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Abstract

During the last three years, a new disease was observed in northwestern Greece on Minneola trees, hybrid
of mandarin and grapefruit. On May small brown necrotic leaf spots surrounded by yellow halo areas of
various sizes appeared and covered a major portion of the leaves with extension of necrosis into the veins.
On young fruits small, slightly depressed black spots were the first symptoms, which later became 2—7 mm
in diameter. Brown spots were observed on the leaves and fruits in several orchards in the same area,
causing leaves and fruits to drop. In some orchards over 50% of the fruits were affected. From the fruit and
leaf spots the typical small-spore species Alternaria alternata was isolated. Pathogenicity tests were per-
formed by artificially inoculating fruits of Minneola, common mandarin and Clementine. The symptoms of
the disecase were reproduced only on fruits of Minneola hybrids by the specific strain of the fungus
Alternaria alternata pv. citri. Different citrus susceptibility tests indicated that mandarins Minneola, Nova
and Page were very susceptible to tested isolates while Clementine SRA and Poros Clementine were not. All
lemons and lime Seedless were not susceptible. Grapefruit New Hall was not susceptible, while the Star
Ruby was. Orange Lane Late, Navel Late, Oval Poros, Olinda, Navel Athos were not susceptible and only

Moro showed reaction being slightly susceptible only to one isolate.

Alternaria brown spot of citrus is known world-
wide as a serious disease of leaves, fruits and twigs
on some mandarin hybrids or cultivars. The dis-
ease was first described in 1903 on Emperor
mandarin in Australia (Whiteside, 1993), but now
is also known to occur in the USA (Whiteside,
1976), Brasil and Argentina (Peres et al., 2003),
Israel (Solel, 1991), Turkey (Canihos et al., 1997)
and South Africa (Swart et al., 1998). In Europe,
in the Mediterrancan basin, the disease was
reported in Spain (Vicent et al., 2000) and Italy
(Bella et al., 2001). The disease was caused by a
specific strain of the fungus Alternaria alternata
pv. citri. There are two distinct pathotypes of this
fungus according to the host specificity and toxin
production. The pathotype (Aac) produces the

host-specific ACT-toxin for tangerine (Citrus
reticulata) and tangerine x grapefruit (C. reticula-
ta x Citrus paradisi) hybrid; this is known as the
tangerine pathotype and reduces yield and fruit
quality. The second pathotype of the fungus pro-
duces the host-specific ACRL-toxin, that affects
the rootstock cultivar Rough Lemon (Citrus
Jambhiri) and Citrus limonia (Kohmoto et al.,
1979; Peever et al., 1998, 2002). An additional
Alternaria disease, the black rot of citrus, is con-
sidered distinct from the brown spot (Peever et al.,
2004).

Different citrus species are cultivated in Greece
for fresh fruit or for processed products. The most
severe fungal diseases of citrus in Greece are
gummosis and brown rot caused by species of the
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genus Phytophthora, mal secco caused by Phoma
tracheiphila and post-harvest diseases by Phy-
tophthora and Penicillium species.

During November and December 2003, a new
disease was observed for the first time in north-
western Greece on 10-15 year-old Minneola trees,
hybrid of mandarin and grapefruit (C. reticula-
ta x C. paradisi). Sunken, dark brown spots were
observed on the fruit surface, at the beginning of
fruit ripening (according to growers observations),
only on orchards with this hybrid. The spots were
2-7 mm in diameter, slightly depressed. In some
orchards over 50% of the fruits were affected. The
affected fruits dropped to the ground. No disecase
symptoms were observed on the leaves or other
part of the trees.

The next years (2004, 2005) the disease was
much more widespread only in northwestern
Greece on Minneola hybrid. On May small brown
necrotic leaf spots surrounded by yellow halo
areas of various sizes appeared on Minneola trees.
The spots covered a major portion of the leaves
with extension of necrosis into the veins. On young
fruits small, slightly depressed black spots were the
first symptoms. Brown spots were observed on the
leaves and fruits in several orchards in the same
area causing leaves and fruits to drop. The
purposes of this study were: (a) the identification
of the pathogen associated with the disease of
Minneola mandarins and (b) the evaluation
of susceptibility of different citrus species, hybrids
or cultivars, cultivated in Greece.

Brown spot infected fruits and leaves were col-
lected from Minneola trees at different fields in
northwestern Greece during the last three years.
Isolations were made on potato dextrose agar
(PDA) medium at 25 °C.

From the margins of fruit and leaf spots a typ-
ical small-spore Alternaria species was isolated.
Twenty-five Alternaria isolates from Minneola
mandarins were obtained. Single conidial isolates
were selected from each isolate for pathogenicity
tests. All isolates were stored on V8 and PDA
medium at 22 °C. The morphological characteris-
tics of the fungus were close to these of Alternaria
alternata.

Pathogenicity tests were performed by artifi-
cially inoculating fruits of Minneola hybrid and
also fruits of common mandarin (C. reticulata)
and Clementine (C. reticulata x C. aurantifolia).
The inoculum consisted of 3 week-old isolates

grown on V8 medium (50 ml V8, 7.5 g agar,
500 ml H,O, pH 5.5) at 25°C and 12 h dark
fluorescent light. The surface of the plates was
covered with sterile distilled water (SDW), scrap-
ing the conidia with a glassy bar. Then the sus-
pension was stained through a cheesecloth, and
finally a suspension of 6 x 10° conidia mI™" was
used. The suspension was sprayed onto the fruits
detached from the trees, which were incubated in
polyethylene bag humid chambers at 25 °C in the
dark. The control was sprayed with SDW. Two
representative Alternaria isolates, A2 and A3, two
monoconidial strains A4, and A9; and seven
fruits of each different mandarin, were used. The
experiments were repeated twice.

The symptoms of the disease were reproduced
only on fruits of Minneola hybrids. They started
from the second day of inoculations and increased
over the next days (Table 1). Similar results were
obtained from the second experiment. The isolates
were host specific. Koch’s postulates were satisfied
by reisolation of the fungus from symptomatic
tissue. The disease was caused by the specific strain
of the fungus Alternaria alternata pv. citri.

The susceptibility of 18 citrus hybrids or culti-
vars (Table 2) was determined by using leaves and
fruits collected from the fields of the Citrus
Germplasm Bank of the Arboricultural Station of
Poros (Ministry of Rural Development and Food),
in June. The highly virulent monoconidial strains
A4, and A9; were grown in 9 cm Petri dishes
containing V8 medium for 13 days at 25 °C and
12 h dark fluorescent light. Conidial suspensions
(10° conidia ml™") were prepared as above. Two
drops (40 ul each) were placed on the lower sur-
face of each leaf. For fruit inoculation, four filter

Table 1. Pathogenicity tests of Alternaria alternata pv. citri
on different mandarins

Treatmentss Mandarins
Minneola Clementine Common
mandarin
Control 1* 1 1
Isolate A2 5 1 1
Isolate A3 5 1 1
Single spore Isolate A4, 5 1 1
1 1

Single spore Isolate A9; 5

“Disease index (average of seven replications), 1: healthy fruit,
5: 100% infected fruit.
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Table 2. Susceptibility of different citrus to artificial inoculations by Alternaria alternata pv. citri

Citrus Treatments

Control Strain 44 Strain 95

Fruits Leaves Fruits Leaves Fruits Leaves
Mandarins
Nova 1? 1 S5a 2.6 ab S5a 2.4b
Page 1 1 Sa 2 abc Sa 2 be
Minneola 1 1 Sa Ja Sa 38a
SRA (Clementine) 1 1 lc 1d lc
Clementine Poros 1 1 lc lc 1d lc
Oranges
Moro 1 1 la lc 2¢ lc
Lane Late 1 1 la lc 1d lc
Navel Late 1 1 la lc 1d lc
Oval Poros 1 1 la lc 1d lc
Olinda 1 1 la lc 1d lc
Navel Athos 1 1 la lc 1d lc
Lemons
S. Bonanca 1 1 la lc 1d lc
Adamopoulos 1 1 la lc 1d lc
Zambetaki 1 1 la lc 1d lc
Opsimo Argos 1 1 la lc 1d lc
Grapefruits
New Hall 1 1 la lc 1d lc
Star Ruby 1 1 2.85b lc 328 b lc
Limes
Seedless 1 1 243 b lc 3.14b lc

“Disease index (average of seven replications for the fruits and five for the leaves) 1: no infection, 5: 100% infection.
Numbers followed by the same letters within the column do not differ significantly according to LSD test at P < 0.05.

paper squares (0.5 x 0.5 cm) were dipped in the
inoculum suspension and placed on the rind of
each fruit. Instead of conidial suspension SDW
was used for the controls (Solel and Kimchi, 1997;
Vicent et al., 2004). Seven fruits and five leaves
were used for each strain and each different citrus.
The inoculated fruits and leaves were incubated in
humid boxes at 25-27 °C in the dark for 4 days.
The severity of the disease was recorded as %
positive inoculations on each fruit, using a scale
1-5 where 1 represented no infection and 5
represented 100% infection. The experiments were
repeated twice. Data for two experiments were
analyzed by ANOVA using the LSD test at
P < 0.05.

The results of this study indicated that the
mandarins Minneola, Nova and Page, the lime
Seedless and the grapefruit Star Ruby were sus-
ceptible to artificial inoculations with Greek
isolates A4, and A9;, while all the tested oranges
(except for the orange Moro that showed an
intermediate reaction), lemons and the grapefruit

New Hall were resistant (Table 2). The data report
the results of the first experiment, since the results
of the second experiment analyzed in the same way,
were similar to the first. Under natural conditions
in Greece brown spot disease was so far only
recorded on Minneola mandarins. According to
Solel and Kimchi (1997), in artificial inoculations
the host range of A4. alternata pv. citri is broader
than that under natural infection conditions.

Our results, with tested citrus, agree with those
from Spain and Israel with some differences. The
oranges Lane Late and Navel Late were resistant
in inoculations with our strains while they were
slightly susceptible in the Spanish experiments.
Peever et al. (2002) determined the quantitative
differences in virulence among isolates from dif-
ferent citrus growing areas of the world, and found
statistically significant differences. Although the
host range varied in each country there were sim-
ilarities such as the disease symptoms and basic
host range (Solel and Kimchi, 1997; Vicent et al.,
2004).
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According to Solel (1991) brown spot disease is
due to a citrus pathotype called 4. alternata pv.
citri, that causes brown spot of Minneola, clearly
distinct from other strains of A. alternata (previ-
ously A. citri) which cause other types of diseases on
citrus. This disease has also been reported as
Alternaria-induced brown spot disease of Dancy
tangerines (C. reticulata) in Florida, Emperor
mandarin (C. reticulata) in Australia and certain
other citrus cultivars (Whiteside, 1976, 1993).
Isolates causing black rot of citrus are considered
biologically distinct from the brown spot pathogens
because they are unable to cause this disease on
leaves or fruits and do not produce host-specific
toxins. According to Peever et al. (2004) there
appears to be no basis for considering black rot
isolates as a distinct taxon but the small-spore
species of Alternaria from citrus grouped into a
single phylogenetic species. It seems that most
small-spore species of Alternaria associated with
citrus or other hosts can cause black rot but not
brown rot.

Minneola, which has been mainly grown in
northwestern Greece during the last few years, has
already been progressively eliminated in these areas,
owing to the severe yield losses (low yield and
unacceptable blemished fruits) due to infections by
Alternaria since the disease incidence increased.

Acknowledgements

Many thanks to Th. Agorastou and G. Magripis for
their help to collect fruits and leaves and Sofia
Migardou for her technical assistance.

References

Bella P, Guarino C, La Rosa R and Catara A (2001) Severe
infections of Alternaria spp. on a mandarin hybrid. Journal
of Plant Pathology 83: 231.

Canihos Y, Erkilic A and Timmer LW (1997) First report of
Alternaria brown spot of tangelo Minneola in Turkey.
Plant Pathology 81: 1214.

Kohmoto K, Scheffer RP and Whiteside JO (1979) Host-
selective toxins from Alternaria citri. Phytopathology 69:
667-671.

Peever TL, Canihos Y and Timmer LW (1998) Host specificity
of Alternaria alternata associated with citrus in Florida. In:
Abstracts of 7th International Congress of Plant Pathology.
Scotland, August 9-16, paper No: 2.2.52.

Peever TL, Ibanez A, Akimitsu K and Timmer LW (2002)
Worldwide phylogeography of the citrus brown spot
pathogen, Alternaria alternata. Phytopathology 92: 794—
802.

Peever TL, Su G, Carpenter-Boggs L and Timmer LW (2004)
Molecular systematics of citrus-associated Alternaria spe-
cies. Mycologia 96: 119-134.

Peres NAR, Agostini JP and Timmer LW (2003) Outbreaks of
Alternaria brown spot of citrus in Brasil and Argentina.
Plant Disease 87: 750.

Solel Z (1991) Alternaria brown spot on Minneola tangelos in
Israel. Plant Pathology 40: 145-147.

Solel Z and Kimchi M (1997) Susceptibility and resistance of
citrus genotypes to Alternaria alternata pv. citri. Journal of
Phytopathology 145: 389-391.

Swart SH, Wingfield MJ, Swart WJ and Schutte GC (1998)
Chemical control of Alternaria brown spot on Minneola
tangelo in South Africa. Annals of Applied Biology 133:
17-30.

Vicent A, Armengol J, Sales R, Garcia-Jimenez J and Alfaro-
Lassala F (2000) First report of Alternaria brown spot of
citrus in Spain. Plant Disease 84: 1044.

Vicent A, Badal J, Asensi MJ, Sanz N, Armengol J and Garcia-
Jimenez J (2004) Laboratory evaluation of citrus cultivars
susceptibility and influence of fruit size on Fortune man-
darin to infection by Alternaria alternata pv. citri. European
Journal of Plant Pathology 110: 245-251.

Whiteside JO (1976) A newly recorded Alternaria-induced
brown spot disease on Dancy Tangerines in Florida. Plant
Disease Reporter 60: 326-329.

Whiteside JO (1993) Alternaria brown spot of mandarins. In:
Whiteside JO, Garnsey SM and Timmer LW (eds.)
Compendium of Citrus Diseases (p. 8) APS Press, MN.



