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Introduction

Decline symptoms in young grapevines were
first seen in Portugal in the early 1990s, mainly in
areas where there had been extensive replacement
of ancient vineyards with new plantations. Symp-
toms included reduced vigour, shortened inter-
nodes, sparse foliage and chlorotic leaves, frequent-
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ly leading to death of the plants. In cross-sections
of the trunks brown to black discolouration of the
wood tissues was evident at the level of the graft.
Longitudinal sections revealed that the black dis-
colouration was also present in tissues above and
below the graft union. Isolations from discoloured
tissues of the trunk consistently yielded the fun-
gus Cylindrocarpon destructans (Zins.) Scholten
which was subsequently shown to be pathogenic
to grapevines (Rego, 1994). This fungus had first
been reported as the causal agent of black-foot dis-
ease of grapevine in Italy in 1984 (Grasso, 1984)
and later it was considered to be responsible for
grapevine mortality in some new plantings in
France (Maluta and Larignon, 1991). Cylindrocar-
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pon obtusisporum (Cook & Harkn.) Wollenweb. has
also been reported to cause symptoms of black-foot
in Sicilia (Grasso and Magnano di San Lio, 1975)
and in California both Cylindrocarpon species have
been reported to induce dark-brown to black streak-
ing in the vascular elements of trunks (Scheck et
al., 1998a).

Species of Phaeoacremonium have also been
associated with young grapevine decline in South
Africa (Ferreira et al., 1994), United States of
America (Morton, 1997; Scheck et al., 1998b), in
Australia (Pascoe, 1999) and in Italy (Mugnai et
al., 1999). Symptoms caused by Phaeoacremonium
spp. on young grapevines are very similar to those
incited by species of Cylindrocarpon and disease
diagnosis cannot be made solely on the basis of vis-
ual symptoms of vegetation.

After the first reports of Cylindrocarpon black-
foot disease in Portugal, other severe outbreaks
were observed in young vineyards of certain grape
cultivars. These vineyards were located in various
different regions of the country but a common fea-
ture was that the rootstocks came from a single
region, or even from the same nursery (Rego et al.,
1998). Concerning the origin of the infection in
these young vines, it was hypothesised that infect-
ed rootstocks are a potential mean by which the
pathogen could be spread.

This paper reports the results of surveys of Cy-
lindrocarpon black-foot disease in rootstock nurs-
eries and young vineyards in Portugal. The role of
species of Phaeoacremonium isolated from sampled
materials is also discussed.

Materials and methods

During 1998 and 1999, 68 rootstock nurseries
located in the most important production areas of
Portugal (Ribatejo-Oeste and Beira Litoral) were
surveyed. Samples of approximately 100 plants of
each rootstock (1103P, S04, 196-17, 5BB, 140Ru,
99R, 41B, 101-14, 110R) were randomly collected
from each nursery and a total of 3,340 plants were
selected for isolation. Plants were washed with
water and their roots cut off. Rootstocks were cut
crosswise, and inspected for wood discoloration.
Small pieces, approximately 3x2x1�mm in size, of
blackened tissues located within 5 cm of the basal
end of rootstock were removed. In some cases frag-
ments of affected tissues were also taken from up-

per levels. Pieces were surface disinfected by im-
mersion in a 1.5% solution of NaOCl for 30 sec,
rinsed in sterile distilled water, plated on potato-
dextrose agar and then incubated in the dark at
20°C. Plates were examined weekly. Identification
of the isolated fungi was based on their microscop-
ical and cultural characters, according to classical
manuals. Species of Cylindrocarpon and Phaeoa-
cremonium were identified following Samuels and
Brayford (1990) and Crous et al. (1996), respective-
ly. Results are given as a percentage of plants in-
fected with each fungus.

A survey of young grapevines (2- to 8-year-old)
showing decline symptoms was carried out from
1996 to 1999. A total of 154 diseased plants of dif-
ferent cultivar/rootstock combinations were ob-
tained from distinct vine growing regions of Por-
tugal. Cross and longitudinal sections of the woody
stem of each plant were examined in order to fol-
low the development of wood browning. Isolations
were made from different zones of necrotic tissues,
following the method described above.

Rooted cuttings of 99R rootstock were used for
pathogenicity experiments of C. destructans iso-
lates. Plants were uprooted and their roosts
washed. For each fungal isolate, twelve plants were
inoculated by dipping roots in a conidial suspen-
sion containing ca. 108 spores per ml for 30 min.
Control plants were similarly treated but sterile
distilled water was used instead of inoculum. Root-
ed cuttings were planted in 500 ml plastic pots con-
taining an artificial mixture of soil, peat and sand
(2:1:1 v/v) and maintained in a growth-chamber at
24°C with a 12 h fluorescent light/12 h dark cycle.
Disease symptoms were recorded two months lat-
er and reisolations were made by the method de-
scribed above for isolations.

Results and discussion

Concerning the survey of rootstock nurseries a
high number of plants exhibited, in longitudinal
section, black discolouration and brown to dark
streaks in the wood, mainly at the base of the root-
stock. In cross section the streaks appeared as dark
spots, sparsely distributed or in groups. The fungi
most frequently isolated from discoloured wood at
the base of rootstock were C. destructans (37.0%),
Phaeoacremonium spp. (29.8%), Acremonium sp.
(9.0%), Phomopsis sp. (7.8%), Fusarium spp. (4.9%),
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Fusicoccum sp. (4.1%), Gliocladium sp. (2.9%),
Phoma sp. (1.1%) and Sphaeropsis sp. (0.6%). These
fungi were also isolated, but less frequently, from
the upper parts of the rootstocks. As for Phaeoa-
cremonium species, P. chlamydosporum was pre-
dominant, although P. aleophilum was also isolat-
ed. Considering the most frequently isolated fun-
gi, namely C. destructans and Phaeoacremonium
spp., both fungi were present in all tested root-
stocks (Table 1).

In what concerns the decline in young vines
(2- to 8-years-old), the incidence was generally low,
but some severe outbreaks occurred. Wine culti-
vars (Fernão Pires, Malvasia Fina, Tinta Roriz,
Jaen, Alfrocheiro, Trincadeira, Seara Nova, Boal
Branco, Tinta Barroca, Touriga, Touriga France-
sa, Perrum, and Moscatel de Setúbal) and table
grape cultivars (Cardinal, D. Maria) grafted onto
various rootstocks (99R, 110R, 1103P, 101-
14,140Ru, 5BB, 161-49) were affected. Isolations
made from symptomatic internal tissues yielded
several different genera of fungi, namely, Cylindro-
carpon, Phaeoacremonium, Fusicoccum, Phomopsis,
Natrassia, Sphaeropsis, Truncatella, Fusarium, and
Gliocladium. Among these, C. destructans and P.
chlamydosporum were the fungi most frequently
isolated from the basal end of the rootstocks and
from the graft region of young plants.

In addition to the typical symptoms of decline,
a canker was observed in some young grapevines.
In most cases the canker was located at the base of
the current season’s shoot, but occasionally they
were found on branches of the main stem. The bark
was blackened and deeply cracked and the canes

had an oval cross-section compared with the cylin-
drical aspect of healthy canes. P. chlamydosporum
was frequently isolated from the rootstocks and
cankers of the affected plants. Further studies are
needed to determine if P. chlamydosporum is in-
volved with the production of cankers.

Typical black foot symptoms developed in root-
ed cuttings inoculated with isolates of C. de-
structans. These included root lesions, vascular
discolouration, and necrosis, all of which developed
within two months after inoculation. Depending
on the isolate tested, between 16 and 66% of the
plants developed root symptoms and 33-67% died.
The pathogen was reisolated from inoculated plants
but never from the control treatments.

In Portugal, C. destructans and P. chlamydospo-
rum are consistently isolated from young grape-
vines showing decline symptoms. Disease incidence
and severity are increasing in the major grape-
growing regions forcing growers to replant young
vineyards. Both fungi incite similar field symptoms
which Scheck et al. (1998a) collectively referred to
as “decline symptoms”. Also, our results point out
that C. destructans and Phaeoacremonium spp.
were isolated both from rootstocks and from grape-
vine plants with decline symptoms. However, some
symptomatic tissues were apparently sterile, sug-
gesting that wood discolouration can also be due
to abiotic causes.

Our study has revealed that infected rootstocks
are the most likely way in which these two patho-
gens are disseminated, but the initial source of
infection is not known. Propagation material may
already be infected when it is taken from the moth-

Table 1. Frequency of isolation of Cylindrocarpon destructans and Phaeoacremonium spp. from nine different root-
stocks.

Rootstock No. of plants % plants with % plants with
examined  Cylindrocarpon destructans  Phaeoacremonium spp.

1103P 570 25.0 38.4
S04 515 33.4 19.6
196-17 827 30.2 18.0
5BB 220 47.0 40.5
140Ru 163 28.0 25.1
99R 740 26.5 16.2
41B 100 30.0 21.0
101-14 040 47.0 07.5
110R 165 28.5 17.0
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er plants, or infection may take place in the nurs-
ery (Bertelli et al., 1998), or in the soil through the
roots and wounds. At present we do not know which
of these alternatives occurs in Portugal. Therefore,
further research must be aimed at determining the
source of infection. The role played by each or both
of these fungi in young grapevine decline should
also be studied.
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