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Fungi associated with grapevine trunk diseases in nursery-produced

Vitis vinifera plants
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Summary. Grapevine trunk diseases (GTDs) are one of the most important groups of fungal diseases affecting
grapevine plants worldwide. One of the main causes of GTDs infection occur during nursery plant production
processes. The phytosanitary status was determined for 150 young grapevine plants (two varieties grafted onto
different rootstocks) that were produced in three European nurseries. Some plants were analyzed upon submis-
sion, while others were assessed after up to 12 months growth in a greenhouse. Fungal species associated with
GTDs were identified and characterized from the scions, graft unions, rootstocks, or roots. A total of 449 fungal
isolates associated with GTDs were obtained, and 20 species were identified by morphological characteristics and
DNA analyses. Five species were involved in Botryosphaeria dieback, six in black foot disease, six in Diaporthe
dieback, and three in Petri disease. Incidence of GTDs on grapevine plants was between 81 and 100%, with dif-
ferent diseases varying between rootstocks and grapevine varieties. Isolates of other fungal genera not involved
in the GTD complex were also detected, including Colletotrichum, Fusarium, and Rhizoctonia. The high presence of
GTDs during nursery production of grapevine plants raises the need to implement effective control methods that
could prevent the spread of these diseases to vineyards.
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Introduction

Grapevine trunk diseases (GTDs) are one of the
most destructive groups of fungal diseases affecting
Vitis vinifera worldwide (Larignon and Dubos 1997;
Agusti-Brisach ef al., 2013a; Gramaje et al., 2018). Sev-
eral trunk disease pathogens cause premature decline
and dieback of grapevines. These pathogens include:
the causal agents of Petri disease; species of the Bot-
ryosphaeriaceae which cause Botryosphaeria dieback
(Urbez-Torres, 2011); Phomopsis viticola (Diaporthe am-
pelina) which is the leading cause of Diaporthe die-
back (Fourie and Halleen 2004; Urbez-Torres et al.,
2013); and Cylindrocarpon-like species which cause
black foot disease (Halleen et al., 2004; Agusti-Brisach
and Armengol, 2013).
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Several authors have reported decreases in sur-
vival rates of grafted grapevines affected by GTDs
grown in nurseries and young vineyards (Halleen et
al., 2003, 2004; Gramaje et al., 2009; Rego et al., 2009;
Agusti-Brisach et al., 2011; Gramaje and Armengol,
2011; Cabral et al., 2012a; Gramaje ef al., 2018). These
decreases are probably due to the banning of sodi-
um arsenite for disease control (Mugnai et al., 1999;
Bertsch et al., 2013; Gramaje et al., 2018). The exter-
nal symptoms of the diseases in young grapevines
include stunted growth, reduced vigour, delayed or
absent sprouting, shortened internodes, sparse and
chlorotic foliage with necrotic margins, bud mortal-
ity, fruit rotting, cane bleaching, failure of the graft
unions, wilting, and dieback. All of these symptoms
may be accompanied by sunken necrotic root lesions
and reductions in the root biomass and root hairs
(Gramaje and Armengol, 2011). The decline of young
vines due to fungal infections has mainly been at-
tributed to Cylindrocarpon-like species, Petri disease
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fungi, and Botryosphaeriaceae species acting alone
or, more frequently in combination (Giménez-Jaime
et al., 2006; Rego et al., 2009; Probst et al., 2012; Carluc-
ci et al., 2017). Analysis of canes of mother-plants of
rootstocks and scions prior to grafting has also shown
that they were mainly infected with Botryospha-
eriaceae species (Rego et al., 2009, Billones-Baaijens et
al., 2013a, 2013b, 2015) and Diaporthe ampelina (Rego
et al., 2009).

Traditional propagation techniques used in viti-
culture can have significant effects on the quality of
the vines produced, and apparently healthy grafted
plants also contain fungi that cause GTDs (Gramaje
and Armengol, 2011; Agusti-Brisach et al., 2013b; Car-
lucci et al., 2017). The aim of the research described in
the present paper was to determine the phytosanitary
status of young grapevine plants produced in three
grapevine nurseries, and to identify and characterize
the fungi associated with GTDs.

Materials and methods
Plant material

The phytosanitary status was examined of 150
young grapevine plants [62 of Vitis vinifera * Albarifio’;
22 grafted onto rootstock 196-17 Castel (196-17C); 40
onto rootstock 110 Richter (110 R); 88 of V. vinifera
‘Savagnin’ grafted onto rootstock Fercal 242]. The
plants were produced in three different commer-
cial nurseries, two in Spain (nurseries 1 and 2) and
one in France (nursery 3). All grafted vines holding
plant passports had good external condition upon
submission. The study of ‘Albarifio” variety plants
grafted onto 196-17C rootstock (from nursery 2) was
conducted upon arrival to the laboratory. ‘Albarifio’
plants grafted onto 110R rootstock (nursery 1) and
‘Savagnin’ plants (nursery 3) were transplanted into
6 L capacity pots containing a mixture of commercial
substrate and sand (1:1). These plants were grown
in a greenhouse for 12 months (‘Albarifio” plants on
110R rootstock) or 6 months (‘Savagnin’ plants), with
manual watering each week.

Fungal isolations

To isolate the fungi associated with GTDs, each
plant was cut into four pieces of approx. 3-5 cm:
scion, graft union, rootstock, and roots (where frag-
ment “roots” comprised both the base of the rootstock

408 Phytopathologia Mediterranea

and the roots). The potted plants were carefully re-
moved from their containers, and their roots were
washed to eliminate any residual substrate. Wood
pieces were peeled, and all pieces were rinsed for 1
min. in 1% sodium hypochlorite solution, and then
rinsed twice (5 min. each) with distilled water. Each
plant fragment was left to dry on non-sterile paper
towels for at least 2 h. The pieces were then each cut
into several small pieces and included in a 2% malt
extract agar (MEA, Difco, Becton Dickinson) medium
supplemented with 0.5 g L™ of streptomycin sulfate
(MEAs) under sterile conditions. Approximately ten
to 14 wood pieces from each section were placed in
two MEAs Petri dishes (five to seven pieces per dish),
which were sealed with Parafilm® (Bemis Co.), and
then incubated in the dark at 24°C for 1 month. The
dishes were examined daily under the microscope to
check for fungal growth.

Disease assessments

Incidence of GTDs was calculated as the number
of plants affected by any GTD divided by the total
number of plants and the incidence of each disease
and plant parts was calculated in the same way, con-
sidering one or more species causing one type of GTD
as one. Associations between GTD and nursery, or be-
tween GTD and grapevine plant parts, were assessed
using two simple correspondence analyses, conduct-
ed using IBM SPSS Statistics v. 22.0 (SPSS Inc.).

Fungal identification

Morphological identification

Cultures grown in MEAs were initially classified
based on the macroscopic mycelium characteristics,
including colony shape, texture, colour and growth
rate, as well as on microscopic features, including
shape and colour of mycelia, and colour, shape and
size of the conidia. Isolates of fungi associated with
GTDs were subcultured on potato dextrose agar
(PDA) (Difco) by hyphal-tip subculturing, and were
then incubated in the dark at 24°C. Morphological fea-
tures were analyzed with a Nikon Eclipse E600 micro-
scope, and measurements were made with a Nikon
digital camera DXM1200 and the measurement mod-
ule of NIS-Elements. The Cylindrocarpon-like isolates
were grown on Spezieller Nahrstoffarmer agar (SNA)
(Nirenberg, 1976) in Petri dishes also containing four
pieces (1 cm?) of filter paper (Alaniz et al., 2007), in



order to enhance sporulation. The Botryosphaericeae
spp. isolates were subcultured on pine needle agar
(PNA) to promote the production of pycnidia (Phil-
lips et al., 2013). The SNA and PNA cultures were in-
cubated at 25°C under NUV + fluorescent illumina-
tion with a 12-h photoperiod. Cardinal temperatures
for growth of isolates were determined on PDA incu-
bated in the dark at temperatures from 5 to 40°C (at
5°C intervals), with four replicate plates of selected
cultures at each temperature. Radial colony growth
of the isolates was measured by taking two colony
diameter measurements perpendicular to each other.

Molecular identification and characterization

A total of 276 isolates were analyzed using am-
plification and sequencing with different molecular
markers. This was carried out for 86 Cylindrocarpon-
like isolates, 130 Botryosphaeriaceae isolates, 30 Dia-
porthe isolates, and 30 isolates associated to Petri dis-
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ease fungi. Genomic DNA was extracted from 2 to 7
d old pure colonies of GTD-associated fungi grown
in PDA, using the commercial kit E.Z.N.A. Fungal
DNA Mini Kit (Omega Bio-tek), and following the
short protocol recommended by the manufacturer.
For preliminary molecular identifications, the inter-
nal transcribed spacer region and intervening 5.85 nr-
RNA gene (ITS) was amplified for all isolates, with
the primers ITS1F (Gardes and Bruns 1993) and ITS4
(White et al., 1990). Six additional loci were amplified
and sequenced according to each GTD-associated
fungal group, using the primers and PCR protocols
listed in Table 1.

The selected gene regions were amplified in a
SureCycler 8800 thermal cycler (Agilent Technolo-
gies), by adding 1 uL of template DNA (10-20 ng) into
a PuReTaq Ready-To-Go PCR Beads (GE Healthcare)
tube containing 0.5 uL each of forward and reverse
primers (0.2 mM), and adjusting to a final reaction

Table 1. Loci and primer pairs used to amplify selected gene regions for the main groups of grapevine trunk disease fungi

obtained in this study.

Fungi Loci® Primer pairs References
Cylindrocarpon-like his3 CYLH3E CYLH3R Crous et al., 2004
ITS ITS4, ITS5 White ef al., 1990
LSU LROR, LR5 Rehner and Samuels, 1994; Vilgalys and Hester, 1990
tefl EF1-728F EF1-986R Carbone and Kohn, 1999
CylEF-1, CylEF-R2 Groenewald, unpublished; Crous et al., 2004
tub2 T1, CYLTUBIR O’Donnell and Cigelnik, 1997; Crous et al., 2004
Botryosphaeriaceae 1TS ITS1, ITS4 White et al., 1990
LSU LROR, LR5 Rehner and Samuels, 1994; Vilgalys and Hester, 1990
rpb2 RPB2Bot6F, RPB2Bot7R Sakalidis et al., 2011
tefl EF1-728F, EF1-986R Carbone and Kohn, 1999
tub2 Bt2a, bt2b Glass and Donaldson, 1995
Diaporthe cmdA CAL-228F, CAL-737R Carbone and Kohn, 1999
CL1, CL2A O’Donnell et al., 2000
his3 CYLH3F H3-1B Crous et al., 2004; Glass and Donaldson, 1995
ITS ITS1, ITS4 White ef al., 1990
tefl EF1-728F, EF1-986R Carbone and Kohn, 1999
tub2 Bt2a, Bt2b Glass and Donaldson, 1995

a

cmdA: calmodulin; his3: histone H3; ITS: the internal transcribed spacer region and intervening 5.85 nrRNA; LSU: 28S large subunit;

rpb2: RNA polymerase II second largest subunit; fefl: translation elongation factor 1-alpha; tub2: p-tubulin.
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volume of 25 uL with nuclease-free water. PCR prod-
ucts were separated by electrophoresis in 2% (w/v)
agarose gels in TBE 0.5X, stained with Midori Green
(NIPPON Genetics Europe), and then examined un-
der UV light. PCR products were then purified with
the Illustra ExoProStar 1-Step kit (GE Healthcare Life
Sciences). Amplicons were sequenced in forward
and reverse directions using both PCR primers with
the Big Dye Terminator V3.1 Cycle Sequencing Kit
(Applied Biosystems), in an ABI Prism 3500 Genetic
Analyzer (Applied Biosystems). Nucleotide arrange-
ments at ambiguous positions were clarified using the
forward and reverse sequences. Consensus sequences
were assembled with the MEGA v.6 software (Tamura
et al., 2013), and were compared with homologous se-
quences using the BLASTn search of the NCBIs Gen-
bank nucleotide database.

Phylogenetic analyses included representative
sequences of GTD-causing fungi obtained during
this study (six Cylindrocarpon-like, nine Botryospha-
eriaceae spp., and six Diaporthe isolates), and related
sequences retrieved from GenBank, including, where
possible, sequences from ex-type specimens selected
for their high similarity to isolate sequences, using
MegaBLAST (Table 2).

Different gene regions were aligned using the
MAFFT v.7 online interface (https://mafft.cbrc.jp/
alignment/server/index.html) (Katoh and Stand-
ley, 2013), and manually corrected where necessary.
Unreliable alignment regions were filtered using the
GUIDANCE?2 online server (Sela et al., 2015). Congru-
ence between the different datasets was tested using a
70% reciprocal bootstrap criterion on each individual
locus for each group of GTD-causing fungi (Mason-
Gamer and Kellogg, 1996). Selected genes were then
combined to infer multigene analyses. The combined
dataset of five loci (ITS, LSU, tef1, tub2, his3) was used
to obtain the multilocus phylogeny of Cylindrocarpon-
like fungi, along with five loci (ITS, tefl, tub2, his3,
cmdA) for Diaporthe spp., and four for (ITS, tefl, tub2,
rpb2) the Botryosphaeriaceae isolates.

Phylogenetic analyses were based on the maxi-
mum likelihood (ML) of all individual loci, and on
both the ML and Bayesian inference (BI) in the case of
the multilocus analyses. Substitution models for each
sequence dataset were inferred with MrModeltest2 v.
2.3 (Nylander 2004). Both analyses were performed in
the CIPRES Science Gateway web server (www.phy-
lo.org) (Miller et al., 2010). ML trees were obtained us-
ing the RAXML-HPC Black Box tool v. 8.2.10 (Stama-
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takis et al.,, 2008). A general time reversible (GTR)
model was applied, with a gamma-distributed rate
variation including 1,000 bootstrap replicates. Bayes-
ian analyses were inferred with MrBayes in XSEDE V.
3.2.6 (Ronquist and Huelsenbeck, 2003).

The phylogenetic trees and data files were viewed
with the MEGA v. 6 and FigTree v. 1.3.1 software
(Rambaut and Drummond, 2010). Campylocarpon fas-
ciculare (CBS 112613), was used as the outgroup to
infer the phylogenies of the Cylindrocarpon-like spe-
cies, Diaporthella corylina (CBS 121124) for Diaporthe,
and Saccharata proteae (CBS 115206) for Botryospha-
eriaceae species.

Results

A total of 2155 fungal isolates were obtained from
all the sampled plants. Of these, 449 were classified as
fungi associated with GTDs, 117 associated to Black
foot disease (BFD), 147 to Botryosphaeria dieback
(BD), 30 to Petri disease (PD), 126 to Diaporthe die-
back (DD), and 29 to pestalotioid fungi (PF). Ninety-
three percent of the plants were infected by at least
one grapevine trunk pathogen (82% of ‘ Albarifio’ 196-
17C plants, 92 % of the ‘Savagnin’ Fercal 242 plants,
and 100 % of the ‘Albarifio’ 110R plants) (Table 3).
Most of the affected vines presented more than one
GTD per plant (40% were infected by two, 31% by
three and 9% by four GTDs). Fungi associated to BFD
were the most prevalent in ‘Albarifio” plants, regard-
less of the rootstock type, affecting up to 77% of these
plants. Botryosphaeria dieback fungi were the most
detected fungi in the ‘Savagnin’ plants (66%). Dia-
porthe dieback was the second most common disease
detected in ‘Savagnin’ and ‘Albarifio’110R plants,
with incidence ranging from 59 to 73%. Petri disease
and pestalotioid fungi were the least prevalent taxa,
accounting for only 13 to 41% and 0 to 20% of the
infections, respectively (Table 3). Cylindrocarpon-like
fungi were isolated principally from the bases of the
rootstocks and the roots, whereas fungi associated
with BD and DD were mainly isolated from the graft
unions and the rootstocks. Using Chi-square analy-
ses, significant differences were detected for GTD
incidence between the three studied nurseries and
between GTDs and the different analyzed plant parts
(P<0.001). Correspondence analyses showed that
there was a relationship among nurseries and each
GTD, except for BFD, the common disease in all three
nurseries (Figure 1). Regarding the different analyzed



Grapevine trunk diseases in nurseries

(panuiUOD)

- - greseszdAl 204862l 228564l 8T6STSINM  F9zsesal 16€°80€ S4D v}S1qoA v143aU0A]]
- - LIPLLPAN  T600L0HW  £8LL6LAN  9PTLIFAN  FICOPFAN P81 Vid v3snqot v1oauohyy
- - 0zesedl  6Ss8edl  €TkSesdl  €T6STSINL  96¢SeLdl L614D 708061 S9D DOLUD}ISH] V143OIUOA]]
- - 9/FL/FAN  00LOLOHW  96//6/dWN  SSTL9PAN  €LE0FPAN 8b% viad Lipuaporr] viouoh]]
- - 60sSe2Al  8699€/Al  TLIBLIOA  TTESISINM  S918410A 9£KD £TSLTT SAD LipuapoLi] v3oauoh][
- - vresesdl  €9s8e/dl  9kSesdl  0T6STSINL - 86¢Se/dl ¥LTeL SAD vuadi vigoauoh]
- - aprreexl  ecrreeXl  errreeXl  ZI6GTSINM  19TI€TXI[ 10407 DdD “16082€1 SID 1utdadsoona) vigoauoh
- - gocseszAl  £6/6¢4A[  ¥90£094d  PI6STSINM 64040949 76°4€S SAD vavdoina v1.10a10A] ]
- - cogseszdl  weosesdl  esesesdl  OT6STSINM  09zeesdl 909611 S4D avus04dod v1430au0h]]
- - gerreexl  errreeXl  €otreexl  806SISINI  ISTIECTX 6690C DdD *,S18CETL SAD s1suadpo v1.40910A]]
- - 1866/l 044862l TeRSesAl  CT6STSINY  v0esesdl £6'20€ S4D vj0ounup]Ihd v1432u0A]
- - osssezdAl  69s6€2d[  1evsesAl  LO6STSINM - €ogsesAl £6T4D 178061 SAD si1a vLgoau0l AP
- - SLFILFIN  6600L0HN  S6/L6/dN  #STLIPIN  TLEOFFIN L¥Y VAH S1SUasaL103 v143au0lfigong
- - 189¢esAl 04854l TebSesAl  TEITETNM  T9esesdl 8124D 119806¢1 S4D s1suasa.Li0} v1i3oauolApn
- - S/PL/BAN  L600L0HWN  €6//6/dN  TSTL9PAN  0LE0FFAN Sbh vAd  vavadasionvd vigoauo)fizonq
- - £86seLdl  9/48€4A[ 99020949  €06STSINL 68040919 L1021 S9D vypydasionvd viigoauofippvq
- - Te9sedl  1T8SeAl  GETLLOAV  TO6STSINM - 88TLLIAV £86€ DD ‘809211 SID vo1puUp[azoaoU vLIU0IAIIY
- - PLPILPAN 8600L0HN  $6/L6/dN  €STL9PAN  LE0FFAIN 9%% Vad  vuhiprposovu vigoauolfovq
- - L¥9SeLdl  9€8GeLAl  €ETLLIAV  006STSINL  06TLLIAY 9£6€ DdD ,ST9TIL SAD vAprposovuL v1au0lA1ouq
- - 0199edl  66£S€LA[l  FB06TFINV  868STSINM  09061FINY 168791 84D v]0919p.40Y V1432210]A30D(
- - L196e2d(  908sesAl  8pPSesAl  0€9TETNM  0zesesdl SPI4D 1680621 SAD S15U200U124352 V1430aU0IA1V
- - 6£88€d[  89/8e/Al  0e¥SeLAl  Z6S8STSINML  20eseZdl 156'79S SAD vjoonnyjuY v143oauolApug
- - 0€9se/dl  618Se/dl  TIT6TFINY  6C9TETIN  €eeSe/dl 6ST4D 11£806CT SAD S1SUaL2009[D V12U0IA1IV(
- - LLPILPAN  S600L0HW  T6/L6/AN  0STLIFAN  89€0FFIN S660T 1DAD ‘€b¥% VAd L ds ,uodivooipurlhy,,
- - c0ssesAl  169S€LAl  TCTLLORY  CISPIOEINH  TOSLLIRY 046€ DdD “[€19ZIL S9D auvna1ospf uodivoojAduiv)
sjuade J007 derg
zqdi vpw> gsiy Lja3 aqn nsi S1i
.91€|0S| sapads

LA2qWnu uolssadde uequan

‘sasATeure onpua3oAyd ur pasn seouanbas Jo saqUINU UOISSadIE JURGULID) pue ‘saje[ost [eSuny 'z 3|qeL

411

Vol. 57, No. 3, December, 2018



C. Pintos et al.

(PanuuOD)

€961¢8NH - - 8889CCAV  LI69CCAV  SV08C6AV  €V69ECAV 1806 MIND ‘;€T88ET SAD wnaivd wnaoooisnfoaN
8768 ITHW - - 0€68ITHW 6€68IIHW TO¥LZ0HW [Z6/%SOW (VAL wnaivd wndd01snfoaN
LV68IITHW - - 6C68ITHN  8E€68LIHW O00VILOHW 0L6/7SOW 697 vid winagn] Wnao01snfooN
020797 XA - - 069797X>L  896V9VXA  0EPPIVXA  OLTFOVXA 1€6°C9S SO Wnayn] wnd0IS1foaN
1e61e8NA - - 1281¢8NHA  T¥81¢8NA  €cvvIPXA  1061¢8NH SOTHL MIND ‘0F9€ECT SAD  ISUILGUIDUOGUIDOLY 1NII0ISIfOIN
0c6lesnd - - 0481¢8Nd  0¥81¢8NHA  CChPIPXA  0061¢8NH €20FT MIAD *16€9€CT SAD  ISUIIGUIDUOGUIDALY UNII0IISIJOIN

- - - YSL9G8AN - - GGZ9G8AM 10060-ST OON'TAN WV WNII0NSIJOIN
Y10Y9P XA - - €ILTSL[A  9S4TSL[A  9TFPOVXI  THLTSLIA G84£T MIND “1€18TCT S9D apvA3snpojdhiio winzo0o1snfoaN
€£96c€NH - - 0LC6EEAVY  FSTOEEAV - CICOEEAV £€89 MIND “12996€1 SAD A[D4SNY WNIIONNSIJOIN
T00¥97 XA - - ¥9290€0A  TOVIPXA  €LEVIRXDL  €9290€0A 9PFET MIND “TGPLLL SAD WRUIpUY WNI091S0IN
200797 X - - LL6E6IAY  €TOVIVXT  ¥164460A  9L6E6IAV GSPET MIND “(€STLIT SAD WNUIPUD WNII091SIf0IN

- - - 1244890 - - $04459[1 691V asUaLIIS WN2209151f0aN

- - - QTLLSIT - - 20248901 V0SZET SO 9SUILIIE[Y 1NII00151f0IN
9Y68ILHW - - 8C68IIHW LE6S8ITHW 66€TIZ0HW 696/FSON 897 vid viv1ias vipojdiq

- - - 0CTELEAV  9688SFOA  0S0ST6AV  ¥606SCAV 12995¢CIT SO vywLas vipojdic]
SY68IITHWN - - LC68ITHW 9€68IIHW 86€L/0HW 896/7SOW L9Y vdd vy vipojdiq

- - - 6ITELSAY  0S88SYOA  6V08T6AV  €606STAV €4G¢I1 SdD vjnu vipojdiq
1S6E£97 XA - - qaavorX>  I84¥9YXA  CParIrXA  G8079V XA ¥94001 SO vapuyjop viiovydsofiijog
7768 ITHW - - 9C68ITHW SE€68IIHW L6€IL0HW L96/7SOW 99% VId vapujiop vivydsohijog

syuage ypeqarp euaeydsofnog

- - £658e24( 78s8e2Al  T/868.0A THESISINM  80€SeAl 606€TL IINI “16C 0¥ SO Aofvus v17.439910aN
- - 2095e2A( 16£8¢/4( 8chaezAl  9SFTHONH  €1€8eAl ¥68€TL INI ‘6’ 1ST SAD IVLADINUIDL D14JO9U0IN
- - £09se2dl  96£5€4d[  S806IVINY  EF6SISINM  T906IFINY G6SETT INI ‘9¢°€8T S9D p.40ds1S1140 V14129U0IN
- - TSVICTINL  £8STICTINL  6T0CECINML  GCITETINL T9ZTETINL  T€8SEC INOVA ‘S8¥SCT SAD SISUUNPEN] V1LOIU0IN
- - yescesal €8/8¢2A[ 69868200 0€ELL9RV  60€SeLAl 1€9¢C SdO DUULISSIIIP U14J09U0IN
- - recesal re8e/4( 66£5e£dl  TE6STSINM  £4zsesdl 24079 SO vfn. v1a3oauoh]]
zqdi vpuw> sy 1§21 aqm nsi S1l
.91e|os| sapadg

LA9quinu uoissadde yuequan

‘(panuRuo)) "z 3qelL

Phytopathologia Mediterranea

412



Grapevine trunk diseases in nurseries

(PanuRUOD)

- IPEETEDN  88GEFEDN  0€8EVEDN  CLOFFEDI - YOTEYEDA 180¢€CT S4O vunoua0f dypiodvi(y

- P6CISOHW  696GCOHN  C8CTISOHW  88CISOHW - €EP0SOHN ¥9¥ vid saua aygrodvr(q

- STEEPEDN  £9GeVeON  664EVE€DN  TFOVFEDA - €20€¥EDA CYLT0T SO sa4a aufjiodviq

- 9TeereDA  8949EFEDN  018EVEDA  ¢C0PFeED - ¥80€v€DA ¥£'£8¢ SO sa42 aujpiodviq

- 80€EYEDM  099€PEDN  TOLEVEDN  FEOFFEOA - 990€7EDA £820T DdD “T16dANDT voufiydopua aypiodui
T620C DdD916dINDT

- LOEEFEDN  6VSEPEDN  T6LEVEODN  €E0FPEDA - %20 | L TI8€ET SAD voufiydopua aypiodvi

- 16CeVeD  €e9eheDA  SLLEVEDN  L10VPeDM - 6¥0EYEDA 04°€54 SdD sidoovuiviy aypiodviq

- 06CEYEDN  CESEYEDN  VLLEVEDN  9T0FPEDA - 8¥0€¥ED 1875y S4O stdosovuiy aifp10dvi
§69C DdD

- I8CEPeDI  €C9EPEDN  G94E¥EDXN  L00VPEDM - 6€0€¥ED ‘689 N-ALS *L8¥ELTL SAD vupdLLfpivA3sSIY 2yj0di(]
949T DdD

- 08CEYEDN  TCSeyeDdN  ¥9L6v€DX  900¥¥E€DA - 8C0E¥EDM 9497 N-ALS %, 98811 SAD vupdLfpIpAisnY 2yjiodni

- CLTEVEDN  PIGEPEDN  9SLEVEDN  866EFEDM - 0€0eveDA 06'10S S4D avorjaSup aypodvi(]

- 69CEVEDN  TISEVEOA  €GLEVEDN  G66EVEDA - £20eveDA 1aC6STIT SAD avorjaSuv ayy.odvi(]

- 06CISOHW  S96GCOHWN  8/CISOHW ¥8CISOHW - 6CP0SOHIN 09% Vid vurjpdwy aygiodviq

- 09CePEDA  C0SEVEODN  PPLEVEDN  986€¥ED - 810€¥EDA 08°29¢ S4D vujaduw ayjiodo
€£9T DdD

- 8GCEYEDN  009EVeON  ThLEPEDN  ¥86E¥ED - 9T0EYEDA ‘€497 N-ALS ‘888111 SAD vujaduw ayjiodo

syuage ypeqarp aypoderq

€6445€ND - - 8EV99LT  0641€SA  T88LLE0A  92T99LAN 8££¥ DdD “90TS1L SAD ava104d vvyOVG

FPO7OrX - - L8ESYYAH 6V0SIPXIL  QISVOVXA  99cavvdd [£09 N-HIS ‘9ILITL SAD  vuvi{Isoquajjals unadodisjooN

[0 - - 8YEEVEAV  LV099PXT  €ISPIPXDL  LOVEVEAV 86SF N-ALS {F980IL SAD  DUvIYISOqUa][2}s UiNnI001s1f0aN

EP68ITHN - - SGC68IIHN  FE68TIIHW 96ETL0HW  996/7SON 6860T LDHAD ‘LEV VAH ¢ “ds wnasoosnfooN

0S68ITHWN - - CE68IIHW I#68IIHWN COPILOHW €L6/%SON [TAALES 1 ds wnoo0oisnfoaN

6768 ITHN - - IE68ITHN O0FP68IIHW COPIZO0HW TL6/PSON VAALE L ds wnooooisnfoaN

CP68ITHN - - PC68IIHN  €€68IIHN S6€TL0HW  S96/7SON 8860T LDHAD 9¢¥ VAH 1 “ds wnoooosnfoaN

zqdi ypw> esly 121 aqm nsi S1l

LA9quInu uoissadde Yuequan

21e|0S|

sapads

‘(penunuo)) g ajqel

413

Vol. 57, No. 3, December, 2018



C. Pintos et al.

‘Jrungns 3sadre] puodas T aserawA[od YN :zqd4 uad urmpoured enaed puio ousd ¢H auoisty renred :gsiy ‘ouad eydre-T 10305 UOT

-e3uore uorjersuer; fenred : /o7 ‘ouad urnqny-eyaq renred :zqng ‘ayrungns 931e] §87 :NST 'VNIU S8°S SUTUDAIDIUT pue N (IU 3} JO SUOT3aT 100eds PaqLdsues) [eUIajur ;ST [
*SOI[E)T UI SI9UUNU UOISSadDE Jueguar) urpuodsariod

pue ‘poq UT UMOYS dIe Apnjs ST} UT pauTe}qo saureu a3efost pue saadg “A[panoadsar ‘sutens ad£j1da-xo pue ad43-xa ayedrpur |, pue | "eduyy Yinos ‘Yosoqua[aig jo £3is
-1aaTun) “A301011R ] JURl] JO JuaumTedad Ay} JO UOTIIR[0d aINN)) :N-F.1S ‘PUerey], ‘ery Suery) ‘uonds[[o) amimny) Ajrsiearun Suen ye aejA :DDNTIN ‘1Zeld ‘eqnum)
‘euere Jo AJISTOATU( [eI9PI,] ‘SWSTURZIOOIDTIA JO SONPUDN) JO A103RIOqERT JO UONI[[0d dINI[ND (JINDT ') ‘due] weyayeq ‘urey3y ‘9ousnsoig-1qyD @yinsu] [ed130[odAN
[euoneuIaiu] AT ‘uredg ‘eIpaAdUO] ‘eIpasduo] ap uoneinda( ‘oreary eorxojoredoiry uowelsy g ‘epeue)) ‘emejiQ (A8070041A) amymondy jo jusunredsq ‘@mmins
-uJ ypreasay e JNOV JeSnioJ ‘uogsr] ‘YS] - ,epPIoW[Y ap OWISSLIdA , [€3933A er30[0je 9p OLIojeIoqeT] Je pasnoy uonda[[od uodiesorpurd) 4D ‘GgD 1e pasnoy
‘SNOID) 0IP3J UOTIIAN[0D) D JD ‘B YOS ‘10321 Jo Ajs1aatun) ‘aminsuy A3ojoupajorg rermmoudy pue Ansazod :MIAD ‘Uredg ‘eDuse) ‘eus[e) 9p PepIsIaATun
‘odr], soann) ap ejouedsy ugp9[0)) :1DFD SPUBIBYIAN] S P21 ‘@nua)) AJIs1aarporqg reduny JIp1aisap gD {qeqqal-Jeliag “y Uond[[0d INI[ND [BUOSId] DYV .

- IYTEYEOA  88FEFEOM  0CLEVEDN  TL6ETEDM - $00€veOA yeIIet sdD vullfia00 vjjaypodvic]
- €6CISOHW 896SCOHW  I8CISOHW /8CISOHW - CEP0SOHW €9% vid sipni ay0dviq
- 9ULVEYEOAN  BLLEVEDAN  096€¥EOA  C0THPEOA - 124%%20) | 1aL0CELT SO sipna ayziodviq
- 6LYEPEDN  TTLEFEDN  €96€vEDN  S0THPEON - LETEYEDA 68'99T S4D stpn. aygiodviq
- C6CISOHW  £96SCOHW  08CISOHW  98CISOHW - LEF0SOHW 9% viId winioj0asvyd ayiodvrq
- LIVEVEON  699¢vEDN  T06CPEDN  CVIPPeOA - QLIEYEODN 610911 SAD win.iojoaspyd ayziodviq
- OIPEYEOA  899€HEOA  006€HEDN  CVITPeOX - VLIEYEON qevell SdO win.i0j0asviyd aiyziodviq
- L6CISOHW 996SC0HW  6/CISOHW  S8CISOHW - 0€70SOHW 19% V44 wanou ayriodvq
- 86CCTEDM  0V9CTEOA  T88CYEDN  PCIvyeEDA - 9GTETEON 042421 S4D waoou apiodviq
- L6EEVEDN  6€9C¢PEDN  I88EVEODN  €CIPPeON - qarereON 69¢4¢1 SdO waaou afpiodvi(]
- PICEPEOM  909¢HEDM  8F8CYEON  060FFEDN - TTIEPEDA LTTYT S9D vspndu aygiodviq
- €9eePEON  S09EFEDM  ZPBEYED  680FFEDM - 1CIEHPEDA PEYPIL S4O vspnduiy aypiodviq
- G6CLSOHW  0/6SCOHW  €8CISOHW  68CISOHWN - YEY0SOHW 99% V44 vuynowmaof aygiodvrq
- LYEEFEDN  689CYEDN  TE€8EVEDN  €L0VPEDM - SOTEYEDA 1602¢TT S9D vunauaof aypiodniq
zqdi vpu> sy 1§21 aqm nsi S1l
.91e|os| sapadg

LA9quinu uoissadde yuequan

‘(penunuo)) g ajqel

Phytopathologia Mediterranea

414



Grapevine trunk diseases in nurseries

Table 3. Incidence of grapevine trunk diseases (%) in plants of ‘Albarifio” and ‘Savagnin’ grapevine varieties from three
nurseries, grafted onto 110R, 196-17 or Fercal 242 rootstocks, expressed by, plant parts and nursery.

% of GTD affected plants part (No. of plants)

Cultivar/ . , % of GTD
Nursery Rootstock No. Disease' affected plants . . Rootstock
(No. of plants) Scion Graft union Rootstock base/roots
1 ‘Albarifio’ 40 BFD 77.5 (31) 5(2) 2.5(1) - 75 (30)
BD 52.7 (21) 5(2) 35 (14) 35 (14) 15 (6)
110 Richter PD 15 (6) 7.5(3) - 5(2) 5(2)
DD 72.5 (29) 20 (8) 50 (20) 37.5(15) 15 (6)
PF 20 (8) 5(2) 7.5(3) 12.5 (5) -
GTD 100 (40) 35 (14) 77.5 (31) 62.5(25) 82.5(33)
2 *Albarifio’ 22 BFD 77.3 (17) - - 13.6 (3) 68.2 (15)
BD 18.2 (4) - 4.5 (1) - 13.6 (3)
196-17 Castel PD 40.9 (9) 4.5 (1) 22.7 (5) 9.1 (2) 4.5 (1)
DD 22.7 (5) 45 (1) 13.6 (3) - 4.5(1)
PF 0(0) - - - -
GTD 81.8 (18) 9.1(2) 40.9 (9) 22.7 (5) 72.7 (16)
3 ‘Savagnin’ 88 BFD 55.7 (49) 2.3(2) - 8(7) 52.3 (46)
BD 65.9 (58) 29.5 (26) 43.2 (38) 35.2 (31) 5.7 (5)
Fercal 242 PD 12.5(11) 1.1(1) 5.7 (5) 4.5 (4) 2.3(2)
DD 59.1 (52) 22.7 (20) 19.3 (17) 35.2 (31) 34(3)
PF 19.3 (17) 11.4 (10) 1.1(1) 5.7 (5) 3.4(3)
GTD 92 (81) 47.7 (42) 63.6 (56) 59.1 (52) 58 (51)

1 BFD = Black foot disease, BD = Botryosphaeria Dieback, PD = Petri Disease, DD = Diaporthe Dieback and PF = Pestalotioid fungi.

plant parts, there was an obvious tissue association
between BFD and the rootstock bases and roots, be-
tween PD and BD and the graft unions, and between
DD and the rootstocks (Figure 2).

Isolates of the GTD fungi were identified to family
or genus based on colony and conidium morphologi-
cal characters. Two hundred and seventy six isolates
(86 Cylindrocarpon-like, 130 Botryosphaeriaceae, 30
Diaporthe and 30 Petri disease isolates) were also iden-
tified using molecular techniques.

BLAST comparisons and phylogenetic analyses
followed by checks of morphological features identi-
fied 20 fungal species: six Cylindrocarpon-like species
(Dactylonectria hordeicola, D. macrodidyma, D. paucisep-
tata, D. torresensis, Ilyonectria liriodendri, and 1. robusta),
five Botryosphaeriaceae species (Botryosphaeria doth-

idea, Diplodia mutila, D. seriata, Neofusicoccum luteum,
and N. parvum), three Petri disease fungi (Cadophora
luteo-olivacea, Phaeoacremonium minimum, and Phaeo-
moniella chlamydospora), and six Diaporthe spp. (D. am-
pelina, D. eres, D. foeniculina, D. novem, D. phaseolorum,
and D. rudis) (Table 4). In all cases, the BLAST search-
es yielded 99-100 % identity with sequences available
at the GenBank database.

Comparisons of the 70% reciprocal bootstrap tree
topologies of the individual loci showed no incongru-
ences for the cmdA, his3, ITS, tefl and tub2 gene re-
gions in the Cylindrocarpon and Diaporthe phylogenies.
However, the LSU gene region revealed a conflicting
tree topology in the Cylindrocarpon phylogeny, and
tefl and rpb2 loci revealed a conflicting topology in
the Botryosphaeriaceae phylogeny, compared to the
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Figure 1. Correspondence analysis biplot between GTDs
and the three nurseries. BFD = Black foot disease, BD = Bot-
ryosphaeria dieback, PD = Petri disease, DD = Diaporthe
dieback, and PF = Pestalotioid fungi.

other gene regions. However, as these conflicts only
involved the placement of single species, this was ig-
nored and the selected gene regions were combined,
following the argument of Cunningham (1997) that
combining incongruent partitions increases phyloge-
netic accuracy.

The Cylindrocarpon-like combined analysis of the
five genes (ITS, LSU, his3, tefl, tub2) clustered the rep-
resentative Cylindrocarpon-like isolates into six clades
and allowed the identification of the isolate EFA 443
as D. hordeicola, based on its clustering in a well-sup-
ported group formed by the CBS 162.89 ex-type strain
retrieved from GenBank (bootstrap support (BS)
= 100%, Bayesian posterior probability (BPP) = 1.0)
(Figure 3). Nevertheless, since the CBS 162.89 ex-type
is a sterile culture, its morphological characteristics
could not be compared.

The EFA 443 isolate grew on PDA between 5°C
and 30°C, reaching optimal growth at 20°C, and was
characterized by felty, ochre-sienna mycelia with a
whitish, irregular colony margin, differing complete-
ly from other Cylindrocarpon-like colonies examined.
No sporodochia were observed. The microconidia
(0-1 septate) were hyaline, cylindrical and straight,
and most had visible hila; 0- septate (9.5-) 154 +
2.5 (-20.4) x (3.6-) 4.5 + 0.5 (-5.6) pm, with length
to width ratios of 2.6 to 4.2; 1- septate (13.5-) 18.8 +

416 Phytopathologia Mediterranea

1.0 : OaGTD
. @ PLANT PART
B
0,51 O
BD
- PD
3 )
© | __BFDe_ ... e DD ..
) 0,0 ) ) o
. c
i °
o
[7}
8
E -0,57
a A
o [ ]
1,0
PF
o]
-1,5 T T T T
15 -1,0 05 0,0 0,5 1,0

Dimension 1 (91.4%)

Figure 2. Correspondence analysis biplot between GTDs
and the analyzed plant parts (A: scion; B: graft union; C:
rootstock; D: roots). BFD = Black foot disease, BD = Bot-
ryosphaeria dieback, PD = Petri disease, DD = Diaporthe
dieback, and PF = Pestalotioid fungi.

2.7 (-26.3) x (3.6-) 5.0 £ 0.5 (-5.8) um, with length to
width ratios of 2.8 to 5.0. The macroconidia 1 (-3)-sep-
tate were hyaline, straight or slightly curved, and cy-
lindrical, but slightly wider towards the obtuse tips
and more rounded at the bases, mostly with central
hila: 1 septate- (21.1-) 26.6 + 2.6 (-32.1) x (4.5-) 5.3
t 0.4 (-6.1) pm, with length to width ratios of 4.1 to
6.3; 2 septate- (20.1-) 28.8 + 4.0 (-35.5) x (4.4-) 5.6 +
0.5 (-6.5) um, with length to width ratios of 4.0 to 6.6;
3 septate- (26.2-) 36.1 + 4.7 (—44.8) x (5.1-) 59 £ 0.5
(-6.9) um, with length to width ratios of 4.4 t0 8.0 (n =
30 observations per structure). Chlamydospores were
rarely observed, and were either globose or subglo-
bose (9.5-13.4) x (8.1-12.7) um (n = 10), smooth but
seemingly rough, intercalary or terminal, forming
single structures or chains, hyaline, and brownish
(Figure 4). This isolate was deposited in the Spanish
Type Culture Collection (Coleccién Espariola de Cultivos
Tipo, CECT) with culture code CECT 20995.

The phylogenetic analysis of the selected Botry-
osphaeriaceae isolates, based on ITS, rpb2, tefl, and
tub2 sequences grouped them in seven different clad-
es (Figure 5). The identification of four Neofusicoccum
isolates (namely EFA 436, 437, 471 and 472) was not
conclusive. They were clustered into a distinct, but
not well-supported, clade, closely grouped with N.
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Table 4. Isolates of grapevine trunk disease fungi obtained from plants of grapevine varieties ‘Albarifio’ or ‘Savagnin’

grafted on 110R, 196-17 or Fercal 242 rootstocks.

Number of isolates by variety or plant parts’

Species isolated

‘Albarino’/110R

‘Albarino’ /196-17C

‘Savagnin’/ Fercal 242

A B C D A B C D A B C D
Dactylonectria hordeicola 1?
Dactylonectria macrodidyma 8 4
Dactylonectria pauciseptata 17 1 4
Dactylonectria torresensis 2 17
Ilyonectria liriodendri 2 1 2 3
Ilyonectria robusta
“Cylindrocarpon” sp.? 2 1 3 1 5 19
Black Foot Disease total 2 1 35 3 18 2 7 49
Botryosphaeria dothidea 1 7 7 5 8 13 16 3
Diplodia mutila 1 1
Diplodia seriata 1 1 1 4
Neofusicoccum luteum 1
Neofusicocccum parvum 1 4 4 1 1 2 12 14 9 2
Neofusicoccum sp. 1 1° 2 14
Neofusicoccum sp. 2 1¢ 1
Botryosphaeriaceae 2 2 7 8
Botryosphaeria Dieback total 2 15 15 7 1 3 26 40 33 5
Cadophora luteo-olivacea 1 2 2 1 4 2 1 1 4 1
Phaeoacremonium minimum 1
Phaeomoniella chlamydospora
Petri Disease total 3 2 1 5 2 1 2 5
Diaporthe ampelina 1 1f 1 1 3
Diaporthe eres 48 2
Diaporthe foeniculina 1 1t 1
Diaporthe novem 1 1 1 3
Diaporthe phaseolorum 1 1
Diaporthe rudis 2% 1 2 1
Diaporthe sp.* 10 12 19 15 27
Diaporthe Dieback total 20 15 1 3 1 21 17 30 4
Pestalotiopsis sp.” 2 3 5 10 1 5 2
Truncatella sp.? 1
Pestalotiod Fungi total 2 3 5 10 1 5 3
Total 145 39 265

! A: Scion; B: Graft-union; C: Rootstock; D: Rootstock base and roots. * Isolates identified only by morphological analysis to genus or
family level. EFA 443; ® EFA 436; < EFA 471; ¢ EFA 472; © EFA 437, EFA 460; & EFA 464; " EFA 465; ' EFA 461; EFA 462 EFA 463.
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Figure 3. Phylogram generated from Maximum Likelihood
analysis of Cylindrocarpon species isolated in this study and
their closely related species based on combined ITS, LSU,
his3, tefl and tub2 sequence data. Thickened branches are
those present in the maximum likelihood and Bayesian
inference trees. Bayesian posterior probabilities =0.90 and
bootstrap support values for ML =70% are indicated at the
nodes. The tree was rooted to Campylocarpon fasciculare
(CBS 122613). Isolates obtained in this study are in bold and
ex-type reference strains are indicated with". The scale bar
represents the expected changes per site.

algeriense and N. italicum (BS <70%, BPP) <0.9) (Figure
3). The morphology of these isolates growing on PNA
was characterized by dark and septate conidia as N.
italicum, and spermatia as N. algeriense, which match-
es the findings described, respectively, by Marin-Felix
et al., (2017) and Berraf-Tebbal et al., (2014). The iso-
late EFA 437 formed a highly supported and separate
group comprised by the ex-type strain of N. australe
(CMW 6837) (BS >70 %, BPP >0.9). However, the mor-
phological characteristics of EFA 437 did not match
those of the CMW 6837 ex-type (Phillips et al., 2013),
as two-septate conidia and spermatia were observed.
The isolates EFA 436 and EFA 437 were deposited in
CECT with culture codes, respectively, CECT 20988
and CECT 20989.

418 Phytopathologia Mediterranea

The combined dataset of multigene phylogenetic
analysis of ITS, cmdA, his3, tefl, and tub2 loci ena-
bled the classification of six representative Diaporthe
isolates (namely EFA 460, 461, 462, 463, 464 and 465)
into six well-supported clades (BS = 100%; BPP = 1.0),
with each isolate corresponding to a separate species:
Diaporthe ampelina, D. eres, D. foeniculina, D. novem, D.
phaseolorum, and D. rudis (Figure 6).

The remaining 1,706 isolates belonged to 28 differ-
ent genera. Six genera were common in the analyzed
plants and are considered to be grapevine pathogens,
including Aspergillus, Botrytis, Colletotrichum, Fusari-
um, Phoma, and Rhizoctonia. The prevalence of Fusar-
ium fungi, of which five species were identified (F.
avenaceum, F. lateritium, F. oxysporum, F. proliferatum,
and F. solani), was very high in all V. vinifera plants,
affecting 92 to 98%.

Discussion

Based on their morphological characteristics, se-
quencing and phylogenetic analysis, 20 different spe-
cies of fungi were identified associated with GTDs on
150 young nursery-produced plants of Vitis vinifera
(varieties “Albarifio” and ‘Savagnin’). The incidence
of this complex disease was very high, with 93% of
the analyzed plants affected by at least one GID-
associated fungus. Previous studies carried out in
Spanish nurseries and young vineyards have report-
ed incidence rates of GTDs of 31% to 48.8% (Aroca et
al., 2006), 9.5% to 73.8 % (Aroca et al., 2010), 75.8 %
(Gramaje et al., 2009), and 76.4% (Giménez-Jaime et al.,
2006). Young vineyards may become infected by the
planting material used, either systemically in plants
due to infected mother vines, through contamina-
tion during the propagation processes (Gramaje and
Armengol, 2011) or through annual pruning wounds
providing many infection sites each growing season
(Gramaje et al. 2018).

Black foot fungi were the most frequently isolated
from ‘Albarifio” grafted rootstocks. This disease is
considered to be the most significant phytosanitary
problem in nurseries (Gramaje and Armengol, 2011;
Carlucci et al., 2017). BFD was first associated with
Cylindrocarpon obtusisporum and C. destructans (Hal-
leen et al., 2004; Agusti-Brisach and Armengol 2013);
however, up to 24 other species of the genera Campy-
locarpon, Cylindrocladiella, Dactylonectria, Ilyonectria,
Neonectria and Thelonectria have also been reported
to cause BFD (Gramaje et al., 2018). In the present
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Figure 4. Dactylonectria hordeicola. (a-b): upper and lower sides of 20-d-old colony on PDA plate at 24°C. (c-d): conidiophores
and phialides (bars =20 pum). (e-f): chlamydospores (bar = 10 um). (g-h): microconidia and macroconidia (bar = 10 um).

study, five species of fungi associated with BFD were
identified, namely; D. macrodidyma, D. pauciseptata, D.
torresensis, 1. liriodendri, and I. robusta. These species
were also detected by Urbez Torres et al,. (2014) as the
causes of BFD in a field survey of young vineyards
in British Columbia. Spanish research reported the
prevalence of the D. macrodidyma-complex associated
with BFD in Spain (Alaniz et al. 2011; Agusti-Brisach
et al. 2013a). Nevertheless, in the present study inci-
dence of BFD pathogens was different in each of the
three nurseries, and Dactylonectria pauciseptata and
L liriodendri were the most frequently isolated spe-
cies from the two surveyed Spanish nurseries while
D. torresensis was the most common fungus from the
French nursery. These three species are also consid-
ered to be the prevalent causes of BFD (Cabral et al.,
2012b). One isolate obtained from the base of Fer-
cal 242 rootstock, namely EFA 443, was identified as
Dactylonectria hordeicola. This species was identified
based on phylogenetic analyses of the CBS 162.89

ex-type sterile culture (Lombard et al., 2014). To our
knowledge, this is the first morphological description
of D. hordeicola. Further pathogenicity tests should be
performed to confirm this specie as a BFD-causing
pathogen in grapevine.

Botryosphaeria dieback was the most prevalent
disease among the ‘Savagnin’ grafted plants, affect-
ing up to 66% of the analyzed specimens. Surveys car-
ried out in other nurseries have shown that grapevine
infections by Botryosphaeriaceae fungi may originate
from the propagation nurseries (Rumbos and Rum-
bou, 2001; Aroca et al., 2006; Giménez-Jaime et al.,
2006; Billones-Baaijens et al., 2013a; 2013b; 2015). To
date, 26 Botryosphaeriaceae taxa from the genera Bot-
ryosphaeria, Diplodia, Dothiorella, Lasiodiplodia, Neofu-
sicoccum, Neoscytalidium and Phaeobotryosphaeria, have
been identified as associated with the Botryosphaeria
dieback in grapevines (Gramaje et al., 2018). In the
present study, Botryosphaeriaceae species were the
most frequently detected GTD-causing fungi. The
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Figure 5. Phylogram generated from Maximum Likeli-
hood analyses of Botryosphaeriaceae species isolated in
this study and their closely related species based on com-
bined ITS, LSU, his3, tefl and tub2 sequence data. Thickened
branches are those present in both the maximum likelihood
and Bayesian inference trees. Bayesian posterior probabili-
ties =0.90 and bootstrap support values for ML =70% are
indicated at the nodes. The tree was rooted to Saccharata
proteae (CBS 115206). Isolates generated in this study are in
bold, ex-type reference strains are indicated with” and ex-
epitype reference strains with®". The scale bar represents the
expected changes per site.

five species identified, B. dothidea, D. mutila, D. seriata,
N. luteum, and N. paroum, matched those detected in
Portuguese vineyards (Phillips, 2002).

The results of morphological and phylogenetic
analyses of the isolates of Neofusicoccum sp. 1 were in-
conclusive. However, BLAST search comparisons of
isolates EFA 436, EFA 471, and EFA 472 yielded 99%
homology with sequences of N. italicum (KY856755)
and N. algeriense (KX505906). The multigene analysis
of combined ITS, rpb2, tefl, and tub2 sequence data
was unable to distinguish our isolates from those of N.
parvum, N. algeriense, or N. italicum, thus comprising
an unresolved clade. In addition, single phylogenies
obtained from each individual locus revealed incon-
sistencies among each locus and the combined loci.
Similar results were obtained by Lopes et al., (2017), in
phylogenetic analyses of Neofusicoccum species based
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Figure 6. Phylogram generated from Maximum Likelihood
analysis of Diaporthe species isolated in this study and their
closely related species based on combined ITS, cmdA, his3,
tefl and tub2 sequence data. Thickened branches are those
present in both the maximum likelihood and Bayesian in-
ference trees. Bayesian posterior probabilities =0.90 and
bootstrap support values for ML =70% are indicated at the
nodes. The tree was rooted to Diaporthella corylina (CBS
121124). Isolates obtained in this study are in bold, ex-type
reference strains are indicated with" and ex-epitype refer-
ence strains with®". The scale bar represents the expected
changes per site.

on MAT genes and the combination of genes ITS, tefI,
and tub2. According to the authors, by applying the
principle of phylogenetic species recognition (Taylor
et al., 2000), N. algeriense is phylogenetically indistin-
guishable from N. parvum. Therefore, both would rep-
resent a single species. Additionally, Neofusicoccum
italicum Dissan. & K.D. Hyde, was recently described
in Marin-Felix et al., (2017), exclusively on the basis
of ITS and tefl sequences of a single isolate (ex-type
MFLUCC 15-0900). The morphological characteris-
tics of the Neofusicoccum sp. 1 isolates in our study
matched those of N. algeriense, although fewer dark
and septate conidia were observed in comparison
with the original description of N. italicum (Marin-Fe-
lix et al., 2017), and these differed from those observed
in N. parvum (ex-type CMW 9081) by Phillips et al.,



(2013). For the EFA 437 isolate, in spite of the phylo-
genetic analyses clustering the isolate in a well-sup-
ported clade with N. australe, its few morphological
characteristics differed from those of the CMW 6837
ex-type (Phillips et al., 2013), as two-septate conidia
and spermatia were observed. Hence, further investi-
gation is warranted to identify these isolates.

Fungi associated with Petri Disease were de-
tected in 18% of analyzed plants, less frequent than
for the other diseases. PD is also considered an im-
portant trunk fungal disease affecting young grape-
vines (Mugnai ef al., 1999; Mostert et al., 2006; Agusti-
Brisach et al.,, 2011; Gramaje and Armengol, 2011),
which causes significant losses in newly planted
vineyards (Mostert et al., 2006). The disease can be
spread by planting infected plants (Aroca et al. 2006).
The following PD-causing species have been identi-
fied to date: Phaeomoniella chlamydospora, Pleurostoma
richardsiae, 29 species of Phaeoacremonium, and six Ca-
dophora spp. (Gramaje et al., 2018). In our study three
species were detected: C. luteo-olivacea, P. minimum,
and P. chlamydospora, the three main species related to
this disease (Gramaje et al., 2018). Unless P. minimum
is considered to be the most common and widely dis-
tributed species affecting grapevines (Gramaje et al.,
2015), we only identified this fungus in one plant. PD
detection could be underestimated probably due to
the high incidence of other grapevine trunk diseases
and endophytes growing in the same sections with
high growth rates, like Botryosphaeriaceae, Diaporthe,
Fusarium or Trichoderma spp.

Diaporthe dieback was the second most important
GTD after BFD in nursery 1 and BD in nursery 3. As
the others, this disease is often detected in propaga-
tion material and young vines (Fourie and Halleen,
2004; Rego et al., 2009; Aroca et al., 2010; Moreno-Sanz
et al., 2013), and for many years, was mostly associat-
ed with Diaporthe ampelina. Recent studies have iden-
tified eleven new species as grapevine wood patho-
gens (Gramaje et al., 2018; Guarnaccia et al., 2018). In
the present study, six species were identified amongst
30 isolates, including; Diaporthe ampelina, D. eres, D.
foeniculina, D. novem, D. phaseolorum and D. rudis,
showing high diversity within this genus in grape-
vine. The taxa Diaporthe ampelina, D. eres, and D. rudis
have specifically been reported as GTD-associated
species in Spain (Sdnchez-Torres et al., 2008; Guarnac-
cia et al., 2018). Diaporthe novem and D. phaseolorum
have also been detected in grapevines (Larignon,
2016), although no infections by these fungi have been

Grapevine trunk diseases in nurseries

identified to date in Spain. Guarnaccia et al. (2018) re-
cently suggested that D. foeniculina isolates could be
misidentified, as this species is closely related to D.
baccae, which has also been detected in grapevines
(Urbez-Torres et al., 2013; Guarnaccia et al., 2018). Fur-
ther research is required to verify the identity of the
isolates of D. foeniculina, and other species of the Dia-
porthe not included in this study.

In the last five years, an increasing number of
studies have reported pestalotioid fungi in grape-
vines (Arzanlou et al., 2013; Maharachchikumbura et
al., 2016; Lawrence et al., 2018). These fungi have been
isolated from wedge-shape cankers and their asso-
ciation with dark streaking of the wood, light-brown
discoloration and central necrosis in diseased grape-
vines (Urbez-Torres et al., 2012). Recent results suggest
that pestalotioid fungi are involved in the grapevine
trunk-disease complex (Lawrence et al., 2018). To our
knowledge, at least four genera have been included
in this group, including Neopestalotiopsis, Pestalotiop-
sis, Truncatella and Seimatosporium, and two of these
have been reported in the present study.

Molecular and morphological analyses allowed
the identification of fungal isolates to species level for
most of the GTD isolates. However, BLAST searches
and morphological examination were unable to iden-
tify 11 GTD isolates, so it was necessary to perform
multi-locus phylogeny to determine their identity.
Previous studies have demonstrated that sequence
alignments with four loci allow separation and re-
naming sterile fungi as new species (Lombard et al.,
2014), to identify cryptic species within Neofusicoccum
(Sakalidis et al., 2011), whereas five loci are necessary
to give successful classification of Diaporthe species
(Santos et al., 2017).

Other potential pathogens, including Colletotri-
chum, Fusarium, or Rhizoctonia, were also isolated from
the grapevine plants. Fusarium spp. were the most
prevalent fungi isolated from the grapevine tissues.
The pathogenic nature of this genus remains unclear;
some authors have suggested that Fusarium oxysporum
may be an aggressive grapevine pathogen (Highet
and Nair, 1995; Brum et al., 2012), while other studies
report that the presence of Fusarium spp. is normal in
vines and regard these fungi as common endophytes
(Rumbos and Rumbou, 2001; Moreno-Sanz et al., 2013;
Bruez et al., 2014). In a recent study, pathogenicity
tests with several species of Fusarium present in vines
revealed similar damage to that resulting from BFD-
causing fungi (Urbez-Torres et al., 2017).
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Results obtained in the present study confirm
that grapevine trunk diseases are significant threats
to nursery plants, and through them to newly estab-
lished grapevines. Preventive measures should there-
fore be implemented during nursery propagation
processes to guarantee the use of healthy rootstock
plants, and reduce the propagation of these diseases
in vineyards. Integrated disease management pro-
grammes, including physical, fungicide, biological,
and other control strategies, has been suggested as
the most effective strategy to reduce infections by
fungal trunk pathogens in nurseries (Halleen and
Fourie, 2016; Gramaje ef al., 2018).

Acknowledgments

The authors thank Ana Garcia, Bernabé Pedn,
Carmela Menduifia, Maite Baz, Gabriel Casariego,
and Pablo Ventoso for their collaboration and skillful
technical assistance.

Literature cited

Agusti-Brisach C., D. Gramaje, M. Le6n, J. Garcia-Jiménez and
J. Armengol, 2011. Evaluation of vineyard weeds as poten-
tial hosts of black-foot and Petri disease pathogens. Plant
Disease 95, 803-810.

Agusti-Brisach C., and J. Armengol, 2013. Black-foot disease of
grapevine: An update on taxonomy, epidemiology and man-
agement strategies. Phytopathologia Mediterranea 52, 245-261.

Agusti-Brisach C., D. Gramaje, J. Garcia-Jiménez and J. Armen-
gol, 2013a. Detection of black-foot and Petri disease patho-
gens in soils of grapevine nurseries and vineyards using
bait plants. Plant and Soil 364, 5-13.

Agusti-Brisach C., D. Gramaje, J. Garcia-Jiménez and J. Armen-
gol, 2013b. Detection of black-foot disease pathogens in the
grapevine nursery propagation process in Spain. European
Journal of Plant Pathology 137, 103-112.

Alaniz S., M. Ledn, A. Vincent, J. Garcia-Jiménez, P. Abad-Cam-
pos and J. Armengol, 2007. Characterization of Cylindrocar-
pon species associated with black foot disease of grapevine
in Spain. Plant Disease 91, 1187-1193.

Aroca, A., F. Garcia-Figueres, L. Bracamonte, J. Luque and R.
Raposo, 2006. A survey of trunk disease pathogens within
rootstocks of grapevines in Spain. European Journal of Plant
Pathology 115, 195-202.

Aroca A., D. Gramaje, ]. Armengol, J. Garcia-Jiménez and R.
Raposo, 2010. Evaluation of the grapevine nursery propa-
gation process as a source of Phaeoacremonium spp. and
Phaeomoniella chlamydospora and occurrence of trunk dis-
ease pathogens in rootstock mother vines in Spain. Euro-
pean Journal of Plant Pathology 126, 165-174.

Arzanlou M, A. Narmani, S. Moshari, S. Khodaei and A. Babai-
Ahari, 2013. Truncatella angustata associated with grapevine

422 Phytopathologia Mediterranea

trunk disease in northern Iran. Archives of Phytopathology
and Plant Protection 46, 1168-1181.

Berraf-Tebbal A., M.A. Guereiro and A.J.L. Phillips, 2014. Phy-
logeny of Neofusicoccum species associated with grapevine
trunk diseases in Algeria, with description of Neofusicoccum
algeriense sp. nov. Phytopathologia Mediterranea 53, 416-427.

Berstch C., M. Ramirez-Suero, M. Magnin-Robert, P. Larignon,
J. Chong, E. Abou-Mansour A. Spagnolo, C. Clément and
E. Fontaine, 2013. Grapevine trunk diseases: Complex and
still poorly understood. Plant Pathology 62, 243-265.

Billones-Baaijens R., H.J. Ridgway, E.E. Jones, R.H. Cruick-
shank and M.V. Jaspers, 2013a. Prevalence and distribu-
tion of Botryosphaeriaceae species in New Zealand grape-
vine nurseries. European Journal of Plant Pathology 135,
175-185.

Billones-Baaijens, R., H.J. Ridgway, E.E. Jones and M. V. Jaspers,
2013b. Inoculum sources of Botryosphaeriaceae species in
New Zealand grapevine nurseries. European Journal of Plant
Pathology 135, 159-174.

Billones-Baaijens, R., H.J. Ridgway, E.E. Jones and M.V. Jaspers,
2015. Spatial distribution of Neofusicoccum species within
a rootstock mother vine indicates potential infection path-
ways. European Journal of Plant Pathology 141, 267-279.

Bruez E., J. Vallance, J. Gerbore, P. Lecomte, J.P. Da Costa, L.
Guerin-Dubrana and P. Rey, 2014. Analyses of the tempo-
ral dynamics of fungal communities colonizing the healthy
wood tissues of esca leaf-symptomatic and asymptomatic
vines. PLoS ONE 9. €95928. https:/ / doi.org/10.1371/jour-
nal.pone.0095928

Brum M.C.P, W.L. Aratjo, C.S. Maki and ].L. Azevedo, 2012.
Endophytic fungi from Vitis labrusca L. ('Niagara Rosada’)
and its potential for the biological control of Fusarium ox-
ysporum. Genetics and Molecular Research 11, 4187-4197.

Cabral A., C. Rego, PW. Crous and H. Oliveira, 2012a. Viru-
lence and cross-infection potential of Ilyonectria spp. to
grapevine. Phytopathologia Mediterranea 51, 340-354.

Cabral A., C. Rego, T. Nascimento, H. Oliveira, ].Z. Groenewald
and P.W. Crous, 2012b. Multi-gene analysis and morphol-
ogy reveal novel Ilyonectria species associated with black
foot disease of grapevines. Fungal Biology 116, 62-80.

Carbone I. and L.M. Kohn, 1999. A method for designing prim-
er sets for speciation studies in filamentous ascomycetes.
Mycologia 91, 553-556.

Carlucci A, F. Lops, L. Mostert, F. Halleen and M.L. Raimondo,
2017. Occurrence fungi causing black foot on young grape-
vines and nursery rootstock plants in Italy. Phytopathologia
Mediterranea 56, 10-39.

Crous PW,, J.Z. Groenewald, J-M. Risede, P. Simoneau, and
N.L. Hywel-Jones, 2004. Calonectria species and their Cylin-
drocladium anamorphs: species with sphaeropedunculate
vesicles. Studies in Mycology 50, 415-430.

Cunningham C.W., 1997. Can three incongruence tests predict
when data should be combined? Molecular Biology and Evo-
lution 14, 733-740.

Fourie P.H. and F. Halleen, 2004. Occurrence of grapevine trunk
disease pathogens in rootstock mother plants in South Af-
rica. Australasian Plant Pathology 33, 313-315.

Gardes M. and T.D. Bruns, 1993. ITS primers with enhanced
specificity for basidiomycetes — application to the iden-



tification of mycorrhizae and rusts. Molecular Ecology 2,
113-118.

Giménez-Jaime A., A. Aroca, R. Raposo, J. Garcia-Jiménez and
J. Armengol, 2006. Occurrence of fungal pathogens asso-
ciated with grapevine nurseries and the decline of young
vines in Spain. Journal of Phytopathology 154, 598-602.

Glass N.L. and G.C. Donaldson, 1995. Development of primer
sets designed for use with the PCR to amplify conserved
genes from filamentous ascomycetes. Applied and Environ-
mental Microbiology 61, 1323-1330.

Gramaje D. and J. Armengol, 2011. Fungal trunk pathogens
in the grapevine propagation process: potential inoculum
sources, detection, identification, and management strate-
gies. Plant Disease 95, 1040-1055.

Gramaje D., J. Armengol, H. Mohammadji, Z. Banihashemi and
L. Mostert, 2009. Novel Phaeoacremonium species associated
with Petri disease and esca of grapevine in Iran and Spain.
Mycologia 101, 920-929.

Gramaje D., L. Mostert, J.Z. Groenewald and P.W. Crous, 2015.
Phaeoacremonium: From esca disease to phaeohyphomyco-
sis. Fungal Biology 119, 759-783.

Gramaje D., J.R. Urbez-Torres and M.R. Sosnowski, 2018. Man-
aging grapevine trunk diseases with respect to etiology
and epidemiology: current strategies and future prospects.
Plant Disease 102, 12-39.

Guarnaccia V., J.Z. Groenewald, J. Woodhall, J. Armengol, T.
Cinelli, A. Eichmeier, D. Ezra, F. Fontaine, D. Gramaje, A.
Gutierrez-Aguirregabiria, J. Kaliterna, L. Kiss, P. Larignon,
J. Luque, L. Mugnai, V. Naor, R. Raposo, E. Séndor, K.Z.
Vdczy and PW. Crous, 2018. Diaporthe diversity and patho-
genicity revealed from a broad survey of grapevine diseas-
es in Europe. Persoonia-Molecular Phylogeny and Evolution of
Fungi 40, 135-153.

Halleen E,, PW. Crous and O. Petrini, 2003. Fungi associated
with healthy grapevine cuttings in nurseries, with special
reference to pathogens involved in the decline of young
vines. Australasian Plant Pathology 32, 47-52.

Halleen F., H.]J. Schroers, J.Z. Groenewald and P.W. Crous, 2004.
Novel species of Cylindrocarpon (Neonectria) and Campylo-
carpon gen. nov. associated with black foot disease of grape-
vines (Vitis spp.). Studies in Mycology 50, 431-455.

Halleen F. and PH. Fourie, 2016. An integrated strategy for the
proactive management of grapevine trunk disease patho-
gen infections in grapevine nurseries. South African Journal
of Enology and Viticulture 37, 104-114.

Highet A.S. and N.G. Nair, 1995. Fusarium oxysporum associat-
ed with grapevine decline in the Hunter Valley, NSW, Aus-
tralia. Australian Journal of Grape and Wine Research 1, 48-50.

Katoh K. and D.M. Standley, 2013. MAFFT multiple sequence
alignment software version 7: Improvements in performance
and usability. Molecular Biology and Evolution 30, 772-780.

Larignon P. and B. Dubos, 1997. Fungi associated with esca dis-
ease in grapevine. European Journal of Plant Pathology 103,
147-157.

Larignon P, 2016. Maladies cryptogamiques du bois de la vi-
gne: symptomatologie et agents pathogens. 165 pages.
http:/ /www.vignevin.com.

Lawrence D.P, R. Travadon and K. Baumgartner, 2018. Novel
Seimatosporium species from grapevine in northern Califor-

Grapevine trunk diseases in nurseries

nia and their interactions with fungal pathogens involved
in the trunk-disease complex. Plant Disease 102, 1081-1092.

Lombard L., N.A. Van Der Merwe, J.Z. Groenewald and P.W.
Crous, 2014. Lineages in Nectriaceae: Re-evaluating the ge-
neric status of Ilyonectria and allied genera. Phytopathologia
Mediterranea 53, 515-532.

Lopes A., AJ.L. Phillips and A. Alves, 2017. Mating type genes
in the genus Neofusicoccum: Mating strategies and useful-
ness in species delimitation. Fungal Biology 121, 394-404.

Maharachchikumbura S.S.N., P. Larignon, K.D. Hyde, A.M.
Al-Sadi and Z.Y. Liu, 2016. Characterization of Neopestalo-
tiopsis, Pestalotiopsis and Truncatella species associated with
grapevine trunk diseases in France. Phytopathologia Mediter-
ranea 55, 380-390.

Marin-Felix Y., ].Z. Groenewald, L. Cai, Q. Chen, S. Marincow-
itz, I. Barnes, K. Bensch, U. Braun, E. Camporesi, U. Damm,
Z.W. de Beer, A. Dissanayake, J. Edwards, A. Giraldo, M.
Hernandez-Restrepo, K.D. Hyde, R.S. Jayawardena, L.
Lombard, J. Luangsaard, A.R. McTaggart, A.Y. Rossman,
M. Sandoval-Denis, M. Shen, R.G. Shivas, Y.P. Tan, E.J. van
der Linde, M.J. Wingfield, A.R. Wood, ].Q. Zhang, Y. Zhang
and PW. Crous, 2017. Genera of phytopathogenic fungi:
GOPHY 1. Studies in Mycology, 86, 99-216.

Mason-Gamer R. and E. Kellogg, 1996. Testing for phyloge-
netic conflict among molecular datasets in the tribe Triticeae
(Gramineae). Systematic Biology 45, 524-545.

Miller M. A., W. Pfeiffer and T. Schwartz, 2010. Creating the
CIPRES Science Gateway for inference of large phyloge-
netic trees. In: Proceedings of the Gateway Computing Environ-
ments Workshop (GCE), 14 Nov. 2010, New Orleans, Louisi-
ana, 1-8.

Moreno-Sanz P, G. Lucchetta, A. Zanzotto, M.D. Loureiro, B.
Suarez and E. Angelini, 2013. Fungi associated to grape-
vine trunk diseases in young plants in Asturias (Northern
Spain). Horticultural Science 40, 138-144.

Mostert L, F. Halleen, P. Fourie and P.W. Crous, 2006. A review
of Phaeoacremonium species involved in Petri disease and
esca of grapevines. Phytopathologia Mediterranea 45, S12-529.

Mugnai L., A. Graniti and G. Surico, 1999. Esca (black measles)
and brown wood-streaking: two old and elusive diseases of
grapevines. Plant Disease 83, 404—418.

Nirenberg H.I., 1976. Untersuchungen {iiber die morphologis-
che und biologische Differenzierung in der Fusarium Sek-
tion Liseola. Mitteilungen der Biologischen Bundesanstalt fiir
Land- und Forstwirtschaft 169, 1-117.

Nylander J.A.A., 2004. MrModeltest ver. 2.3. Program distrib-
uted by the author. Evolutionary Centre, Uppsala Univer-
sity, Sweden.

O’Donnell K. and E. Cigelnik, 1997. Two divergent intragen-
omic rDNA ITS2 types within a monophyletic lineage of
the fungus Fusarium are nonorthologous. Molecular Phylo-
genetics and Evolution 7, 103-116.

O’Donnell K., HI. Nirenberg, T. Aoki, and E. Cigelnik, 2000.
A Multigene phylogeny of the Gibberella fujikuroi species
complex: Detection of additional phylogenetically distinct
species. Mycoscience 41, 61-78.

Phillips A.J.L., 2002. Botryosphaeria species associated with dis-
eases of grapevines in Portugal. Phytopathologia Mediterra-
nea 41, 3-18.

Vol. 57, No. 3, December, 2018 423



C. Pintos et al.

Phillips AJ.L., A. Alves, J. Abdollahzadeh, B. Slippers, M.].
Wingfield, J.Z. Groenewald and P.W. Crous, 2013. The Bot-
ryosphaeriaceae: genera and species known from culture.
Studies in Mycology 76, 51-167.

Probst C., E.E. Jones, H.]. Ridgway and M.V. Jaspers, 2012. Cy-
lindrocarpon black foot in nurseries-two factors that can
increase infection. Australasian Plant Pathology 41, 157-163.

Rambaut A. and A. Drummond, 2010. FigTree v1.3.1: tree figure
drawing tool. Institute of Evolutionary Biology, University
of Edinburgh, UK. http:/ / tree.bio.ed.uk/software/ figtree.

Rego C., T. Nascimento, A. Cabral, M.]. Silva and H. Oliveira,
2009. Control of grapevine wood fungi in commercial nurs-
eries. Phytopathologia Mediterranea 48, 128-135.

Rehner S.A. and G.J. Samuels, 1994. Taxonomy and phylogeny
of Gliocladium analysed from nuclear large subunit riboso-
mal DNA sequences. Mycological Research 98, 625-634.

Ronquist F. and ].P. Huelsenbeck, 2003. MrBayes 3: Bayesian
phylogenetic inference under mixed models. Bioinformatics
19, 1572-1574.

Rumbos I. and A. Rumbou, 2001. Fungi associated with esca
and young grapevine decline in Greece. Phytopathologia
Mediterranea 40, S330-S335.

Sakalidis M. L., G.E.S.J. Hardy and T. I. Burgess, 2011. Use of
the Genealogical Sorting Index (GSI) to delineate species
boundaries in the Neofusicoccum parvum -Neofusicoccum ribis
species complex. Molecular Phylogenetics and Evolution 60,
333-344.

Sénchez-Torres P, R. Hinarejos, V. Gonzalez and J.J. Tuset, 2008.
Identification and characterization of fungi associated with
esca in vineyards of the Comunidad Valenciana (Spain).
Spanish Journal of Agricultural Research 6, 650—-660.

Santos L, A. Alves and R. Alves, 2017. Evaluating multi-locus
phylogenies for species boundaries determination in the
genus Diaporthe. Peer] 5, €3120.

Sela I, H. Ashkenazy, K. Katoh and T. Pupko, 2015. GUID-
ANCE2: accurate detection of unreliable alignment regions
accounting for the uncertainty of multiple parameters. Nu-
cleic Acids Research 43, W7-W14.

Stamatakis, A., P. Hoover and ]. Rougemont, 2008. A rapid
bootstrap algorithm for the RAXML web servers. Systematic
Biology 57, 758-771.

Tamura K., G. Stecher, D. Peterson, A. Filipski and S. Kumar,
2013. MEGAG6: Molecular Evolutionary Genetics Analysis
version 6.0. Molecular Biology and Evolution 30, 2725-2729.

Taylor J.W., D.J. Jacobson, S. Kroken, T. Kasuga, D.M. Geiser,
D.S. Hibbett and M.C. Fisher, 2000. Phylogenetic species
recognition and species concepts in fungi. Fungal Genetics
and Biology 31, 21-32.

Urbez-Torres, J.R,, 2011. The status of Botryosphaeriaceae spe-
cies infecting grapevines. Phytopathologia Mediterranea 50,
55-545.

Urbez-Torres, J.R., E. Peduto, R K. Striegler, K.E. Urrea-Romero,
J.C. Rupe, R.D. Cartwright and W.D Gubler, 2012. Charac-
terization of fungal pathogens associated with grapevine
trunk diseases in Arkansas and Missouri. Fungal Diversity
52, 169-189.

Urbez-Torres J.R., F. Peduto, R.J. Smith and W.D. Gubler, 2013.
Phomopsis Dieback: a Grapevine Trunk Disease Caused by
Phomopsis viticola in California. Plant Disease 97, 1571-1579.

Urbez-Torres, J.R., P. Haag, P. Bowen and D.T. O’Gorman,
2014. Grapevine trunk diseases in British Columbia: inci-
dence and characterization of the fungal pathogens associ-
ated with black foot disease of grapevine. Plant Disease 98,
456-468.

Urbez-Torres J.R,, J. Boule and D.T. O’Gorman, 2017. Investi-
gating the role of Fusarium spp. in the young vine decline
complex. Phytopathologia Mediterranea 56, 527-528.

Vilgalys R. and M. Hester, 1990. Rapid genetic identification
and mapping of enzymatically amplified ribosomal DNA
from several Cryptococcus species. Journal of Bacteriology
172, 4238-4246.

White T.J., T. Bruns, S. Lee and J. Taylor, 1990. Amplification and
direct sequencing of fungal ribosomal RNA genes for phy-
logenetics. In: PCR Protocols: A Guide to Methods and Applica-
tions (M.A. Innis, D.H. Gelfand, ].J. Sninsky and T.J. White,
ed.), Academic Press Inc., New York, NY, USA, 315-322.

Accepted for publication: July 17, 2018

424 Phytopathologia Mediterranea



	First detection of Xylella fastidiosa subsp. multiplex DNA in Tuscany (Italy)
	Guido MARCHI1, Domenico RIZZO2, Francesco RANALDI3, Luisa GHELARDINI1, Massimo RICCIOLINI2, Ilaria SCARPELLI2, Lorenzo DROSERA2, Emanuele GOTI4, Paolo CAPRETTI1 and Giuseppe SURICO1
	Preface and dedication
	Dr Walter Douglas Gubler
	Management of grapevine trunk diseases: knowledge transfer, current strategies and innovative strategies adopted in Europe
	Vincenzo MONDELLO1, Philippe LARIGNON2, Josep ARMENGOL3, Andreas KORTEKAMP4, Kalman VACZY5, Fanny PREZMAN6, Eric SERRANO6, Cecilia REGO7, Laura MUGNAI 8 and Florence FONTAINE 1
	A protocol for the management of grapevine rootstock mother vines to reduce latent infections by grapevine trunk pathogens in cuttings
	Helen Waite1, Josep Armengol2, Regina Billones-Baaijens3, David Gramaje4, Francois Halleen5,6, Stefano Di Marco7 and Richard Smart8
	Detection of grapevine leaf stripe disease symptoms by hyperspectral sensor
	Amanda Heemann JUNGES1, Jorge Ricardo DUCATI2, Cristian SCALVI LAMPUGNANI1 and Marcus André Kurtz ALMANÇA3
	Fungi associated with grapevine trunk diseases in nursery-produced Vitis vinifera plants
	Cristina Pintos, Vanesa Redondo, Daniel Costas, Olga Aguín and Pedro Mansilla
	Microbiota of grapevine woody tissues with or without esca-foliar symptoms in northeast Spain
	Georgina Elena1*, Emilie Bruez2*, Patrice Rey2,3 and Jordi Luque4
	Endotherapy of infected grapevine cuttings for the control of Phaeomoniella chlamydospora and Phaeoacremonium minimum
	Giovanni Del Frari, João Costa, Helena Oliveira and Ricardo Boavida Ferreira
	Incidence of symptoms and fungal pathogens associated with grapevine trunk diseases in Czech vineyards: first example from a north-eastern European grape-growing region
	Miroslav Baránek1, Josep Armengol2, Věra Holleinová1, Jakub Pečenka1, Francesco Calzarano3, Eliška Peňázová1, Miroslav Vachůn1 and Aleš Eichmeier1
	Further evidence that calcium, magnesium and seaweed mixtures reduce grapevine leaf stripe symptoms and increase grape yields
	Francesco CALZARANO1 and Stefano DI MARCO2
	Esca of grapevine and training practices in France: results of a 10-year survey
	Pascal LECOMTE1, Barka DIARRA1, Alain CARBONNEAU2, Patrice REY3 and Christel CHEVRIER4
	Rainfall and temperature influence expression of foliar symptoms of grapevine leaf stripe disease (esca complex) in vineyards
	Francesco CALZARANO1, Fabio OSTI2, Miroslav BARÁNEK3 and Stefano DI MARCO2
	Response of four Portuguese grapevine cultivars to infection by Phaeomoniella chlamydospora
	Jorge SOFIA1,3, Mariana MOTA2, Maria Teresa GONÇALVES1 and Cecília REGO2
	Detection and quantification of black foot and crown and root rot pathogens in grapevine nursery soils in the Western Cape of South Africa
	Shaun D. Langenhoven1, Francois Halleen1,2, Christoffel F.J. Spies1,2, Elodie Stempien1 and Lizel Mostert1
	Pathogenicity of ten Phaeoacremonium species associated with esca and Petri disease of grapevine
	Mahlatse A. BALOYI1,2, Lizel MOSTERT2 and Francois HALLEEN1,2
	Temporal conidial dispersal pattern of Botryosphaeriaceae species in table-grape vineyards in Northeastern Brazil
	Fábio Júnior Araújo SILVA1, Kledson Mendes dos SANTOS1, Tamiris Joana dos Santos RÊGO1, Josep ARMENGOL2, Vittorio ROSSI3, Sami Jorge MICHEREFF1,4 and Elisa GONZÁLEZ-DOMÍNGUEZ5 
	Expression of grapevine leaf stripe disease foliar symptoms in four cultivars in relation to grapevine phenology and climatic conditions
	Salvatorica SERRA, Virna LIGIOS, Nicola SCHIANCHI, Vanda Assunta PROTA and Bruno SCANU 

