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Abstract. Trichoderma spp., is a highly efficient
antagonist of root pathogens, such as Rhizoctonia
solani, which causes loss in many crops. The
aim of this research was to evaluate in vitro the
antagonistic capacity of T. viride, T. koningii, T.
harzianum and Trichoderma spp. isolates against R.
solani from a potato crop. In confrontation tests, all
Trichoderma isolates were classified as antagonists
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Resumen. Trichoderma spp., es un antagonista
muy eficiente de patogenos de las raices de papa.
Rhizoctonia solani, causa pérdidas en varios culti-
vos agricolas. El objetivo de este trabajo, fue eva-
luar in vitro la capacidad antagonica de 7. viridie;
T. koningii; T. harzanium y Trichoderma spp. fren-
te a R. solani proveniente de un cultivo de papa. En
las pruebas de confrontacion, todos los aislamien-
tos de Trichoderma se ubicaron en la clase 2 de an-
tagonismo de la escala de Bell, donde T. harzianum
y T. koningii mostraron mas de 60% de inhibicion
del crecimiento radial de R. solani a las 120 h. En
la interaccion de 7. harzianum 'y Trichoderma spp.
con R. solani, como estrategia de micoparasitismo,
se observo vacuolizacion, lisis, enrollamiento y
penetracion; las dos tltimas presentes en todos los
aislados evaluados de Trichoderma.

Palabras clave: Confrontacion, micoparasitismo,
biocontrol, biofungicida.

514



FuLLy BILINGUAL

MEXICAN JOURNAL OF PHYTOPATHOLOGY
REvISTA MEXICANA DE FITOPATOLOGIA

class 2 according to Bell scale, where T. harzianum
and T. koningii showed more than 60% inhibition
of the radial growth of R. solani at 120 h. In the
interaction between 7. harzianum and Trichoderma
spp. with R. solani, as mycoparasitism strategy,
vacuolization, lysis, coiling, and penetration were
demonstrated, the last two were present in all
Trichoderma isolates evaluated.

Key words: Confrontation,
biocontrol, biofungicide.

mycoparasitism,

Potato (Solanum tuberosum) is one of the
main global crops, after sugarcane (Saccharum
officinarum), corn (Zea mays), rice (Oryza sativa)
and wheat (7riticum spp.) (FAO, 2016). Diseases
affecting roots, tubers and leaves of the potato
plant can prevent proper tuber formation. One of
such disease is black scab, caused by the pathogen
Rhizoctonia solani (Betancourth et al., 2021). This
pathogen infects many wild and cultivated plants in
Mexico (DGSV-CNREF, 2020).

To control R. solani, growers often apply
synthetic fungicides such as Carbendazim, Copper
phosphite and Thiabendazole (Alburqueque and
Gusqui, 2018). Chemicals like Azoxystrobin and
propiconazole also provide effective disease control
(Khan and Bolton, 2010). However, chemical
control is not recommended due to the high residue
levels (Leadbeater and Gisi, 2010). Therefore,
alternative methods to control R. solani have been
explored, including biological control.

The antagonistic effect of some Trichoderma
species on R. solani was first described in 1932
(Weindling, 1932). Today, Trichoderma is used to
protect plants from root pathogens like R. solani,
and to stimulate plant defense mechanisms (Korolev
et al., 2008). Trichoderma can parasitize and
eliminate a wide range of fungal plant pathogens
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La papa (Solanum tuberosum) es uno de los
principales cultivos a nivel mundial, después de
caia de azucar (Saccharum officinarum), maiz
(Zea mays), arroz (Oryza sativa) y trigo (Triticum
spp.) (FAO, 2016). Las enfermedades que afectan
a la papa, lo hacen en las raices, tubérculos y ho-
jas, lo que impide la formacién adecuada del tubér-
culo; dentro de estas, se encuentra la costra negra
causada por Rhizoctonia solani (Betancourth et al.,
2021). Este patdgeno infecta un gran numero de
plantas silvestres y cultivadas en México (DGSV-
CNREF, 2020).

Para el control de R. solani, los productores
aplican fungicidas sintéticos como Carbendazim,
Fosfito de cobre y Tiabendazol (Alburqueque y
Gusqui, 2018). El azoxistrobin y el propiconazol
proporcionan un control eficaz de la enfermedad
(Khan y Bolton, 2010). El control quimico es in-
conveniente por su alta residualidad (Leadbeater y
Gisi, 2010); por lo cual, se han investigado alterna-
tivas para el control de R. solani, entre las que se
cuenta el control biologico.

El efecto antagénico de algunas especies de
Trichoderma sobre R. solani fue descrito en 1932
(Weindling, 1932). Actualmente se utiliza para
proteger a la planta de patégenos de la raiz y para
estimular sus mecanismos de defensa (Korolev et
al., 2008). Trichoderma parasita y elimina un am-
plio numero de hongos que afectan a las plantas de
interés agricola (Romero-Arenas et al., 2017). El
éxito y su empleo en la agricultura se debe a sus
mecanismos de accion (Infante y Martinez, 2019).

El uso agricola de especies de Trichoderma, es
una alternativa tecnologica para la obtencion de
biofungicidas de alta calidad (Herndndez-Mendoza
et al., 2012; Companioni et al., 2019), que, a pesar
de su potencial, su aplicacion en México para el
manejo de enfermedades en papa, ha sido escaso y
los problemas con R. solani siguen vigentes. Por lo
anterior, el objetivo de este trabajo fue evaluar in
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(Romero-Arenas et al., 2017). Its agricultural
success and use stems from its diverse mechanisms
of action (Infante and Martinez, 2019).

The agricultural utilization of Trichoderma
species represents a promising technological
approach for producing high-quality biofungicides
(Hernandez-Mendoza et al., 2012; Companioni et
al., 2019). Despite its considerable potential, the
application of 7richoderma based solutions for
disease management in potatoes remains limited in
Mexico, and challenges associated with addressing
Rhizoctonia solani infections persist. Thus, the
primary aim of this study was to conduct an in
vitro assessment of the efficacy of four distinct
Trichoderma species as potential biofungicides
targeting Rhizoctonia solani.

In this research, isolates of T. viride (Tv), T.
koningii (Tk), T. harzianum (Th), and Trichoderma
spp. (Tspp.) employed, isolates were obtained
from the collection maintained by the Universidad
Tecnolégica del Sur in Morelos. Concurrently,
the R. solani strain was procured from the
Zacatepec Experimental Station of the National
Institute of Forestry, Agriculture, and Livestock
Research (INIFAP). The isolation of R. solani
involved obtaining samples from infected potato
plants of Fiana variety from Toluca, Mexico
state. Subsequent to carefully rinsing the plants
to eliminate soil residues through flowing water,
symptomatic one squared centimeter sections from
various plant segments were disinfected utilizing
3% sodium hypochlorite for 5 min., followed by
rinsing with sterile distilled water. These sections
were plated on Petri dishes with Sabouraud
dextrose agar culture medium (MCD LAB) and
subjected to an incubation period of 25 + 2 °C
for 48 hrs. Establishment of pure cultures were
achieved by inoculating Petri dishes with hyphal
tips possessing characteristics and morphology
indicative of R. solani. Both Trichoderma species
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vitro la efectividad biologica de cuatro especies de
Trichoderma como potenciales biofungicidas con-
tra Rhizoctonia solani.

Se utilizaron aislamientos de 7. viridie (1v), T.
koniingii (Tk), T. harzanium (Th) y Trichoderma
spp. (Tspp.), procedentes del cepario de la Univer-
sidad Tecnoldgica del Sur del estado de Morelos.
El aislamiento de R. solani, lo aportd el Campo Ex-
perimental Zacatepec, del INIFAP. Para el aislado
de R. solani, se tomaron muestras infectadas por el
hongo en el cultivo de la papa variedad Fiana pro-
veniente de Toluca, Estado de México. Las plan-
tas fueron lavadas con agua corriente para retirar
el exceso de tierra; posteriormente, secciones con
sintomas de un centimetro de diferentes partes de
la planta fueron desinfestadas con hipoclorito de
sodio al 3% durante 5 min y después enjuagadas
con agua destilada estéril. Después se sembraron
en cajas Petri con medio de cultivo agar dextrosa
Sabouraud (MCD LAB) y se incubaron a 25 +2 °C
durante 48 h. Se obtuvieron cultivos puros median-
te la siembra de puntas de hifa con caracteristicas
y morfologia de R. solani. Los aislamientos de 7ri-
choderma y R. solani aqui descritos se encuentran
acualmente en proceso de identificacion molecular.

Para las evaluaciones, los hongos se mantuvie-
ron en medio agar dextrosa Sabouraud a una tem-
peratura de 25 + 2 °C por 96 h (Trichoderma) y por
10 dias (R. solani).

La competencia por espacio entre las especies
de Trichoderma y R. solani, se evalud utilizando
el método de confrontacion dual Bell et al. (1982),
descrito por Martinez y Solano (1994). La evalua-
cion se realizo en cajas Petri de 90 mm de diame-
tro, con medio agar dextrosa Sabouraud. Se sem-
braron individualmente discos de 5 mm de agar con
micelio de Tv, Tk, Th y Tspp. a un centimetro del
borde de cada caja Petri (réplica) y en el otro extre-
mo un disco de 5 mm con crecimiento de R. solani.
Como control se sembré R. solani sin presencia de
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and R. solani isolates described in this study are
currently undergoing molecular identification
procedures.

For evaluations, fungi were cultivated on
Sabouraud dextrose agar medium at controlled
temperature of 25 + 2 °C for 96 hrs (Trichoderma
species) and for 10 days (R. solani).

Competition for resources between Trichoderma
species and R. solani were evaluated using the dual
confrontation method as outlined by Bell et al.
(1982) and detailed by Martinez and Solano (1994).
Evaluation were conducted in 90 mm diameter
Petri dishes containing Sabouraud dextrose agar
medium. Individual 5 mm agar disks harboring
mycelium of 7v, Tk, Th, and Tspp. were positioned
one centimeter from the edge of each Petri dish
(replicate), with a 5 mm disk of R. solani growth
positioned at the opposing end. In parallel, a control
experiment featuring R. solani growth without of
Trichoderma species were conducted employing
a completely randomized design, five treatments,
with five replicates (Petri dishes), were evaluated.
Radial growth measurements during confrontations
were taken at 24-hr intervals, up to 120 hrs, within
a controlled environment of 25 + 2 °C.

Classification of 7v, Tk, Th, and Tspp. isolates
as antagonists against R. solani was executed using
the five class scale introduced by Bell et al. (1982).
Percentage Inhibition of Radial Growth Rate
(PIRGR) was calculated using the formula PIRGR
= (R1 - R2) / R1 x 100, where R1 represents the
radial growth of the phytopathogen colony within
the control treatment, and R2 signifies the radial
growth of the pathogenic isolate when confronted
by the antagonist (Rahman et al., 2009). Statistical
analysis of PIRGR data were performed employing
IBM SPSS® Statistics for Windows version 25
(IBM Corp, Armonk, New York, USA). Prior to
analysis, normality and homogeneity of variance
were assessed using the Levene and Kolmogorov-
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Trichoderma. Se evaluaron cinco tratamientos con
cinco repeticiones (cajas Petri) en un disefio com-
pletamente al azar. Las mediciones de crecimien-
to radial en confrontacion se realizaron cada 24 h,
hasta las 120 h a una temperatura de 25 &+ 2 °C.

La clasificacion como antagonistas de los ais-
lamientos 7v, Tk, Th y Tspp. frente a R. solani se
realizd segun la escala de cinco clases propuesta
por Bell et al. (1982). El Porcentaje de Inhibicion
del Crecimiento Radial (PICR) se determino con la
formula PCIR=(R1-R2) / R1 x 100; donde R1 es
el crecimiento radial de la colonia del fitopatogeno
en el tratamiento control y R2 el crecimiento radial
del aislamiento patdogeno enfrentado al antagonis-
ta (Rahman et al., 2009). Los analisis estadisticos
del PICR se realizaron con el software estadistico
IBM SPSS® Statistics para Windows vs 25 (IBM
Corp, Armonk, Nueva York, USA). Se comprobo la
normalidad y homogeneidad de varianza mediante
el test de Levene y Kolmogorov-Smirnov. Poste-
riormente, se procedié al analisis de varianza y a
la prueba de comparacion de medias de Tukey (p
<0,01).

El micoparasitismo se observé en la zona de
contacto entre ambos hongos (antagonista-patoge-
no) y se evalud el tipo de interaccion hifal (enro-
llamiento, penetracion, vacuolizacion y lisis) (Chet
et al., 1981). Para ello, se tomaron muestras con
cinta adhesiva de la zona de interaccion y después
se colocaron en un portaobjeto con una gota de azul
de lactofenol. Las muestras se observaron a 40X en
un microscopio optico (LABOMED, modelo CXL
TRINOCULAR 9135007). Se realizaron tres pre-
paraciones por réplica (caja Petri).

Los cuatro aislamientos de Trichoderma evalua-
dos se ubicaron en la clase 2 de antagonismo de
la escala de Bell et al. (1982) (Figura 1), con un
crecimiento de mas del 60% de la superficie sobre
R. solani. Utilizando la misma escala, las evalua-
ciones in vitro de Pérez et al. (2020) mostraron que
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Smirnov tests. Subsequently, an analysis of
variance and Tukey’s mean comparison test (p <
0.01) was executed.

Mycoparasitism was observed in the contact
zone between the two fungi (antagonist pathogen),
and the array of hyphal interactions; rolling,
penetration, vacuolization, and lysis were assessed
in accordance with the methodology outlined
by Chet et al. (1981). To conduct this analysis,
adhesive tape was utilized to obtain samples from
the interaction zone, which were subsequently
mounted on slides with a drop of lactophenol blue.
Examination of samples were carried out under
an optical microscope (LABOMED, model CXL
TRINOCULAR 9135007) at 40X magnification.
Each replicate (Petri dish) encompassed three
distinct preparations.

The four Trichoderma isolates subjected to
evaluation were classified within antagonism class
2 of the scale established by Bell et al. (1982)
(Figure 1). Their growth encompassed more than
60% of the surface area occupied by R. solani.
By applying the same scale, in vitro assessments
conducted by Pérez et al. (2020) demonstrated
that 7. atroviride, T. konigiopsis, and T. harzianum
exhibited an overgrowth exceeding 85% over
R. solani, warranting their classification within
antagonism class 1. Likewise, when assayed
against Botrytis sp., strains of 7. koningii, T.
atroviride, T. inhamatum, and T. harzianum were
classified as belonging to class 1 (Acosta et al.,
2021), a classification shared by T. asperellum and
Trichoderma spp. in relation to B. cinerea (Pincay
etal.,2021).

The antagonistic interaction between fungi is
mediated through an intricate network of attack and
counter-response mechanisms. Within the arsenal of
attack strategies employed by Trichoderma species,
a diverse array is noteworthy, including parasitism,
antibiosis, competition for resources and space,
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T atroviride, T. konigiopsis y T. harzianum presen-
taron un sobre crecimiento mayor a 85% por en-
cima de R. solani, clasificandolas en la clase 1 de
antagonismo. Asimismo, frente a Botrytis sp. las
cepas de T koningii, T. atroviride, T. inhamatum y
T harzianum se clasificaron en la clase 1 (Acosta
et al., 2021), al igual que T. asperellum y Tricho-
derma spp. contra B. cinerea (Pincay et al., 2021).
El antagonismo entre hongos esta mediado por una
serie de mecanismos de ataque y respuesta entre el
biocontrolador y el patégeno. Trichoderma, posee
una gran variedad de mecanismos de ataque; entre
los méas conocidos se encuentran el parasitismo, la
antibiosis, la competencia por nutrientes y espacio,
la liberacién de enzimas que afectan el metabo-
lismo de otros microorganismos, la activacion de
repuesta de defensa, la estimulacion de la germi-
nacion y crecimiento (Morales-Mora et al., 2020).

Todos los tratamientos mostraron un efecto an-
tagonico superior al 50% a partir de las 96 h (Cua-
dro 1), observandose crecimiento sobre la colonia
de R. solani (Figura 1). Alas 120 h Tk, Th y Tspp.
mostraron los mayores porcentajes de inhibicion,
todos con diferencias significativas en sus valores
promedio (p < 0,01). Los resultados muestran que
estos presentan mayor velocidad de crecimiento a
partir de las 72 h, por posibles metabolitos despren-
didos por R. solani (Cuadro 1).

En otros ensayos in vitro, especies de Tricho-
derma mostraron una inhibicion con Trichothecium
sp., Cladosporium sp. y Fusarium sp. mayor al
50%; frente a Didymella bryoniae del 75% (Marti-
nez et al., 2013). El uso de Trichoderma spp. cepa
nativa TCOS5, en condiciones in vitro y en casa de
malla demostré un alto potencial antagonico frente
a Fusarium spp. (Rodriguez-Pinto et al., 2021). Es-
tablecer in vitro los mecanismos de accion presen-
tes en los aislamientos de antagonistas, constituye
la base de la seleccion de estos, no solo para las
pruebas siguientes en condiciones semicontroladas
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48 h

Tspp.

Th

CONTROL

72 h 96 h 120 h

Figure 1. Confrontation of Zrichoderma isolates with R. solani were carried out on Sabouraud agar, followed by the
assessment of R. solani’s radial growth inhibition at 24 hr intervals. The used abbreviations were as follows: 7spp.
(Trichoderma spp.), Th (T. harzianum), Tv (T. viride), Tk (T. koningii), with the control group represented by R.

solani.

Figura 1. Confrontacion de aislamientos de Trichoderma frente a R. solani en agar Sabouraud y evaluacion de la inhibicién
del crecimiento radial de R. solani cada 24 h. Tspp.: Trichoderma spp., Th: T. harzanium, Tv: T. viridie, Tk: T.

koningii, control: R. solani.

enzymatic disruption of other microorganisms
metabolisms, elicitation of defense responses, and
facilitation of germination and growth (Morales-
Mora et al., 2020).

All treatments exhibited an antagonistic effect
exceeding 50% after 96 hrs, as indicated in Table
1. Growth of R. solani colony displayed noticeable
changes, as illustrated in Figure 1. At 120 hrs, Tk, Th,
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y campo, sino que orientan la forma de produccion
que debe establecerse para lograr mayor estabili-
dad y eficacia en los resultados en campo.

En la Figura 2 se muestra la zona de confronta-
cion entre 7h y R. solani donde al igual que Tspp.
se observaron cuatro tipos de interaccion hifal con
enrollamiento, penetracion, vacuolizacion y lisis
de hifas; mientras que 7v y Tk presentaron dos y
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Table 1. Radial Growth Inhibition (RIGI) of Trichoderma on R. solani.
Cuadro 1. Inhibicion del Crecimiento Radial (PICR) de Trichoderma sobre R. solani.

Treatments 24 h 48 h 72 h 96 h 120 h
Tspp. 17.8 ¢ 262 ¢ 32.7¢ S55.1¢ 65.5¢
Th 2220 279b 363 b 573b 66.7b
Tv 11.1d 20.5d 29.8d 50.4d 57.0d
Tk 244 a 312a 433 a 61.2a 67.5a
Esy 1.31% 1.0* 1.3* 1.0* 1.08%*
CV (%) 27.76 15.12 14.66 7.17 6.74

Tspp. = Trichoderma spp; Th = T. harzianum; Tv = T. viride; Tk = T. koningii; Es y = standard
error of the mean; CV = coefficient of variation. Different letters in the same column indicate
significant differences according to Tukey’s multiple range test (p < 0.01). / Tspp. =
Trichoderma spp.; Th = T. harzanium; Tv = T. viridie; Tk = T. koningii; Es y = error estandar
de la media; CV = Coeficiente de variacion. Letras distintas en la misma columna indican
diferencias significativas segun prueba de rangos multiples de Tukey (p < 0,01).

and Tspp., treatments showed the most substantial
inhibition percentages. Notably, all three treatments
exhibited statistically significant differences in
their mean values (p < 0.01). Furthermore, data
revealed that after 72 hrs, treatments demonstrated
an increased growth rate. This phenomenon could
be attributed to potential metabolites released by R.
solani, as detailed in Table 1.

Other Trichoderma
spp. exhibited inhibition rates exceeding 50%

in Vvitro assessments,
against Trichothecium sp., Cladosporium sp.,
and Fusarium sp.; meanwhile, it demonstrated
a remarkable 75% inhibition against Didymella
bryoniae (Martinez et al., 2013). Using the native
strain TCOS5 of Trichoderma spp., both under in
vitro conditions and within a mesh house, revealed a
substantial antagonistic potential against Fusarium
spp. (Rodriguez-Pinto et al., 2021). Elucidation of
underlying mechanisms of action exhibited by these
antagonist isolates in vitro forms the foundation
for their selection. This selection process pertains
not only to subsequent assessments under semi-
controlled and field conditions but also guides
the formulation of production strategies aimed at
achieving enhanced stability and efficacy in field
results.
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tres tipos de interaccion; respectivamente, siendo
el enrollamiento y la penetracion de hifas las estra-
tegias de micoparasitismo utilizadas por todos los
aislamientos de Trichoderma evaluados (Cuadro
2). Se ha descrito que la combinacion de diferen-
tes formas de micoparasitismo, favorece la accion
de biocontrol sobre el fitopatégeno (Companioni et
al., 2019).

Las especies de Trichoderma producen enzimas
tales como B-1,3-glucanasas, B-1,6-glucanasas,
quitinasas y proteasas, capaces de hidrolizar la
pared celular de numerosos hongos (Ait-Lahsen
et al., 2001). Durante este proceso, las hifas de
Trichoderma crecen quimiotropicamente hacia el
huésped, una vez cerca del patdégeno, comienza su
adhesion y enrollamiento para finalizar con la acti-
vidad litica.

Los resultados obtenidos en la confrontacion
dual de T_ harzianum y T. koningii contra R. solani,
mostraron altos porcentajes de inhibicion del cre-
cimiento radial. Asi como, T. harzianum y Tricho-
derma spp. presentaron cuatro tipos de interaccion
hifal con el patdogeno y todas las especies evaluadas
se ubicaron en la clase 2 de la escala de Bell et al.
(1982).

520



FuLLy BILINGUAL

MEXICAN JOURNAL OF PHYTOPATHOLOGY
REVISTA MEXICANA DE FITOPATOLOGIA

Figure 2, shows the confrontation zone between
Th and R. solani, where similar to 7spp., four
distinct types of hyphal interactions were observed,
encompassing coiling, penetration, vacuolization,
and lysis of hyphae. Meanwhile, 7v and Tk exhibited
two and three types of interactions, respectively.
On the other hand, coiling and hyphal penetration

emerged as the predominant mycoparasitic
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Todos aislados de Trichoderma mostraron nive-
les similares de antagonismo frente a R. solani; sin
embargo, establecer in vitro la interaccion con otras
cepas de R. solani, diferentes hongos fitopatdgenos
y en los cultivos de origen ayudaria a la seleccion
de especies de Trichoderma con las mejores carac-
teristicas de parasitismo y control.

D

Figure 2. Mechanisms of antagonistic action of 7. harzianum on R. solani: coiling (A), penetration (B), vacuolization (C)

and lysis (D).

Figura 2. Mecanismos de accién antagénica de 7. harzianum sobre R. solani: enrollamiento (A), penetracion (B),

vacuolizacion (C) y lisis (D).

strategies employed by all evaluated Trichoderma

isolates (Table 2). Literature has documented that

the amalgamation of diverse mycoparasitic tactics
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Table 2. Types of hyphal interaction between Trichoderma isolates and R. solani.
Cuadro 2. Tipos de interaccion hifal entre aislados de Trichoderma 'y R. solani.

Treatments

Hyphal interaction type

Trichoderma spp. (Tspp.)
T. harzanium (Th)

T. viridie (Tv)

T. koningii (Tk)

E-P-L-V
E-P-L-V
E-P
E-P-L

Coiling (E), Penetration (P), vacuolization (V) and Lysis (L). / Leyenda: Enrollamiento
(E), Penetracion (P), Vacuolizacion (V) y Lisis (L).

contributes to a more effective biocontrol action
against phytopathogens (Companioni ef al., 2019).
species

including  B-1,3-glucanases,

Trichoderma produce
3-1,6-glucanases,
chitinases, and proteases, capable of breaking

down cell walls of various fungi (Ait-Lahsen et al.,

enzymes,

2001). In this process, Trichoderma species hyphae
exhibit chemotropic growth towards the host.
When in close proximity to the pathogen, their
attachment and coiling initiate, ultimately leading
to lytic activity.

Results from dual confrontation of 7. harzianum
and T koningii with R. solani revealed significant
radial growth inhibition rates. Correspondingly,
both T. harzianum and Trichoderma spp. displayed
four distinct types of hyphal interactions with the
pathogen. Furthermore, all assessed species were
categorized under class 2 on the Bell et al. scale
(1982).

While all Trichoderma isolates exhibited
comparable levels of antagonism against R. solani,
exploring in vitro interactions with diverse R. solani
strains, varying phytopathogenic fungi, and the
original crop environments could aid in selecting
Trichoderma species showcasing optimal parasitic
and control characteristics.
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