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Abstract. The use of continuous and natural lighting was studied to assess the resistance of
12 olive cultivars to the defoliating pathotype of Verticillium dahliae. The plants were
inoculated by dipping their bare root system in a conidial suspension. ‘Frantoio’ was used
as a moderately resistant control cultivar. Several evaluated cultivars were susceptible to
the defoliating pathotype of Verticillium dahliae. However, six of these cultivars were
moderately resistant. In most of the evaluated cultivars, continuous lighting allowed for
the identification of resistant genotypes during a period that was 3 weeks shorter than
that which is normally required in these assessments. This reduction was even greater for
the resistant cultivars. The use of continuous lighting could thus be an important tool for
use in olive breeding programs, where it is necessary to evaluate many genotypes in short
durations and, therefore, to optimize time, space, and labor.

Andalucı́a is the main producing region of
olive oil (Olea europaea L.) and table olives
in Spain—the worldwide leading producer
country (Barranco et al., 2010; IOC, 2013).
Thus, any factor that affects olive tree pro-
duction has a significant effect on the econ-
omy of the country. Verticillium wilt of Olive
(VWO), caused by Verticillium dahliae
Kleb., is currently the most destructive and
threatening disease of olive in the Mediter-
ranean region (Bubici and Cirulli, 2011;
Hiemstra and Harris, 1998; López-Escudero
and Mercado-Blanco, 2011; Tsror, 2011).
This disease is the major problem in soils
that are infested with highly virulent defoli-
ating isolates of the pathogen, which kills
a substantial number of trees annually (López-
Escudero and Mercado-Blanco, 2011). The
extension of VWO has been associated with
the establishment of new olive orchards in
infested soils, the use of infected plant
material, and the spread of highly virulent

isolates (defoliating pathotype). Addition-
ally, a number of effective means of dispersal
has efficiently contributed to a wide disease
distribution (Garcı́a-Cabello et al., 2012;
López-Escudero and Mercado-Blanco, 2011;
Trapero et al., 2011). Therefore, the use of
a combination of all of the available measures
and strategies has been reiteratively encour-
aged to control VWO (López-Escudero and
Mercado-Blanco, 2011; Tjamos, 1993), with
the use of resistant cultivars being the most
effective method (Hiemstra and Harris, 1998;
López-Escudero and Mercado-Blanco, 2011;
Mercado-Blanco and López-Escudero, 2012;
Tsror, 2011).

In recent decades, most of the olive
tree-producing countries have developed
research lines related to the search for
resistance to VWO (López-Escudero and
Mercado-Blanco, 2011; Mercado-Blanco
and López-Escudero, 2012). Specifically in
Spain, significant efforts have been focused
on the assessment of olive resistance to
VWO. These works have been performed
by the Department of Agronomy of Córdoba
University together with the Group of Olive
Germplasm of the IFAPA ‘Alameda del
Obispo’ (Córdoba, Spain). These studies
have evaluated the resistance of cultivars in
the World Olive Germplasm Bank (WOGB)
of the IFAPA (Caballero et al., 2006). Most
of the evaluated cultivars, including the main
Spanish olive cultivars, exhibit high levels of
susceptibility to infection (Garcia-Ruiz et al.,
2014; López-Escudero et al., 2004, 2007;
Martos-Moreno et al., 2006). However, the
cultivars Frantoio from Italy and Empeltre

and Changlot Real from Spain became highly
resistant after artificial and natural infections
(López-Escudero and Mercado-Blanco, 2011;
Trapero et al., 2013b). Moreover, the interest
in this topic has also been reflected in many
studies that were conducted in the center and
eastern Mediterranean Basin countries begin-
ning in the 1970s (Cirulli and Montemurro,
1976; Paplomatas and Elena, 2001; Tjamos
et al., 1985). Similarly, some countries of the
eastern Mediterranean have begun evaluating
the resistance of their own olive cultivars to
V. dahliae (Al-Ahmad and Mosli, 1993;
Erten and Yildiz, 2011; Levin et al., 2003;
Sesli et al., 2010).

In previous studies, the resistance of olive
genotypes to this disease has usually been
assessed in growth chambers. However, such
environmental conditions permit the evalua-
tion of only a small number of olive cultivars
in each assay (López-Escudero et al., 2004,
2007; Martos-Moreno et al., 2006) as a result
of the required time and space (Trapero et al.,
2013a). Nevertheless, previous studies have
demonstrated that the use of greenhouses in
our location (southern Spain) permits the
assessment of a higher number of cultivars
and could provide an alternative method to
the use of growth chambers (Garcia-Ruiz
et al., 2014).

The use of different lighting ranges and
their influence on the plant growth have been
evaluated in several studies of normally
herbaceous species (Pegg and Brady, 2002).
Moreover, daylength significantly affects
disease development in verticillium wilts
and plant resistance, reflected mainly in the
levels of mycelial colonization, although
some reported results are contradictory
(Pegg and Brady, 2002). Therefore, in po-
tato (Solanum tuberosum), a short-day pho-
toperiod under field conditions is necessary
for tuber formation and increases the disease
level (Busch and Edgington, 1967; Tsror et al.,
1990). Additionally, Pegg and Jonglaekha
(1981) demonstrated that Chrysanthemum
(Chrysanthemum sp.) plants that were infected
with V. dahliae and grown under long-day
conditions showed only slight wilt symptoms,
whereas greater mycelial growth and more
extensive stem colonization occurred when
the plants were grown under reduced light
conditions. In contrast, Sackston and Sheppard
(1973) reported that sunflower (Helianthus
annuus L.) plants developed more severe symp-
toms of verticillium wilt when grown under
long-day than under short-day conditions.

Temperature also significantly influences
the mycelial growth of the pathogen and plant
colonization. V. dahliae has an optimal
growth range of 22 to 27 �C (Pegg and Brady,
2002), and some growth can occur even at
33 �C, but no microsclerotia were found at
temperatures greater than 30 �C (Devaux and
Sackston, 1966). In cotton (Gossypium sp.),
the expression of resistance to a given strain
of V. dahliae can vary with the temperature
(Barrow, 1970; Bell and Presley, 1969; Xu
et al., 2012), which could mask the final
recorded disease severity (Garber and Presley,
1971). In tomato (Solanum lycopersicum L.),
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high temperatures and short-day conditions
encourage the development of verticillium
wilts in susceptible, tolerant, and resistant
cultivars (Jones et al., 1978).

In olive tree, few studies investigated the
olive–verticillium–temperature interaction.
Indeed, experiments to determine the influ-
ence of global climate change on V. dahliae
pathotypes and the development of the dis-
ease in olive plants exposed that, under the
current CO2 concentration, optimal verticil-
lium wilt development occurred from 20 to
24 �C and was more rapid and severe under
the most favorable extremely susceptible
cultivar–D pathotype combination (Lucena
et al., 2013). The aim of this research work
was to assess the influence of continuous and
natural lighting on VWO onset and devel-
opment when assessing the resistance of
olive cultivars to the defoliating pathotype
of Verticillium dahliae under greenhouse
conditions.

Materials and Methods

Plant material and inoculation method.
The own-rooted plants of 12 olive cultivars
from the WOGB were used. These plants
were propagated from soft-wood cuttings
and were hardened for 5 months in a green-
house under natural lighting following the
methodology of Caballero and Del Rı́o
(2010) (Table 1).

The plants were inoculated with a highly
virulent cotton-defoliating V. dahliae isolate,
V117 (Blanco-López et al., 1989) following
the technique of López-Escudero et al. (2004).
Eight plants per cultivar were transplanted
into pots of sterile black plastic that contained
a combination of sterile soil with sand, lime,
and peat (1:1:1) and were placed on green-
house benches. The cultivar Frantoio, which
is resistant to V. dahliae infection (López-
Escudero et al., 2004), was used as the
reference cultivar (resistant control).

Lighting conditions. The experiment was
conducted in two greenhouses under different
environmental conditions following a facto-
rial randomized block design. Half of the
blocks were located in a greenhouse with
continuous lighting (CL). Inside this green-
house, natural light was supplemented with
lamps (IP65, 400 WHPS light bulbs; Secom
Iluminación S.L., Murcia, Spain). The other
half of the blocks was placed in another
greenhouse under natural lighting (NL) con-
ditions, which ranged between 12 and 14.8 h
of natural light throughout the experiment.
The temperature and relative humidity were
measured in both of the greenhouses by
measurement probes that were connected to
the software Synopta 2.7.5.1 (HortiMaX
B.V., Pijnacker, The Netherlands).

Disease assessment. The disease severity
was assessed for 17 weeks, beginning 6
weeks after inoculation. The disease symp-
toms were evaluated on a scale from 0
(healthy plant or plant without symptoms)
to 4 (dead plant) based on the percentage of
plant tissue that was affected by chlorosis,
leaf, and shoot necrosis or defoliation. The
area under the disease progress curve
(AUDPCP) was estimated considering its
percentage with regard to the maximum
possible value that could be reached in period
of assessment according to the formula of
Campbell and Madden (1990): AUDPCP =
t=2 � S2 + 2 � S3 + ::: + Sið Þ=4 � n½ ��100 (t =

interval in days between observations; Si = final
mean severity; 4 = maximum disease rating;
and n = number of observations from the first
reading of the symptoms).

The AUDPCP was the main parameter
that was used to assess the level of resistance.
The final mean severity (FMS), percentage of
dead plants (PDP), and disease recovery in
the inoculated plants were also considered
(López-Escudero and Blanco-López 2005).
These values were compared with those of
the resistant control ‘Frantoio’. To classify

the cultivars, the resistance to verticillium wilt
was categorized considering the AUDPCP,
FMS, and PDP values according to López-
Escudero et al. (2004, 2007). The cultivars
were, therefore, classified into five resistance
categories: highly resistant (HR) = AUDPCP
from 0% to 10%, FMS lower than 1.5 and no
dead plants; resistant (R) = AUDPCP from
11% to 30%, FMS lower than 1.5 and no
dead plants; moderately susceptible (MS) =
AUDPCP from 31% to 50%, FMS from 1.5 to
2.5 and PDP as high as 30%; susceptible (S) =
AUDPCP from 51% to 70%, FMS greater
than 2.5, and PDP from 30% to 50%; and
extremely susceptible (E) = AUDPCP from
71% to 100% and FMS and PDP greater than
3.0% and 50%, respectively.

To evaluate the influence of lighting
during the incubation period (IP) on disease
progress, the accumulated hours between 20
and 25 �C (the optimum temperature for the
disease development varies between this
range according to López-Escudero et al.
2004; Soesanto and Termorshuizen, 2001;
Xu et al., 2012), and the number of accumu-
lated light hours were measured.

The data were subjected to an analysis of
variance and analyzed by a factorial design
using the Statistix 9.0 program (Analytical
Software, Tallahassee, FL). The mean values
were compared using Fisher’s protected least
significant difference test at P = 0.05.

Results

Symptoms, disease progress, and analysis
of resistance. Verticillium wilt symptoms
were not observed in the non-inoculated
plants, which grew normally, producing
new twigs from the seventh week after trans-
planting.

The most severe observed symptom was
the defoliation of green leaves, which de-
veloped intensive and abruptly in most of
plants of the cultivars Rowghani, Sorani-787,

Table 1. Final values of the phytopathological parameters that were used to assess the olive cultivars that were inoculated with a Verticillium dahliae defoliating
pathotype.z

Cultivary

AUDPCP (%) FMS IP

ResistancewCLx NL Mean CL NL Mean CL NL Mean

‘Rowghani’ (IRN; 1139) 65.3 65.8 65.6 a 4.0 3.8 3.9 a 7.5 6.0 6.8 a ES
‘Sorani-787’ (SYR; 787) 59.2 61.8 60.5 a 3.9 4.0 4.0 a 9.0 10.0 9.5 abc ES
‘Toffahi’ (EGY; 721) 49.1 59.6 54.3 a 3.5 3.6 3.6 a 7.8 6.8 7.3 ab ES
‘Oblica’ (HRV; 706) 38.4 19.5 29.0 b 3.0 2.1 2.6 b 10.5 10.8 10.5 bc S
‘Manzanilla de Lorca-808’ (ESP; 808) 34.9 9.2 20.2 bc 2.0 0.9 1.4 c 9.0 14.5 12.1 c MS
‘Klon-14-1081’ (ALB; 1081) 22.6 8.7 15.7 bc 1.3 0.7 1.0 cd 10.5 12.5 11.5 c MS
‘Wardan’ (EGY; 725) 19.7 9.2 14.5 bc 1.3 0.4 0.9 cd 10.8 12.5 11.6 c R
‘Manzanilla de Lorca-809’ (ESP; 809) 17.5 6.0 12.6 c 1.0 0.7 0.9 cd 9.5 14.3 11.6 c R
‘Nasuhi’ (ISR; 857) 16.6 7.9 12.2 c 1.2 0.8 1.0 cd 9.8 14.0 11.9 c R
‘Kokerrmadh Berati’ (ALB; 1080) 13.8 9.8 11.8 c 1.1 1.1 1.1 cd 12.0 13.3 12.6 c R
‘Frantoio’ (ITA; 80) 13.0 6.0 9.5 c 0.9 0.3 0.6 d 12.0 14.3 13.2 c R
‘Marsaline’ (TUN; 535) 13.6 2.2 7.9 c 0.6 0.4 0.5 cd 11.0 16.0 13.5 c R
‘Razzola’ (ITA; 177) 15.8 1.0 7.3 c 1.2 0.2 0.6 cd 9.3 16.5 13.4 c R
Mean 30.4 a 21.9 b 2.0 a 1.6 b 9.8 a 12.2 b
zAUDPCP = area under the disease progress curve with reference to the maximum value that was potentially reached during the assessment period; FMS = final
mean severity of the symptoms 17 weeks after inoculation; IP = disease incubation period. This value is the number of weeks after the inoculation in which each
individual plant showed the first symptoms. The displayed value is the mean for each cultivar and lighting condition. The values in the columns and the last line
followed by the same letters are not significantly different at P = 0.05 according to Fisher’s protected least significant difference test.
yName of the cultivar (country; accession number in the World Olive Germplasm Bank).
xContinuous lighting conditions (CL); natural lighting conditions (NL).
wResistance level according to López-Escudero et al. (2007).
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and Toffahi, leading to plant death. However,
in many other cultivars, the defoliation of
green leaves was progressive and occurred
partially in some shoots. Apoplexy affected
the entire plant in several extremely suscepti-
ble cultivars such as ‘Toffahi’ and caused the
progressive death of these plants. Chlorosis
was frequently observed and, in resistant
cultivars such as Marsaline or Razzola was
only slight and temporary. The disease re-
covery, which is characterized by the pro-
duction of new shoots and leaves after
suffering slight disease symptoms, was ob-
served in some cultivars such as Frantoio,
Marsaline, and Razzola (Table 1).

‘Frantoio’, the resistant control, exhibited
under CL conditions AUDPCP and FMS
values of 13.0% and 0.9, respectively, and
no plant death (Table 1). Analyzing the
phytopathological values and comparing
them to the references (López-Escudero
et al., 2007) under CL conditions, the culti-
vars Rowghani, Sorani-787, and Toffahi
were extremely susceptible and significantly
different from the cultivar Frantoio, exhibit-
ing AUDPCP, FMS, and PDP values greater
than 49.1%, 3.5 and 75%, respectively (Table
1). The susceptible cultivar Oblica exhibited
an AUDPCP value of 38.4% (Table 1). The
other group of two cultivars, Manzanilla de
Lorca-808 and Klon-14-1081, were consid-
ered moderately susceptible with AUDPCP
and FMS mean values of 28.8% and 1.7,
respectively (Table 1). Finally, six cultivars
(Wardan, Manzanilla de Lorca-809, Nasuhi,
Kokerrmadh Berati, Razzola, and Marsaline)
were resistant with no plant death and
AUDPCP values lower than 20%. The phy-
topathological values of these resistant culti-
vars did not differ statistically from the
values of cultivar Frantoio (Table 1).

Differences between the lighting conditions.
The comparison between the two lighting
conditions for the AUDPCP, FMS, and IP
parameters showed significant differences (Ta-
ble 2). These differences did not depend on the
cultivar, because the lighting conditions–
cultivar interaction was not significant for
AUDPCP (P = 0.609), FMS (P = 0.236), or

IP (P = 0.874). The disease onset occurred
almost 3 weeks earlier under CL conditions
than under NL conditions (Tables 1 and 2).

When the cultivars were analyzed in groups
according to the calculated susceptibility level,
there were significant differences in the

Fig. 1. Disease progress based on the symptom severity of olive cultivars after inoculation with
a defoliating isolate of Verticillium dahliae under both the conditions of greenhouse with continuous
lighting (A) and greenhouse with natural lighting (B). The cultivars were grouped by their resistance
level (Table 1). The symptom severity was assessed weekly based on a 0 to 4 scale according to
percentage of plant tissue that was affected by necrosis of the leaves and branches, chlorosis, and
defoliation and rolling of leaves (0 = healthy plant or plant with no symptoms; 1 = 1% to 33%; 2 = 34%
to 66%; 3 = 67% to 99%; and 4 = dead plant).

Table 2. Environmental and phytopathological parameters that were used to evaluate the influence of lighting according to the resistance level.z

Resistance levely Lightingx IPw (weeks) Accumulated light hoursv Hours (20 to 25 �C)u AUDPCPt (%) FMSs

ES Continuous 8.1 cd 1382.0 bc 715.9 b 57.9 a 3.8 a
ES Natural 7.6 d 708.5 d 490.0 c 62.4 a 3.8 a
S-MS Continuous 10.1 bc 1719.3 ab 917.3 ab 31.7 b 2.1 b
S-MS Natural 12.6 a 1214.9 c 796.9 ab 12.5 cd 1.2 c
R Continuous 10.6 b 1802.0 a 966.3 a 16.0 c 1.1 c
R Natural 14.3 a 1389.8 bc 916.5 a 6.3 d 0.6 d
zThe parameters ‘‘accumulated light hours,’’ ‘‘hours (20 to 25 �C),’’ AUDPCP, and FMS are the mean values that were obtained for each resistance level and
lighting condition. The values of ‘‘accumulated light hours’’ and ‘‘hours (20 to 25 �C)’’ were calculated with respect to the incubation period (IP) of each
individual plant (Table 1). The values in the columns followed by the same letters are not significantly different at P = 0.05 according to Fisher’s protected least
significant difference test.
yResistance level from Table 1. The cultivars were grouped according their resistance level: extremely susceptible (ES), susceptible (S), moderately susceptible
(MS), and resistant (R).
xLighting that was used in each greenhouse.
wIP = disease incubation period. These values are the mean values of weeks after inoculations for each group of resistance level and were calculated using the IP
data of each plant.
vNumber of accumulated light hours under each condition.
uNumber of accumulated hours between 20 and 25 �C.
tAUDPCP = area under the disease progress curve with reference to the maximum value that was potentially reached during the assessment period for each group
of resistance level.
sFMS = final mean severity of symptoms 17 weeks after inoculation for each group of resistance level.
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phytopathological parameters between the
lightning conditions in resistant, moderately
susceptible, or susceptible cultivars with plants
showing a higher susceptibility level under CL
conditions. In contrast, no differences were
found in the extremely susceptible cultivars
(Table 2).

The cultivars showed significant differ-
ences for the accumulated hours between 20
and 25 �C until disease onset, whereas there
were no significant differences between the
lighting conditions for the same parameter.
Thus, most of the cultivar groups (suscepti-
ble, moderately susceptible, and resistant)
did not have differences between the condi-
tions with the number of accumulated hours
being similar (Table 2), although this fact did
not apply to the group of extremely suscep-
tible cultivars, which showed significant
differences between the CL and NL condi-
tions (Table 2). This temperature range (20 to
25 �C) was reached from May inside the
greenhouse with NL with the cultivars exhibit-
ing a slight delay in disease onset with respect
to the CL environment (Fig. 1; Table 2).

The analysis of the parameter ‘‘accumu-
lated light hours’’ revealed significant differ-
ences between the lighting conditions for each
resistance group, although more light hours
were required under the CL environment than
under the NL environment for the develop-
ment of the first disease symptoms (Table 2).

Discussion

Growth chamber conditions are more
effective at producing rapid disease develop-
ment and greater disease severity values than
are greenhouse conditions (Garcia-Ruiz et al.,
2014; Trapero et al., 2013a). However, a lower
number of cultivars can be assessed in a growth
chamber than in a greenhouse as a result of
limited available space in the former (Trapero
et al., 2013a). This experiment was performed
in two greenhouses during a favorable period
for disease progress under our conditions
(from March to July) using lamps in one of
the greenhouses to achieve continuous lighting
and slightly increasing the night temperatures.
Thus, throughout most of the evaluation
period in the greenhouse under CL conditions,
the temperature was 20 to 25 �C, which is
the optimum range for V. dahliae infection
and colonization (López-Escudero et al., 2004;
Soesanto and Termorshuizen, 2001; Xu et al.,
2012) with the most favorable temperature
being 23.4 �C (Varo et al., 2013). Inside the
greenhouse under NL conditions, the plants
were specifically subjected to daily and night
temperature changes that might affect infec-
tion, as revealed by the calculated accumulated
hours between 20 and 25 �C (Brinkerfoff,
1973; Garber and Presley, 1971; Wilhelm
and Taylor, 1965).

Many of the olive cultivars that were
evaluated in this study were extremely sus-
ceptible, susceptible, or moderately suscep-
tible, demonstrating the high susceptibility of
olive cultivars to the defoliating pathotype of
Verticillium dahliae (Garcia-Ruiz et al., 2014;
López-Escudero and Mercado-Blanco, 2011;

Mercado-Blanco and López-Escudero, 2012).
Nevertheless, the six genotypes ‘Wardan’,
‘Manzanilla de Lorca-809’, ‘Nasuhi’,
‘Kokerrmadh Berati’, ‘Marsaline’, and
‘Razzola’ were considered to be resistant to
this disease, representing a high percentage
(six of the 12 evaluated cultivars) compared
with the findings of previous studies
under growth chamber conditions and using
a conidial suspension (López-Escudero et al.,
2004, 2007; Martos-Moreno et al., 2006), in
which this percentage was less than 6% of the
total number of evaluated genotypes. This
disagreement could be the result of the range
of temperatures inside the greenhouses dur-
ing the final assessment weeks, which likely
influenced the colonization and final disease
severity of the olive cultivars. This disease
reduction caused by high temperatures has
also been reported for cotton cultivars (Barrow,
1970; Bell and Presley, 1969; Garber and
Presley, 1971; Pegg and Brady, 2002).

The number of accumulated hours be-
tween 20 and 25 �C did not show significant
differences in most of the cultivars (suscep-
tible, moderately susceptible, and resistant)
when comparing both of the environments,
indicating that each plant of a fixed cultivar
would need to accumulate the same number
of hours at that temperature range until
disease onset. Subsequently, this optimal
temperature range could stimulate the de-
velopment and colonization of olive cultivars
by V. dahliae.

The environmental parameter ‘‘accumu-
lated light hours’’ seems not to have a clear
influence on pathogen growth by itself in the
case of olive tree, although the lighting–
temperature interaction could have a slight
influence on disease development, like in
tomato, in which high temperatures and
short-day conditions stimulate pathogen col-
onization (Jones et al., 1978).

Therefore, the use of CL inside green-
houses could improve the onset and develop-
ment of verticillium wilt disease with an
advantage of almost 3 weeks at the first
evidence of symptoms in cultivars with
a certain level of susceptibility and more than
4 weeks in the case of resistant cultivars. This
delay in the first symptoms could be the result
of environmental conditions in a greenhouse
under NL conditions, which had a lower
mean temperature and fewer hours in the
optimal temperature range than in a green-
house under CL conditions. However, in both
of these environments, the disease onset
occurred at nearly the same time in the
extremely susceptible cultivars, which
showed similar values of FMS and AUDPCP.
Thus, the lighting and temperature conditions
may not influence the reaction of highly
susceptible olive genotypes when the plants
are inoculated with V. dahliae, because these
plants exhibited symptoms from the seventh
week after inoculation independently of the
environmental conditions.

Finally, this study reports the first evi-
dence of the resistance to VWO of six newly
studied olive cultivars. Two of these culti-
vars, Kokerrmadh Berati and Razzola, have

been recently reported as synonyms of the
cultivar Frantoio after being molecularly and
morphologically characterized (Trujillo et al.,
2013). Although these findings narrow the
availability of resistant germplasm, they also
emphasize the reliability of the inoculation
method. These resistant cultivars should be
tested under field conditions to confirm their
resistance level with the goal of including
these cultivars in breeding programs as new
disease-resistant cultivars or rootstocks.
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López-Escudero, F.J., M.A. Blanco-López, C.
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