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Selection of biological control agents against tomato
Fusarium wilt and evaluation in greenhouse conditions
of two selected agents in three growing media
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Abstract Two biological control practices are the
use of suppressive growing media and the application
of biological control agents (BCAs). The goals of this
study were: (i) to screen 584 potential BCAs obtained
from Fusarium wilt (FW) suppressive growing media;
(i) to evaluate in greenhouse conditions selected
BCAs in three growing media with different degrees
of suppressiveness of tomato FW. Two isolates
selected after screening were identified as Fusarium
solani (305) and Streptomyces sp. (A19). Results
showed that tomato FW was reduced and total
production was improved when both BCAs were
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applied to a conducive medium (coir fiber). In highly
suppressive growing medium (grape marc compost),
A19 and 305 inoculations did not improve suppres-
siveness. In moderately suppressive growing medium
(cork compost), only A19 improved this compost to
natural grape marc compost suppressiveness level.
Therefore, compost suppressiveness of tomato FW
depended on the nature of the compost and on the
isolates applied.

Keywords Biocontrol - Suppressive growing
media - Fusarium oxysporum f. sp. lycopersici -
Fusarium solani - Streptomyces sp.

Introduction

Tomato fruit, obtained from Solanum lycopersicum L.
plants, has become the most consumed food world-
wide (Borrero et al. 2006). Spain is one of the five
main tomato-producing countries in Europe. Its pro-
duction in 2009 was about 4604.8-10° tons, of which
41.3 % and 34.6 % were in Extremadura and Anda-
lusia, respectively (Anonymous 2010). Fusarium wilt
(FW) is one of the principal soilborne systemic
diseases affecting tomato plants. Fusarium oxysporum
f. sp. lycopersici W. C. Snyder & H. N. Hans (Fol) is
the soilborne fungal plant pathogen responsible for
this vascular wilt, which occurs throughout most
tomato-growing areas and can devastate a crop
(Larkin and Fravel 1998).
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Management strategies are focused on preventive
measures, including the use of resistant cultivars,
effective soil fumigation treatments and biological
control. Although the use of Fusarium-resistant
tomato cultivars provides some degree of control,
the occurrence and development of new pathogenic
races is a problem (Larkin and Fravel 1998). In
addition, the chemical control that is available for this
disease is deficient, and there is concern over the rise
of new fungicide-resistant pathogen species (Dekker
1981), the risk of non-target effects of pesticides and
the damage caused to the environment. Therefore,
there is an interest in technologies that reduce
dependency on synthetic, chemical pesticides (Brim-
mer and Boland 2003). Biological control of plant
diseases, using composts and biological control agents
(BCAs), has received attention as an alternative to the
intensive use of chemically synthesized products. This
alternative is perceived to be safer and to have a
minimal environmental impact (Brimmer and Boland
2003).

The capacity of certain composts to suppress plant
diseases, minimize organic waste and reduce fertilizer
and fungicide addition in crop production is widely
known. Effectiveness of composts against plant dis-
eases caused by a broad range of pathogens, including
bacteria, fungi and nematode species, has been
demonstrated in numerous studies (Litterick et al.
2004; Noble and Coventry 2005; Bonanomi et al.
2010; Avilés et al. 2011). Several composts have
shown suppressiveness against tomato FW (Cotxarre-
raet al. 2002; Borrero et al. 2004, 2005, 2006; Castafio
et al. 2011). Suppressive levels have been found to
vary depending on the kind of compost used. For
example, grape marc compost (GMC) and cork
compost (CC) display high and moderate suppressive
levels to tomato FW (Borrero et al. 2004, 2005, 2006),
respectively, even when different batches are used
(Castano et al. 2011).

Another very common approach is the use of BCAs.
These microorganisms are perceived to have advan-
tages over synthetic fungicides, as they have fewer
environmental negative effects, are effective against
fungicide-resistant pathogens, reduce probability of
resistance development and can be used in organic
farming, where use of synthetic fungicides is restricted
(Brimmer and Boland 2003). However, only a few
BCAs are available on the European market. Some of
these are selected from suppressive soils or growing
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media for their efficacy in controlling diseases and
developing a biological control product (Nelson et al.
1983; Alabouvette et al. 2006). Rhizosphere microbes
may exert specific plant growth promotion or biocon-
trol effects, which could be of great advantage to the
selection of possible BCAs (Hartman et al. 2009).
Effective fungi (Punja and Utkhede 2003), bacteria
and actinomycetes (de Boer et al. 2003; El-Tarabily
and Sivasithamparam 2006) have been used as BCAs
against plant diseases. Compost manufacturers should
evaluate the economic viability of each compost in
relation to addition of a BCA (Trillas et al. 2006).
The goals of this study were: (i) selection of
potential BCAs against tomato FW isolated from
suppressive growing media, (ii) evaluation in green-
house conditions of the selected BCAs in combination
with conducive coir fiber (CF) and two composts with
different degrees of natural suppression of FW: highly
suppressive GMC and moderately suppressive CC
(Borrero et al. 2004, 2006; Castaiio et al. 2011).

Materials and methods

Selection of possible BCAs from growing media
formulated with composts

To obtain potential BCAs, growing media made from
composts of agricultural industry waste were assayed
for suppressiveness against F. oxysporum f. sp.
lycopersici (FOL) and dianthi (FOD) in tomato and
carnation, respectively. The composts used, derived
from turned piles, are described elsewhere (Trillas
et al. 2002; Carmona et al. 2004). These growing
media were: (1) GMC from the alcohol distilling
industry (grape skins, seeds and stems), (2) CC from
cork (Quercus suber L.) transformation, (3) olive oil
husk + cotton gin trash, 1:1 v/v, composted and
mixed with rice husk (1:1 v/v) (OC 4+ R) and (4)
spent mushroom compost (Recomsa, Quintanar del
Rey, Spain) mixed with amended light peat (Klas-
mann, Valimex, Palleter, Spain) (1:1 v/v) (SM + P).
These composts were not phytotoxic when used as
growing media for tomato or carnation plants. At the
end of these assays, 584 microorganisms were isolated
from Fusarium-infested rhizospheres of healthy
plants.

Microorganisms were isolated by dilution plating
of aqueous extractions of rhizospheres on different
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semi-selective culture media, according to Tuitert
et al. (1998) with modifications (Borrero et al. 2005).
In culture media for isolation of Bacillus spp. (nutrient
agar), fluorescent Pseudomonas spp. (King B), oligo-
trophic (nutrient agar 0.01) and cellulolytic (cellulose
agar) bacteria and actinomycetes, 100 pg ml~" of
cycloheximide was substituted for 10 pg ml™' of
benomyl (Energia e Industrias Aragonesas, S.A.,
Madrid) and 0.3 pul ml~" of Previcur (propamocarb,
72.2 %, Schering, Alcacer, Spain). Fungi were iso-
lated on potato dextrose agar amended with
1,000 ppm of Tergitol-7 (Fluka Chemie AGB, Buchs,
Switzerland) and 50 pg ml™' of oxytetracycline
hydrochloride (Sigma Chemical Company, St Louis,
MO, USA) (Chen et al. 1988). Fusarium spp. were
isolated on Komada’s medium (Komada 1975) and
Talaromyces spp. and Trichoderma spp. were isolated
on semi-selective media (Chung and Hoitink 1990;
Dhingra and Sinclair 1995).

The disease-suppression effects of these isolates
were measured with two kinds of efficacy assays
against FW using tomato plants cultured in CF
(Cocopeat, Projar, Valencia, Spain). These assays
had randomized three-block designs. In the first kind
of assay, isolates were inoculated in groups of four. In
the second kind of assay, isolates previously tested in
groups of four, which significantly reduced the disease
severity compared to FOL-infested treatment alone,
were tested individually. All isolates (584) were
evaluated with the first assay and 112 isolates were
evaluated with the second kind of assay. For these
assays, each pot (330 ml) had four tomato seedlings.
Plants were grown in a growth chamber (25 °C, 16:8 h
light:dark photoperiod and 27 °C). Plants were
irrigated as needed and fertilized with a nutrient
solution containing: 0.5 g 17! Peter’s foliar feed
27 + 15 + 12; N + P,Os5 + K,0; and micronutri-
ents; Scotts, Heerlen, The Netherlands), 0.6 g 1!
CaCl,, 0.7 g 17" MgSO,-7H,0 and 0.3 g 17" urea (pH
6.1).

Bacterial and actinomycete isolates were grown on
tryptic soy agar (50 %) and were inoculated at
~10° bacteria cm > substrate. Fungal isolates were
grown on malt agar and were inoculated at 10° con-
idia cm > substrate. Inocula were quantified with aid
of a haematocytometer (counting chamber depth:
0.1 mm for fungi and 0.02 mm for bacteria and
actinomycete isolates). These inoculations were per-
formed five days after sowing.

FOL (isolate FN2) was grown for seven days in
AMAP culture media containing 10 g 17" agar,
10 g 17! malt extract (Difco, Le Pont de Claix,
France), 2 g 1" asparagine (Difco, Le Pont de Claix,
France) and 0.5 g 1" Peter’s foliar feed. Five ml of
sterile distilled water (SDW) were added to each
culture plate. The surface of the culture was scraped
with a sterile spreader. The concentration of conidia
was determined with aid of a haemocytometer. CF was
infested with FN2 (4 - 10*-10° conidia cm > growing
medium) 4-5 days after potential BCAs inoculation.
Pots of growth medium without FN2 were prepared to
assess adequate agronomic conditions in the assays.

Disease severity was monitored at 2—-3 day inter-
vals and was scored based on a symptom severity scale
(Borrero et al. 2004). In each disease assessment, the
mean of disease severity per pot was calculated. The
area under the disease progress curve standardized
(AUDPCs) per pot was calculated by disease severity
integrated between the onset of symptoms and assay
completion and by dividing by the total duration
(days) of the epidemic in each assay, in order to
compare the various assays, which had a variety of
epidemic durations (Campbell and Madden 1990).
Therefore, AUDPCs data can range from O to 1.

Identification of the selected isolates by DNA
sequencing

After selection assays two isolates were chosen for
their severity reduction (see “Results”). To identify
them total genomic DNA from two isolates selected,
A19 (cellulolytic actinomycete) and 305 (Fusarium-
like fungus by microscope-observed morphology),
was extracted from lyophilized cultures according to
Cassago et al. (2002) with minor modifications.

Total DNA from isolate 305 was used for poly-
merase chain reaction (PCR) using the EF1 (5'-ATG
GGTAAGGAGGACAAGAC-3') and EF2 (5'-GGAA
GTACCAGTGATCATGTT-3') primers to amplify a
portion of the Translation Elongation Factor 1-o gene
(TEF-10). These primers amplified a highly informa-
tive region for differentiating Fusarium spp. and many
formae speciales within the F. oxysporum complex
(Geiser et al. 2004). Total DNA from A19 was used for
PCR with the 8f (5-AGAGTTTGATCCTGGCTC
AG-3') and 1389r (5-ACGGGCGGTGTGTACAA
G-3') primers to amplify a region of bacterial 16S
rDNA (LaMontagne et al. 2003).
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Genomic DNA was amplified in a solution con-
taining Biotools Reaction Buffer 1x (10x), 3.75 mM
MgCl, (50 mM), 100 uM of each dANTP (10 mM),
0.5 puM of each primer and 1 U of Biotools Pfu DNA
polymerase (Biotools, Madrid, Spain) in a final
volume of 50 pl. The PCR cycling conditions con-
sisted of an initial denaturation at 95 °C for 2 min, a
first phase of ten cycles with an elongation phase at
72 °C for 2 min, and a second phase of 20 cycles, in
which the elongation phase was increased by 4 s per
cycle, starting from 2 min and maintaining the elon-
gation temperature at 72 °C. During both phases of the
PCR, elongation steps were preceded by a denatur-
ation step (94 °C for 1 min) and an annealing step
(54 °C for 30 s). Amplification was finished after a
final extension phase for 5 min at 72 °C. PCR
amplifications were performed on a GenAmp PCR
system 9700 (Applied Biosystems, California, USA).
Negative and positive controls were included in all
experiments.

The PCR products were purified using Speedtools
PCR Clean-up kit (Biotools, Madrid, Spain). Sequenc-
ing was performed by Secugen Sequencing Service
Enterprises (Secugen, Madrid, Spain). Sequences
were edited and then queried for similarity using
NCBI GenBank database with the BLASTn alignment
software tool for both isolates. Sequence homology
identity was determined using the FASTA algorithm,
in which the reference sequences most closely related
to our sequences were found. The FUSARIUM-ID
database (Geiser et al. 2004) was also used to confirm
305 sequence homology identity.

Preparation and quantification of pathogen
and selected isolate inocula

Pathogen inoculation was performed with a monosp-
oric isolate of F. oxysporum f. sp. lycopersici race 2
(isolate FN2). The pathogenicity of this isolate was
confirmed in previous studies (Borrero et al. 2006;
Castafio et al. 2011). It was recovered from stored
inoculum (silica gel 4 °C) and grown in malt broth
(10 g 1™ in a 101 fermenter Biostat B (Braun
Biotech-Sartorius, Aubagne, France). Isolate 305
was grown for seven days in AMAP culture media.
Five ml of SDW was added to each culture plate. Plate
surfaces were scraped with a sterile spreader. Con-
centrations of microconidia from isolate 305 and FN2
were determined with haemocytometer.
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Isolate A19 was prepared from stored inoculum at
—80 °C (Vibakstore Nirco, Barbera del Valles, Bar-
celona, Spain). Stored microorganisms were grown in
2-3 plates with agar cellulose (AC) medium (Borrero
et al. 2005) for seven days. Five ml of SDW were
added to each culture plate and were placed in a sterile
empty bottle. This suspension was raised to 50-80 ml
using SDW. Then, 0.1 ml of this suspension was
poured onto each AC culture plate (600-650) and their
surfaces were scraped. Plates were grown at 25 °C in
the dark. After 2-3 weeks, 5 ml of SDW were added
to each culture plate and the surface was scraped.
Suspension was sonicated for 30 min to avoid cellular
aggregation. Concentration of A19 was determined by
acridine orange direct counting (AODC) technique,
which was performed by counting an A19 concen-
trated solution with an epifluorescence microscope
(Kepner and Pratt 1994; Borrero et al. 2004). Three
samples were analysed. Controls were also counted in
sterile water.

Evaluation of suppressiveness of FW assays
in greenhouse conditions

Two composts (GMC and CC) were evaluated in a
tomato FW suppressiveness assay under greenhouse
conditions. Composts were compared with CF. Phys-
icochemical and biological properties of these grow-
ing media were evaluated in previous studies (Borrero
et al. 2009; Castafio et al. 2011).

The assay was conducted in a greenhouse in Seville
(Spain) at the beginning of 2008, with the susceptible
tomato cultivar Roma. Tomato seeds were sown in
peat and grown in a growth chamber (27 °C, photo-
synthetically active radiation intensity of 280 pE s~
m > witha 16:8 hlight:dark photoperiod). Plants were
irrigated as needed and fertilized with 0.25 g17'
Peter’s Foliar Feed, 0.15 g1™' KCl and 0.6 g 17"
CaCl,. After 20 days, three plantlets (2-3 true-leaf
stage) were placed in bags (1 m x 25 cm) with 30 1of
growing medium. Each experimental unit consisted of
two bags. The experimental design involved three
blocks x three growing media x two inoculated with
pathogen and non-inoculated x three inoculated with
305, A19 or not inoculated leading to 54 experimental
units. The assays were performed in a randomized
complete-block design with three replicates and
repeated twice.
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At the beginning of the assay, plantlets were
previously inoculated by root-dipping for 12 h using
an inoculum suspension containing 10° microconidia
(305) or cells (A19) ml~!. The inoculation dose in bag
was 5 - 10% microconidia cm ™ and 10° cells cm ™ of
growing media for 305 and A19, respectively. Inoc-
ulations were carried out on the same day of
transplanting and were repeated at seven, 41 and
76 days after transplanting with the same doses.
Pathogen inoculation was done two weeks after
transplanting at 5 - 10° conidia cm ™ growing med-
ium. A second pathogen inoculation was carried out
after 70 days using 5 - 10* conidia cm™> of growing
media. Inoculum suspensions were applied by irrigat-
ing growing media with the help of syringes through
dripper holes. Controls were irrigated with water.

During the assay, the fertirrigated nutrient solutions
and the scale used to score disease severity in tomato
plants were as described by Castafio et al. (2011).
Disease severity was monitored twice a week. At each
assessment, mean disease severity per experimental
unit was calculated. The AUDPCs per experimental
unit was calculated as previously. Duration of each
assay was three months. Total production was scored
as kg of tomato fruit harvested from each treatment
during assays.

Quantification of Fusarium spp. and cellulolytic
actinomycete populations in growing media

Population densities were determined by dilution
plating on two semi-selective media using Komada’s
medium for Fusarium spp. populations and AC
medium for cellulolytic microbial populations. Sam-
ples were taken from growing media at the beginning
and end of the assays. Growing media (5-10 g) were
taken and mixed from two bags (an experimental unit)
and suspended in 90 ml of Na,P,O;-10H,O 1 g 1.
The suspension was shaken and a tenfold dilution
series was prepared with 0.1 % water agar (w/v).
Suspensions were pipetted onto three plates per
dilution. Four—five dilutions per series were placed
on plates. Colony-forming units (CFU) were counted
four days after plating and expressed as CFU cm ™ of
growing media.

Isolate 305 and pathogen FN2 quantification were
developed at the end of the assays in growing media, in
which both microorganisms were inoculated, using
Komada’s dilution plates. They were differentiated on

the basis of colony characteristics and morphological
differences under the microscope.

Statistical analysis

Disease severity from selection assays (AUDPCs) was
analysed with one-way ANOVA. Disease severity
(AUDPCs) in greenhouse conditions was analysed
with two-ways ANOVA. Terms included in this model
were: (A factor) growing media inoculated with
pathogen x inoculated and non-inoculated with iso-
late 305 or A19 (6 levels), (B factor) blocks (three
levels) and their interaction. Data from two assays
were pooled for final analysis after finding no signif-
icant A factor x assay interaction in a preliminary
analysis of variance. Significant means were com-
pared by LSD test (P < 0.05). Data collected from
populations (expressed as CFU cm ™ of growing
media infested with FN2 per treatment at the begin-
ning and the end of assay, n = 6) and total production
(expressed as kg per treatment in growing media
infested or non-infested with FN2 during assay,
n = 6) were also analysed by two-way ANOVA. Data
from populations and total production were pooled for
final analysis after finding no significant A fac-
tor x assay interaction in a preliminary analysis of
variance. All analyses were made with Statgraphics
Plus (version 5.1; Statistical Graphics Corp., Rock-
ville, MD, USA, 2002).

Results

Selection of possible BCAs from growing media
formulated with composts and identification

Of all the isolates (584), isolates A19 (cellulolytic
actinomycete) from CC and 305 (Fusarium spp.) from
GMC showed excellent results, reducing disease
severity in CF. Isolate A19 reduced AUDPCs by
95.6 % compared with controls, and isolate 305 by
96.6 %. Therefore, they were selected for further
evaluation in efficacy assays in greenhouses.

Both strains showed strong sequence identity to
known sequences. Isolate 305 showed a single
mismatch with F. solani (99 %, FN689821.1) and
isolate A19 showed a high identity with Streptomyces
sp. (98 %, GU991351.1). Accession numbers are
shown in Table 1.
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Table 1 Characteristics of potential BCAs

Strain® Plant growth Rhizosphere® Genus/species® Accession
media originb number/reference®
305 GMC Carnation F. solani JF923745
Al9 CC Tomato Streptomyces sp. JF923746
# Putative BCAs
 Composts from which isolates were obtained. GMC grape marc compost, CC cork compost
¢ Plant rhizosphere from which isolates were isolated
4 Most probable genus/species using NCBI BLAST Tool
¢ Accession number using TEF]-o. gene and 16s rDNA sequences for isolates 305 and A19, respectively
Effects of growing media and selected isolates 05 305
on suppressiveness to tomato FW in greenhouse a2
conditions 041
b b
The onset of symptoms in CF appeared ~ ten days 031 be I
earlier than in GMC. The AUDPCs at the end of assays
indicated that the two composts had significant 0.2 4
suppressive effects on FW in comparison with CF, o
which showed the highest values of severity (Fig. 1). 0.1 4 d
This disease was suppressed most effectively in GMC, 3 ﬁ
followed by CC. % 00
No effects were observed on AUDPCs when <3( A19 2
0.4

isolates 305 and A19 were added to composts, not
improving their naturally suppressive effect (Fig. 1).
Moreover, CC inoculated with A19 obtained similar
suppressiveness to natural GMC. However, isolates
significantly reduced disease severity in CF (Fig. 1).
This severity reduction was equivalent to that
observed in naturally suppressive CC. None of the
plants grown in the three non-infested control growth
media inoculated or not with the BCAs showed signs
of weaknesses or toxicity during cultivation and none
developed symptoms of tomato FW.

Fusarium spp. population densities
at the beginning and end of assays

At the beginning of assays, 305 and A19 behaved
differently, depending on the growing media in which
they were inoculated. Only Fusarium spp. density
increased when 305 was inoculated in CC (Fig. 2). At
the end of assays, Fusarium population density
showed differences only when isolate 305 was applied
to GMC, in comparison to GMC without 305 (Fig. 2).
However, isolate 305 population was not statistically
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Fig. 1 Standardized areas under disease progress curve
(AUDPCs) for tomato plants cultured in three growing media
(GMC grape marc compost, CC cork compost, CF coir fiber)
inoculated or not with isolate 305 or Al19. All these
treatments were artificially infested with F. oxysporum f. sp.
lycopersici race 2 (FN2). Bars with the same letters were not
significantly different (P < 0.05) according to LSD test
(Fs18 = 11.10 and 14.16 and P = 0.0001 and <0.0001 for
AUDPCs in 305 and A19 respectively). Analysis of variance
was performed with arcsine (\/x) transformed data. Error bars
represent SE (n = 6)

different from pathogen in GMC 305 when both
microorganisms were scored (Table 2), and CC 305
and CF 305 growing media showed higher isolate 305
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Fig. 2 Fusarium spp. population densities at the beginning and
end of assays. Growing media were infested with F. oxysporum
f. sp. lycopersici race 2 (FN2). GMC grape marc compost, CC
cork compost, CF coir fiber; 305: inoculated with 305 isolate;
A19: inoculated with A19 isolate. Bars with the same lower-case
letter for the beginning of bioassays or upper-case letter for the

Table 2 CFU cm™> of growing medium from total Fusarium
spp., isolates 305 and FN2 at the end of assays in treatments in
which strain 305 and FN2 were inoculated

CFU cm™®  Growing media

GMC 305 CC 305 CF 305
Total 4,704 (2,385) 7,396 (1,973) 4,559 (1,043)
305 3,691 (1,872)a 6,651 (1,711)a 3,163 (1,052)a
FN2 1,006 (531)a 401 (227)b 832 (174)b

Within each column, values with different letters are
significantly different (P < 0.05) according to LSD test
(F16 =596, 742 and 49.60 and P = 0.0504, 0.0345 and
0.0004 for populations in GMC 305, CC 305 and CF 305
respectively). Analysis of variance was performed with
transformed data as In(x + 0.083). SE are indicated in
brackets (n = 6)

GMC 305 grape marc compost, CC 305 cork compost, CF 305
coir fiber, CFU colony forming units cm ™ of growing media,
Total total Fusarium spp. population density, 305 isolate 305,
FN2 Fusarium oxysporum f. sp. lycopersici race 2

population than pathogen (Table 2). However, differ-
ences in suppressiveness were only achieved in CF
305 (Fig. 1).

end of bioassays were not significantly different (P < 0.05)
according to LSD test (Fg»7 = 40.7 and 4.25 and P < 0.0001
and P = 0.0021 for Fusarium population densities at the
beginning and the end of bioassays respectively). Analysis of
variance was performed with transformed data as In(x 4 0.083).
Error bars represent SE (n = 6)

Cellulolytic population densities at the beginning
and end of assays

At the beginning of assays, cellulolytic populations
were higher than in the control in inoculated CF (CF
A19) (Fig. 3). At the end of assays, cellulolytic
population densities were higher in GMC A19 and
CF A19 than in GMC and CF, respectively. Differ-
ences in suppressiveness were only achieved in CF
A19 (Fig. 1). However, no significant differences
were observed in CC (Fig. 3).

Tomato production at the end of assays

Using the same fertirrigation in all growing media,
A19 improved total tomato production over the natural
growing medium in two situations: for CC in treat-
ments not inoculated with the pathogen and in CF in
treatments inoculated with the pathogen (Table 3).
Isolate 305 did not improve or worsen total production
in relation to natural growing media.
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Fig. 3 Cellulolytic population densities at the beginning and
end of assays. Growing media were infested with F. oxysporum
f. sp. lycopersici race 2 (FN2). GMC grape marc compost, CC
cork compost, CF coir fiber; 305 inoculated with 305 isolate;
A19 inoculated with A19 isolate. Bars with the same lower-case
letter for the beginning of bioassays or upper-case letter for the

Discussion

The rhizodeposition of plants influences the sur-
rounding soil and its microflora (Garbeva et al.
2011). Root exudates have selective and promoting
effects on specific microbial populations, which are
able to respond to chemotaxis and fast growth
responses, but only a small part of the whole soil’s
microbial diversity finally colonizes roots success-
fully (Hartman et al. 2009). If these microorganisms
are obtained from healthy rhizospheres, they can
probably collaborate in plant health, especially when
the rhizosphere has high doses of a pathogen (Zheng
et al. 2011). In this screening, we used selective
culture media for some genera that are commonly
involved in biocontrol (Bacillus, Pseudomonas,
Fusarium, Talaromyces and Trichoderma). Addi-
tional culture media were used to obtain strains of
other genera involved in suppressiveness that reflect
the suppressive microbial diversity in the BCAs
collection. After microorganism isolation, some
authors screen microorganism collections with some
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end of bioassays were not significantly different (P < 0.05)
according to LSD test (F 27 = 37.85 and 67.51 and P < 0.0001
and P < 0.0001 for cellulolytic population densities at the
beginning and the end of bioassays respectively). Analysis of
variance was performed with transformed data as In(x + 0.083).
Error bars represent SE (n = 6)

biological and biochemical proofs such as antimi-
crobial compound production, mycoparasitism detec-
tion, siderophore production, enzyme activities
related to biocontrol evaluation, etc. (Tondje et al.
2007; Roy et al. 2009; Paternoster et al. 2010;
Taurian et al. 2010). In this study the selection
criterion chosen was BCA efficacy against tomato
FW, regardless of the mechanism of action.

The composts studied were evaluated in suppres-
siveness assays as in previous studies (Borrero et al.
2004, 2005, 2006, 2009; Trillas et al. 2006; Castano
et al. 2011), in which the authors discussed whether
biocontrol mechanisms associated with natural sup-
pression of composts may be associated partially with
microbiostasis (Borrero et al. 2009). The high micro-
bial diversity of these composts may favour a com-
petitive state affecting pathogen and both isolates 305
and A19. This could explain why the application of
isolates 305 and A19 to these composts, particularly
GMC, did not lead to any significant advantage.

The highest disease suppression shown for natural
GMC was difficult to improve with addition of one
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Table 3 Total tomato production (kg) at the end of assays

Treatment FN2

- +
GMC 500.69 (41.45)a 410.90 (110.84)a
GMC 305 410.46 (20.22)a 332.14 (71.42)a

GMC A19 450.16 (56.79)a
CC 409.12 (20.83)b
CC 305 439.87 (42.36)ab
CC A19 548.53 (43.14)a
CF 446.09 (83.39)a
CF 305 522.64 (77.73)a
CF A19 610.84 (34.89)a

459.02 (81.72)a
538.95 (10.09)a
401.77 (65.67)a
424.74 (40.59)a
464.20 (67.86)b
486.49 (75.30)ab
569.10 (103.23)a

Treatments with (4) or without (—) pathogen. Different letters
in each column and for each growing medium indicate
significant differences (P < 0.05) according to LSD test
(Fo =074, 4.60, 3.29, 148, 229 and 444 and
P = 0.5060, 0.0420, 0.0844, 0.2771, 0.1576 and 0.0455 for
production in GMC, CC and CF without pathogen and GMC,
CC and CF with pathogen respectively). Analysis of variance
was performed with transformed data as In(x). SE are indicated
in brackets (n = 6)

GMC grape marc compost, CC cork compost, CF coir fiber,
305 inoculated with 305 isolate, A/9 inoculated with A19
isolate. FN2 Fusarium oxsyporum f. sp. lycopersici race 2

isolate. In this sense, the BCA Trichoderma asperel-
lum T34 reduced 30 % of carnation FW severity in a
moderately suppressive GMC formulated with peat
(1:1 v:v) (Sant et al. 2010). In the present study CC
(moderately suppressive compost) reached the same
level of suppressiveness as GMC (highly suppressive
compost) with A19. However, isolate T34 could not
improve highly suppressive compost’s efficacy (Tril-
las et al. 2006), which was similar to results of isolates
305 and A19 for highly suppressive GMC. Therefore,
this study suggests that it is difficult to improve with
any BCA tomato FW control composts with the
natural suppressiveness level of GMC.

A study by Larkin and Fravel (1998) reported that
ranges of tomato FW reduction by BCAs in tomato
plants were generally between 30-65 % and 40-66 %
in cases of suppressive bacteria and fungi, respec-
tively. Starting from 584 isolates obtained from
suppressive rhizospheres, we found two potential
BCAs, a strain of F. solani (isolate 305) and a
Streptomyces sp. (isolate A19). Tomato FW severity
was clearly reduced in CF by 305 and A19, providing
the same level of suppression as the moderately

suppressive CC. This conducive growing medium
(CF) is employed worldwide, due to its good physical
properties (Abad et al. 2002).

In agreement with this present study, the control of
FW diseases by non-pathogenic Fusarium spp. has
been demonstrated in several studies (Larkin and
Fravel 1998, 1999, 2002; Weller et al. 2002; Alabou-
vette et al. 2009; Zheng et al. 2011). However, there
are few reports on biocontrol by non-pathogenic
Fusarium spp. belonging to species other than
F. oxysporum. Two non-pathogenic F. solani (strains
CS-1 and CS-6) were shown as BCAs for F. oxyspo-
rum f. sp. lycopersici, against niveum in watermelon,
melonis in melon (Larkin and Fravel 1998) and
basilici in basil (Larkin and Fravel 1999).

The best-documented biocontrol mechanisms
between pathogenic and non-pathogenic F. oxyspo-
rum concern competition for nutrients, mainly carbon
sources, and induced systemic resistance (ISR)
(Larkin and Fravel 1999; Alabouvette et al. 2006).
Therefore, a possible competition mechanism could be
related to isolate 305 due to its higher population
density in CF at the end of the assay in comparison
with FN2. In contrast, strain CS-1 previously demon-
strated evidence of ISR as a mechanism of biocontrol
in watermelon and tomato (Larkin and Fravel 1998).
Both action mechanisms confirm previous studies, in
which two non-pathogenic F. oxysporum CS-20 and
Fo47 have different control mechanisms against FWs
(Larkin and Fravel 1998, 1999). In future studies, ISR
action of isolate 305 could be evaluated.

Other studies using strains of actinomycetes such as
BCA have been carried out with members of the genus
Streptomyces (Doumbou et al. 2002; Coombs et al.
2004; Kim and Hwang 2007; Quecine et al. 2008).
Furthermore, there are several examples using Strep-
tomyces as BCAs against many plant diseases, such as
Phytophthora root rot in alfalfa and soybean (Xia et al.
2002), FW in cucumber (Singh et al. 1999), drop
disease caused by Sclerotinia minor in lettuce
(El-Tarabily et al. 2000) and blast and sheath blight in
rice (Prabavathy et al. 2006). Indeed, other non-strepto-
myces actinomycetes have been reported as potential
BCAs (El-Tarabily and Sivasithamparam 2006).

Isolates 305 and A19 developed better in growing
media from which they were not isolated. Severity in
CC was reduced when isolate A19 was added,
although there was no significant difference with
natural CC. However, CC A19 showed similar
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suppressiveness to GMC. Possibly strain A19
(a cellulolytic actinomycete) in CC might improve
severity reduction at an effective dose, because it is the
origin of the growing medium CC, which liberates
cellulose slowly (Trillas et al. 2006). Several studies
reported the importance of dose application in relation
with the mode of action of the BCAs (Larkin and
Fravel 1998, 1999; Mandeel and Baker 1991; Ala-
bouvette et al. 20006).

Disease reduction in CF due to AI9 and 305
treatments increased total production but only A19
had significant production augment. Without pathogen
the production increase in CC could indicate a plant-
growth promoting effect. In this sense, some authors
report that actinomycetes have a growth-promoting
effect (Doumbou et al. 2002; El-Tarabily and Sivasi-
thamparam 2006).

In conclusion, in highly suppressive growing
medium (GMC), Streptomyces spp. (strain A19) and
F. solani (strain 305) introduction did not improve
suppressiveness. In moderately suppressive growing
medium (CC), only A19 improved this compost to
GMC suppressiveness level. In the conducive growing
medium (CF), that is used worldwide, both isolates
improved suppressiveness to the same level as CC.
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