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Abstract Seed treatments with essential oils (from sa-
vory and thyme) and biocontrol agents (Pseudomonas
spp. and Fusarium oxysporum) have been evaluated
in vivo after dry hot air treatments against Fusarium
oxysporum f. sp. basilici on basil seeds. The savory
and thyme essential oils showed a significant pathogen
control activity because of their innate antifungal activ-
ity and because of the seed application method, but the
dry hot pre-treatment did not show any obvious effect
on the performance of the essential oil treatments. The
dry heat treatment improved the Pseudomonas seed
dressing effect against F.oxysporum f. sp. basilici, and
showed important reductions in plant infection and the
disease index on the treated seed plants, without any
negative effect on seed germination. However, the path-
ogen control provided by the heat treatments combined
with the application of the biocontrol agents never
reached the same performance as the chemical treat-
ments considered as the reference. Thus, short dry heat
treatments on basil seeds have been shown to be a valid
but complementary seed disinfection method against
Fusarium wilt.

Keywords Fungi . Hot dry air . Seedborne . Seed
dressing .Wilt

Introduction

Basil (Ocimum basilicum L.) is an economically impor-
tant herb crop in Mediterranean area countries.
However, its intensive nature and the limited size of
specialized farms make the crop highly prone to the
development of Fusarium wilt (Gullino et al. 2012).
Fusarium oxysporum f. sp. basilici has been identified
extensively as the causal agent of this wilt in basil
cultivations in Europe and the United States (Davis
et al. 1993; Dutky and Wolkow 1994; Elmer et al.
1994; Biris et al. 2004; Moya et al. 2004; Summerell
et al. 2006; Felgueiras et al. 2010), and recently also in
South America (Lori et al. 2014). It has been found that
F. oxysporum f. sp. basilici is seedborne, and seeds are
therefore considered an important factor in pathogen
dissemination (Martini and Gullino 1991; Elmer et al.
1994; Vannacci et al. 1999; Elmer 2001), and its pres-
ence in the seeds could be internalor external (Vannacci
et al., 1999; Chiocchetti et al., 2001).

Seed dressing is a direct control measure adopted
against F. oxysporum f. sp. basilici (Garibaldi et al.
1997), and it represents an easy, low-cost method for
basil disease management (Gullino et al. 2012).
Commercial chemical-based seed treatments usually
consist of mixtures of different active compounds with
a complementary spectrum of activities to cover a wide
range of pathogenic agents. Mixtures of active
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compounds, such as mefenoxam, fludioxonil,
azoxystrobin, and thiabendazole, have been designed
for the control of Fusarium spp., with successful results
on maize (Munkvold et al. 2014). Besides the use of
synthetic pesticides, alternative non-chemical methods
for the treatment of seeds against seedborne pathogens
have also been studied. These methods mainly consist of
biocontrol agents, physical treatments, and the use of
natural products.

As far as treatments with biocontrol agents on vege-
table seeds are concerned, promising results have al-
ready been reported against F.oxysporum f. sp. lactucae
(Gilardi et al. 2005; Lopez-Reyes et al. 2014) and other
seedborne, vegetable crop pathogens, such as Phoma
valerianellae on lamb’s lettuce, Colletotrichum
lindemuthianum on beans, Ascochyta spp. on peas, and
Alternaria spp. on carrots (Schmitt et al. 2009; Tinivella
et al. 2009; Koch et al. 2010). Some bacterial strains can
even induce resistance, increase stress tolerance, and
promote growth in the host when applied to seeds
(Fürnkranz et al. 2012; Joe et al. 2012). However, few
biological products are currently available for the con-
trol of seedborne pathogens, often due to commercial
constraints (Koch and Roberts 2014). Among the natu-
ral products, essential oils have been identified as pos-
sible alternatives against some seedborne pathogens
belonging to the Fusarium genus, including Fusarium
oxysporum (Koul et al. 2008; Dal Bello and Sisterna
2010). Savory and thyme essential oils have been shown
to be active against F. oxysporum f. sp. basilici on basil
seeds and their effect on seed germination has been
found to be safe when they are applied by means of
fumigation (Lopez-Reyes et al. 2015). Despite the prov-
en antimicrobial activity of essential oils, their single
principal compounds, or other plant extracts, commer-
cialization of these plant-derived pest management
products have had to face similar constraints to those
of biological products (Koch and Roberts 2014).

The physical seed treatments in the seed industry
mainly involve immersion in hot water, exposure to
dry hot air, or exposure to aerated steam. Hot water
treatments are well known as being effective against
many seedborne pathogens (Baker 1962; Gabrielson
1983; Nega et al. 2003; McGrath et al. 2013), including
F. oxysporumf. sp. vasinfectum (Bennett and Colyer
2010), but since basil seeds produce a thick layer of
mucilage around the testa within minutes after hydration
(Western 2012), immersion in hot water is not practical
and could directly affect the seed germination process.

Dry heat treatments do not require sophisticated equip-
ment, and are consequently easy to apply (Agarwal and
Sinclair 1997); they can also reduce or eliminate the
presence of Fusarium graminearum on wheat seeds
without causing important detrimental effects on their
agronomic performance (Clear et al. 2002; Gilbert et al.
2005). Exposure of seeds to aerated steam leads to a
more accurate temperature control, less impairment of
seed germination, and the seeds are left much dryer than
after moist treatments (Koch and Roberts 2014).
Treatment time and seed moisture are also important
factors in seed thermotherapy, and those parameters
can be controlled precisely in aerated steam
applications in fluidized beds, as shown by Forsberg
et al. (2005) onwheat and barley seed treatments against
Fusarium spp. and other seed pathogens.

Combinations of different treatments have been sug-
gested for seed disinfection (Schmitt et al. 2008; Lopez-
Reyes et al. 2014). Considering an external infection of
the seeds, this study has evaluated the efficacy of
chemicals, biocontrol agents, and essential oils as seed
treatments, combined with dry heat, on basil seeds
against artificially inoculated F. oxysporum f. sp.
basilici. The impact of the treatments on seeds perfor-
mance has been evaluated using seed germination and
fresh biomass as indicators.

Materials and methods

Preparation of the artificially-inoculated seed lot

The experiments considered an external infection of the
seeds. We decide then to reproduce in our experiments
an external infection that guaranteed clear and reliable
Fusarium wilt symptoms in vivo if the seed was still
infected after the treatment. The FOB 009 RB isolate
(F. oxysporum f. sp. basilici) was isolated from basil
plants which showed evident Fusarium wilt symptoms
and maintained at 8°C on PDA + streptomycin sulphate
plates and slants before use. The pathogen was grown in
a shake culture for ten days in PDB (Sigma-Aldrich /
Fluka) at 25°Cwith 12 hours of fluorescent light per day
for the inoculation preparation. The culture suspension
was then centrifuged (20 minutes at 17000 RCF), and
the resulting pellet was mixed with talc (1:2 w/w),
spread on clean paper, and stored at 25°C for ten days
in order to dry and induce the production of chlamydo-
spores. The chlamydospore concentration in the talc was
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determined by suspending a talc sample in sterilized-
deionized water and plating a ten-fold serial dilution on
PDA + streptomycin sulphate plates.

Seeds of basil (Ocimum basilicum) cv Genovese
Gigante were used for this study. A testing seed lot,
containing 50 % of inoculated seeds, was produced to
reproduce reliable Fusarium wilt symptoms on seed-
lings and plants in a greenhouse. Fifty percent of the
basil seeds were inoculated through the addition of the
previously described F. oxysporum f. sp. basilici
infested talc, until a concentration of 1 × 106 chlamydo-
spores per gram of seed was reached; these seeds were
then mixed thoroughly with the remaining non-
inoculated seeds. The chlamydospore presence on the
inoculated seeds was confirmed through a Washing
Test, which was performed according to ISTA methods
(Mathur and Kongsdal 2003).

Dry hot air treatments

A preliminary in vitro and in vivo screening was per-
formed in order to define an appropriate duration and
temperature combination for the heat treatment (data not
shown). Four-gram batches of inoculated seeds were
deposited in Petri dishes and placed in a pre-
conditioned Venti-line VL 53 oven with forced convec-
tion (VWR International, Leuven, Belgium) at 65°C for
10 minutes. Then, the Petri dishes containing the basil
seeds were placed in a vertical-laminar flow chamber
until room temperature was reached.

Chemical seed treatments

The inoculated seeds were treated with either a resis-
tance inductor (acibenzolar-S-methyl: Bion 50, 50.0%
a.i., Syngenta Crop Protection) or a fungicide
(prochloraz: Octave, 50.0% a.i., Bayer Crop Science)
as the chemical reference. The chemical products were
applied to the inoculated seeds in a Hege 11 seed treater
(Wintersteiger, Ried, Switzerland) at a concentration of
0.1 g a.i. per Kg of seeds for acibenzolar-S-methyl and
of 1.0 g a.i. per Kg of seeds for prochloraz.

Essential oil treatments

The savory (Satureja montana) and thyme (Thymus
vulgaris) essential oils were available as commercial
preparations and were purchased from Soave (Turin,
Italy). Analysis of the essential oil composition was

carried out by means of GC/MS, as in our previous
studies (Lopez-Reyes et al. 2015). A 10% emulsion
(10% essential oil, 88% sterilized water and 2%
Tween20; Merck) was prepared from each essential
oil. In order to conduct the savory essential oil treat-
ments, one gram of inoculated seeds was deposited in a
quadrant Petri dish and covered with filter paper (No. 1,
Whatman) containing one milliliter of the essential oil
emulsion (for the savory + thyme essential oil treat-
ments, the seeds were covered with filter paper contain-
ing 0.5 ml of each emulsion). The Petri dishes were then
sealed with Parafilm and stored at room temperature for
24 hours.

Treatments with biocontrol agents

FC7B (Pseudomonas sp., EU836173), FC8B
(Pseudomonas putida, EU836174), and FC9B
(Pseudomonas sp., EU836171) strains, isolated by
Clematis et al. (2009) from recycled substrates of toma-
to soilless crops in northern Italy, were used in this
study. The bacterial strains were maintained on LBA
dishes and slants (Sigma-Aldrich / Fluka) at 8°C, then
grown in shaken cultures for 24 h on LB (Sigma-Aldrich
/ Fluka) at 25°C. The cell suspension was centrifuged
and the pellet re-suspended in sterile deionized water.
Concentrations of the resulting dilutions were deter-
mined at OD600 in a Lambda 35 UV/ VIS spectropho-
tometer (PerkinElmer, Monza, Italy). Basil seeds were
treated by spraying each bacterial suspension (when
applied as a strain mix, a 1:1:1 proportion of each
suspension was used) in a Hege 11 seed treater
(Wintersteiger, Ried, Switzerland) using a container
modified to treat seeds of this size; a concentration of
1 × 107 bacterial cells per gram of seed was reached. The
treated seeds were air-dried in a vertical-laminar flow
chamber for at least 1 hour.

Antagonistic F. oxysporum strains 251/2 and MSA
35 (Agroinnova, the University of Torino), which were
isolated from Fusarium-suppressive soils, were tested.
The fungal strains were grown in shaken cultures for 10
days on PDB at 25°C under 12 h/day fluorescent light.
The culture suspensions were centrifuged (20 minutes at
17000 RCF), and the pellet was mixed with talc (1:2
w/w), distributed on clean paper, and stored at 25°C for
ten days to dry and induce chlamydospore production.
The chlamydospore concentration of the inoculated talc
was determined as previously specified. Basil seeds
were treated by adding the inoculated talc of both fungal
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strains in a 1:1 mix, until a concentration of 1 × 107

chlamydospores per gram of seed was reached.

In vivo effects of the treatments on inoculated seeds

The treated seeds were sown in plastic boxes con-
taining ten litres of peat-perlite substrate (1:3 v/v;
Perlite Agrilit3, Perlite Italiana, Milano, Italy; Peat
Tecno2, Turco, Italy);125 seeds were sown in each
box. The boxes were then placed in a randomised
design on greenhouse benches for 30 days at temper-
atures of between 26 and 28°C, and an RH of be-
tween 85 and 95%; the boxes were watered daily.
Non-inoculated / non-treated seeds and inoculated /
non-treated seeds were also sown as controls. Four
replications (one per box) were used for each treat-
ment and for each control.

The germination rate was calculated by counting the
number of plants that had emerged ten days after sow-
ing. Surveys were carried out weekly to establish the
number of dead plants, and the fresh biomass from each
replication was determined at the end of the experiment.
At the end of each experiment, a 0–100 disease index
was calculated for each replication by rating each plant
from 0 up to 4, where 0 was a healthy plant, 1 was a
plant with very slight Fusarium wilt symptoms, 2 was a
plant with evident wilt symptoms, where all the leaves
were still green, 3 was a plant with evident wilt symp-
toms, where at least one leaf was dead, and 4 was a dead
plant. The following formula was used:

Disease index 0−100

¼ a� 25ð Þ þ b� 50ð Þ þ c� 75ð Þ þ d� 100ð Þ½ �=e

where Ba^ is the number of plants rated B1^, Bb^ the
number of plants rated B2^, Bc^ the number of plants
rated B3^, Bd^ the number of plants rated B4^, and Be^
the number of emerged plants. Each trial was performed
at least five times.

Once the values of pathogen control were deter-
mined, the relationship between each treatment combi-
nation with the dry air treatment was compared to its
Colby’s Bexpected^ level of control (Colby, 1967) and
considered as synergistic (if greater than the Bexpected^
level of control), antagonistic (if less than), or additive
(if equal to). The Bexpected^ level of control (E) was
calculated using the following formula:

E ¼ a� bð Þ=100
Where Ba^ is the percentage of pathogen control of
treatment Ba^, and Bb^ is the percentage of pathogen
control of treatment Bb^.

Statistical analysis

The data from all the experiments were pooled together,
a statistical analysis was performed by one-way analysis
of variance (ANOVA), using SPSS-WIN software, and
Duncan’s multiple range test was employed; p<0.05 was
considered as the significance level.

Results

In vivo effects of the treatments on inoculated seeds

In the present experiments, the germination rate of the
non-inoculated / non treated seeds was generally better
than those of any of the inoculated seeds (treated or not),
and the tested treatments did not affect the germination
rate of treated seeds. The Pseudomonas sp. FC9B strain
treatment applied alone and the treatment with
acibenzolar-S-methyl + the bacterial strain mix, were
the only treatments that statistically reached the same
germination level as the non-inoculated / non-treated
seeds without the dry hot air pre-treatment (Figure 1).
The statistical behavior of the germination rates from the
treated seeds was statistically quite similar. The germi-
nation rates of the seeds treated with the acibenzolar-S-
methyl, FC7B strain alone, the prochloraz +
acibenzolar-S-methyl + bacterial strain mix, and the
acibenzolar-S-methyl + bacterial strain mix, were statis-
tically similar to that of the non-inoculated / non-treated
control, but only when the dry hot air treatment was
performed first; after these treatments, no reductions on
germination rate due to the heat pre-treatment were
detected statistically.

The cumulative results pertaining to the infection rate
and disease index of the plants from the inoculated basil
seeds showed a similar pattern (Tables 1 and 2). The
plants from the seeds treated with savory essential oil
(applied alone or combined with thyme essential oil)
showed a statistically similar infection rate and disease
index to both of the chemical references. The plants
from the seeds treated with prochloraz + acibenzolar-
S-methyl, with the prochloraz + acibenzolar-S-methyl +
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bacterial strain mix, and with the acibenzolar-S-methyl
+ bacterial strain mix also showed a statistically similar
infection rate and disease index to those obtained with
the chemical products on their own. The heat pre-
treatment did not significantly influence the effect of
the above-mentioned treatments, but it showed a clear
effect on the infection rate and disease index of plants
from seeds treated with the bacterial strains applied
alone or in a mix. If the effect of the seed treatments
with the bacterial strains alone is compared with the
effect of these seed treatments combined with the dry
hot air treatment, the pooled infection rate for the plants
from seeds treated with the Pseudomonas sp. strain
FC9B was reduced about 30%, about 38% when treated
with the Pseudomonas putida strain FC8B, about41%
when treated with the Pseudomonas sp. strain FC7B,
and about54% when the seeds were treated with the
bacterial strain mix. A similar reduction was also ob-
served for the pooled disease index evaluated on the
same plants. The dry heat treatment alone was able to
reduce the infection rate from 30.3% in trial 3 to 52.1%
in trial 1, and to reduce the disease index from 39.8% in

trial 2 to 55.1% in trial 4. Only in trial 5, did the plants
from the seeds treated with the Pseudomonas sp. strain
FC7B show a reduction of 86.9% of the infected plants
and 88.1% of the disease index when the seeds were
treated with dry hot air before the treatment with bio-
control agents. The infection rate and disease index of
the plants from the seeds treated with the antagonistic
F. oxysporum strains 251/2 and MSA 35 were very
variable, and even showed a marked increase when
combined with the heat treatment in trial 2 and trial
4.Overall, the pooled data on the infection rate and
disease index of the plants from the inoculated seeds
treated with only bacterial or fungal antagonistic strains
were statistically different from the chemical references.
Using the Colby approach, all treatments tested were
synergistic when combined with the dry heat treatment
(Table 3). The obtained values of pathogen control with
the treatments including essential oils, procloraz, and
acibenzolar-S-methyl where way higher than the
Bexpected^ ones.

The mean fresh biomass of the plants obtained from
the inoculated and non-inoculated basil seeds ranged

Fig 1 In vivo germination rate (%) of treated basil cv Genovese
Gigante seeds, previously inoculated with Fusarium oxysporum f.
sp. basilici, 10 days after sowing. The bars represent the mean of
five trials, each trial consisted in 4 replications and each replication

consisted in 125 seeds, for a total of 500 per treatment per trial.
*Bars followed by the same letter are not statistically different
(Duncan’s multiple range test, p<0.05)
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from 100 to 180 g (Figure 2). The values were quite
variable, and no statistical difference was therefore ob-
served for the fresh biomass from treated seeds through-
out the whole study.

Discussion

In this study, the combined treatments tested on inocu-
lated basil seeds have shown significant results on
F. oxysporum f. sp. basilici control, and they did not
affect the seed germination and the fresh biomass ob-
tained from treated seeds. Prochloraz has been shown to
be an efficient active compound against the Fusarium
wilt of basil when applied as seed dressing, while treat-
ments that involved prochloraz alone or in combination
with acibenzolar-S-methyl and the bacterial strain mix
have shown interesting results on both pathogen control
and seed germination. The use of fungicides has been
popular and adopted extensively in seed dressing for
many decades (Gullino et al. 2014), and including
prochloraz in the seed dressing of basil against
F. oxysporum f. sp. basilici could therefore be a useful
practice. In the present experiments, a positive effect has
also been observed on plants from seeds treated with
acibenzolar-S-methyl, as has also been pointed out by
Munkvold et al. (2014).

The dry hot air treatment has been shown to improve
the germination of inoculated seeds, when performed as
a pre-treatment but, according to the obtained results,
the effect on F. oxysporum f. sp. basilici control is more
critical. It has been possible to observe important reduc-
tions in plant infection and the disease index on plants
from seeds treated with antagonistic bacteria when heat
treated first. The tested dry hot treatment therefore
seems to be more compatible with the Pseudomonas
seed dressing. However, the provided pathogen control
of these combined treatments never reached the perfor-
mance level of the chemical treatments considered as the
reference. If the fresh biomass obtained from the seeds
treated with the bacterial or fungal strains is considered,
it can be observed that no clear growth promotion due to
the treatments with biocontrol agents has been regis-
tered. The mechanism of action of the tested antagonis-
tic bacterial strains has not been determined in this
study, but considering that bacteria need to multiply
and be metabolically active in order to contrast the
pathogen, the in vivo conditions made it possible to
attain a good evaluation of the bacterial performance
against the Fusarium wilt of basil. The effect of the
introduced bacteria may depend on the physiology of
the plants and the agronomic conditions of the cultiva-
tion (Ugoji et al. 2006), therefore it may still be possible
to improve the Pseudomonas treatments of basil seeds
against F. oxysporum f. sp. basilici.

Table 3 Obtained and Colby’s Bexpected^ level of pathogen control (%) of each seed treatment combination with the dry heat treatment
(dry air at 65°C for 10 min) on basil cv Genovese Gigante seeds, previously inoculated with Fusarium oxysporum f. sp. basilici

Treatment Colby's "expected"
level of pathogen
control (%)

Obtained level
of pathogen
control (%)

Synergy of the treatment
when combined with the
dry heat treatment
(65°C for 10 min)

Prochloraz 40,7* 89,2* +

Acibenzolar-S-methyl 37,3 76,1 +

Savory EO 38,5 91,5 +

Savory EO + Thyme EO 38,9 89,6 +

Pseudomonas FC7B 21,6 70,0 +

Pseudomonas FC8B 12,6 58,9 +

Pseudomonas FC9B 24,2 66,8 +

FC7B + FC8B + FC9B 8,1 63,0 +

Prochloraz + Acibenzolar-S-methyl 42,1 93,4 +

Prochloraz + Acibenzolar-S-methyl + FC7B + FC8B + FC9B 41,6 93,5 +

Acibenzolar-S-methyl + FC7B + FC8B + FC9B 33,7 73,3 +

Fusarium 251/2 + Fusarium MSA35 24,3 49,2 +

*Mean of all trials
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Seed fumigation with savory and thyme essential
oils has been confirmed to be active against
F. oxysporum f. sp. basilici and to be safe, as far
as seed germination is concerned, as pointed out in
previous studies (Lopez-Reyes et al. 2015), because
of the antifungal activity of the tested essential oils
and because of the application method that has been
used. The seed treatments with vapours from savory
essential oil and from both essential oils applied in
combination has not shown any significant differ-
ence on the germination rate or on pathogen control.
The dry heat pre-treatment has not shown a critical
effect on the performance of the essential oil
treatments.

According to the analysis, the combinations of the
tested treatments with the dry heat pre-treatment result-
ed as synergic on pathogen control, so dry heat can be
safe and compatible with the evaluated strategies for
seed disinfection. A two-step disinfection of propaga-
tion material including dry heat can be considered then,
leading to a reduction of the usage of chemicals in seed
treatments.

Seed infection by F. oxysporum f. sp. basilici has
been considered in this study as external, this approach
allowed a reliable wilt symptoms evaluation in vivo. It is
possible to evaluate an internal seed infection, but it is
still important to evaluate the performance of tested
treatments on naturally contaminated seed lots.
Treatments with essential oils and dry heat surely can
reach the internal structures of the seed, so it would be
interesting to see how efficient they are on pathogen
control no matter the level of seed infection.

Treatments with dry hot air represent an interesting
alternative for the disinfection of basil seeds, when
performed for a short period of time, as in the present
experiments. Nevertheless, its efficacy against
F. oxysporum f. sp. basilici, when applied alone to basil
seeds, has not been comparable with that obtained with
chemical products. Since the advantage of physical
treatments is that they can target a number of pathogens
at the same time (Koch and Roberts 2014), it might be
interesting to consider adopting dry heat seed treatments
alone in the organic production of vegetables if the
phytotoxicity is also limited. Dry hot air seed exposure

Fig. 2 Fresh biomass (g) of plants from treated basil cv Genovese
Gigante seeds, previously inoculated with Fusarium oxysporum f.
sp. basilici, 30 days after sowing. The bars represent the mean of
five trials, each trial consisted in 4 replications and each replication

consisted in 125 seeds, for a total of 500 per treatment per trial.
*Bars followed by the same letter are not statistically different
(Duncan’s multiple range test, p<0.05)
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is still open to improvements regarding treatment preci-
sion and batch size, and the tested integrated seed dis-
infection methods could therefore become a feasible and
competitive strategy for organic farming.

Acknowledgements The research leading to these results has
received funding from the European Union Seventh Framework
Programme (FP7/2007–2013) under Grant Agreement No 311875
"Seed health: development of seed treatment methods, evidence
for seed transmission and assessment of seed health" (TESTA).
The authors thank Dr. Marguerite Jones for language revision.

References

Agarwal, V. K., & Sinclair, J. B. (1997). Principles of seed
pathology. Boca Raton: CRC Press.

Baker, K. F. (1962). Thermotherapy of planting material.
Phytopathology, 52, 1244–1255.

Bennett, R. S., & Colyer, P. D. (2010). Dry heat and Hot water
treatments for disinfesting cottonseed of Fusarium
oxysporum f. sp. vasinfectum. Plant Disease, 94, 1469–1475.

Biris, D., Vakalounakis, D. J., & Klironomou, E. (2004). Fusarium
wilt of basil in Greece: foliar infection and cultivar evaluation
for resistance. Phytoparasitica, 32, 160–166.

Chiocchetti, A., Sciaudone, L., Durando, F., Garibaldi, A., &
Migheli, Q. (2001). PCR detection of Fusarium oxysporum
f. sp. basilici on Basil. Plant Disease, 85, 607–611.

Clear, R.M., Patrick, S. K., Turkington, T. K., &Wallis, R. (2002).
Effect of dry heat treatment on seed-borne Fusarium
graminearum and other cereal pathogens. Canadian
Journal of Plant Pathology, 24, 489–498.

Clematis, F., Gullino, M. L., & Garibaldi, A. (2009).
Microrganismi isolati da substrati di coltura riciclati per il
fuori suolo possono contenere il marciume del colletto del
pomodoro. Protezione delle Colture, 2, 63.

Colby, S. R. (1967). Calculating synergistic and antagonistic re-
sponses of herbicide combinations. Weeds, 15, 20–22.

Dal Bello, G., & Sisterna, M. (2010). Use of plant extracts as
natural fungicides in the management of seedborne diseases.
In A. Arya & A. E. Perello (Eds.), Management of fungal
plant pathogens (pp. 51–66). Wallingford: CAB
International.

Davis, R.M., Marshall, K. D., &Valencia, J. (1993). First report of
Fusarium wilt of basil in California. Plant Disease, 77, 537.

Dutky, E. M., & Wolkow, P. (1994). First report of Fusarium wilt
of basil in Maryland. Plant Disease, 78, 1217.

Elmer, W. H. (2001). Seeds as vehicles for pathogen importation.
Biological Invasions, 3, 263–271.

Elmer, W. H., Wick, R. L., & Haviland, P. (1994). Vegetative
compatibility among Fusarium oxysporum f. sp. basilicum
isolates recovered from basil seed and infected plants. Plant
Disease, 78, 789–791.

Felgueiras, M., Dias, A., Chicau, G., Berbega, M., León, M., &
Armengo, J. (2010). First report of Fusarium wilt caused by
Fusarium oxysporum f. sp. basilici on Ocimum minimum in
Portugal. Plant Disease, 94, 1170.

Forsberg, G., Johnsson, L., & Lagerholm, J. (2005). Effects of
aerated steam treatment on cereal diseases and crop yield.
Journal of Plant Diseases and Protection, 112, 247–256.

Fürnkranz, M., Adam, E., Müller, H., Grube, M., Huss, H.,
Winkler, J., & Berg, G. (2012). Promotion of growth, health
and stress tolerance of Styrian oil pumpkins by bacterial
endophytes. European Journal of Plant Pathology, 134,
509–519.

Gabrielson, R. L. (1983). Blackleg diseases of crucifers caused by
Leptosphaeria maculans(Phoma lingam) and its control.
Seed Science and Technology, 11, 749–780.

Garibaldi, A., Gullino, M. L., & Minuto, G. (1997). Diseases
of basil and their management. Plant Disease, 81, 124–
132.

Gilardi, G., Tinivella, F., Gullino, M. L., & Garibaldi, A. (2005).
Seed dressing to control Fusarium oxysporum f. sp lactucae.
Journal of Plant Diseases and Protection, 112, 240–246.

Gilbert, J., Woods, S. M., Turkington, T. K., & Tekauz, A. (2005).
Effect of heat treatments to control Fusarium graminearumin
wheat seed. Canadian Journal of Plant Pathology, 27, 448–
452.

Gullino, M. L., Katan, J., & Garibaldi, A. (2012). Fusarium wilt of
sweet basil. InM. L. Gullino, J. Katan, & A. Garibaldi (Eds.),
Fusarium wilts of greenhouse vegetable and ornamental
crops (pp. 185–190). St. Paul: American Phytopathological
Society.

Gullino, M. L., Gilardi, G., & Garibaldi, A. (2014). Chemical and
non-chemical seed dressing for leafy vegetable crops. In M.
L. Gullino & G. P. Munkvold (Eds.), Global perspectives on
the health of seeds and plant propagation material (pp. 125–
136). Dordrecht: Springer.

Joe, M. M., Islam, M. R., Karthikeyan, B., Bradeepa, K.,
Sivakumaar, P. K., & Sa, T. (2012). Resistance responses of
rice to rice blast fungus after seed treatment with the endo-
phytic Achromobacter xylosoxidans AUM54 strains. Crop
Protection, 42, 141–148.

Koch, E., & Roberts, S. J. (2014). Non-chemical seed treatment in
the control of seed-borne pathogens. In M. L. Gullino &G. P.
Munkvold (Eds.), Global perspectives on the health of seeds
and plant propagation material (pp. 105–123). Dordrecht:
Springer.

Koch, E., Schmitt, A., Stephan, D., Kromphardt, C., Jahn, M.,
Krauthausen, H.-J., Forsberg, G., Werner, S., Amein, T.,
Wright, S. A. I., Tinivella, F., Gullino, M. L., Roberts, S. J.,
van der Wolf, J., & Groot, S. P. C. (2010). Evaluation of non-
chemical seed treatment methods for the control ofAlternaria
dauci and A. radicina on carrot seeds. European Journal of
Plant Pathology, 127, 99–112.

Koul, O., Walia, S., & Dhaliwal, G. S. (2008). Essential oils as
green pesticides: potential and constraints. Biopesticides
International, 4, 63–84.

Lopez-Reyes, J. G., Gilardi, G., Garibaldi, A., & Gullino, M. L.
(2014). Efficacy of bacterial and fungal biocontrol agents as
seed treatments against Fusarium oxysporum f sp. lactucae
on lettuce. Journal of Plant Pathology, 96, 535–539.

Lopez-Reyes, J. G., Gilardi, G., Prelle, A., Garibaldi, A., &
Gullino, M. L. (2015). Efficacy of essential oils as seed
treatments against Fusarium oxysporum f sp. basilici on basil
andFusarium oxysporum f sp. lactucae on lettuce. Journal of
Essential Oil Research. Submitted.

44 Phytoparasitica (2016) 44:35–45



Lori, G. A., Malbran, I., & Mourelos, C. A. (2014). First report of
Fusarium wilt of basil caused by Fusarium oxysporum f. sp.
basilici in Argentina. Plant Disease, 98, 1432.

Martini, P., & Gullino, M. L. (1991). Transmissibilità per seme di
Fusarium oxysporum f.sp. basilicum, agente della
tracheofusariosi del basilico. InformatoreFitopatologico, 41,
59–61.

Mathur, S. B., & Kongsdal, O. (2003). Common laboratory seed
health testing methods for detecting fungi. Bassersdorf:
International Seed Testing Association.

McGrath, M. T., Wyenandt, A., & Holmstrom, K. (2013).
Managing pathogens inside seed with hot water. http://
vegetablemdonline.ppath.cornell.edu/NewsArticles/
HotWaterSeedTreatment.html. Accessed 11 May 2015.

Moya, M. L., Aguilar, M. I., Blanco, R., Kenig, A., Gómez, J., &
Tello, J. C. (2004). Fusarium wilt on sweet basil: cause and
sources in southeastern Spain. Phytoparasitica, 32, 395–401.

Munkvold, G. P., Watrin, C., Scheller, M., Zeun, R., & Olaya, G.
(2014). Benefits of chemical seed treatments on crop yield
and quality. In M. L. Gullino & G. P. Munkvold (Eds.),
Global perspectives on the health of seeds and plant propa-
gation material (pp. 89–103). Dordrecht: Springer.

Nega, E., Ulrich, R., Werner, S., & Jahn, M. (2003). Hot water
treatment of vegetable seed – an alternative seed treatment
method to control seed borne pathogens in organic farming.
Journal of Plant Diseases and Protection, 110, 220–234.

Schmitt, A., Roberts, S. J., Jahn, M., Kromphardt, C., Wikström,
M., Wright, S. A. I., Amein, T., Tinivella, F., Gullino, M. L.,
Krauthausen, H. J., Forsberg, G.,Werner, S., van derWolf, J.,
Groot, S. P. C., & Koch, E. (2008). Alternative treatment

methods for vegetable seed. In H. W. Dehne, H. B. Deising,
U. Gisi, K. H. Kuck, P. E. Russel, & H. Lyr (Eds.), Modern
fungicides and antifungal compounds V (pp. 269–774).
Braunschweig: Deutsche Phytomedizinische Gesellschaft.

Schmitt, A., Koch, E., Stephan, D., Kromphardt, C., Jahn, M.,
Krauthausen, H. J., Forsberg, G., Werner, S., Amein, T.,
Wright, S. A. I., Tinivella, F., van der Wolf, J., & Groot, S.
P. C. (2009). Evaluation of non-chemical seed treatment
methods for the control of Phoma valerianellae on lamb’s
lettuce seeds. Journal of Plant Diseases and Protection, 116,
200–207.

Summerell, B. A., Gunn, L. V., Bullock, S., Tesoriero, L. T., &
Burgess, L. W. (2006). Vascular wilt of basil in Australia.
Australasian Plant Pathology, 35, 65–67.

Tinivella, F., Hirata, L., Celan, M., Wright, S. A. I., Amein, T.,
Schmitt, A., Koch, E., van der Wolf, J. M., Groot, S. P. C.,
Stephan, D., Garibaldi, A., & Gullino, M. L. (2009). Control
of seed-borne pathogens on legumes by microbial and other
alternative seed treatments. European Journal of Plant
Pathology, 123, 139–151.

Ugoji, E., Laing, M., & Hunter, C. (2006). An investigation of the
shelf-life (storage) of Bacillus isolates on seeds. South
African Journal of Botany, 72, 28–33.

Vannacci, G., Cristani, C., Forti, M., Kontoudakis, G., &
Gambogi, P. (1999). Seed transmission of Fusarium
oxysporum f. sp. basilici in sweet basil. Journal of Plant
Pathology, 81, 47–53.

Western, T. L. (2012). The sticky tale of seed coat mucilages:
production, genetics, and role in seed germination and dis-
persal. Seed Science Research, 22, 1–25.

Phytoparasitica (2016) 44:35–45 45

http://vegetablemdonline.ppath.cornell.edu/NewsArticles/HotWaterSeedTreatment.html
http://vegetablemdonline.ppath.cornell.edu/NewsArticles/HotWaterSeedTreatment.html
http://vegetablemdonline.ppath.cornell.edu/NewsArticles/HotWaterSeedTreatment.html

	In�vivo...
	Abstract
	Introduction
	Materials and methods
	Preparation of the artificially-inoculated seed lot
	Dry hot air treatments
	Chemical seed treatments
	Essential oil treatments
	Treatments with biocontrol agents
	In�vivo effects of the treatments on inoculated seeds
	Statistical analysis

	Results
	In�vivo effects of the treatments on inoculated seeds

	Discussion
	References


