic inven-
tory of the olive tree (Olea europaea L.) fungal dis-
eases in the world. Intenational Journal of Pure and 
Applied Bioscience 2: 46–79.

Correia K.C., Câmara M.P.S., Barbosa M.A.G., Sales Jr. 
R., Agustí-Brisach C., … Michereff S.J., 2013. Fungal 
trunk pathogens associated with table grape decline 
in North-eastern Brazil. Phytopathologia Mediterra-
nea 52: 380–387.

FAO-OIV, 2016. Table and Dried Grapes. Food and Agri-
culture Organization of the United Nations and the 
International Organisation of Vine and Wine, 64p.

FAO, 2018. FAOSTAT. Food and Agriculture Organiza-
tion of the United Nations. URL http://www.fao.org/
faostat/en/#data/QC.

Glass N.L., Donaldson G.C., 1995. Development of prim-
ers sets designed for use with the PCR to amplify 
conserved genes from filamentous Ascomycetes. 
Applied and Environmental Microbiology 61: 1323–
1330.

Hallen F., Mostert L., Crous P.W., 2007. Pathogenicity 
testing of lesser known vascular fungi of grapevines. 
Australasian Plant Pathology 36: 277–285.

IBGE - Instituto Brasileiro de Geografia e Estatística, 
2017. Levantamento Sistemático da Produção Agrí-
cola - 2017. http://www.agricultura.mg.gov.br/images/
Arq_Relatorios/Agricultura/2017/Fev/perfil_uva_
fev_2017.pdf.

Mostert L., Crous P.W., Groenewald J.Z., Gams W., Sum-
merbell R.C., 2003. Togninia (Calosphaeriales) is 
confirmed as teleomorph of Phaeoacremonium by 
means of morphology, sexual compatibility and DNA 
phylogeny. Mycologia 95: 646–659.

Mostert L., Groenewald J.Z., Summerbell R.C., Gams 
W., Crous P.W., 2006. Taxonomy and pathology of 
Togninia (Diaporthales) and its Phaeoacremonium 
anamorphs. Studies in Mycology 54: 1-113.

O’Donnell K., Kistler H.C., Cigelnik E., Ploetz R.C., 1998. 
Multiple evolutionary origins of the fungus causing 
Panama disease of banana: concordant evidence from 
nuclear and mitochondrial gene genealogies. PNAS 
95: 2044–2049.

Olmo D., Armengol J., León M., Gramaje D., 2015. Path-
ogenicity testing of lesser-known fungal trunk patho-
gens associated with wood decay of almond trees. 
European Journal of Plant Pathology 143: 607–611. 

Özben S., Demirci F., Değirmenci K., Uzunok S., 2017. 
Fisrt report of Pleurostoma richardsiae associated 
with grapevine decline disease of grapevine in Tur-
key. Journal of Plant Pathology 99: 804.

Réblová M., Jaklitsch W.M., Réblová K., Štěpánek V., 
2015. Phylogenetic reconstruction of the Calospha-
eriales and Togniniales using five genes and predicted 
RNA secondary structures of ITS, and Flabellascus 
tenuirostris gen. et sp. nov. PLoS ONE 10: e0144616.

Rolshausen P.E., Úrbez-Torres J.R., Rooney-Latham S., 
Eskalen A., Smith R.J., Gubler W.D., 2010. Evaluation 
of pruning wound susceptibility and protection against 
fungi associated with grapevine trunk diseases. Ameri-
can Journal of Enology and Viticulture 61: 113–119.

Varela C.P., Fernández R., Casal O.A., Martinez V.F., 
Vázquez J.P.M., 2016. First report of Pleurostoma 
richardsiae causing grapevine trunk disease in Spain. 
Plant Disease 100: 2168.

Vijaykrishna D., Mostert L., Jeewon R., Gams W., Hyde 
K.D., Crous P.W., 2004. Pleurostomophora, an anamo-
rph of Pleurostoma (Calosphaeriales), a new anamo-
rph genus morphologically similar to Phialophora. 
Studies in Mycology 50: 387–395.

White T.J., Bruns T., Lee S., Taylor J., 1990. Amplifica-
tion and direct sequencing of fungal ribosomal RNA 
genes for phylogenetics. In: PCR Protocols, a Guide to 
Methods and Applications (Innis M.A., Gelfand D.H., 
Sninsky J.J., White T.J.). Academic Press Inc., New 
York, 315–322.


	Wheat rust evolution in Spain: an historical review
	Fernando Martínez–Moreno*, Ignacio Solís
	Grapevine, esca complex, and environment: the disease triangle
	Michael FISCHER1,*, Samira PEIGHAMI ASHNAEI2 
	Xylella fastidiosa subsp. pauca on olive in Salento (Southern Italy): infected trees have low in planta micronutrient content
	Marco Scortichini1,*, Danilo Migoni2, Federica Angilè2, Laura Del Coco2, Chiara Roberta Girelli2, Luigi Zampella1, Francesco Mastrobuoni1, Francesco Paolo Fanizzi2
	Grapevine trunk disease in European and Mediterranean vineyards: occurrence, distribution and associated disease-affecting cultural factors
	Lucia GUERIN-DUBRANA1,*, Florence FONTAINE2, Laura MUGNAI3
	The potential for pesticide trunk injections for control of thousand cankers disease of walnut
	Elisa Dal Maso1, Benedetto Teodoro Linaldeddu2, Genny Fanchin2, Massimo Faccoli3, Lucio Montecchio2,*
	Population structure of the faba bean blight pathogen Ascochyta fabae (teleomorph, Didymella fabae) in Tunisia
	Noura OMRI BEN YOUSSEF1,*, Lydie KERDRAON2, Lucie MIEUZET3, Imen HALILA1, Noura JAMMEZI1, Ahlem MBAZIA1, Mohamed KHARRAT1, Christophe LE MAY3,4,*
	Incidence of Fusarium foot and root rot of cereals under conservation agriculture in north west Tunisia
	Samira Chekali1,*, Samia Gargouri2, Moncef Ben Hammouda3, Hatem Cheikh M’Hamed4, Bouzid Nasraoui5
	Genetic variability, chemotype distribution, and aggressiveness of Fusarium culmorum on durum wheat in Tunisia
	Safa Oufensou1,2,*, Virgilio Balmas1, Barbara Scherm1, Domenico Rau1, Salvatore Camiolo1, Vanda Assunta Prota1, Mossadok Ben-Attia2, Samia Gargouri3, Matias Pasquali4, Safia El-Bok6, Quirico Migheli1,5
	Virulence factors of Fusarium spp., causing wheat crown and root rot in Iran
	Saeedeh DEHGHANPOUR-FARASHAH, Parissa TAHERI*, Mahrokh FALAHATI-RASTEGAR
	Soilborne diseases caused by Fusarium and Neocosmospora spp. on ornamental plants in Italy
	Vladimiro Guarnaccia1,2, Dalia Aiello3,*, Giancarlo Polizzi3, Pedro W. Crous1,4, Marcelo Sandoval-Denis1,4
	Distribution of large-spored Alternaria species associated with early blight of potato and tomato in Algeria
	Djida Ayad1,2,*, Djihad Aribi1, Bruno Hamon2, Abdelaziz Kedad1, Philippe Simoneau2, Zouaoui Bouznad1
	Endophytic fungal communities of ancient wheat varieties
	Giulia Casini1,2, Thaer Yaseen3, Ahmed Abdelfattah4,5*, Franco Santoro6, Leonardo Varvaro1, Sandro Drago2, Leonardo Schena4
	A fast and reliable method for Diplodia seriata inoculation of trunks and assessment of fungicide efficacy on potted apple plants under greenhouse conditions
	Elena Arrigoni1,2, Claudia Maria Oliveira Longa1, Dario Angeli1, Matteo Soini1, Ilaria Pertot1,3,#, Michele Perazzolli1,#,*
	Characterization and pathogenicity of Colletotrichum spp. causing citrus anthracnose in Tunisia
	Haïfa Ben Hadj Daoud1, Elena Baraldi2, Mirco Iotti3, Pamela Leonardi2, Naima Boughalleb-M’Hamdi1,*
	An integrative approach for the selection of Pochonia chlamydosporia isolates for biocontrol of potato cyst and root knot nematodes
	Maria Clara Vieira dos Santos1,3,*, Joana Horta1, Luísa Moura2, David V. Pires2, Isabel Conceição1, Isabel Abrantes1, Sofia R. Costa2,3
	Pleurostomophora richardsiae associated with olive tree and grapevine decline in Southern Brazil
	Maria Cristina Canale1,*, Cristiano Nunes Nesi1, Bianca Ramos Falkenbach2, Cesar Arthur Hunhoff da Silva2, Eduardo Cesar Brugnara1
	Phytotoxins produced by Lasiodiplodia laeliocattleyae involved in Botryosphaeria dieback of grapevines in Brazil
	Pierluigi REVEGLIA1,2,*, Marco Masi2, Alessio CIMMINO2, Sami MICHEREFF3, Tamara Cinelli3, Laura Mugnai3, Antonio EVIDENTE2
	Leaf rot caused by Rhizopus oryzae on pak choy (Brassica campestris ssp. chinensis) in China 
	Samiah Arif1, Muhammad Farooq Hussain MUNIS2,3, Fiza LIAQUAT4, Iftikhar Hussain SHAH1, Yidong ZHANG1,*

