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Abstract: Stevia rebaudiana (Bert.) is a natural sweetener with diterpenic glycosides, offering 300
times more sweetness than sucrose, and boasting low-calorie content, along with medicinal and
therapeutic properties. To address a limited genetic diversity, a germplasm bank comprising 115
segregated lines of stevia was established in Colombia. Notwithstanding, the fungus Athelia rolfsii
adversely impacted key stevia lines, leading to wilting and plant mortality. For this reason our study
aimed to explore the biocontrol potential of native strains of Trichoderma spp., isolated from
productive lots in Colombia's Cordoba department, as a solution to manage A. rolfsii. Soil samples
underwent serial dilution technique (10° conidia.mL') to obtain Trichoderma spp. isolates, which
were thoroughly morphologically and molecularly characterized. A total five native strains were
identified through sequencing the PCR products using universal ITS primers, and comparisons with
the GENBANK database confirmed their identity (OK310695.1, ON237703.1, ON238106.1,
ON237737.1, and ON237923.1). Their biocontrol efficacy against A. rolfsii was evaluated using the
dual culture technique. Remarkably, all strains exhibited significant biocontrol capacity against the
A. rolfsii isolate INVEPAR-05 (OK271308.1), except for Trichoderma wviride INVEPAR-T10
(ON237923.1). These findings suggest that Trichoderma spp. could be a potential option to manage
the fungus in stevia.

Keywords: antagonistic capacity; biocontrol agents; ITS1-5.8s-1TS2 region; dual cultures

1. Introduction

Stevia (Stevia rebaudiana Bert.) is a perennial herbaceous plant belonging to the Asteraceae
family, which comprises approximately 230 species, of which about 20 are extensively cultivated,
primarly as herbs or shrubs [1]. Among these 20 species, it was found that S. rebaudiana possesses the
sweetest essence [2]. It produces diterpene glycosides that are 300 times sweeter than sucrose, making

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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it a powerful, natural low-calorie sweetener with medicinal and therapeutic properties beneficial to
human health.

Different varieties of S. rebaudiana were introduced to Colombia in the late 1980s. With the
increase in its cultivation in the Colombia, a collaboration agreement was signed in 1994 between the
Antioquia Department in Colombia and the Japan International Development Organization Ltda
(JAIDO) to introduce of the Morita I, II, and III varieties. These varieties were developed in Japan by
the plant breeder Toyosigue Morita, and many of the existing biological materials in the country stem
from this introduction.

Due to the limited genetic diversity and the lack of profitable varieties adapted to different sub-
regions of the country, challenges arise in the efficient utilization of the crop. To address this issue,
the University of Cérdoba in Colombia and the Institute of Plant Biotechnology (IBP) in Cuba have
worked on generating segregated lines for a germplasm bank consisting of 115 genotypes [3]. Some
important lines in this germplasm bank possess specific characteristics, such as late flowering, erect
architecture, and significant contents of diterpene glycosides; however, these promising lines have
been continuously affected by the fungus Athelia rolfsii (Curzi) C.C. Tu & Kimbr. (anamorph
Sclerotium rolfsii Sacc.), as described by Mordue [4], leading to the wilting and death of these plants,
causing a significant limitation in our research programs.

In this context, the stem rot of Stevia sp. caused by A. rolfsii is the most common disease affecting
seedlings during multiplication in nursery rooting beds or propagation areas, resulting in losses of
up to 40% of the seedlings. Damage to established plants in the field can vary from 10% to 40%,
possibly due to latent infections acquired while in the nursery. Symptoms in seedlings affected by A.
rolfsii include wilting and loss of turgor in leaves, sometimes accompanied by dark lesions at the base
of the stem, leading to the gradual death of the plant. The fungus primarily affects the main stem,
producing dark lesions and small brown sclerotia at its base and surroundings, while leaves touching
the infected soil exhibit circular lesions with concentric rings [5]. In the field, the fungus causes
yellowing and a partial or total wilting of the branches and leaves, with whitish mycelial growth
covering the soil near the plant. In advanced stages, small white or brown sclerotia can be observed
adhering to or surrounding the base of the stem, producing a large number of sclerotia, allowing the
fungus to survive for long periods in the soil [6]. Therefore, preventive management, such as
substrate treatment in rooting beds or acclimatization of micropropagated plants, is essential.

The first global report of stem rot in Stevia was by Chang, et al. [7] in Alberta, Canada.
Subsequently, this disease has been reported worldwide. Its distribution, includes different countries
such as Egypt, India, the United States, Italy, Turkey, France, and Ecuador, among others [8-14].

Although research has been conducted on the identification of A. rolfsii, the efficient
management of this disease remains a challenge. Some studies on the chemical and biological control
of A. rolfsii, the causative agent of stem rot in S. rebaudiana, have shown promising results. Hilal and
Baiuomy [8] evaluated two commercial fungicides, topsin M (thiophanate-methyl) and vitavax
(carboxin), along with two biocides, plant ward (Trichoderma harzianum) and Rizo N (Bacillus subtilis),
to control fungal diseases in Stevia, including that caused by A. rolfsii, finding that the commercial
fungicide topsin M was the most effective. Another study conducted by Shwetha and Hegde [15]
performed an in vitro assessment of biorationals against A. rolfsii, discovering that cow urine
completely inhibited the mycelial growth of the pathogen. Meanwhile, Koehler and Shew [6] carried
out efficacy trials of fungicides for the management of A. rolfsii, evaluating azoxystrobin, flutolanil,
and tebuconazole, and found that azoxystrobin was effective in disease control. In more recent
studies, Sanabria-Velazquez, et al. [16] evaluated anaerobic soil disinfestation (ASD) and fungicide
application for the management of stevia stem rot (SSR) and Septoria leaf spot (SLS) in laboratory
and field experiments. The results revealed that the combination of ASD with organic fungicides,
such as pyroligneous acid (PA), proved effective in reducing the viability of A. rolfsii sclerotia.

Given the recognized nature of stevia as a plant with medicinal and therapeutic properties
beneficial to health, it is imperative to consider alternatives that avoid the use of agrochemicals and
pesticides. In this context, it is necessary to identify and adopt agronomic practices that are both
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human health and the environmentally safe, without compromising crop productivity and
profitability.

For this purpose we aimed to investigate the biocontrol capacity of native strains of Trichoderma
spp. isolated from productive plots in the department of Cérdoba, Colombia, against the A. rolfsii
isolate INVEPAR-05. It is noteworthy, that understanding the biocontrol potential of native strains of
Trichoderma spp. plays a fundamental role in achieving a sustainable agronomic approach, which in
turn, would strengthen the comercial viability of stevia, thus improving the economic well-being of
farmers in the context of building a new and long-awaited period of peace after a century of armed
conflict in Colombia. Additionally, this strategy represents a sustainable and efficient option to
mitigate the impact of diseases and increase stevia production in tropical regions like Colombia.

2. Materials and Methods

2.1. Location and Field Sampling

The research was carried out at the experimental campus, the main headquarters of the
University of Cérdoba, located in Monteria, Colombia. The geographical coordinates of the site are
8°47' 31" N latitude and 75° 51' 36" W longitude, with an altitude of 18 meters above sea level. The
region experiences an average annual precipitation of 1,274 mm and an average temperature of 28°C.
Total solar irradiance is approximately 1,800 light hours per year, while the relative humidity remains
at 84% [17].

Soil samples were collected from four different cities: Monteria, Cereté, San Pelayo, and Tierralta
(Figure 1). Two fields under vegetable cultivation were carefully selected within each municipality
for the sampling process. In each chosen field, a total of five soil sub-samples were collected
randomly, situated 20 cm away from the base of the stem and at a depth of 20 cm. The sampling
methodology adhered to the guidelines provided by Martyniuk and Martyniuk [18] and Tejera, et al.
[19]. Subsequently, the collected sub-samples from each field were merged to create a composite
sample, weighing approximately 500 g per lot.

Cereté
8° 52/ 59" latitud N

°46' 59" longitud W

t ierralta ‘
8° 08’011 latitud N v h

76° 03" 16”/longitud W

Monteria
8°47' 31" latitud N
75° 51' 36" longitud W

Figure 1. Origins of Trichoderma spp. strains isolated from horticultural crops in Cérdoba, Colombia.

2.2. Laboratory Processing

The isolation of Trichoderma spp. from soil samples was conducted following the serial dilution
technique as described by Nelson, et al. [20]. A soil-water solution with a 1:1 ratio was prepared, and
1 mL of the solution was diluted to a concentration of 1x 103. From this dilution, 100 uL was then
plated on Potato Dextrose Agar (PDA) culture medium. The resulting Trichoderma spp. colonies were
transferred to Petri dishes containing the same medium to obtain pure cultures. On the other hand,
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the isolation of A. rolfsii was obtained from plants within the germplasm bank of stevia segregating
lines that were affected by the fungus. Sclerotia were extracted from the infected tissues and cultured
on PDA medium. The same methodology used for Trichoderma spp. purification was applied to obtain
pure cultures of A. rolfsii. Subsequently, the pathogen was identified using the 16S marker, and the
data was uploaded to the NCBI GenBank.

2.3. Molecular identification of Trichoderma spp and A. rolfsii

2.3.1. Genomic DNA Extraction from Different Fungal Strains

Genomic DNA was extracted using the modified Cetyltrimethylammonium Bromide (CTAB 2X)
method [21]. A portion of fungal filaments from each strain was finely ground using liquid nitrogen
in a crucible. Subsequently, 540 uL of CTAB 2X solution (as detailed in Table 1) and 60 uL of 10%
PVP (Merck KGaA, Darmstadt, Germany, part number: P5288) were added to the samples. The
mixtures were then incubated in a water bath at 65°C with vortex agitation every 15 minutes for a
total of 60 minutes. Afterward, the samples were allowed to rest at room temperature for 5 minutes.
Next, 900 pL of chloroform-isoamyl alcohol solution (24:1) (Merck KGaA, part number: 25666) was
added, and the samples were gently inverted for 5 minutes. Following centrifugation at 15,000 x g for
5 minutes, the supernatant was carefully transferred to new 1.5 mL reaction tubes containing 600 pL
of isopropanol (Merck KGaA, part number: 19516), which were mixed gently by inversion. The
samples were then cooled at -20°C for 10 minutes, followed by a 3-minute centrifugation step to pellet
the DNA. The supernatant was discarded, and the DNA pellets were washed with 600 pL of 70%
ethanol (Merck KGaA, part number: 65350-M), centrifuged again, and the ethanol was carefully
removed. Finally, 100 pL of DNA rehydration solution was added to each pellet. After DNA
extraction, the quantity and purity were meticulously evaluated using 2 uL of each sample on a
NanoDrop OneC spectrophotometer (Thermo Scientific, Missouri, TX, USA). The DNA quantity was
measured at 260 nm, and purity was assessed by calculating the absorbance ratios at 260/280 nm and
260/230 nm [22].

Table 1. Preparation of the solution (CTAB 2X).

Solution Final Concentration 10 mL
dH20 (Merck KGaA, part number: 38796) 5.6 mL
1 M Tris-HCI- 7.5 (Merck KGaA, part number: T3253) 100 mM 1.0 mL
5 M NaCl (Merck KGaA, part number: 1064041000) 1400 mM 2.8 mL
0.5 M EDTA-8.0 (Merck KGaA, part number: 324506) 20 mM 0.4 mL
CTAB (Merck KGaA, part number: H6269-500G) 2% (W/v) 02¢g

PVP 10% (w/v) (Merck KGaA, part number: T3253-500G) 1% (v/v) 0.1 mL

2.3.2. Amplification of the fungal ITS fragment

Samples with higher concentrations and better quality of DNA were amplified using the PCR
technique in a thermocycler (Bio-Rad T100™ thermocycler, Hercules, CA, USA), using the universal
primers ITS4: 5'- TCCTCCGCTTATTGATATGC-3' and ITS3: 5'-GCATCGATGAAGAACGCAGC-3'
(Sigma-Aldrich, Darmstadt, Germany, part number 200-00485), which amplify the ITS1-5.8s-1TS2
region of the rRNA gene, [23]. The reaction solution was prepared in a final volume of 50 uL, which
contained 25 uL of DreamTaq Hot Start PCR Master Mix (2X) (DreamTaq™ Hot Start PCR Master
Mix, Thermo Fisher Scientific, part number K9011), 1 puL of each 10 mM primer, 2 uL of DNA (~157
ng/uL) and sufficient molecular grade water to reach the desired volume. The PCR products were
evaluated by electrophoresis on 1% agarose gels in a horizontal electrophoresis chamber and then
visually analyzed in a photodocumenter (Enduro GDS Labnet, Tewksbury, MA, USA). The size of
the fragments was determined by comparison with a 1 Kb molecular weight marker (Sigma-Aldrich,
Darmstadt, Germany, part number D0428).
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2.3.3. Sequencing of PCR Products and Sequence Analysis

The PCR products were sequenced using the Sanger technique [14]. The reading of the sequences
in AB1 format was performed with the 4Peaks software v 1.8 (Nucleobytes B.V. Gerberastraat 117
1431 RA Aalsmeer, The Netherlands. KvK Amsterdam 56362757), which is linked to the bioinformatic
tool Blast, to compare each nucleotide problem se- quence (Query Sequence) with those in the
GenBank database of the NCBI (United States National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov—accessed on Aug 03 2023).

2.4. In vitro Antagonism Assays (Dual Cultures)

To evaluate the mechanisms of antagonistic action of different Trichoderma spp. strains against
Sclerotium sp, in vitro antagonism assays were performed using the method described by Bell [24].
The experiments followed a completely randomized (DCA), consisting of five treatments, with six
replicates per treatment. Petri dishes with a diameter of 9 cm containing PDA medium were used. In
each dish, 1 cm diameter PDA discs were prepared, each hosting pure growths of either A. rolfsii or
Trichoderma spp. Each Trichoderma spp. strain constituted a separate treatment, with six replicates
per treatment. Additionally, PDA discs with pure A. rolfsii growths were included as controls. The
experiments were replicated three times to ensure the robustness of the results.

2.4.1. Evaluation of the Antagonistic Capacity of Trichoderma spp. vs. A. rolfsii isolate INVEPAR-
05

The evaluation involved observing mechanisms of competition, mycoparasitism, and antibiosis,
following the scale described by Bell [24] (Table 2). Radial growth of the pathogen (RGP) and
antagonists (RGA) was measured using a graduated ruler. The percentage of radial growth inhibition
(PIGR) for each Trichoderma spp. isolate was calculated using the formula given by Skidmore and
Dickinson [25]:

Ri — R,

PIRG = ( ) x 100

1
where Ri represents the radius of A. rolfsii growth used as control, and Rz is the radius of the pathogen

in confrontation with the Trichoderma spp. isolate. Growth readings were taken at 24, 48, and 72 hours
after initiating the dual cultures.

Table 2. Antagonistic capacity of Trichoderma according to the scale of Bell [24].

Degree  antagonistic capacity

0 No invasion of the antagonist on the colony of A. rolfsii

1 Invasion of 25% of the colony of the fungus A. rolfsii

2 Invasion of 50% of the fungal colony A. rolfsii

3 Invasion of 100% of the colony of the fungus A. rolfsii

4 Invasion of 100% of the colony of the fungus A. rolfsii, sporulating on it.

2.5. Statistical Analysis

The data was analyzed using analysis of variance (ANOVA), followed by Tukey's mean
separation (P < 0.01) for post-hoc comparisons. All data were processed by a two way ANOVA in
SigmaPlot for Windows v. 14.0 (Systat Software, Inc., San Jose, CA, USA).

3. Results

3.1. Molecular identification of Trichoderma spp and A. rolfsii

Five strains of Trichoderma spp. were isolated from the horticultural zone of Cérdoba
department. Three isolates were found in Cereté (T02, T04, and T05), one in San Pelayo (T10), and

d0i:10.20944/preprints202308.1062.v1
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one in Tierralta (T01). No strains of the fungus were detected in Monteria. These isolates were
identified as follows: Trichoderma harzianum INVEPAR TO01, Trichoderma asperellum isolate INVEPAR-
T02, Trichoderma asperellum INVEPAR-T4.6, Trichoderma sp. INVEPAR-TO05, and Trichoderma viride
INVEPAR-T10 (GenBank: OK310695.1, ON237703.1, ON238106.1, ON237737.1, and ON237923.1,
respectively). The fungal pathogen affecting the plants within the germplasm bank of segregated
Stevia sp. lines was identified as A. rolfsii isolate INVEPAR-05 (GenBank: OK271308.1) Table 3,
Figures 2-3.

This fungus was also found in commercial stevia plots in the department of Cordoba, along with
Athelia rolfsii isolate UCLV-IBP [26].

MWM To01 T02 To04 T05

400 bp=—>

300 bp ==

Figure 2. Results of a 1% agarose gel electrophoresis used to analyze the PCR products of the ITS gene
in various isolates. A molecular weight marker (MWM) was employed as a size reference, and the
following abbreviations were used for each isolate: T01 for Trichoderma harzianum INVEPAR T01, T02
for Trichoderma asperellum isolate INVEPAR-T02, T04 for Trichoderma asperellum INVEPAR-T4.6, T05
for Trichoderma sp. INVEPAR-TO5, Trichoderma viride INVEPAR-T10, and 105 for Athelia rolfsii isolate

INVEPAR 05.
Table 3. "GeneBank reports of the strains under study.

Strain URL GenBank

Trichoderma asperellum (T02) https://www.ncbi.nlm.nih.gov/nuccore/ON237703
Trichoderma harzianum (TO1) https://www.ncbi.nlm.nih.gov/nuccore/OK310695
Trichoderma sp. (TO5) https://www.ncbi.nlm.nih.gov/nuccore/ON237737
Trichoderma viride (T10) https://www.ncbi.nlm.nih.gov/nuccore/ON237923
Trichoderma asperellum (T04) https://www.ncbi.nlm.nih.gov/nuccore/ON238106

Athelia rolfsii isolate INVEPAR-05 https://www.ncbi.nlm.nih.gov/nuccore/OK271308
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Figure 3. Neighbor joining phylogenetic tree (max. seq. difference of 0.75) of the isolated Trichoderma
strains reported in the GenBank DB. For data visualization MEGAIl Software
(https://www.megasoftware.net) for macOS was employed.

3.2. In vitro Antagonistic Capacity of Trichoderma spp. Strains against Athelia rolfsii

Figure 4 presents the results for the three evaluations of the percentage of radial growth
inhibition (PIGR) of A. rolfsii caused by the five species of Trichoderma isolated from commercial
vegetable crops in productive areas of the Cordoba department. The statistical analysis reveals
significance (0.01 and 0.05) in all three measurements (PIGR 1, PIGR 2, and PIGR 3), indicating that
the PIGR results in all three measurements were influenced by the effect of different Trichoderma spp.
strains.

The in vitro antagonistic capacity of Trichoderma spp. against A. rolfsii is a critical aspect to assess
their potential as biocontrol agents. The results from the analysis of variance demonstrates that the
different Trichoderma sp. strains exerted varying degrees of growth inhibition on A. rolfsii, indicating
their potential effectiveness in suppressing the growth of this pathogenic fungus.

The results of the study show the percentage of radial growth inhibition (PIGR) of various
Trichoderma spp. strains against the pathogen A. rolfsii. The experiment was conducted at three
different time points (PIGR1, PIGR2, and PIGR3) to assess the bio-control potential of each
Trichoderma spp. strain.

Among the Trichoderma spp. strains evaluated, Trichoderma harzianum (T01) exhibited the highest
inhibitory effect on Athelia rolfsii isolate INVEPAR 05, with PIGR values of 50.67%, 47.33%, and
52.34% at PIGR1, PIGR2, and PIGR3, respectively. This suggests that Trichoderma sp. (T05) has strong
biocontrol capabilities against the pathogen, making it a promising candidate for managing A. rolfsii
in Stevia sp.

The significance observed in the three measurements of PIGR suggests that the antagonistic
effects of Trichoderma spp. were consistently impactful across different time points, reinforcing their
biocontrol potential. These findings are promising for the development of sustainable and eco-
friendly strategies to manage A. rolfsii infections in Stevia sp.
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Figure 4. Analysis of radial growth inhibition percentage averages in Athelia rolfsii isolate Invepar-05.
Observations at 24, 48, and 72 hours following dual cultures with Trichoderma spp strains.

Trichoderma asperellum (T02) and Trichoderma sp. (T05) also showed considerable in-hibitory
activity against A. rolfsii, with PIGR values ranging from 43.95% to 50.53%. These results indicate that
both Trichoderma asperellum (T02) and Trichoderma sp. (T05) have the potential to suppress the growth
of the pathogen and can be further explored for their biocontrol efficacy.

On the other hand, Trichoderma viride (T10) exhibited moderate inhibitory effects, with PIGR
values of approximately 48.63% at all time points. While it displayed some biocontrol activity against
A. rolfsii, further investigation is needed to understand the underlying mechanisms and optimize its
effectiveness.

Interestingly, Trichoderma asperellum (T04) demonstrated the least inhibitory activity among the
tested strains, with PIGR values ranging from 30.91% to 38.56%. While its biocontrol capacity against
A. rolfsii was lower compared to other strains, it still showed some level of suppression. Future
studies could focus on identifying factors that may enhance its antagonistic potential.

4. Discussion

The findings of this study provide crucial insights into the in vitro antagonistic capacity of
Trichoderma spp. strains against the pathogenic fungus A. rolfsii isolate INVEPAR-05, which is
prevalent in greenhouses and commercial Stevia fields in Cérdoba department. Trichoderma species
are well-documented biocontrol agents, extensively studied for their potential in managing diverse
phytopathogens [27-30]. In this investigation, we evaluated five Trichoderma strains for their ability
to inhibit the radial growth of the A. rolfsii isolate INVEPAR-05 at a time-course study (PIGR1, PIGR2,
and PIGR3).

Our findings demonstrate the significant biocontrol potential of Trichoderma harzianum (T01),
Trichoderma asperellum (T02), and Trichoderma sp. (T05) against the A. rolfsii isolate INVEPAR-05, with
PIGR values ranging from 43.95% to 52.34%. These results are consistent with previous studies
reporting the antagonistic activity of these Trichoderma sp. against different phytopathogens. Notably,
T. virens, T. harzianum, T. asperellum, and T. viride species have been identified as the most effective
biological control agents, significantly impacting root and stem rot caused by Sclerotium rolfsii in both
greenhouse and field conditions [30]. Moreover, Shrestha, et al. [31] suggest T. harzianum and T.
asperellum as the most capable species to parasitize S. rolfsii sclerotia. In a study by Raja, et al. [32], the
strains T. harzianum Thar23, T. asperellum Tasp49, T. longibrachiatum Tlongi5, and T. citrinoviride Tcitri2
demonstrated high efficacy in controlling S. rolfsii Sacc.
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The variation in antagonistic capacity among Trichoderma spp. strains may be attributed to
differences in their mechanisms of action and production of secondary metabolites [33,34].

Trichoderma spp have shown antifungal activity against phytopathogenic fungi, employing
different groups of secondary metabolites such as terpenes, pyrones, gliotoxin, gliovirin, and
peptaibols [35]. This author highlighted the remarkable bioactivity of gliotoxin isolated from
Trichoderma virens against Sclerotium rolfsii, with an effective dose 50% of 2.11 g mL-'. Gliotoxin (GT),
a fungal secondary metabolite containing sulfur and belonging to the epidithiodioxopiperazine (ETP)
class, exhibits a redox cycle between its oxidized and reduced forms, generating reactive oxygen
species (ROS) and disrupting intracellular redox homeostasis by interacting with thiol groups of
antioxidants such as glutathione [36].

Peptaibols are another essential group of secondary metabolites produced by Trichoderma sp,
contributing to the antibiotic activity against various plant pathogens [37]. For instance, in
Trichoderma harzianum, three peptaibols named trichorzins HA II, HA V, and HA VI reduced
cucumber mosaic virus (CMV) lesions in Vigna sesquipedalis plants by up to 90% [38].

Proteases, produced by T. harzianum, significantly affect the growth of various phytopathogenic
fungi, including Botrytis cinerea, Mucor circinelloides, Aspergillus flavus, Aspergillus fumigatus, and
Rhizoctonia solani. The aspartic protease P6281 of T. harzianum alters the integrity of B. cinerea cell
walls, preventing lesions in fruits like oranges and apples and inhibiting spore formation in B. cinerea,
M. circinelloides, A. flavus, and A. fumigatus [39].

Additionally, some secondary metabolites produced by T. harzianum can induce plant defensive
mechanisms. For instance, the flavoenzyme ThLAAO (L-amino acid oxidase) of T. harzianum ETS323
exhibits antibacterial activity and, when expressed in tobacco plants, induces the expression of genes
related to defense pathways mediated by SA, JA, and ET, as well as the accumulation of ROS,
conferring resistance to Sclerotinia sclerotiorum and Botrytis cinerea and resistance to B. cinerea in
cabbage plants [40].

Ayyandurai, et al. [33] evaluated the inhibitory capacity of Trichoderma longibrachiatum and
Trichoderma asperellum against Sclerotium rolfsii growth. They observed that T. longibrachiatum
exhibited the highest inhibition of the pathogen's mycelial growth, reaching 84.44%, followed by T.
asperellum with 75.55% inhibition. GC-MS analysis identified the major compounds present in both
species. T. longibrachiatum was characterized by significant presence of 2-tricosenoic acid (3.29%),
hexadecane (3.12%), and phenol (27.18%), while T. asperellum contained 2,6,10-trimethyltridecane
(3.44%) as one of its main compounds.

Prajapati, et al. [41] found that culture filtrates of T. harzianum and T. viride completely inhibited
the mycelial growth of S. rolfsii at 4, 6, and 8 days after incubation, while T. asperellum inhibited S.
rolfsii with an inhibition percentage of 56.67%, 49.26%, and 47.41% at 4, 6, and 8 days after incubation,
respectively. Sab, et al. [42] reported that mycelial growth of S. rolfsii was highly inhibited by the
culture filtrate of T. harzianum and T. viride, with a reduction of 70% and 59%, respectively, after 8
days of incubation. Thus, it is speculated that the metabolites in the culture filtrates inhibited the
mycelial growth of S. rolfsii.

Trichoderma harzianum, in particular, is known for its ability to produce several antifungal
compounds, such as chitinases, glucanases, and proteases, crucial in suppressing fungal growth
[43,44]. On the other hand, Trichoderma asperellum has been reported to induce systemic resistance in
plants, enhancing their defense mechanisms against pathogenic attacks [45,46].

The observed significance of PIGR at all three time points indicates that Trichoderma spp
antagonistic effects were consistently impactful over time, reinforcing their potential as effective
biocontrol agents. These results align with the findings of studies by Schirmbdck, et al. [47], Sab, et al.
[42], Matas-Baca, et al. [48], Vinale, et al. [49], and Prajapati, Patel and Patil [41]highlighting the
temporal stability of Trichoderma sp. antagonistic activity.

Moreover, molecular identification of Trichoderma strains using gene sequencing and
comparison with the GeneBank database allowed precise species identification. Molecular methods
are essential for accurate taxonomic classification of Trichoderma spp., as morphology alone may not
distinguish closely related species [34,50-52]. However, for initial species confirmation, the internal

d0i:10.20944/preprints202308.1062.v1
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transcribed spacer (ITS) region of ribosomal DNA is commonly used, but it may not provide
sufficient resolution for closely related species due to its high conservation. In the case of Trichoderma
sp. INVEPAR-TO5, ITS failed to identify the species, suggesting the future use of the more variable
TEF1 sequence for closely related species and groups [53,54].

The combination of morphological and molecular approaches enhances the validity and
reliability of rapid field selection, as recommended by different authors [55-57]. Although this study
focuses on the in vitro antagonistic capacity of Trichoderma spp., future research should extend to field
trials to evaluate the efficacy of these strains under real agricultural conditions. Recent studies
suggest that factors such as soil types, climatic conditions, and population densities can influence the
biocontrol potential of Trichoderma spp. strains [58-60].

Our results highlight the promising biocontrol potential of Trichoderma harzianum (TO01),
Trichoderma asperellum (T02), and Trichoderma sp. (T05) against the pathogenic fungus A. rolfsii isolate
INVEPAR-05 in stevia cultivation. These findings contribute to the growing knowledge of sustainable
and environmentally friendly strategies for plant disease management. Future research on the
underlying mechanisms of Trichoderma sp. antagonistic activity and its interaction with A. rolfsii will
pave the way for the development of effective and environmentally friendly biofungicides.

5. Conclusions

This study sheds light on the significant in vitro antagonistic capacity of Trichoderma spp. strains
against the pathogenic fungus A. rolfsii isolate INVEPAR-05, commonly found in greenhouses and
commercial stevia fields in Cérdoba department. Trichoderma species have long been recognized as
effective biocontrol agents, and our evaluation of five different strains reaffirms their potential in
managing diverse phytopathogens.

Among the Trichoderma spp strains tested, Trichoderma harzianum (TO01), Trichoderma asperellum
(T02), and Trichoderma sp. (T05) exhibited remarkable biocontrol potential against A. rolfsii, with PIGR
values indicating significant inhibition of the pathogen's radial growth. These findings are consistent
with previous research identifying T. virens, T. harzianum, T. asperellum, and T. viride as effective
biological control agents against root and stem rot caused by Sclerotium rolfsii.

The variation in antagonistic capacity among Trichoderma spp. strains can be attributed to
differences in their mechanisms of action and production of secondary metabolites. Trichoderma
species employ various secondary metabolites, such as gliotoxin, peptaibols, and proteases, to
combat phytopathogenic fungi effectively.

Our study underscores the temporal stability of Trichoderma spp. antagonistic activities, making
them reliable and consistent biocontrol agents over time. The use of molecular methods, in addition
to morphological characterization, enhances an accurate species identification and aids in rapid field
selection.

Future research should include field trials to evaluate the efficacy of Trichoderma spp. strains
under real agricultural conditions, considering various factors that may influence their biocontrol
potential. Continued investigations into the underlying mechanisms of Trichoderma’s antagonistic
activity and its interaction with A. rolfsii will pave the way for the development of highly effective
and eco-friendly biofungicides.

In summary, Trichoderma spp. strains show great promise as biocontrol agents in stevia
cultivation, offering sustainable and environmentally friendly alternatives to traditional chemical-
based disease management strategies. This study contributes to the advancement of knowledge in
agricultural science, with potential implications for enhancing crop productivity and sustainability
in the future.
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