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Sistema de cultivo vertical integrado por moédulos
contenedores uniformes que albergan diversas especies
herbaceas y foliares. La disposicion estratificada optimiza
el uso del espacio y favorece la eficiencia en la captacion
de luz, mientras que la heterogeneidad morfolégica de las
plantas evidencia la plasticidad fenotipica asociada a
condiciones de cultivo intensivo en ambientes urbanos.
Este sistema representa una forma de infraestructura verde
orientada a la produccion vegetal sustentable y a la mejora
microclimatica en entornos metropolitanos.

BA vertical cultivation system composed of uniform
container modules housing a variety of herbaceous and
foliage plant species. The stratified arrangement optimizes
space use and enhances light capture efficiency, while the
morphological heterogeneity of the plants reflects phenotypic
plasticity under intensive cultivation conditions in urban
environments. This system represents a form of green
infrastructure aimed at sustainable plant production and
microclimate improvement in metropolitan settings.

por/by
Rafael Fernandez Nava



REVISTA BOTANICA INTERNACIONAL DEL INSTITUTO POLITECNICO NACIONAL

EDITOR EN JEFE
Rafael Fernandez Nava

EDITORA ASOCIADA
Maria de la Luz Arreguin Sanchez

COMITE EDITORIAL INTERNACIONAL

Christiane Anderson
University of Michigan
Ann Arbor. Michigan, US

Heike Vibrans
Colegio de Postgraduados
Estado de México, México

Hugo Cota Sanchez
University of Saskatchewan
Saskatoon, Saskatchewan, Canada

Fernando Chiang Cabrera
Universidad Nacional Autonoma de México
Ciudad de México, México

Thomas F. Daniel
California Academy of Sciences
San Francisco, California, US

Francisco de Asis Dos Santos
Universidad Estadual de Feira de Santana
Feira de Santana, Brasil

Carlos Fabian Vargas Mendoza
Instituto Politécnico Nacional
Ciudad de México, México

José Luis Godinez Ortega
Universidad Nacional Autonoma de México
Ciudad de México, México

José Manuel Rico Ordaz
Universidad de Oviedo
Oviedo, Espaiia

Edith V. Gomez Sosa
Instituto de Botanica Darwinion
Buenos Aires, Argentina

Jorge Llorente Bousquets
Universidad Nacional Autébnoma de México
Ciudad de México, México

Delia Fernandez Gonzalez
Universidad de Ledén
Leon, Espana

José Angel Villarreal Quintanilla
Universidad Autéonoma Agraria Antonio Narro
Saltillo, Coahuila, México

Luis Gerardo Zepeda Vallejo
Instituto Politécnico Nacional
Ciudad de México, México

Claude Sastre
Muséum National d Histoire Naturelle
Paris, Francia

Mauricio Velayos Rodriguez
Real Jardin Botanico
Madrid, Espana

Noemi Waksman de Torres
Universidad Auténoma de Nuevo Ledn
Monterrey, NL, México

Julieta Carranza Velazquez
Universidad de Costa Rica
San Pedro, Costa Rica

Tom Wendt
University of Texas
Austin, Texas, US

Edith V. Gomez Sosa
Instituto de Botanica Darwinion
Buenos Aires, Argentina

Dr. Juan Ramon Zapata Morales
Universidad de Guanajuato
Guanajuato. México

DISENO Y FORMACION ELECTRONICA
Luz Elena Tejeda Herndndez

OPEN JOURNAL SYSTEM Y TECNOLOGIAS DE LA INFORMACION
Pedro Araoz Palomino



POLIBOTANICA, revista botanica internacional del Instituto Politécnico Nacional, incluye
exclusivamente articulos que representen los resultados de investigaciones originales en el area. Tiene
una periodicidad de dos numeros al afio, con distribucién y Comité Editorial Internacional.

Todos los articulos enviados a la revista para su posible publicacion son sometidos por lo menos a
un par de arbitros, reconocidos especialistas nacionales o internacionales que los revisan y evalian y
son los que finalmente recomiendan la pertinencia o no de la publicacion del articulo, cabe destacar
que este es el medio con que contamos para cuidar el nivel y la calidad de los trabajos publicados.

INSTRUCCIONES A LOS AUTORES PARA LA PUBLICACION DE TRABAJOS
Se aceptaran aquellos originales que se ajusten a las prescripciones siguientes:

POLIBOTANICA incluye exclusivamente articulos que representen los resultados de investigaciones
originales que no hayan sido publicados.

1. El autor debera anexar una carta membretada y firmada dirigida al Editor, donde se presente el
manuscrito, asi como la indicacion de que el trabajo es original e inédito, ya que no se aceptan
trabajos publicados o presentados anterior o simultdineamente en otra revista, circunstancia que
el autor(es) debera declarar expresamente en la carta de presentacion de su articulo.

2. Al quedar aceptado un trabajo, su autor no podra ya enviarlo a ninguna otra revista nacional o
extranjera.

3. Los articulos deberan estar escritos en espafiol, inglés, francés o portugués. En el caso de estar
escritos en otros idiomas diferentes al espafiol, debera incluirse un amplio resumen en este
idioma.

4. Como parte de los requisitos del CONACYT, POLIBOTANICA ahora usa la plataforma del
Open Journal System (OJS); para la gestion de los articulos sometidos a la misma.Asi que le
solicitamos de la manera mds atenta sea tan amable de registrarse y enviar su articulo en la
siguiente liga: www.polibotanica.mx/ojs/index.php/polibotanica

a) cargar el trabajo en archivo electronico de office-word, no hay un méximo de paginas con
las siguientes caracteristicas:
b) en paginas tamafio carta, letra times new roman 12 puntos a doble espacio y 2 cm por margen

5. Las figuras, imagenes, graficas del trabajo deben estar incluidas en el documento de Word original:

a) en formato jpg
b) con una resolucion minima de 300 dpi y un tamafio minimo de 140 mm de ancho
c) las letras deben estar perfectamente legibles y contrastadas

6. Todo trabajo debera ir encabezado por:

a) Un titulo tanto en espafiol como en inglés que exprese claramente el problema a que se refiere.
El formato para el titulo es: negritas, tamafio 14 y centrado;

b) El nombre del autor o autores, con sus iniciales correspondientes, sin expresion de titulos
o grados académicos. El formato para los autores es: alineados a la izquierda, cada uno en un
parrafo distinto y tamafio 12. Cada autor debe tener un nimero en formato superindice indicando
a que afiliacion pertenece;

¢) La designacion del laboratorio e institucion donde se realizo el trabajo.La(s) afiliacion(es)
debe(n) estar abajo del grupo de autores. Cada afiliaciondebera estar en un parrafo y tamafio
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12. Al inicio de cada afiliacidonestara el nimero en superindice que lo relaciona con uno o mas
autor/es.

d) El autor para correspondencia deberd estar en el siguiente parrafo, alineado a la izquierda,
tamafio 12.

Todo trabajo debera estar formado por los siguientes capitulos:

a) RESUMEN y ABSTRACT. Palabras clave y Key Words. El resumen debe venir después
de la afiliacion de los autores, alineado a la izquierda, tamafo 12. La palabra “Resumen: /
Abstract:” debe venir en negritas y con dos puntos. El texto del resumen debe empezar en el
parrafo siguiente, tamafio 12 y justificado. El texto “Palabras clave / Key Words:” debe venir
en negritas seguido de dos puntos. Cada una de las palabras clave deben estar separadas por
coma o punto y coma, finalizadas por punto.

b) INTRODUCCION y METODOS empleados. Cuando se trate de técnicas o métodos ya
conocidos, solamente se les mencionara por la cita de la publicacion original en la que se dieron
a conocer. El formato para todas las secciones en esta lista es: negritas, tamafio 16 y centrado.

c) RESULTADOS obtenidos. Presentacion acompafiada del nimero necesario de graficas, tablas,
figuras o diagramas de tamafio muy cercano al que tendra su reproduccion impresa (19 x 14 cm).

d) DISCUSION concisa de los resultados obtenidos, limitada a lo que sea original y a otros
datos relacionados directamente y que se consideren nuevos.

e) CONCLUSIONES.

ESPECIFICACIONES DE FORMATO PARA EL CUERPO DEL TRABAJO

. Secciones/Subtitulos de parrafo: Fuente tamafio 16, centrado, en negritas, con la primera letra

en mayuscula.

. Subsecciones/Subtitulos de parrafo secundarios : Fuente tamafio 14, centrado, en negritas, con la

primera letra en mayutscula. Cuando existan subsecciones de subseccion formatear en tamafo
13 negrita y centrado.

. Cuerpo del texto: Fuente tamafio 12, justificado. NO debe haber saltos de linea entre parrafos.

. Las notas de pie de pagina deben estar al final de cada pagina, fuente tamafio 12 justificadas.

. Cita textual con mas de tres lineas: Fuente tamano 12, margen izquierdo de 4 cm.

. Titulo de irpégenes: Fuente tamano 12, centrado y en negritas, separado por dos puntos de su

descripcion. Descripcion de las imagenes: tamano 12.

. Notas al pie de las imagenes: Fuente tamano 12 y centradas con respecto a la imagen, la primera

letra debe estar en mayusculas.

. Imagenes: deben estar en el cuerpo del texto, insertadas en formato png o jpg, a por lo menos 300

dp1 de resolucion y centradas. Las 1magenes deben estar en linea con el texto. Se consideran
imagenes: graficos, cuadros, fotografias, diagramas y, en algunos casos, tablas y ecuaciones.

. Tablas de tipo texto: El titulo de las columnas de las tablas debe estar en negritas y los datos

del cuerpo de la tabla con fuente normal. Los nombres cientificos deben estar en italicas. Se
recomienda utilizar las Tablas como imagenes, estas deberan de ir centradas (a por lo menos
300 dpi de resolucion).

10. Notas al pie de la tabla: Fuente tamano 12 y centradas con respecto a la tabla, la primera letra

debe estar en mayusculas.

11. Ecuaciones pueden estar en Mathtype 1 o en imagen. En este ultimo caso, seguir instrucciones

del punto 8.

12. Citas del tipo autor y ano deben estar entre parentesis, con el apellido del autor seguido por el

ano (Souza, 2007), primera letra en mayuscula.



8. LITERATURA CITADA, Se tomara como base el Estilo APA para las Referencias Bibliograficas,
formada por las referencias mencionadas en el texto del trabajo y en orden alfabético. Es
obligatorio utilizar Mendeley® (software bibliografico). El propoésito de utilizar este tipo de
software es asegurar que los datos contenidos en las referencias estdn correctamente estructurados
y corresponden a las citas del cuerpo del texto.

ESTRUCTURA Y FORMATO DE LOS AGRADECIMIENTOS Y REFERENCIAS
BIBLIOGRAFICAS

1. Los Agradecimientos deberan estar despues de la ultima seccion del cuerpo del texto. Esta
informacion debe tener como titulo la palabra “Agradecimientos”, o su equivalente en otro
idioma, en negritas, tamano 12 y centrado. El texto de esta informacion debe estar en tamano
12 justificado.

2. Las Referencias bibliograficas deben estar en orden alfabetico sin salto de linea de parrafo,
alineados a la izquierda, en tamano 12.

3. Apendices, anexos, glosarios y otros materiales deben incluirse despues de las referencias
bibliograficas. En caso de que estos materiales sean extensos deberan ser creados como archivos
PDF.

9. REVISION Y PUBLICACION

Todos los articulos enviados a la revista para su posible publicacion seran sometidos a una revision
“doble ciego”, se enviaran por lo menos a un par de arbitros, reconocidos especialistas nacionales o
internacionales que los revisaran y evaluaran y seran los que finalmente recomienden la pertinencia
o no de la publicacion del articulo, cabe destacar que este es el medio con que contamos para cuidar
el nivel y la calidad de los trabajos publicados.

Una vez aceptado el trabajo, se cobraran al autor(es) $299 por pagina mas IVA, independientemente
del nimero de fotografias que contenga.

PUBLICATION GUIDELINES

POLIBOTANICA, an international botanical journal supported by the National Polytechnic Insti-
tute, only publishes material resulting of original research in the botanic area. It has a periodicity
of two issues per year with international distribution and an international Editorial Committee.

All articles submitted to POLIBOTANICA for publication are reviewed by at least a couple
of referees. National or international recognized experts will evaluate all submitted mate-
rials in order to recommend the appropriateness or otherwise of a publication. Therefore, the
quality of published papers in POLIBOTANICA is of the highest international standards.

FOR PUBLICATION OF ARTICLES
Originals that comply with the following requirements will be accepted:

1. POLIBOTANICA includes only items that represent the results of original research which have
not been published.The author should attach an official and signed letter to Editor stating that
the work is original and unpublished. We do not accept articles published or presented before or
simultaneously in another journal, a fact that the author (s) must expressly declare in the letter.

2. When an article has been accepted, the author can no longer send it to a different national or
foreign journal.
3. Articles should be written in Spanish, English, French or Portuguese. In the case of be written in



languages other than Spanish, it should include an abstract in English.

4. The article ought to be sent to the POLIBOTANICA’s Open Journal System http://www.polibo-
tanica.mx/0js in an office-word file without a maximum number of pages with the following
features:

a) on letter-size pages, Times New Roman font type, 12-point font size, double-spaced and 2 cm
margin

5. The figures, images, graphics in the article must be attached as follows:

a) in jpg format
b) with a minimum resolution of 300 dpi and a minimum size of 140 mm wide
¢) all characters must be legible and contrasted

6. All articles must include:

a) a title in both Spanish and English that clearly express the problem referred to. The format
for this section is: bold, font size 14 and centered.;

b) the name of the author or authors, with their initials, no titles and no academic degrees. The
format for this section is: font size 12, aligned to the left, each name in a different paragraph but
without spaces in-between and a superscript number indicating the affiliation;

c¢) complete affiliations of all authors (including laboratory or research institution). The format
for this section is: font size 12, aligned to the left, each name in a different paragraph but without
spaces in-between and a superscript number at the beginning of the affiliation;

d) correspondence author should be in the next paragraph, font size 12 and aligned to the left.
7. All work should be composed of the following chapters:

a) RESUMEN and ABSTRACT. Palabras clave y Key Words. The format for this section is:
bold, font size 12 and centered. Both words (RESUMEN: and ABSTRACT:)must include a
colon, be in bold and aligned to the left. The body of the abstract must be justified and in font
size 12. Both palabras clave: and keywords:must include a colon, be in bold and aligned to the
left. Keywords must be separated by a comma or semicolon, must be justified and in font size 12.

b) INTRODUCTION y METHODS. In the case of techniques or methods that are already
known, they were mentioned only by appointment of the original publication in which they were
released.

c) RESULTS. Accompanied with presentation of the required number of graphs, tables, figures
or diagrams very close to the size which will be printed (19 x 14 cm).

d) DISCUSSION. A concise discussion of the results obtained, limited to what is original and
other related directly and considered new data.

¢) CONCLUSIONS. The format for sections Introduction, Results, Discussion and Conclusionsis:
bold, font size 16 and centered.



FORMAT SPECIFICATIONS FOR THE BODY OF WORK

1. Sections: Font size 16, centered, bold, with the first letter capitalized.

2. Subsections / Secondary Subtitles: Font size 14, centered, bold, with the first letter capitalized.
When there are second grade subsections format in size 13 bold and centered.

3. Body: Font size 12, justified. There should NOT be line breaks between paragraphs.

4. Footnotes should be at the bottom of each page, font size 12 and justified.

5. Textual quotation with more than three lines: Source size 12, left margin of 4 cm.

6. Image Title: Font size 12, centered and bold, separated by two points from its description. Des-
cription of the images: size 12.

7. Images Footnotes: Font size 12 and centered with respect to the image, the first letter must be in
capital letters.

8. Images: must be in the body of the text, inserted in png or jpg format, at least 300 dpi resolution
and centered. Images should be in line with the text. Graphs, charts, photographs, diagrams and, in
some cases, tables and equations are considered images.

9. Text Tables: Only The title of the columns of the tables must be in bold. Scientific names must
be in italics. It is recommended to use the Tables as images, they should be centered (at least 300
dpi resolution).

10. Footnotes: Font size 12 and centered with respect to the table, the first letter must be in upper
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ABSTRACT: Mulberry Morus alba L. is a deciduous tree which leaves yield is a
feeding source with high nutrients content and digestibility. The in vitro culture allows
the vegetal tissue proliferation from young explants and the addition of growth
regulators. The subject of the present research is to promote the undifferentiation cellular
in leave tissue and origin callogenesis in plants of Morus alba, L. var. SLP5 and SLP3
supplemented with plant growth regulators 2,4-D and TDZ and evidence the
acceptability of in vitro cultured mulberry calli in the feeding of the first silkworm larvae
stages (Bombyx mori). The three portions of mulberry leaves var. SLP5 and SLP3 were
cultured in MS modified medium supplemented with 7.0 g L' agar, 3% sucrose, 0.4 mg
L-! thiamine and 100 mg L' myo-inositol with 2,4- dichlorophenoxyacetic acid (2,4-D,
1 and 3 mg L) combine with thidiazuron (TDZ, 1 and 3 mg L), in a completed
randomized design (1:1; 1:3; 3:1 and 3:3 mg L) with 5 replicates among two months.
The SLPS variety displayed a bigger weight 2.49+0.48 g and volume 2.83+0.86 cm? than
SLP3 variety. The calli obtained in treatment 4 (3 mg L! of 2,4-D and 3 mg L! TDZ)
displayed a bigger volume 3.39+0.80 cm® and weight 2.93+0.33 g (p<0.05). In regard to
the leaves sections, the explants growth calli do not show significantly differences
(p<0.05). The silkworm larvae growth was bigger for treatment 4 weight 2.66+1.87 g
and length de 2.6242.10 cm (p<0.05). It is worth to mention that the in vitro cultured
mulberry calli as food acceptance was similar for all treatments. In this research the in
vitro propagation of white mulberry calli was independent from the plant variety. The
calli white mulberry propagated in vitro were accepted in the feeding of silkworm larvae
under laboratory conditions.

Key words: Morus sp, plant growth regulators, calli, Bombyx mori.

=
(o]


mailto:ar.hernandez@uiceh.edu.mx
https://orcid.org/0009-0004-8627-077X
https://orcid.org/0000-0002-2331-9984
https://orcid.org/0000-0002-9716-4778
https://orcid.org/0000-0003-3532-6812
https://orcid.org/0000-0001-8586-9298
https://orcid.org/0000-0002-2206-4991
http://orcid.org/0000-0001-6057-6667

POLIBETANICA ) .
Num. 61: 00-00 Enero 2026 ISSN electronico: 2395-9525

RESUMEN: La morera Morus alba L. es un 4rbol caducifolio cuya produccién de hojas es
utilizada como fuente alimenticia por sus altos contenidos de nutrientes y digestibilidad. El
cultivo in vitro permite la proliferacion de tejidos vegetales a partir de explantes jovenes y la
adicion de reguladores de crecimiento. El objetivo de la presente investigacion es promover la
desdiferenciacion celular en tejido de hojas y originar callogénesis en plantas de Morus alba, L.
var. SLP5 y SLP3 suplementado con reguladores de crecimiento 2,4-D y TDZ y evidenciar la
aceptabilidad de los callos de morera cultivados in vitro en la alimentacion de los primeros
estadios larvarios de los gusanos de seda (Bombyx mori). Se cultivaron explantes de tres
porciones de hojas de morera de var. SLP5 y SLP3 en medio de cultivo modificado de MS
suplementado con 7.0 g L' agar, 3% sacarosa, 0.4 mg L"! tiamina y 100 mg L' mio-inositol con
2,4- 4cido diclorofenoxiacetico (2,4-D, 1 y 3 mg L') combinado con tidiazuron (TDZ, 1 y 3 mg
L1), bajo un disefio completamente al azar (1:1; 1:3; 3:1 y 3:3 mgL"!) con 5 repeticiones durante
dos meses. La variedad SLP5 mostré mayor peso 2.49+0.48 g y volumen 2.83+0.86 cm® que la
variedad SLP3. Los callos obtenidos en el tratamiento 4 (3 mg L' de 2,4-D y 3 mg L' TDZ)
mostraron mayor volumen 3.39+0.80 cm® y peso 2.93+0.33 g (p<0.05). Respecto a las secciones
de hoja, los callos crecidos a partir de los explantes no mostraron diferencias significativas
(p<0.05). El crecimiento de las larvas de gusano de seda fue mayor para el tratamiento 4 con un
peso 2.66£1.87 g y longitud de 2.6242.10 cm (p<0.05). Cabe mencionar que la aceptacion de los
callos de morera producidos in vitro en la alimentacion de larvas de gusano de seda fue similar
para todos los tratamientos. En esta investigacion la propagacion in vitro de los callos de morera
blanca fue independiente de la variedad de planta. Los callos de morera propagados in vitro
fueron aceptados en la alimentacion de larvas de gusano de seda bajo condiciones de laboratorio.
Palabras clave: Morus sp, reguladores de crecimiento en plantas, Bombyx mori.

INTRODUCTION

The Morus sp (mulberries) are flowering and deciduous plants of Moraceae family. Mulberries
have been domesticated over thousands of years and are cultivated in Asian, European, American,
and African continents (Ozgen et al., 2009). There are many applications to mulberries, which
include livestock feeding (Sanchez, 2000; Milera ef al., 2010; Islam et al., 2014) gardening or
landscaping (Ljubojevié et al., 2023), environmental safety (Mallick & Sengupta, 2022), and
natural products (Ozgen et al., 2009; Mallick & Sengupta, 2022). Their multiple applications led
to great exploitation worldwide, from smallholders to large-scale production (Sanchez, 2002).
The impressive adaptability of mulberries comes from their simple cultivation, fast growth, and
survival under challenging environments (Rahman & Islam, 2021).

The main agronomic application of mulberries is for leaf harvest and thus feeding the silkworm
(Bombyx mori) under sericulture or silk farming (Ozgen et al., 2009; Bobis et al., 2018; Mallick
& Sengupta, 2022). Importantly, mulberries leaves are the sole food provided to silkworms
(Kumar et al., 2012; Rahman & Islam, 2021). Data from multiple reports indicated that fruits and
leaves have high content of crude protein, sugars, fatty acids, micronutrients, and dry-matter
digestibility, which supports its multiple applications (Bamikole ef al., 2005; Liang et al., 2012;
Koyunco et al., 2014; Zach et al., 2017). However, mulberries require adequate management
practices to provide such high nutritional content (Benavides et al., 1994). Mulberry are
deciduous trees and their leaf production is destined to feeding the silkworm larvae, however
through winter and under plague and disease attack thous yield is diminished and the leaves
quality reduce (Banday et al., 2017).

In vitro culture of plant tissues allows large-scale propagation of desirable genotypes under sterile
conditions (Sharma & Thorpe, 1990; Sil, 2021). Such approaches usually rely on young explants
for in vitro propagation, since there is greater viability (Acufia, 2020), alongside the use of plant
growth regulators (Freire-Seijo, 2003; Ikeuchi et al., 2013; Geetha & Murugan, 2017). In vitro
mulberry calli culture is strongly influence by the addition of plant growth regulators to the
culture media. The auxin and cytokinine stimulate necessary reactions for the calli, steam or
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rooths in vitro culture from an explant (Ikeuchi et al., 2013). Bhau y Wakhlu (2001) report the
use of 2,4-dichlorophenoxyacetic acid (2,4-D) and benzyladenine (BA) (1.0 mg L' y 0.5 mg L")
successfully in the propagation of mulberry calli from leaf explants, internodes and stalk.

The in vitro propagation of mulberries calli offers the possibility of feeding silkworm larvae
continuously. The utilization of sterile mulberry calli production as a model in silkworm larvae
feeding guaranty the availability of silkworms as a research organism model in further
applications (Ashraf & Qamar, 2023).

The aim of this study was to determine the effect of variety alongside plant growth regulator
supplementation on in vitro propagation of white mulberries (Morus alba L.) calli and its
application as a supplementary feed for growing silkworm larvae.

MATERIAL AND METHODS

Location and vegetal material

The project was developed according to institutional and national legislation. The experiments
were performed in the plant tissue culture laboratory at the Departamento de Fitotecnia,
Universidad Auténoma Chapingo, located in Texcoco, Mexico in 2014.

The vegetative material was obtained from two years old white mulberry trees (Morus alba L.)
of the SLP3 and SLP5 varieties grew and acclimated in a greenhouse. The white mulberry
characteristics were SLP3 larger ~20cm softer (pliable) and thinner leaves and SLP5 smaller
~15cm visibly thicker and brittle leaves.

Plants were placed in 40 x 40 cm polyethylene pots filled with 3 to 6 mm tezontle substrate and
were irrigated with 250 ml tap water twice a day and supplemented weekly with a 3 ml L!
Byfolan®, 0.5g L' Aliette® and 1.5g L' AgrimyCu® solution by sprinkled to control
contamination in plants. Plants were cultivated by 1.5 years.

In vitro growth leaves culture

The in vitro culture was established with 20 SLP3 and 20 SLPS5 young leaves (seven to eight cm
length) that were washed with Roma® detergent (5g L") and Tween™-80 (Fisher Chemical) hi-
purity (1 ml L") in distilled water for 20 min. Further, leaves were surface disinfest with 70%
ethanol for three minutes, and subsequently in a solution of 10 ml*100 ml sodium hypochlorite
(Cloralex®). Leaves of mulberries were transferred to Petri dishes and rinsed three times with
sterile ultra-purify water.

The culture medium to in vitro propagation was based on a modified version of the MS medium
(Sigma Aldrich ®) (Murashige & Skoog, 1962) supplemented with 7.0 g L' Meyer ® agar (>99%)),
3% sucrose (99.5%) (Sigma Aldrich ®), 0.4 mg L' thiamine (>99%) (Sigma Aldrich ®), and 100
mg L myo-inositol (>99%) (Sigma Aldrich ®). The pH of the solution was adjusted to 5.7 + 0.1.
20 ml the culture medium was placed in (200 ml) Gerber® flasks, which were sealed with
polyethylene tops, and sterilized by autoclaving at 121°C, 15 PSI for 40 min. Afterwords the
flasks were set at room temperature 22 + 1°C and the plant growth regulators 2.4-
dichlorophenoxyacetic acid (2,4-D) (>95%) and thidiazuron (TDZ) both from Sigma Aldrich®
were added as is described in experimental design treatments.

Leaves rinsed in sterile ultra-purify water were dissected with scalpel in three portions: apical,
medium and basal acording to Freschi ef al. (2010). Each leaf portion were placed randomly in
Gerber® flasks with culture medium MS for each treatment. Flasks were sealed to avoid
contamination and placed in a dark growth chamber at 22+1°C, culture was performed for 60
days.

Explants decontamination protocol

The explants exposed to contamination were retrieved from in vitro culture and submerged in a
Roma® detergent (5g L) and Tween™-80 (Fisher Chemical) hi-purity (Iml L) solution in
distilled water. Subsequently, explants were submerged in 70% ethanol for three min, submerged
in 10 ml*100 ml sodium hypochlorite (Cloralex®) solution for 15 min, and placed with 4%
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calcium hypochlorite for 15 min. Additionally, explants were exposed to a 100% Timsen®
solution for 15 min, Benlate® and Fungimycin 100® 2g L' solutions for 10 min, and rinsed in
100% Protect® H>O; before being placed in a Petri dish containing MS medium.

Experimental Design

To determinate the effect of mulberries (Morus Alba L.) variety and supplementation of plant
growth regulators on in vitro mulberry calli propagation, a completely randomized design was
performed with four treatments: i) 1 mg L' 2,4-D/ 3 mg L' TDZ, ii) 3 mg L' 2,4-D/1 mg L’
TDZ, iii) 1 mg L 2,4-D/1 mg L"! TDZ and vi) 3 mg L' 2,4-D/3 mg L' TDZ with five replicates;
each flask was an experimental unit. There were evaluate weight and volume as non-destructive
measurements (quantitative variables) and visual coloring as qualitative variable for in vitro
grown calli, during the culture period in 14 days intervals.

Evaluation of in vitro grown calli to feed Bombyx mori larvae

The unhatching silkworm eggs were obtained from the Universidad Politécnica Francisco L.
Madero, Tepatepec - Hidalgo, Mexico and were maintained at room temperature at 22+1°C in
the plant tissue culture laboratory until larvae hatching.

Five silkworm larvae were placed in 10 cm disposable Petri dishes at room temperature at 22
+1°C immediately after hatching. The explant in vitro grown and calli were used to feed the
silkworm larvae totally the first 21 days, twice a day (9:00 and 19:00 h). The effect of feeding
with in vitro grown calli of white mulberries was determined by measuring the weight and length
of silkworm larvae at seven days intervals. The silkworm larvae survival percent was determined
at the end of the 21 days experiment. Subsequently the larvaec were feed 25 days more with
mulberry leaves until the cocoon weave at day 46 and the emerging of the moth after 12 to 15
days after.

Statistical analysis

The variables weight and volume of the in vitro grow mulberry calli and the length and weight
of the silkworm larvae feed with in vitro grow calli were analyzed with an analysis of variance
(ANOVA) and the post-hoc analysis was done with Tukey's mean test at 5% significance level
with the software Statistical Analysis System® (SAS) 9.0.

RESULTS AND DISCUSSION

In vitro propagation of white mulberries calli from leaves explants

The differences in development of white mulberries calli in vitro became evident from week two
onward (Figure 1).

The treatment T4 and T2 displayed the best traits, which included calli weight and volume (Table
1) (p<0.05). Under the comparison between varieties of white mulberries, the variety SLP5 was
different in weight and volume than the variety SLP3, (p<0.05) (Table 2).
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Figure 1. In vitro culture of Morus alba L. calli from leaf explants. a-c) Second, fourth, and sixth week after in vitro
culture respectively; d-e) Eighth week; f) Enlarged view of calli during the eighth week of culture. Scale barr 0.5 cm.
Figura 1. Cultivo in vitro de callos de Morus alba L. a partir de explantos foliares. a-c) Segunda, cuarta y sexta semana
después del cultivo in vitro, respectivamente; d-e) Octava semana; f) Vista ampliada de los callos durante la octava
semana de cultivo. Barra de escala de 0.5 cm.

Table 1. Mean weight and volume in vitro grow calli of white mulberry (Morus alba L.) suplemented with 2,4-D

and TDZ.
Tabla 1. Peso y volumen medio de callos de cultivo in vitro de morera blanca (Morus alba L.) suplementados con
2,4-D y TDZ.
Treatment* Weight (g) Volume (cm?)
4 2.93+(.33%%* 3.39+0.792
2 2.89+0.242 3.20+0.55%
1 2.07+0.19° 2.080+0.17°
3 2.0240.11° 2.28+0.34°
MSD 0.1097 0.2414

*Treatments 1) 1 mgL™! 2,4-D/ 3 mgL"! TDZ, 2) 3 mgL™! 2,4-D/1 mgL"! TDZ, 3) 1 mgL"! 2,4-D/1 mgL"' TDZ and 4)
3 mgL' 2,4-D/3 mgL"!' TDZ.
**Means different superscript letters, within the same columns are statistically difference significative Tukey'’s test (<0.05).

Table 2. Comparison of variety on weight and volume of in vitro grown calli of white mulberry (Morus alba L.).
Tabla 2. Comparacion de variedades en peso y volumen de callos cultivados in vitro de morera blanca (Morus alba L.).

Variety Weight (g) Volume (cm?)
SLP5 2.48+0.48" 2.83+0.86*
SLP3 2.46+0.512 2.68+0.67°
MSD 0.0591 0.13

*Means different superscript letters, within the same columns are statistically difference significative Tukey’s test
(<0.05). MSD: minimum statistical difference.

However, the portions of leaves did not affect significantly in vitro growth (Table 3). The in vitro
grown calli displayed friable texture, separately from the treatment. Further, most in vitro grown
calli of white mulberries were spongy-like and granular. The color of in vitro grown calli changed
during their growth (Table 4), gradually mulberry calli acquired a darker coloring due the natural
tissue oxidation (Figure 2).
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Table 3. Mean weight and volume of in vitro grown calli of white mulberry (Morus alba L.) obtained from three
different leaf sections.
Tabla 3. Peso y volumen medio de callos cultivados in vitro de morera blanca (Morus alba L.) obtenidos de tres
secciones de hojas diferentes.

Leaf part Weight (g) Volume (cm3)
Basal 2.5240.19%" 2.724+0.392

Medium 2.46+0.192 2.69+0.42?
Apical 2.44+0.26* 2.794+0.56*
MSD 0.0866 0.1906

*Means different superscript letters, within the same columns are statistically difference significative Tukey’s test
(<0.05). MSD: minimum statistical difference.

Table 4. Calli color obtained from i vitro culture of white mulberry (Morus alba L.) varieties exposed to different
auxin supplementation.
Tabla 4. Color de callos obtenidos del cultivo in vitro de variedades de morera blanca (Morus alba L.) expuestas a
diferentes suplementaciones de auxinas.

Treatments*
Days  Variety T1 T2 T3 T4
14 SLP5 Yellow Yellow Yellow Yellow
28 SLP5 Yellow Yellow-cream Yellow-cream Yellow
42 SLP5 Yellow-cream Yellow-orange Yellow-orange  Yellow-orange
56 SLP5 Orange-coffee Yellow-coffee Yellow-coffee  Yellow-orange
14 SLP3 Yellow Yellow Yellow Yellow
28 SLP3 Yellow Yellow-cream Yellow-cream Yellow
42 SLP3 Yellow-cream Yellow-orange Yellow-orange  Yellow-orange
56 SLP3 Orange-coffee Yellow-coffee Yellow-coffee  Yellow-orange

*T1: ImgL"! 2,4-D/ 3mgL"! TDZ; T2: 3mgL"' 2,4-D/1mgL"' TDZ; T3: 1mgL"' 2,4-D/ImgL"! TDZ and T4: 3mgL"'!
2,4-D/3mgL! TDZ.

Figure 2. Colbr of Morus dlba L. calli under in vitro conditions. a) Fourth week of culture. b) Seventh week of culture.
¢) Necrosis in calli at the eighth week of culture. Scale barr 1 cm.
Figura 2. Color de los callos de Morus alba L. en condiciones in vitro. a) Cuarta semana de cultivo. b) Séptima semana

de cultivo. ¢) Necrosis en los callos en la octava semana de cultivo. Barra de escala de 1 cm.

Plant growth regulators supplementation with 2,4-D was the best approach for growing in vitro
calli of white mulberries. The culture conditions are paramount for plant regeneration during in
vitro propagation (Taha et al., 2020), while much progress was made in this technology for
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mulberries (Thomas, 2002; Vijayan et al., 2011; Taha ef al., 2020). Plant growth regulators are
instrumental to calli induction and plant regeneration under in vitro conditions (Freire-Seijo,
2003; Geetha & Murugan, 2017). Ikeuchi ef al. (2013) mention that the auxin and cytokinine
stimulate necessary reactions for the calli, steam and roots in vitro cultured from an explant.
Several growth regulators (e.g., auxins, cytokinins) have been tested for in vitro propagation of
mulberries (Geetha & Murugan, 2017; Fonseca-Carrasco et al., 2020; Taha et al., 2020). The
most prominent role of 2,4-D was similar to several previous studies (Pierik, 1990; Bhau &
Wakhlu, 2001; Cholo & Delgado, 2011; Espinosa et al., 2012), thus demonstrating its prominent
role of the growth and development of mulberries.

During experiment the grow in vitro explants get contaminated with fungi and bacteria from 120
flasks get contamined 13 flasks (11%) and was recuperated 10 flasks (80%) by the
decontamination protocol. In Hernandez & Gonzalez (2010), mentioned that the season of the
year and the collection procedure are a frequently origin of contamination and made emphasis in
the need of developing decontamination protocols for in vitro culture plant tissues.

Feeding silkworm larvae with white mulberries calli
The feeding silkworm larvae with in vitro grown white mulberry calli with different concentration
of plant growth regulator affect the larvae growth, denote a bigger weight and length in T4 (Table 5).

Table 5. Mean length and weight of silkworm (Bombyx mori) larvae fed with in vitro grown calli of white mulberry
(Morus alba L.) for 21 days
Tabla 5. Longitud y peso promedio de larvas de gusano de seda (Bombyx mori) alimentadas con callos de morera
blanca (Morus alba L.) cultivados in vitro durante 21 dias

Treatment* Lenght (cm) Weight (g)

4 2.6242.10%%* 2.66+1.87*

2 2.52+2.04% 2.60+1.852

3 2.47+2.00° 2.59+1.852

1 2.35+£1.92¢ 2.46+1.77°
MSD 0.1020 0.0771

*Treatments 1) 1 mgL' 2,4-D/ 3 mgL"! TDZ, 2) 3 mgL"! 2,4-D/1 mgL! TDZ, 3) 1 mgL"' 2,4-D/1 mgL"' TDZ and 4)
3 mgL' 2,4-D/3 mgL! TDZ.
**Means different superscript letters, within the same columns are statistically difference significative Tukey’s test (<0.05).

The silkworm larvae stage has a variable duration that depends from the environmental
conditions; at 20 °C the cycle length is about 50 to 55 days (Rodriguez et al., 2012), in this
research the larval stage showed a 45 days duration in normal conditions at room temperature at
22+1°C (Figure 3). The survival of silkworm larvae was 57.14%, from this, 23 larvae, 100%
weaved silk cocoons emerge into moths. Silk cocoons had a mean length of 2.54 +£0.20 cm and a
mean diameter of 1.315 = 0.09 cm (Figure 4).
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\ 5 N
Figure 3. Feeding silkworm (Bombyx mori) larvae with in vitro grown calli of Morus alba L. a -b) First larval stage.
c-d) Fourth larval stage.
Figura 3. Alimentacion de larvas de gusano de seda (Bombyx mori) con callos cultivados in vitro de Morus alba L. a-
b) Primer estadio larvario. c-d) Cuarto estadio larvario.

Figure 4. Cocoons obtained from adult silkworms (Bombyx mori) fed for 35 days with in vitro grown calli of Morus
alba L. varieties SLP5 (a) and SLP3 (b). Scale barr 1 cm.

Figura 4. Capullos obtenidos de gusanos de seda adultos (Bombyx mori) alimentados durante 35 dias con callos
cultivados in vitro de Morus alba L., variedades SLP5 (a) y SLP3 (b). Barra de escala de 1 cm.

The fact that silkworm feeding relies solely on mulberries makes it susceptible to undersupply if
the plant faces environmental challenges or incidence of disease and blight (Kumar et al., 2012;
Caccam & Mendoza, 2015; Rahman & Islam, 2021). Therefore, technology alternatives that
safeguard the feeding supply for silkworms is highly desirable. As far as is known, the in vitro
grown mulberries have not been tested for feeding silkworms. Under such scenario, in this
research the in vitro propagation of mulberries calli were feeding acceptable by silkworm larvae
under sterile conditions (Sharma & Thorpe, 1990; Sil, 2021).

The white mulberry SLP5 variety was the most productive between those tested here for in vitro
growth of calli. There is vast evidence that mulberry variety plays an important role on in vitro
propagation efficiency (Bhatnagar et al., 2001; Taha ef al., 2020). These results were similar to
previous reports on the growth rate of plants (Rodriguez-Ortega ef al., 2013), thus suggesting that
in vitro growth may mirror the in vivo growth kinetics among varieties.
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CONCLUSION

In this research the in vitro propagation of white mulberry was independent on plant variety.
White mulberry in vitro growth calli under treatment four and two (3mgL™! 2,4-D/3mgL"!' TDZ
and 3mgL!' 2,4-D/1mgL"! TDZ) performed the best characteristics in the evaluated variables.
The in vitro propagation of mulberries calli were acceptable as food by silkworm larvae under
laboratory conditions.
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