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a  b  s  t  r  a  c  t

Crocus  sativus  is a triploid  sterile  plant  and  autumnal  flowering  geophyte  with  corms.  As a  subterranean
organ,  the  corm  is susceptible  to diseases  caused  by  fungi,  bacteria,  nematodes  and  viruses.  Fusarium  corm
rot incited  by  F. oxysporum  is  the  most  destructive  disease  in  saffron,  having  caused  severe yield  losses
in  saffron  producer’s  countries.  Infected  plants  die  off  early,  resulting  in  reduction  of  corm  yield,  quality
and  flower  and  stigma  production.  Little  is  known  about  the  formae  speciales  attacking  saffron  and  less
about  the  relationship  among  the fungus  and the  possible  hosts.  In  this  study  we investigate  the  formae
speciales  which  colonize  saffron  and  their  relationship  with some  members  of  iridaceae  such  as  C. vernus
(ornamental  crocus),  gladiolus  and  narcissus  using  pathogenicity  tests;  we  determine  whether  different
pathogenic  isolates  of  F. oxysporum  can  be  distinguished  by  ISSR,  and  we  analyze  the  genetic relationships
and  variability  among  some  isolates  of  these  pathogens.  We  found  two  formae  speciales  iridiacearum  and
croci  which  attack  different  iridaceous  crops  and  Crocus  sp.,  respectively  and we  suggested  the  creation
of a new  formae  speciales  saffrani  which  shows  only  pathogenicity  on  saffron  corms.  From  ISSR analysis,

the  unweighted  paired  group  method  with  arithmetic  averages  cluster  analysis  (UPGMA)  was  used  to
discriminate  the  F.  oxysporum  isolates,  we were  able  to differentiate  among  f.  sp.  from  saffron  corms  and
other  formae  speciales  of F.  oxysporum  but not  among  formae  speciales  iridiacearum,  croci  and  saffrani.
Furthermore,  we searched  for  fum1,  tri5,  tri7  and  tri13 genes  using  PCR  assays,  however,  all  the isolates
from  saffron  corms  were  negative.

©  2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

Crocus sativus is cultivated for its red style branches, which
nce dried, constitute saffron spice. Highly appreciated for its
romatic and flavoring properties, it is mainly used as a col-
rant for foodstuffs and is often used in the confectionary and
iquor industries. Numerous studies have shown its implication
n the reduction of cholesterol and triglyceride levels in the blood
Abdullaev and Frankel, 1999); its capacity to combat neural dis-

rders (Abe and Saito, 2000), as well as being an attenuator for
he adverse effects of cisplatin used in chemotherapy (Premkumar
t al., 2003). Saffron has also used for medicinal purposes, is

∗ Corresponding author at: Instituto Botánico, Facultad de Farmacia, Universidad
e  Castilla-La Mancha, Campus Universitario s/n, Albacete 02071, Spain.
el.: +34 967599200; fax: +34 967599238.

E-mail address: Oussama.ahrazem@uclm.es (O. Ahrazem).

ttp://dx.doi.org/10.1016/j.indcrop.2014.06.051
926-6690/© 2014 Elsevier B.V. All rights reserved.
traditionally used as stimulant, aphrodisiac, antidepressant and
anti-tumoral effects in various cellular models (Schmidt et al.,
2007).

In general, the corms are planted during their dormant period
in summer (late August) and the flowers emerge after 8–10 weeks
in fall (October–November). Immediately after harvest, the stigmas
are separated from the flower and dried. Over 85,000 flowers are
needed to obtain just 1 kg of dried saffron stigma. After harvest, the
crocuses are left to grow in the ground and let them grow through-
out the winter. In spring, 4–10 new corms appear above the old
ones, which wilt and eventually rot. In the third summer (July),
new corms are harvested and subjected to chemical disinfestation
treatment. Treated corms are dried and stored in the dark at room
temperature until the next planting season (late August). As a sub-

terranean organ, the corm is susceptible to diseases caused by fungi,
bacteria, nematodes and viruses (López and Gómez-Gómez, 2009).
Infected plants die off early, resulting in reduction of corm yield,
quality and flower and stigma production.

dx.doi.org/10.1016/j.indcrop.2014.06.051
http://www.sciencedirect.com/science/journal/09266690
http://www.elsevier.com/locate/indcrop
http://crossmark.crossref.org/dialog/?doi=10.1016/j.indcrop.2014.06.051&domain=pdf
mailto:Oussama.ahrazem@uclm.es
dx.doi.org/10.1016/j.indcrop.2014.06.051
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Several fungal species of the genera Fusarium, Rhizoctonia, Peni-
illium, Aspergillus,  Sclerotium,  Phoma,  Stromatinia, Cochliobolus, and
hizopus have been reported to be associated with saffron dis-
ases (Ahrazem et al., 2010; Rubio-Moraga et al., 2013). Rot caused
y Fusarium oxysporum is the most destructive disease in saffron,
ausing severe performance losses in most saffron fields (Cappelli,
994). The main symptoms of the disease occur during the flow-
ring period in which infected plants show a dropping, yellowing
nd wilting of shoots, basal and corm rot. The pathogen survives in
nfected corms and soil as mycelium, chlamydospores, macroconi-
ia and microconidia (Brayford, 1996). Plants can become infected

n the field at the time of germination of spores or mycelia, entering
irectly into the roots or through wounds in corms. The pathogen
an be inserted into new growing regions through contaminated
affron corms (Cappelli and Di Minco, 1999). First detected in
apan (Yamamoto et al., 1954), the disease is currently widespread,
ausing substantial yield losses in several regions throughout the
roducer countries. Up to 50% of plant mortality was observed

n the fields severely infected. Knowledge of the variation and
istribution of pathogenic races of a plant pathogen is a crucial
equirement for the efficient management of diseases (McDonald,
997). In some pathosystems, race identification using pathogeni-
ity testing requires a considerable effort and cost, providing much
ore limited information than neutral genetic markers. Selec-

ively neutral genetic markers are particularly useful for identifying
athogenic races with strictly asexual reproduction, since no sexual
ecombination source occurs in the pathogen’s genome (Milgroom
nd Fry, 1997). Natural populations of Fusarium oxysporum Schlech-
end.:Fr contain pathogens that cause vascular diseases in a wide
ange of cultivated and uncultivated plants. Whereas species iden-
ification is based on morphological characteristics of the fungus,
athogenic formae speciales are classified based on their ability to
ttack a range of susceptible plants (Snyder and Hansen, 1940). The
ormae speciales and races are divided in accordance to their specific
athogenicity on group cultivars within a host.

Like many other plant pathogens, F. oxysporum secretes small
roteins, commonly cystein-rich, to promote virulence by manip-
lating its plant host and suppressing host defense proteins (De Wit
t al., 2009; Rep, 2005; Schmidt et al., 2013). The genes encoding
hese proteins are found to be proximal to transposable elements
hich have been considered to play a key role in the emergence

f new virulence traits in many other plant pathogens (Schmidt
t al., 2013). Transposable elements are usually flanked by inverted
epeat sequences. Recombination between highly similar transpos-
ble elements leads to structural rearrangement and contributes to
volution of novel race and formae speciales (Feschotte and Pritham,
007; Kang et al., 2001). This makes inter-simple sequence repeat
ISSR) markers very suitable for detecting intraspecific variability,
articularly fungi such as F. oxysporum lacking sexual reproduc-
ion (Taylor et al., 1999). The ISSR technique has been applied
xtensively to the detection and genetic characterization of fungal
athogens, including the differentiation of several breeds of formae
peciales in F. oxysporum, i.e., formae speciales cubense (E.F. Smith)

.C. Snyder & H.N. Hansen (Bentley et al., 1994), dianthi (Prill. &
elacr.) W.C. Snyder & H.N. Hansen (Manulis et al., 1994; Migheli
t al., 1998), pisi (Linf.) W.C. Snyder & H.N. Hansen (Grajal Martin
t al., 1993) and vasinfectum (Atk.) W.C. Snyder & H.N. Hansen
Assigbetse et al., 1994).

Despite the severity of the disease little is known about the for-
ae speciales attacking the saffron and much less about how many

aces could exist. The present study was designed for a threefold
urpose: to investigate the formae speciales which colonize saf-

ron and their relationship with some members of iridaceae such
s C. vernus (ornamental crocus), gladiolus and narcissus using
athogenicity tests; to determine whether different pathogenic iso-

ates of F. oxysporum can be distinguished by ISSR, and to analyze
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the genetic relationships and variability among representative iso-
lates of these pathogens. We  also look for some fumonisin and
trichothecenes genes using PCR assays and HPLC analyses.

2. Materials and methods

2.1. Collection and isolation of Fusarium species

Fungi were isolated from 50 infected corms grown under field
conditions in Minaya and Tarazona de la Mancha, Spain. Several
fragments of symptomatic corms were superficially disinfected
and inoculated in different culture media: general medium (PDA),
Fusarium selective medium and King B medium for bacteria. After
5 days of incubation at 25 ◦C, colonies were examined visually and
microscopically for morphological characteristics of isolates. Sub-
sequently, single-spore cultures of different isolates were used to
test their pathogenicity.

In addition two  isolates of F. oxysporum f. sp. radici-lycopersici,
two isolates of F. oxysporum f. sp. lycopersici, and one isolate of F.
oxysporum f. sp. gladioli from University of Aberdeen (kindly pro-
vided by Dr. S. Woodward) and one isolate of F. oxysporum f. sp.
radici-cucumerium and one isolate of F. oxysporum f. sp. melonis
were used. The isolates were stored at 4 ◦C in PDA.

2.2. Pathogenicity test and data analysis

Healthy corms of saffron, ornamental crocus (Crocus vernus
cv. Pickwick and cv. Jeanne d’ Arc), daffodil (Narcissus sp.) and
gladiolus (Gladioulus × grandiflorus cv. Peter Pears and Gladio-
lus × hortulanus cv. White Friendship) were used for pathogenicity
testing. Corms were previously disinfected with 5% sodium
hypochlorite for 15 min, followed by three washes with sterile
water. We  performed two repetitions of three plants for each com-
bination isolated × cultivar or species. The corms were planted in
sterile substrate and held for 3 weeks with controlled temperature
and light (12/12 h light/dark, 25/21 ◦C). Seven isolates of F. oxyspo-
rum were selected from the damaged corms while one isolate of F.
oxysporum f. sp. gladioli provided by Dr. Woodward (University of
Aberdeen, Scotland) was used as a positive control of inoculation.

The inoculum consisted of a suspension of conidia obtained
after a week in potato–glucose medium, stirred at 150 rpm. To
remove the mycelium, the suspension was  filtered with a double
layer of cheesecloth. The conidia suspension was adjusted to 107

conidia/mL and used for inoculation of plant material. The plant
roots were immersed for 24 h in the suspension of conidia (200 mL
suspension) and then transplanted back and kept under the same
conditions of temperature and light for 3 weeks. Root symptoms
were then assessed. According to symptoms observed a scale of
six categories were defined according to root rot: 0 = no symptoms,
1 = <20% of roots with rot, 2 = 21–40% of roots with rot, 3 = 41–60% of
roots with rot, 4 = 61–80% of roots with rot, 5 = 81–99% of roots with
rot, 6 = 100% of roots with rot. The disease severity rating (DSR) of
each plant was calculated. Three plants were inoculated with each
isolate in each experiment, which was conducted twice.

An analysis of variance (ANOVA) was performed to deter-
mine the effects of DSR of the isolates and cultivars. Comparison
tests among the isolates and their hosts were carried out using
Duncan’s multiple ranges (P < 0.05) by Centurion StatsGraphics
XV.II program (Statistical Graphics Corp. 195, Herndon, VA). The
experimental data were analyzed according to the linear model
Yijk = aI + � + ˇj + (˛ˇ)ij + �k + Yijkεijk, where ijk is the observation,

� is the mean of DSR, aI is the corresponding isolate effect, ˇj is
the effect of growing (in the analysis of ornamental gladiolus and
crocus), (˛ˇ)ij is the effect of interaction among isolates × cultivars,
�k is the experimental effect and εijk is the experimental error.
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Table 1
Primers name and sequences of ISSR markers and mycotoxin genes.

Name Primers

ISSR1 TCCTCCTCCTCCTCCTCCC
ISSR4 TGGTGGTGGTGGTGGTGGC
ISSR6 GAGAGAGAGAGAGAGAG
ISSR9 ATCATCATCATCATCATCATCATCATCATCG
ISSR10 ACACACACACACACACC
ISSR11 CTCTCTCTCTCTCTCTT
ISSR12 TTGTTGTTGTTGTTGTTGC
ISSR14 AGTGAGTGAGTGAGTGAGTGA
ISSR16 HBHGAGGAGGAGGAGGAG
ISSR17 DBDBCACCACCACCACCAC
ISSR18 DBDBCCACCACCACCACCA
ISSR20 DHBCGACGACGACGACGA
ISSR21 BDBACAACAACAACAACA
ISSR23 HBDBGACCGACCGACCGACC
ISSR26 GTGTGTGTGTGTGTGTYG
ISSR30 ACACACACACACACACYT
ISSR32 ACACACACACACACACYG
ISSR34 TGTGTGTGTGTGTGTGRC
ISSR39 ATGATGATGATGATGATG
ISSR40 CCGCCGCCGCCGCCGCCG
ISSR41 CTCCTCCTCCTCCTCCTC
ISSR49 CCCTCCCTCCCTCCCT
ISSR50 CACACACACACACACARC
ISSR51 CACACACACACACACART
ISSR54 CTCTCTCTCTCTCTCTRG
ISSR55 CTCTCTCTCTCTCTCTRC
ISSR56 CTCTCTCTCTCTCTCTRA
ISSR59 GAGAGAGAGAGAGAGAYT
ISSR65 GAGAGAGAGAGAGAGAA
FUM1F1 CACATCTGTGGGCGATCC
FUMR2 ATATGGCCCCAGCTGCATA
TRI13 NIVF CCAAATCCGAAAACCGCAG
TRI13 NIVR TTGAAAGCTCCAATGTCGTG
TRI13 DONF CATCATGAGACTTGTKCRAGT
TRI13 DONR GCTAGATCGATTGTTGCATTGAG
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TRI7F TGCGTGGCAATATCTTCTTCTA
TRI7R TGTGGAAGCCGCAGA

.3. Cellophane assay

For the cellophane penetration assay, DGasn plates were cov-
red with sterile cellophane and inoculated into the center of the
late with 5 mm diameter mycelial disks of each strain. After the
lates were incubated at 30 ◦C in the dark for 9 days, the cello-
hane disks were then removed, and the mycelia were separated
rom them (Díaz-Sánchez et al., 2012). The plates and discs were
hen photographed with a digital camera.

.4. fum1, tri5, tri7 and tri13 detection and extraction of
richothecenes

In order to determine the presence of fum1, tri5, and tri13 all the
solates were tested PCR using primers listed in Table 1 (Stepien
t al., 2013). Thermal cycling conditions were as follows: initial
enaturation: 2 min  94 ◦C then 20 s 94 ◦C, 30 s 52 ◦C, 2 min  72 ◦C,
0 cycles and a final elongation step at 72 ◦C for 10 min. Amplified
roducts were resolved by gel electrophoresis in a 1.5% agarose gel.
he positive reactions were verified by DNA sequencing using an
utomated DNA sequencer (ABI PRISM 3730xl; Perkin–Elmer) from
acrogen. All reactions were performed three times.
Liquid cultures were obtained by inoculating a suspension of

pores from all isolates obtained from saffron corms on DG medium
Candau et al., 1992), and keeping them under stationary conditions
t 27 ◦C for 2 weeks. After removal of mycelia by centrifugation, the

ycelia were lyophilized and then ground. 50 mL  liquid cultures

nd lyophilized grounded mycelia were defatted with n-hexane,
nd then extracted 2 times with 50 mL  chloroform. The extracts
ere evaporated to dryness and the residues were taken up with
d Products 61 (2014) 186–192

1 mL  HPLC-grade methanol. Before injections into HPLC the extracts
were filtered through a 0.45 �m Millipore. HPLC separations were
performed using a C18 Ascentis, 25 × 4.6, particle size 5 �m column
(Supelco, Sigma–Aldrich) following the same conditions described
by Visconti and Bottalico (1983).

2.5. DNA extraction and molecular identification

About 100 mg  of mycelium was scraped from a Petri dish con-
taining PDA, and DNA extracted from it using the DNeasy Plant Mini
kit (QIAGEN) according to the manufacturer’s instructions. For ISSR
analysis, 15 and 30 ng of genomic DNA were amplified in a volume
of 25 �L containing 10 mM Tris–HCl pH 9.0, 1.5 mM MgCl2, 200 �M
each dATP, dCTP, dGTP, dTTP, 0.4 �M primer, and 1 unit of Taq DNA
polymerase by means of a thermal cycler (MJ-Mini, BioRad). The
cycling program began with an initial 2 min  at 94 ◦C followed by 40
cycles at 94 ◦C for 45 s, 48–62 ◦C for 45 s and 72 ◦C for 2 min plus a
final 10 min  at 72 ◦C and storage at 4 ◦C.

To amplify fumonisin and trichothecen genes, 10–20 ng of
genomic DNA as template, 12.5 pmol of each forward and reverse
primers, 2.5 mmol/L of each dNTPs and 1 unit of Taq DNA  poly-
merase were used. The PCR conditions were as follows: 2 min  at
94 ◦C followed by 40 cycles at 94 ◦C for 45 s, 58–62 ◦C for 30 s and
72 ◦C for 2 min  plus a final 10 min  at 72 ◦C and storage at 4 ◦C.

Primer sequences are shown in Table 1. A negative control was
added in each run to test contamination in all analyses. Amplifica-
tion products were separated by electrophoresis in 2% agarose gel
containing 1 �g/mL ethidium bromide and TAE buffer.

2.6. Data analysis

We  analyzed ISSR data based on both allele and phonotypic
frequencies. Polymorphic bands were selected at the 95% level
(two-tailed test) for use in further analyses. Data matrices were
analyzed using POPGENE version 1.32 (Popgene-version 1.32,
1997) and GenAlEx 6.41 (Peakall and Smouse, 2006). The dis-
tance matrices were then used to construct a dendrogram by the
unweighted pair group method with arithmetic mean (UPGMA)
using the Tools for Population Genetic Analysis (TFPGA) program
(Miller, 1997).

3. Results and discussion

As a subterranean organ, corms are prone to fungi attack due to
permanent contact with soil, high temperature and soil humidity,
plus the high water content of this organ (Ahrazem et al., 2010). The
corm rot incited by F. oxysporum is the most destructive disease in
saffron, having caused severe yield losses in Italy (Cappelli, 1994),
Japan (Yamamoto et al., 1954), India (Shah and Srivastava, 1984)
and Spain (García-Jiménez and Alfaro-García, 1987; Rubio-Moraga
et al., 2013).

In Spain, F. oxysporum has been detected in many different saf-
fron cultivation areas generating the highest losses in corm yield
(Ahrazem et al., 2010) (Fig. 1). To identify F. oxysporum isolates from
50 damaged saffron corms sampled from Minaya and Tarazona de
la Mancha (Spain), the criteria described by Leslie and Summerell
(2006) have been followed. The mycelium of Fusarium isolates on
PDA culture medium was abundant showing a purplish white color.
After a week F. oxysporum produces a pale to dark violet pigment in
the agar. Macroconidia are produced abundantly on sporodochia,
showing three septa with half-length, slightly curved, thin walls

while the apical cell is curved and has a slight hook and heel basal
cell. The microconidia are oval or slightly elliptical and unicellular
and are formed on short unbranched conidiophores called “false
head” which are clusters of microconidia. The chlamydospores are
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Fig. 1. Saffron corms collected from outfields at an advance stage of damage. (A)
Damaged saffron corms sampled from Minaya (Spain) infected with Fusarium oxys-
porum.  (B) Longitudinal section of affected corms.

Table 2
ANOVA of DRS from the isolates of F. oxysporum isolates from damaged saffron
corms.

Species DRS

Saffron 5.54 c
Gladiolus × hortulanus cv. White Friendship 2.67 a
Gladioulus × grandiflorus cv. Peter Pears 2.67 a
Narcissus 2.19 a
Crocus vernus cv. Pickwick 4.07 b
Crocus vernus cv. Jeanne d’ Arc 4.07 b
Significance *

Isolate × species *
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eans followed by the same letter were not significantly different. NS: no signifi-
ance.

* P ≤ 0.001.

ormed abundantly in nutrient-poor medium in 2 weeks, individ-
ally or in small groups.

Seven isolates of F. oxysporum named Ox2, Ox3, Ox4, Ox6, Ox7,
x8 and Ox10, were selected based on slight phenotypical dif-

erences in order to perform the pathogenicity tests on saffron,
ladiolus, narcissus and ornamental crocus together with F. o.
ladioli. Three weeks after inoculation, the plants were examined
isually scoring the yellowing and wilts. Later, corms were taken
ut to assess skin lesions and internal rot. Plants belonging to
ninoculated controls did not show any symptoms after the cul-
ure period. After 3 weeks of inoculation, the isolates induced the
nset of symptoms typically caused by F. oxysporum.  Analyzed iso-
ates caused a higher disease severity rating (DSR) in saffron and
rnamental crocus than in gladiolus and narcissus (Table 2).

In saffron, all isolates tested produced significantly higher rates
han uninoculated controls (P < 0.001). DSR obtained after inocula-
ion with all saffron isolates tested were always significantly higher
han the DSR from the isolate F. oxysporum f. sp. gladioli (Table 3).
fter 3 weeks of inoculation, saffron corms showed clear symp-

oms of wilting and rotten roots. In gladiolus plants, DSR observed
ere higher especially with the isolates Ox3 and Ox6. In general,
o significant differences were observed (P > 0.05) in susceptibil-

ty between the two cultivars analyzed (cv. Peter Pears and cv.
hite Friendship). On the other hand, in narcissus, four isolates

roduced rot in roots, although much lower values were recorded
hen comparing them with those observed in saffron. The isolate

f F. oxysporum f. sp. gladioli (used as a positive control) seriously

amaged the inoculated plants. Regarding the inoculation of orna-
ental crocus, six of the seven isolates from saffron caused disease

fter inoculation in the two cultivars of Crocus vernus (Table 3).
SR varied between 4.5 and 5, the equivalent of almost the entire
d Products 61 (2014) 186–192 189

rotted root system. McClellan (1945) observed that isolates from
gladioli were also pathogenic to crops of nine other genera of the
Iridaceae, but that isolates from iris were not pathogenic to gladi-
olus. Apt (1958), whose research was based on cross-inoculation
experiments, proposed the name F. oxysporum f. sp. gladioli for
the pathogens of the genera Gladiolus, Iris and Crocus.  Since then,
it has been generally accepted that all isolates of F. oxysporum
causing diseases in iridaceous crops belong to the formae speciales
gladioli (Boerema and Hamers, 1989; Brayford, 1996; Linderman,
1981; Nelson et al., 1981). Later on, Roebroeck (2000) studied the
pathogenicity of F. oxysporum on Crocus and other crops such as
Gladiolus, Iris and Freesia,  pointing out the presence of 10 differ-
ent pathotypes. From the pathogenicity tests, the author proposes
to erect a new formae speciales, f. sp. iridiacearum, accommodat-
ing all pathogenic F. oxysporum strains from iridaceous crops. One
exception has been made for isolates causing so-called ‘pseudo-
rust’ symptoms in some cultivars of Crocus.  These isolates were
considered distinct from isolates causing ‘corm rot’ and assigned to
F. oxysporum f. sp. croci (Boerema and Hamers, 1989; Roebroeck,
2000). Our findings which show that the Ox2 isolate was  not
pathogenic to the tested gladiolus and narcissus, support the status
of this isolate as a separate formae speciales, while the isolate Ox4
was not pathogenic to any of the iridaceae tested crops except C.
sativus. This might justify the creation of a new formae speciales saf-
frani. Our data support the classification suggested by Roebroeck
(2000) since designating F. oxysporum from other iridaceous crops
as natural hosts as f. sp. gladioli could be confusing.

About the races infecting these crops, Roebroeck (2000) found
out that all the isolates showing pathogenicity against Crocus spp.
are included in race 3 while the isolates that are infecting mem-
bers of Iridaceae are grouped in race 4. Following this classification,
Spanish isolates used in this study could be classified as F. oxyspo-
rum f. sp. iridiacearum race 3 (isolates Ox7, Ox8, and Ox10) and race
4 (Ox3 and Ox6). The different pathogenic phenotypes can be clas-
sified as physiologic races within f. sp. iridiacearum even though,
races within this formae speciales do not refer to cultivar-level speci-
ficity.

As far as we know, the only causal agent of basal rot in nar-
cissus is F. oxysporum f. sp. narcissi. This pathogen causes rotting
of bulbs in the soil and also in storage, being the major cause of
phytosanitary failure in bulbs (Linfield, 1994). F. oxysporum f. sp.
narcissi exists in the soil as chlamydospores which, in favorable
conditions, can survive for up to 20 years. However, for practical
reasons, growers may  be able to achieve only 5–7 year rotations.
Spores carried on the outside of both diseased and healthy bulbs
together with chlamydospores in the soil are the main reservoir
for infection. Seemingly, this is the first report showing that isolate
F. oxysporum f. sp. iridiacearum is pathogenic in narcissus. When
making a decision for crop rotation it is not recommendable using
these cultures together in a crop rotation plan. From the inoculation
of the two  cultivars of gladiolus (Peter Pears and White Friend-
ship), the data indicated that no significant differences in varietal
susceptibility have been observed.

To test the virulence functions in the isolates from saffron corms,
we measured the capacity to penetrate a cellophane membrane on
agar medium supplemented with asparagine. Cellophane degrada-
tion implies the activity of extracellular hydrolytic enzymes, such
as cellulases. Observations showed that Ox2, Ox3, Ox4 and Ox6 pen-
etrated across the cellophane on DGasn agar and reached the agar
surface after 5 days of incubation at 30 ◦C. Ox7, Ox8 and Ox10 were
unable to cross the cellophane disks after 9 days of growth (Fig. 2).
The difference in the capacity to penetrate cellophane was  notice-

able when mycelia were removed from the cellophane sheet; it was
difficult to detach the positive strains mycelia from the cellophane
surface while the negative ones were readily separated. There is a
poor correlation of cellophane degradation with pathogenicity on
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Table 3
DRS obtained from saffron, gladiolus, narcissus and Crocus vernus after inoculation with F. oxysporum from saffron corms and F. o. gladioli.

Species Saffron Gladiolus Narcissus Crocus vernus

Control 3.17 a 1.50 ab 0.75 ab 1.13 a
Ox2  5.84 b 1.17 a 0.75 ab 5.00 c
Ox3  6.00 b 4.92 d 3.50 cd 4.67 c
Ox4  5.67 b 1.33 a 0.25 a 1.58 a
Ox6  5.84 b 4.42 d 5.00 d 5.00 c
Ox7  5.84 b 2.83 c 2.25 bc 5.17 c
Ox8  6.00 b 2.50 bc 2.50 c 4.92c
Ox10 6.00 b 2.67 c 2.50 c 5.08 c
F.  o. gladioli 3.00 a 1.25 a 5.00 d 2.88 b
Significance *** *** *** ***

Cultivar (Cv) 1: Peter Pears; 2: White Friendship 1: Jeanne d′Arc; 2: Pickwick
Cv1  2.88 a 4.50 a
Cv2  2.79 a 4.48 a
Significance NT NS NT NS
Isolate × Cv NT ** NT **

Means followed by the same letter were not significantly different. NS: no significance.
** P ≤ 0.01.

*** P ≤ 0.001.
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isolates selected in pathogenicity tests. The dendrogram of ISSR
Fig. 2. Cellophane membranes after separation of Ox2 and Ox7 strains.

ridaceae crops by F. oxysporum.  Díaz-Sánchez et al. (2012) stud-
ed the regulation of the polyketide synthase gene responsible for
usarin production in Fusarium fujikuroi, using mutants of the fusA.
he fusA mutants were less efficient than the wild type at degrading
ellophane on agar cultures; however, their capacities to grow on
lant tissues were not affected. The authors concluded that fusarin,
r a fusarin degradation product, could play a regulatory role on the
ctivity of cellulases or other hydrolytic enzymes, either on gene
xpression or enzymatic activity. The poor correlation obtained
ight be explained by the existence of different physiological traits

f our isolates which might affect the expression pattern of the
ydrolytic enzymes.

According to the Food and Agriculture Organization of the
nited Nations (FAO), it is estimated that up to 25% of the world’s

ood crop is contaminated with mycotoxins (FAO, 2013). It is well
nown that Fusarium species are able to produce certain toxins
uch as fumonisin, enniatin, beauvericin, fusarin, moniliformin,
usaric acid, fusaproliferin and trichothecenes (Desjardins, 2006).
mong these mycotoxins, thrichothecenes and fumonisin are of
reatest concern to food and feed safety. Trichothecenes are tri-
yclic sesquiterpenes and some Fusarium species can produce type

 and/or the type B. Type A toxins, such as T-2 toxin, HT-2 toxin,
eosolaniol and diacetoxyscirpenol are more acutely toxic than
ype B trichothecenes such as deoxynivalenol and nivalenol. How-
ver, nivalenol is present in more chronic toxicoses (Dinolfo et al.,
012; Prelusky et al., 1994). The main region containing genes

nvolved in trichothecene biosynthesis is the TRI gene cluster, com-

rising 12 genes (tri8, tri7, tri3, tri4, tri6, tri5, tri10, tri9, tri11, tri12,
ri13 and tri14). Nivalenol production required tri13 and tri7 genes
hat produce the acetylation and oxygenation of the oxygen at C-4
to produce nivalenol and 4-acetyl nivalenol, respectively (Lee et al.,
2009).

Fumonisins are associated with a number of mycotoxicoses,
including (Nelson et al., 1993) human esophageal cancer, which
has also been epidemiologically correlated with consumption of
fumonisin contaminated maize in certain areas of South Africa and
China (Marasas, 1996). Fusarium oxysporum is generally considered
as a fumonisin-nonproducing species, although, two  producing iso-
lates of this fungus have been identified (Seo et al., 1996; Sewram
et al., 2005). In order to investigate whether these isolates are or
not mycotoxins producers, HPLC analysis were carried out by com-
paring the UV spectra of substances eluting at the retention time
of fumosin, desoxynivalenol, nivalenol and 4-acetyl nivalenol with
spectra of authentic standards, neither of these mycotoxins were
detected in Fusarium isolates. The fact that no mycotoxines were
extracted in any isolates of Fusarium may  be explained by differ-
ences in extraction or culturing of the isolates or by the presence of
a truncate gene in these strains (Fanelli et al., 2012; Kokkonen et al.,
2010; Vogelgsang et al., 2008). To confirm these results PCRs using
the primers listed in Table 1 were performed. None of the targets
encoding tri5, tri7 and tri13 were detected in any of the isolates.
The FUM 1 encoding the polyketide synthase from the fumonisin
biosynthetic gene cluster was  not detected in any of the analyzed
samples. This result is in agreement with those published up to
date, since the strains examined from F. oxysporum are considered
as non-producing fumonisins. Strain F. oxysporum O-1890 has the
FUM genes and has the ability of producing primarily C fumonisins
rather than B fumonisins (Proctor et al., 2004; Seo et al., 1996).

To gain insights into the identification of isolates from saffron
corms, a set of ISSR primers have been used to determine whether
the data obtained by pathogenicity tests are supported by molec-
ular analysis or not. Out of 96 primers, 29 primers were able to
produce robust and clear bands. A total of 167 bands were obtained,
of which 99.40% polymorphic loci were scored. The total number
of amplified bands with every primer varied from 3 with primer
ISSR10, to 10 with primer ISSR50. As a representative, the amplifi-
cation of the studied isolates with primer ISSR32 is shown in Fig. 3.

In order to assess the genetic relatedness between Fusarium iso-
lates included in this study, the distance matrix was calculated
based on the obtained fingerprints and was  found to range from
0.066 to 0.494. Using TFPGA software, a phylogenetic analysis was
carried out and a dendrogram was  constructed using only the same
analyses grouped the 14 isolates into two clusters (Fig. 4). Clus-
ter I contained eight isolates and cluster II contained six isolates
of Fusarium. The first cluster grouped all the Fusaria isolated from
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Fig. 3. Amplification profile using ISSR32 primer. Mw: Molecular weight (1 kb, Promega), 1: Ox2; 2: Ox3; 3: Ox4; 4: Ox6; 5: Ox7; 6: Ox8; 7: Ox10; 8: F. o. sp. Gladioli; 9: F. o.
sp.  radicis-cucumerinum; 10: F. o. sp. Melonis; 11: F. o. sp. Lycopersici; 12: F. o. sp. radicis-lycopersici; 13: F. o. sp. lycopersici and 14: F. o. sp. radicis-lycopersici.
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ig. 4. Dendrogram of ISSR showing relationships among 14 Fusarium spp. isolates. 

affron (Ox2, Ox3, Ox4, Ox6, Ox7, Ox8 and Ox10) plus the isolate
f F. o. gladioli and the second cluster the rest of the species. The
endrogram is validated since in cluster II the isolates of F. o. f.
p. lycopersici were grouped together in the same clade and also
hose from f. sp. radicis-lycopersici. In cluster I the isolates from saf-
ron are clearly differentiated from F. o. gladioli. From ISSR results,
he isolates were not grouped by races neither by specific hosts
ollowing the classification resulting from the pathogenicity tests.
omparing the data from ISSR and those obtained by pathogenicity
ests, Ox2 and Ox3 were clustered together, nevertheless, accord-
ng to pathogenicity tests results, Ox2 isolate affected only crocus
nd was considered as a F. oxysporum f. sp. croci, while Ox3 isolate
as able to colonize other iridaceae plants and was classified as a

. oxysporum f. sp. iridiacearum.

. Conclusion

Taken as a whole the obtained results demonstrate that three
ifferent formae speciales iridiacearum, croci and saffrani are

resent in saffron corms rot caused by F. oxysporum, the first f. sp.

nfects all the iridaceae crops tested, the second one attacks Crocus
p. species and the last one is pathogenic to saffron. Differences
n cellophane degradation response were obtained suggesting
ic distances were obtained by the UPGMA method. (*) degrading cellophane strains.

different physiological traits on virulence of our isolates. Using
ISSR marker, these isolates were clearly separated from the other
formae speciales but not among them. None of the mycotoxins
studied were detected neither by HPLC analysis nor by PCR assay.
These results should be confirmed using F. oxysporum isolated
from other saffron from different regions.
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