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Introduction

The Abruzzi region in central Italy is an impor-
tant vine-growing area where esca proper (Graniti
et al., 2000) is widespread. This is possibly due to
the age of the vineyards, commonly more than
twenty years.

Some cv. Trebbiano d’Abruzzo vineyards, a com-
mon target of esca in this area, have been under
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investigation for a decade (1993–2002), providing
new information on the aetiology, the epidemiolo-
gy, and control of the disease (Calzarano et al.,
unpublished data).

Esca proper currently cannot be controlled ex-
cept by trunk renewal, and even then the effect is
only temporary (Di Marco et al., 2000).

This paper reports on a trial carried out in 1994–
2002 on vines cv. Trebbiano d’Abruzzo in three dif-
ferent vineyards to study the effect of fungicide
treatment after trunk renewal of vines affected
with esca proper. Fungicides were applied by trunk
injection or by ground injection with injector pole.
Effects examined were: the growth condition of the
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vines, the yield, and vine mortality. Comparison
was with trunk-renewed vines that had not been
fungicide-treated afterwards (control).

The effect that necrosis severity at the time of
trunk renewal in 1995 had on subsequent fungi-
cide effectiveness was also examined.

Materials and methods
Trunk renewal and treatments

Vines from three vineyards were identified as
being infected with esca proper by direct inspec-
tion of foliar symptoms in summer 1994. In the
following vegetative resting period in winter 1995,
all these vines were trunk-renewed and the cut
surfaces of the trunks were protected with healing
varnish. In the spring of that same year the fungi-
cide treatments were started. These treatments
were repeated yearly for four years (1995–1998)
during the vegetative season in the last week of
May, by one of two methods: either by direct trunk
injection with a syringe, or by ground injection with
an injector pole. Both these application techniques
were previously tested in studies on esca-infected
vines that had not been trunk-renewed (Di Marco
et al., 1993, 2000).

The fungicides applied were chosen on the ba-
sis of their demonstrated effectiveness in in vitro
and in vivo studies (Di Marco et al., 1990, 1999;
Bisiach et al., 1996) (Table 1).

Assessment

In order to determine the effectiveness of the
various experimental schemes, the following vari-
ables were examined: extent and type of visible
necrosis at the moment of trunk renewal, growth

resumption, plant vigour, foliar symptoms (meas-
ured from 1994 to 2002), plant yield and mortality
(determined at the end of the trial in 2002).

Necrosis severity
Necrosis severity was evaluated by examining:

1. the type of necrosis (discoloration and decay)
occurring on the cut surface of the remaining part
of the trunk, which became visible after trunk re-
newal, and 2. the extent (%) of necrosis covering
the trunk cross section.

The type and extent of necrosis in each vine was
classified in one of three categories:
1.  extensive discoloration (>20% of trunk cross

section) with wood decay;
2. extensive discoloration (>20% of trunk cross

section) without wood decay;
3. moderate discoloration (<20% of trunk cross

section) without wood decay.

Growth resumption
Growth resumption was determined in each test

group, in March of each year from 1995 to 2002, by
computation of the vines that did not show new
shoots. Growth resumption is expressed as a per-
centage of the total number of vines in each test
group.

Vigour
Starting after fungicide treatments were discon-

tinued in 1998, plant vigour was visually evaluat-
ed annually until 2002. All vines were classified in
one of three categories: 1. low vigour, <50% of the
cultivar vegetative standard; 2. medium vigour,
50% of the cultivar vegetative standard or 3. nor-
mal vigour, 100% of the cultivar vegetative stand-

Table 1. Field-trial fungicide application details.

Vineyard No. Application Active ingredient (a.i.) Dose Number
type and commercial formula (g a.i. per plant) of vinesa

1 Trunk injection Fosetyl Al Ca (Aliette Ca) 2 21
1 Trunk injection Tetraconazole (M14360, 12.5 FL) 0.1 21
1 Untreated                           - 21
2 Trunk injection Cyproconazole (Atemi, 10 WG) 0.1 21
2 Untreated                           - 21
3 Injector-pole Cyproconazole (Atemi, 10 WG) 1 29
3 Untreated 29

a Each vine is considered a replication.
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ard. Classification was started in 1998, after com-
plete recovery from regeneration, when trunk-re-
newed vines had regained a vegetative capacity
equal to that of adult vines of the same cultivar.

Vigour in 1995–1998, when vines were still in
the regeneration stage, was also evaluated using
the same classification as above. Trunk and canopy
development of the vines were visually evaluated.

Yield
Yield was the weight of all bunches from all the

vines of each test group in each vineyard in the
last year of the experiment (2002).

Mortality
Mortality in the vineyards was determined in

2002, eight years after trunk renewal, taking into
account the percentage of dead vines in each test
group.

Foliar symptom appearance
Foliar symptoms on the vines with trunk re-

newal were detected by visual inspection. All vines
were inspected and classified according to the fol-
lowing scheme: 1. moderate symptoms, on < 50%
of canopy; 2. heavy symptoms, on > 50% of canopy.

Data analysis
Data on normal vigour and mortality in 2002

were statistically analysed using the Chi Square
procedure (χ2). For each test group in each vine-
yard the frequency of vines with normal vigour was
compared using the statistics test ‘set of two � r’.
A similar test was performed for the variable “mor-
tality”.

In the case of vineyard 1, the statistical analy-
sis was completed with Multiple Correspondence
Analysis, using SAS System Rel 8.2 (SAS Institute,

Cary, NC, USA). This test shows the effect of dif-
ferent treatments on plant vigour by associating
each treatment with a different vigour category.

The 2002 yields of each test group in each vine-
yard were subjected to Duncan’s Test using the SAS
system.

Results
Trunk renewal and fungicide trunk injection

Growth resumption
Growth resumption in vines immediately af-

ter trunk renewal was high in all test groups (Ta-
ble 2). Subsequently, fungicides favoured growth
resumption in different ways. Cyproconazole was
the most effective; its effect on growth resump-
tion increased with time even after it had been
discontinued and was most marked in 2002. Tet-
raconazole was also effective during treatment
though somewhat less so in 2001 and 2002. Fo-
setyl Al led to a high vegetative resumption, de-
creasing during the years of treatment, which sta-
bilised in 2001 and 2002, though still significant-
ly higher than that shown by the renewed untreat-
ed vines.

Vigour, mortality and yield
In all test groups of both vineyards the pattern

of plant vigour in 1995–1998 was similar: all trunk-
renewed vines that resumed growth gradually in-
creased in vigour until 1998.

After this initial period the benefit of trunk re-
newal was shown to be only temporary, unless it
was combined with fungicide post-treatment, in
which case it became permanent .

In vineyard 1 during 2001 and 2002, the pro-
portion of vines treated with Tetraconazole and
showing medium or normal vigour was drastically

Table 2. Growth resumption in trunk-renewed vines treated with fungicide by trunk injection.

1995 1996 1997 1998 2001 2002
Vineyard No. Fungicide

Vines (%)

1 Fosetyl Al 85.7 85.7 81.0 76.2 76.2 76.2
1 Tetraconazole 100.0 100.0 100.0 100.0 71.4 71.4
1 Untreated 76.2 76.2 71.4 66.7 57.2 57.2

2 Cyproconazole 81.0 81.0 85.7 85.7 95.2 95.2
2 Untreated 61.9 57.2 57.2 57.2 57.2 57.2
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reduced, though a positive 15% gap in vigour re-
mained compared to the untreated (trunk-renewal
only) vines (Table 3).

Nevertheless, statistical analysis of the normal-
vigour vines detected no significant differences
between untreated and tetraconazole-treated vines
in that vineyard (Table 4).

However, statistical analysis detected signifi-
cant differences between the fosetyl Al treated and
the untreated group. Multiple Correspondence
Analysis confirmed these results, linking vines of
normal vigour to fosetyl Al, and vines of low and
medium vigour to Tetraconazole (Fig. 1).

The effect of trunk injections on vigour was
particularly strong in vineyard 2, where all cy-
proconazole-treated vines showed high vigour in
the last two years, and indeed earlier, while a
considerable portion of the control vines had low
vigour. This result was significant, χ2 <0.0001
(Table 4).

Mortality of the trunk-injected vines during the
last year was much lower than in the controls.
However, in the statistical analysis the result was
significant only for cyproconazole (Table 5). Multi-

Table 3. Trunk injection: vigour of trunk-renewed vines during and after trunk injection of fungicide, grouped by
vine vigour level.

. 1995 1996 1997 1998 2001 2002
Vineyard No. Fungicide Vigour level

Vines (%)

Low 0.0 9.5 4.8 0.0 0.0 0.0
1 Fosetyl Al Medium 33.3 23.8 4.8 0.0 9.5 9.5

Normal 52.4 52.4 71.4 76.2 66.7 66.7

Low 28.6 0.0 0.0 0.0 14.3 14.3
1 Tetraconazole Medium 42.8 28.6 0.0 0.0 14.3 14.3

Normal 28.6 71.4 100.0 100.0 42.8 42.8

Low 9.5 9.5 0.0 0.0 0.0 14.3
1 Untreated Medium 42.8 9.5 0.0 0.0 23.8 9.5

Normal 23.8 57.1 71.4 66.7 33.3 33.3

Low 23.8 4.8 0.0 0.0 0.0 0.0
2 Cyproconazole Medium 52.4 42.8 38.1 0.0 0.0 0.0

Normal 4.8 33.3 47.6 85.7 95.2 95.2

Low 23.8 9.5 9.5 0.0 4.8 0.0
2 Untreated Medium 33.3 19.0 4.8 0.0 19.0 28.6

Normal 4.8 23.8 38.1 52.3 28.6 28.6

Fig. 1. Multiple Correspondence Analysis: correlation
between vine vigour classes and fungicide treatment in
vineyard 1.
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ple Correspondence Analysis was not used with
vineyard 2, as the results with cyproconazole were
highly significant in the χ2 analysis.

In 2002 yield from vines treated with cyproco-
nazole or fosetyl Al differed significantly from the
yield of untreated vines. The yield from vines
treated with Tetraconazole was greater than that
of the untreated controls and lower than that of
fosetyl Al, but the differences were not significant
(Table 6). The statistical analysis on yield also in-
cluded dead vines, counted as producing zero
yield.

Table 5. Statistical analysis using “set of two � r”. The treated test groups in the trunk-injected vineyards were
compared with the corresponding untreated test group (trunk-renewal only) according to the frequency of vines in
the class “mortality”, as assessed in 2002.

No. of dead vines
in the untreated test groups

Test group Number of dead vines
Vineyard 1 Vineyard 2

9 9

Fosetyl Al 5 0.1904a

Tetraconazole 6 0.3340

Cyproconazole 1 0.0038

a χ2 probability value: the values shown were at the intersection between the two data of the compared test groups. The couple
comparison was significantly different from χ2 <0.05.

Table 4. Statistical analysis using “set of two � r”. The treated test groups in the trunk-injected vineyards were
compared with the corresponding untreated test group (trunk-renewal only) according to the frequency of vines in
the classes “normal vigour”, as assessed in 2002.

No. of vines with normal vigour
in the untreated test groupsTest group Number of vines with normal vigour

Vineyard 1 Vineyard 2

7 6

Fosetyl Al 14 0.0308a

Tetraconazole 09 0.5251a

Cyproconazole 20 <0.0001

a  χ2 probability value: the values shown were at the intersection between the two data of the compared test groups. The couple
comparison was significantly different from χ2  <0.05.

Table 6. Vines receiving trunk injection: average yield
in 2002.

Vineyard No. Fungicide Yield  (Kg/vine)

1 Fosetyl Al 14.3 aa

1 Tetraconazole 10.3 ab
1 Untreated 6.6 b
2 Cyproconazole 19.5 a
2 Untreated 13.4 b

a Values in column followed by the same letter do not differ ac-
cording to Duncan’s Test (P=0.05).



121Vol. 43, No. 1, April 2004

Fungicide treatment after trunk renewal in esca diseased vines

Foliar symptoms severity
Foliar symptoms in trunk-renewed vines were

generally infrequent during the monitoring peri-
od, and no differences in foliar symptoms incidence
were observed between fungicide-treated vines and
the controls (Table 7).

Relation between necrosis severity and treatment
effectiveness

Necrosis severity recorded at the time of trunk
renewal in1995 did not affect subsequent fungicide

effectiveness in vines with normal vigour and opti-
mal yield in 2002. Many vines treated with cypro-
conazole and fosetyl Al, the most effective fungicides,
had revealed severe necrosis in 1995; of these 95.2%
of cyproconazole-treated vines showed optimal re-
sponse to treatment, including 52.4% of vines in the
necrosis category ‘extensive discoloration and de-
cay’; similarly, of the vines treated with fosetyl Al
66.7% showed optimal response to treatment, in-
cluding 42.8% of vines that had had extensive dis-
coloration and decay in 1995 (Fig. 2).

Table 7. Foliar symptom severity.

No. of vines (%)
Vineyard No./fungicide Symptom severity

1995 1996 1997 1998 2001 2002

1/Fosetyl Al Moderate 4.2 13.9 8.3 5.5 0.0 0.0
“ Great 0.0 0.0 0.0 0.0 0.0 0.0

1/Tetraconazole Moderate 0.0 14.3 0.0 0.0 0.0 0.0
“ Great 0.0 0.0 14.3 14.3 0.0 28.6

1/Untreated Moderate 0.0 15.3 4.2 0.0 0.0 0.0
“ Great 0.0 0.0 9.7 4.2 0.0 4.8

2/Cyproconazole Moderate 0.0 0.0 12.5 0.0 0.0 0.0
“ Great 0.0 0.0 0.0 0.0 0.0 0.0

2/Untreated Moderate 0.0 33.3 26.4 0.0 0.0 0.0
“ Great 0.0 0.0 0.0 0.0 0.0 0.0
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Fig. 2. Severity of wood necrosis (%) observed at the time of trunk renewal (1995) in vines showing normal vigour
and full yield eight years later (2002).
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Trunk renewal followed by fungicide application
with injector pole

In vineyard 3, vines treated with ground ap-
plications of cyproconazole by injector pole did
not differ from vines that had received trunk re-
newal alone; at the end of the test period in 2002,
growth resumption, vigour, and hence yield were
low both in the control vines (trunk renewal only)
and in the vines treated with cyproconazole by
injector pole after trunk renewal.

A limited resumption of growth occurred in this
vineyard in both the control vines and the cypro-
conazole treated-vines, but the result was a high
mortality in 2002 (Tables 8, 9 and 10).

Vines in vineyard 3 were also more seriously
necrotic than vines in the other vineyards, with
91.4% of vines having extensive/discoloration+decay,
and 8.6% extensive discoloration.

No foliar symptoms were noted in these vines
after trunk renewal. The results (Tables 8, 9 and
10) did not allow any data analysis on the effect
of necrosis severity on subsequent treatment ef-
ficacy. For this reason, data analysis was carried
out only on the yield data, in which no signifi-
cant differences were detected.

Discussion

The strong positive reaction of the vines to
trunk renewal could be due to the characteristic
vigour of the cv. Trebbiano d’Abruzzo. The im-
mediate resumption of vine growth after trunk
renewal on vigorous vines was also reported by
Frausin e Spessotto (1996).

Anyway the growth resumption of trunk-re-
newed vines is a transient phenomenon, which

Table 8. Growth resumption of vines with trunk renewal and post-treated with ground applications by injector pole.

No. of vines (%)
Vineyard No. Fungicide

1995 1996 1997 1998 2001 2002

3 Cyproconazole 55.2 31.0 34.5 34.5 31.0 31.0
3 Untreated 58.6 55.2 51.7 37.9 27.6 27.6

Table 9. Vines treated with ground applications of fungicide and grouped by vigour level.

No. of vines (%)
Vineyard No. Fungicide Vigour level

1995 1996 1997 1998 2001 2002

3 Cyproconazole Low 10.3 17.2 17.2 10.3 13.8 13.8
“ “ Medium 44.8 13.8 0.0 0.0 0.0 0.0
“ “ Normal 0.0 0.0 17.2 24.1 17.2 17.2
3 Untreated Low 6.9 17.2 17.2 0.0 17.2 17.2
“ “ Medium 0.0 0.0 10.3 0.0 0.0 0.0
“ “ Normal 51.7 37.9 24.1 37.9 13.8 13.8

Table 10. Ground application of fungicide by injector pole: percentage of dead plants and yield in 2002.

Vineyard No. Fungicide Dead vines  (%) Yield  (Kg/vine)

3 Cyproconazole 69.0 2.9 aa

3 Untreated 69.0 2.5 a

a Values in column followed by same letter do not differ significantly according to Duncan’s Test (P=0.05).
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gradually fades over the years as more and more
trunk renewed vines again lose their growth ca-
pability. This is possibly because trunk renewal
does not excise all the necrotic wood, and hence
cannot ensure the complete recovery of the vines,
and indeed in the present study necrosis was still
visible on the cut trunk surface of all trunk-re-
newed vines treated with fungicides; these
necrotic processes presumably interfered with
the growth processes of some of the trunk-re-
newed vines.

Nevertheless, in vineyard 1, growth resump-
tion was low in far fewer vines that received
trunk injections of fungicide than in trunk-re-
newed vines that were not so treated, particu-
larly in 2001–2002, even though the fungicide
applications had been discontinued at this
time.

Moreover, in vineyard 2, the growth resump-
tion of vines treated with cyproconazole in-
creased steadily after trunk renewal until 2001–
2002; in 2002 95.2% of vines showed growth re-
sumption, whereas in both this vineyard and
vineyard 1 most of the control vines (not receiv-
ing fungicide treatments) did not show growth
resumption.

Starting in 2001 growth resumption appeared
to stabilise in most cases. This suggested that
given the operational conditions of the present
study the length of time chosen to study growth
resumption was sufficient to give meaningful
results.

After trunk renewal the selected shoots grew
very quickly, so that in the three years until 1998
the trunk-renewed vines appeared completely re-
covered, strongly vigorous and had a yield com-
parable to that of normal adult vines of the same
cultivar trained to the same trellis system.

Monitoring vine growth in 1998–2002, i.e. in
the four years after fungicide treatment had
been discontinued, was crucial to assess the ef-
fectiveness of trunk renewal coupled with fun-
gicide treatment. During this monitoring peri-
od the effect of cyproconazole and, to a less ex-
tent, fosetyl Al could be clearly identified by
comparison with the control group, in which
many vines at this time lost their vigour and
became unproductive.

Trunk renewal combined with fungicide injec-
tion was particularly effective in restoring vig-

our. This was a very important finding because
vigour was closely related to yield in all the vine-
yards.

At the end of the trials, in 2002, normal vig-
orous renewed vines had a yield comparable to
that of healthy vines of the same cultivar and
trained to the same trellis system (20 Kg/plant),
the medium-vigorous vines had a yield approxi-
mately half that, and the yield of the low-vigor-
ous plants was practically nil.

Statistical analysis detected significant dif-
ferences in vigour and yield with both cyproco-
nazole and fosetyl Al. Only cyproconazole had a
significant effect on mortality. This suggested
that though trunk injections of fosetyl Al im-
proved the growth status and yield of trunk-re-
newed plants, they did not reduce mortality,
which appeared to be dependent on cultivar vig-
our, or on some other, undefined parameter af-
fecting growth resumption after trunk renewal.

The poor effect of Tetraconazole in this study
was consistent with its scarce effect on esca fun-
gi in vitro (Bisiach et al., 1996), although in the
present study the formula used was specifically
suited for trunk injections.

Vineyards 1 and 2 were characterised by an
intrinsic growth resumption capability. Though
a considerable number of vines showed extensive
necrosis in 1995, yet response to treatment was
high, suggesting that the treatment given could
be suitable for adult vineyards with a high inci-
dence and severity of esca.

In an earlier study (Di Marco et al., 2000), it
was found that the fungicides used here were not
effective on vines that had not been trunk re-
newed, possibly because in that case the necrot-
ic wood could not be reached by the fungicides.

Fungicides injected by syringe showed good
activity on vines with trunk renewal. This could
be because the active ingredients of the fungi-
cide interfered with wood colonisation by the esca
pathogens, possibly by spreading through the
vinewood and coming in direct contact with the
wood-rotting fungi.

 Fosetyl Al may operate by a mechanism based
on the fungicide activity of phosphorous acid
(Fenn and Coffey, 1984); it may also attack the
esca fungi through the polyphenols, particularly
resveratrol (Mazzullo et al., 2000).

The reappearance of esca symptoms on trunk-



124 Phytopathologia Mediterranea

F. Calzarano et al.

renewed vines, though not extensive, was not re-
lated to the severity of the initial necrosis, nor,
consequently, to the assumed activity of the fun-
gicide formulations (Mugnai et al., 1999; Di Mar-
co et al., 2000).

Cyproconazole treatment by ground pole injec-
tor was not more effective than trunk renewal
alone, as already reported in other studies (Bisi-
ach et al.,1996; Di Marco et al., 2000).

The ineffectiveness of ground-injected cypro-
conazole may have had a variety of causes: 1. the
too great dispersal of the fungicide in the soil, 2.
the fungicide is absorbed far from where it is need-
ed (necrotic area) and must be transported by a
long route via the roots and active parts of xylem
(Di Marco et al., 2000).

The poor results in the vineyard where ground
injection was tested could also be due, at least in
part, to the fact that necrosis here was more se-
vere than in the other vineyards.

Cyproconazole and to a less extent fosetyl Al
applied by trunk injection to vines after trunk re-
newal had a beneficial effect on vine growth and
yield; the combination of trunk renewal and treat-
ment with the fungicides prolonged the benefit
obtained with trunk renewal alone; and also im-
proved and prolonged the vine life cycle. These
findings make this combined approach a suitable
control strategy for adult vineyards infected with
esca proper.

 The novel findings of this study must be veri-
fied on other sites to assess the extent to which
other factors such as cultivar, rootstock and envi-
ronment also contributed to the result.
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