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ABSTRACT

RESUMEN

The use of rhizobacteria and arbuscular
mycorrhizal fungi is a promising technique to implement
study, the
application of Bacillus subtilis (Bs) and Rhizoglomus

in semi-hydroponic systems. In this

intraradices (Ri) were used to assess its effect on the
growth, production and quality of two hybrids of tomato
(‘Caporal’ and ‘SV8579TE’) in a semi-hydroponic
growing system. An experimental randomized block
design with 25 replications and four treatments (T) for
each hybrid was used: T1: (Control, T), T2: (Bs), T3:
(Ri) and T4: (Bs+Ri). The parameters evaluated were:
seedling height, stem diameter, number of bunches,
number of fruits, green index, fruit quality and total
production. The data were processed using analysis
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El uso de rizobacterias y hongos micorrizégenos
es una alternativa viable a implementar en los sistemas
semi-hidroponicos. En este trabajo se evalud la aplicacion de
Bacillus subtilis (Bs) y Rhizoglomus intraradices (Ri) sobre el
crecimiento, produccion y calidad de frutos de jitomate hibrido
‘Caporal’y ‘SV8579TE’ en cultivo semi-hidroponico. Se utilizé
un disefio experimental en bloques al azar con 25 réplicas y
cuatro tratamientos (T) para cada hibrido: T1: (Testigo, T), T2:
(Bs), T3: (Ri)y T4: (Bs+Ri). Los indicadores evaluados fueron:
altura de las plantas, diametro del tallo, numero de racimos
y frutos, indice verde, calidad de fruto y produccion total.
Los datos se procesaron mediante un andlisis de varianza y
prueba LSD de Fisher con un nivel de significaciéon del 5 %.
Los resultados mostraron que la inoculacion simple de Bs y
Ri estimuld los indicadores de crecimiento y fructificacion en
ambos hibridos, pero se encontrd una respuesta superior en
presencia de la co-inoculacion, con incrementos significativos
en la produccion total. El uso de B. subtilis y R. intraradices
tiende a incrementar la produccion de jitomate en un sistema
de semi-hidropdnico.
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of variance and Fisher’s Protected LSD test, with a
significance level of 5 %. The results showed that simple
inoculation of Bs and Ri stimulated growth and fruiting
indicators in both hybrids, but a superior response was
found in the presence of co-inoculation, with significant
increases in total production. The use of B. subtilis and
R. intraradices can improve the production of tomato in
a semi-hydroponic system.

KEY WORDS

Tomato, rhizobacteria, mycorrhiza, production, productivity,
quality of fruits.

Introduction

In Mexico, the tomato (Solanum lycopersicum
L.) has been a very valued vegetable since pre-Hispanic
times (Escofet, 2013; Medina et al., 2017), since it
represents a food with beneficial properties for human
health due to its content of bio-active compounds
like lycopene, ascorbic acid, tocopherol, B-carotene,
phenolic acids, flavonoids, folates, fiber, coumarin
heterosides, phytoene and phytofluene, vitamin E, fatty
acids, carbohydrates, potassium, calcium, magnesium
and other micro-elements like zinc, iron and manganese,
among others (Ahmed et al., 2011; Perveen et al., 2015).
Nowadays, its global production and economic
importance has only been compared with the cultivation
of potatoes, which highlights its enormous value in the
market as well as in international food matters (ASERCA,
1995; Atubi-Yeboah, 2013).

In 2013, even though 52 % of the surface destined to
the cultivation of this Solanaceae was concentrated in
four countries: China (20.9 %), India (18.8 %), Turkey
(6.6 %), and Nigeria (5.8 %) (FIRA, 2016), continuous
efforts have been made in various countries in order to
enhance its quality and yield with different purposes,
even implementing efficient technological developments
so that its sowing and harvesting can be brought about in
adverse climatic conditions.

Despite the inconveniences that might present when
handling this crop, Mexico has continued to be an
efficient producer and main provider of tomato in the

PALABRAS CLAVE
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productividad, calidad de frutos.

produccion,

Introduccioén

En México el jitomate (Solanum lycopersicum
L.) ha sido una hortaliza muy apreciada desde la época
prehispanica (Escofet, 2013; Medina et al., 2017), pues
representa un alimento con propiedades beneficiosas
para la salud humana por su contenido de compuestos
bio-activos como el licopeno, el acido ascérbico,
el tocoferol, el B-caroteno, los acidos fendlicos, los
flavonoides, folatos, fibra, heterésidos cumarinicos
(esculdsidos), fitoeno y fitoflueno, vitamina E, acidos
grasos, carbohidratos, potasio, calcio, magnesio y
otros microelementos como zinc, hierro y manganeso,
entre otros (Ahmed et al., 2011; Perveen et al., 2015).
En la actualidad, su produccion global e importancia
economica solo se ha equiparado con el cultivo de la
papa, lo cual realza su enorme valor tanto en el ambito
comercial como en el de indole alimentario internacional
(ASERCA, 1995; Atuobi-Yeboah, 2013).

Aunque en 2013 el 52 % de la superficie destinada
al cultivo de esta Solanaceae se concentré en cuatro
naciones: China (20.9 %), India (18.8 %), Turquia (6.6 %)
y Nigeria (5.8 %) (FIRA, 2016), en varios paises se hacen
esfuerzos continuos por elevar su calidad y rendimiento
con disimiles fines, incluso implementando desarrollos
tecnoldgicos eficientes para que su siembra y cosecha
pueda efectuarse en condiciones climaticas adversas.

A pesar de los inconvenientes que pudieren presentarse
en el manejo del cultivo, México se ha mantenido como
eficaz productor y principal proveedor de jitomate en
el mercado internacional (SAGARPA, 2017) donde el
valor de las exportaciones en 2012-2017 aumenté de
15.6 % a 58.1 % equivalentes de 1,001 a 1,583 millones
de dolares (SAGARPA/SIAP, 2018).

Por otro lado, la demanda de dicho cultivo coloca a
Estados Unidos como el principal mercado de destino
de las exportaciones mexicanas con un 90.1 %, lo cual
posiciona a nuestro pais como el décimo productor
mundial de jitomate con una produccion de 3'469,707
teafio! (SAGARPA/SIAP, 2018).
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international market (SAGARPA, 2017) where the value
of exportations in 2012-2017 increased from 15.6 %
to 58.1 % equivalent to 1,001 to 1,583 million dollars
(SAGARPA/SIAP, 2018).

On the other hand, the demand of this crop places the
United States as the main destination market of Mexican
exportations with 90.1 %, which positions our country as
the tenth tomato producer in the world with a production
of 3,469,707 t per year' (SAGARPA/SIAP, 2018).

70 % of the land surface destined for the cultivation of
tomato in Mexico is found under the agricultural protection
system (Juarez-Maldonado et al., 2015), which makes
this technology more efficient in terms of substantial
increases in the yield and quality of the fruits (Marquez-
Hernandez et al., 2013) if compared to the production
of this vegetable in open field. However, this high
productivity implicates an intensive use of agrochemicals
(Cih-Dzul et al., 2011; Preciado et al., 2011).

Fortunately, nowadays, there are new alternatives of
production that allow to increase the yield and quality
of the agro-products under protected agriculture,
highlighting the application of bio-molecules (Xu et
al., 2009), compost (Cesaro et al.,, 2015), biological
control with natural enemies (Bueno & van Lentren,
2010), microbial antagonists (Shahid et al., 2017), plant
growth promoting bacteria (BPCV) (Ahmed et al., 2017),
arbuscular mycorrhizal fungi (AMF) (Babaj et al., 2014;
Hart et al., 2015), among others.

Within the most important genera of BPCV, Bacillus
subtilis stands out due to its capacity to directly or
indirectly promote plant growth (Choudhary & Johri,
2009) by means of the phytohormone synthesis (Fahad
et al.,, 2015) and/or the increase in the availability of
nutrients in the soil (Barriuso et al., 2008; Xie et al., 2014).
Research studies with siderophores have also been
realized in the antagonist activity against phytopathogen
microorganisms (Sanchez et al., 2014; Fernandez-
Herrera et al., 2018), solubilization of phosphates
(Sharma et al, 2013), antibiotics, lithic enzymes and
nitrogen fixation (Tejera-Hernandez et al., 2011), or else,
where the formation of bacterial tridimensional biofiims
could have an effect on the choosing of strategies
tending to guarantee food safety (Morris & Monier, 2003;
Nihorimbere et al. 2010), most importantly when the
agrochemical options have failed.

El 70 % de la superficie destinada para el cultivo del
jitomate en México se encuentra bajo el sistema de
agricultura protegida (Juarez-Maldonado et al., 2015),
lo cual hace que esta tecnologia sea mas eficiente en
cuanto a incrementos sustanciales en el rendimiento
y la calidad de los frutos (Marquez-Hernandez et al.,
2013), si se compara con la produccion de esta hortaliza
a campo abierto. Sin embargo, esta alta productividad
implica un uso intensivo de agroquimicos (Cih-Dzul et
al., 2011; Preciado et al., 2011).

Por fortuna hoy en dia existen novedosas alternativas de
produccion que permiten incrementar el rendimiento y
calidad de los agro-productos bajo la agricultura protegida,
destacando la aplicacion de bio-moléculas (Xu et al.,
2009), compost (Cesaro et al., 2015), control biolégico
con enemigos naturales (Bueno & van Lentren, 2010),
antagonistas microbianos (Shahid et al., 2017), bacterias
promotoras del crecimiento vegetal (BPCV) (Ahmed et al.,
2017), hongos micorrizico-arbusculares (AMF) (Babaj et
al., 2014; Hart et al., 2015), entre otros.

Dentro de los géneros de BPCV mas importantes
Bacillus subtilis destaca debido a su capacidad para
promover el crecimiento vegetal de forma directa
o indirecta (Choudhary & Johri, 2009) mediante la
sintesis de fitohormonas (Fahad et al., 2015) y/o el
aumento en la disponibilidad de nutrientes en el suelo
(Barriuso et al., 2008; Xie et al., 2014). También se
han realizado estudios con sider6foros en la actividad
antagonista contra microorganismos fitopatégenos
(Sanchez et al., 2014; Fernandez-Herrera et al.,
2018), solubilizacion de fosfatos (Sharma et al., 2013),
antibiéticos, enzimas liticas y fijacién del nitrégeno
(Tejera-Hernandez et al., 2011), o bien donde la
formacién de biofilms tridimensionales bacterianos
pudiere influir en la eleccién de estrategias tendientes
a garantizar la seguridad alimentaria (Morris & Monier,
2003; Nihorimbere et al., 2010), sobre todo cuando las
opciones agroquimicas han fallado.

Algunas investigaciones se han referido a la importancia
que la simbiosis AMF-planta ha tenido en los sistemas
agroproductivos debido al cumulo de evidencias que
han permitido constatar beneficios en las especies
hospedantes (Field et al., 2015) tales como conferir
tolerancia a la sequia (Ortiz et al., 2015), salinidad
(Kumar et al., 2015a; Dar et al., 2018) y toxicidad a
metales pesados (Singh et al., 2011); favorecer la
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Some research studies have referred to the importance
symbiosis AMF-plant has had on the agro-productive
systems due to the accumulation of evidence that has
allow to confirm the benefits on the host species (Field et
al., 2015) such as conferring tolerance to drought (Ortiz et
al., 2015), salinity (Kumar et al., 2015; Dar et al., 2018) and
toxicity to heavy metals (Singh et al., 2011); favoring the
discrete absorption of nutrients of low mobility in soil (Jain &
Chahar, 2016), the bidirectional interaction with herbivores
(Zamioudis & Pieterse, 2012), its natural enemies and
pollinators (Pineda et al., 2010), inducing systemic resistance
(Pieterse et al., 2014; Chen et al., 2018) or decreasing
the attack of pathogenic agents from the soil (Vilvert et al.,
2017). Therefore, they broaden plants’ potentials to survive
in adverse environmental conditions (Kim et al., 2017).

The use of beneficial and/or extremophile microorganisms
constitutes a vital component of the biotechnology focused
on the sustainable production of biomass with agricultural
value (Pereg & McMillan, 2015; Moreno, 2016; Glick,
2018) or on applications of scientific interest by diversifying
with industrial or commercial vision (Oliart-Ros et al.,
2016; Andrade, 2017) where nano-technological or agro-
biotechnological aspects are combined (Gouda et al.,
2018), since they are part of an ecological and acceptable
economic context, not for reducing the demand of
agrochemicals but also for securing the quantity, quality
and sustainability of the supply of innocuous foods
(Guedez et al., 2008; Alvarez-Lopez et al., 2014).

This way, if the agro-technology and biotechnology are
combined in a state-of-the-art agro-productive system,
greater yields could be achieved, in comparison to the
ones already achieved in traditional production systems.
Based on the aforementioned, the purpose of this
work was to assess the application of Bacillus subtilis
and Rhizoglomus intraradices on growth, production
and quality of the hybrid tomato fruits “Caporal” and
“SV8579TE” under conditions of a semi-hydroponic
cultivation system.

Material and Methods

Research area

The current study was carried out under
semi-hydroponics conditions on inorganic
substrate in a chapel-like greenhouse, located at

19°33’05.37”"N-96°56'40.64"W in the city of Xalapa,

absorcion discreta de nutrientes de baja movilidad
en el suelo (Jain & Chahar, 2016), la interaccién
bidireccional con herbivoros (Zamioudis & Pieterse,
2012), sus enemigos naturales y polinizadores (Pineda
et al., 2010), inducir resistencia sistémica (Pieterse et
al., 2014; Chen et al., 2018) o disminuir el ataque de
agentes patégenos del suelo (Vilvert et al., 2017). Por lo
tanto, amplian las potencialidades de las plantas para
sobrevivir en condiciones ambientales adversas (Kim et
al., 2017).

El uso de microorganismos benéficos y/o extremdfilos
constituye un componente vital de la biotecnologia
enfocada en la produccién sustentable de biomasa con
valor agricola (Pereg & McMillan, 2015; Moreno, 2016;
Glick, 2018) o en aplicaciones de interés cientifico
diversificado con visién comercial e industrial (Oliart-
Ros et al., 2016; Andrade, 2017) donde combinan
aspectos nanotecnoldgicos o agrobiotecnolégicos
(Gouda et al., 2018), ya que son parte de un contexto
ecolégico y econdmico aceptable no solo para reducir la
demanda de agroquimicos sino también para asegurar
la cantidad, calidad y sostenibilidad del suministro de
alimentos inocuos (Guédez et al., 2008; Alvarez-Lépez
et al., 2014).

De esta manera, si la tecnologia agricola y la
biotecnologia se combinan en un sistema agro-
productivo de vanguardia, pueden llegarse a obtener
mayores rendimientos, en comparacion con los
alcanzados en los sistemas tradicionales de produccién.
Por lo anterior, el objetivo de este trabajo fue evaluar
la aplicacion de Bacillus subtilis y Rhizoglomus
intraradices sobre el crecimiento, produccion y calidad
de frutos de jitomate hibrido ‘Caporal’ y ‘SV8579TE’ en
condiciones de un sistema de cultivo semi-hidropénico.

Material y Métodos

Area de estudio

El presente estudio se realizé en condiciones
sobre  sustrato
en un invernadero tipo capilla ubicado a los
19°33'05.37”N-96°56'40.64"0 en la ciudad de Xalapa,
1,428 masl.

promedio diurna dentro del invernadero oscil6 entre 25 y

de  semi-hidroponia inorganico

Veracruz, México, a La temperatura
35 °C y la diurna entre 18 y 20 °C durante los meses de

agosto de 2017 a enero de 2018.
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Veracruz, Mexico, at 1,428 masl (meters above sea
level). The average daytime temperature inside the
greenhouse ranged between 25 and 35 °C and the
average nocturnal temperature ranged between 18 and
20 °C from August 2017 to January 2018.

Cultivation handling

The tomato seeds of the hybrids ‘Caporal’ and
‘SV8579TE’ were placed in seed starting trays with the
commercial substrate COSMOPEAT® in order to keep
the conditions of germination of the seeds under control.

Twenty days after germination (DAG), the tomato
seedlings were fertilized with Triple 19 (3 g-L") and, in
order to prevent and control fungous diseases (specially
Damping-off), Previcur-N (3 mL+L"") and Cupravit (5 gL
') were applied, just as producers from the central part
of the state of Veracruz do it.

The transplant was realized 28 DAG, placing
homogenous seedlings in beds with 5 cm of tezontle
gravel (particle from 4 to 8 cm in size) at the bottom to
facilitate drainage and 25 cm of red tezontle sand at the
top (particles from 1 to 3 mm) as substrate, at a distance
of 30 cm between plants and 60 cm between both rows,
with 240 experimental units.

The hydric requirements of cultivation were maintained
at filed capacity by means of drip irrigation applied using
premium tape and automated with timer. The first two
weeks, the irrigation was administered 8 times a day for 30
min, the following weeks it was brought down to 20 min and
at the end for 10 min until finalizing the experiment.

According to the nutritional requirements of the crops or
these production conditions, fertilization was realized with
a nutritious solution (Ca[NO,],, NaNO,, KNO,, KH,PO,,
K,S0O, and micro-elements, with pH adjusted between 6-7
and CE in 2 Ssm?2+smol~') chosen according to the nutritional
demand of the crops (Graves, 1983; Steiner, 1984) and
yellow insect traps were placed for the control of pests.

Experimental design

A completely randomized experimental design
with four treatments (T) was used: T1: (Control, T), T2:
(Bacillus subtilis, Bs), T3: (Rhizoglomus intraradices,
Ri), T4: (Bacillus subtilis+Rhizoglomus intraradices, co-
inoculation Bs+Ri) and 30 repetitions in each one, with
a total of 240 plants.

Manejo del cultivo

Las semillas de jitomate de los hibridos ‘Caporal’
y ‘SV8579TE’ se colocaron en almacigos de charola con
el sustrato comercial COSMOPEAT® para mantener bajo
control las condiciones de germinacion de las semillas.

A los 20 dias después de la germinacion (DAG) las
plantulas de jitomate se fertilizaron con Triple 19 (3 g-L")
y, para prevenir y controlar enfermedades fungosas (sobre
todo Damping-off), se aplicaron Previcur-N (3 mLeL") y
Cupravit (5 g-L™"), tal y como lo realizan los productores de
la zona central del estado de Veracruz.

El trasplante se realiz6 a los 28 DAG, colocando plantulas
homogéneas en camas con 5 cm de grava de tezontle
(particulas de 4 a 8 cm) en el fondo para facilitar el drenaje y
encima 25 cm de arena de tezontle rojo (particulas de 1 a 3
mm) como sustrato, a una distancia de 30 cm entre plantas y
60 cm entre ambas hileras, con 240 unidades experimentales.

Los requerimientos hidricos del cultivo se mantuvieron a
capacidad de campo mediante riegos por goteo aplicados
con cinta premium y automatizados con temporizador
(timer). Las primeras dos semanas el riego se administrd
8 veces al dia por 30 min, los siguientes se redujeron a
20 min y por ultimo se les mantuvo durante 10 min hasta
finalizar el experimento.

De acuerdo a los requerimientos nutricionales del cultivo
para estas condiciones de produccion, la fertilizacion
se realizo con una solucion nutritiva (Ca(NO,),, NaNO,,
KNO,, KH,PO,, K,SO, y micro-elementos, con pH ajustado
entre 6-7 y CE en 2 S*m2-mol") elegida de acuerdo a la
demanda nutrimental del cultivo (Graves, 1983; Steiner,
1984) y para el control de plagas se colocaron trampas de
color amarillo para la captura de insectos.

Disefo experimental

Se utilizé un disefio experimental completamente
al azar con cuatro tratamientos (T): T1: (Testigo, T), T2:
(Bacillus subtilis, Bs), T3: (Rhizoglomus intraradices,
Ri), T4: (Bacillus subtilistRhizoglomus intraradices, co-
inoculacion Bs+Ri) y 30 repeticiones en cada uno, con un
total de 240 plantas.

Inoculacién con microorganismos

La inoculacion con Bacillus subtilis (Bs) se realizd
al trasplante, aplicandose 3 mLeplanta directamente a
la raiz. La cepa fue proporcionada por el Laboratorio de
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Inoculation with microorganisms

The inoculation with Bacillus subtilis (Bs) was
realized to the transplant, applying 3 mLe<plant' directly
onto the root. The strain was provided by the Laboratorio
de Fitopatologia del Centro de Investigaciones Bioldgicas
del Noroeste (CIBNOR), and was cultured in medium
TSA (Trypticase soy agar) and kept shaking for three
consecutive days at 28 °C. The mycorrhizal inoculum
of Rhizoglomus intraradices (3 geplant’) applied at the
time of transplanting was isolated from the rhizosphere of
Jacaratia mexicana, a typical and distinctive tree species
of dry deciduous forest present in a relic (surviving
remnant) of the central portion of the state of Veracruz,
Mexico, showing good root-colonizing capacity (=90 %;
Ri= 20-25 spores+g™").

Evaluated variables

The evaluated variables were: height of the
plant (cm), diameter of the stem (mm), number of
bunches (inflorescences), number of fruits, green index
(chlorophyll), qquality of fruits [area (cm), perimeter
(cm), polar diameter (cm), equatorial diameter
(cm), width (cm) and hardness (kg)]; as well as total
production of biomass with agricultural value (kg),
colony-forming units (CFU) and percentage of radicular
colonization. For the clearing and staining of the roots
and quantification of the mycorrhiza colonization,
the technique proposed by Philips & Hayman (1970)
was used. The determination of colony-forming units
(CFU+g") was based on the methodology proposed by
Glick et al. (1999).

Statistical analysis

The results were processed by means of
analysis of variance (ANOVA) of simple classification
and for the comparison of measures, the multiple
comparison test of LSD measures by Fisher (p<0.05)
was used. The statistical analyses were carried out with
the computer program Statistica v. 10.0 for Windows
(StatSoft, Inc., 2011).

Results and Discussion
The ANOVA showed significant differences

among the treatments for the height variable of the
plants of the ‘Caporal’ hybrid (LSD by Fisher, p<0.05),

Fitopatologia del Centro de Investigaciones Bioldgicas
del Noroeste (CIBNOR), y se le cultivd en medio TSA
(Agar Soya Tripticaseina) mantenido en agitacion por tres
dias consecutivos a 28 °C. El in6culo de Rhizoglomus
intraradices que se utilizé al momento del trasplante (3
geplanta) se aisl6 de la rizésfera de Jacaratia mexicana,
especie arborea tipica y distintiva de selva baja caducifolia
presente en un relicto de la porcion central del estado de
Veracruz, el cual mostraba buena capacidad colonizadora
(290 %; Ri = 20-25 esporaseg™).

Variables evaluadas

Las variables evaluadas fueron: Altura de la
planta (cm), didmetro del tallo (mm), nimero de racimos
(inflorescencias), nimero de frutos, indice verde (clorofila),
calidad de fruto [area (cm), perimetro (cm), didametro polar
(cm), didmetro ecuatorial (cm), anchura (cm) y dureza (kg)];
asi como produccion total de biomasa con valor agricola
(kg), unidades formadoras de colonias (CFU) y porcentaje
de colonizacion radicular. Para el clareo y tincién de las
raices y cuantificacion de la colonizacidon micorrizica se
utilizé la técnica propuesta por Phillips & Hayman (1970).
La determinaciéon de unidades formadoras de colonias
(CFU+g") se basé en la metodologia propuesta por Glick
et al. (1999).

Analisis estadistico

Los resultados se procesaron por analisis
de varianza (ANOVA) de clasificacién simple, y para la
comparacion de medias se utilizé la prueba de comparacion
multiple de medias LSD de Fisher (p < 0.05). Los andlisis
estadisticos se realizaron con el programa Statistica v. 9.1
(StatSoft, Inc., 2010) para Windows.

Resultados y Discusién

ElI ANOVA mostré diferencias significativas entre
los tratamientos para la variable altura de las plantas del
hibrido ‘Caporal’ (LSD de Fisher, p<0.05) siendo las plantas
inoculadas con Bs las que mostraron valores superiores
(22.5 %) que campearon al tratamiento testigo o control
(Tabla 1), lo cual puede atribuirse a que las rizobacterias
promotoras del crecimiento vegetal (PGPRs) representan
cerca del 2-5 % del total de rizobacterias involucradas en
mejorar el crecimiento y sanidad de numerosas plantas (Jha
& Saraf, 2015; Prathap & Ranjitha Kumari, 2015) mediante
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being the plants inoculated with Bs which showed
superior values (22.5 %) surpassing that of the control
treatment (Table 1), which can be attributed to the plant
growth promoting rhizobacteria (PGPR) representing
about 2-5 % of total rhizobacteria involved in improving
the growth and sanity of numerous plants (Jha & Saraf,
2015; Prathap & Ranjitha Kumari, 2015) through direct
and indirect mechanisms, or a combination of both
(Vacheron et al., 2013; Gonzalez et al., 2018).

The direct mechanisms occur when these microorganisms
synthetize metabolites that favor the availability of nutritious
elements required by the vegetal species in order to grow,
realizing their vital functions (Gomez-Luna et al., 2012) and
increasing the yield (Zahid et al., 2015), and the indirect
mechanisms are characterized because rhizobacteria
produce antimicrobial substances (or lithic enzymes) that
impede the presence or proliferation of microorganisms
that affect the normal physiological process of plants,
without dismissing their capacity to compete for nutrients
or species in a determined ecological niche; or else
activating biocontrol mechanisms, inducing systemic
resistance and/or producing siderophores, antibiotics
and hydrogen cyanides that act upon phytopathogens
(Esquivel-Cote et al., 2013).

The co-inoculated treatment obtained significant
increases on the ‘SV8579TE’ hybrid (Bs+Ri, 21.9 %),
which surpassed the control plants. This in accordance
with what was reported by Kumar et al. (2015b) who after
evaluating selective plant growth promoting rhizobacteria
from the rhizosphere (Azotobacter chroococcum,
Pseudomonas aeruginosa, Azospirillum brasilense and
Streptomyces sp.) in combination with six strains from
AMF (Acaulospora morrowiae, Gigaspora margarita,
Glomus constrictum, Gl. mosseae, Gl. aggregatum and
Scutellospora calospora) observed an increase of 82 %
in height of maize plants (Zea mays L.) as a result of the
synergy that could have existed to adopt greater mineral

nutrition to hosts (Diaz et al., 2013).

Similarly, Falcdo et al. (2014) mention that after the
inoculation of B. subtilis ALB629 in germinating cacao
seeds (Theobroma cacao L.) a good growth and stem
development was achieved, which coincides with the
response of tomatoes for the evaluated indicators in
this research (Table 1). In both tomato hybrids, it was
observed that the best treatment was the one inoculated
with the rhizobacteria (Bs), with increases of 4 % on the

mecanismos directos e indirectos, o una combinacion de
ambos (Vacheron et al., 2013; Gonzalez et al., 2018).

Los primeros ocurren cuando estos microorganismos
sintetizan metabolitos que favorecen la disponibiidad de
elementos nutritivos requeridos por las especies vegetales
para crecer, realizar sus funciones vitales (Gémez-Luna
et al., 2012) e incrementar los rendimientos (Zahid et
al.,, 2015), y los segundos se caracterizan porque las
rizobacterias producen sustancias antimicrobianas (o
enzimas liticas) que impiden la presencia o proliferacion de
microorganismos que afectan el proceso fisiolégico normal
de las plantas, sin descartar su capacidad de competir por
nutrimentos o espacio en un determinado nicho ecoldgico;
o bien activar mecanismos de biocontrol, inducir resistencia
sistémica y/o producir sideréforos, antibiéticos y cianuros
de hidrégeno que actian sobre los fitopatdgenos (Esquivel-
Cote et al., 2013).

El tratamiento  co-inoculado obtuvo incrementos
significativos en el hibrido ‘SV8579TE’ (Bs+Ri, 21.9 %),
los cuales superaron a las plantas testigo. Ello concuerda
con lo reportado por Kumar et al. (2015b) quienes tras
evaluar PGPRs selectivas de la rizosfera (Azotobacter
chroococcum, Pseudomonas aeruginosa, Azospirillum
brasilense y Streptomyces sp.) en combinaciéon con
seis cepas de AMF (Acaulospora morrowiae, Gigaspora
margarita, Glomus constrictum, GIl. mosseae, Gl.
aggregatum y Scutellospora calospora) observaron un
incremento de 82 % en la altura de plantas de maiz (Zea
mays L.) a consecuencia de la sinergia que pudo existir
para aportar mayor nutricibn mineral a las hospederas
(Diaz et al., 2013).

De igual forma Falcdo et al. (2014) mencionan que tras
la inoculacion de B. subtilis ALB629 en plantulas de
cacao (Theobroma cacao L.) se logré buen crecimiento
y desarrollo del tallo, lo cual coincide con la respuesta
del jitomate para los indicadores evaluados en esta
investigacion (Tabla 1). En ambos hibridos de jitomate se
observo que el mejor tratamiento fue el inoculado con la
rizobacteria (Bs), con incrementos de 4 % en el hibrido
‘Caporal’ y 15 % en ‘SV8579TE’ respecto a las plantas
testigo. Tal efecto pudo estar relacionado por la actividad
de estos microorganismos, entre las que sobresalen la
sintesis de compuestos promotores del crecimiento como
el acido indol-3-acético (3-1AA), auxinas, giberelinas y
citoquininas que permiten la captacién de nitrégeno y
fésforo disponibles en el suelo; mas la presencia de estas
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‘Caporal’ hybrid’ and 15 % in ‘SV8579TE’ in respect to
the control plants. This effect may have been related
due to the activity of these microorganisms, among the
ones that stand out, the synthesis of growth promoting
compounds like indole-3-acetic acid (3-IAA), auxins,
gibberellins and cytokinins that allow the uptake of
hydrogen and phosphorous available in the soil; in
addition to the presence of these phytohormones in the
rhizosphere that seems to stimulate the physiological
progression and development of these plants
(Brimecombe et al., 2007; Vega-Celedon et al., 2016).

In the variable of number of bunches, it was observed that
the best treatment for the ‘Caporal’ hybrid was Bs (Table
1) in respect to the control plants (LSD by Fisher, p<0.05),
response that could be attributed to what pointed out by
Hernandez-Suarez et al. (2010) about the effects of micro-
encapsulated B. subtilis on the growth and production of fruits
(yield) of L. esculentum cv. ‘Floradade’. On the other hand,
in the co-inoculated treatment of the ‘SV8579TE’ hybrid, a
superior response was obtained with increases of 16.5 % in
respect to the control plants, due to their pre-disposition to
favor symbiosis with rhizobacteria and the mycorrhizal fungi.

Regarding the number offruits, Sanchez etal. (2012) reported
that when inoculating diverse PGPRs (Enterobacter sp., E.
agglomerans, Pseudomonas fluorescens, P. putida and
Bacillus sp.) in tomato plants the results showed evidence
of significant differences between biological and chemical
fertilization, being able to confirm that the application of
rhizobacteria with plant growth promoting qualities favored
the production of fruits only by 50 % of the recommended
dose of fertilization for the cultivation of S. lycopersicum
under greenhouse, which coincides with the increase of 25
% reported by Mena-Violante & Olalde-Portugal (2007) on
the number of fruits from this Solanaceae with B. subtilis
and with what was found in the treatment with Bs (>14.8 %)
in respect to the control plants for the ‘Caporal’ hybrid in the
present study.

For the ‘SV8579TE’ hybrid, the best treatment was the co-
inoculated Bs+Ri with increase of 145 % in respect to the
control plants, which agrees with what was reported by Lira-
Saldivar et al. (2014) who upon evaluating the double co-
inoculation Azospirillum brasilense+Glomus intraradices
(now R. intraradices) in tomato (S. Iycopersicum)
registered increases on the height of plants (6 %), the
dry biomass (10.5 %) and the yield in comparison to the
traditional fertilization under shade-house.

fitohormonas en la rizosfera parece estimular la progresion
fisiolégica y desarrollo de las plantas (Brimecombe et al.,
2007; Vega-Celedon et al., 2016).

En la variable niumero de racimos se observdé que
el mejor tratamiento para el hibrido ‘Caporal’ fue Bs
(Tabla 1) respecto a las plantas testigo (LSD de Fisher,
p<0.05), respuesta que se puede atribuir a lo sefialado
por Hernandez-Suarez et al. (2010) sobre los efectos
de B. subtilis micro-encapsulado sobre el crecimiento y
produccién de frutos (rendimiento) de L. esculentum cv.
‘Floradade’. En cambio, en el tratamiento co-inoculado
del hibrido ‘SV8579TE’ se obtuvo una respuesta superior
con incrementos de 16.5 % respecto a las plantas testigo,
debido a su pre-disposicién para favorecer la simbiosis
con las rizobacterias y el hongo micorrizégeno.

Con respecto al numero de frutos, Sanchez et al. (2012)
reportan que al inocular diversas PGPRs (Enterobacter
sp., E. agglomerans, Pseudomonas fluorescens, P. putida
y Bacillus sp.) en plantas de jitomate, los resultados
evidenciaron diferencias significativas entre la fertilizacion
biolégica y la quimica, pudiéndose constatar que la
aplicacién de rizobacterias con cualidades promotoras de
crecimiento vegetal favorecié la produccién de frutos tan
solo con el 50 % de la dosis de fertilizacion recomendada
para el cultivo de S. lycopersicum en invernadero, lo cual
concuerda con el incremento del 25 % reportado por Mena-
Violante & Olalde-Portugal (2007) en el nimero de frutos
de esta Solanaceae con B. subtilis y con lo encontrado en
el tratamiento Bs (>14.8 %) respecto a las plantas testigo
para el hibrido ‘Caporal’ en el presente estudio.

Para el hibrido ‘SV8579TE’ el mejor tratamiento fue
el co-inoculado Bs+Ri con incrementos de 145 %
respecto a las plantas testigo, lo cual concuerda con
lo reportado porte Lira-Saldivar et al. (2014) quienes
la doble
brasilense+Glomus intraradices (hoy R. intraradices)

al evaluar co-inoculacién  Azospirillum
en jitomate (S. lycopersicum) registraron incrementos
en la altura de las plantas (6 %), la biomasa seca (10.5
%) y el rendimiento en comparacién con la fertilizaciéon

tradicional bajo casa-sombra.

Del mismo modo, se han comprobado efectos derivados
de AMF (GlI. intraradices+Gl. mosseae+Gl. etunicatum)
y rizobacterias (P. putida, Azotobacter chroococcum y
Azospirillum lipoferum) sobre factores fitoquimicos que
influyen en la calidad de la fruta (Ordookhani et al., 2010).
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fruits and green index in the tomato hybrids ‘Caporal’ and ‘SV8579TE’.
Tabla 1.

mos, numero de frutos e indice verde en los hibridos de jitomate ‘Caporal’y ‘SV8579TE’.

‘Caporal’ hybrid treatments

‘SV8579TE’ hybrid treatments

Variables DAT*
T Bs Ri Bs+Ri T Bs Ri Bs+Ri
Seedling 20 19.22°  2356° 1928  14.77°  16.40°  17.70° 16450  14.05
height (cm) 40 36.50°  41.38=  38.80°  33.66°  34.00° 35390  34.08°  31.46°
72 80.80°  90.40°  87.53°  786%  9143°  87.33°  10540° 111.53°
Stem diame- 20 2.92° 3.33° 3.07° 2.70° 2.32 2.50° 2.80° 2.33
ter (mm) 40 4.40% 453 4.46% 419 433  445b° 4620 3.60°
72 6.33 6.84° 6.37° 6.27° 5.79° 6.66° 6.57° 6.57°
Number of 43 2.80% 3.06° 2.86% 2.40° 1.06° 1.460 1.86° 1.80°
bunches 70 3.40° 3.66° 3.46° 3.40° 2.93® 2.86° 3.26% 3.60°
84 4332 5.00° 4.80° 3.40° 3.60°  4.06b®  3.73° 4.60°
98 3.33 3.40° 3.40° 2.46° 4.06° 3.80° 4.20 473
Number of 70 7.60° 12.66°  12.53° 7.13 3.33¢ 6.00° 5.86° 4.80°
fruits 84 13.00°  14.93° 1366 12.73>  360°  6.73b° 560 7.66°
98 13.40° 1453 1360  13.33° 5.93¢ 10.20° 7.60° 14.53
Green index 72 103.65° 106.60° 203.312 177.90° 77.71¢  173.83° 221.10°  112.36°
(ccr

DAT¥ = Days after the transplant.

CCI¥ = Relative chlorophyll content index (0 a 999) in proportion to the transmittance of the incident light. Columns with the same letter
are not significantly different according to the least significant difference test (p<0.05).

DAT¥ = Dias después del trasplante.

CCI¥ = indice de contenido relativo de clorofila (0 a 999) en proporcién a la transmitancia de la luz incidente, Letras iguales en la misma

columna indican igualdad estadistica (LSD de Fisher, p<0.05).

Likewise, the effects derived from AMF (Gl
intraradices+GlI. etunicatum) and rhizobacteria (P. putida,
Azotobacter chroococcum and Azoprillum lipoferum) on
phytochemical factors that have an influence on the

quality of the fruit (Ordookhani et al., 2010).

In the case of the green index variable, a superior
response was obtained when inoculating R. intraradices
in both hybrids (Table 1) with increases of 96 % in
the ‘Caporal’ hybrid and 184.5 % in the ‘SV8579TE’
hybrid in respect to the control plants, which once

En cuanto a la variable indice verde, se obtuvo una respuesta
superior al inocular R. intaradices en ambos hibridos (Tabla
1) con incrementos de 96 % en el hibrido ‘Caporal’ y de 184.5
% en el hibrido ‘SV8579TE’ respecto a las plantas testigo, lo
cual de nuevo puede atribuirse al mejor aprovechamiento de
los nutrientes de baja movilidad en el suelo promovido por la
colonizacién radicular e interaccién micorrizégena (Ri+planta
hospedera [S. lycopersicum]) (Tallapragada et al., 2016).

Esto concuerda con lo reportado en el hibrido de tomate
‘El Cid’ (Lycopersicon esculentum; tipo Saladette) por
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again can be attributed to a better exploitation of low-
mobility nutrients in the soil, promoted by the radicular
colonization and mycorrhizal interaction (Ri+host plant
[S. lycopersicum]) (Tallapragada et al., 2016).

This agrees with what was reported on the tomato hybrid ‘El
Cid’ (Lycopersicum esculentum; Saladette type) by Alvarado
et al., 2014) who indicated that Rhizophagus intraradices’
significantly increased the height of the plant, the content
of chlorophyll and the radicular mycorrhizal colonization,
making an emphasis on the greater chlorophyll index (12 %
p<0.01) in comparison to the non-inoculated plants.

For the polar diameter variable of the fruit, the treatments that
showed a favorable response on the ‘SV8579TE’ hybrid were
Bs and Ri with increase of 43.8 % and 29.8 % in respect to the
control plants (LSD by Fisher, p<0.05) (Table 2). The ANOVA
(LSD by Fisher, p<0.05) expressed that the best treatment on
the perimeter of the fruit was with Bs when exhibiting an increase
of 16.8 % in respect to the plants of the control treatment.

On the equatorial diameter of the fruit, no significant
differences were found in the treatments (Table 2), whereas
in the polar diameter the treatment that expressed the most
desirable results was R. intraradices, with increases of
12 % in respect to the control plants. A superior response
regarding the width of the fruit was obtained in the inoculated
treatments with R. intraradices (14.9 %) and B. subtilis
(19.9 %), while regarding its hardness the interactive factor
of Bs+Ri surpassed the control plants by (13.9 %) (Table 2).

In a general sense, what was obtained was that for both
hybrids with the inoculation of R. intraradices a superior
response was achieved in the ‘Caporal and SV8579TE’
hybrids which agrees with what was reported by Diaz et al.
(2013) who after inoculating pepper plants (‘Valeria’ hybrid)
with R. intraradices boosted up the size and weight of the
fruit. Thus, the quality of the fruit improved by the mycorrhizal
treatment could be closely related with the greater mineral
nutrition of the plants associated with these symbionts, just
like Hart et al. (2015) reported after inoculating L. esculentum
cv. ‘Moneymaker’ with  Rhizophagus irregularis,
Funneliformis mosseae or both.

For the total production of biomass with agricultural value,
in both cases the best treatment was the co-inoculated
with increases of 8.8 % for the ‘Caporal’ hybrid and 104 %
for the 'SV8579TE’ hybrid in respect to the control plants,

"The authors suggest revising Sieverding et al. (2014).

Alvarado et al. (2014) quienes indican que Rhizophagus
intraradices’ incrementé significativamente la altura
de la planta, el contenido de clorofila y la colonizacién
micorrizica radicular, puntualizando el mayor indice de
clorofila (12 %, p<0.01) en comparacién con las plantas
no inoculadas.

Para la variable diametro polar del fruto, los tratamientos
que mostraron respuesta favorable en el hibrido
‘SV8579TE’ fueron Bs y Ri con incrementos de 43.8 %
y 29.8 % respecto a las plantas testigo (LSD de Fisher,
p<0.05) (Tabla 2). El ANOVA (LSD de Fisher, p<0.05)
expres6 que el mejor tratamiento en el perimetro del
fruto fue con Bs al exhibir incremento de 16.8 % respecto
a las plantas del tratamiento control.

En el diametro ecuatorial del fruto no se encontraron
diferencias significativas en los tratamientos (Tabla 2),
mientras que en el diametro polar el tratamiento que
expreso resultados mas deseables fue R. intraradices,
con incrementos de 12 % respecto a las plantas testigo.
En anchura del fruto se obtuvo una respuesta superior
en los tratamientos inoculados con R. intraradices (14.9
%) y B. subtilis (19.9 %), mientras que en su dureza el
factor interactivo de Bs+Ri super6 a las plantas testigo
en 13.9 % (Tabla 2).

En sentido general
hibridos con la inoculacién de R. intraradices se logro
una respuesta superior en los hibridos ‘Caporal’ y
‘SV8579TE’ lo que coincide con el reporte de Diaz et al.
(2013) quienes tras inocular plantas de chile pimiento
(hibrido ‘Valeria’) con R.
el tamafo y peso del fruto. Asi, la calidad del fruto

se obtuvo que para ambos

intraradices fomentaron

promovida por este tratamiento micorrizado puede
estar estrechamente relacionada con la mayor nutricion
mineral de la planta asociada con estos simbiontes, tal
y como Hart et al. (2015) reportan tras la inoculacion
de L. esculentum cv. ‘Moneymaker’ con Rhizophagus
irregularis, Funneliformis mosseae o ambos.

Para la produccion total de biomasa con valor agricola,
en ambos casos el mejor tratamiento fue el co-
inoculado con incrementos de 8.8 % para el hibrido
‘Caporal’ y de 104 % para el hibrido ‘SV8579TE’
respecto a las plantas testigo, aspectos que de nuevo

Los autores sugieren revisar Sieverding et al. (2014).
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Table 2.
Effect of microorganisms on fruits of ‘Caporal’ and ‘SV8579TE’ hybrid tomatoes at 107 DAT.

Tabla 2.
Efecto de los microorganismos en frutos de jitomate hibrido ‘Caporal’ y ‘SV8579TE’ a los 107 DAT.

‘Caporal’ hybrid

‘SV8579TE’ hybrid

VARIABLES

T Bs Ri Bs+Ri T Bs Ri Bs+Ri
Fruit area (cm) 24.65° 25.39° 31.642 24.11° 28.87° 41.522 37.48° 21.78°
Fruit perimeter (cm) 20.28° 21.28% 22.47° 19.54¢ 21.29° 24.88° 24.25° 19.04¢
Fruit ecuatorial dia- 0.73%® 0.782° 0.802 0.70°¢ 0.792 0.842 0.802 0.752
meter (cm)
Fruit polar diameter 7.332 7.342 7.532 6.942 6.823 8.13% 7.642 6.54p
(cm)
Fruit width (cm) 5.03° 5.26%° 5.642 5.01° 5.41° 6.492 6.222 4.77°
Fruit hardness (kg) 1.562 1.402 1.402 1.242 1.58% 1.29° 1.59% 1.802
Total production (kg) 102.00¢ 105.00° 108.00° 111.002 102.00¢ 108.00° 105.00° 111.002

Columns with the same letter are not significantly different according to the least significant difference test (p<0.05).

Letras iguales en la misma columna indican igualdad estadistica (LSD de Fisher, p<0.05).

aspects that once more could be related with the capacity
of B. subtilis+R. intraradices) for synergistically interacting
and achieving a greater availability and assimilation of
nutrients (Arthurson et al., 2011; Kavatagi & Lakshman,
2014), which translate to even a lot greater yields, in
comparison to what was registered in simple inoculations.

For the colony-forming units (CFU) variable, the
treatment Bs+Ri reached the highest values in
both hybrids (‘Caporal’ with 0.00048 CFU-g' and
‘SV8579TE’ with 0.00022 CFU-g") because when co-
inoculating a plant growth promoting rhizobacteria and
a mycorrhizal fungus, a greater number of colonies
was recorded, in comparison to when the bacterium
“acts by itself”, which agrees with what was reported
by Manoharachary et al. (2016) where they point out
that the mycorrhizal colonization acts as a chemical-
attractant of rhizospheric bacteria and, after a synergic
relation occurs between both microorganisms, the
nutritional and hormonal balance of its hosts is favored,
intensifying its growth and development (Nadeem et al.,
2014; Egamberdieva et al., 2015; 2016).

pueden relacionarse con la capacidad de B. subtilis+R.
intraradices) para interactuar sinérgicamente y lograr
una mayor disponibilidad y asimilacién de nutrientes
(Arthurson et al., 2011; Kavatagi & Lakshman, 2014),
los cuales se traducen en rendimientos mucho
mayores, en comparacion con lo registrado en las

inoculaciones simples.

Para la variable unidades formadoras de colonias (CFU),
el tratamiento Bs+Ri alcanzé los valores mas altos
en ambos hibridos (‘Caporal’ con 0.00048 CFU-g" y
‘SV8579TE’ con 0.00022 CFU-g') pues al co-inocular
una PGPR y un hongo micorrizégeno se contabilizo
un mayor numero de colonias, en comparacién de
cuando la bacteria “actia” sola, lo que concuerda
con Manoharachary et al. (2016) donde sefala que la
colonizacién micorrizica actia como un quimio-atrayente
de bacterias rizosféricas y, tras ocurrir una relacion
sinérgica entre ambos microorganismos, se favorece
el equilibrio nutricional y hormonal de sus hospederos,
intensificandose su crecimiento y desarrollo (Nadeem et
al., 2014; Egamberdieva et al., 2015; 2016).
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In regards to the percentage of mycorrhizal colonization the
best treatment in the ‘Caporal’ treatment was Bs+Ri (87 %),
in comparison with what was observed in the ‘SV8579TE’
hybrid where no significant differences presented between
the treatments (LSD by Fisher, p<0.05). This coincides with
the work realized by Cano (2011) in cucumber (Cucumis
sativus L.) and Saia et al. (2015) in wheat (Triticum durum
Desf.) where the percentages of mycorrhizal colonization
in treatments with simple inoculation (AMF; PGPR) or co-
inoculated (AMF+PGPR) increased the synergic relations that
optimized the absorption of water and nutrients and had an
influence on the growth and development of the host plants.

Finally, the results obtained in this work coincide with
Bona et al. (2015; 2016) since the inoculation of both
microorganisms (Bs+Ri) not only did it contribute to the
vegetative development and formation of quality fruits
in both tomato hybrids (‘Caporal’ and ‘SV8579TE’), but
it also had an influence on the quantity of biomass with
agricultural value harvested in comparison to the rest of
the evaluated treatments.

Conclusion

The dual or combined inoculation with Bacillus
subtilis and Rhizoglomus intraradices constitute a
alternative for the production of

conditions of a semi-hydroponic

biotechnological
tomatoes under
production system.
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