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Abstract

isolates.

Different Fusarium oxysporum isolates were tested under greenhouse conditions to determine their virulence
potential toward tomato plants. Severity and development of Fusarium wilt disease was recorded 4, 6 and 8 weeks
after pathogen inoculation. Chromatogram assay was conducted using HPLC to evaluate the capability of the tested
isolates to produce Fusaric acid and to investigate the possible correlation between FA accumulation and Fusarium
wilt disease development on tomato plants. The results showed that all tested isolates were pathogenic and varied
significantly with regard to their virulence potential on tomato under the test conditions. The results showed also that
all tested isolates were able to produce FA. Moreover, remarkable variation in FA accumulation was observed among
the tested isolates at 4, 6 and 8 weeks post inoculation with the individual isolates. Four weeks post inoculation; the
recorded data indicated that no clear correlation could be detected between FA accumulation and virulence of the
tested isolates. In contrary, FA accumulation was in positive proportional relationship with virulence of the tested
Fusarium isolates at 6 weeks post inoculation. Furthermore, differences in production of total secondary metabolites
were observed within Fusarium isolates under in vitro conditions. These results revealed that FA could be play an
important role in the development of Fusarium wilt disease at middle and last stages of tomato growth, while, it
seems that no distinctive role of FA in the first stages of pathogenesis process of the tested Fusarium oxysporum

Keywords: Fusarium oxysporum; Fusaric acid; HPLC; Virulence
potential

Introduction

Fusaric acid (FA) (5-butylpicolinic acid) is a host non-specific
mycotoxin that is produced by various Fusarium species. The early
detection of in vitro production of FA had been reported with Fusarium
heterosporum Nees [1]. Since that date, the ability of other different
Fusarium species to produced FA either in vitro (using substrates
containing starchy material, such as corn, cassava, rice, potato, wheat
etc.) or in vivo, inside susceptible host plants, had been proved and
reported in many studies [2,3]. Among all Fusarium species, Fusarium
oxysporum in general and its special forms lycopersici in particular was
found to be able to produce the highest FA concentrations comparing
to the other Fusarium species as well as to the other forma specials
belonging to F. oxysporum species [4].

On the other hand, tomato Lycopersicum esculentum Mill is
considered one of the most important vegetable crops grown for human
consumption. This crop has an increasing importance nowadays
specially in those countries with rapidly expanding population, e.g.,
Africa and Asia, where tomato production has duplicated three times
since 1990 [5-7]. Unfortunately, this value crop is known as one of
the most highly susceptible vegetable crops to various pathogens in
general and particularly to Fusarium infection. Among all Fusarium
species, Fusarium oxysporum f. sp. lycopersici, represented a real
threat to tomato production all over the world. Thus, since it was first
described in England in 1895, it was known as the most predominate
and destructive causal pathogen of tomato diseases.

Fusarium oxysporum is the major causal pathogen of tomato
Fusarium wilt disease. This fungus has invaded many countries in all
continents i.e., North and South America, Europe, Africa, Asia, and
Oceania [7]. It can attack not only tomato plants but also many other
economic host plants and weeds causing severe damage [8-10].

Many studies were conducted over last decades to determine the

size of FA biological activity in addition to figure out the relevance of FA
in pathogenesis process of Fusarium species on their susceptible hosts.
Since early nineteen’s, several studies [1,11] candidate this compound
to play a crucial role in the pathogenesis and severity of tomato wilt
symptoms caused by F. oxysporum f. sp. lycopersici Schlecht. Recently,
some other researchers showed that FA is potentially toxic to animals,
mice and it has several important pharmacological properties [12,13].

This present study was conducted to measure the virulence
potential of 12 Egyptian Fusarium oxysporum isolates obtained from
different locations. Evaluate the development of Fusarium wilt disease
under green house conditions. Determine the capability of the tested
Fusarium isolates to produce Fusaric acid under in vitro conditions
through using High Pressure Liquid Chromatography (HPLC) analysis.
Investigate the possible relation between Fusaric acid accumulation
and the aggressiveness of Fusarium isolates toward tomato plants.

Materials and Methods
Bioassay and virulence potential of Fusarium isolates

Twelve pathogenic isolates belonging to Fusarium oxysporum fsp.
lycopersici were obtained from Agriculture research center, Institute of
plant pathology, department of vegetable diseases, Al-Gemmaza station.
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Pure cultures of Fusarium isolates were maintained on Potato Dextrose
Agar (PDA) medium amended with 150 mg" chloramphenicol. For
each individual isolate, several small disks (1 mm diameter) were cut
using a sterilized cork borer and stored in micro-bank tubes at -20°C.
These initial disks were used later for preparing Fusarium inocula for
further using in the next investigations.

For determining severity of tested Fusarium isolates and Fusarium
wilt disease development under greenhouse conditions, three initial
disks for each individual isolate were inoculated into autoclaved 500
ml flasks contained 200 ml of Potato Dextrose Broth (PDB). The
inoculated flasks were incubated at 27°C in the dark. After 2 weeks, the
mycelia and spore suspension was sieved through filter papers (No.10).
The number of the spores in spore suspensions was counted using a
Haemocytometer slide (Thoma, Germany) and the concentration was
adjusted using sterilized tap water to 1 x 10° spore/ml.

Sterilized seeds of the tomato cultivar Hellfriicht (kindly provided
by Bonn University, INRES-Institute, Germany) which is susceptible to
Fusarium-wilt disease were sown separately in plastic pots containing
1 kg sterilized sand:soil mixture (1:1 w/w). After seed germination
(approximately 6 days after sowing), Fusarium inoculum of each
individual isolate was inoculated at rate of 3 x 10° spore/pot and five
replicates were treated with each individual isolate.

Disease incidence and disease severity were measured 4, 6 and 8
weeks post Fusarium inoculation according to Grattidge and O’Brien
[14] based on 0 to 4 visual scale where:

0=(0-24%) of leaves yellowed and wilted
1=(25-49%) of leaves yellowed and wilted
2=(50-74%) of leaves yellowed and wilted
3=(75-99%) of leaves yellowed and wilted
4=(100%) dead plant

% of disease severity was determined according to Vakalounakis
and Fragkiadakis [15] using the following formula:

. . Z scalexnumber of plantsinf ected
Disease severity% =

Highest scale x total number of plants

Fusaric acid accumulation

The chemical detection of Fusaric acid (FA) was conducted on
HPLC apparatus, Agilent Technologies 1262 Infinity system, preceded
by an Eclipse plus’ C18 reverse-phase guard column (4.6 x 10.0 mm, 3.5
pum). The HPLC system consisted of a 1260 Quat Pump unit, Agilent
Technologies 1260 diode array detector, fluorescence array detector,
and a 1260 auto sampler, which were controlled by ChemoStation for
LC 3D system. FA detection was achieved according to the method
described by Notz et al. [16] with some modifications. However,
before samples were injected, the column had been equilibrated with
solvent A [(25% methanol (v/v)+0.03% TFA (v/v)+10% acetonitrile
(v/v)]. After injection, the samples were eluted at a flow rate of 1 ml/
min using an isocratic flow rate of 100% solvent A for 2 min and a
linear gradient from 100% solvent A to 100% solvent B [Absolute
methanol+0.3% TFA (v/v)] in 13 min followed by an isocratic flow of
100% solvent B for 5 min. For FA harvesting, pure cultures of Fusarium
isolates were obtained as described above with virulence bioassay. The
chromatogram investigation of the accumulated metabolic compounds
and FA was achieved at 4, 6 and 8 weeks post inoculation with each
individual isolate. A culture filtrate of each sample was centrifuged

at 14,000 x g for 10 min to remove fungal debris. An equal volume
of methanol was added to the obtained supernatant and 50 ul of this
mixture was injected onto the HPLC reverse phase column. Fusaric
acid standard (Sigma-aldrich, kindly provided by Prof. Dr. Alexander
Schouten, Bonn University, INRES-Plant Protection, Germany) was
injected under the same conditions. Spectral analysis was conducted
to compare the detected peaks within similar retention times in all
samples with spectral pattern of FA standard (Figure 1). Fusaric acid
accumulation was determined by measuring the area under the curve
at 270 nm (optimal wavelength) with the diode array detector.

Statistical analysis

Data were statistically analyzed according to standard analysis
of variance by a one-way ANOVA with Stat graphics (Statistical
Graphics, Rockville, MD, USA) software; Variance homogeneity for all
treatments was confirmed by the Bartlett test. Tukey’s test was used
to compare differences between different treatments if the F value was
significant. Statistical differences referred to in the text were significant
at (P<0.05) as given in the Figures [17].

Results

Pathogenicity test was conducted under greenhouse conditions
to determine the virulence of twelve Fusarium oxysporum isolates
infecting the susceptible tomato plants (cv. Hellfriicht). Also,
developing of Fusarium wilt disease was evaluated through measuring
the dramatic changes in percentage of disease severity at 4, 6 and 8
weeks post inoculation. The obtained results revealed that all tested
Fusarium isolates were pathogenic of tomato plants and causing visual
wilt disease under in vivo conditions. Also, there were clear significant
variances among the tested isolates in their virulence (Figure 2). At
4 weeks post inoculation, the highest percentage of disease severity,
72.21%, 66.38%, 55.21%, 46.65%, 37.77%, and 36.78% was recorded
with isolates 12, 3, 4, 2, 10 and 1, respectively (Figure 2). At 6 weeks
post inoculation, the results showed that the isolates number 12, 2, 3,
1 and 4 resulted in the highest percentage of disease severity expressed
as 89.50%, 76.30%, 72.98%, 64.34% and 57.48%, respectively (Figure 2).
Similar results were observed at 8 weeks post inoculation. Thus, it could
be concluded that the highest disease severity i.e., 98.27%, 94.15% and
92.48% was recorded with isolates 12, 2 and 3 respectively (Figure 2).

Moreover, the bio-chemical assay using HPLC chromatogram
analysis was achieved to determine the in vitro accumulation of Fusaric
acid and the concentrations of total secondary metabolites. Data were
collected four weeks, six weeks and eight weeks after the Fusarium
isolates inoculation. The obtained results illustrated in Figure 3 show
that all tested isolates were able to produce Fusaric acid mycotoxin
under in vitro conditions. Moreover, remarkable diversity was observed

—

—_—

e

Figure 1: Spectral analysis of the peaks detected at similar retention times (at
270 nm wavelength) within the tested Fusarium isolates.
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Figure 3: In vitro accumulation of Fusaric acid (FA) detected within twelve

different F. oxysporum isolates (1:12) at 4 weeks (4 wpi), 6 weeks (6 wpi) and 8
weeks (8 wpi) post inoculation on HPLC (270 nm wavelength).

among the tested isolates with regard to FA production under in vitro
conditions. Results of 4 weeks post inoculation demonstrated that the
highest amounts of FA were 13000, 11101, 6559 and 3936 mAU'S of
isolates 4, 8, 6 and 10 respectively (Figure 3) while the highest amounts
of FA at 6 weeks post inoculation were 22926, 12136, 10991 and 10451
mAU'S, of isolates 3, 2, 4 and 12, respectively (Figure 3). On the other
hand, the highest amounts of FA at 8 weeks post inoculation were
60816, 42926 and 37275 mAU'S of isolates 8, 12 and 4 respectively
(Figure 3).

The obtained results for both pathogenicity test and HPLC
chromatogram analysis revealed that, no clear evidence for positive
correlation could be detected between in vitro FA accumulation and
severity of the tested Fusarium isolates toward tomato plants at 4 weeks
post inoculation (Figure 4). Thus, the highest disease severity was
recorded with isolates 12, 3, 4 while only isolate 4 showed relative high
ability to produce high concentration of FA comparing to the other
isolates (Figure 4).

Six weeks after inoculation, the results illustrated in Figure 5 show
that the most virulent isolates were 12, 2, 3, and 4 which produced the
highest concentrations of FA comparing to the other isolates.

Eight weeks post Fusarium inoculation, the results illustrated in
Figure 6 show that among the most virulent isolates (12, 2, 3 and 8)
only two isolates, 12 and 8 recorded relative high FA accumulation,
while the other two isolates (2, 3) exhibited relative low FA producing
capability comparing to other isolates.

Regarding to the accumulation of total secondary metabolites
within the tested Fusarium isolates, the chromatogram analysis

indicated that, the highest concentrations of total secondary metabolites
was observed with isolates 8, 4, 7 and 1, respectively (Figure 7) at four
weeks post inoculation. At six weeks post inoculation, the highest
concentrations of total secondary metabolites were 48654, 34517 and
26511 mAU’S which recorded with isolates 10, 11 and 12, respectively
(Figure 7). The results obtained from HPLC analysis, at 8 weeks pos
inoculation, showed that isolates 4, 12, 11 and 1 produced the highest
total secondary metabolites expressed as 91904, 89328, 49585, 42268
mAU'S, respectively (Figure 7).

Discussion

Among all genera of plant pathogenic fungi that can infect tomato
plants, Fusarium species are the most economically important to the
production. Recently, in Egypt, the losses in tomato production due to
Fusarium oxysporum attack reached up to 67% [10]. Many Fusarium
species are found to have the ability to produce toxic compound known
as Fusaric acid (FA). FA is a natural mycotoxin produced by numerous
Fusarium species under both in vitro and in vivo conditions [3,16,18].
Large concentrations of FA (greater than 10 M) were found to be
extremely toxic to all living organisms including host plants, animals
and human beings [4] while the least concentrations show antibiotic,
insecticidal and pharmacological potentials [19,20].

In the present study, the bioassay test was conducted under green
house conditions to determine the pathogenicity and virulence potential
of twelve Fusarium isolates belonging to F. oxysporum and to evaluate
the evolution of Fusarium wilt disease by measuring the disease severity
four, six and eight weeks after inoculation. Furthermore, the chemical
analysis using High Pressure Liquid Chromatography (HPLC) was
achieved to estimate the ability of the tested Fusarium isolates to
produce Fusaric acid under in vitro conditions rather than to figure out
the possible correlation between in vitro Fusaric acid accumulation and
the Fusarium wilt disease development on tomato plants.

The obtained results from the bioassay demonstrated that all tested
isolates were pathogenic toward the tomato plants and caused the typical
symptoms corresponding to Fusarium wilt disease. Furthermore,
significant differences were recorded among the tested isolates with
regard to their virulence potential on tomato plants either four weeks,
six weeks or eight weeks post inoculation. Four weeks after inoculation,
the percentage of disease severity was ranged from 14.43% to 72.21%.
Meanwhile, the highest percentage of disease severity, 72.21%, was
observed with isolates 12 followed by isolate 3 which caused up to 66%
of disease severity. Six weeks after inoculation, the disease severity was
increased in general within all tested isolates. Remarkable, the highest
percentage of disease severity (89.50%) was observed again with isolate
12 followed by isolate 2 (76.30%) and isolate 3 (72.98%), respectively.
Two weeks later, 8 weeks post inoculation, the disease severity reached
up to 98% and this percentage was observed again with isolate 12 while
isolates 2 and 3 caused the second (94.15%) and the third (92.48%)
highest percentage of disease severity, respectively. These results
demonstrated that isolates 12, 2 and 3 were the most virulent isolates
and therefore they caused the highest disease severity 4, 6 or 8 weeks
after the inoculation.

In the present study, the obtained results from HPLC
chromatogram analysis revealed that all isolates were able to produce
FA under the test conditions. Moreover, as observed before with
disease severity and disease development, the chromatogram results
showed that accumulation of FA was proportional positively within
the incubation time with all tested isolates in general and in particular
with isolates 1, 2, 5, 6, 7, 11 and 12. Thus the lowest FA accumulation
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Figure 5: Correlation between virulence potential and Fusaric acid (FA)
accumulation observed six weeks (6 wpi) after the individual inoculation of

twelve F. oxysporum isolates (1:12). Means paired with different letter(s) are
significantly differed based on Tukey’s test (p < 0, 05; n=5).

within these isolates was detected 4 weeks after inoculation and the
accumulation increased gradually to reach the highest level at eight
weeks post inoculation. In contrary, isolates 3 and 10 recorded highest
FA concentrations at six weeks post inoculation. For isolates 4 and 8,
the lowest FA concentrations were detected six weeks after inoculation.
Indeed, no remarkable change with regard to FA accumulation was
observed within isolate 9.

Similar results were gained again from chromatogram analysis
of the total secondary metabolites. Thus the results showed the
accumulation of the total secondary metabolites was increased
by increasing the incubation time with isolates 2, 3, 5, 11 and
12. In contrary, the production of total secondary metabolites
was fluctuating with the rest of the isolates i.e., 1, 4, 6, 7, 8, 9, 10.
The results indicated also that some isolates produced exclusive
compounds which were missed with the rest of the tested isolates.
For example six weeks after inoculation, only isolate 5 induced the
accumulation of the substance that detected at 17.3 m while isolates
6 and 7 only produced chemical substrate detected at retention time
of 10.5 m (data no shown). Moreover, among all tested isolates only
isolate 8 showed the ability to produce the metabolic substrate that
can be detected at 270 nm wave length with retention time of 7.8
m (data not shown). Finally, the chemical assay showed also that
isolate 12 produced relative high concentration (9371 mAU’S) of
the compound detected at 4.6 m (data not shown). These interesting
observations make the isolation and the identification of these
unknown detected compounds is quit important in the further
studies to investigate their possible role in virulence potential and/
or the pathogenicity of Fusarium oxysporum isolates.

In general, the results obtained from the present study were in
consistence with that of Bacon et al. [3] who screened 78 strains
of Fusarium moniliforme, F. crookwellense, F. subglutinans, F.
sambucinum, F. napiforme, F. heterosporum, F. oxysporum, F. solani,
and F. proliferatum for their ability to produce fusaric acid, and found
that no isolates of any of the Fusarium species examined were negative
for the production of fusaric acid on autoclaved corn. Moreover,
they reported that Fusarium oxysporum was observed to produce the
maximum yield compared to other Fusarium species tested.

Since last century, FA was considered one of the first fungal
metabolites implicated in the pathogenesis of tomato wilt symptoms
caused by F. oxysporum f. sp. lycopersici [1,11]. Due to the using of
primary and classical methods i.e., recording mycelial growth, these
early studies had significant limitations and were not able through
using these primary techniques to achieve the analytical rather than the
quantitative determination of complicated substances as FA. Therefore
nowadays using the advanced techniques i.e, HPLC, TLC, Mass
spectroscopy, NMR and/or molecular markers for determining the
virulence potential of Fusarium isolates has an increasing importance
[15].

Paterson and Rutherford [21] investigated the relation between
Fusaric acid and pathogenicity. They found that FA can cause the wilt
symptoms on many host plantsi.e., pepper, corn and vegetables through
decreasing cell viability. Furthermore, Venter et al. [22] reported that
FA responsible for potato tubers rot. More recently, several studies
demonstrated that the high concentrations of FA affected the growth
criteria and the essential physiological pathways in different living
organisms including important economic plants through acting as
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an enzyme inhibitor, dopamine agent and nucleic acid synthesis
inhibitor. Indeed, FA was found to be able to chelate divalent cations,
especially Zn and inactivate Zn finger proteins involved in DNA repair
and protein synthesis [19,23]. In contrary, other studies mentioned
that the relative low concentrations of FA could induce typical early
defense response such as reactive O species 2 (ROS production) which
involved in achieving biocontrol and nematicidal potential against
some hazardous parasites as pine wood nematode Bursaphelenchus
xylophilus [20].

Conclusion

In conclusion, the present study illustrate that the all tested
Egyptian Fusarium oxysporum isolates are able to produce FA
mycotoxin under the test conditions. It seems and for some extent, FA
plays a distinctive role in the Fusarium wilt disease development on
tomato plants during the middle and last stages of infection while this
role is almost missing at the primary infection stage. Indeed, further
studies focus on fractionation, purification and identification of some
novel distinguish secondary metabolites which are accumulated within
FA are highly needed to figure out whether FA alone or combined with
other substances can be involved in the interactions between Fusarium
oxysporum pathogenic isolates and their host plants.
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