2 CHILEAN

CHILEAN JOURNAL of AGRICULTURAL RESEARCH

RESEARCH ARTICLE

Exploring the in vitro bioefficacy of Trichoderma spp. against
a fungal complex associated with chickpea wilt

Marfa B. Contreras-Soto?!, Kamila C. Correia?, Elizabeth Garcia-Ledn3, Guadalupe A. Mora-Romero*, Milagros
Ramirez-Soto®, Juan M. Tovar-Pedraza?, and Carlos I. Cota-Barreras®”

ICentro de Investigacion en Alimentacién y Desarrollo, Coordinacion Regional, Culiacan, 80110, Sinaloa, México.
2Universidade Federal do Cariri, Centro de Ciéncias Agrarias e da Biodiversidade, Crato, 63.133-610, Cear4, Brasil.
3Instituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias (INIFAP), Campo Experimental Valle del Fuerte,
Sinaloa, México.

4Universidad Auténoma de Occidente, Unidad Regional Los Mochis, Unidad de Investigacion en Ambiente y Salud, Los
Mochis, 81223, Sinaloa, México.

®Instituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias (INIFAP), Campo Experimental Valle de Culiacén,
Sinaloa, México.

"Corresponding author (carlosi.cotab@gmail.com).

Received: 26 August 2024; Accepted: 23 October 2024, doi:10.4067/50718-58392025000200256

ABSTRACT

In Mexico, chickpea (Cicer arietinum L.) crop production is extensively limited and reduced by a disease known
as wilt, caused by a complex of soil-borne plant pathogenic fungi. The objective of this study was to evaluate
the antagonistic capacity of 31 isolates of Trichoderma spp. against the fungi Macrophomina phaseolina,
Agroathelia rolfsii, Rhizoctonia solani, Neocosmospora falciformis, Fusarium languescens, F. nirenbergiae, and
F. verticillioides. Trichoderma spp. isolates were obtained from rhizospheric soil and chickpea roots collected in
the municipalities of Angostura and Salvador Alvarado, in Sinaloa, Mexico. Dual confrontations between the
pathogen isolates and antagonistic agents were evaluated on PDA culture medium, using a completely
randomized two-factor experimental design with three replicates. The recorded variable was the percentage
of inhibition of radial mycelial growth. Of the 31 Trichoderma isolates evaluated, 22 induced > 55% inhibition
of the plant pathogens; meanwhile, 7 Trichoderma isolates showed the highest antagonistic effect on each of
the plant pathogens, causing > 59% inhibition. These 7 Trichoderma isolates were identified through multilocus
phylogenetic analysis using internal transcribed spacer (ITS), EF-1a, and rpb2 sequences, distinguishing 5
isolates as T. afroharzianum and 2 isolates as T. afarasin. These Trichoderma spp. isolates represent a biological
control alternative against the complex of fungi causing chickpea wilt in Sinaloa.
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INTRODUCTION

Globally, chickpea (Cicer arietinum L.) stands out among the most cultivated legumes, following soybeans (Glycine
max), faba beans (Vicia faba), common beans (Phaseolus vulgaris), and peas (Pisum sativum). Chickpea holds
significant economic importance worldwide, with India leading production and Mexico ranked as the eighth-largest
producer, with Sinaloa being the primary state, producing 128 884 t (SIAP, 2023).

Chickpea cultivation faces challenges due to biotic and abiotic factors. Among the biotic factors are fungal
diseases such as root rot and wilt, associated with a complex of soil-borne plant pathogenic fungi, resulting in reduced
grain production (Jiménez-Diaz et al., 2015; Oliva-Ortiz et al., 2017; Cota-Barreras et al., 2022; 2024). Chemical seed
treatment is an alternative for reducing the incidence and severity of the disease; however, this practice can harm
the ecosystem. Some chemicals can have phytotoxic effects and eliminate beneficial organisms, leading to a
reduction in soil microfauna and pathogen resistance to fungicides (Oliva-Ortiz et al., 2017).
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Despite other practices for controlling chickpea wilt, such as using tolerant varieties, these have not been
sufficient to control the disease (Fierros et al., 2017). An alternative for disease management is seed inoculation
with biological agents, promoting biocontrol and benefiting the ecosystem (Harman, 2006). Among these
biological agents, Trichoderma species are the most used in the biological control of soil-borne plant pathogens.
These biocontrol fungi employ antagonistic action mechanisms such as mycoparasitism, lysis, antibiosis,
competition for nutrients and space, or induction of resistance, or a combination of these, in the host (Btaszczyk
et al., 2014, Contreras-Cornejo et al., 2016; Guzman-Guzman et al., 2019). Many Trichoderma species have
been used as biocontrol agents in a wide range of crops (Saravanakumar et al., 2017; Badaluddin et al., 2018;
Rivera-Méndez et al., 2020). Saxena et al. (2015) and Andoji (2021) reported that various Trichoderma isolates
obtained from chickpea-cultivated soils in India showed high antagonistic activity against isolates of Fusarium
solani, Sclerotinia sclerotiorum, and Agroathelia rolfsii. Additionally, it has been reported that Trichoderma
species have the potential to inhibit the growth of the fungi A. rolfsii and Fusarium oxysporum in chickpea plants
(Saxena et al., 2015; Khare et al., 2018).

It is important to correctly characterize and identify Trichoderma species through multilocus phylogenetic
analysis to consider the possible use of these isolates in the biological control of agriculturally significant plant
pathogens, as mentioned in various studies (Chaverri et al., 2015; Zhang et al., 2022). Therefore, the objective
of this study was to characterize Trichoderma isolates from soils and roots of chickpea plants by phenotypic
and molecular approaches, as well as to evaluate the in vitro antagonistic activity of Trichoderma spp. isolates
as biocontrol agents against the complex of fungi associated with chickpea wilt.

MATERIALS AND METHODS

Study site and sampling

During the 2021-2022 cycle, a total of 31 Trichoderma spp. isolates were obtained from rhizospheric soils and
healthy chickpea (Cicer arietinum L.) roots in commercial fields located in the municipalities of Angostura and
Salvador Alvarado, in the state of Sinaloa, Mexico. The geographical coordinates are shown in Table 1.

Isolation and conservation of Trichoderma isolates

For rhizospheric soil samples, Trichoderma isolates were obtained using the method proposed by Karthikeyan
et al. (2008). A 50 g portion of each homogenized soil sample was added to a flask containing 450 mL sterile
distilled water and shaken for 20 min. Serial dilutions were then performed to reach a 10 dilution. From each
dilution, 200 L were spread evenly on Petri dishes containing potato dextrose agar (PDA, Difco, Franklin Lakes,
New Jersey, USA), with three replicates of each dilution. The Petri dishes were incubated at 28 °C with 12 h
light-dark cycles for 7 d. After the incubation period, colonies displaying Trichoderma characteristics were
transferred. The isolates were purified using the single-spore culture technique.

For the roots, small fragments were cut and disinfected with 2% sodium hypochlorite for 1 min, followed
by two rinses with sterile distilled water for 1 min each, and then dried with sterile absorbent paper. The
sterilized fragments were plated on Petri dishes with PDA medium, placing five fragments per plate. Each
plating was done in duplicate. The plated dishes were incubated at 27 °C under a 12 h photoperiod for 48 to 72
h. The monosporic isolates obtained were deposited in the Culture Collection of the Phytopathology Laboratory
of the Centro de Investigacion en Alimentacion y Desarrollo, Culiacdn, México, under accession numbers
CCLF370—-CCLF400.

Morphological and cultural characterization of Trichoderma isolates

To compare colony growth, appearance, and morphological characteristics, Trichoderma cultures were
transferred to Petri dishes with PDA and incubated at 25 °C with a 12 h photoperiod. After 6 d, colony growth
characteristics, including color and conidiophore and conidia masses, were recorded. For each isolate, the
conidia, phialides, and chlamydospores were examined, and qualitative and quantitative characters were
recorded using an Axio Imager M2 microscope (Zeiss, Oberkochen, Baden-Wurtemberg, Germany) with an
Axiocam 305 camera (Zeiss).
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Table 1. Geographical coordinates of the sampling points of Trichoderma sp. isolates in
northwestern Mexico.

Number of isolates Code Site Origin (Municipality, State) Latitude Longitude
1 CCLF370 1 Angostura, Sinaloa 25.21703 -108.15205
2 CCLF371 1 Angostura, Sinaloa 25.21703 -108.15205
3 CCLF372 1 Angostura, Sinaloa 25.21703 -108.15205
- CCLF373 1 Angostura, Sinaloa 25.21703 -108.15205
5 CCLF374 1 Angostura, Sinaloa 25.21703 -108.15205
6 CCLF375 2 Salvador Alvarado, Sinaloa 25.398669 -108.25765
7 CCLF376 2 Salvador Alvarado, Sinaloa 25.398669 -108.25765
8 CCLF377 2 Salvador Alvarado, Sinaloa 25.398669 -108.25765
9 CCLF378 2 Salvador Alvarado, Sinaloa 25.398669 -108.25765
10 CCLF379 2 Salvador Alvarado, Sinaloa 25.398669 -108.25765
11 CCLF380 2 Salvador Alvarado, Sinaloa 25.398669 -108.25765
12 CCLF381 2 Salvador Alvarado, Sinaloa 25.398669 -108.25765
13 CCLF382 3 Angostura, Sinaloa 25.29225 -108.08654
14 CCLF383 3 Angostura, Sinaloa 25.29225 -108.08654
15 CCLF384 3 Angostura, Sinaloa 25.259225 -108.08654
16 CCLF385 3 Angostura, Sinaloa 25.29225 -108.08654
17 CCLF386 3 Angostura, Sinaloa 25.29225 -108.08654
18 CCLF387 4 Angostura, Sinaloa 25.35776 -108.25403
19 CCLF388 5 Angostura, Sinaloa 25.09938 -107.91904
20 CCLF389 5 Angostura, Sinaloa 25.09938 -107.91504
21 CCLF390 6 Angostura, Sinaloa 25.06370 -107.89862
22 CCLF391 6 Angostura, Sinaloa 25.06370 -107.89862
23 CCLF392 6 Angostura, Sinaloa 25.06370 -107.89862
24 CCLF393 6 Angostura, Sinaloa 25.06370 -107.89862
25 CCLF394 6 Angostura, Sinaloa 25.06370 -107.89862
26 CCLF395 6 Angostura, Sinaloa 25.06370 -107.89862
27 CCLF396 6 Angostura, Sinaloa 25.06370 -107.89862
28 CCLF397 7 Angostura, Sinaloa 25.09542 -107.93767
29 CCLF358 8 Angostura, Sinaloa 25.22292 -108.10011
30 CCLF399 9 Salvador Alvarado, Sinaloa 25.40162 -108.20279
31 CCLF400 9 Salvador Alvarado, Sinaloa 25.40162 -108.20279

Antagonism of Trichoderma spp.

To evaluate the antagonistic effect of the 31 Trichoderma isolates, dual confrontations were performed on Petri
dishes against seven economically important chickpea pathogens (Agroathelia rolfsii, Fusarium nirenbergiae, F.
languescens, F. verticillioides, Macrophomina phaseolina, Neocosmospora falciformis, and Rhizoctonia solani).
Isolates of these pathogens were sourced from the Culture Collection of Phytopathogenic Fungi at Centro de
Investigacion en Alimentacion y Desarrollo, Culiacan, Sinaloa, Mexico.

Trichoderma and plant pathogens isolates were grown on PDA medium (Difco). A mycelial plug (6 mm
diameter) of Trichoderma was placed 1 cm from the edge of the Petri dish, and a mycelial plug of the pathogen
was placed 1 cm from the opposite edge. This procedure was performed for each combination of Trichoderma
isolate and pathogen, ensuring all isolates were confronted. A Petri dish with PDA containing only a pathogen
mycelial plug served as a control. All Petri dishes were incubated for 72 h at 25 °C with 12 h light-dark cycles.

The antagonistic capacity of Trichoderma isolates was determined by the percentage of radial growth
inhibition using the formula: 1% = (C - T)/C x 100, where C represents the radial growth of the pathogen (mm)
alone (control), and T represents the radial growth of the pathogen (mm) in the presence of Trichoderma
isolates (Khare et al., 2018).
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DNA extraction, PCR amplification, and sequencing

The Trichoderma isolates that showed the best results in dual confrontation were selected for phylogenetic
analysis, which were CCLF375, CCLF387, CCLF374, CCLF370, CCLF394, CCLF398, and CCLF386. For each
isolate, mycelium was scraped from the culture medium with a sterile spatula and placed in 2 mL microtubes.
Genomic DNA from Trichoderma isolates was extracted from 5-d-old colonies using the CTAB method (2%
cetyltrimethylammonium bromide, 100 mM Tris HCL pH 8.0, 20 mM EDTA, and 1.4 M NaCl) (Doyle and Doyle,
1990). DNA concentrations were determined using a NanoDrop One (Thermo Fisher Scientific, Waltham,
Massachusetts, USA). The PCR amplification was performed on the ITS region and fragments of the EF-1a
and rpb2 genes using the primer pairs ITS1/ITS4 (White et al., 1990), EF-1/EF-2 (O’Donnell et al., 1998), and
RBP2-5F/RPB2-7R (Liu et al., 1999), respectively. The PCR mixture contained 1 pL (100 ng) DNA, 1X reaction
buffer, 1 mM MgCl,, 0.5 mM each primer, 500 uM deoxynucleotide triphosphate, and 0.5 U Tag DNA
polymerase (Invitrogen, Carlsbad, California, USA) in a total volume of 25 uL. Amplification conditions were
an initial denaturation at 95 °C for 5 min, followed by 35 cycles of denaturation at 95 °C for 40 s, annealing
at 57 °C for 40 s, extension at 72 °C for 1 min, and a final extension at 72 °C for 10 min. The PCRs were
performed in a C1000 thermal cycler (Bio-Rad, Hercules, California, USA). The PCR products were separated
by electrophoresis in 1% agarose gel stained with ethidium bromide and imaged using a Gel Doc XR+ system
(Bio-Rad). The amplified PCR products were purified and sequenced in both directions by Macrogen Inc.
(Seoul, South Korea).

Phylogenetic analysis

Sequences of ITS, EF-1a, and rpb2 markers were assembled using the Staden Package (Staden et al., 1998).
Multiple sequence alignments for each locus were independently performed using ClustalX v.1.83 (Thompson
et al., 1997), manually adjusting alignments when necessary. Reference Trichoderma isolates sequences were
obtained  from  GenBank of National Center for Biotechnology Information  (NCBI)
(https://www.ncbi.nlm.nih.gov/) and included in the analyses. The maximum likelihood (ML) method was used
to infer phylogenetic relationships between individual and concatenated molecular marker sequences.
Consensus sequences were generated using SequenceMatrix (Vaidya et al., 2011). Phylogenetic relationships
were analyzed for each gene and concatenated sequences, employing the GTR + G + | nucleotide evolution
model and executing 1000 rapid bootstrap replications in the MEGA 7 program (Kumar et al., 2016).

Statistical analysis

The experimental design was a completely randomized two-factor design. Data were subjected to ANOVA
followed by Fisher’s LSD tests. Data were processed and analyzed using the SAS v.9.4 statistical package (SAS
Institute, Cary, North Carolina, USA). The experiment was performed three times.

RESULTS

The results indicated that all 31 Trichoderma isolates exhibited antagonistic activity against the plant
pathogens affecting chickpea crops. However, 7 Trichoderma isolates (CCLF375, CCLF387, CCLF374,
CCLF370, CCLF394, CCLF398, and CCLF386) induced an inhibition percentage greater than 59% on the
mycelial growth of each plant pathogen. Fifteen isolates caused inhibition percentages between 55% and
59%, and 9 isolates caused inhibition percentages < 55% (Table 2; Figure 1).

Rhizoctonia solani was the most inhibited plant pathogen by the effect of all 31 Trichoderma isolates,
with an inhibition percentage of 61.4%, followed by F. languescens with 60.7%, and M. phaseolina with
56.8%. The pathogens F. nirenbergiae, F. verticillioides, A. rolfsii, and N. falciformis showed the lowest levels
of mycelial growth inhibition with 54.6%, 53.9%, 52.2%, and 51.2%, respectively.
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Table 2. Trichoderma sp. isolates against the major chickpea soil-borne pathogens in northwestern
Mexico. Data is presented by columns. Mean values followed by different letters in the same
column indicate significant differences among treatments according to LSD test (P < 0.05).

Isolates of Inhibition of mycelial growth (%) for each pathogen
Trichoderma  Macrophomina  Agroathelia Rhizoctonia  Fusarium Fusarium Fusarium  Neocosmospora
sp. phaseoling rolfsii solani  nirenbergioe languescens verticillioides  falciformis ~ Combined
CCLF375 53.5h 65.2¢ 68.8* 60.5% 63.0v¢ 56.8% 55.0¢ 60.4*
CCLF387 59.40 57.9™ 68.0% 55.5% 61.6%° 57.0 57.6%¢ 55.6%%
CCLF374 612+ 62.1* 60.5% 53.5+ 64.0°¢ 55.7:¢ 58.5+* 55.4%
CCLF370 60.7+¢ 55.7%% 68.4% 56.0°¢ 63.5%¢ 56.4+ 545 55.4+
CCLF354 60.4+¢ 51.3%* 718 57.1+ 63.1" 51.84 59.3 59.4+
CCLF398 60.2+¢ 52.4%% g1.2+ 59.2+ 69.8° 59.0° 53.8" 59.4+
CCLF386 56.2¢% 584 68.1° 56.1+ 58.9¢" 58.9'¢ 57.8*¢ 55.3%¢
CCLF350 54.50h 56.7%1 67.5% 57.4+ 63.5¢ 56.8%¢ 53.4¢ 58.7+
CCLF355 60.7+¢ 50.1% £3.3*¢ 60.1%< 65.1%¢ 56.1+¢ 52.3% 58.3+%
CCLF376 544 481 62.6% §9.00" 67.5¢ 56.7+¢ 588+ 58.2%
CCLF377 62.0°° 55.0¢¢ £8.1° 50.9" 63.3¢ 55.8 516 58.1%%
CCLF391 60.8+¢ 57.6% 53.5¢ 61.1° 61.7¢ 55.5+ 4594 58.1*%
CCLF400 66.5° 53.0¢% 62.9% 55.3+h 62.5%¢ 51.1# 48.2im 57.0*"
CCLF388 56.8%% 506" 6.9 57.5+ 64.3+¢ sS4t 47.7% 56.9"
CCLF393 56.5%¢ £3.5¢ 68.5%¢ 59.8+d 59.4¢% 51.84 47 5% 56.7%
CCLF371 62.5% 55.4%% 616 55.1+h 56.7" 53.7+ 49,584 56.4%
CCLF380 63.9%® 55.4¢h 57.6¢ §3.8%0 53.5 52.3¢ 56.2+¢ 56.1%
CCLF384 54.8h 51.4% 63.7¢ 53.8%" 62.4" 56.7%¢ 459+ 56.1¢
CCLF392 56.9+ 4667 66.4*¢ £3.3¢h £9.2¢n 56.7%¢ 53.5¢ 56.1
CCLF373 55.8h 54.0¢ 67.1+ 55k 610+ 4934 485 55.8+
CCLF356 57.9% 51.6% 60.8% 52.5% 63.70¢ 546" 43.8"n 55.74
CCLF389 62.3% 55.2¢¢ 57.7¢! 51.2" 53.7 51.24 54.4++ 55.0¢
CCLF385 £3.9% 49 58 54.3¢ 56.1%% 60.0+ 53.5+ 43.6m° 54.5™
CCLF382 60.4+¢ 56.0°% 53.3% 489" 54.2™ 514« 50.0" 543"
CCLF381 48.9+h 53.1¢ 5g.8*! 459 59.8% 54200 54.5¢ 53.6M
CCLF397 51.4¢h 474 53.2¢ 57.8+ 61.5¢ §3.7¢ 425+ 5§3.3+
CCLF372 50.8¢" 46.2¢ 51.2's 48.4r 63.7"¢ 513« 47 9% 5141
CCLF379 464 33.2 6.3+ 49.1# 57.0 5154 45 8 50.5+m
CCLF383 454" 58.4%¢ 4130 50.9" 54.7% 50.1™ 47.1% 45.7+m
CCLF378 46.280 353 6.8+ 515+ 56.8" 489 447 48.7+m
CCLF359 51.5¢ 47.3% 37.1" 52.7¢ 52.7 50.1" 4257 47.8m
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Macrophomina Agroathelia Rhizoctonia Fusarism Fusarium Fusarium Neocasmaspora
phaseoling rolfii solani mirenberglac languescens verticillioides Saleiformis

Figure 1. Dual Confrontation of seven Trichoderma spp. isolates (left side of the Petri dish) against
seven major plant pathogenic fungi (right side of the Petri dish) affecting chickpea cultivation in
Sinaloa, Mexico. Horizontal Columns represent Trichoderma spp. isolates (CCLF375, CCLF387,
CCLF374, CCLF370, CCLF394, CCLF398, and CCLF386).

Phylogenetic analyses, based on concatenated ITS, EF-1a, and rpb2 sequences (Figure 2), identified five
isolates as Trichoderma afroharzianum (CCLF370, CCLF375, CCLF387, CCLF394, and CCLF398) and two
isolates as T. afarasin (CCLF374 and CCLF386). The GenBank accession numbers for the sequences analyzed
in this study are shown in Table 3.

The seven Trichoderma isolates (CCLF370, CCLF374, CCLF375, CCLF386, CCLF387, CCLF394, and CCLF398) that
showed the best results in vitro assays retained the typical characteristics of the Trichoderma genus, with variations in
color, starting white and then turning yellow or green. Branched conidiophores in a tree-like form and the formation of
conidia in phialides were observed, with dense sporulation in the seven colonies. Conidia were oval, hyaline, and
smooth, measuring 2.85-3.41 x 2.24-2.79 um for T. afarasin and 2.97-4.22 x 2.33-2.81 um for T. afroharzianum.
Regarding the formation of chlamydospores, all seven isolates presented these resistance structures (Figures 3 and 4).

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 85(2) April 2025 - www.chileanjar.cl 261



27, Trichoderma paliinicala LC11682
Trichoderma paliinicola LC11686
Trchoderma phayaoense SDBR CMU349
Tnchoderma anaharzianum YMF1 00383
Tnchoderma s CBS 110080
Tnchoderma xixiacum CGMCC 3.19697
Tnchoderma vermifimicola CGMCC 3.19694
Tnchoderma vermifimicola CGMCC 3.19850
Trichoderma aunculanae JZBAT1Z7
Trchoderma aunculanae JZBAT1Z8
Tnchoderma simmonss ST
Tnchoderma simmonsii G.J.S 91.138
Tnchoderma afarasin DIS 314F
Trichoderma afarasin G.J.S 99.227
CCLF386
CCLF374
Tnchoderma nfar DIS 3558
Tnchoderma rfar Dis 33TF
Trichoderma harzianum TRS55
Trchoderma harzianum TRS94
- Tnchoderma harzianum CBS 226 .95
h 4 Tnchoderma lentiforme DIS 218E
Trichoderma lentiforme DIS 246K
o CCLF375
Trichoderma afroharzianum G.J.S 05.113
CCLF398
CCLF387
N CCLF370
83 |\ '-‘9'-"3“ .

Tnchoderma afroharzianum GJS 04.186
Trnchoderma afroharzianum GJS 04.193
Trchoderma guizhouense S628
Trchoderma guizhouense SZMC 25750
7] sa7p Trichoderma pleuroticola CBS 124383

;‘_ﬂ Tnchoderma pleurcticala TRST0

'L Trichoderma pleurctum CBS 124367
. 100 Tnchoderma brevicompactum G.J.S 04.381
@7 : Trichodemna protrudens DIS 119F

100 r Tnchoderma longbrachiatum CBS 816.68

L Trichoderma longibrachiatum G.J.S07.21

$28 ) Tnchoderma atrovinde CBS 142 95

Tnchoderma atrovinde CBS 1193499
|7 [ Trchoderma viride 119325
Trichoderma vinde TRS575

L4 ——— Protocrea farinosa CBS 121551

007
Figure 2. Maximum likelihood tree generated from the analysis of concatenated internal transcribed
spacer (ITS), EF1-a y rpb2 dataset sequences. Bootstrap support values (> 80%) for maximum
likelihood are shown at the nodes. The tree is rooted with Protocrea farinose CBS 121551. Isolates

characterized in this study are highlighted in bold.

L
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Table 3. GenBank accession numbers of DNA sequences of Trichoderma spp. included in the
phylogenetic study. Newly deposited sequences are shown in bold. ITS: Internal transcribed spacer.

GenBank accession numbers

Species lsolate ITS tefl-a rpb2

Protocrea farinosc 85121551 MH863119 EU7033885 EU703935
T. oforosin GJ§85.227 NR_137301 AF343053 -

T. aforosin DIS 314F F1442258 F1453400 Fla42778
T. afarasin CCLF374 PQ136033 PQ182128 PQ156041
T. afarasin CCLF386 PQ136035 PQ182130 PQ156043
T. aofroharzianum CCLF375 PQ136034 PQ182129 PQ156042
T. afroharzianum CCLF398 PQ136038 PQ182133 PQ156046
T. afroharzianum CCLF387 PQ136036 PQ182131 PQ156044
T. aofroharzianum CCLF370 PQ136032 PQ182127 PQ156040
T. afroharzianum CCLF394 PQ136037 PQ182132 PQ156045
T. ofroharzionum GJS05.113 Fla42235 Fl463378 -

T. ofroharzionum GI504.186 Fl442265 FJ463201 FJ442691
T. afroharzionum GI504.153 Fla42233 Fl463298 Fl442705
T. anaherzionum YMF100383 NR_174850 MH183182 MH158535
T. atroviride C85142595 AY380506 AY376051 EU341801
T. atroviride CB5119439 FI8E0726 FJ2s0511 FJgs0518
T. auriculance JZBQTiZ7 ONB53356 ONE4523E ONE43543
T. auriculance J28QT1Z8 ONB53357 ONE43857 ONE43550
T. brevicomgpectum GJ5 04.381 EU330%41 EU338255 EU328317
T. guizhouense 5628 - KJ665511 KIE65273
T. guizhouense SZMIC 25750 - MZ773438 MZ773417
T. herzianum C85 226.55 AJ222720 AF348101 AF545545
T. herzianum TRSSS KP0OO3211 KPOO2803 KPOOS121
T. herzianum TRESS KPOO3250 KPOOB802 KP0O0S120
T. lentiforme DIS 218E Fla42220 F1453310 F1442753
T. lentiforme DIS 246K Fla42617 Fl463353 Flas2758
T. loxii C85 110080 NR_131264 FJ716622 KJE65250
T. longibrachiotum C85816.68 MHB855229 AY865640 DQ087242
T. longibrachiotum GJS07.21 - JN175565 JN175513
T. phayaoense SDBR CMU345 MTS55122 MW002073 MW002074
T. pleuroticoia CBS 124383 HM142362 HM142381 HM142371
T. pleuraticola TRS70 KPOO3264 KPOO2351 KPOOS172
T. pleuratum Cas 124387 NR_134421 HM142382 HM142372
T. pollinicola LC11682 MF935552 MF939615 MF933604
T. pollinicola LC11686 MF935553 MFS33620 MFS539605
T. protrudens DI§ 2119F EU330346 EU338289 EU338322
T. rifaii DIS 3558 Fla42621 Fl463321 F1442720
T. rifaii DIS 337F Fla42621 Fl463321 F1442720
T. simmonsii GJ.591.138 AF443517 AF443335 Fl442757
T. simmonsii 57 - KI665715 KJ665337
T. vermifimicolo CGMCC 3.19654 MN534473 MNEQS882 MNE05871
T. vermifimicolc CGMCC 3.15850 MNES4472 MNEQSE81 MNE0S870
T. viride C85119325 DQE77655 DQE72615 EU711362
T. viride TRS575 KP003372 KPO08331 KPOOS081
T. xixiocum CGMCC 3.19657 MNES4475 MNEQ5885 MNEQSE74
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Figure 3. Morphology of Trichoderma afroharzianum: Cultures on PDA, front and reverse at 7 d of
growth (A and B), phialide (C), conidia (D), terminal chlamydospores (E and G), intercalary

chlamydospore (F).

- a
Figure 4. Morphology of Trichoderma afarasin: Cultures on PDA, front and reverse at 7 d of growth (A
and B), phialide (C), conidia (D), terminal chlamydospores (E and G), intercalary chlamydospore (F).

DISCUSSION

Trichoderma spp. is an effective antagonist agent, extensively studied worldwide to combat pathogenic fungi
plants in various crops. In Mexico, its research has increased in crops such as cacao (Torres-De la Cruz et al,,
2015), maize (Mendoza et al., 2015), tomato (Ruiz-Cisneros et al., 2018), chili pepper (Herrera-Parra et al.,

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 85(2) April 2025 - www.chileanjar.cl 264



2017), and avocado (Lépez-Lopez et al., 2022). In other countries such as Brazil, the use of Trichoderma to
improve crop yields has also been reported (Goncalves et al., 2023). However, it has been little studied in
chickpea cultivation (Ortiz et al., 2016; Martinez-Martinez et al., 2020). In soil, Trichoderma spp. has been
widely documented as a biocontrol agent to suppress plant diseases. This process is considered multifaceted,
involving the synergistic collaboration of various mechanisms, including the activation of plant defense systems.
For example, T. harzianum (Harzianum clade) can induce defense mechanisms against phytopathogens in
plants, as demonstrated in various studies in cucumber (Yedidia et al., 1999) and bell peppers (Ezziyyani et al.,
2004). The antibiotic mechanism through the production of volatile compounds exerted by T. azevedoi can
complement other mechanisms, such as parasitism and competition, thereby contributing to greater efficiency
in controlling white mold caused by S. sclerotiorum in bean plants (da Silva et al., 2023).

Our study analyzed the capacity of 31 Trichoderma isolates to inhibit the mycelial growth of seven soil-borne
plant pathogens, including M. phaseolina, A. rolfsii, R. solani, N. falciformis, F. languescens, F. nirenbergiae, and
F. verticillioides. All 31 Trichoderma isolates inhibited the mycelial growth of the seven pathogens in vitro with
values ranging from 47% to 61%.

The biocontrol effect of Trichoderma afroharzianum has been widely demonstrated. Bouanaka et al. (2021)
reported inhibition percentages of 77% to 81% against Fusarium culmorum and a reduction in the severity of
spike fusarium and crown rot in wheat by 50.0% to 63.3%. Similarly, the isolate TM24 was effective in controlling
gray mold in tomato by inhibiting the mycelial growth of Botrytis cinerea and increasing the production of
enzymes such as glucanase and chitinase (Zhao et al., 2021). It has also been indicated that metabolites
produced by T. afroharzianum inhibit the growth of the pathogen Alternaria alternata and induce defense-
related enzymes in tomato plants (Philip et al., 2024). In another study through the prediction of biosynthetic
gene clusters, it was reported that T. afroharzianum (ThT22) encoded at least 64 natural products (Han et al.,
2023). Furthermore, T. harzianum (Harzianum clade) showed antagonism against different chickpea pathogens
and enhanced plant strength and grain yield (Martinez-Martinez et al., 2020).

Our results are consistent with another study conducted with Trichoderma spp. isolates from maize plants,
where inhibition zones were less intense against Fusarium verticillioides (28% to 47%) compared to Rhizoctonia
solani (44.9% to 60.0%) (Rodriguez and Flores, 2018). Other research has mentioned that various Trichoderma
isolates obtained from chickpea field soils in India showed significant antagonistic activity against Fusarium
solani, S. sclerotiorum, and A. rolfsii isolates (Saxena et al., 2015; Andoji, 2021).

The Harzianum clade is a complex of at least 95 species, including T. afarasin and T. afroharzianum (Cao et
al., 2022). Therefore, species previously reported as T. harzianum belonged to different species within the same
clade (Barrera et al., 2021; Xiao et al., 2023). This clade commonly presents the formation of chlamydospores
(Zhu and Zhuang, 2015), which is consistent with our results, as these resistance structures favor the
persistence of Trichoderma spp. under adverse conditions, enhancing the use of these isolates as biocontrol
agents for soil-borne plant pathogens.

CONCLUSIONS

The results of this study indicate that all 31 isolates of Trichoderma spp. exhibited antagonistic activity against
chickpea pathogens, with seven isolates showing particularly high inhibition percentages (> 59%). These isolates
demonstrated the formation of chlamydospores, granting them the advantage of persisting for prolonged
periods under adverse conditions until they encounter optimal conditions to exert biocontrol. This
characteristic highlights their potential as an effective and sustainable alternative for the control of pathogenic
fungi plants in agricultural fields.
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