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In order to evaluate the effect of different concentrations of
sodium hypochlorite (3 and 5 %) on the disinfection of explants,
apical cone of Cenchrus purpureus vc. Cuba CT-115, for its in
vitro establishment an experiment was developed in Laboratorio
de Biotecnologia de la Facultad de Agronomia de la Universidad
Agraria de La Habana. Two observations were made at four and
eight days after sowing. The data were analyzed by Chi-square
comparison proportions, for p <0.05 and ComparPro 1.0. statistical
package was applied. The analysis of proportion comparison of the
studied variables at four and eight days did not have significant
differences between the treatments with sodium hypochlorite at
3 and 5 %. There was not contamination by fungi or bacteria in
the two treatments studied at four days. Bacterial contamination
occurred at eight days, but there were not differences between
treatments. The explants disinfection of Cuba CT-115 can be
performed with both concentrations of sodium hypochlorite, but
it is recommended to disinfect apical cones of Cuba CT-115 with
3% sodium hypochlorite, which allows a saving of this substance
during the procedure. It is suggested to study other concentrations
of sodium hypochlorite and different immersion times.
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Plant tissue culture is a biotechnological
technique that includes the maintenance of plants
or their components under controlled environmental
conditions, with the absence of associated
microorganisms, heterotrophic nutrition, and plastic
or glass containers (Suarez Padron 2020). One of the
main problems that arise when trying to establish in
vitro cultures is microbial contamination composed
of various types of microorganisms (fungi, yeasts,
bacteria, phytoplasmas, virus), which can cause the
death of plant tissues, since that compete for nutrients
and modify the culture medium (Mroginski et al. 2010
and Nikoloff 2015).

Among the substances used for the disinfection of
explants are sodium hypochlorite (NaClO), calcium
hypochlorite Ca(ClO)2, hydrogen peroxide (H203),
commercial chlorine and bichloride of mercury
(HgCl2), among others (Alvarado Cap6 1998). Of

Con el proposito de evaluar el efecto de diferentes concentraciones
de hipoclorito de sodio (3 y 5 %) en la desinfeccion de explantes,
cono apical de Cenchrus purpureus vc. Cuba CT-115, para su
establecimiento in vitro, se desarrolld un experimento en el Laboratorio
de Biotecnologia de la Facultad de Agronomia de la Universidad
Agraria de La Habana. Se realizaron dos observaciones, a los cuatro
y ocho dias después de la siembra. Los datos se analizaron mediante
comparacion de proporciones Chi-cuadrado, para p <0.05 y se aplico
el paquete estadistico ComparPro 1.0. El analisis de comparacion de
proporciones de las variables estudiadas a los cuatro y ocho dias no dejo
ver diferencias significativas entre los tratamientos con hipoclorito de
sodio al 3y 5 %. No se encontrd contaminacion por hongos o bacterias
en los dos tratamientos estudiados a los cuatro dias. La contaminacion
por bacterias ocurri6 a los ocho dias, pero no hubo diferencia entre
tratamientos. La desinfeccion de explantes de Cuba CT-115 se puede
realizar con ambas concentraciones de hipoclorito de sodio, pero se
recomienda la desinfeccion de conos apicales de Cuba CT-115 con
hipoclorito de sodio al 3 %, lo que permite el ahorro de esta sustancia
durante el procedimiento. Se sugiere estudiar otras concentraciones de
hipoclorito de sodio y diferentes tiempos de inmersion.

Palabras clave: dpices, contaminacion, Cenchrus purpureus, in vitro

El cultivo de tejidos vegetales es una técnica
biotecnoldgica que comprende el mantenimiento de
plantas o de sus componentes en condiciones ambientales
controladas, con ausencia de microorganismos asociados,
nutricion heterotrofica y recipientes de plastico o vidrio
(Suérez Padron 2020). Uno de los problemas principales
que se presentan cuando se trata de establecer los cultivos
in vitro es la contaminacion microbiana compuesta por
diversos tipos de microorganismos (hongos, levaduras,
bacterias, fitoplasmas, virus), que puede provocar la
muerte de los tejidos vegetales, ya que compiten por los
nutrientes y modifican el medio de cultivo (Mroginski
et al. 2010 y Nikoloff 2015).

Entre las sustancias utilizadas para la desinfeccion de
explantes se encuentran el hipoclorito de sodio (NaClO),
hipoclorito de calcio Ca(ClO)2, peroxido de hidrogeno
(H202), cloro comercial y bicloruro de mercurio (HgClz),
entre otros (Alvarado Capd 1998). De ellos, el que mas se
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these, the most used is sodium hypochlorite in plant
micropropagation, due to its low cost, easy acquisition,
and less phytotoxic effect on tissues (Ramirez Correa
et al. 2014).

The Cenchrus purpureus Schum cv. Cuba
CT-115 is widely used in Cuba due to its favorable
characteristics of growth and biomass production, less
resistance to cutting, more leaves, drought tolerance,
low lignin content, high intake and use by the animal
and less internodes distance as age advances. For these
reasons, it offers better possibilities for its harvest
as a biomass bank, including grazing (Herrera and
Martinez 2015 and Crespo and Martinez 2016 and
Fortes et al.2019).

The disinfection of apical cones of C. purpureus
cv. Cuba CT-115 with sodium hypochlorite could
reduce contamination by endogenous microorganisms
in the in vitro establishment phase of this culture. The
objective of this trial was to evaluate the effect of
different concentrations of sodium hypochlorite on the
disinfection of explants of Cenchrus purpureus cv. Cuba
CT-115 for its in vitro establishment.

Plants of Cenchrus purpureus (Schumach) Morrone
cv. Cuba CT-115 from Poaceae family, with the same
regrowth age, collected in the germplasm bank of
Instituto de Ciencia Animal were use as plant material.
A total of 24 portions of apex were taken.

The apex were disinfected with 5 % commercial
sodium hypochlorite for three minutes and rinsed
twice with distilled water at the time of collection.
Then they were transferred to the Laboratorio de
Biotecnologia de la Facultad de Agronomia de la
Universidad Agraria de La Habana in bottles duly
washed with commercial detergent, rinsed twice
with distilled water. In the laboratory, the apex were
washed with a commercial detergent under agitation
for five minutes and rinsed three times with distilled
water.

The sowing of the explants, apical cone, was carried
out in the laminar flow properly disinfected with
70 % ethanol and an ultraviolet light lamp was placed
on for 30 min before starting the sowing. The apical
cones were extracted in laminar flow and disinfected
with 70% ethanol for one minute. Subsequently, they
were washed with sufficient sterile distilled water.
Next, two disinfection variants with 3 and 5% sodium
hypochlorite were tested for 10 min. For this, a total
of 12 apical cones per treatment were used. Finally,
they were washed with enough sterile distilled water
before sowing.

After disinfection, the explants were placed in
Murashige and Skoog (1962) basal culture medium, with
30 g L' sucrose, 1 mg L' of 6-BAP, and 8 g L' of agar.
The pH was fitted to 5.7 with 0.IN sodium hydroxide
and 0.1N hydrochloric acid before sterilization, which
was performed in an autoclave at 121 °C and 1.5 kg cm?
pressure for 20 min. The explants were established in
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emplea es el hipoclorito de sodio en la micropropagacion
vegetal, debido a su bajo costo, facil adquisicion y
menor efecto fitotdoxico en los tejidos (Ramirez Correa
etal 2014).

El Cenchrus purpureus Schum vc. Cuba CT-115
se utiliza ampliamente en Cuba por sus caracteristicas
favorables de crecimiento y produccidén de biomasa,
menor resistencia al corte, mayor cantidad de hojas,
tolerancia a la sequia, bajo contenido de lignina, alto
consumo y aprovechamiento por parte del animal y
menor distancia entrenudos en la medida que avanza la
edad. Por estos motivos, ofrece mejores posibilidades
para su cosecha como banco de biomasa, incluyendo el
pastoreo (Herrera y Martinez 2015 y Crespo y Martinez
2016 y Fortes et al.2019).

La desinfeccion de conos apicales de C. purpureus
vc. Cuba CT-115 con hipoclorito de sodio pudiera
disminuir la contaminacién por microrganismos
endogenos en la fase de establecimiento in vitro de este
cultivo. El objetivo de este ensayo fue evaluar el efecto
de diferentes concentraciones de hipoclorito de sodio en
la desinfeccion de explantes de Cenchrus purpureus vc.
Cuba CT-115 para su establecimiento in vitro.

Como material vegetal se utilizaron plantas de Cenchrus
purpureus (Schumach) Morrone vc. Cuba CT-115 de la
familia Poaceae, con la misma edad de rebrote, colectadas
en el banco de germoplasma del Instituto de Ciencia
Animal. Se tomaron 24 porciones de apices caulinares.

Los apices caulinares se desinfectaron con hipoclorito
de sodio comercial al 5 % durante tres minutos y
se enjuagaron dos veces con agua destilada en el
momento de la recoleccion. Luego se trasladaron hacia
el Laboratorio de Biotecnologia de la Facultad de
Agronomia de la Universidad Agraria de La Habana
en frascos debidamente lavados con detergente
comercial, enjuagados dos veces con agua destilada.
En el laboratorio, los &pices se lavaron con detergente
comercial en agitacion durante cinco minutos y se
enjuagaron tres veces con agua destilada.

La siembra de los explantes, cono apical, se realiz6 en el
flujo laminar debidamente desinfectado con etanol al 70 %
y se coloco una lampara de luz ultravioleta encendida por
30 min antes de comenzar la siembra. Los conos apicales se
extrajeron en el flujo laminar y se desinfectaron con etanol
al 70 % durante un minuto. Posteriormente, se lavaron
con suficiente agua destilada estéril. A continuacion, se
probaron dos variantes de desinfeccion con hipoclorito de
sodio al 3 y 5 % durante 10 min. Para ello se utilizaron 12
conos apicales por tratamiento. Por tltimo, se lavaron con
suficiente agua destilada estéril antes de realizar la siembra.

Posterior a la desinfeccion, los explantes se colocaron
en medio de cultivo basal Murashige y Skoog (1962),
con 30 g L'sacarosa,l mg L' de 6-BAP, 8 g L''de agar.
El pH se ajust6 a 5.7 con hidroxido de sodio al 0.1N
y acido clorhidrico al 0.1N antes de la esterilizacion,
que se realizé en autoclave a 121 °C y 1.5 kg cm?de
presion durante 20 min. Los explantes se establecieron
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test tubes with 15 mL of culture medium. The research
was carried out under controlled conditions in a growth
chamber with a photoperiod of 16 h of lighting and 8 h
of darkness, relative humidity of 70 = 5%, light intensity
of 45 umol m? s and temperature of 25 £+ 2 °C for a
period of eight days.

The evaluations were made visually at four and
eight days after sowing. The variables number of
sprouted explants, number of non-sprouted explants,
number of necrotic explants, number of contaminated
explants, number of explants contaminated with fungi,
and number of explants contaminated with bacteria
were observed.

A completely random design was used, with 12
repetitions per treatment. For data processing, an
analysis of proportions comparison (Chi-square) was
performed using the statistical package ComparPro 1.0
(Font et al. 2007).

Four days after sowing the explants, there were
not differences (p > 0.05) between the treatments
with 3 and 5 % sodium hypochlorite (table 1), for
the variables number of necrotic explants (figure la
and 1b), number of sprouted explants and number of
non-sprouted explants. After four days, there was not
contamination by fungi or bacteria in the two studied
treatments (figure 1c¢).

Table 1. Analysis of variables at four days

3

en tubos de ensayo con 15 mL de medio de cultivo. La
investigacion se desarrolld en condiciones controladas
en camara de crecimiento con fotoperiodo de 16 h de
iluminaciéon y 8 h de oscuridad, humedad relativa de
70 + 5 %, intensidad luminica de 45 pmol m? sy
temperatura de 25 + 2 °C por un periodo de ocho dias.

Las evaluaciones se realizaron de forma visual
a los cuatro y ocho dias posteriores a la siembra. Se
observaron las variables numero de explantes brotados,
numero de explantes no brotados, nimero de explantes
necrosados, numero de explantes contaminados, nimero
de explantes contaminados con hongos y numero de
explantes contaminados con bacterias.

Se empled un diseiio completamente aleatorizado, con
12 repeticiones por tratamiento. Para el procesamiento
de los datos se realiz6 analisis de comparacion de
proporciones (Chi-cuadrado) mediante el paquete
estadistico ComparPro 1.0 (Font ef al. 2007).

A los cuatro dias de sembrados los explantes, no
hubo diferencias (p > 0.05) entre los tratamientos
con hipoclorito de sodio al 3 y 5 % (tabla 1), para
las variables nimero de explantes necrosados (figura
la y 1b), namero de explantes brotados y nimero de
explantes no brotados. A los cuatro dias no se observo
contaminacion por hongos ni bacterias en los dos
tratamientos estudiados (figura 1c¢).

Treatments Sodium hypochlorite 3 % Sodium hypochlorite 5 % Total SE ()
Variables No. % No. % No. % Signif.
Number of sprouted 5 35.71 9 64.29 14 100 13.36
explants p=0.2850
Number of 7 70.00 3 30.00 10 100 15.81
non-sprouted explants p=0.2059
Number of necrotic 2 40.00 3 60.00 5 100 15.81
explants p=10.6547

Figure 1a. Necrotic explant with doses of 5 % sodium hypochlorite after four days. Figure 1b. Necrotic explant with
doses of 3 % sodium hypochlorite after four days. Figure lc. View of the sprouted explants after four days,
in both concentrations of sodium hypochlorite and without contamination in the culture medium.
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After eight days, there were not differences
(p > 0.05) between the treatments with 3 and 5 %
sodium hypochlorite (table 2), for the variables number
of sprouted explants, number of non-sprouted explants,
number of necrotic explants, number of contaminated
explants and number of explants contaminated by
bacteria (Figures 2a, 2b and 2c¢). In this observation,
there was not fungal contamination.

Table 2. Analysis of variables at eight days

Cuban Journal of Agricultural Science, Volume 57, 2023

A los ocho dias tampoco hubo diferencias
(p > 0,05) entre los tratamientos con hipoclorito de
sodio al 3y 5 % (tabla 2), para las variables nimero de
explantes brotados, nimero de explantes no brotados,
numero de explantes necrosados, numero de explantes
contaminados y nimero de explantes contaminados por
bacterias (figuras 2a, 2b y 2¢). En esta observacion no se
hall6 presencia de contaminacion por hongos.

Treatments Sodium hypochlorite 3 % Sodium hypochlorite 5 % Total SE (£)
Variables No. % No. o No. % Signif.
Number of 6 40.00 9 60.00 15 100 12.91
sprouted explants p=0.4386
Number of 6 66.67 3 33.33 9 100 16.67
non-sprouted explants p=0.3127
Number 3 50.00 3 50.00 6 100 15.81
of necrotic explants p=0.9999
Number of 7 58.33 5 41.67 12 100 14.43
contaminated explants p=10.5637
Number of explants 5 50.00 5 50.00 10 100 15.81
contaminated by p=0.9999
bacteria

Figure 2a Explant disinfected with 5 % sodium hypochlorite, sprouted and contaminated by bacteria after eight
days. Figure 2b. Explant disinfected with 3 % sodium hypochlorite, necrotic and contaminated by
bacteria after eight days. Figure 2c. View of the sprouted explants at eight days in both concentrations

of sodium hypochlorite

The superficial disinfection of plant explants is
through chemical compounds. It is not possible to
recommend a general procedure that guarantees removal
the microorganisms with the least possible damage to
the explant. Some procedures are based on the only use
of ethanol or sodium hypochlorite. The most popular
method consists of a double disinfection by immersing
the explants in ethanol (70 %) for 20-60 seconds,
followed by 1-3 % sodium hypochlorite. Next, it should
be washed with sufficient water and detergent for three

La desinfeccion superficial de los explantes vegetales
es mediante compuestos quimicos. No es posible
recomendar un procedimiento general que garantice
eliminar los microorganismos con el menor dafio posible
al explante. Algunos procedimientos se basan en el empleo
unico de etanol o de hipoclorito de sodio. El método
mas popularizado consiste en una doble desinfeccion
mediante la inmersién de los explantes en etanol
(70 %) durante 20-60 segundos, seguido de hipoclorito de
sodio 1-3 %. A continuacion, se debe lavar con suficiente
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to 30 min, depending on the nature of the explant.
Finally, it is necessary to remove the remains of these
products through several washes with sterile distilled
water (Mroginski et al. 2010).

In studies of genetic improvement by in vitro tissue
culture techniques, Herrera et al. (2003) used 10 %
sodium hypochlorite for 10 min for the disinfection
of apical cones of Cuba CT-115. In the consulted
bibliography, there is little evidence of studies referring
to the disinfection of explants of C. purpureus cv. Cuba
CT-115 for its in vitro establishment. However, in sugar
cane (Saccharum officinarum) several studies on this
aspect are reported.

Similar results are reported to those of this study with
5 % NaClO treatment for 15 min in apical meristems
of S. officinarum, variety CCSP 89-43, which showed a
low percentage of contamination (Betancourt Guerrero
2017). This effect could be due to the action of sodium
hypochlorite on microorganisms, since it acts to inhibit
enzymatic reactions and protein denaturation (Sanchez
and Séaenz 2005).

The results of this study differ from the high values
of necrosis that were reported when disinfecting explants
of the apical leaf section and axillary buds of four
varieties of S. officinarum, with 5 and 7 % NaClO (Araya
Contreras 2006). Similarly, in the disinfection of foliar
explants of S. officinarum, variety CP 72-2086, a high
percentage of necrosis was obtained in plant tissues with
concentrations of 10 % sodium hypochlorite for 25 min
(Martinez Vega 2005).

Similar results to the previous, when using high
concentrations of 20 and 30 % sodium hypochlorite
and two immersion times (15 and 20 min), to disinfect
apical cones of the sugar cane varieties [TV 92-1424,
Laica 82-2220 and Q28-2. In this study good results of
survival and asepsis are reported when applying 20%
commercial chlorine for 20min, while the dose of 30
% NaClO was effective to control the contamination,
although it caused darkness of the expalnts (Rangel-
Estrada et al. 2016).

According to Nikoloff (2015), darkening, growth
inhibition, necrosis, and explant death may be associated
with oxidative stress derived from the use of disinfectant
agents. The explant oxidation levels are related to
the increase in the concentration and exposure time
of the explant to the disinfectant (Lapiz-Culqui et al.
2021), which shows the toxic effect of NaClO on plant
tissues (Causil et al. 2017). It could be showed that the
different responses of the explants to the use of sodium
hypochlorite correspond to the tolerance level of each
plant species.

The difference between the results of previous
studies and those obtained in the disinfection of
explants of C. purpureus cv. Cuba CT-115 can be
related to the manipulation of plant material, since it is
one of the most common sources of contamination. In
addition, it is confirmed that the superficial disinfection
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agua y detergente de tres a 30 min, en dependencia de la
naturaleza del explante. Finalmente, es necesario eliminar
los restos de estos productos mediante varios lavados con
agua destilada estéril (Mroginski et al. 2010).

En trabajos de mejora genética por técnicas de
cultivo de tejidos in vitro, Herrera et al. (2003) utilizaron
hipoclorito de sodio al 10 % durante 10 min para la
desinfeccion de conos apicales de Cuba CT-115. En la
bibliografia consultada, es escasa la evidencia de estudios
referidos a la desinfeccion de explantes de C. purpureus
vc. Cuba CT-115 para su establecimiento in vitro. Sin
embargo, en cafia de azlcar (Saccharum officinarum) se
informan diversos trabajos sobre este aspecto.

Se refieren resultados similares a los del presente
estudio con tratamiento de NaClO al 5 % durante
15 min en meristemos apicales de S. officinarum,
variedad CCSP 89-43, que mostrd escaso porcentaje de
contaminacion (Betancourt Guerrero 2017). Este efecto
se pudo deber a la accion del hipoclorito de sodio en
los microorganismos, ya que actiia en la inhibicién de
las reacciones enzimaticas y desnaturalizacion de las
proteinas (Sanchez y Saenz 2005).

Los resultados de este trabajo difieren de los valores
elevados de necrosis que se informaron al desinfectar
explantes de la seccion foliar apical y yemas axilares de
cuatro variedades de S. officinarum, con NaClO al 5y 7 %
(Araya Contreras 2006). De igual forma, en la desinfeccion
de explantes foliares de S. officinarum, variedad
CP 72-2086, se obtuvo alto porcentaje de necrosis en
los tejidos vegetales con concentraciones de 10 % de
hipoclorito de sodio durante 25 min (Martinez Vega 2005).

Resultados similares a los anteriores, al utilizar
concentraciones altas de hipoclorito de sodio 20 y
30 % y dos tiempos de inmersion (15 y 20 min), para
desinfectar conos apicales de las variedades de cafa de
azucar ITV 92-1424, Laica 82-2220 y Q28-2. En este
estudio se reportan buenos resultados de supervivencia
y asepsia al aplicar 20 % de cloro comercial por 20 min,
mientras que la dosis de 30 % de NaClO fue efectiva
para controlar la contaminacion, aunque ennegrecio los
explantes (Rangel-Estrada et al. 2016).

Segun plantea Nikoloff (2015), el oscurecimiento,
la inhibicién del crecimiento, la necrosis y la muerte
del explante, pueden estar asociadas al estrés oxidativo
derivado del uso de agentes desinfectantes. Los niveles de
oxidacion del explante se relacionan con el aumento en la
concentracion y el tiempo de exposicion del explante al
desinfectante (Lapiz-Culqui et al. 2021), lo que evidencia
el efecto toxico de NaClO en los tejidos vegetales (Causil et
al. 2017). Se podria indicar que las diferentes respuestas de
los explantes al uso del hipoclorito de sodio corresponden
con el nivel de tolerancia propia de cada especie de planta.

La diferencia entre los resultados de estudios
anteriores y los que se obtuvieron en la desinfeccion
de explantes de C. purpureus vc. Cuba CT-115 se
pueden relacionar con la manipulacion del material
vegetal, ya que es una de las fuentes mas comunes de
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of the explant is conditioned by factors such as the
type, concentration and time of exposure to disinfectant
agents, but also by the origin of the explant (Ticona
and Triguero 2020).

It is concluded that the indicators studied
for the disinfection of apical cones of Cuba
CT-115 with concentrations of 3 and 5 % of sodium
hypochlorite did not present differences. Therefore,
it is recommended to disinfect with 3 % sodium
hypochlorite, which saves this substance during the
procedure. It is recommended to performed studies
with other concentrations of sodium hypochlorite and
different immersion times in the in vitro establishment
stage of this culture.
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