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ABSTRACT
Disease caused by Rhizoctonia solani Kühn infestations has become a growing problem for commercially important 
crops. Although this fungus is usually controlled through the application of chemicals, the heavy ecological and 
fi nancial toll of the latter has prompted for research on biopesticides as a viable alternative. Trichoderma spp. is 
a well-known fungus often used for the biological control of crop pests, whose anti-fungal mechanisms include 
competition for the substrate, antibiosis and/or mycoparasitism. In the present work, we have used molecular tech-
niques (sequencing of amplicons from the internal transcribed spacer of ribosomal DNA and the EF1A translation 
elongation factor) for the taxonomic identifi cation of 13 Trichoderma spp. isolates in our collection, also evaluating 
their antibiotic effect on strains from three anastomosis groups of R. solani (AG-2.1, AG-5, AG-8) by the cellophane 
method. The sequences obtained from all isolates exhibited 100 % identity with deposited T. asperellum Samuels 
sequences in TrichoBLAST/GenBank, enabling their taxonomic assignment to this species. When analyzed by in vitro 
tests, over 70 % of the isolates exhibited a fungistatic effect towards R. solani, with the remaining strains exhibiting 
fungicidal activity; these results were later corroborated by technical effi cacy tests under fi eld conditions. Isolates 
3, 13, 17, 75, 78, 85 and 90 were selected as potential biocontrol agents due to their high antibiotic activity and 
technical effi cacy under fi eld conditions.
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RESUMEN
Identifi cación molecular y evaluación patogénica de trece aislamientos de Trichoderma spp. frente a 
Rhizoctonia solani Kühn. La incidencia de las enfermedades causadas por Rhizoctonia solani Kühn en las plantas 
aumenta cada año. Su control es fundamentalmente con productos químicos, en su mayoría muy tóxicos. Por tal 
razón, se investigan alternativas bioplaguicidas. Trichoderma spp. es uno de los hongos más utilizados para el control 
biológico de plagas, por sus propiedades y mecanismos de acción: competencia por el sustrato, antibiosis y micopara-
sitismo. Este trabajo tuvo como objetivos la identifi  cación molecular y evaluación patogénica de 13 aislamientos del 
género Trichoderma frente a aislamientos de R. solani. Se evaluó su efecto antibiótico sobre aislamientos de 3 grupos 
de anastomosis de R. solani (AG-2.1, AG-5, AG-8) por el método de celofán. La identifi cación molecular partió de 
la secuenciación del espaciador interno del transcrito de la región del ADN ribosomal y del factor de elongación de 
la traducción EF1A. Más del 70 % de los aislamientos evaluados ejerció un efecto fungistático; mientras que el resto 
actuó como fungicida. La evaluación de la efi cacia técnica en condiciones de campo corroboró estos resultados. A 
partir de la secuenciación y comparación de los datos de las secuencias depositadas en TrichoBLAST/GenBank, se 
comprobó que todos los aislamientos tenían el 100 % de identidad con la especie Trichoderma asperellum Samuels. 
Se seleccionaron los aislamientos 3, 13, 17, 75, 78, 85 y 90 como promisorios agentes de control biológico, por su 
alto potencial antibiótico y efi cacia técnica en condiciones de campo. 

Palabras clave: Trichoderma asperellum, Rhizoctonia solani, espaciador interno del transcrito, factores de elon-
gación transcripcional, efecto fungicida, efecto fungistático

Introduction
Plant pathogens and their antagonist species exist in 
the context of a complex web of ecological interac-
tions. Fungi such as Trichoderma harzianum Rifai, T. 
auroviride Rifai and T. asperellum Samuels, for in-
stance, have been shown to play an important regula-
tory role [1], counteracting a number of fungal plant 
pathogens through antibiosis, mycoparasitism or 

simply competing for their substrate. Not surprisingly, 
Trichoderma has long been a subject of study for its 
potential application in the fi eld of biological control 
of phytopathogens [2-4]. Trichoderma, a member of 
the Hypocrea family, is responsible for the formation 
of a considerable part of soil biomass [5], participates 
in mutualistic associations with plant roots which 

Hjeljord L, Tronsmo A. Trichoderma 1. 
and Gliocladium in biological control: 
An overview. In: Harman GE, Kubicek CP, 
editors. Trichoderma and Gliocladium. 
Vol. 2. Enzymes, Biological Control and 
Commercial Applications. London: Taylor 
and Francis Ltd.; 1998. p. 131-51.

R
E
SE

A
R
C
H



Danay Infante et al. Identifi cation and evaluation of Trichoderma spp. strains

24 Biotecnología Aplicada 2013; Vol.30, No.1

increase considerably their nutrient uptake capabili-
ties [6], and induces systemic resistance in their hosts 
to a number of phytopathogens [7-10].

According to Samuels [11] and the Crop Protection 
Compendium [12], the teleomorphs of some Tricho-
derma species are typical of the Hypocrea genus (such 
as Ascomycetes and Hypocreales). Rifai [13] used 
morphological traits (conidiophore branching patterns 
and conidial shape) to provide a fi rst approximation 
to the diversity and structure of Trichoderma spp., 
describing nine species (T. hamatum (Bon.) Bain, 
T. viride Pers. ex S. F. Gray, T. aureoviride, T. har-
zianum, T. koningii Rifai, T. pseudokoningii Rifai, T. 
longibrachiatum Rifai, T. polysporum (Link ex Pers) 
Rifai and T. piluliferum Webster & Rifai) as an aggre-
gate species and pointing out that T. hamatum might 
be formed by two or more morphological distinct spe-
cies. To compound matters, these species are in con-
stant variation, and it has therefore been impossible 
to provide an accurate description of their character-
istics, even with molecular methods [14]. Bissett et 
al. [15-17] later described the Longibrachiatum genus 
section, grouping T. viride, T. koningii, T. pseudokon-
ingii, T. longibrachiatum, T. citrinoviride Bissett and 
T. atroviride Bissett together.

The research of Samuels et al. [18, 19] on the 
Hypocrea schweinitzii Samuels and Trichoderma 
sect. Longibrachiatum complex provided new data 
regarding the taxonomy of hitherto unknown species 
of the genus. Samuels et al. [19] and Lieckfeldt et al. 
[20] examined T. viride, a species initially defi ned 
solely by the presence of conidial warts, concluding 
that there were two morphologically distinct types (I 
and II) with differences in mitochondrial DNA. Later 
morphological, physiological and molecular studies 
established that morphological type I corresponded to 
the actual T. viride species (anamorph of Hypocrea), 
whereas type II actually corresponded to a new spe-
cies of T. asperellum, characterized molecularly and 
close to the T. hamatum neotype. 

Several T. asperellum isolates are currently used 
as biopesticides for the control of pathogenic fungi in 
economically important crops, both under greenhouse 
and open fi eld conditions. Their mycoparasitic effect 
is highly specifi c for Rhizoctonia solani and Sclero-
tium spp., and is based on the production of high lev-
els of chitinolytic enzymes [1, 9, 18, 21]. The Plant 
Mycology Laboratory of the National Center for Agri-
cultural Health (Censa, Cuba) has put together a strain 
collection conserving over 80 Trichoderma spp. iso-
lates, among which there is a promising group of in-
digenous isolates with morphocultural and pathogenic 
traits distinct from those of T. harzianum strains A 34, 
A 53 and Ts-3, currently employed for the production 
of biopesticides. The present work, therefore, centers 
on the molecular characterization of 13 of these iso-
lates of the Trichoderma genus and the evaluation of 
their pathogenicity towards isolates of R. solani.

Materials and methods

Trichoderma spp. isolates
This study used 14 samples of T. atroviride 
(IMI206040) as reference strain for molecular tests, 
and isolates T.1, T.3, T.12, T.13, T.17, T.25, T.28, T.56, 

T.75, T.78, T.79, T.85 and T.90 from the Plant Mycol-
ogy Laboratory of Censa, Cuba.

Rhizoctonia isolates
This study used isolates from three anastomosis 
groups of R. solani (AG-2.1, AG-5, AG-8), provided 
by the National Genomics Laboratory for Biodiver-
sity (Langebio) of the Center for Advanced Research 
and Studies (Cinvestav) of the National Polytechnic 
Institute (IPN), México.

Culture conditions
The Trichoderma spp. and R. solani isolates were 
seeded on potato-dextrose agar medium (APD, Difco) 
in 90 mm Petri dishes and incubated on total darkness 
at 28 ± 2 °C and 25 ± 2 °C, respectively. When fungal 
growth covered almost the entire surface of the plate, 
6 mm disc samples were taken from the periphery of 
the colonies for further experimentation.

In vitro antibiotic effect of Trichoderma spp. 
isolates towards isolates from three 
anastomosis groups of R. solani
Samples of Trichoderma spp. (excepting T. atroviri-
de, IMI206040) were seeded on 90 mm Petri dishes 
with PDA medium (Difco) covered with a cellophane 
membrane [22] by placing the individual mycelial 
discs on the center of the plate (non-inoculated con-
trols were also set up), incubating the plates for 36 h 
at 28 ± 2 °C in absolute darkness until fungal growth 
reached ¾ of plate diameter. At this point the cello-
phane membrane was retired, and the plates were then 
inoculated separately with isolates from the different 
R. solani anastomosis groups and incubated under the 
conditions described above for this phytopathogen. 
Three replicates were used per isolate, applying a ran-
dom design. Radial fungal growth was measured at 
24, 48 and 72 h post-inoculation, using the inhibition 
of radial growth (ICR) as response variable:

ICR (%) =
(R1 - R2) × 100

R1

where:
R1: radial growth of the R. solani sample in the 

control plate without Trichoderma sp. (mm); 
R2: radial growth of the R. solani test sample 

(mm).

Extraction and purifi cation of genomic DNA 
A cellophane-covered PDA (Difco) plate was inocu-
lated by placing one disc of the relevant Trichoderma 
spp. isolate in the center of the dish, incubating the 
culture for 3 days at 28 ± 2 °C. The mycelium was 
then collected into aluminum foil with the help of a 
spatula and stored at -20 °C. Genomic DNA was ex-
tracted by the urea-phenol-chloroform method stan-
dardized at Langebio, Mexico. Namely, 600 μL of 
extraction buffer (42.04 % urea, 0.3 M NaCl, 0.02 M
EDTA, 0.05 M Tris-HCl, pH 8) were added to 100 ng
of mycelium, homogenizing the resulting mixture 
and incubating it for 30 min. at room temperature. 
Then, 300 μL of phenol-chloroform (25:25 v/v) were 
added and the mixture was homogenized for 10 min 
by vortexing, and centrifuged afterwards for 15 min at 
10 000 rpm in a microcentrifuge. The supernatant was 
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collected and the extraction with phenol-chloroform 
was repeated as described above. Two-hundred mi-
croliters of isopropanol were added to the resulting 
supernatant, mixed and incubated overnight at -20 °C, 
collecting the precipitated DNA by centrifugation for 
5 min at 10 000 rpm. The pellet was rinsed with 200 μL
of 70 % EtOH and resuspended into 40-60 μL of ster-
ile distilled water. The quality of the purifi ed DNA 
samples was checked by electrophoresis in 1.5 % aga-
rose gels using TAE 1× as running buffer, for 45 min 
at 100 V.

Amplifi cation by Polymerase Chain Reaction 
of the internal spacer of rDNA and elongation 
factor
In order to amplify fragments of the internal tran-
scribed spacer of 5.8 S rDNA (ITS1 and ITS2), DNA 
samples were subjected to amplifi cation by PCR in a 
total volume of 50 μL containing 1× magnesium-free 
PCR buffer, MgCl2 1.5 mM; dNTP 0.4 mM; 2.5 U of 
recombinant Taq DNA polymerase; 100 ng of total ge-
nomic DNA and 0.2 μM of each primer. Two primer 
pairs were used to amplify the target: either ITS1 (5` 
TCC GTA GGT GAA CCT GCG G 3`) and ITS2 (5` 
GCT GCG TTC TTC ATC GAT GC 3`) or ITS3 (5` 
GCA TCG ATG AAG AAC GCA GC 3`) and ITS4 (5` 
TCC TCC GCT TAT TGA TAT GC 3`) [23].

A 0.4 kb fragment from the gene coding for transla-
tional elongation factor (Tef) eEFa1, containing three 
introns, was also amplifi ed as described above but in 
a volume of 25 μL and using primers tef 1a fw (5´ 
CTA CGA GAA GTT CGA GAA GG 3´) and tef 1a 
rev (5´ TAC TTG AAG GAA CCC TTA CC 3´) [23], 
each at 0.2 μM.

The amplifi cation reactions were performed in an 
API thermal cycler (Applied Biosystems, USA), using 
an initial denaturation step of 94 °C for 3 min, fol-
lowed by 30 cycles of a 40 s denaturation step at 94 °C,
a 40 s annealing step at 50 °C and a 90 s extension step 
at 72 °C, followed by a single fi nal extension step of 
7 min at 72 °C (Tef reactions used instead an anneal-
ing temperature of 56 °C). Five-microliter samples of 
each reaction were analyzed by electrophoresis in 1 %
agarose gels using TAE 1× (Tris base 4.84 g, acetic 
acid 1.142 g, Na2 ∙ EDTA 2 H2O 0.74 g) as running 
buffer at 100 V for 15-20 min followed by visualiza-
tion in a gel documentation workstation. The size of 
the resulting amplicons was estimated by comparison 
to the relative migration of a 100 bp DNA sizing ladder
(Invitrogen, USA).

DNA sequencing
A spin column was used to purify 25 μL of each PCR 
amplifi cation reaction, which were then sent to the 
core sequencing facilities of Langebio (Cinvestav, 
México). The isolates were identifi ed by compar-
ing the resulting sequences against those of Tricho-
BLAST/ GenBank [24].

Effi cacy of the action of T. asperellum isolates 
on R. solani under fi eld conditions
Fungal inocula were obtained by seeding pure iso-
lates of T. asperellum (excepting isolate T.56) and R. 
solani into malt-agar and PDA plates, respectively 
(National Center for Biopreparations, Biocen, Cuba), 

which were then incubated at 28 ± 2 °C and 25 ± 2 °C 
respectively under total darkness until fungal growth 
covered the entire surface of the plate. The experiment 
was performed on parcels of pH 5.4 red ferrallitic soil, 
set aside for over 2 years, without weeds, kept moist 
throughout the experiment. Parcels with an area of 
1 m2 were demarcated, spaced 50 cm apart, and four 
spots were marked on each one. Then, 50 mL of a sus-
pension containing 104 sclerotia/mL of the pathogenic 
microorganism to be tested were poured on each of 
the four marked spots of each parcel. After 21 days, 
each of these spots was then inoculated with 50 mL of 
a suspension of the corresponding Trichoderma spp. 
isolate at 107 conidia/mL. One-kilogram soil samples 
from each spot were then taken after 15 days and pro-
cessed independently. After homogenizing and sieving 
the samples, 1 g portions were subjected to serial 10-3 
dilutions, inoculating 10 μL of each dilution uniformly 
into PDA plates (Biocen, Cuba) that were then incu-
bated at 28 ± 2 °C under total darkness. Five replicates 
were set up per treatment, including a control inocu-
lated solely with the pathogen. After 72 h, the number 
of R. solani colonies per plate and per gram of soil 
was estimated, calculating treatment effi cacy for each 
Trichoderma spp. isolate with Abbott’s formula [25].

Results and discussion

In vitro antibiotic effect of thirteen 
Trichoderma spp. isolates against isolates 
from three anastomosis groups of R. solani
The metabolites excreted by 11 of the studied Tricho-
derma spp. isolates inhibited growth of the Rhizoc-
tonia isolate from anastomosis group AG-2.1 by 60 
to 80 %, in contrast with the remaining two isolates 
(T.75 and T.90), which were fungicidal (Figure 1). 
All Trichoderma spp. isolates inhibited growth of the 
R. solani isolate from anastomosis group AG-5 (one 
of the most aggressive rice phytopathogens) by 50 
to 90 %, but none were fungicidal. In the case of the 
Rhizoctonia isolate from anastomosis group AG-8, 
the metabolites from Trichoderma isolates T.3, T.12, 
T.17, T.28, T.56, T.75 T.78 and T.79 were fungicidal, 
and the remaining isolates inhibited growth of the 
pathogen by 70 to 80 %. These activities are mediated 
by the secretion of volatile and non-volatile second-
ary metabolites by many Trichoderma spp. strains, 
which diffuse out and inhibit the growth of other mi-
croorganisms, exhibiting therefore a fungistatic effect 
(these compounds are commonly considered as ‘anti-
biotics’) that does not require direct contact [1].

A B C

Figure 1. Effect of the metabolites from Trichoderma spp. isolates against R. solani from anastomosis 
group AG-2.1. A) AG 2.1 control sample. B) Fungicidal effect of isolate T.75. C) Fungistatic effect of 
isolate T.78.
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Küçük and Kivanç [26] previously obtained similar 
results with the cellophane method. In their case, the 
growth inhibition of Gibberella zeae (Schwein) Petch 
was larger than 60 %, and the metabolites from iso-
lates Tm4 and Tm9 inhibited the growth of Aspergil-
lus ustus (Bain) Thom & Church by 50 %. Similar re-
sults were reported for isolates Tm7 and Tm10 against 
T. harzianum. 

On the other hand, Infante [27] as well as Martínez 
et al. [28] produced growth inhibitions larger than 50 %
for R. solani when using the dual culture method with 
two isolates of Trichoderma spp. It should be noticed, 
however, that Trichoderma spp. can excrete in both 
cases (dual culture and cellophane) volatile and non-
volatile metabolites inhibiting the growth of patho-
genic microorganisms without requiring direct con-
tact, and therefore the choice of experimental method 
solely depends on the experimental objectives. The 
dual culture method has received intensive use, as it 
can detect, in addition to antibiosis (whether estimated 
by the scale of Bell et al. [29] or by the action of vola-
tile and non-volatile metabolites), the occurrence of a 
number of important phenomena, such as competence 
for the substrate and mycoparasitism. The cellophane 
method, by its very design, is only able to measure an-
tibiosis through the action of non-volatile metabolites 
secreted into the culture medium.

Amplifi cation of the internal transcribed spacer 
of rDNA and elongation factor
Analysis of PCR reactions for the amplifi cation of an 
ITS fragment revealed the presence of 250 and 350 bp
amplicons for the ITS1 and ITS2 primer pairs, respec-
tively. These sizes coincide with those of the ampli-
cons obtained by PCR from a reference strain of T. 
atroviride (IMI206040) (Figures 2 and 3).

Since the decade of 1990, the sequences of regions 
of ITS1 and ITS2 have been employed for assignment 
to the Trichoderma genus or the identifi cation of its 
species [14, 19, 30-32]. These target sequences offer 
the advantage of highly sensitive and easy amplifi ca-
tion, as they are present at copy numbers larger than 
90 copies per genome.

O’Donnell et al. [33, 34], Buckler et al. [35] and 
Lieckfeldt and Seifert [36] have argued, however, that 
this marker is inadequate for this task due to the pres-
ence of ITS paralogues in other phytopathogenic or 
saprophytic fungal genera, although this phenomenon 
has not been detected in most species of Trichoderma/
Hypocrea [37]. It has also been pointed out that ITS 
provide poor phylogenetic resolution for some groups, 
such as the Pachybasium B section.

Taking into account these objections, it was decided 
to also amplify a fragment of the EF1A translational 
elongation factor (Figure 4). These reactions yielded a 
400 bp amplicon for both the test and reference strain 
samples. It should be stressed, however, that mark-
ers such as β-tubulin, ACT1 and EF1A itself do not 
provide optimal phylogenetic resolution across the en-
tire genus or even the major genetic subtypes such as 
Pachybasium B, despite the fact that the study of the 
largest tef1 intron provided excellent resolution with-
in the subtype and related taxa such as T. harzianum / 
H. subtype lixii species (Hypocrea lixii, T. harzianum, 
T. aggressivum, T. tomentosum Bissett, T. cerinum, T. 

velutinum, Hypocrea tawa) or the Hypocrea rufa 
(Pers.) P. group, which includes T. viride, T. atroviride 
and T. koningii. The data of Kindermann et al. [30] 
further support these results, evidencing that solely 
using a gene fragment is not suffi cient for this pur-
pose.

Taylor et al. [38] have proposed to base the concept 
of phylogenetic species on the agreement of fi ve or 
more phylogenetic trees, a scheme hardly applicable 
to Trichoderma given the extreme variability of this 
taxon. Recently, studies combining the sequencing 
of ITS with the genes mentioned above have also in-
cluded endochitinase genes in an attempt to increase 
the reliability of their conclusions [21, 39-42].

Despite the similarity of the results obtained in the 
present case for the amplifi cation of ITS regions and 
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Figure 2. PCR amplifi cation of the internal transcribed spacer (ITS) of ribosomal DNA, using the ITS1/
ITS2 primer pair (approximate size of the amplicon: 250 bp) [23]. M: 100 bp molecular sizing ladder 
(Promega, USA). C+: reference Trichoderma atroviride (IMI206040) strain. C-: negative control (no 
template).
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Figure 3. PCR amplifi cation of the internal transcribed spacer (ITS) of ribosomal DNA, using the ITS3/
ITS4 primer pair (approximate size of the amplicon: 350 bp) [23]. M: 100 bp molecular sizing ladder 
(Promega, USA). C+: reference Trichoderma atroviride (IMI206040) strain. C-: negative control (no 
template).

Figure 4. PCR amplifi cation of elongation factor with primers tef 1a fw and tef 1a rev [23] (approximate 
size of the expected amplicon: 400 bp). M: 100 bp sizing ladder. C+: Trichoderma atroviride reference 
strain (IMI206040). C-: negative control (no template).
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the elongation factor between the test isolates and 
the reference strain of T. atroviridae (IMI206040), it 
was decided to sequence the obtained amplicons and 
perform a homology search against TrichoBLAST/
GenBank® [24]. According to the resulting data, the 
sequence of these isolates is identical to those of T. 
asperellum. The observed similarity in amplicon size 
when compared to T. atroviridae probably stems, 
therefore, from the inclusion of both species into the 
H. rufa group, in agreement with the observations of 
Druzhinna and Kubicek [9] as well as Kindermann 
et al. [30].

Evaluation of the effi cacy of Trichoderma spp. 
isolates
Under fi eld conditions, 10 of the T. asperellum isolates 
exhibited a technical effi cacy against R. solani higher 
than 80 %. Isolate T.1 exhibited a technical effi cacy 
of 40 %, and isolate T.12 was not effective (Figure 5). 
These results highlight the importance of adequately 
screening isolates intended to be used as biological 
control agents.

The effi cacy of Trichoderma spp. isolates as agents 
for the biological control of phytopathogens has been 
examined by many different authors. For instance, 
Veitia et al. [43] examined the feasibility of using 
Trichoderma spp. isolates for the biological control of 
R. solani in basil, obtaining an effi cacy after 45 days 
of 60 to 90 % when growing the plants in trays under 
controlled conditions. On the other hand, Hoyos et al. 
[21] evaluated the effi cacy of fi ve isolates of T. asper-
ellum against Sclerotium rolfsii Sacc. and  R. solani 
under semicontrolled conditions, obtaining values 
higher than 90 % for isolates T.21 and T.71 and over 
50 % for isolates T.109 and T.110. The results of the 
present study coincide with those of Martínez et al. 
[28], who obtained effi cacy values higher than 80 % 
with isolates T.17, T.27, T.56, T.75 and T.78 of Tricho-
derma spp. against R. solani. Their results were espe-
cially impressive for isolates T.17 and T.27, which ex-
hibited an effi cacy higher than 90 % for plants grown 
in stainless steel trays. Similar results were published 
also by Reyes et al. [44], who obtained technical ef-
fi cacies higher than 80 % for the control of R. solani 
with isolates T.78 and T.56 of T. asperellum, also us-
ing stainless steel trays.

Since isolates T.3, T.13, T.17, T.25, T.28, T.75, 
T.78, T.85 and T.90 were promissory, additional tests 
were run under open fi eld and greenhouse conditions, 

in correspondence with Martínez et al. [28] as well 
as Reyes et al. [44]. This is relevant, even, for the 
selection of the method for mass production of these 
biopesticides.

In Cuba, Trichoderma spp. is used mainly for the 
control of soil-dwelling fungi. Strains C-66 and A-34 
of T. harzianum have exhibited effi cacies higher than 
99 % against Rhizoctonia solani in bean (Phaseolus 
vulgaris L) [45]. In onion (Allium cepa L.), it was 
possible to decrease the incidence of R. solani through 
the application of T. viride [46]. However, not much 
research has been carried out in Cuba on the modes 
of action of this biological control agent, although ac-
ceptable in vitro antagonism has been obtained for T. 
harzianum against R. solani isolates from tomato (So-
lanum lycopersicum L.), pepper (Capsicum annuum 
L.) and carnation (Dianthus caryophyllus L.) [47]. It 
has also been shown that T. harzianum strains A-34 
and C-66,  as well as A-34 and A-53, exhibit myco-
parasitic activity against R. solani isolated from bean 
[48] and rice (Oryza sativa L.) [49], respectively.

Conclusions
In the course of the present work, the use of molecular 
markers derived from ITS and the elongation factor as 
well as their sequencing has enabled the correct taxo-
nomical assignment of a group of Trichoderma spp. 
isolates that can potentially be used for the control of 
R. solani isolates belonging to different anastomosis 
groups, including group AG-5, which is highly patho-
genic for rice.

In addition, our data provide additional depth to ex-
isting knowledge about this genus, highlighting how 
the antifungal activity of Trichoderma spp. isolates 
can proceed through a variety of very specifi c modes 
of action, and offering perspectives for the application 
of said isolates and their metabolites. Specifi cally, 
the fi nding that these isolates antagonize their target 
phytopathogen through the secretion of non-volatile 
metabolites has very clear implications for their pro-
duction by liquid fermentation.

Trichoderma spp. biopreparations, both in solid 
and liquid formulations, can preventively be applied 
in soils known to be infected with R. solani, taking 
advantage of the longer durability of the structures 
of the former (conidia, chlamydospores and mycelia) 
and their capacity to parasite Rhizoctonia sclerotia, 
which constitute the main structure for the propaga-
tion of this parasitic fungus. Our fi ndings, therefore, 
can be used to signifi cantly improve the process of se-
lection, application and reproduction of Trichoderma 
spp. strains intended for biological control.
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