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Abstract. Corynespora cassiicola is a pathogen
that causes lesions in different organs of tomato
crops. For its control, synthetic fungicides are used
that require more than one application. Trichoderma
spp. is a highly interactive saprophytic fungus
in the rhizosphere known as a biological control
agent against plant diseases and promoter of plant
growth due to its different modes of action. The
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Resumen. Corynespora cassiicola es un patoge-
no que causa lesiones en diferentes organos en el
cultivo de jitomate. Para su control se utiliza fun-
gicidas sintéticos que requieren mas de una apli-
cacion. Trichoderma spp. es un hongo saprofito,
altamente interactivo en la rizosfera conocido por
sus modos de accion como agente de control bio-
logico contra enfermedades en plantas y promotor
del crecimiento vegetal. Se evaluo6 el efecto en las
variables fisioldgicas y de crecimiento en plantas
de Solanum lycopersicum inoculadas con las con-
centraciones de esporas 1x10% 1x10°, 1x10°, 1x107
y 1x10% de Trichoderma asperellum Ta-13-17 vy
Fithan® (como testigo comercial) como agente de
biocontrol de C. cassiicola en condiciones prote-
gidas. Los tratamientos 1x10°, 1x10%y Fithan® ob-
tuvieron las tasas fotosintéticas mas altas con 20.7,
20.6 y 19.6 pumol m? s respectivamente. El trata-
miento 1x108 conidios mL"! obtuvo las medias mas
altas en las variables de fotosintesis 20.6 pmol m™
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effect on physiological and growth variables in
Solanum lycopersicum plants inoculated with spore
concentrations 1x10° 1x10°, 1x10°, 1x107 and 1x10%
of Trichoderma asperellum Ta-13-17 and Fithan®,
(as a commercial control) was evaluated. As a
biocontrol agent for C. cassiicola under protected
conditions. The 1x10°, 1x10%and Fithan® treatments
obtained the highest photosynthetic rates with 20.7,
20.6 and 19.6 umol m? s! respectively. The 1x108
conidia mL™' treatment obtained the highest means
in the photosynthesis variables 20.6 umol m? s,
yield 1347.02 g per plant and presented a lower
percentage of final severity, lower speed in the
distribution of the disease and lower accumulation
of area under the disease progress curve.
Keywords: Antagonist, control,
photosynthesis, severity.

biological

Tomato is one of the most consumed vegetables
worldwide. Corynespora cassiicola is a pathogen
that attacks tomato plants after the seedling stage,
causing lesions on stems, flowers, and fruits. It
is distributed in tropical areas, where it causes
significant production losses. It is controlled
mainly through the use of synthetic fungicides that
require several applications during the crop cycle,
causing environmental contamination and leading
to the emergence of resistant strains (Rodriguez
and Sandoval, 1998; Junxiang et al., 2019).

Trichoderma spp. is a saprophytic fungus
common in ecosystems and highly interactive in
root, soil and leaf environments. It is known as a
plant growth promoter and as a biological control
agent against phytopathogens, an alternative to the
use of synthetic fungicides. Its success is due to its
mechanisms of action, which include antibiosis,
antifungal compounds,
production of defense enzymes, systemic resistance,

emission of volatile
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s, rendimiento 1347.02 g por planta y presentaron
menor porcentaje de severidad final, menor velo-
cidad en la distribucion de la enfermedad y menor
acumulacion de area bajo la curva del progreso de
la enfermedad.

Palabras clave: Antagonista, control bioldgico,
fotosintesis, severidad.

El jitomate es una de las hortalizas mas con-
sumidas a nivel mundial. Corynespora cassiicola
es un patéogeno que ataca las plantas de jitomate
después de la fase de semillero, causa lesiones en
tallos, flores y frutos. Se encuentra distribuido en
zonas tropicales y su afectacion genera importantes
pérdidas de produccion. Para su control, se utiliza
principalmente fungicidas sintéticos que requieren
de varias aplicaciones durante el ciclo del cultivo,
lo que ocasiona contaminacion ambiental y cepas
del fitopatogeno resistentes (Rodriguez y Sando-
val, 1998; Junxiang et al., 2019).

Por otra parte, Trichoderma spp. es un hongo
saprofito, comun en ecosistemas y altamente inte-
ractivo en ambientes de raices, suelo y hojas. Es
conocido como promotor de crecimiento vegetal y
como agente de control bioldgico contra fitopato-
genos y es una alternativa para reducir el uso de
fungicidas sintéticos. En este contexto, su éxito se
debe a sus modos de accidon como antibiosis, emi-
sion de compuestos antifungicos volatiles, produc-
cion de enzimas de defensa, resistencia sistémica
y micoparasitismo a través de la perforacion de la
pared celular y la absorcion de los nutrientes (Bhat,
2017; Imran et al., 2020; Wonglom et al., 2020;
Zin y Badaluddin, 2020). Por otro lado, su capa-
cidad endofita, le confiere relaciones simbidticas e
induce la produccion de metabolitos bioactivos que
regulan con éxito la arquitectura de la raiz y mejora
la absorcion de nutrientes y el crecimiento en las
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and mycoparasitism through cell wall perforation
and nutrient absorption (Bhat, 2017; Imran et al.,
2020; Wonglom et al., 2020; Zin and Badaluddin,
2020). Its endophytic capacity allows it to establish
symbiotic relationships and induces the production
of bioactive metabolites that successfully regulate
root architecture and improve nutrient absorption
and plant growth (Ying-Tzu et al., 2017; Segaran
and Sathiavelu, 2019).

The present work aimed to evaluate the growth
promotion induced by the inoculation of different
concentrations of 7. asperellum Tal3-17 and its
effectiveness in the biocontrol of C. cassiicola,
which causes leaf spot in S. lycopersicum plants.

The study was conducted at the National
Technological
Conkal. The crop was established in a tunnel-type
greenhouse between October 2019 and February
2020 with an average minimum temperature of 19
°C and an average maximum temperature of 30
°C. Laboratory evaluations were carried out in the
Phytopathology laboratory of the same institute. The
native strain 7. asperellum Tal3-17, which belongs
to the strain collection of the Phytopathology
laboratory, was used as biostimulant for plant growth
and biocontrol, isolated in an endophytic form
from the root and stem of chili pepper (Capsicum
annuum) cv. Creole. The strain was molecularly
identified, showing 100% homology and coverage
with the reference sequences KC479809.1 and
JF501661.1 from the Gene Bank of the National
Center For Biotechnology Information (http://blast.
ncbi.nlm.nih.gov). The phytopathogen evaluated
was C. cassiicola. It was inoculated naturally and
was molecularly identified in subsequent works
(unpublished data) with 100% homology and
access number: ON815356 (http://blast.ncbi.nlm.
nih.gov). The model plant was S. lycopersicum cv.
Hybrid DRD 8551 type saladette, with determined
growth, vigorous, resistance to heat and tolerant

Institute of Mexico, Campus
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plantas (Ying-Tzu et al., 2017; Segaran y Sathia-
velu, 2019).

Por lo anterior, el objetivo de este trabajo fue
evaluar la promociéon en el crecimiento por la
inoculacion de concentraciones de 7. asperellum
Tal3-17 y su capacidad en el biocontrol de C. cas-
siicola, causante de la mancha foliar en plantas de
S. lycopersicum.

El estudio se realiz6 en el Tecnoldgico Nacional
de México, Campus Conkal. EI cultivo se estable-
ci6 en un invernadero tipo tinel en los meses de
Octubre-2019 a Febrero-2020 con una temperatu-
ra minima promedio de 19 °C y maxima prome-
dio de 30 °C. Las evaluaciones de laboratorio se
llevaron a cabo en laboratorio de Fitopatologia del
mismo instituto. Se utiliz6 como bioestimulante de
crecimiento vegetal y biocontrol la cepa nativa 7.
asperellum Tal3-17 que pertenece a la coleccion
del cepario del laboratorio de Fitopatologia, aislada
de forma endofita de raiz y tallo de chile (Capsi-
cum annuum) cv. Criollo e identificada molecular-
mente con una homologia y cobertura del 100%
con las secuencias de referencia KC479809.1 y
JF501661.1, del Banco de Genes del National Cen-
ter For Biotechnology Information (http://blast.
ncbi.nlm.nih.gov). El fitopatégeno evaluado fue C.
cassiicola inoculado de forma natural, identificado
molecularmente en trabajos posteriores (Datos no
publicados) con 100 % de homologia y numero de
acceso: ON815356 (http://blast.ncbi.nlm.nih.gov).
Como planta modelo se utilizé a S. lycopersicum
cv. Hibrido DRD 8551 tipo saladette, de creci-
miento determinado, vigoroso, con resistencia en
temporadas de calor y tolerante a: virus del riza-
do amarillo del jitomate (7omato yellow leaf curl
disease-TYLCV), virus del mosaico del jitomate
(Tomato mosaic virus-ToMV), F. oxysporum f. sp.
lycopersici raza 1,y 2, Verticillium dahliae, Me-
loidogyne arenaria, M. incognita y M. javanica
(Seminis, 2022; https://n9.cl/brb4j).
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to: tomato yellow leaf curl disease (Tomato yellow
leaf curl disease-TYLCV), tomato mosaic virus
(Tomato mosaic virus-ToMV), F. oxysporum f.
sp. lycopersici race 1 and 2, Verticillium dahliae,
Meloidogyne arenaria, M. incognita, and M.
Jjavanica (Seminis, 2022; https://n9.cl/brb4j).

A 5 mm disc of mycelium with seven-days
growth of T. asperellum Tal3-17 was sown in
four 500 mL Roux flasks with culture medium
of dextrose potato broth for 21 days. The strain
presented abundant mycelial growth, cottony, dark
green in color, and abundant production of spores.
These characteristics are associated with the species
under study. After 21 days, the medium was filtered
with sterile gauze. The filtrate was placed in 50 mL
Falcon tubes and centrifuged three times for 20
minutes at 3,000 rpm. The spores were recovered
and used as the mother solution. Dilutions of the
stock solution were made until concentrations of
1x105, 1x10°, 1x107 and 1x10® conidia mL" were
obtained. To corroborate the number of conidia
per dilution, 10 pL of each solution were taken
and counted in a Neubauer chamber, applying the
formula NE =(X/0.1) (1,000) (9), where NE: No.
of spores, X: average of quadrants recorded in the
Neubauer camera (Gomez-Ramirez et al., 2013).

To evaluate the promotion of plant growth,
tomato seeds were placed in flasks with 30 mL
of the corresponding spore solution plus 1 mL of
Tween 20, then shaken for 10 min. The seeds were
then drained and sown in polystyrene trays with
75 cavities. Two reinforcements of the treatments
were applied 15 and 45 days after germination.
During the latter, the plants were transplanted
in 4 kg plastic bags with sterile soil (120 °C for
15 min). Irrigation was applied with a nutrient
solution (20N-20P-20K 1 g L'). The experiment
was maintained under protected conditions and
the treatments were applied using a completely
randomized experimental design: 1x10° 1x103,
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Se sembro un disco de micelio de 5 mm con sie-
te dias de crecimiento de 7. asperellum Tal3-17 en
cuatro frascos Roux de 500 mL con medio de culti-
vo caldo de papa mas dextrosa por 21 dias, la cepa
presentd un crecimiento micelial abundante, algo-
donoso en color verde oscuro y abundante produc-
cion de esporas; caracteristicas asociadas a la espe-
cie en estudio. Pasado el tiempo, se filtr6 el medio
con una gasa estéril, el filtrado se coloc6 en tubos
Falcén de 50 mL y se centrifugé tres veces por 20
minutos a 3,000 rpm, se recuperaron las esporas y
se consider6 como la solucion madre. Se realizaron
diluciones de la solucion madre hasta que se obtu-
vieron las concentraciones 1x10°, 1x10°¢, 1x107 y
1x108 conidios mL!. Para corroborar el numero de
conidios por dilucion, se tomaron 10 pL de cada
solucion y se contabilizaron en una camara Neu-
bauer, y se aplico la formula NE =(X/0.1) (1,000)
(9), donde: NE: No. De esporas, X: promedio de
los cuadrantes registrados en la camara Neubauer
(Goémez-Ramirez ef al., 2013).

Para evaluar la promocién de crecimiento vege-
tal se colocaron las semillas de jitomate en matra-
ces con 30 mL de la solucion de esporas correspon-
diente mas 1 mL de Tween 20, se agitaron durante
10 min. Después las semillas se escurrieron y se
sembraron en charolas de poliestireno de 75 cavi-
dades, se aplicaron dos refuerzos de los tratamien-
tos a los 15 y 45 dias después de la germinacion, en
esta ultima se realiz6 el trasplante en bolsas plasti-
cas de 4 kg con suelo estéril (120 °C por 15 min), se
dio riego con una solucion nutritiva (20N-20P-20K
1 g LY. El experimento se mantuvo en condiciones
protegidas bajo un disefio experimental completa-
mente al azar con los tratamientos: 1x10% 1x10°,
1x10°, 1x107y 1x10® conidios mL"' de 7. aspere-
llum Ta-13-17y Fithan® (testigo comercial a base
de T. harzianum, T. fasciculatum y T. viride). Se
consider6 10 repeticiones por tratamiento donde
cada planta se tom6 como una repeticion (Candele-
ro et al., 2015).
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1x10°, 1x107 and 1x10® conidia mL"' of T
asperellum Ta-13-17 and Fithan® (commercial
control based on 7. harzianum, T. fasciculatum, and
T. viride). Ten repetitions per treatment were used,
with each plant taken as a repetition (Candelero et
al., 2015).

A SPAD 502 meter (Minolta, Tokyo, Japan)
was used to measure the physiological variables
65 days after transplantation (dat) to determine
the influence of the 7. asperellum Tal3-17 strain
on the plants. SPAD units were estimated (a
quantitative evaluation of the intensity of the green
of leaves) and an infrared gas analyzer (LICOR
6400XT, Nebraska, United States) was used to
assess the following variables: photosynthesis,
stomatal conductance (SC), intercellular carbon
(IC), transpiration and water use efficiency (USA).
These variables were evaluated 65 days after
transplantation. Three plants were taken at random
from each treatment; five readings were made per
leaf and four leaves were read per plant (Garruna-
Hernandez et al., 2014).

At the end of the experiment (130 days after
sowing), a destructive sampling was carried
out, taking 10 plants per treatment. Plant height
(PH) and stem diameter (SD) were measured.
The displacement method was used to estimate
root volume (VR). The dry weight of each organ
(leaves, stem and root) and the partial dry weight
of plants were measured in plants dried in a
convection oven for 96 hours at 60 °C. Normality
tests were performed on the data, giving a p-value
<0.0001. An analysis of variance was performed
and a comparison of means was performed using
Tukey’s method (p<0.05).

At 80 dat, the presence of C. cassiicola was
detected naturally in the culture. The biocontrol
effect of T. asperellum Tal3-17 was estimated by
measuring the severity of the disease using a six-
class scale where: 1=1%, 2= 5%, 3=10%, 4=20%
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Se midieron variables fisioldgicas a los 65 dias
después del trasplante (ddt) para determinar la in-
fluencia de la cepa de T. asperellum Tal3-17 en las
plantas, con un SPAD 502 (Minolta, Tokio, Japon)
se estimaron las unidades SPAD (evalua cuantitati-
vamente la intensidad del verde de la hoja) y con un
analizador de gases en infrarrojo (LICOR 6400XT,
Nebraska, Estados Unidos) se estimaron: fotosin-
tesis, conductancia estomdtica (CE), carbono in-
tercelular (CI), transpiracion y eficiencia del uso
de agua (EUA), estas variables fueron evaluadas a
los 65 dias después del trasplante, se tomaron tres
plantas al azar de cada tratamiento y se realizaron
cinco lecturas por hoja y cuatro hojas por planta
(Garruna-Hernandez et al., 2014).

Al final del experimento (130 dias después de
la siembra) se realizd un muestreo destructivo, se
tomaron las 10 plantas por tratamiento, se midio
altura de planta (AP), diametro del tallo (DT), por
el método de desplazamiento se estimo el volumen
de raiz (VR), el peso seco por organo (hojas, tallo
y raiz) y el peso seco parcial que se contabilizo en
plantas secadas en un horno de conveccion durante
96 horas a 60 °C. Se realizaron pruebas de norma-
lidad a los datos dando un p-valor <0.0001, anélisis
de varianza y la prueba de comparacion de medias
por el método de Tukey (p<0.05).

Alos 80 ddt se detectd de manera natural la pre-
sencia C. cassiicola en el cultivo, el biocontrol por
T asperellum Tal3-17 se estimo con la medicion
de la severidad mediante una escala de seis clases
donde: 1=1 %, 2=5 %, 3=10 %, 4=20 % y 5=40 %
y 6=60 % o mas de dafio (Costa et al., 2015). Se
hicieron tres evaluaciones a los 80, 90 y 100 ddkt.
Con los datos de severidad, se construyeron curvas
del progreso de la enfermedad y se estimaron me-
diante modelos epidemioldgicos la intensidad de la
enfermedad: area bajo la curva del progreso de la
enfermedad (ABCPE), mediante el método de inte-
gracion trapezoidal y la tasa de infeccion aparente

74



FuLLy BILINGUAL

MEXICAN JOURNAL OF PHYTOPATHOLOGY
REvISTA MEXICANA DE FITOPATOLOGIA

and 5=40% and 6=60% or more damage (Costa
et al., 2015). Three evaluations were made at 80,
90 and 100 dat. With the severity data, disease
progress curves were constructed, and the intensity
of the disease was estimated using epidemiological
models. The area under the disease progress
curve (AUDPC) was built using the trapezoidal
integration method. The apparent infection rate
was estimated using the inverse parameter of b
(1/b) from the Weibull model. The final severity
was calculated using Y, = (Mejia-Bautista et al.,
2016).

The analysis of variance showed significant
differences between treatments for the SPAD
variable. The highest average of SPAD units (40.3)
was estimated in the treatment inoculated with 7.
asperellum Tal3-17 at a concentration of 1x10°
conidia mL-!. The control treatment showed 37.8,
which indicated a higher concentration of nitrogen
in the leaves of these treatments (Table 1). The
values of SPAD units found in the present study
were lower than those reported by Mendoza et
al. (1998) without the incorporation of fungal
inoculants.

final

mediante el parametro inverso de b (1/b) del mode-
lo Weibull, se calculd la severidad final, mediante
Y, ., (Mejia-Bautista ez al., 2016).

El analisis de varianza, mostrd diferencias sig-
nificativas entre tratamientos para la variable de
unidades SPAD, en el tratamiento inoculado con 7.
asperellum Tal3-17 en la concentracion 1x10° co-
nidios mL™' se estimd el mayor promedio (40.3) al
igual que el testigo con 37.8, lo que indicé mayor
concentracion de nitrogeno presente en las hojas
de estos tratamientos (Cuadro 1). Los valores de
unidades SPAD en este estudio, fueron inferiores
a los reportadas por Mendoza et al. (1998), sin la
incorporacion de inoculantes fingicos.

No hubo una relacion entre las unidades SPAD y
la fotosintesis donde los tratamientos 1x10°, 1x10%
y Fithan® obtuvieron las tasas fotosintéticas mas al-
tas con 2.8, 2.7 y 1.7 umol m? s mayores al testi-
go, en su orden. El tratamiento Fithan® presento la
mayor conductancia estomatica, se relaciono su ac-
tividad fotosintética al estimar mayor captacion de
CO,, sin embargo, presenté6 mayor acumulacion
de carbono intercelular con 323.4 pmol mol™
al igual que el testigo sin inoculante fingico,

Table 1. Physiological variables of DRD 8551 hybrid tomato plants inoculated with the Tal3-17 strain of 7.

asperellum 13-17.

Cuadro 1. Variables fisiologicas de plantas de jitomate hibrido DRD 8551 inoculadas con la cepa Ta13-17 de

T. asperellum.

. Unidades Fotosintesis CE CI Transpiracion UEA
Tratamiento o o r 5o umol CO
SPAD pmol m? s mol m? s pmol mol mmol m?s ur
mmol'H,0
1x10° 40.3+0.56 a 17.5+£0.29 ¢ 0.66+0.02 d 310.2+1.60 b 11.5+0.15d 1.5+0.03 be
1x10° 36.4+0.80 b 20.7+0.41 a 0.86+0.03 bc  309.4+1.84 b 13.2+0.16 a 1.5+0.04 be
1x107 29.9+0.61 ¢ 18.7£0.37 bc  0.80+0.04 ¢ 314.4+0.61 b 12.7+0.12 be 1.4+0.02 ¢
1x108 34.8+0.78 b 20.6+0.43 a 0.91+0.01 b 313.7£098b  12.9+0.10 ab 1.6£0.02 b
Fithan 37.3£1.08 b 19.6+£0.08 ab  1.07+0.02 a 323.4+0.82 a 12.4+0.03 ¢ 1.5+£0.01 be
Testigo 37.8+0.51 ab 17.9+0.36 ¢ 0.88+0.02 bc  324.7+1.37 a 10.0+0.06 ¢ 1.7£0.04 a

Los valores son medias + EE; letras diferentes en la misma columna indican diferencias estadisticas (Tukey, p <
0.05); n=10. CE: Conductancia estomatica, CI: Carbono intercelular, UEA: Uso eficiente de agua. / Los valores
son medias + EE; letras diferentes en la misma columna indican diferencias estadisticas (Tukey, p < 0.05); n = 10.
CE: Conductancia estomatica, CI: Carbono intercelular, UEA: Uso eficiente de agua.
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There was no relationship between SPAD
units and photosynthesis. The treatments with
1x10° 1x10® and Fithan® obtained the highest
photosynthetic rates with 2.8, 2.7 and 1.7 pmol
m? s, respectively, higher than the control. The
Fithan® treatment showed the highest stomatal
conductance, which was associated with its
photosynthetic activity. A greater CO, uptake
was estimated; however, there was also a greater
accumulation of intercellular carbon with 323.4
umol mol!, as in the control treatment without
fungal inoculant. This indicated that the Fithan®
treatment had low photosynthetic activity (Table
1), which means that the carbon molecules in the
intercellular spaces were not efficiently assimilated
and started to accumulate. The control treatment had
the lowest transpiration value, which is associated
with better efficiency in the use of water. This
suggests a stable relationship between stomatal
opening and transpiration in this treatment.

The highest transpiration values were found
in treatments 1x10° (13.2 mmol m™ s') and 1x10®
(12.9 mmol m? s'). This means that a greater
content of water was lost for each molecule of
CO, that was fixed for the photosynthesis process.
The treatments of the plants inoculated with 7.
asperellum Ta 13-17 presented lower efficiency in
the use of water. Studying wheat plants inoculated
from the seed with Trichoderma spp., Mulu et
al. (2020) reported increased photosynthesis,
conductance,
CO, and transpiration, which improved water use
efficiency under salt stress conditions.

There were no statistical differences between
treatments with respect to plant height and root
dry weight. The 1x10° conidia mL"! treatment
had the highest biomass production in leaves, as
indicated by having the highest average dry weight
of this organ, statistically equal to the 1x10° conidia
mL! treatment, 45.9 and 30.1 g higher values,

decreased stomatal intercellular
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lo que indico baja actividad fotosintética en este
tratamiento (Cuadro 1), en este contexto con una
actividad de fotosintesis baja; las moléculas de car-
bono en los espacios intercelulares, no son asimila-
dos con eficiencia lo que genera su acumulacion. El
testigo present6 el valor mas bajo en transpiracion,
lo que caus6é mejor eficiencia en el uso de agua,
esto sugiere una relacion estable entre la apertura
estomatica y la transpiracion en las plantas de este
tratamiento.

La mayor transpiracion se encontrd en los tra-
tamientos 1x10°(13.2 mmol m? s!) y 1x10% (12.9
mmol m? s7) es decir, se perdid6 mayor contenido
de agua por cada molécula de CO, que logroé fijar
para el proceso de fotosintesis. Los tratamientos
en las plantas inoculadas con 7. asperellum Ta 13-
17 presentaron menor eficiencia en el uso de agua.
Mulu et al. (2020) en plantas de trigo, inoculadas
desde semilla con Trichoderma spp. reportaron au-
mento en la fotosintesis, disminucion de la conduc-
tancia estomatica, CO, intercelular y transpiracion,
lo que mejoro la eficiencia en el uso del agua bajo
condiciones de estrés salino.

No se presentaron diferencias estadisticas entre
los tratamientos con respecto a la altura de planta
y peso seco de raiz. El tratamientolx10° conidios
mL" acumul6 la mayor produccion de biomasa en
hojas reflejado en la media mas alta en el peso seco
de este 6rgano, estadisticamente igual al tratamien-
to 1x10° conidios mL! con 45.9 y 30.1 g mas que
las plantas del tratamiento Fithan que presentd el
menor peso seco de hojas. En relacion al peso seco
del tallo, los tratamientos fueron estadisticamente
iguales a excepcion del 1x10° conidios mL"' que
presento el menor peso seco. El tratamiento 1x10°
conidios mL!, obtuvo la media mas alta en el peso
seco con 47.2 g mas que el tratamiento Fithan, es-
tadisticamente 1x10° conidios mL™! fue igual a los
tratamientos 1x10% 1x107 y al testigo sin inoculante
fungico. La mayor produccion de frutos se obtuvo
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respectively, than the values obtained with the
Fithan® treatment plants, which had the lowest dry
weight of leaves. Regarding the dry weight of the
stem, the treatments were statistically equal except
for the 1x10° conidia mL™! treatment, which had the
lowest dry weight of the stem. The 1x10° conidia
mL"! treatment obtained the highest mean dry
weight, 47.2 g higher than the Fithan® treatment.
Statistically, the 1x10° conidia mL"! treatment was
equal to the 1x10%and 1x107 treatments, as week as
to the control treatment without fungal inoculant.
The highest fruit production was obtained with the
1x10% conidia mL" treatment with 1347.0 g per
plant, 259.4 g higher than the control treatment
without the presence of 7. asperellum Tal3-17.
This result was statistically equal to the 1x107
conidia mL™! treatment (Table 2).

Cetz-Chi et al. (2018) reported increases in
the growth of tomato plants, with height gains
between 4.4 and 14.2% when inoculated with the
native species 7. virens (Th33-59 and Th26-52)
and T. simmonsi (Th33-58). The Th33-59 strain
of T. virens increased root volume and root dry
weight with respect to the control. Ruiz-Cisneros
et al. (2018) observed increases in plant height,
stem diameter, and root length in tomato plants

con el tratamiento 1x10® conidios mL! con 1347.0
g por planta, 259.4 g superior al testigo sin la pre-
sencia de T. asperellum Tal3-17. Este resultado fue
estadisticamente igual al tratamiento 1x107 coni-
dios mL!' (Cuadro 2).

Cetz-Chi et al. (2018) reportaron incrementos
en el crecimiento de plantas de jitomate, con ga-
nancias de altura entre 4.4 y 14.2 % cuando se ino-
cularon con especies nativas: 7. virens (Th33-59 y
Th26-52) y T simmonsi (Th33-58), Th33-59 de T
virens incremento el volumen radical y el peso seco
de raiz con respecto al testigo. Ruiz-Cisneros et al.
(2018) observaron incrementos en altura de planta,
diametro de tallo y longitud de raiz en plantas de
jitomate cuando se inocularon con 7. asperellum, T.
harzianum y T. longibrachiatum en concentracio-
nes de 10°conidios mL"'. Marquez-Benavidez et al.
(2017) indicaron incrementos en la longitud radical
en plantula y mayor produccion de biomasa fresca
de hojas y raiz en etapa de floracion en plantas de
Phaseolus vulgaris inoculadas con 7. harzianum.

El éxito en la promocion de crecimiento en
plantas inoculadas con Trichoderma spp. se asocia
con la relacion simbiodtica; Trichoderma aprovecha
compuestos producidos por las plantas como car-
bohidratos, acidos organicos y vitaminas, mientras

Table 2. Growth in hybrid tomato plants DRD 8551 inoculated with the Tal13-17 strain of 7. asperellum 13-17.
Cuadro 2. Crecimiento en plantas de jitomate hibrido DRD 8551 inoculadas con la cepa Tal3-17 de T. asperellum.

. PSParcial Rendimiento
Tratamientos AP (cm) PSH (g) PST (g) PSR (g) (@) (e/planta)
1x10° 224.6£5.75 a 78.3+4.40 a 37.1+7.14 ab 11.1+4.67 a 126.5£10.0 a 918.0+£70.90 be
1x10° 211.2+14.19a  62.5£10.93 ab 29.6£2.99b 7.2+1.64 a 99.3+£13.47ab  914.5+84.93 bc
1x107 203.0+6.27 a 453+491 bc  42.4+2.75 ab 6.7+0.49 a 94.4+6.52 ab  1160.8+49.36 ab
1x10¢ 220.2+4.68 a 48.9£2.82bc  31.1+1.05 ab 7.1£0.54 a 86.7£3.34 b 1347.0+£64.93 a
Fithan 217.6£8.01 a 3244+2.42 ¢ 40.4+4.63 ab 6.1+0.83 a 79.3£3.78 b 783.1£26.41 ¢
Testigo 204.44+8.85 a 474+7.17bc  47.9+2.84 a 5.4+0.57 a 100.8+8.34 ab 901.4426.41 be

Los valores son medias + EE; letras diferentes en la misma columna indican diferencias estadisticas (Tukey, p < 0.05); n =
10. AP: Altura de planta, PSH: Peso seco de hojas, PST: Peso seco de tallo, PSR: Peso seco de raiz, PSParcial: Peso seco
parcial y VR: Volumen de raiz. / Los valores son medias + EE; letras diferentes en la misma columna indican diferencias
estadisticas (Tukey, p < 0.05); n = 10. AP: Altura de planta, PSH: Peso seco de hojas, PST: Peso seco de tallo, PSR: Peso
seco de raiz, PSParcial: Peso seco parcial y VR: Volumen de raiz.
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inoculated with 7. asperellum, T. harzianum, and
T. longibrachiatum at concentrations of 10° conidia
mL-'. Marquez-Benavidez et al. (2017) reported
increases in root length in seedlings and greater
production of fresh biomass of leaves and roots in
the flowering stage of Phaseolus vulgaris plants
inoculated with 7. harzianum.

The success in promoting growth in plants
by inoculating them with T7richoderma spp.
is associated with the symbiotic relationship.
Trichoderma takes advantage of compounds
produced by plants such as carbohydrates, organic
acids and vitamins, while plants use phytohormones
and secondary metabolites secreted by fungi,
which also facilitate the decomposition and
mineralization of organic matter and improve the
availability of nutrients in the soil (Ortiz -Castro
et al., 2009). Other mechanisms that promote plant
growth activity are the ability of Trichoderma to
produce indoleacetic acid, which acts as a catalyst
for primary meristematic tissues and the activation
of plant plasma membrane enzymes that promote
cell growth and division as well as plant growth
(Moo-Koh et al., 2017; Gonzalez-Marquetti et al.,
2019).

Some Trichoderma isolates can solubilize
nutrients close to the roots, which allows these
substances to be assimilated by the plant. It has
been suggested that 7. asperellum enhances the
uptake of Fe in deficient environments. Moreover,
the protein QID74 present in the cell wall modifies
the root architecture, increases the total absorption
surface and the translocation of nutrients in the
shoots, resulting in an increase in biomass through
an efficient use of N, P, K and micronutrients (Zhao
et al., 2014; Gonzalez-Marquetti et al., 2019).

The Fithan® treatments and the control treatment
without fungal inoculant presented the highest rates
of disease progress, with 0.0082 and 0.0085% per
day. They also presented higher AUCPE and higher

ONLINE PUBLICATION, JANUARY, 2023

que las plantas utilizan fitohormonas y metaboli-
tos secundarios secretados por los hongos, ademas,
facilitan la descomposicion y mineralizacion de
materia organica y mejoran la disponibilidad de
nutrientes en el suelo (Ortiz-Castro et al., 2009).
Otros mecanismos que promueven la actividad
de crecimiento en las plantas, son la capacidad de
Trichoderma para producir acido indolacético, que
actiia como catalizador de tejidos meristematicos
primarios y la activacion de enzimas de la mem-
brana plasmatica de las plantas, que favorecen el
crecimiento y la division celular y promueve el
crecimiento de la planta (Moo-Koh et al., 2017,
Gonzalez-Marquetti et al., 2019).

Algunos aislados de Trichoderma pueden solu-
bilizar nutrientes cercanos a las raices, lo que per-
mite que estas sustancias puedan ser asimiladas por
la planta. Se ha sugerido que 7. asperellum mejora
la absorcion de Fe en ambientes deficientes. Ade-
mas, la proteina QID74 presente en la pared celular
modifica la arquitectura de la raiz, aumenta la su-
perficie de absorcion total y la translocacion de nu-
trientes en los brotes, lo que resulta en un aumento
de la biomasa a través de un uso eficiente de N, P,
K y micronutrientes (Zhao et al., 2014; Gonzalez-
Marquetti et al., 2019).

Los tratamientos Fithan® y el testigo sin inocu-
lante fingico, presentaron las mayores tasas de in-
feccion aparente del progreso de la enfermedad con
0.0082 y 0.0085 % por dia, también, presentaron
mayor ABCPE y mayor porcentaje de severidad fi-
nal. La enfermedad disminuy6 en las plantas del
tratamiento 1x10® conidios mL™"' con 0.0078 unidad
% por dia. Estadisticamente, los tratamientos ino-
culados con 7. asperellum Tal3-17 fueron iguales
en menor acumulaciéon de ABCPE en el tiempo
evaluado, el tratamiento 1x10® conidios mL™! pre-
sentd la menor ABCPE con 275.8 Unidad % dia’!
menos que el testigo sin inoculante fingico y una
severidad final de 18.74 % menor al testigo indica-
do (Cuadro 3).
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percentages of final severity. The disease decreased
in plants treated with 1x10* conidia mL"' with
0.0078 unit% per day. Statistically, the treatments
inoculated with 7. asperellum Tal3-17 showed an
equally low accumulation of AUCPE during the
evaluation time. The treatment with 1x10® conidia
mL" presented the lowest AUCPE with 275.8
unit% day', less than the control treatment without
fungal inoculant. The final severity was 18.74%
lower than the control (Table 3).

Baiyee et al. (2019) reported a significant
decrease in the severity of leaf spot disease caused
by C. cassiicola and C. aeria in lettuce plants
inoculated with 7. asperellum T1. Wonglom et al.
(2020) attributed resistance against C. cassiicola
and C. aeria to volatile organic compounds emitted
by T. asperellum T1.

Antagonistic microorganisms in association
with plants reduce the severity of the disease
by inducing responses that are triggered by
the production of defense-related enzymes and
enzymes that hydrolyze the cell wall (Baiyee et al.,
2019).

Baiyee et al. (2019) reportaron con la inocu-
lacion de T. asperellum T1 una disminucion sig-
nificativa en la severidad de la enfermedad de la
mancha foliar causada por C. cassiicola 'y C. aeria
en plantas de lechuga. Por su parte Wonglom et al.
(2020) atribuyeron la resistencia contra C. cassii-
colay C. aeria a los compuestos organicos volati-
les emitidos por la cepa T1 de T. asperellum.

Los microrganismos antagonistas en asociacion
con las plantas reducen la severidad de la enfer-
medad, al inducir respuestas que se desencadenan
con la produccion de enzimas relacionadas con la
defensa y enzimas que hidrolizan la pared celular
(Baiyee et al., 2019).

CONCLUSIONES

La concentracion de 1x10® conidios mL"! 7. as-
perellum Tal3-17 presentd los mejores efectos po-
sitivos en las variables fisioldgicas y de crecimiento
en plantas de jitomate, ya que mejor6 la actividad
fotosintética y el rendimiento del cultivo. Ademas,

Table 3. Epidemiological parameters to estimate the control of C. cassiicola in hybrid tomato
plants DRD 8551 inoculated with 7. asperellum Tal3-17.
Cuadro 3. Parametros epidemiolégicos para estimar el control de C. cassiicola en plantas de
jitomate hibrido DRD 8551 inoculadas con 7. asperellum Tal13-17.

Tratamiento Weibull (Tasa de infeccion

12 ajuste del

ABCPE
YFinal (%)

aparente (1/b)) % dia modelo (Unidad % dia™)
1x10° 0.0016+0.0 ¢ 0.974 141.4+0.29 b 2.2+0.09 b
1x10° 0.0070+0.0 b 0.964 185.8+0.35 b 8.5+0.50 b
1x107 0.0019+0.0 ¢ 0.989 105.1£0.20 b 1.4+0.13 b
1x108 0.0007+0.0 d 0.956 86.1+0.07 b 1.240.05b
Fithan 0.0082+0.0 a 0.922 359.6+0.47 a 21.9+0.91 a
Testigo 0.0085+0.0 a 0.959 361.9+0.52 a 19.7£0.29 a

Los valores son medias + EE; letras diferentes en la misma columna indican diferencias estadisticas
(Tukey, p<0.05); n= 10, ABCPE: 4rea bajo la curva del progreso de la enfermedad, Y, : severidad
final. / Los valores son medias + EE; letras diferentes en la misma columna indican diferencias
estadisticas (Tukey, p < 0.05); n = 10, ABCPE: area bajo la curva del progreso de la enfermedad,

Y, severidad final.
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CONCLUSIONS

The concentration of 1x10% conidia mL"! of 7.
asperellum Tal3-17 presented the best positive
effects on the physiological and growth variables
of tomato plants. This concentration improved
photosynthetic activity and crop yield. Moreover,
it improved the resistance of the plants by reducing
the progress of the disease and the final severity of
the fungus infection.
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