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crop protection

Introduction

Table grapes (Vitis vinifera L.) are high-value 
export crops cultivated on 55,119 ha across a 
range of diverse climate zones in Chile. ‘Thomp-

son Seedless’, ‘Flame Seedless’ and ‘Redglobe’ 
are the most prevalent cultivars planted in Chile 
(ODEPA, 2009).

Several grapevine trunk diseases have been 
described worldwide including Botryosphaeria 
cankers, black dead arm (BDA), esca, excoriose, 
and Eutypa dieback (Bulit et al., 1972; Lehoczky, 
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1974; Moller and Kasimatis, 1978; Latorre et al., 
1986; Mugnai et al., 1999; Larignon et al., 2001; 
Phillips et al., 2005; Úrbez-Torres et al., 2006; 
Úrbez-Torres and Gubler, 2009; Úrbez-Torres, 
2011). Many studies have associated canker dis-
eases with the presence of Botryosphaeriaceae 
species, Diatrypaceae species, and Phomopsis 
viticola (Sacc.) Sacc. (Moller and Kasimatis, 
1978; Larignon and Dubos, 1997; Armengol 
et al., 2001; Phillips, 2002; Auger et al., 2004; 
Trouillas et al., 2010). BDA was identified for the 
first time in Hungary by Lehoczky (1974), who 
associated this disease with Diplodia mutila Fr. 
(as Botryosphaeria stevensii Shoemaker). Later 
it was reported in Italy (Cristinzio, 1978), where 
the disease was associated with D. seriata De 
Not. (as B. obtusa Schwein. Shoemaker), and 
later in France (Larignon et al., 2001), where it 
was associated with D. seriata and B. dothidea 
(Moug.:Fr.) Ces & De Not. However, Chamberlain 
et al. (1964) were the first to suggest the role of 
D. seriata (as Sphaeropsis malorum Peck.) in the 
etiology of wood cankers of grapes.

The aims of the present study were 1. to further 
study the Botryosphaeriaceae species associated 
with the dieback in table grape vineyards in Chile, 
2. to estimate the prevalence and severity of the 
disease as a function of vineyard age, 3. to evalu-
ate the susceptibility of table grape cultivars to 
infection by Botryosphaeriaceae species, and 4. 
to study the effect of tissue age on the infection 
caused by Botryosphaeriaceae species.

Materials and methods

Sampling locations and fungal isolations

Fungal isolates were obtained from grapevines 
showing decline, small and distorted leaves 
and chlorosis. The isolations were performed 
between July 2008 and April 2009 from a total 
of 79 samples taken either from wood necrosis 
or vascular streaking from the following table 
grape cultivars: ‘Thompson Seedless’, ‘Redg-

lobe’, ‘Crimson Seedless’, ‘Flame Seedless’ and 
‘Superior’. The samples were collected from 22 
vineyards located between Ovalle (lat. 30°, 37” 
S) and Paine (lat. 33°, 55” S). 

Small pieces of wood (<1 cm2) were selected from 
the margins both of V-shaped cankers and black 
spots observed in the cross-sections of affected 
arms. The samples were disinfected for 30 s in 
95% ethanol, rinsed with sterile distilled water 
(SDW), dried and plated onto potato dextrose agar 
(PDA) plates acidified with 0.5 mL per liter of 96% 
lactic acid (APDA). The plates were incubated 
at 24 °C for at least 5 days or until fungi were 
observed growing from the symptomatic wood. 
The hyphal tips were sub-cultured in water agar 
(WA) and then transferred to APDA. The isolates 
were maintained in SDW at 5ºC.

Morphological characterization 

To stimulate sporulation, the isolates were cul-
tivated on autoclaved lignified 1-year-old apple 
twigs (2 cm in length) placed on WA. The cultures 
were incubated for 5 days at 24°C in the dark and 
for an additional 45 days at room temperature 
(18–22ºC) under ultraviolet (UV) light (λ=320 nm). 
For each isolate, 30 conidia were characterized 
according to their shape, length, width, color, and 
septum development. The presence or absence of 
pycnidium development for each isolate in APDA 
at 24°C was also recorded. For each isolate, ten 
conidiogenous cells were measured, and colony 
characterization was also performed. For species 
identification, the taxonomic key proposed by 
Phillips (2007) was used.

Molecular characterization 

Genomic DNA was extracted from 3- to 4-day-old 
cultures using a DNeasy Plant Mini Kit (Qiagen 
GmbH, Duesseldorf, Germany). The internal 
transcribed spacer (ITS) was amplified, including 
the 5.8S gene of the nuclear ribosomal DNA, using 
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primers ITS1 and ITS4 (White et al., 1990). The 
polymerase chain reaction (PCR) was performed 
in a thermal cycler (BIOER, TC-96/T/H(a), Bioer 
Technology Co. LTD, Tokyo, Japan), as described 
by Úrbez-Torres et al. (2008). The PCR products 
were separated by agarose gel electrophoresis (100 
V for 60 min) at 1.5% in 1× Tris-Acetate-EDTA 
buffer (TAE) (40 mM Tris, 40 mM acetate, 2 mM 
EDTA, pH 8.0). Each electrophoresis included 0.5 
μL of a 100 bp marker (BioLabs Inc., San Diego, 
CA). The gel was then stained with ethidium 
bromide for 20 min and visualized using a UV 
transilluminator (Vilber Lourmat, Marne-la-
Vallée, France).

The PCR products with bands between 500 and 
600 bp in size were purified using the Axy-
prep PCR Clean-up kit (Axygen Biosciences, 
California, USA) and were sequenced in both 
directions (Pontificia Universidad Católica de 
Chile, Santiago, Chile). The ITS sequences of 24 
isolates were aligned with the multiple sequence 
alignment program MAFFT version 6 (Katoh et 
al., 2005). Additional sequences were selected 
from GenBank (Table 1) by BLAST searches 
and included in the alignment. The phylogenetic 
analysis using parsimony was performed with 
PAUP* Version 4.0b10 for Macintosh (Sinauer 
Associates, Inc., Publishers, Sunderland, MA, 
USA). The analysis consisted of heuristic searches 
with 1,000 repetitions of random terminal addi-
tion of sequences, keeping only 20 non-optimal 
phylograms. Branch swapping was performed 
using tree bisection-reconnection (TBR). All 
characters were considered non-ordered and 
of equal weight. Indels were treated as missing 
data. The internal support of the clades was 
evaluated by 1,000 bootstrap (BS) replications 
(Felsenstein, 1985) with 10 repetitions of random 
terminal addition sequences and branch swap-
ping using TBR, keeping up to 20 of the most 
parsimonious trees.

To confirm the morphological identifications, 
the ITS sequences obtained from 24 isolates of 
Botryosphaeriaceae from Chile were aligned 

with the ex-type sequences of D. mutila, D. se-
riata, S. viticola, Dothiorella (Do.) iberica and 
Do. sarmentorum from GenBank (NCBI, 2009) 
(Table 1); Mycosphaerella populorum (isolate 
AF 216533) and M. africana (isolate AF 283690) 
were used as outgroups. 

Incidence of Botryosphaeriaceae wood 
infections in table grapes 

In 2009, the presence of Botryosphaeriaceae species 
was determined in seven table grape vineyards with 
vines between 11 and 20 years of age belonging 
to the following cultivars: ‘Thompson Seedless’, 
‘Redglobe’ and ‘Crimson Seedless’ (Table 2). The 
grapevines were grown on own-roots, with the 
exception of ‘Redglobe’ (grafted on ‘Harmony’), on 
high trellis systems supported on overhead arbors 
2 m in height. To associate external symptoms 
with internal symptoms, at least three grapevines 
in each vineyard were examined internally, and 
isolations were made from V-shaped or U-shaped 
cankers and/or black spots yielding Botryosphaeri-
aceae species. Consequently, quadrants of 100 
plants were randomly selected, and each plant 
was rated according to its external symptoms. 
The incidence was estimated as the percentage 
of diseased grapevines over the total number of 
grapevines. The severity was estimated using a 
0 to 4 scale, in which 0 = healthy plant, 1 = one 
diseased cordon (from only one stunted shoot to 
the death of the entire cordon), 2 = two diseased 
cordons, 3 = three diseased cordons and 4 = four 
diseased cordons. The severity was expressed as 
a damage index (DI) (Mc Kinney, 1923): DI = 
(∑(nv) (VN)-1100) where, n = number of arms 
per degree of attack; v = degree of attack; N = 
total number of arms observed; V = maximum 
range of the attack scale. In addition, grapevines 
from each vineyard were sampled to determine 
the presence of Botryosphaeriaceae species that 
were identified morphologically and molecularly. 
The relationships between plant age and percent 
incidence and between plant age and percent 
severity were studied by regression analysis.
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Table 1. Sequences of species of Botryosphaeriaceae used in the phylogenetic analysis. 

Species
Collection
 Number1

No Accession 
Genbank Origin Hosts References

Diplodia mutila CBS 112553 AY259093.2 Portugal Vitis vinifera Alves et al. (2004)

UCD 288Ma DQ008313.1 California Vitis vinifera Úrbez-Torres et al. (2006)

STE-U 5824 EF445346.1 South Africa Prunus salicina Damm et al. (2007)

STE-U 5038 AY343484 South Africa Vitis vinífera van Niekerk et al. (2004)

WAC 11082 AY727838 Australia Vitis vinifera Taylor et al. (2005)

Diplodia seriata UCD 614Tu DQ008318.1 California Vitis vinifera Úrbez-Torres et al. (2006)

UCD 710SJ DQ008321.1 California Vitis vinifera Úrbez-Torres et al. (2006)

STE-U 5899 EF445336.1 South Africa Prunus persica Damm et al. (2007)

CMW 1050 DQ836723.1 South Africa Prunus communis Slippers et al. (2007)

UCD 1035BC EU012379.1 Mexico Vitis vinifera Úrbez-Torres et al. (2008)

CMW 7775 AY236954 USA Ribes sp. Slippers et al. 2004

STE-U 4581 AY343439 South Africa Vitis vinifera van Niekerk et al. (2004)

STE-U 5037 AY343446 South Africa Vitis vinifera van Niekerk et al. (2004)

CBS 112556 AY259096 Portugal Pyrus communis Alves et al.  (2004

Diplodia sp. SET-U 5048 AY343373 South Africa Vitis vinifera van Niekerk et al. (2004)

Spencermartinsia viticola CBS 117010 AY905558.1 Spain Vitis vinifera Luque et al. (2005)

UCD 1642Yo EF202010.1 California Vitis vinifera Úrbez-Torres et al. (2007)

 CBS 117008 AY905557.1 Spain Vitis vinifera Luque et al. (2005)

SET-U 6139 EF445360.1 South Africa Prunus persica Damm et al. (2007)

STE-U 5831 EF445361 South Africa Prunus salicina Damm et al. (2007)

CBS 117009 AY905554 Spain Vitis vinifera Luque et al. (2005)

CBS 117006 AY905555 Spain Vitis vinifera Luque et al. (2005)

CBS 117007 AY905556 Spain Vitis vinifera Luque et al. (2005)

Dothiorella iberica JL 384 AY573211.1 Spain Malus pumila Phillips et al. (2005)

CBS 115036 AY573216.1 Spain Quercus suber Phillips et al. (2005)

JL 220 AY573215.1 Spain Quercus ilex Phillips et al. (2005)

CBS 115039 AY573210 Italy Quercus sp. Phillips et al. (2005)

JL 366 AY573209 Italy Quercus sp. Phillips et al. (2005)

CBS 113189 AY573199 Spain Quercus ilex Phillips et al. (2005)

DE 27 AY573200 Spain Quercus ilex Phillips et al. (2005)

CBS 113188 AY573198 Spain Quercus suber Phillips et al. (2005)

CBS 115035 AY573213 Spain Quercus ilex Phillips et al. (2005)

Dothiorella sarmentarum CBS 164.33 AY573208.1 Unknown Prunus americana Phillips et al. (2005)

IMI 63581b AY573212.1 England Ulmus sp. Phillips et al. (2005)

CBS 115038 AY573206.1 Netherland Malus pumila Phillips et al. (2005)

CBS 120.41 AY573207 Norway Pyrus communis Phillips et al. (2005)

1Acronyms of culture collections: CBS: Central Bureau Schimmel cultures, Utrecht, Netherlands; CMW: Culture 
Collection Forestry and Agricultural Biotechnology Institute, University of Pretoria, South Africa; WAC = Department 
of Agriculture Western Australia, Plant Pathogen Collection; STE-U: Department of Plant Pathology, University of 
Stellenbosch, South Africa; UCD: University of California, Davis, Plant Pathology Department Culture Collection; JL: J. 
Luque IRTA, Barcelona, Spain; DE: M.E. Sánchez, University of Córdoba, Spain; IMI: CABI Bioscience, Egham, U.K.  
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Cultivar susceptibility 

The pathogenicity and relative susceptibility of 
the table grape cultivars ‘Thompson Seedless’, 
‘Redglobe’ and ‘Flame Seedless’ to infection by 
D. mutila (isolate VID 1265), D. seriata (isolate 
VID 1270) and Spencermartinsia viticola (iso-
late VID 1286) were determined by the length 
of the necrosis and vascular streaking obtained 
in detached 1-year-old shoots (25 cm in length) 
during dormancy. The shoots were surface 
disinfected (1% sodium hypochlorite for 5 min 
and 95% ethanol for 30 s) and inoculated with 
a 3-day-old mycelium plug (5 mm in diameter 
in APDA) that was placed under an oblique cut 
made aseptically in the bark with a sterile scalpel. 

The inoculated area was covered with Parafilm 
to prevent rapid dehydration. An equal number 
of shoots was inoculated with B. dothidea (Pal 
496 [=IMI 395777]), from Persea americana) 
as a positive control, and discs of non-colonized 
APDA agar plugs served as negative controls. Five 
shoots were used per treatment and incubated for 
35 days in a humid chamber at 23ºC (Table 3).

The results were subjected to analysis of variance 
according to a complete randomized design with 
a 3×3 factorial arrangement of treatments (three 
vine cultivars × three pathogen species). The 
means were separated using Tukey’s test (P≤0.05). 
The statistical program Minitab 15 (Minitab Inc., 
PA, USA) was used for the statistical analyses.

Table 2. Incidence and severity of dieback symptoms in table grapes (Vitis vinifera) in Chile.

Locations Cultivars Plantation Year Incidence1 (%) Severity2 (%)

Champa Thompson Seedless 1989 69 21.3

San Bernardo Thompson Seedless 1991 41 12.3

Mallarauco Thompson Seedless 1993 57 21.8

San Bernardo Thompson Seedless 1996 47 12.5

Paine Redglobe 1997 25   6.5

Melipilla Crimson 1997 42 10.8

Los Andes Redglobe 1998 22   6.0

1The incidence was determined in a 100 plant sample per vineyard. 2 The severity was estimated according to a damage 
index (see text).

Table 3. Relative susceptibility of the table grape (Vitis vinifera) cultivars ‘Thompson Seedless’, ‘Flame Seedless’ and 
‘Redglobe’ to Botrytosphaeria dothidea, Diplodia seriata, D. mutila, and Spencermartinsia viticola, determined in 
inoculated in shoot cuttings.

Species Isolates
Mean necrotic length (cm) Mean vascular necrotic streak length (cm)

TS1 RG1 FS1 Means TS1 RG1 FS1 Means
S. viticola VID 1286 1.02    1.28 1.06 1.1a2 2.98 1.28 2.02 2.09a2

D. seriata VID 1270 1.88    1.90 3.98 2.6a 4.44 2.34 8.14 4.97a 
D. mutila VID 1265 4.16     6.48 4.88 5.2b 9.38 9.64 11.02 10.00b
B. dothidea PAL 496 9.00     9.72 6.88 8.5c 16.00 14.44 14.64 15.00c
Means    4.01a b   4.85a   4.20a      8.20a b     6.93a     8.96a

Analysis of variance df MS P df MS P
Cultivar (C) 2     3.79 0.49 2 21.06 0.25
Pathogen (P) 3 158.6 0.00 3 487.37 0.00
C x P 6    7.17 0.24 6 11.06 0.62

1Table grape cultivars: TS = ‘Thompson Seedless’, RG = ‘Redglobe’ and FS = ‘Flame Seedless.’
2Means followed by different letters indicate significant differences according to Tukey’s test (P=0.05). No lesions were 
detected on the control plants.
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Effect of tissue age on wood symptom 
development in adult plants

This experiment was conducted in apparently 
healthy grapevines, selected in a 25-year-old 
commercial vineyard of “Flame Seedless” table 
grapes located in San Felipe. Non-lignified shoots 
(<1-year-old shoots), lignified canes (>5 years 
old) and mature arms (> 4 cm in diameter) were 
inoculated in January (summer) with D. seriata 
(isolate VID 1270) and D. mutila (isolate VID 
1265) using the method described above. An 
equal number of grapevines were treated with 
sterile discs of APDA. In addition, grapevines 
inoculated with B. dothidea (isolate PAL 496 = 
IMI 395777) were included for comparison. The 
length of the necrotic lesions and the length of 
vascular streaking were determined 137 days 
after inoculation. The results were subjected 
to analysis of variance according to a complete 
randomized design with a 3×3 factorial struc-
ture (three tissue ages × three pathogens) with 
five replicates each. The means were separated 
according to Tukey’s test (P≤0.05). Prior to 
analysis, the lengths of the cankers were trans-
formed using log(x).

Results

Symptoms, incidence and damage index 

The symptoms were characterized by the presence 
of a partial or total death of the grapevine cordons 
and distorted leaves (Figure 1A). Brown U-shaped or 
V-shaped cankers (Figure 1B) and black spots were 
observed in cross-sections, while brown vascular 
streaks were observed in longitudinal sections of 
cordons and trunks. Additionally, diseased plants 
exhibited reduced growth in one or more cordons 
and death of one or more shoots (Figure 1A). 

The incidence and severity of symptoms in grape-
vines varied from 22.0 to 69.0% and 6.0 to 21.8% 
in 11- and 20-year-old grapevines, respectively 
(Table 2). A linear model best explained the re-

lationship between x = plant age and y = percent 
prevalence (y = -12.0 + 3.79x, R2 = 0.62, P=0.05) 
and between x = plant age and y = percent severity 
(y = -7.95 + 1.44x, R2 = 0.61, P=0.05) (Figure 2). 

Isolates and identification 

Twenty-four Botryosphaeriaceae isolates were ob-
tained, and, based on their morphology, they were 
identified as D. seriata (83.3%), D. mutila (8.3%) 
and S. viticola (8.3%). These species were obtained 
alone, mainly on samples taken in the autumn (94.7%), 
followed by samples taken in the winter (57.1%) and 
spring (2.2%). These species were obtained from 
wedged or V-shaped perennial cankers in cordons 
and from black spots. The colonies of D. seriata, D. 
mutila and S. viticola (Figure 3B, D, F) developed 
dark brown pycnidia after 10 to 15 days in APDA 
and apple twigs. The conidia of D. seriata were 
unicellular, ellipsoidal and truncated; their mean 
dimensions were 22.7±0.8×10.1±0.5 µm (Figure 
3A). The conidia of D. mutila were mainly aseptate 
and ellipsoidal; they exhibited mean dimensions of 
26.1±0.2 × 12.2±0.6 µm, but dark brown, septated 
conidia developed in cultures after 45 days (Figure 
3C). The conidia of S. viticola were ellipsoidal and 
septate; their mean dimensions were 21.5±0.4 × 
9.5±0.3 µm (Figure 3E).

The maximum parsimony analysis of the ITS region 
produced 18,680 trees of 246 steps (CI = 0.94, RI 
= 0.98, HI = 0.05). Because of the large number of 
trees produced, the strict consensus tree is shown in 
Figure 4. The isolates from Chile were distributed 
over two clades: the first corresponded to the genus 
Diplodia with 100% bootstrap support, and the 
second group was composed of Dothiorella sp. and 
Spencermartinsia. The 19 isolates corresponding 
to D. seriata formed a moderately supported clade 
(BS = 72). The remaining isolates corresponding 
to Diplodia were grouped with samples from 
GenBank corresponding to D. mutila. In addition, 
the isolates VID 1268 and VID 1286 also formed 
a highly supported clade (BS = 98) corresponding 
to S. viticola (Figure 4).
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Figure 2. Relationships between the age of the vineyard and prevalence and severity of decline of table grapes 
(Vitis vinifera), determined in the fall of 2009. 

Figure 1. Symptoms caused by Botryosphaeriaceae spp. in table grapevines (Vitis vinifera). A, Partial death of a grapevine 
cordon with small shoots and distorted leaves associated with black dead arm observed in an 11-year-old ‘Redglobe’ plant. 
B, Cross-section of a 16-year-old trunk of a ‘Thompson Seedless’ plant exhibiting U-shaped dark brown necrosis. C and 
D, Necrotic lesions associated with Diplodia seriata on a mature arm (C) and D. mutila on a lignifi ed cane (D) both from 
a 25-year-old ‘Flame Seedless’ table grape plant.
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Figure 3. Morphological characteristics of Botryosphaeriaceae spp. obtained from table grapes (Vitis vinifera) in Chile. A 
and B, Diplodia seriata. Conidia with truncated bases and rounded tips (A) and colonies (B) in acidifi ed potato dextrose 
agar (APDA) after 21 days of incubation at room temperature. C and D, Diplodia mutila. Ellipsoidal conidia (C), which are 
hyaline and thick-walled, and mature conidia (arrow), which are melanized, dark brown and septated. Colony in APDA 
after 21 days of incubation (D). E and F, Spensermartinsia viticola (anamorph Dothiorella viticola). Conidiogenous cells 
(arrow) and young, round, thick-walled (E) and detail of mature septated conidia, which are melanized and dark brown, 
with truncated bases. Colony in APDA after 21 days of incubation (F). Scale = 20 µm.

A B

DC

FE
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Cultivar susceptibility 

The isolates of D. seriata, D. mutila, S. viticola 
and B. dothidea were pathogenic on shoot cuttings 
of ‘Thompson Seedless’, ‘Redglobe’ and ‘Flame 
Seedless’ and produced dark brown necrotic le-
sions that were 1.1 to 8.5 cm in length. Vascular 
streaking that developed in the same samples 
varied from 2.09 to 15.00 cm in length (Table 
3). Pycnidia were obtained in inoculated shoot 
cuttings above the wounds. 

The effect of the pathogens on both the length of 
necrosis and the length of vascular streaking was 
signifi cant (P≤0.05), but the effect of table grape 
cultivars and the interactions between the table grape 
cultivars and the pathogens were not statistically 

signifi cant (Table 3). Among the Botryosphaeri-
aceae species isolated in this study, D. mutila and 
D. seriata produced the most extensive necrosis 
and vascular streaking, followed by S. viticola. 
However, B. dothidea appeared to be the most 
virulent Botryosphaeriaceae species (Table 3).  

Effect of tissue age on internal necrotic lesion 
development in mature grapevines

After 137 days from the inoculation time, inter-
nal necrotic lesions were observed in the wood 
of mature ‘Flame Seedless’ plants; these lesions 
were characterized by sharp margins, and were 
dark brown in color. They extended acropetally 
and basipetally from the points of inoculation and 

Figure 4. Strict consensus tree from analysis of the ITS region of the nuclear rDNA corresponding to isolates (VID) of 
Botryosphaeriaceae spp. obtained from table grapes (Vitis vinifera) in Chile. The numbers on the branches correspond to 
the bootstrap values (>50%).
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ended in dark brown vascular streaks (Figure 1 C, 
D). The effect of the pathogen, both on the length 
of necrosis and the length of the vascular necrotic 
streaks, was significant (P≤0.05), but the effect of 
the age of the inoculated tissue and the interaction 
between the age of the inoculated tissue and pathogen 
were not statistically significant (Table 4). Diplodia 
mutila and D. seriata produced the largest necrotic 
lesions and the largest vascular necrotic streaks. 
In both analyses, B. dothidea was less virulent; 
however, this phenomenon was not the case when 
this pathogen was inoculated on cuttings in the 
bio-testing for cultivar susceptibility (Table 3). 
Each Botryosphaeriaceae species was re-isolated 
from each inoculated grape plant and from the three 
types of tissue ages; there was 100% recovery for D. 
seriata and 93.3% recovery for D. mutila. Because 
no lesions were detected in the control plants, they 
were not included in the analysis.

Discussion

This study reports for the first time the presence 
of D. mutila and S. viticola associated with wood 
cankers and dieback of table grapes in Chile. At 
the same time, the presence of D. seriata was 
confirmed, although D. seriata (former B. obtusa) 
had been previously reported in ‘Redglobe’ table 
grapes showing decline (described as black dead 
arm) symptoms in Chile (Auger et al., 2004). Unlike 
previous studies (Larignon et al., 2001; Phillips, 
2002; Úrbez-Torres et al., 2006), B. dothidea and 

many others species reported worldwide were not 
isolated from table grapes in the central zone of 
Chile. The high relative recovery of D. seriata 
from table grape cultivars showing symptoms 
of decline (83.3%) in this study was similar to 
a previous report (86.0% of total samples) from 
Chile (Auger et al., 2004), and this finding was 
also similar to the results obtained by Luque et 
al. (2009), who found that D. seriata and Eutypa 
lata (Pers.) Tul. & C. Tul. were predominantly 
isolated from V-shaped cankers in Spain. In our 
study, E. lata was not isolated, and to date there 
is no official report of E. lata affecting grapevines 
in Chile (Acuña, 2010).

The identification of Botryosphaeriaceae species 
was based primarily on morphological character-
istics and was later confirmed by sequencing of 
the ITS1-5.8S-ITS2 region of the nuclear rDNA. 
The morphological results obtained agree with 
previously published descriptions of D. mutila, 
D. seriata and S. viticola (Denman et al., 2000; 
Luque et al., 2005; Taylor et al., 2005; Úrbez-
Torres et al., 2006; Slippers et al., 2007; Phillips 
et al., 2007 and 2008). The teleomorphs of these 
species were not observed in this study.

Our results confirmed that D. mutila, D. seriata 
and S. viticola were pathogenic to grapevines, 
especially the pathogenicity tests performed on 
25-year-old ‘Flame Seedless’ table grape plants. 
The wood symptoms caused by D. mutila in 
inoculated grapevines were in agreement with 

Table 4. Effect of tissue age on the development of necrosis and vascular necrotic streaks produced by Botryosphaeria 
dothidea, Diplodia seriata and D. mutila in table grape (Vitis vinifera) cv. Flame Seedless.

Mean necrotic length (cm) Mean vascular necrotic streak length (cm)
Species Isolates 1 Year 2 years >5 years  Means 1 Year 2 years >5 years  Means
B. dothidea PAL 496 1.52 3.10 2.64      2.42a1 8.50 9.80 6.50      8.27a1

D. seriata VID 1270 2.28 2.72 4.92 3.31ab 9.78 12.30 12.00 11.36 b
D. mutila VID 1265 4.50 4.38 3.16 4.01 b 9.04 10.50 8.48 9.34ab
Means 2.77a 3.40a 3.57a 9.11aa 10.87a 8.99a

Analysis of variance df SM P df SM P
Age of the tissue (A) 2 0.08 0.17 2 16.55 0.12
Pathogen (P) 2 0.18 0.02 2 37.00 0.01
A × P 4 0.07 0.22 4   6.09 0.53

1Means in columns or rows followed by the same letters are not significantly different according to Tukey’s test (P=0.05). 
The data describing necrotic length were transformed using log(x) prior to analysis, but the non-transformed data are 
presented. No lesions were detected on the control plants.
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the original wood symptoms reported for BDA 
by Lehoczky (1974). D. mutila was re-isolated 
from necrotic tissue and vascular streaking, but 
foliar symptoms, such as leaf chlorosis, wilt-
ing, leaf reddishness and premature leaf fall, 
which had also been reported to be associated 
with D. mutila and other Botryosphaeriaceae 
(van Niekerk et al., 2006), were not observed in 
this study. Similarly, D. seriata and S. viticola 
only induced necrotic and vascular streaking 
in inoculated grapevines and were re-isolated 
from inoculated grapevines. Therefore, in agree-
ment with other studies (Castillo-Pando et al., 
2001; Taylor et al., 2005; Úrbez-Torres, 2011; 
Úrbez-Torres and Gubler, 2009; van Niekerk, 
2004), these Botryosphaeriaceae species were 
pathogenic, and the occurrence of necrotic 
internal symptoms was demonstrated in this 
study. However, the association of these spe-
cies with BDA and foliar symptoms remains 
to be determined. 

Similarly, the V-shaped necrosis associated with 
Botryosphaeriaceae infections or in BDA in 
other studies (Luque et al., 2009; Úrbez-Torres, 
2011) was not observed in inoculated plants. This 
outcome was attributed to the short incubation 
period because the grape plants were removed 
before bud burst early in the spring. In addition, 
these results do not discount the possibility that 
other fungal species associated with trunk and 
arm diseases elsewhere may coexist.

In pathogenicity tests performed by other authors, 
D. mutila and D. seriata were less virulent than 
B. dothidea (Phillips, 1998), and these species 
were considered weakly virulent in Australia 
(Taylor et al., 2005) and California (Úrbez-Torres 
et al., 2009). However, these previous findings 
may not apply to our results because D. mutila 
and D. seriata were the most aggressive of the 
species isolated from table grape plants in this 
study. This finding corresponds with the original 

description of BDA in that D. mutila was regarded 
as the cause of the disease (Lehoczky, 1974). 
Several reasons can explain these differences 
in virulence, including the isolate variability, 
inoculation conditions and grape cultivars used 
in these pathogenicity tests. In addition, it should 
be taken into account that the B. dothidea isolate 
was obtained from an avocado tree. Therefore, 
although D. mutila was isolated less frequently 
than D. seriata, the former species should be 
regarded as a major pathogen associated with 
BDA in Chile. However, additional investigations 
using a large number of isolates are needed to 
clarify this hypothesis.

The observation that BDA was more prevalent in 
older, as opposed to younger, table grape plants 
was also reported by Larignon et al. (2001), who 
found that grapevines over eight years old were 
affected (Northern Hemisphere). The highest 
prevalence of BDA was found in relatively old 
vineyards associated with Botryosphaeriaceae 
species (Figure 2). In this study, the importance of 
D. seriata is clear because it was the main species 
recovered from diseased grapevines affected by 
Botryosphaeria canker. Nevertheless, considering 
the results obtained in the inoculations performed 
in old tissues, D. mutila and D. seriata were the 
more aggressive species. However, it would be 
advisable to study a larger number of samples 
before making a final conclusion.
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