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Trichoderma fungi are considered as suitable biofertilizers, since they could increase the efficiency of the use
of nutrients in plants and are used as biocontrol agents against plant pathogen. The aim of this studywas to
characterize a set of Trichoderma strains isolated from horticultural and near-pristine soils from the
Argentine Pampas, and to evaluate their potentiality as a growth promoter and as a biocontroller of
Fusarium wilt disease on tomato. Nineteen collected strains, identified as T. brevicompactum, T. gamsii
and T. harzianum, were tested for their ability to produce the auxin indole 3-acetic acid (IAA), solubilize
phosphate and biocontrol F. oxysporum. Twelve strains reduced growth of pathogenic fungus over 50%
and four of them (named FCCT 16, FCCT 58, FCCT 199-2 and FCCT 363-2) exhibited IAA highest production
(ranging 13.38–21.14 mg/ml) and were able to solubilize phosphate (ranging 215.80–288.18 mg/ml of cal-
cium phosphate). Tomato plants inoculated with those four strains increased chlorophyll content, shoot
length, fresh and dry weight of shoot and roots, and reduced F. oxysporum wilt disease between 10 and
30%. On the basis of our results, we conclude that soils of the Argentine Pampas harbor Trichoderma strains
with beneficial dual effects which could be of interest for the development of commercial products.
� 2019 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The increase of global demand for agricultural food products
over the last 50 years caused the expansion of cultivated areas
and resulted in some adverse environmental impacts. At present,
crop production involves chemical supplements to increase yield.
As an example, fertilizers based on organic nitrate (urea) having
a low assimilation, can be dissolved in water or washed from the
soil, resulting in excess of nitrogen that ends up in water places
causing eutrophication. In general, phosphorus (P) is also supplied
to favor plant growth and nutrient uptake; however more than 80%
of the P from fertilizers is not available for plant uptake (Kapri and
Tewari, 2010). Pesticides are other inputs used in agriculture,
resulting in a high cost for producers and causing serious health
problems in humans. Moreover, they can produce drastic effects
as well as the development of resistant pests (Naseby et al.,
2000). At this stage, the reduction or elimination of synthetic prod-
ucts is highly desirable and most promising strategies should be
considered. Fortunately, there are some alternatives to increase
agricultural production using the beneficial capacities of
microorganisms.

Plant growth promoting microbes (PGPM) could contribute
increasing the development of plants directly through the
improvement of nutrient availability, producing stimulating com-
pounds and releasing phytohormones (Antoun and Prévost,
2005). According to Whipps (2001) diseases caused by pathogens
can be indirectly suppressed.

Overall, new tools based on agents of biological control of dis-
eases could be promising strategies to be used alone or in combi-
nation with reduced doses of chemicals (Chet and Inbar, 1994;
Harman and Kubicek, 1998).

Trichoderma spp. are free living fungi of soil and rhizosphere,
plant symbionts and function as parasites of other fungi. They
are among the most studied and marketed fungi that are used as
biopesticide and biofertilizer soil amendments. Strains with
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potential for plant growth and health are often isolated from soils
(Harman et al., 2004; Lorito et al., 2004).

Many Trichoderma strains are capable to produce compounds as
growth regulators that cause sustainable changes in the metabo-
lism of plants. In this sense, Gravel et al. (2007) reported that T.
atroviride produced IAA-related indoles under in vitro conditions
after the addition of L-tryptophan, suggesting a possible mecha-
nism to increase fresh weight of tomato shoots and roots on
tomato. Contreras-Cornejo et al. (2009) suggested that T. virens
and T. atroviride synthesize IAA or some derivatives that increase
lateral roots in Arabidopsis plants. However, Hoyos-Carvajal et al.
(2009) reported that many strains synthesize IAA, but only a few
promote plant growth. Thus, the correlation between IAA synthesis
and growth promotion in soil-based systems is not clear yet
(Nieto-Jacobo et al., 2017).

Argentina is mainly an agro-exporting country in which horti-
cultural crop region reaches 409,321 ha with an estimated annual
yield of around 10,500,000 tons. The tomato (Solanum lycopersicum
L.) is one of the most demanded horticultural crops in our country
and its production is mainly done in greenhouses (Argerich, 2011).
In this context, the objective is to optimize the yield, the soil
resources and minimize diseases. To increase tomato production,
continuous nutrient supply and repeated chemical control of dis-
eases are usually applied. In this sense, it was found that the south
of the Pampas region had low levels of soil P (<10 ppm P-Bray I),
and in most cases, a large amount of P added as fertilizer remains
retained in the soil due to its high adsorption capacity and not
available for the growth of plants (Silva Rossi et al., 2013). There-
fore, strategies for the solubilization of P are sought.
Table 1
Origin and identification of Trichoderma isolates from South East of Buenos Aires Province

Strain Location Soil source

FCCT 16 37� 520 40.7900 S farming
57� 460 50.9200 W

FCCT 34 37� 560 40.7900 S farming
57� 440 50.9200 W

FCCT 37 37� 560 41.7900 S farming
57� 460 51.9200 W

FCCT 42 37� 560 42.7900 S farming
57� 420 50.9200 W

FCCT 45 37� 560 39.7900 S farming
57� 460 50.9200 W

FCCT 58 37� 560 40.7900 S farming
57� 460 50.9200 W

FCCT 63 37� 560 40.7900 S farming
57� 460 50.9200 W

FCCT 187-2 33� 400 13.0200 S farming
60� 410 55.8000 W

FCCT 188-3 33� 540 53.1500S farming
60� 420 23.37 W

FCCT 198-1 34� 180 6.9800 S farming
60� 440 42.4200 W

FCCT 199-2 34� 00 44.1800 S farming
60� 480 52.8200 W

FCCT 363-1 33� 390 40.2200S pristine
60� 420 23.3700 W

FCCT 363-2 33� 390 40.2200S pristine
60� 420 23.3700 W

FCCT 363-3 33� 390 40.2200S pristine
60� 420 23.3700 W

FCCT 364-2 33� 540 50.5600 S pristine
60� 380 21.2800 W

FCCT 364-4 33�54050.5600 S pristine
60� 380 21.2800 W

FCCT 1155-2 34� 380 78.1700S farming
60� 350 31.5000 W

FCCT 1155-4 37� 490 0000 .0000S pristine
58� 150 00.0000W

FCCT 1207-2 37� 490 0000 .00S farming
58� 150 00.0000W
Fungal disease is a crucial problem in intensive cultivation and
every year the crop losses are caused by fungal species such as Cla-
dosporium fulvum, Fusarium oxysporum, Alternaria dauci f. sp. solani,
Phytophthora infestans and capsici (Adlercreutz et al., 2014).
Because laws limit the use of chemicals in agriculture, farmers
are looking for other strategies for a sustainable production with
the maintenance of productivity, and beneficial microorganisms
could represent a promising alternative for the achievement of this
goal. The soils of the Argentine Pampas have a high microbial
diversity, but little has been explored in their potential as Tricho-
derma hot spots. In this context, our aim was to isolate, character-
ize and select strains of Trichoderma spp. native from this region
with potential as growth promoters and as biocontrol agents for
wilt disease caused by F. oxysporum on tomato.
2. Materials and methods

2.1. Isolation of Trichoderma strains

Trichoderma strains were isolated from horticultural and near-
pristine soils from five locations in Buenos Aires Province, in the
Pampa region, Argentina (Table 1). Nineteen geo-referenced sam-
ples (about 500 g soil, after removing the top 5 cm) were collected
on a 50-m grid to a depth of 5–20 cm, and preserved at 4 �C until
process.

Fungal strains were isolated by the serial dilution method, using
the Trichoderma Selective Medium (TSM) (Elad et al., 1981). Puta-
tive colonies were purified by two rounds of subculturing on
, Argentina.

Closest species match Accession number

Trichoderma harzianum KY381958

Trichoderma harzianum KY381962

Trichoderma harzianum KY381966

Trichoderma harzianum KY381967

Trichoderma harzianum KY381968

Trichoderma harzianum KY381969

Trichoderma harzianum KY381970

Trichoderma gamsii MH734514

Trichoderma brevicompactum KY381960

Trichoderma brevicompactum MH734373

Trichoderma harzianum KY381961

Trichoderma harzianum KY381963

Trichoderma harzianum KF518931

Trichoderma harzianum KY381964

Trichoderma harzianum KY381965

Trichoderma harzianum KC403946

Trichoderma harzianum KC403945

Trichoderma harzianum KY381955

Trichoderma brevicompactum DQ080074
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potato dextrose agar (PDA) and identified according to Samuels
et al. (2013).

2.2. Determination of Trichoderma species

For each isolate, 100 mg of mycelium were harvested from axe-
nic cultures. Genomic DNA was extracted according to Raeder and
Broda (1985). PCR amplification of internal transcribed spacers
(ITS) of the ribosomal DNA (rDNA) was performed in a BIOER ther-
mocycler (Technology Co.) using the universal primers ITS1 (50-T
CCGTAGGTGAACCTGCGG-30) and ITS4 (50-TCCTCCGCTTATTGA
TATGC-30) (White et al., 1990). A total of 25 lL reaction mix was
carried out containing 10–20 ng of DNA, buffer 1� (Promega),
1 mM of MgCl2, 0.15 mM of each dNTPs, 5 mM of each primer,
and 1 unit of Go Taq polymerase (Promega). PCR conditions
involved an initial step at 94 �C (2.5 min), followed by 35 cycles
at 94 �C (15 s), 48 �C (1 min), and 72 �C (90 s). A final extension
step was included at 72 �C for 10 min. Amplicons were separated
by gel electrophoresis in 1.5% w/v agarose supplemented with Gel-
RedTM (Biotium), then purified and sequenced using ITS4 primer
(Macrogen Inc.). All sequences were deposited in GenBank under
the accession number listed on Table 1.

2.3. In vitro dual confrontation assays

All Trichoderma strains were screened for their ability to inhibit
a virulent strain of F. oxysporum (INBIOTEC Culture Collection) by
using a dual culture method (Upadhyay and Rai, 1987). Assays
were performed on PDA Petri dish by inoculating a block of
5 mm of fresh mycelium of the pathogen; after 48 h, one piece of
each Trichoderma isolate was transferred in the same plate sepa-
rated 3 cm, and observed periodically during 7 days. The percent-
age of ratio inhibition (RI) was calculated according to Grondona
et al. (1997) and the value was the mean of three replicates.

2.4. Chemical quantification of indole 3-acetic acid

In vitro production of IAA for each strain was determined as an
indicator of plant growth promotion through Salkowski test
(Gordon and Weber, 1951). A standard T. harzianum strain (TH)
from our laboratory was used as positive control. Previously, a
standard curve was made from 1 to 100 mg/ml of IAA. Measured
values for each strain were deduced from Linear Regression
(R2 = 0.998, p < 0.0001).

Erlenmeyer flasks containing 50 ml of Tryptic Soy Broth (TSB)
were inoculated with 1 � 107 conidia/ml and incubated for a week
at room temperature and continue stirring at 100 rpm. Then, cul-
tures were centrifuged at 10,000 rpm for 10 min and the super-
natant was collected. One ml of the filtrate was mixed with 2 ml
of Salkowski reagent at 28 ± 2 �C for 30 min and the quantification
was assessed by absorbance in a spectrophotometer at 530 nm.

2.5. Phosphorus solubilizing screening

The four strains (named FCCT 16, FCCT 58, FCCT 199-2 and FCCT
363-2) that produced the highest IAA, and the TH standard isolate
were subjected to an in vitro screening for their capacity to solubi-
lize phosphate. Quantitative estimation of soluble P was carried
out by the colorimetric method of blue acetic acid (Bray and
Kurtz, 1945). Previously, a calibration curve of KH2PO4 was per-
formed from a stock solution of 20 mg/l. Values for the different
strains were deduced from Linear Regression (R2 = 0.988
p < 0.0001).

Erlenmeyer flasks (100 ml) containing 45 ml of National Botan-
ical Research Institute Phosphate (NBRIP) growth medium (Mehta
and Nautiyal, 2001) were inoculated with 1 � 107 conidia/ml and
incubated at 28 ± 2 �C in an orbital shaker at 120 rpm for 5 d. Then,
an aliquot of 2.5 ml from each culture flask was centrifuged
(5000 rpm for 10 min). Supernatant was diluted 1:100 and 2.5 ml
sample was incubated for 20 min with 0.4 ml of the colorimetric
reagent. Absorbance was measured at 880 nm for quantification
of orthophosphate ions.
2.6. Growth chamber trials

The four Trichoderma strains selected for the high IAA produc-
tion and ability to solubilize tri-calcium phosphate were screened
for their growth promotion and biocontrol ability. Firstly, tomato
seeds (Solanum lycopersicum var. platense), were coated with each
Trichoderma strains; secondly, Trichoderma treated seeds were
inoculated with F. oxysporum. Appropriate controls and treatment
were carried out in triplicate. Plastic pots were filled with 1 kg of
substrate, composed by a mixture of an agricultural soil from Bal-
carce, Buenos Aires Province, Argentina: This soil was composed of
organic matter 1% w/v, 6.2 ppm of available P and pH 7.1, and per-
lite and sand were added in volume proportion 2:1:1. Before inoc-
ulation, seeds were surface sterilized with 0.1% sodium
hypochlorite and peeled with about 1 � 105 conidia/ml of each
selected strain as described by Cordo et al. (2007). Three pre-
germinated seeds (48 h on humid Whatman paper) were put in
each pot and plants were maintained in a growth chamber
(25 ± 2 �C, 16:8 h light/dark, and watered regularly).
2.6.1. Plant growth promotion assays
Plants inoculated with the FCCT 16, FCCT 58, FCCT 199-2 and

FCCT 363-2 strains and non-inoculated (controls) were grown dur-
ing 45 days. At harvest, the relative amount of chlorophyll on
leaves was measured by using the SPAD-502PLUS chlorophyll
meter (Konica Minolta). Leaf area (Meter Area Elli-3100, LI-COR),
stem length, fresh weight and dry matter from shoots and roots
were recorded. Dry matter was measured after desiccation in an
oven at 65 �C during 72 h.
2.6.2. Pathogenicity assays
A four week plant foliage coming from pelletized seeds with

FCCT 16, FCCT 58, FCCT 199-2 and FCCT 363-2 strains, was inocu-
lated with F. oxysporum by spraying the above ground parts with a
suspension of 20 ml of 1.14 � 105 macroconidia/ml in water, con-
taining 0.1% Tween 20. Inoculated and control plants (inoculated
with the pathogen but not with Trichoderma) were separately cov-
ered with polyethylene for 24 h and maintained at 26 ± 2 �C. Dis-
ease incidence was recorded 14 days after inoculation and
calculated as the proportion of leaves displaying disease symp-
toms/ total number of leaves per plant.
2.7. Statistical analysis

For dual confrontation assays, tomato plant growth promotion
and pathogenicity experiments completely randomized block
designs with three replicates were conducted. The experimental
data were statistically analyzed by one way analysis of variance
(ANOVA). Means and standard deviations were calculated and sta-
tistically examined using an analysis of variance and Tukey’s mul-
tiple range test at p < 0. For graphics, a GraphPad Prism 5.0 was
used.

For IAA analysis and soluble phosphorus quantification a stan-
dard Linear Regression Analysis (R Core Team, 2012) was per-
formed for the estimation of values from data set.



Table 2
Quantification of Indole 3-acetic acid (IAA) on Tryptic Soy Broth (TSB) and soluble
phosphorus on National Botanical Research Institute Phosphate (NBRIP) growth
medium after 5 days of inoculation with 1 � 107 conidia/ ml of Trichoderma strains.
Data are mean of three replicates ± SD. TH control = standard T. harzianum.

Strain IAA (mg/ml�1) Soluble P (mg/ml�1)

TH control 11.10 ± 0.030 186.00 ± 0.020
FCCT 16 15.98 ± 0.003 262.46 ± 0.016
FCCT 58 13.38 ± 0.001 250.50 ± 0.001
FCCT 199-2 17.07 ± 0.008 215.80 ± 0.014
FCCT 363-2 21.14 ± 0.003 288.18 ± 0.001
control 7.80 ± 0.006 32.17 ± 0.001
(without inoculum)
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3. Results

3.1. Identification of Trichoderma strains from soil samples

Nineteen monoconidial Trichoderma strains were obtained from
soils located in the southeast of Buenos Aires Province; thirteen of
them were from rhizosphere under agricultural management and
six from near pristine soil. According to their morphology and
ITS sequence analysis, three strains were confirmed as T. brevicom-
pactum, one as T. gamsii and fifteen as T. harzianum (Table 1).

3.2. Dual confrontation assays between Trichoderma and F.
oxysporum

All Trichoderma strains showed in vitro antagonistic effect
against F. oxysporum and evidenced inhibition of the pathogeńs
growth in the range of 20–100%; in addition, twelve strains inhib-
ited mycelial growth of F. oxysporum by more than 50%. The high-
est biocontrol effect was obtained for FCCT 42, which showed a
100% of biocontrol efficiency. Strains FCCT 58, FCCT 63, FCCT
187-2 and FCCT363-2 reduced the pathogeńs growth by more than
90% (Fig. 1).

In the intermingling zone between the pathogen and each iso-
late, the plasmolysis of pathogen hyphae or coiling by Trichoderma
was evidenced.

3.3. Auxin production by Trichoderma strains

All tested strains showed in vitro ability to produce IAA that ran-
ged from 7.19 lg/ml to 21.14 lg/ml (within a calibration curve
with R2 = 0.9668, data not shown). Strains FCCT 16, FCCT 58, FCCT
199-2 and FCCT 363-2 yielded the highest IAA levels (Table 2) and
were selected for the following studies.

3.4. Quantification of soluble phosphorus

The four selected strains previously mentioned showed a very
good mycelia growth in NBRIP broth, with simultaneous disap-
pearance of tri-calcium phosphate within 120 h after inoculation.
Soluble phosphorus concentration of culture filtrates was between
215.80 and 288.18 mg/ml, which was about six times higher than
that determined in the non-inoculated culture and greater than
the positive control tested (Table 2).
Fig. 1. Inhibition effects of Trichoderma strains over Fusarium oxysporum in dual assay a
differences between treatments according to Tukeýs Test (P � 0.05).
3.5. Effects of Trichoderma on plant growth and pathogenicity

3.5.1. Influence of Trichoderma on the promotion of tomato plant
growth

Tomato plants inoculated with FCCT 16, FCCT 58, FCCT 199-2
and FCCT 363-2 strains increased plant growth (Fig. 2). SPAD units
(indirect chlorophyll content indicator) were higher in plants inoc-
ulated with FCCT 58 and FCCT 199-2, being the last strain men-
tioned which showed the highest leaf area. Although the
remaining strains also increased the leaf area and the SPAD read-
ing, no significant differences were detected in comparison with
the controls (Table 3).

The inoculation of tomato increased shoot length in the range of
22.7–42.1% (for FCCT 199-2 and FCCT 16 treatments, respectively)
and no differences among treated plants were detected (Table 3).
All inoculated plants showed an increase in the fresh shoot weight
(higher than 220% in comparison with the control), and FCCT 16
inoculated plants showed the highest growth. A similar trend
was found for the dry weight of the shoot, with a range of
53.91–135.6% (Table 3).

The inoculation of tomato plants with FCCT 16 and FCCT 199-2
strains increased fresh root weight significantly and FCCT 16 inoc-
ulated plants showed the highest percentage in root growth. It is
further noted that all the inoculated plants showed greater prolif-
eration of lateral roots in comparison with the control plants
(Fig. 2).

3.5.2. Effect of Trichoderma on plants inoculated with F. oxysporum
After 15 days of inoculation with the pathogen, the oldest

leaves of the control tomato plants showed the typical symptoms
fter seven days. Mean averages (n = 3). Different letters on bars indicate statistical



Fig. 2. In vivo plant growth promotion assay of tomato plants (Solanum lycopersicum L. var platense). Shoot and their respective root after 45 days post inoculation of seed
with strains FCCT 16 (a) FCCT 58, (b) FCCT 199-2 (c), FCCT 363-2 (d). On left control plants, inoculated on right.
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of chlorosis in the main and secondary petioles, as well as the pro-
gression of propagation throughout the plant. In contrast, plants
obtained from seeds coated with each of the Trichoderma strains,
showed a reduction of leaf disease between 10 and 30% (Fig. 3),
although tomato plants inoculated with FCCT 363–2 displayed
the best performance.
4. Discussion

The Trichoderma genus comprises a large number of soil borne
filamentous fungi that are widely used as inoculants for their
health benefits to plants, such as conferring better growth, disease
resistance or tolerance to abiotic stress for their hosts.

In Argentina, as in the rest of the world, there is a growing inter-
est in developing commercial products based on Trichoderma to be
used as amendment and biocontrol agents. However, the study of
native strains is still poorly investigated, so the selection of strains
could be carefully targeted to improve their potential under field
conditions. The beneficial effects of bioinoculants could also
depend on the ability of preserving indigenous fungi from invasive
microorganisms, in order to keep the native microbial composition
finding new strains adapted to local agroecological conditions.

Although the use of chemical pesticides is common in the man-
agement of tomato crops and may alter the recovery of fungi from
the soil, some Trichoderma species are more tolerant to chemicals
than others (Nowara and Radwan, 2017). In this study T. brevicom-
pactum, T. gamsii and T. harzianum were isolated from agricultural
soils, usually treated with fungicides, and also from pristine soils.
All strains were able to sporulate, and abundant chlamydospores
were found which have a potential role as inoculum (Chet,
1987). Nineteen T. harzianum strains were identified and all of
them showed inhibition of F. oxysporum growth between 20 and
100%, but four of them FCCT 16, FCCT 42, FCCT 58 and FCCT 363-
2, were highlighted because showed values up to 80% (Fig. 1). In
agreement with other studies, T. harzianum is reported to be the
most aggressive specie against pathogens, suggesting its high
potential as an effective agent of biocontrol (Siddiquee et al., 2009).

The production of plant regulators by microorganisms is an
important mechanism often associated with growth stimulation,
since it is probably a way in which Trichoderma improves the
development of plants. The molecular basis that underlies this sub-
ject is still unclear. In this sense, our results are being in agreement
with studies where Trichoderma species were reported as produc-
ers of IAA being part of their metabolism (Contreras-Cornejo
et al., 2009, 2011). We determined that all Trichoderma strains pro-
duced IAA (data not shown) and interestingly, four of them showed
to be the highest IAA producers (between 13.24 lg/ml and 24.3 lg/
ml) (Table 2). The biosynthetic pathways of this phytohormone in
microbes and plants are highly similar and either tryptophan
(Trp)-dependent or Trp-independent pathways were detected.
The production of IAA is in general increased several times by
the addition of tryptophan or its derivatives in the culture medium.
From our results, we highlighted that even without the addition of
indole derivative compounds, we measured quantities of IAA as
high as reported values, when 200 mg/ml of tryptophan was
amended (Gravel et al., 2007). Moreover, it is remarkable that
the strains that were higher producers of the phytohormone were
also good biocontrollers of F. oxysporum, as confirmed in both
in vitro and in vivo assays (Figs. 1 and 3).

Phosphorus is an essential nutrient required for plants, and its
bioavailability is associated with increases in plant growth
(Richardson, 2001). In our study, the in vitro disappearance of tri-
calcium phosphate could indicate a good potential of the strains
to solubilize the inorganic bound phosphate. The four selected
strains as higher IAA producers (FCCT 16, FCCT 58, FCCT 199-2



Fig. 3. Disease evaluation as percentage of healthy leaves on tomato plants treated
with strains FCCT 16, FCCT 58, FCCT 199-2, FCCT 363-2 after 15 days of inoculation
with Fusarium oxysporum. Mean averages (n = 3). Different letters on bars indicates
statistical differences between treatments after Tuckeýs Test (P � 0.05).
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ýs

te
st

(p
�

0.
05

).

872 A.N. Bader et al. / Journal of King Saud University – Science 32 (2020) 867–873
and FCCT 363-2), showed this ability in liquid culture reaching
215.8–288 mg/ml of soluble phosphorus (Table 2); comparable to
that of other studies carried out by Kapri and Tewari (2010). We
demonstrate the sequestration of tri-calcium phosphate by Tricho-
derma and hypothesize that an available form of the nutrient could
be present in close proximity to the roots. Probably, this ability to
make available insoluble nutrients could have been supported by
the production of different organic acids and phosphatase enzymes
secreted by the fungus (Gravel et al., 2007). This indicates an addi-
tional key property to select more efficient strains. We found that
the four Trichoderma strains that effectively produced IAA and
were able to solubilize inorganic phosphorus also contributed to
improve tomato plant growth after inoculation (Table 3). In plant
assays, each strain increased the potential capacity for photosyn-
thesis, since the inoculated plants showed SPAD readings of
approximately 10.2–52.4% and the leaf area between 1.4 and 2.3
times over the control. These data could indicate a more efficient
photosynthesis. All the inoculated plants showed growth promo-
tion on shoots and roots and, surprisingly, the most outstanding
effect was found in the dry weight of the roots (between 133 and
400%). We found changes in root development as a modification
of root architecture, probably increasing the area suitable for the
microbial colonization that extends the root system for nutrient
uptake (Berg, 2009; Contreras-Cornejo et al., 2009). As previously
reported, Trichoderma interferes with plant development, dis-
turbing their auxin balance. So, based on our results, we could sug-
gest that there is a link between IAA secreted by the fungus and
growth of tomato plants.

Trichoderma interacts with other rhizosphere microbes influ-
encing the protection against diseases, plant growth and yield. It
is reported that some species are able to produce several plant
defenses eliciting microbe associated molecular patterns (MAMPs)
such as xylanases, swollenins, peptaibols and low molecular
weight compounds (Druzinhina et al., 2011; Zeilinger et al.,
2016). There is a special interest in those compounds with antibi-
otic activity, since they are more possibly effective in biological
control. We found that the Trichoderma selected strains were able
to reduce the F. oxysporum disease symptoms on tomato plants
between 10 and 30% (Fig. 3). Probably, a priming effect could be
exerted by the fungus associated with the root system. It is
reported that in primed plants, defense responses are not directly
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activated, but are enhanced upon pathogens or insects, resulting in
faster and stronger resistance reaction (VanWees et al., 2008). Suc-
cessfully, the benefits of priming have emerged as a promising
strategy in disease management (Beckers and Conrath, 2007).

In summary, our results suggest that the Trichoderma strains
from the Argentine Pampas stimulate the growth of tomato plants
through the production of phytohormones, increasing the leaf area
and probably photosynthesis and the uptake of phosphorus. As a
result, a more vigorous plant could show a priming effect capable
to favor the biocontrol against F. oxysporum. Although we consider
that further experiments should be carried out to evaluate the
effects of Trichoderma on adult plants and fruit yield, both the FCCT
16 strain and the FCCT 363-2 strain can be highly recommended
for their properties. These can be properly formulated and applied
in a sustainable tomato production.
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