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Summary. Two vineyards in the Abruzzo Region, central Italy, affected by grapevine leaf stripe disease (GLSD), 
were monitored for incidence and severity of foliar symptoms of the disease for 21 consecutive years (1994 to 
2014). Each year, rainfall and temperature were recorded. Correlations between symptom incidence or severity 
and rainfall or temperature of different periods of the year or single months were assessed. July rainfall and tem-
perature were highly correlated with incidence and severity of leaf symptoms. The vineyards were characterized 
by high longevity, vigour and yields, and a particular dynamic of GLSD. In the period following 2005, the year of 
peak vine mortality, there was a decrease of the expression of foliar symptoms, which was not correlated with both 
of the climate parameters. Greater mortality occurred for vines showing severe symptoms at the first appearance 
of GLSD than for vines with low severity.

Key words: rainfall, temperature, mortality, GLSD foliar symptoms.

Introduction
Grapevine trunk diseases are destructive in vine-

yards. Among these diseases, grapevine leaf stripe 
disease (GLSD), a syndrome of the esca complex, is 
the most widespread, occurring in almost all grape 
growing areas (Fontaine et al., 2016). The expression 
of GLSD in vineyards is characterized by appearance 
of foliar symptoms and progressive weakening of af-
fected plants. GLSD has been recently described as a 
tracheomycosis, mainly caused by Phaeomoniella chla-
mydospora and Phaeoacremonium spp. (P. minimum in 
particular). These fungi colonize the woody tissues of 
grapevines, causing black streaking and brown necro-
sis (Mugnai et al., 1999; Marchi et al., 2001; Calzarano 
and Di Marco, 2007; Surico, 2009). In most cases, the 

wood of GLSD diseased vines can affected by white 
rot, caused by the basidiomycete Fomitiporia medi-
terranea. However, the role of F. mediterranea in the 
formation of foliar symptoms has not been demon-
strated, but the basidiomycete is probably involved in 
vine apoplexy. Therefore, foliar symptoms are prob-
ably associated with tracheomycotic fungi (Calzarano 
and Di Marco, 2007; Surico et al., 2008, 2009; Bertsch 
et al., 2013).

The characteristic leaf symptoms of GLSD are 
chlorosis developing between the leaf veins. Chloro-
sis can expand and the leaf tissues partially necrotize. 
Leaves finally assume the tiger-stripe pattern charac-
teristic of the disease. Foliar symptoms are generally 
associated with wilting of shoots and, in some cases, 
with black measles of berry skins and withering of the 
bunches (Mugnai et al., 1999; Surico et al., 2009).

Plants affected by GLSD may not exhibit symp-
toms for several years after the first appearance, and 
produce yields that are similar to that of healthy 
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plants (Calzarano et al., 2004). Furthermore, the inci-
dence of foliar symptoms was not correlated with the 
extent of wood alterations (Calzarano and Di Marco, 
2007). In any case, the incidence and severity of GLSD 
foliar symptoms is associated with quantitative and 
qualitative yield losses (Calzarano et al., 2001, 2004; 
Bertsch et al., 2013). Reduction of symptom expres-
sion has been obtained with the use of Trichoderma (Di 
Marco et al., 2004), fungicides (Di Marco et al., 2011a, 
2011b), and foliar fertilizers (Calzarano et al., 2014, 
2017a; Calzarano and Di Marco, 2018).

Surico et al. (2000) investigated the erratic nature 
of appearance of GLSD symptoms: only a limited 
number of plants that were symptomatic in a given 
year exhibited symptoms the following year, and 
even fewer exhibited symptoms in each of the years 
of their study. Therefore, the proportion of sympto-
matic plants assessed in a given year was not a relia-
ble indicator of the incidence of the disease in affected 
vineyards.

Further studies confirmed that several consecutive 
years of symptom assessment are necessary to define 
the cumulative incidence (diseased plants showing 
symptoms at least in a given year of investigation) 
as a more accurate determination of GLSD incidence 
in each vineyard (Di Marco et al., 2011a; Zanzotto et 
al., 2013). Plants may not express symptoms for 8-10 
consecutive years after the first symptom appearance.

Vineyards surveyed in Tuscany (central Italy) 
showed that most of the vines (>70%) were already 
symptomatic for GLSD at the end of July each year. 
The same was observed in Sicilian and Sardinian 
vineyards (Surico et al., 2000). In contrast, in other re-
gions of central Italy, such as Abruzzo, symptoms on 
most plants appeared later, in August and September 
(Calzarano et al., 2016). However, the dynamics of fo-
liar symptom expression during the grapevine grow-
ing season indicated that the mechanisms involved in 
the symptom development are effective until the end 
of July each year (Surico et al., 2000).

The erratic nature of GLSD symptoms has been 
related to environmental and/or cultural factors 
(Mugnai et al., 1999; Surico et al., 2000; Marchi et 
al., 2006; Calzarano et al., 2009; Surico et al., 2010; 
Gramaje et al., 2018; Lecomte et al., 2018). Surico et 
al. (2000) demonstrated that cool and rainy sum-
mers were favourable to foliar symptom expression. 
These results were confirmed by Marchi et al. (2006). 
In that study, rainfall  throughout the first part of 
the growing season seemed to increase symptom 

expression. A statistically significant correlation be-
tween rainfall in July and May-July, and expression 
of leaf symptoms was observed in two of three vine-
yards, for a period of 4 and 8 years of assessment 
(Marchi et al. 2006).

These results are consistent with observations in 
Tuscany vineyards, where greatest foliar symptom 
expression was noticed in vineyard areas subject to 
water accumulation and/or waterlogging (Surico et 
al, 2000). It was then hypothesized that increased soil 
water availability may increase vine transpiration, 
with increased translocation of phytotoxic substances 
to the leaves (Marchi et al., 2006). Although the mech-
anisms leading to formation of GLSD leaf symptoms 
are still debated, the most agreed hypothesis is based 
on production of phytotoxic substances by tracheo-
mycotic fungi, or on substances produced during 
wood degradation induced by the pathogens (Spara-
pano et al., 1998; Mugnai et al., 1999; Evidente et al., 
2000; Tabacchi et al., 2000). These substances can be 
translocated to grapevine canopy, causing alterations 
of leaf photosynthesis and plant defense responses 
(Petit et al., 2006; Andolfi et al., 2011; Bertsch et al., 
2013; Calzarano et al., 2016, 2017a, 2017b). 

The increased expression of leaf symptoms in 
rainy seasons was confirmed in a further 4-year study, 
where a large amount of water, regularly supplied to 
20-year old esca-affected vines transplanted in pots, 
favoured the expression of foliar symptoms. These 
appeared in most plants every year for the first three 
years of the trial (Surico et al., 2010). In the fourth year, 
symptoms in plants regularly irrigated appeared be-
fore, and to a greater extent, than observed in plants 
irrigated only at the beginning of water stress. The ap-
pearance of symptoms in potted plants also anticipat-
ed what occurred in the vineyard, probably because 
of the constant irrigation carried out in April and May 
(Surico et al., 2010). In the same experiment, in addi-
tion to the role of water, relatively high temperatures 
assessed in June (when the mechanisms leading to the 
foliar symptom expression can occur) seemed to fa-
vour the expression of symptoms (Surico et al., 2010). 
However, in the absence of consistent data, the role 
of temperature in the expression of foliar symptoms 
remains to be verified. 

The aim of the present study was to confirm and 
extend knowledge of the influence of rainfall on 
GLSD symptom expression, and to assess the role of 
temperature in the expression of leaf symptoms on 
grapevines affected by this disease.



Phytopathologia Mediterranea490

F. Calzarano et al.

Materials and methods
Evaluation of leaf symptoms

The leaf symptoms of GLSD were recorded for 21 
consecutive years in two vineyards of cv. Trebbiano 
d’Abruzzo on rootstock 420A. Both vineyards are now 
40 years old, and are located in Controguerra and Gi-
ulianova, two parts of the province of Teramo (central 
Italy). The Controguerra vineyard was trained to the 
Geneva Double Courtain (GDC) system, with a plant-
ing pattern of 2m within rows and 4 m between rows, 
and had average grape yield of 13 to 17 kg per vine. 
The Giulianova vineyard was trained to the Tendone 
system, with a vine spacing of 3 × 3 m, and an average 
annual yield of 20 kg per vine. Each year, approx. 500 
vines in the Controguerra and 2,000 in the Giulianova 
vineyard were individually inspected for symptom. 
The symptom assessments were carried out on all the 
vines, though vines tested in trials aimed at GLSD 
control were excluded from analyses to avoid inter-
ference of these vines on the foliar symptom expres-
sion.

Each year, leaf symptoms were detected in the 
second half of September, at the time of maximum 
seasonal symptom incidence and severity in the in-
vestigated area. In a given year, the number of plants 
showing foliar symptoms were identified and com-
pared to the total number of plants in the vineyard. 
This value was the percentage of symptomatic vines 
in a given year, and represented the annual incidence 
of GLSD. For each year of observation, the severity 
of the disease was assessed on each plant using an 
arbitrary scale of 0 to 5, where 0 = no leaf symptoms; 
1 = 1‒10%; 2 = 11‒30%; 3 = 31‒50%; 4 = 51‒70%; or 
5 = 71‒100% of leaves with symptoms. Severity for 
each year was calculated according to the following 
formula: SN × 100 / (Y × Z), where SN = sum of all 
the values of the arbitrary severity scale attributed to 
each symptomatic vine of the vineyard in that year; 
Y = number of plants observed; and Z = maximum 
value of the symptom scale (McKinney, 1923).

Rainfall and temperature measurements

Daily rainfall and temperature data for the 21 
years of leaf symptom assessments were recorded 
from weather stations by: i) “Servizio Idrografico e 
Mareografico” - Abruzzo Region; ii) “Centro Agro-
meteorologico” (CAR) - Abruzzo Region; and iii) 
“Direzione L. L. P. P. e Protezione Civile” - Abruzzo 

Region. Data were recorded hourly by the weather 
station equipment. All data were grouped on a daily 
base. The weather stations were located approx. 2 km 
from the vineyards as the crow flies.  

Correlations between leaf symptoms and rainfall or 
temperature 

In both vineyards, for each year, sums of daily 
rainfall and active temperature (Amerine and Win-
kler, 1944; Winkler, 1962) were calculated. Data of both 
climatic parameters were grouped for different peri-
ods or considered for a single month, corresponding 
to grapevine growth stages, as follows: i) April-May, 
“Bud burst” (BBCH 09) to “Inflorescence clearly visi-
ble” (BBCH 53); ii) April-June, “Bud burst” (BBCH 09) 
to “Fruit set” (BBCH 71); iii) April-July, “Bud burst” 
(BBCH 09) to “Berries beginning to touch” (BBCH 
77); ìv) April-August, “Bud burst” (BBCH 09) to “Ber-
ries developing colour” (BBCH 83); v) May-June, “In-
florescence clearly visible” (BBCH 53) to “Fruit set” 
(BBCH 71); vi) May-July, “Inflorescence clearly visi-
ble” (BBCH 53) to Berries beginning to touch” (BBCH 
77); vii) May-August, “Inflorescence clearly visible” 
(BBCH 53) to “Berries developing colour” (BBCH 83); 
viii) June-July, “Fruit set” (BBCH 71) to “Berries be-
ginning to touch” (BBCH 77); ix) June-August, “Fruit 
set” (BBCH 71) to “Berries developing colour” (BBCH 
83); x) July-August, “Berries beginning to touch” 
(BBCH 77) to “Berries developing colour” (BBCH 83); 
and the months of April, May, June, July and August.

The periods and single months were during the 
grapevine growing season, except for in September 
because symptoms did not develop further in the in-
vestigated vineyards. The periods and single months 
were chosen according to symptom expression previ-
ously assessed at various growth stages in the same 
vineyards (Calzarano et al., 2016). In particular, the 
first foliar symptoms appeared sporadically in July. 
From the end of July (pre-bunch closure), the number 
of symptomatic vines increased rapidly, particularly 
between veraison and harvest, reaching the maxi-
mum in the second half of September, just before the 
harvest. It was therefore likely that the environmental 
factors associate with symptom expression applied in 
the April to August period, as also shown by Marchi 
et al. (2006).

The sum of active temperatures (SAT) was calcu-
lated using the Winkler Index (Amerine and Winkler, 
1944; Winkler, 1962). This was calculated for the pe-
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riod April 1 to August 31, using the formula: IW = Σ 
01.04/31.08 (Tmed-10). For each day, the Index indicates 
the thermal time useful for grapevine growth, as the 
difference between the average daily temperature 
and 10°C, the minimum grapevine growth tempera-
ture. For each period, the daily thermal units are then 
summed. Only temperatures above zero were consid-
ered. For each vineyard, temperature data were cor-
related with the incidence and severity of the GLSD 
symptoms.

For each year, the annual data of symptom inci-
dence and severity were compared with sums of rain-
fall or sums of active temperature for each period. The 
climatic data for each of these periods were correlated 
with the incidence and severity of leaf symptoms, ac-
cording to the Pearson correlation coefficient (from 
-1 to 1) and its probability was also calculated and 
reported. Pearson correlation coefficient was consid-
ered significant at P = 0.05. Statistical analyses were 
carried out using SAS version 9.3 (SAS Institute Inc.).

Symptom severity and vine mortality

In both vineyards, for each year of assessment, the 
percentage of vines in each symptom class was cal-
culated to evaluate the dynamics of severity of each 
class of foliar symptom throughout the 21-year pe-
riod of this study. Annual and cumulative vine mor-
tality was also assessed in both vineyards (Di Marco 
and Osti, 2009). Mortality of the symptomatic vines 
was also assessed in relation to the level of symptom 
severity shown during the first appearance of symp-
toms.

Results
Evaluation of leaf symptoms

In the Controguerra vineyard, the greatest annual 
incidences of GLSD were recorded in the period from 
1994 to 2006, with an annual incidence in most cases 
greater than 20% and greatest at 35.6% in 1999 (Table 
1). Also in the 1994–2006 period, the severity of foliar 
symptoms followed a similar trend of annual inci-
dence, and was generally never less than 12%, with 
greatest severity of 22.9% in 1999 (Table 1). During 
the following period of 2007–2014, annual incidence 
and particularly severity generally decreased (Table 
1). The lowest annual incidence and severity  were re-
corded in 2007, at 7.3 and 4.0%, respectively (Table 1). 

In the 2007–2014 period, symptom severity was from 
4.0 to 8.6%, except for 2010 (10.5%) and 2011 (11.8%), 
and were generally less than recorded in the period 
1994–2006.

In the Giulianova vineyard, differences in symp-
tom expression assessed in 1994–2006 compared to in 
2007–2014 were more obvious than in Controguerra 
vineyard (Table 3). In the period 1994–2006, annual 
incidence was from 5.8% in 2004 to 25.9% in 1999, and 
symptom severity was from 4.2% in 2004 to 16.8% in 
1999 (Table 3). In the period 2007–2014, annual in-
cidence was from 2.8% in 2010 to 6.4% in 2009, and 
symptom severity was from 1.7% in 2012 to 3.8% in 
2008 (Table 3). The greatest annual incidence and 
symptom severity both occurred in 1999, whereas the 
least annual incidence was recorded in 2012, and least 
severity was recorded in 2008 (Table 3).

Rainfall and temperature measurements 

In both vineyards, rainfall showed high variation 
from year to year over the 21 years of observations 
(Table 1 and 3). The greatest average rainfall for the 
growth season periods (April–August) was recorded 
in both vineyards during the 1994–2006 interval, in 
1999, 2002 and 2004, from 309.2 to 431.2 mm for the 
Controguerra vineyard, and 238.4 mm to 392.6 mm 
in the Giulianova vineyard (Tables 1 and 3). In the 
2007–2014 interval, the years with greatest average 
rainfall were, in decreasing order, 2013, 2009 and 2012 
in Controguerra (from 377.6 to 509.6 mm), and 2013, 
2014 and 2010, in Giulianova (from 282.0 to 436.0 
mm) (Tables 1 and 3). In both vineyards, the greatest 
rainfall for the 21 years of observations (1994–2014) 
was in 2013, when 509.6 mm was recorded in Con-
troguerra and 436.0 mm in Giulianova (Tables 1 
and 3). In both vineyards, low rainfall was recorded 
more frequently in the 1994–2006 interval, with least 
amounts in 1994 in the Controguerra vineyard (121.8 
mm) and in 2003 in the Giulianova vineyard (92.8 
mm) (Tables 1 and 3).

In both vineyards, the average monthly rainfall for 
the April-August periods, for the 1994–2006 interval, 
were greatest in April (Controguerra 58.1 mm and Gi-
ulianova 58.6 mm). The least average monthly rainfall 
were in July in Controguerra (40.7 mm) and in June in 
Giulianova (34.2 mm). In the 2007–2014 interval the 
average monthly rainfall was normally greater than 
recorded in the 1994–2006 interval, with the excep-
tion of August, the month with the lowest rainfall, 
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especially in the Giulianova vineyard, with 26.6 mm 
(Tables 1 and 3).

The greatest temperatures as sums of active tem-
perature for the April-August periods, over the 21 
years of observations, were recorded in 2003, with 
1918.9°C in Controguerra and 1913.5°C in Giulianova 
(Tables 5 and 7). In both vineyards, the years with the 
greatest average sums of active temperatures were 
recorded in 1994–2006 and 2007–2014 intervals. The 
years with the lowest temperatures, i.e. 1995, 1996, 
1997, 1999, 2001, 2004 and 2005, were all in the 1994–
2006 interval, except for 2014 in Controguerra vine-
yard, with 1475.3°C (Tables 5 and 7).

For each month of the April-August period, the 
average monthly sums of active temperatures were 
similar in both vineyards in the two intervals, 1994–
2006 and 2007–2014. The exception was the month of 
April, when greater temperatures were recorded in 
the 2007–2014 interval (126.0°C in Controguerra and 
131.7°C in Giulianova), compared to 92.3°C in Con-
troguerra and 92.1°C in Giulianova for the 1994–2006 
interval (Tables 5 and 7).

Correlations between leaf symptoms and rainfall or 
temperature 

The correlations were weak or absent between 
rainfall and leaf symptoms for each of the different 
periods of each year from 1994 to 2014 (Tables 1, 2, 3 
and 4). A decrease in the annual incidence and sever-
ity of GLSD symptoms occurred since 2007, when the 
vines were 29 years old. Therefore, analyses were car-
ried out considering two main intervals, 1994–2006 
and 2007–2014.

In the Controguerra vineyard, in 1994–2006, for 
each of the annual periods and single months, ex-
cept for May–June, April, June and August, rainfall 
was significantly correlated with both symptom inci-
dence and severity. In the period 1994–2006, Pearson 
coefficients ranged from 0.57 to 0.85 in the periods 
or months significantly correlated with rainfall. In 
April–June and in June–July the rainfall and symp-
tom correlation was significant only for the symptom 
severity (Tables 1 and 2).

In the Giulianova vineyard, in the 1994–2006 in-
terval, the rainfall-incidence and the rainfall-severity 
correlations were statistically significant for the same 
periods as for the Controguerra vineyard, except for 
April–May and April–June. The significant Pearson 
coefficients values ranged from 0.62 to 0.86. Among 

single months only July rainfall was significantly cor-
related with both symptom incidence and severity, 
with Pearson coefficients of 0.73 for incidence and 
0.86 for severity (Tables 3 and 4). April rainfall was 
significantly correlated with symptom severity (Pear-
son coefficient = 0.56 : Tables 3 and 4).

In both vineyards the strongest rainfall-symptom 
correlations were in July each year, and in the periods 
including this month.

Also in both vineyards, in the 2007–2014 period, 
no statistically significant correlations were recorded 
between rainfall and symptoms (Tables 1, 2, 3 and 4).

In the Controguerra vineyard, in the 1994–2006 
period, in the periods April–July, April–August, 
May–August, June–July, June–August, and July–Au-
gust, significant inverse correlations were recorded 
between the sums of active temperatures and symp-
tom incidence or severity; the Pearson coefficient 
values ranged from -0.54 to -0.61 (Tables 5 and 6). In 
particular, in April–July and June–July the correla-
tions between temperature and symptom incidence 
were not significant. Similarly, the correlations for 
May–August temperature-symptoms severity were 
also not significant. Among single months, only the 
July sum of temperatures was significantly correlat-
ed with both symptom incidence and severity, with 
Pearson coefficient values of -0.61 (Tables 5 and 6).

In the Giulianova vineyard, in the 1994–2006 pe-
riod, the correlation between sum of active tempera-
tures and symptoms was verified only for July, with 
correlation coefficients of -0.61 for symptom incidence 
and of -0.49 for symptom severity (Tables 7 and 8).

In the Controguerra vineyard, also in 1994–2014, 
an inverse and statistically significant correlation 
was detected between sum of active temperatures 
and both incidence and severity of symptoms, with 
Pearson coefficients ranging from -0.47 to -0.51, de-
tected for the periods April–July, April–August and 
July–August (Tables 5 and 6). In May–August and 
June–August only the correlations between tempera-
ture and symptom incidence were statistically signifi-
cant, with values of -0.43 for May–August and -0.44 
for June–August (Tables 5 and 6). In the 1994–2014 
period, only the sum of temperatures for July was sig-
nificantly correlated with either symptom incidence 
or severity, with Pearson coefficients of -0.51 for inci-
dence and -0.53 for severity (Tables 5 and 6). 

In the Giulianova vineyard, in the 1994–2014 peri-
od, only temperature-symptom correlations for July–
August and July were statistically significant, with 
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Rainfall, temperature and GLSD foliar symptoms

Pearson coefficients -0.47 for July–August and -0.65 
for July for symptom incidence, and -0.44 and -0.59 
for the same periods for symptom severity (Tables 7 
and 8).

In the 2007–2014 period, in both vineyards, no 
consistent statistically significant correlations were 
recorded between the sums of active temperatures 
and incidence or severity of symptoms (Tables 5, 6, 
7, and 8).

Level of symptom severity and vine mortality

Decreases of symptom expression were observed 
in the Giulianova and Controguerra vineyards during 
the years of this study. The number of vines of each 
severity rating class decreased from 1994 to 2014 (Fig-
ure 1). This decrease was most evident for the vines in 
greater classes of symptom severity (Figure 1).

In both vineyards, the percentage of annual vine 
mortality decreased after 2006, with the maximum 
mortality occurring in 2005, in Controguerra, and 
in 2003 and in 2005 in Giulianova. Cumulative vine 
mortality stabilized after 2007 (Figure 2).

In both vineyards, in the 1994-2014 period, the per-
centages of dead vines which showed GLSD symp-
toms in a previous year, increased with increasing the 
levels of severity of symptoms observed at first ap-
pearance (Figure 3).

Discussion
This study was carried out in Trebbiano d’Abruzzo 

vineyards trained to the expanded trellis system e.g. 
“Tendone”, with each vine trunk being 2 m high and 
with four permanent branches from which abun-
dant foliage developed. The vineyards are character-
ized by extended longevity, vigour and yields. These 
characteristics may have to particular GLSD dynam-
ics, with plants remaining asymptomatic for several 
years after the first appearance of symptoms. These 
characteristics, as well as cultural practices, can play 
important roles in the expression of GLSD (Lecomte 
et al., 2011; Pancher et al., 2012; Travadon et al., 2016; 
Kraus et al., 2017).  

Rainfall plays a significant role in the modulation 
of leaf symptom expression (Surico et al., 2000; Marchi 
et al., 2006; Surico et al., 2010; Latinovic and Latinovic, 
2017; Serra et al., 2018). In the present study, results 
obtained in the period 1994–2006 confirmed the in-
fluence of rainfall in the first half of each summer, 

particularly in July, on symptoms incidence and se-
verity, as has already been ascertained by Marchi et 
al. (2006). In the Controguerra and Giulianova vine-
yards the rainfall-symptoms correlations were great-
est in July and in the periods including this month, 
confirming the importance of July rainfall conditions 
for expression of foliar symptoms.

In contrast to the hypothesis of Surico et al. (2010), 
in both vineyards in the period of 1994 to 2006, in-
verse correlations between sums of active tempera-
tures and symptom expression were recorded for July 
each year. In the Controguerra vineyard, these corre-
lations also involved periods including July, while in 
the Giulianova vineyard significant correlations were 
detected only for July. The inverse July correlations 
between sums of active temperatures and symptoms 
were verified, and in some periods including July, also 
for the 21 years of observations, from 1994 to 2014. 
This strengthens the hypothesis that temperatures in 
(Northern Hemisphere) July play an important role in 
the expression of GLSD symptoms. 

July rainfall was a key factor in the symptom ex-
pression. It is important to note that in the vineyards 
observed in this study the first symptoms of GLSD 
appeared regularly at the end of July. 

Growing seasons with high rainfall in July charac-
terized by low temperatures, favoured higher expres-
sion of foliar symptoms. Fresh and rainy summers are 
favorable to GLSD, probably increasing plant physi-
ological processes, maybe including the movement of 
fungal toxins to the leaves (Di Marco and Osti, 2009; 
Surico et al., 2000, 2009, 2010).

The symptoms-rainfall and symptoms-temper-
ature correlations assessed in 1994–2006, were no 
longer found in the following period, 2007–2014. 
Although rainfall and temperature appeared to be 
favourable, this period has been characterized by a 
decrease of symptom expression. 

The lack of a correlation between the leaf symp-
toms and wood deterioration was demonstrated by 
Calzarano and Di Marco (2007). On the other hand, fo-
liar symptom expression of esca was associated with 
the amount of internal necrosis in French vineyards 
(Maher et al. 2012). This should not be surprising be-
cause of the difference in the vineyard characteristics 
and the peculiarities of disease, with several factors 
involved. It is common belief that a plant with severe 
symptoms will be easier to die respect to a plant with 
low or no foliar symptoms. The present study dem-
onstrated this belief: plants with high severity symp-
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Figure 1. Percentages of grapevines in different GLSD foliar symptom classes from 1994 to 2014 at the Controguerra vine-
yard (left) and Giulianova vineyard (right).
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toms at the first appearance of the disease, died more 
frequently than plants showing low severity symp-
toms. Therefore, foliar symptom is particularly im-
portant in the outcome of GLSD and attempts aimed 
at decreasing in foliar symptom expression not only 

reduced the yield loss but also might contribute to re-
duce the possibility that the plant die (Calzarano et al., 
2004, 2014, 2017a; Di Marco and Osti, 2009; Di Marco 
et al., 2011a, 2011b; Calzarano and Di Marco, 2018). 
Furthermore, in this study the highest mortality of 
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Figure 2. Annual and cumulated vine mortality at Controguerra vineyard (above) and Giulianova vineyard (below).
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Figure 3. Mortality of GLSD symptomatic vines, in relation to the level of symptom severity shown during the first appear-
ance of leaf symptoms, at the Controguerra vineyard (left) and Giulianova vineyard (right).
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the vines was recorded in the years just before 2006. 
In the following years the vineyards were character-
ized by low mortality, low severity of expression, and 
vine symptoms no longer appeared related to rainfall 
or temperature. It might not to be excluded that ma-
ture vines, although still in full production, reduced 
their attitude to respond to the disease by external 
symptoms. 

This study showed once again the complex in-
teraction among the expression of the disease, and 
agronomical and environmental factors (Mugnai et 
al., 1999; Bertsch et al., 2013). Finally our results con-
firmed the correlation between rainfall and symptom 
expression and demonstrated the role of temperature 
on annual incidence and severity of foliar symptoms, 
highlighting age-related differences in the level of this 
correlation, over a many-year observation period.    
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