
 

 

 

 

 

 

 

 
 

ISSN 2410-356X 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Journal of Natural and 

Agricultural Sciences 
 

 

 

  

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

  
  
  
  
  
  
  
  
  
  
  
 V
ol
um

e 
6,
 I
ss
ue

 1
9 

–
 J
ul
y 
–
 D

ec
em

be
r 
–
 2

01
9 

 



 

ECORFAN-Bolivia  
 

Chief Editor 

SERRANO-PACHECO, Martha. PhD 

  

Executive Director 

RAMOS-ESCAMILLA, María. PhD 

 

Editorial Director 

PERALTA-CASTRO, Enrique. MsC 

 

Web Designer 

ESCAMILLA-BOUCHAN, Imelda. PhD 

 

Web Diagrammer 

LUNA-SOTO, Vladimir. PhD 

 

Editorial Assistant 

SORIANO-VELASCO, Jesús. BsC  

 

Translator 

DÍAZ-OCAMPO, Javier. BsC 

 

Philologist 

RAMOS-ARANCIBIA, Alejandra. BsC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Journal of Natural and Agricultural 

Sciences, Volume 6, Issue 19, July 

December 2019, is a journal edited 

sixmonthly by ECORFAN-Bolivia. Loa 

1179, Cd. Sucre. Chuquisaca, 

Bolivia.WEB: www.ecorfan.org/bolivia, 

journal@ecorfan.org. Editor in Chief: 

SERRANO-PACHECO, Martha. PhD, 

ISSN On line: 2410-356X. Responsible 

for the latest update of this number 

ECORFAN Computer Unit. 

ESCAMILLA-BOUCHÁN, Imelda. 

PhD, LUNA-SOTO, Vladimir. PhD, last 

updated December 31, 2019.  

 

The opinions expressed by the authors do 

not necessarily reflect the views of the 

editor of the publication.  

 

It is strictly forbidden to reproduce any 

part of the contents and images of the 

publication without permission of the 

National Institute of Copyrigh 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Journal of Natural and Agricultural Sciences 

 

Definition of Journal 

 

Scientific Objectives 

 

Support the international scientific community in its written production Science, Technology and 

Innovation in the Field of Biotechnology and Agricultural Sciences, in the Subdisciplines of agronomy, 

forests and woods, forest science, veterinary science, phytopathology, fish and wildlife, animal 

husbandry, food technology, agrochemistry, horticulture, animal production, agricultural engineering, 

agricultural biotechnology. 

 

ECORFAN-Mexico SC is a Scientific and Technological Company in contribution to the Human 

Resource training focused on the continuity in the critical analysis of International Research and is 

attached to CONACYT-RENIECYT number 1702902, its commitment is to disseminate research and 

contributions of the International Scientific Community, academic institutions, agencies and entities of 

the public and private sectors and contribute to the linking of researchers who carry out scientific 

activities, technological developments and training of specialized human resources with governments, 

companies and social organizations. 

 

Encourage the interlocution of the International Scientific Community with other Study Centers in 

Mexico and abroad and promote a wide incorporation of academics, specialists and researchers to the 

publication in Science Structures of Autonomous Universities - State Public Universities - Federal IES - 

Polytechnic Universities - Technological Universities - Federal Technological Institutes - Normal 

Schools - Decentralized Technological Institutes - Intercultural Universities - S & T Councils - 

CONACYT Research Centers. 

 

Scope, Coverage and Audience 

 

Journal of Natural and Agricultural Sciences is a Journal edited by ECORFAN-Mexico S.C in its Holding 

with repository in Bolivia, is a scientific publication arbitrated and indexed with semester periods. It 

supports a wide range of contents that are evaluated by academic peers by the Double-Blind method, 

around subjects related to the theory and practice of agronomy, forests and woods, forest science, 

veterinary science, phytopathology, fishes and fauna, animal husbandry, food technology, agrochemistry, 

horticulture, animal production, agricultural engineering, agricultural biotechnology with diverse 

approaches and perspectives, that contribute to the dissemination of the development of Science 

Technology and Innovation that allow the arguments related to decision making and influence the 

formulation of international policies in the Field of Biotechnology and Agricultural Sciences.The 

editorial horizon of ECORFAN-Mexico® extends beyond the academy and integrates other segments of 

research and analysis outside the scope, as long as they meet the requirements of rigorous argumentative 

and scientific, as well as addressing issues of general and current interest of the International Scientific 

Society. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Editorial Board 
 

ARAUJO - BURGOS, Tania. PhD  

Universita Degli Studi di Napoli Federico II 

 

FLORES - PACHECO, Juan Asdrúbal. PhD 

Universidad de Valladolid 

 

ORTIZ - LAUREL, Hipólito. PhD  

University of California 

 

GONZALEZ, ALVARADO, Juan Manuel. PhD  

Universidad Politécnica de Madrid  

 

ESCOBEDO - BONILLA, Cesar Marcial. PhD  

Universidad de Gante 

 

SANDOVAL – SALAS, Fabiola. PhD 

Universidad de Castilla 

 

TAPIA - VARGAS, Luis Mario. PhD 

Consejo Superior de Investigaciones Científicas 

 

HERNÁNDEZ - CASTRO, Rigoberto. PhD 

Universidad de Cantabria 

 

CAUICH - KUMUL, Roger Gaspar. PhD 

University of Kentucky 

 

MEDAL, Julio C. PhD 

University of Arkansas 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Arbitration Committee 
 

PARTIDA - RUVALCABA, Leopoldo. PhD 

Colegio de Postgraduados 

 

MENA - VIOLANTE, Hortencia Gabriela. PhD  

Instituto Politécnico Nacional  

 

JOVEL, Juan. PhD 

University of Alberta  

 

BARRIENTOS - PRIEGO, Alejandro F. PhD 

Colegio de Postgraduados 

 

ROVIROSA - HERNANDEZ, Ma. de Jesús. PhD   

Universidad Autónoma de Tamaulipas 

 

MÉNDEZ - MEDINA, Rubén Danilo. PhD 

Universidad Nacional Autónoma de México 

 

GALINDO - CORTES, Gabriela. PhD 

Centro de Investigaciones Biológicas del Noroeste  

 

MARTINEZ - SCOTT, Marcia Maribel. PhD 

Universidad Autónoma Agraria Antonio Narro 

 

GUZMÁN - SILOS, Tania Lizzeth. PhD 

Universidad Politécnica de Gómez Palacio 

 

CARRASCO - CARBALLIDO, Patricia Valentina. PhD 

Universidad Autónoma del Estado de Morelos 

 

VALLADARES - CARRANZA, Benjamín. PhD 

Universidad Autónoma del Estado de México 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Assignment of Rights 
 

The sending of an Article to Journal of Natural and Agricultural Sciences emanates the commitment of 

the author not to submit it simultaneously to the consideration of other series publications for it must 

complement the Originality Format for its Article. 
 

The authors sign the Authorization Format for their Article to be disseminated by means that ECORFAN-

Mexico, S.C. In its Holding Bolivia considers pertinent for disclosure and diffusion of its Article its 

Rights of Work. 
 

Declaration of Authorship 

 

Indicate the Name of Author and Coauthors at most in the participation of the Article and indicate in 

extensive the Institutional Affiliation indicating the Department. 
 

Identify the Name of Author and Coauthors at most with the CVU Scholarship Number-PNPC or SNI-

CONACYT- Indicating the Researcher Level and their Google Scholar Profile to verify their Citation 

Level and H index. 
 

Identify the Name of Author and Coauthors at most in the Science and Technology Profiles widely 

accepted by the International Scientific Community ORC ID - Researcher ID Thomson - arXiv Author 

ID - PubMed Author ID - Open ID respectively. 
 

Indicate the contact for correspondence to the Author (Mail and Telephone) and indicate the Researcher 

who contributes as the first Author of the Article. 
 

Plagiarism Detection 
 

All Articles will be tested by plagiarism software PLAGSCAN if a plagiarism level is detected Positive 

will not be sent to arbitration and will be rescinded of the reception of the Article notifying the Authors 

responsible, claiming that academic plagiarism is criminalized in the Penal Code. 
 

Arbitration Process 

 

All Articles will be evaluated by academic peers by the Double Blind method, the Arbitration Approval 

is a requirement for the Editorial Board to make a final decision that will be final in all cases. MARVID® 

is a derivative brand of ECORFAN® specialized in providing the expert evaluators all of them with 

Doctorate degree and distinction of International Researchers in the respective Councils of Science and 

Technology the counterpart of CONACYT for the chapters of America-Europe-Asia- Africa and 

Oceania. The identification of the authorship should only appear on a first removable page, in order to 

ensure that the Arbitration process is anonymous and covers the following stages: Identification of the 

Journal with its author occupation rate - Identification of Authors and Coauthors - Detection of plagiarism 

PLAGSCAN - Review of Formats of Authorization and Originality-Allocation to the Editorial Board- 

Allocation of the pair of Expert Arbitrators-Notification of Arbitration -Declaration of observations to 

the Author-Verification of Article Modified for Editing-Publication. 

 

Instructions for Scientific, Technological and Innovation Publication 
 

Knowledge Area 

 

The works must be unpublished and refer to topics of agronomy, forestry and wood, forest science, 

veterinary science, phytopathology, fish and wildlife, animal husbandry, food technology, 

agrochemistry, horticulture, animal production, agricultural engineering, agricultural biotechnology and 

other related topics to the Biotechnology and Agricultural Sciences. 
 

 

 

 

 

 

 

 

http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Authorization%20Form-Formato%20de%20Autorizacion_2.pdf
http://www.marvid.org/


 

 

Presentation of content  

  
In the fist article we present, Evaluation of the antibacterial activity of Artemisia ludoviciana 

subsp. Mexican against three enterobacteria, by HERNÁNDEZ-MORALES, Alejandro, AVILA-

PADRÓN, Francisco Javier, CARRANZA-ÁLVAREZ, Candy and MALDONADO-MIRANDA, Juan 

José , with adscription in the, Universidad Autónoma de San Luis Potosí, in the netx article we present, 

Fruit thinning in seven tomato varieties (Lycopersicon esculentum Mill.) under greenhouse, by 

VARGAS-ESPINOZA, Everardo, GAYTÁN-RUELAS, Marina, RIVERA-ARREDONDO, Marisa and 

CALDERÓN-RUIZ, Alberto, with adscription in the  Universidad Tecnológica del Suroeste de 

Guanajuato, in the netx article we present, Phenology and biomass distribution pattern in two varieties 

of common bean (Phaseolus vulgaris L.), by NERI-LUNA, Cecilia, VILLARREAL-RUIZ, Luis, 

HUERTA-MARTÍNEZ, Francisco Martín and MUÑOZ-URIAS Alejandro, with adscription in the 

Universidad de Guadalajara, in the netx article we present, Establishment of seed in vitro conditions of 

Swietenia macrophylla to obtain aseptic seedlings, by CRUZ-GUTIÉRREZ, Esmeralda J., GÓMEZ-

REYES, Luis A. and CORTES-AGUILAR, Jesús, with adscription in the Instituto Nacional de 

Investigaciones Forestales, Agrícolas y Pecuarias and the Secretaría de Medio Ambiente y Desarrollo 

Territorial, in the netx article we present, Evaluation of commercial products for protection and vigorous 

uptake of corn seed (Zea mays), by MARTÍNEZ-SCOTT, Marcia Maribel & AGUILAR-QUINTANA, 

Benjamín, with adscription in the Instituto Tecnológico Superior de Salvatierra, in the netx article we 

present, Successful and unexpected potential of entomopathogen Bacillus thuringiensis as plant 

growth promoting rhizobacterium, by PÉREZ-GARCÍA, L. A., CASTAÑEDA-RAMÍREZ, José 

Cristóbal, LAFUENTE-RINCÓN, David Francisco and DE LA FUENTE-SALCIDO, Norma Margarita, 

with adscription in the Universidad Autónoma de Coahuila and the Universidad Tecnológica del Suroeste 

de Guanajuato. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Content 

 

Article Page 

 
Evaluation of the antibacterial activity of Artemisia ludoviciana subsp. Mexican 

against three enterobacteria  

HERNÁNDEZ-MORALES, Alejandro, AVILA-PADRÓN, Francisco Javier, 

CARRANZA-ÁLVAREZ, Candy and MALDONADO-MIRANDA, Juan José  

Universidad Autónoma de San Luis Potosí 

 

1-12 

Fruit thinning in seven tomato varieties (Lycopersicon esculentum Mill.) under 

greenhouse 

VARGAS-ESPINOZA, Everardo, GAYTÁN-RUELAS, Marina, RIVERA-

ARREDONDO, Marisa and CALDERÓN-RUIZ, Alberto 

Universidad Tecnológica del Suroeste de Guanajuato 

 

13-17 

Phenology and biomass distribution pattern in two varieties of common bean 

(Phaseolus vulgaris L.) 

NERI-LUNA, Cecilia, VILLARREAL-RUIZ, Luis, HUERTA-MARTÍNEZ, Francisco 

Martín and MUÑOZ-URIAS Alejandro 

Universidad de Guadalajara 

 

18-27 

Establishment of seed in vitro conditions of Swietenia macrophylla to obtain aseptic 

seedlings 

CRUZ-GUTIÉRREZ, Esmeralda J., GÓMEZ-REYES, Luis A. and CORTES-AGUILAR, 

Jesús 

Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias. 

Secretaría de Medio Ambiente y Desarrollo Territorial 

 

28-31 

Evaluation of commercial products for protection and vigorous uptake of corn seed 

(Zea mays) 

MARTÍNEZ-SCOTT, Marcia Maribel & AGUILAR-QUINTANA, Benjamín 

Instituto Tecnológico Superior de Salvatierra 

 

32-39 

Successful and unexpected potential of entomopathogen Bacillus thuringiensis as 

plant growth promoting rhizobacterium 
PÉREZ-GARCÍA, L. A., CASTAÑEDA-RAMÍREZ, José Cristóbal, LAFUENTE-

RINCÓN, David 

Francisco and DE LA FUENTE-SALCIDO, Norma Margarita 

Universidad Autónoma de Coahuila 

Universidad Tecnológica del Suroeste de Guanajuato 

40-46 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 

Article                                                                 Journal of Natural and Agricultural Sciences  
                                                                                                            December 2019 Vol.6 No.19 1-12 

 

 

Evaluation of the antibacterial activity of Artemisia ludoviciana subsp. Mexican 

against three enterobacteria  

 

Evaluación de la actividad antibacteriana de Artemisia ludoviciana subsp. mexicana 

contra tres enterobacterias 
 

HERNÁNDEZ-MORALES, Alejandro†*, AVILA-PADRÓN, Francisco Javier, CARRANZA-

ÁLVAREZ, Candy and MALDONADO-MIRANDA, Juan José  

 
Unidad Académica Multidisciplinaria Zona Huasteca. Universidad Autónoma de San Luis Potosí. Romualdo del Campo 501, 

Fraccionamiento Rafael Curiel, Ciudad Valles S.L.P. Ciudad Valles San Luis Potosí, México. CP 79060 

 

ID 1st Author: Alejandro, Hernández-Morales / ORC ID: 0000-0002-0412-4946, Researcher ID Thomson: P-8441-2014, 

CVU CONACYT ID: 101590  

 

ID 1st Coauthor: Francisco Javier, Ávila-Padrón  

 

ID 2nd Coauthor: Candy, Carranza-Álvarez / ORC ID: 0000-0002-6456-3035, CVU CONACYT ID: 43169 

 

ID 3rd Coauthor: Juan José, Maldonado-Miranda / ORC ID: 0000-0003-2905-9914, CVU CONACYT ID: 390832 

 

DOI: 10.35429/JNAS.2019.19.6.1.12                                                 Received June 21, 2019; Accepted December 30, 2019  

 
Abstract 

 

Fractionated extraction of the leaves of Artemisia ludoviciana 

subsp. mexicana was performed, using hexane, 

dichloromethane and methanol, to obtain compounds of 

different polarity. Essential oils, aqueous decoction and 

hydroalcoholic extract were also obtained. Phytochemical 

profile was determined for each extract based on coloration 

and precipitation tests. Extracts were evaluated against three 

enterobacteria using the plate microdilution method. 

Chemical analysis revealed that dichloromethane fraction has 

a greater variety of compounds than hexane and methanolic 

fractions. The content of compounds of dichloromethane 

fraction correlates with the highest antimicrobial activity 

observed, suggesting that metabolites responsible for 

antimicrobial effect are intermediate polarity. Regarding 

extracts, ethanolic extract exerts a better effect than the 

decoction, while the essential oil shows the same antibacterial 

effect at low concentrations. Results demonstrate that A. 

ludoviciana subsp. mexicana has a great variety of 

compounds, which, according to their nature, can be eluted 

with solvents of different polarity. These compounds 

contribute to the antibacterial effect attributed to this plant. 

 

 

 

 

Medicinal plants, Extract, Antimicrobial  

Resumen  

 

Se realizó la extracción fraccionada de las hojas de Artemisia 

ludoviciana subsp. mexicana, utilizando hexano, 

diclorometano y metanol para obtener compuestos de distinta 

polaridad. Además, se obtuvieron los aceites esenciales, una 

decocción acuosa y un extracto hidroalcohólico. En cada 

extracto obtenido, se determinó el perfil fitoquímico 

mediante pruebas de coloración y precipitación. Cada 

extracto fue evaluado contra tres enterobacterias utilizando el 

método de microdilución en placa.  Los resultados obtenidos 

del análisis químico revelan que la fracción diclorometánica 

presenta mayor variedad de compuestos en comparación con 

las fracciones hexánica y metanólica. El contenido de 

compuestos de la fracción diclorometánica correlaciona con 

la mayor actividad antimicrobiana observada, sugiriendo que 

los metabolitos responsables del efecto antimicrobiano son de 

polaridad intermedia. En lo que respecta a los extractos, el 

etanólico ejerce mejor efecto que la decocción, mientras que 

el aceite esencial ejerce el mismo efecto antibacteriano a 

bajas concentraciones. Estos resultados demuestran que A. 

ludoviciana subsp. mexicana posee gran variedad de 

compuestos, los cuales, de acuerdo a su naturaleza, pueden 

ser eluídos con solventes de distinta polaridad. Estos 

compuestos contribuyen al efecto antibacteriano atribuido a 

esta planta.  

 

Plantas medicinales, Extractos, Antimicrobiano 
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Introduction  

 

It is currently estimated that about 80% of the 

population in developing countries depend on 

the use of medicinal plants to meet primary 

health needs (Caniato and Puricelli, 2003; 

Diéguez et al., 2004). The use of plants is due to 

the presence of substances with pharmacological 

activity (Dixon, 1986). 

 

In Mexico there is a wide variety of 

plants, which have been used for medicinal 

purposes and support traditional medicine. In 

this sense, it is estimated that 85% of the 

population resorts to medicinal plants, which 

indicates their cultural roots (Sarukhán, 1995).  

 

In San Luis Potosí, the use of medicinal 

plants is very common in the communities 

belonging to the Huasteca Potosina, a region of 

lush vegetation that comprises 26 of the 58 

municipalities that make up the state. One of the 

municipalities where floristic and 

ethnobotanical studies have been conducted is 

Aquismón, in which a large number of medicinal 

plants are located. The use of 73 plants, 

belonging to 37 families, has been reported, with 

the Asteracea family plants being the most used 

in the region (Alonso-Castro et al., 2012).  

 

The plants are used alone or in 

combination with others for the treatment of 

different diseases, according to the traditions 

reported in the region by traditional doctors, 

sorcerers and shamans. Among these plants the 

use of Artemisia ludoviciana subsp. Mexican, 

commonly known as estafiate (Alonso-Castro et 

al., 2012). The leaves of the plant are used in 

infusion for the treatment of stomach pain, 

diarrhea and intestinal parasites (Alonso-Castro 

et al., 2012). 

 

A. ludoviciana subsp. Mexican, Estafiate 

or Iztauyatl is one of the most popular medicinal 

plants of Mexican phytotherapy and is used for 

gastrointestinal pain. Several studies have 

reported anti-inflammatory, antibacterial and 

anthelmintic effects (Wright, 2003). The species 

 

A. ludoviciana belongs to the 

Anthemideae tribe considered as a complex 

taxon because it includes various varieties. 

Botanical materials that are sold in Mexican 

markets are generally considered to include only 

the "Mexican" subspecies.  

 

This subspecies differs from most of the 

rest by having a relatively flexible inflorescence 

and open at least in well-developed plants with 

elongation of the branches. All subspecies of A. 

ludoviciana are aromatic, perennial and 

rhizomatous herbs, approximately 30 to 100 cm 

high, white and tomentose above the ground, the 

flowers are 2.5-5 mm high.  

 

It is a plant native to areas of pine and 

oak forest in the highlands of Mexico; It is 

frequently found as secondary vegetation, since 

it derives from coniferous oak forests or tropical 

forests and usually penetrates some grassland 

scrublands, so it is considered as grass, but today 

it can be found more frequently in the courtyards 

of houses and gardens (Rocha, 2000). Its leaves 

are velvety in appearance, pinnatisectas, have 

between 5 and 7 lobes with a deep incision; They 

are serrated dark green with no hair on the top, 

and on the underside they are raised and velvety. 

Its flowers are brown-yellowish or purple with a 

bitter taste with a characteristic aromatic smell 

when squeezed (Rzedowski and Rzedowski, 

2001). 

 

In general, the species of the genus 

Artemisia have been studied for their benefits 

and pharmacological, antibacterial, antiparasitic, 

antimalarial, antihepatotoxic, antifungal and 

antioxidant properties. In the particular case of 

A. ludoviciana subsp. Mexican is used as an 

anthelmintic, antibacterial and traditional uses to 

relieve stomach pain (Olivas, 1999). The 

pharmacological action of this plant has had an 

effect against biological models.  

 

There have been multiple studies that 

demonstrate the antimicrobial effect of A. 

ludoviciana, which validates the traditional uses 

widely spread in traditional medicine of the 

peoples and communities of various parts of the 

country.  

 

Castillo-Juárez et al. (2009), performed 

the exploration of plants recognized for their 

antibacterial potential. They made aqueous and 

methanolic extracts from various parts of the 

plants. Derived from this study it was found that 

A. ludoviciana subsp. Mexican presented the 

best antibacterial activity against Helycobacter 

pylori, which showed sensitivity to the aqueous 

extract at a minimum inhibitory concentration 

(MIC) of 125 µg / mL.  
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In this same context Borja (2013) and 

Cortés (2012), performed the fractionation of the 

aqueous extract using organic solvents of 

different polarity. The biodirected study against 

H. pylori showed that the dichloromethane 

fraction exerts the best antibacterial effect at an 

MIC of 31.2 µg / mL. The analysis of the 

fraction showed the presence of stafiatine, a 

sesquiterpene lactone effective for its 

antimicrobial effects. These studies show that 

organic fractions have a better antimicrobial 

effect than crude extracts, at least against H. 

pylori (Castillo-Juárez et al., 2009; Cortés, 2012; 

Borja, 2013).  

 

With regard to activity against 

enterobacteria, it has been observed that the 

crude extracts of A. ludoviciana subsp. Mexican 

obtained with methanol exert antibacterial 

activity against E. coli and Shigella flexnery-2, 

at a MIC of 8000 µg / mL or slightly lower for 

both bacteria (Analís et al., 2005). On the other 

hand, the crude ethanolic extracts of A. 

ludoviciana indicate antibacterial activity 

against Vibrio cholerae 01 and V. cholerae 0139 

at an MIC of 4000 and 6000 µg / mL, 

respectively (García et al., 2006). In addition, V. 

cholerae enterotoxin production is 50% inhibited 

for serotype 01, while for serotype 0139 75% of 

said production is inhibited (García et al., 2006). 

In general, studies of antimicrobial activity of A. 

ludoviciana against enterobacteria show that 

large amounts of crude extract are required to 

achieve MIC and inhibit the development of 

bacteria.  

 

Although the antimicrobial potential of 

crude extracts of A. ludoviciana has been 

demonstrated, it is not known whether organic 

fractions exert better effects against 

enterobacteria. In the same way it is unknown 

how the extracts of this plant affect the kinetics 

of bacterial growth. Therefore, in this work the 

antimicrobial effect of organic fractions of A. 

ludoviciana subsp. Mexican vs. Enterobacteria. 

 

Methodology to be developed 

 

Collection of plant material 

 

The plant was collected in the ejido El Abra, 

municipality of Ciudad Valles, S. L. P., at Km 

12 of Highway No. 70, Cd. Valles-Tampico. The 

coordinates of the collection site are + 21 ° 58 

'27.105 "North latitude and + 98 ° 54' 47.6604" 

East longitude.  

Preparation of plant material 

 
For the preparation of organic extracts, the 

leaves were dried in the shade, sheltered from 

dust and direct solar radiation, spreading the 

leaves on brown paper on a clean and dry surface 

for 1 week. To complete the drying process, the 

leaves were taken to an oven at a temperature of 

45º C for a period of 2 days (Ara, 2006). After 

the drying period, the leaves were crushed in an 

Oster blender, until a fine powder was obtained, 

which was stored in a brown bag to protect it 

from light and avoid degrading some 

photosensitive compounds. To obtain the 

essential oil, fresh leaves washed superficially 

with running water were used. 50 g portions of 

leaf were used for the extraction process. 

 

Preparation and obtaining of the extracts 

 

The extracts were obtained from the ground 

plant material, by means of maceration 

techniques, using organic solvents of increasing 

polarity; while distilled water was used for the 

aqueous extract. Based on the increasing polarity 

of the solvents, hexane (Hex), dichloromethane 

(CH2Cl2), ethanol (EtOH), methanol (MeOH) 

and water were used, useful for fractional 

extraction from non-polar compounds, 

compounds with intermediate polarity to polar 

compounds In addition, the extraction of 

essential oils was carried out (Cos et al., 2006; 

Ringuelet and Piña, 2013). 

 

Extract Concentration 

 
The extracts obtained were filtered and 

concentrated under reduced pressure on a rotary 

evaporator (Büchi) until the dry extract was 

obtained. The extract obtained was resuspended 

in 20 mL DMSO (Dimethylsulfoxide) to 

solubilize and release the extract that was 

adhered to the flask walls, homogenizing with 

rotary movements and removing the extract that 

had been generated. Weights of the empty flask 

and flask with extract were recorded to calculate 

the concentration of each extract by weight 

difference. 
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Preliminary phytochemical analysis of the 

extracts of A. ludoviciana subsp. Mexican 

 
To determine the compounds present in the 

plant, the analysis of the fractions and extracts 

obtained from the leaves of A. ludoviciana 

subsp. Mexican Qualitative reactions proposed 

in the phytochemical gait methodology were 

mounted. The presence of reducing sugars, 

flavonoids, polyphenols, coumarins, cardiotonic 

glycosides, sesquiterpenic lactones, saponins 

and alkaloids was evaluated with specific tests 

that reveal each type of secondary metabolite 

(Lock, 1994). 

 

Determination of antimicrobial activity 

 

For the trials, E. coli strains ATCC25922, 

Salmonella typhi ATCC 14028 and Klebsiella 

pneumoniae ATCC 31488 were used. The 

strains were activated in 5 mL of nutrient broth 

and incubated at 37 ° C for 24 h in a digital 

tabletop incubator ( IKA, KS4000). Biochemical 

tests were performed to confirm the identity of 

the bacteria. They were subsequently seeded in 

MacConkey agar and kept refrigerated until use. 

 

Inoculum preparation 

 

Two bacterial colonies were inoculated in 

nutrient broth and incubated at 37 ° C at 140 rpm 

for 12 to 16 hours until reaching the logarithmic 

stage of the bacterial growth curve. After the 

incubation period, the bacterial density was 

determined at a wavelength of 600 nm in a 

spectrophotometer (Genesys 20) From the initial 

culture a bacterial suspension was made, 

adjusting the turbidity with sterile distilled water 

until obtaining an optical density of 0.08 at 0.1 

to 600 nm, equivalent to McFarland Standard 0.5 

(1.5 x 108 CFU / mL) (Anon, 2003). 

 

96-well plate microdilution test 

 

The tests were performed on 96-well flat bottom 

polystyrene plates. The fractions and extracts of 

known concentration were diluted with nutrient 

broth in a 1: 2 ratio, to obtain decreasing 

concentrations of the extracts in a final volume 

of 150 μl in each well. Each well was inoculated 

with 15 μl with the bacteria to be tested at a 

concentration of 1 x 105 UFC/mL.  

 

 

 

 

The plates were incubated at 37 ± 2 ° C 

with shaking at 180 rpm; absorbance readings at 

a wavelength of 620 nm were taken every 2 h in 

a microplate spectrophotometer (Beckman 

Culter, DTX 800) (Stella and Marín, 2009). As 

controls, nutrient broth measurements (culture 

medium blank), growth in nutrient broth without 

extract (white), growth in nutrient broth with 

DMSO (negative control) were performed. 

Three repetitions of each dilution (technical 

replicas) and two biological replicas of the tests 

were performed. The values obtained from the 

absorbance measurements were averaged, the 

average of 3 repetitions was plotted against the 

incubation time. The minimum inhibitory 

concentration (MIC) was determined as the 

concentration where no bacterial growth was 

observed (Stella and Marín, 2009) 

 

Results 

 

For the fractional extraction of the compounds 

present in the leaves of A. ludoviciana subsp. 

Mexican organic extracts were obtained. Hexane 

(Hex) was used to separate non-polar 

compounds, dichloromethane (CH2Cl2) to 

isolate compounds of intermediate polarity and 

methanol (MeOH) for polar compounds. In 

addition, two crude extracts, hydroalcoholic and 

aqueous, were obtained to extract polar 

compounds present in the leaves. The extracts 

were concentrated to dryness and resuspended in 

DMSO, ensuring solubility. The concentrations 

for each of the organic fractions and the crude 

extracts are shown in Table 1. 

 
Abstract Concentration (mg / mL) 

Hexane 103.04 

Dichloromethane 79.83 

Methanolic 102.00 

Hydroalcoholic 77.700 

Aqueous 495.00 

 
Table 1 Concentration of the fractions and extracts 

obtained from A. ludoviciana subsp. Mexican 

 

Phytochemical analysis of the extracts of A. 

ludoviciana subsp. mexican  

 

To determine the compounds present in each of 

the organic fractions and in the raw extracts of 

the leaves of A. ludoviciana subsp. Mexican 

qualitative analyzes were performed using the 

reactions proposed in the phytochemical march. 
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The results for functional groups and 

secondary metabolites showed the presence of 

various compounds such as tannins, saponins, 

polyphenols and lactone-type constituents 

(terpenic, coumarins and cardiotonic 

compounds) for crude fractions and extracts. All 

extracts, both fractions and crudes, coincide with 

the presence of triterpenes and steroids for the 

Liberman Buchard test; polyphenols with the 

Salkowski test. The presence of compounds with 

lactonic rings was validated by tests with sodium 

hydroxide and the Baljet test, while the presence 

of coumarins was revealed with the Erlich test. 

 

On the other hand, weak reactions for 

alkaloids were obtained, which can be attributed 

to the low concentration of these metabolites in 

the leaves of A. ludoviciana subsp. Mexican 

These results coincide with those reported in 

other plants of the same genus and family. In A. 

annua, polyphenols and flavonoids have been 

identified by the method of Geissman and 

Shinda (Bucciarelli et al., 2007); in addition to 

reducing sugars, flavonoids, alkaloids, 

triterpenes, steroids, phenols and tannins 

(Acosta et al., 2012). In A. absinthium L. the 

presence of reducing sugars, lactonic 

compounds, phenols, amines, quinones, 

triterpenes, steroids, alkaloids, flavonoids, 

leucoanthocyanidins and bitter principles has 

been demonstrated (Guerra et al., 2001).  

 

The results obtained for A. ludoviciana 

subsp. Mexican, are similar to those previously 

reported for other species of the same genus, 

which demonstrates the kinship and 

evolutionary relationships between these 

species. 

 

Chemical tests show an overview of the 

metabolites present in the leaves of A. 

ludoviciana subsp. Mexican, indicating that it 

synthesizes a great variety of compounds, which 

may be responsible for the biological effects 

attributed to this plant. More than one test was 

performed for the same group of compounds, 

which were carried out in duplicate to ensure the 

fidelity of the results. 

 

Antimicrobial activity against enterobacteria 

 

To determine the antimicrobial effect, the 

bacteria were grown in nutrient broth (white), 

nutrient broth with DMSO (negative control) 

and in the presence of fractions and crude 

extracts.  

Growth curves were plotted for each 

bacterium under the mentioned conditions. The 

well with the lowest concentration of extract 

where no bacterial development was observed 

was considered as the MIC. The data obtained 

from the growth curves were normalized 

according to the maximum growth obtained for 

the strain in nutrient broth. With the bacterial 

growth curves the value of the slope "m" was 

determined which is related to the time of 

generation of the bacterium. 

 

Effect against Escherichia coli 

 

Table 2 shows the MIC of each fraction and / or 

extracts against E. coli, as well as the slope 

values in each condition. When the bacteria 

grow under normal conditions, nutritive broth 

(control), the value of m = 0.09334 ± 0.002, 

while in the presence of DMSO m = 0.09216 ± 

0.003. These values are similar, in the blank and 

in the control, which indicates that the solvent 

used does not interfere with the development of 

the bacteria (Figure 1). However, when E. coli 

grows in culture medium added with the 

fractions and extracts, the value of m is affected.  

 
Condition WCC m value 

Nutritious broth  0.09334 

5% DMSO  0.09216 

Hex   483 0 µg/mL 0.00200 

CH2Cl2   374.2 µg/mL 0.00050 

MeOH   478.1 µg/mL 0.00000 

EtOH   364.2 µg/mL 0.00200 

Ac 2320.0 µg/mL 0.00200 

Ace       2.5 % 0.00200 

 
Table 2 Minimum inhibitory concentration and m value 

for E. coli 

 

Bacterial growth curves show the 

development of E. coli over a period of 12 hours. 

The adaptation phase or lag phase is a short stage 

that lasts 2 hours, which is followed by an 

exponential phase of 8 hours, while the 

idiophase is observed until 12 hours. This 

growth pattern was observed when the 

bacterium grows in nutrient broth (white) and in 

nutrient broth plus DMSO (negative control), 

indicating that the presence of the solvent does 

not affect the growth of E. coli. However, when 

the bacteria grow in the presence of organic 

fractions and raw extracts, the growth curve is 

maintained in the lag phase during the 12 hours 

of the test (Figure 1 and 2).  
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The results obtained show that the 

organic fractions and extracts of the leaves of A. 

ludoviciana subsp. Mexican inhibit microbial 

development. The MIC is the dose of extract at 

which no microbial growth was observed.  

 

The growth obtained from E. coli in 

nutrient broth with DMSO is similar to that 

obtained in the white culture, which 

demonstrates that the solvent used does not 

affect the development of the bacteria, 

attributing the effect to the bioactive compounds 

present in the organic fractions. E. coli is more 

sensitive to the fraction CH2Cl2 (CMI 374.2 

µg/mL) that to the fractions MeOH (CMI 478.1 

µg/mL) and hex (CMI 483.0 µg/mL); which 

indicates that in the fraction CH2Cl2 Bioactive 

compounds responsible for antimicrobial 

activity are found in greater proportion (Figure 

1). E. coli is more sensitive to the fraction 

CH2Cl2 (CMI 374.2 µg/mL) that to the fractions 

MeOH (CMI 478.1 µg/mL) and Hex (CMI 483.0 

µg/mL); which indicates that in the fraction 

CH2Cl2 Bioactive compounds responsible for 

antimicrobial activity are found in greater 

proportion (Figure 1).  

 

These results suggest that the compounds 

responsible for the antibacterial effect have 

intermediate polarity. Regarding the effect of 

raw extracts, it was found that the extract EtOH 

(CMI 364.2 µg/mL) is more active than the 

extract Ac (CMI 2320.0 µg/mL). The MIC of 

both extracts for E. coli is lower than previously 

reported by Analís et al. (2005) with a crude 

MeOH extract with an MIC 8000 µg / mL for E. 

coli.  

 
 
Figure 1 Effect of organic fractions on the bacterial 

growth curve of E. coli. The squares represent the growth 

of E. coli in nutritious broth (white); rhombuses the 

growth of the bacteria with DMSO (negative control); the 

triangles show the growth in nutritious broth with organic 

fractions. WCC A) 483 µg/mL of the Hex fraction, B) 

374.2 µg / mL of the CH2Cl2 fraction, C) 478.1 µg / mL 

of the MEOH fraction.  
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Figure 2 Effect of extracts and essential oil on the 

bacterial growth curve of E. coli. The squares represent the 

growth of E. coli in nutritious broth (white); rhombuses 

the growth of the bacteria with DMSO (negative control); 

the triangles show the growth in nutritious broth with the 

extracts. MIC of A) 364.2 µg / mL of the hydroalcoholic 

extract, B) 2320.0 µg / mL of the aqueous extract, C) 2.5% 

of the essential oil 

 

In addition, the results demonstrate that 

the organic fractions exert a better effect than the 

crude extract Ac, with MIC values lower than 

500 µg / mL. The crude extract with EtOH 

turned out to be more active than the organic 

fractions and than the Ac extract. This effect can 

be attributed to the fact that fresh vegetable 

material was used in its preparation, which 

prevented the loss of volatile compounds 

compared to the fractions where dry leaves were 

used, some terpenic compounds that could 

participate in the antimicrobial activity were 

probably lost. The sensitivity of E. coli from 

highest to lowest was: EtOH Extract> CH2Cl2 

Fraction> MeOH Fraction> Hex Fraction> Ac 

Extract; showing that the leaves of A. ludovicina 

subsp. Mexican exercise antimicrobial activity 

against E. coli.  

 

Regarding the essential oil, the WCC for 

E. coli was 2.5%, obtained from serial dilutions 

of a 40% solution of essential oils. It was 

determined that the oil at the concentration of 

2.5% exerts an inhibitory effect. These results 

show that essential oils exert antibacterial effect 

at low concentration, causing the same effect of 

fractions and leaf extracts.  

 

Efecto contra S. typhi 

 

Table 3 shows the MIC of each fraction and / or 

extracts against S. typhi. Similar values of m 

were obtained, in nutrient broth (white) m = 

0.09937 ± 0.004; while in the presence of DMSO 

(negative control) m = 0.09737 ± 0.001. This 

indicates that DMSO does not exert negative 

effects on bacterial replication (Figure 3 and 4). 

However, with the presence of fractions and 

extracts, the value of m decreases dramatically 

indicating that these extracts inhibit the 

replication of S. typhi (Table 3). 
 

Condition WCC m value 

Nutritious broth  0.09937 

DMSO 5 %   0.09737 

Hex   483 0 µg/mL 0.00290 

CH2Cl2   374.2 µg/mL 0.00350 

MeOH   478.1 µg/mL 0.00130 

EtOH   364.2 µg/mL 0.00010 

Ac 2320.0 µg/mL 0.00200 

Ace        2.5 % 0.00200 

 
Table 3 Minimum inhibitory concentration and m value 

for S.typhi 

 

Bacterial growth curves show the 

development of the bacteria over a period of 12 

hours. The lag phase is a stage that lasts 4 hours, 

followed by the exponential phase of 4 hours, the 

idiophase is observed until 9 hours and the 

stationary phase after 10 hours. The growth 

pattern is similar in nutrient broth (white) and in 

nutrient broth plus DMSO (negative control), 

which indicates that the presence of DMSO does 

not affect the growth of S. typhi. However, with 

organic fractions and raw extracts, the growth 

curve is maintained in the lag phase during the 

12 hours of the test (Figure 3 and 4).  

 

These results show that fractions, 

extracts and essential oil inhibit microbial 

development. The sensitivity of S. typhi from 

highest to lowest: EtOH Extract> CH2Cl2 

Fraction> MeOH Fraction> Hex Fraction> Ac 

Extract. 
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The MIC of the essential oil against S. 

typhi was 2.5%. The essential oil exerts an 

inhibitory effect by the extraction of non-polar 

compounds and compounds of intermediate 

polarity, without the presence of non-volatile 

metabolites, pigments, chlorophyll, etc.  

 

 
 
Figure 3 Effect of organic fractions on the bacterial 

growth curve of S. typhi. The squares represent the growth 

of S. typhi in nutritious broth (white); rhombuses the 

growth of the bacteria with DMSO (negative control); the 

triangles show the growth in nutritious broth with organic 

fractions. A) MIC A483 0 µg / mL of the Hex fraction, B) 

374.2 µg / mL of the CH2Cl2 fraction, C) 478.1 µg / mL 

of the MEOH fraction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 4 Effect of extracts and essential oil on the 

bacterial growth curve of S. typhi. The squares represent 

the growth of S. typhi in nutritious broth (white); 

rhombuses the growth of the bacteria with DMSO 

(negative control); the triangles show the growth in 

nutritious broth with the extracts. MIC of A) 364.2 µg / 

mL of the hydroalcoholic extract, B) 2320.0 µg / mL of 

the aqueous extract, C) 2.5% of the essential oil. 

 

Effect against K. pneumoniae  

 

Table 4 shows the MIC of each fraction and / or 

extracts against K. pneumoniae. When the 

bacteria grow under normal conditions, nutrient 

broth (white), the value of m = 0.09524 ± 0.003, 

while in the presence of DMSO m = 0.09666 ± 

0.001, the values obtained for m are similar, 

indicating that the solvent used for the solvation 

of organic fractions and extracts does not exert 

negative effects on the replication of the bacteria 

(Figure 9 and 10). However, when the bacterium 

grows in the presence of fractions and extracts, 

the value of m decreases dramatically indicating 

that these extracts inhibit bacterial replication. 

This concentration is considered as MIC, 

because no microbial development was 

observed.  
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The essential oil concentration for K. 

pneumoniae was 2.5%. It is known that essential 

oils contain a large amount of terpenic 

compounds, so their antibacterial activity stands 

out. However, comparing the fractions with the 

oil shows that it also has an antibacterial effect, 

so the effect attributed to this plant is a synergy 

of compounds present in the leaves.  

 
Condition WCC m value 

Caldo nutritivo  0.09524 

DMSO 5 %   0.09666 

Hex   483 0 µg/mL 0.00300 

CH2Cl2   374.2 µg/mL 0.00130 

MeOH   478.1 µg/mL 0.00710 

EtOH   364.2 µg/mL 0.00050 

Ac 2320.0 µg/mL 0.00140 

Ace        2.5 % 0.00200 

 
Table 4 Minimum inhibitory concentration and m value 

for K. pneumoniae 

 

 
 

Figure 5 Effect of organic fractions on the bacterial 

growth curve of K. pneumoniae. The squares represent the 

growth of K. pneumoniae in nutritious broth (white); 

rhombuses the growth of the bacteria with DMSO 

(negative control); the triangles show the growth in 

nutritious broth with organic fractions. MIC A) µg / mL of 

the Hex fraction, B) 374.2 µg / mL of the CH2Cl2 fraction, 

C) 478.1 µg / mL of the MEOH fraction 

 

 

 

 
 
Figure 6 Effect of extracts and essential oil on the 

bacterial growth curve of K. pneumoniae. The squares 

represent the growth of K. pneumoniae in nutritious broth 

(white); rhombuses the growth of the bacteria with DMSO 

(negative control); the triangles show the growth in 

nutritious broth with the extracts. MIC of A) 364.2 µg / 

mL of the hydroalcoholic extract, B) 2320.0 µg / mL of 

the aqueous extract, C) 2.5% of the essential oil 

 

To determine the MIC, serial dilutions 

were made 1: 2, obtaining different doses of the 

fractions and extracts. For the test DMSO was 

used as a solvent, which at a concentration of 

12.5% inhibits microbial development. 

However, at the concentration of 6.25%, used in 

this study the bacterial growth was not affected 

(Figures 1-6), attributing the effect to the 

metabolites present in the fractions and extracts; 

no to the presence of DMSO in the culture 

medium.  

 

Different bacterial growth patterns were 

observed depending on the concentration of the 

fractions and extracts. Development inhibition 

was obtained in direct relation to concentration, 

better effect at higher doses. 
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The effect obtained is attributed to the 

synergistic effect of the blue-violet band with RF 

0.717 in synergistic action with the rest of the 

bands in the fractions and extracts. The best 

effect corresponds to the CH2Cl2 fraction at an 

MIC of 374.2 µg / mL, in which the greatest 

number of bands was observed; followed by the 

MeOH fraction with an MIC of 478.10 µg / mL, 

while the Hex fraction at 483.00 µg / mL. This 

could be attributed to the differential 

solubilization of metabolites in each of the 

fractions, being optimal in the CH2Cl2. 

Regarding the effect of the extracts, the best 

antimicrobial effect corresponds to the 

hydroalcoholic extract with an MIC of 364.2 µg 

/ mL, in relation to the aqueous extract (Table 5). 

With regard to essential oils, for the three 

enterobacteria, it was observed that at a 

concentration of 2.5%, it exerts the same 

antibacterial effect as the fractions and leaf 

extracts.  

 
Bacterium Organic fraction 

µg / mL 

Crude extract 

µg / mL 

Oil 

% 

Hex CH2Cl2 MeOH EtOH Ac Ace 

E. coli 483 374 478 364 2320 2.5 

S. typhi 483 374 478 364 2320 2.5 

K. pneumoniae 483 374 478 364 2320 2.5 

 
Table 5 MIC comparison of the three enterobacteria 

 

This result demonstrates the high 

antibacterial potential of essential oils of A. 

ludoviciana subsp. Mexican, attributable to the 

synergistic effect of the constituents. The effect 

of essential oils is due to the fact that in their 

composition there are no pigments and / or 

compounds of high molecular weight, which 

facilitates the diffusion of oils in the culture 

medium and allows contact with the bacteria 

membrane.  

 

The antimicrobial effect of A. 

ludoviciana subsp. Mexican, it is due to the 

presence of phenols and polyphenols that show 

different mechanisms of action such as impeding 

the synthesis of nucleic acids, proteins or the cell 

wall or altering the bacterial cell membrane 

(Carrillo et al., 2001; Mongeli and Pomilio, 

2002). In addition, in the presence of tannins in 

polar extracts, MeOH fraction, EtOH and Ac 

extract, it could explain its antimicrobial effect. 

It has been shown that the tannins precipitate the 

proteins, probably in the cytoplasmic membrane, 

causing the alteration of the permeability of the 

same and, consequently, the exchange of 

nutrients and waste, leading to cell death. 

Steroidal compounds are believed to 

interfere with certain processes of vital synthesis 

in the bacterial cell (Mongeli and Pomilio, 2002; 

Sáenz, 2004). 

 

Terpenes or terpenoids are active against 

bacteria, viruses, fungi and protozoa. It is 

believed that this antimicrobial activity is due to 

a disturbance of the cell membrane structure due 

to its lipophilic nature. However, triterpenes 

have various mechanisms depending on their 

chemical nature, for example, those of a 

hydrocarbon nature, usually have a depressing 

action on surface tension, that is, it alters the 

selectivity of the cytoplasmic membrane for 

exchange of substances However, alcoholic 

triterpenes can alter the colloidal nature of the 

cell's protoplasm causing death (Mongeli and 

Pomilio, 2002; Sáenz, 2004).  

 

Like triterpenes, flavonoids and 

coumarins can act by multiple mechanisms, 

because the substituent groups that appear 

attached to their structural nucleus tend to be 

very varied (Williams and Grayer, 2004). The 

compounds that were identified in great 

abundance were flavonoids, triterpenes and / or 

steroids for all the extracts analyzed, which 

contributes to the antibacterial activity, also 

revealing the connection between the activity 

and its chemical composition. 

 

Conclusions 

 

The extraction method and the conservation 

technique are fundamental for the isolation of 

antibacterial compounds, compared with the 

concentrations obtained from organic extracts 

and fractionations. 

 

The fractionation with organic solvents 

favors a differential extraction of the active 

compounds, the dichloromethane fraction 

having the greatest diversity of compounds and 

a better antimicrobial activity.  

 

The dichloromethane fraction showed 

the highest number of bands, being the most 

active against E. coli, S. typhi and K. 

pneumoniae, compared to the methanolic and 

hexane fractions, which showed less band 

diversity and less antibacterial effect. The 

antimicrobial activity of A. ludoviciana subsp. 

Mexican is attributed to a synergistic effect of 

essential oils and compounds present in the 

leaves.  
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Abstract 

 

The experiment was conducted from May to August 2018 

at the Technological University of the Southwest of 

Guanajuato (UTSOE) in a randomized complete block 

design with three repetitions, in greenhouse 1 of 700 m2 

of the Sustainable and Protected Agriculture Career; with 

the purpose of evaluating the effect of three levels of 

thinning of fruits, with four, five fruits and without 

thinning, in the yield and plant variables in seven varieties 

of saladette tomato produced under greenhouse and in 

hydroponic substrate. The varieties evaluated were: 

Natalie, USATX 12227, USATX 9934, Juan Pablo, 

USATX 24019, USATX 16117, USATX 15538, all 

established at a density of 31,250 plants per hectare. The 

thinning levels of four and five fruits per cluster had a 

positive influence on tomato yield, on treatments without 

thinning, the Natalie and Juan Pablo varieties being the 

ones with the highest yield, after three weeks of harvest. 

Regarding the number of leaves, despite finding statistical 

differences (p≤ 0.01), the thinning of fruits did not 

necessarily influence the development of leaves, but rather 

was due to the genetics of each variety, the USATX 24019 

variety being the that more leaves developed.  

 

 

Lycopersicon esculentum, Thinning of fruits, Yield 

 

 

Resumen  

 

El experimento se realizó de mayo a agosto del 2018 en la 

Universidad Tecnológica del Suroeste de Guanajuato 

(UTSOE) en un diseño en bloques completos al azar con 

tres repeticiones, en el invernadero 1 de 700 m2 de la 

Carrera de Agricultura Sustentable y Protegida; con la 

finalidad de evaluar el efecto de tres niveles de raleo de 

frutos, a cuatro,  cinco frutos y sin raleo, en el rendimiento 

y variables de planta en siete variedades de jitomate 

saladette producidas bajo invernadero y en sustrato 

hidropónico. Las variedades evaluadas fueron: Natalie, 

USATX 12227, USATX 9934, Juan Pablo, USATX 

24019, USATX 16117, USATX 15538, todas establecidas 

a una densidad de 31,250 plantas por hectárea. Los niveles 

de raleo de cuatro y cinco frutos por racimo influyeron de 

manera positiva en el rendimiento de jitomate, sobre los 

tratamientos sin raleo, siendo las variedades Natalie y Juan 

Pablo las que mayor rendimiento presentaron, luego de 

tres semanas de cosecha. En cuanto al número de hojas, a 

pesar de encontrar diferencias estadísticas (p≤ 0.01), el 

raleo de frutos no necesariamente influyó en el desarrollo 

de hojas, sino más bien se debió a la genética de cada 

variedad, siendo la variedad USATX 24019 la que mayor 

número de hojas desarrolló.  

 

Lycopersicon esculentum, Raleo de frutos, 

Rendimiento 
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Introduction 

 

Recently, tomato production has increased by 

about 50 percent, driven by a larger agricultural 

area, with protected farming systems. Tomato 

availability is available in all months of the year 

(SRE, 2015). Mexico is the main exporter of 

fresh tomatoes worldwide, with about 20% of 

the volume and 25% of the value traded, which 

are mainly destined for the US. The country 

exports around 1.5 million tons per year, which 

represents between 50 and 70% of the 

production volume. In Mexico, about 52,374.91 

ha of tomato are sown, with an average yield of 

56.42 t.ha-1, making it the second most 

important vegetable in terms of planted area, the 

most transcendent in terms of volume in the 

national market and first for its production value 

(SIAP-SAGARPA, 2018). 

 

In order to seek the transfer of 

technology to small producers; It was decided to 

implement the present project to evaluate the 

effect of thinning of fruits with three levels of 

thinning, in the yield and yield components in 

seven varieties of tomato type saladete, under 

greenhouse conditions and hydroponic substrate, 

to compare and determine the best treatment 

after three weeks of harvest after two months 

after transplantation. 

 

Literature review 

 

The expression of the crop yield potential 

depends on both its genetic constitution and 

environmental factors (climate, soil), biological 

factors and production technique (Sánchez and 

Escalante, 1988).  Pruning, understood as the 

removal of parts of the plant (buds, developed 

shoots, roots or fruits), serves to maintain an 

adequate form and growth, as long as it is done 

without affecting the development of the plant 

(Halfacre, 1979). 

 

The importance of pruning lies in the fact 

that sometimes a rapid growth of some organ can 

compete with the leaves for nutrients that can 

easily be translocated, which causes foliar 

senescence and a reduction in its photosynthetic 

capacity. There is also competition between the 

bodies whose growth and development are 

simultaneous; such is the case of apex growth 

with floral differentiation, a process that occurs 

at a very early age in many plants.  

 

 

The resulting growth of a pruning is quite 

fast because the root / aerial part relationship is 

temporarily altered. In addition, the removal of 

foliage and branches reduces the amount of 

stored carbohydrates and, more importantly, 

reduces the leaf area available for production 

(Salisbury and Ross, 1994). 

 

Sánchez et al., (2005), mention that the 

decrease in the leaf area index allows an increase 

in the average weight of the fruits, but reduces 

the yield per unit area and the thinning of fruits 

induces an increase in the weight of the fruits. 

fruits in clusters but yield per unit area 

decreases. 

 

According to Velasco et al., (2011), to 

achieve fruit quality, evaluated as the optimum 

development of the fruits and their uniformity, it 

is highly recommended to eliminate one, two or 

more fruits per cluster, depending on the number 

of fruits tied (usually those at the end of the 

cluster, since these usually tend to be smaller and 

have little commercial value).  

 

In addition, the size that the fruits reach 

is influenced by the amount of photoassimilates 

available per plant, since by eliminating flowers, 

the photoassimilates are distributed among less 

fruits and a larger size is promoted that helps 

partially compensate for the loss of yield per unit 

area caused by the lower number of fruits per 

plant or per cluster (Wolf and Rudich, 1988; 

Shishido et al., 1989). 

 

The removal of small fruits can be done 

manually or with scissors, immediately after 

mooring or at the latest when the fruits are the 

size of a marble. Occasionally, thinning of small 

fruits in the clusters is also justified when 

symptoms of calcium deficiency occur in the 

fruits (Velasco et al., 2011). 

 

The essential thing about thinning is to 

look for an increase in the caliber of the fruit and 

the formation of yolks, but in turn you can obtain 

a number of other benefits, such as; a better 

color, a higher sugar content, a better sanitary 

control, and among others (Salisbury and Ross, 

1994). 
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However, it is important to point out that 

special care should be taken in the pollination 

and efficiency practices of the same, since it 

depends on the fact that fruits with sufficient 

seeds originate, being responsible for the growth 

and development of the pulp and fruit itself. If 

there is no optimal pollination or fertilization, 

production decreases, hence its importance 

(Velasco et al., (2011). 

 

On the other hand, and being equally 

important in this process, the nutritional balance 

plays a fundamental role to take into account 

from transplantation to the productive stage of 

the crop (León, 2006). Within the nutrition of the 

tomato crop, balanced growth, flowering and 

fruiting or fruit filling solutions can be made and 

applied, based on an optimum pH of 5.5 to 5.8 

and a maximum electrical conductivity of 3.5 

dS.m-1. 

 

Materials and methods 

 

Project localization 

 

The present work was carried out from May to 

August 2018 at the Technological University of 

the Southwest of Guanajuato (UTSOE) in the 

700 m2 greenhouse 1 of the Sustainable and 

Protected Agriculture Race, located on the 

Valle-Huanímaro Highway Km. 1.2 in Valle 

from Santiago, Gto., Mexico. 

 

Plant material and planting density 

 

Seven varieties of saladette tomatoes from the 

USAgriseeds commercial house were 

established in the greenhouse. The varieties 

evaluated were: Natalie, USATX 12227, 

USATX 9934, Juan Pablo, USATX 24019, 

USATX 16117, USATX 15538, all established 

at a density of 31,250 plants per hectare. 

 

Experimental design and data analysis 

 

The experiment was established based on a 

randomized complete block design with three 

repetitions. A total of 21 treatments were 

evaluated, consisting of the combination of the 

seven tomato varieties with three levels of 

thinning (4 and 5 fruits per bunch and without 

thinning). The experimental unit for each 

treatment was made up of three pots with river 

sand, each with a plant and a single stem.  

 

 

The data were analyzed using the SAS® 

statistical package version 9.3 to carry out the 

analysis of variance (ANOVA), a correlation 

between the evaluated variables and the Tukey 

means comparison test (p≤0.05). 

 

Evaluated variables  

 

Yield (kg / plant): It was obtained through the 

harvest of clusters in commercial maturity and 

weighed with the help of a digital analytical 

balance, obtaining a cumulative at the end of 

three weeks of harvest, from 3 months after 

transplant. 

 

Apex diameter (mm): It was obtained 

with the help of a digital vernier, measuring 

above the last well-formed leaf for three weeks 

to finally obtain an average. 

 

Plant height (m): It was obtained by 

measuring from the base of the stem to the apex 

with the help of a flexometer, the accumulated 

growth after three months after the transplant.  

 

Number of leaves: The total of well-

formed leaves was counted after three months 

after transplantation. 

 

Agronomic management 

 

Tutoreo of the plant was carried out starting at 

two weeks after the transplant, in addition to 

pruning leaves and axillary shoots weekly. 

Pollinations were done every day manually and 

with air. The lowering of the plant began once 

the plants reached two meters high. 

 

As for the thinning of fruits, this work 

began when the first clusters of fruits appeared 

in the “marble” stage and as they appeared and 

developed consecutively on the plant. 

 

Irrigation and crop nutrition were 

managed based on Steiner's solution taking an 

electrical conductivity that was 2.5 dS / m from 

the transplant stage, up to 3.0 dS / m at the 

production stage, with a pH of 5 to 6, with 

fertilizer sources of macro and chemical 

micronutrients. Biweekly applications of amino 

acids, growth hormones and chelated 

micronutrients were also made. 
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The management of pests and diseases 

was carried out weekly or biweekly, beginning 

with periodic monitoring, implementation of 

cultural work and through the application of 

biological products based on fungi and bacteria, 

organic products based on botanical extracts, 

sulfur and copper, and low toxicological 

chemical pesticides.  

 

Results  

 

In the analysis of variance for the variables of 

performance and components thereof (Table 1), 

highly significant differences (p≤ 0.01) were 

detected in the different treatments for the 

variables of number of leaves and yield, which 

can be attributed to the different tomato varieties 

expressed their genetic potential differently as 

they were improved. 

 
SV AD AP NOL PFM 

Treatment 0.906 0.064 25.348** 0.043** 

Error 0.379 0.055 6.26 0.015 

CV (%) 12.43 9.74 9.01 15.92 

Half 4.94 2.4 27.76 0.79 

SV: Source of variation; Treatment: Treatment; CV: 

Coefficient of variation; AD: Apex diameter; AP: Plant 

height; NOL: Number of sheets; PFM: Performance. ** 

Highly significant with p≤ 0.01. 

 

Table 1 Mean squares and level of statistical 

significance for the yield and plant variables in 

the fruit thinning experiment in seven tomato 

varieties under greenhouse. Santiago Valley, 

Gto. 2018 

 

The coefficients of variation in the four 

variables evaluated were less than 16%, 

indicating that the data have reliability. The 

Tukey mean comparison test (p≤ 0.01) in Table 

2, in which it was ordered based on the variable 

yield from highest to lowest; For this same 

variable, it was found that the Natalie varieties 

with 5 fruits per cluster, as well as Juan Pablo, 

grated with 4 fruits per cluster, behaved as the 

most productive after three weeks of harvest, 

exceeding 900 grams per plant. This means that 

the two levels of thinning evaluated, in 

themselves had no direct effect on the yield after 

three weeks of harvest, but rather was the effect 

of the genetics of each variety. These two 

varieties stand out from the others and coincide 

in that they were among the first that the 

company improved and brought to the market, 

by continuing to recommend and produce them 

today, especially for restrictive production 

conditions.  

As for the variable number of leaves, the 

USATX 24019 variety thinned to both four and 

five fruits per bunch, behaved as the most 

vigorous in foliage (31.8 leaves), however this 

vigor had no direct effect on yield, due to to 

which it was the one that had less performance, 

below 600 grams; however, it would be possible 

to be evaluated with more number of cuts to be 

able to attribute or not a direct effect of greater 

leaf development with the yield. It should be 

noted that varieties with a lot of foliage should 

be managed in plantation, tutoreo and 

appropriate pruning frames, to guarantee 

ventilation between the vegetal canopy, lower 

incidence of diseases and better effect of foliar 

applications. 

 

Treatment 

(variety) 

Yield 

(kg / 

plant) 

Number 

of leaves 

Apex 

diameter 

(mm) 

Plant 

height 

(m) 

Natalie 5F 0.973 a 26.5 abc 4.9 a 2.19 a 

Juan Pablo 4F 0.967 a 25.5 abc 4.8 a 2.18 a 

Juan Pablo 5F 0.953 ab 30.4 ab 4.1 a 2.11 a 

USATX 16117 5F 0.917 ab 27.7 ab 5.4 a 2.52 a 

USATX 9934 5F 0.905 ab 25.0 abc 5.5 a 2.41 a 

USATX 9934 SR 0.858 ab 26.1 abc 4.0 a 2.37 a 

USATX 15538 SR 0.857 ab 19.9 c 3.9 a 2.29 a 

USATX 16117 4F 0.853 ab 26 abc 5.0 a 2.45 a 

Natalie SR 0.832 ab 28.1 ab 5.5 a 2.52 a 

USATX 9934 4F 0.816 ab 26.1 abc 4.5 a 2.50 a 

Juan Pablo SR 0.799 ab 29.8 ab 4.3 a 2.31 a 

USATX 12227 SR 0.779 ab 30.5 ab 4.7 a 2.23 a 

Natalie 4F 0.778 ab 23.6 bc 4.9 a 2.28 a 

USATX 12227 5F 0.771 ab 27.7 ab 5.3 a 2.48 a 

USATX 15538 4F 0.737 ab 28.4 ab 5.3 a 2.27 a 

USATX 16117 SR 0.730 ab 28.0 ab 4.4 a 2.39 a 

USATX 12227 4F 0.719 ab 28.7 ab 4.6 a 2.25 a 

USATX 15538 5F 0.654 ab 30.5 ab 5.7 a 2.51 a 

USATX 24019 5F 0.599 ab 31.8 a 5.6 a 2.76 a 

USATX 24019 SR 0.588 ab 30.0 ab 5.1 a 2.45 a 

USATX 24019 4F 0.569 b 31.8 a 5.3 a 2.60 a 

Mean 0.79 27.76 4.94 2.4 

DSM 0.393 7.802 1.919 0.731 

F: fruits; SR: no thinning; DSM: Minimum significant 

difference; Are means with equal letters within the same 

column statistically equal (Tukey α ≤ 0.05). 

 

Table 2 Comparison of means for the yield and plant 

variables, in the fruit thinning experiment in seven tomato 

varieties under greenhouse. Santiago Valley, Gto. 2018 

 

In the correlation test (Table 3), the 

experiment showed highly positive or direct 

correlation (p ≤ 0.01) between the plant height 

with the apex diameter and the number of leaves; 

which supposes that the varieties not only had a 

good height development but also developed 

vigorous apices; and in terms of the number of 

leaves, the higher the height of the plant allowed 

a greater number of knots and consequently a 

greater number of leaves, responding to the 

genetics of the variety. 
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On the other hand, regarding the negative 

correlations (p ≤ 0.01) between the number of 

leaves with the yield, the analysis indicates that 

some varieties can yield the same or more than 

the others, once they adapt to the production 

conditions and that can express their maximum 

genetic potential for production, even if they do 

not develop many leaves; and that in general, 

these varieties are compact with short 

internodes, suitable for production in low 

greenhouses, macro-tunnels or in the open field 

where the tutore system is complicated a little 

more than in protected conditions. 

 
  AD AP NOL 

AP 0.357 **   
NOL 0.292* 0.511**  
PFM -0.179 -0.281 -0.379** 

AD: Apex diameter; AP: Plant height; NOL: Number of 

sheets; PFM: Performance. *: Significant with α ≤ 0.05; 

**: Significant with α ≤ 0.01. 

 

Table 3 Correlation coefficients between the variables 

evaluated in the fruit thinning experiment in seven tomato 

varieties under greenhouse. Santiago Valley, Gto. 2018 

 

Conclusions 

 

The thinning levels of four and five fruits per 

cluster had a positive influence on tomato yield, 

on treatments without thinning, with Natalie and 

Juan Pablo varieties having the highest yield, 

after three weeks of harvest. 

 

Regarding the number of leaves, despite 

finding statistical differences, the thinning of 

fruits did not necessarily influence the 

development of leaves, but rather was due to the 

genetics of each variety, with the USATX 24019 

variety being the one with the highest number of 

leaves development. 

 

The thinning levels evaluated had no 

effect on the apex diameter and plant height, 

responding to each variety expressing its genetic 

potential naturally despite the elimination of 

fruits.  

 

It is pertinent to evaluate a greater 

number of weeks of harvest to observe the 

behavior of other varieties that are 

recommended as yielding in other management 

and production conditions. 
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Abstract  

 

In Mexico, bean crop is one of the most important agricultural 

resources to provide food also for its economic value as 

product. However, there is a lack of research related with 

Phaseolus vulgaris varieties, specifically for plants cultivated 

for human consumption as common bean pods. It was 

characterized the main phenological events and the biomass 

distribution in two different varieties “Black Valentine” (BV, 

green pod) y “Black Wax” (BW, yellow pod) of common 

bean.  For each variety it was chosen 4 plants and every 10 

days after planting (DAP) from each organ emerged the fresh 

and dry weight and the leaf area were recorded. Then, at 7, 14 

, 21 , 28 and 35 days after anthesis (DAA) the growth, fresh 

and dry weight and nitrogen content were evaluated from 

pods (n=10) of each variety of common bean. During the first 

30 DAP the dry weight accumulation in both varieties was 

correlated with leaf area. The beginning of flowering and fruit 

growth was an important factor in the source-sink 

relationship. Differences were not noted in the final fresh and 

dry weight of the pods between “BV” and “BW” varieties. 

 

 

 

 

Phaseolus vulgaris, Pods, carbon Partitioning 

 

Resumen  

 

En México, el frijol es un cultivo importante ya que ocupa el 

segundo lugar como alimento y el cuarto por el valor de su 

producción. Existen pocos trabajos sobre el desarrollo de 

variedades de Phaseolus vulgaris cuyos frutos en sus fases 

inmaduras se consuman como hortalizas (ejotes). Se 

caracterizó los principales eventos fenológicos, así como los 

patrones de distribución de biomasa en dos variedades de 

frijol “Black Valentine” (BV, vaina verde) y “Black Wax” 

(BW, vaina amarilla). Se tomaron 4 plantas por variedad y 

cada 10 días después de siembra (DDS), se registró la 

aparición de cada uno de los distintos órganos diferenciados, 

así como su peso fresco, seco y área foliar.  Se colectaron 

vainas (n=10) de cada variedad a los 7, 14, 21,28 y 35 días 

después de antesis (DDA) y se registró longitud, peso fresco, 

seco y contenido de nitrógeno. Los primeros 30 DDS, la tasa 

de acumulación de materia seca en ambas variedades se 

relacionó con el incremento del área foliar. El inicio del 

desarrollo de flores y frutos (36-37 DDS) modificó la relación 

fuente-demanda (agua, carbono) entre los órganos 

vegetativos y reproductivos. No se encontró diferencias 

significativas en el peso fresco y seco final entre  las vainas 

de las variedades “BV” y “BW”. 

 

Phaseolus vulgaris, Vainas, Distribución de carbon 
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Introduction 

 

The genus Phaseolus separated from its closest 

relatives approximately 1.3 million years ago, its 

origin and domestication is located in the 

Americas with two geographical points 

(Mesoamerica and the Andes) where there is a 

great diversity of forms, both wild and cultivated 

( Miranda, 1990; Lara-Flores, 2015; Wallace et 

al., 2018). The long period in which the beans 

have been under domestication, together with 

the great diversity of ecological conditions that 

prevail in the different agricultural regions, 

allowed this species to acquire a very large 

genetic variability, due to spontaneous 

mutations, genetic recombination and selection ( 

Robles (1990)  

 

In particular, Mexico is considered as 

one of the centers of origin for various types of 

beans because of the findings made and for 

finding wild species from the five most 

cultivated groups of beans: P. vulgaris (common 

bean), P Acutifolius (Tepari Bean), P. Lunatus 

(Lima Bean), P. Coccineus (Ayocote or Scarlet 

Bean), and P. Polyanthus (Annual Bean).  

 

The production regions are mainly 

located in developing tropical and subtropical 

areas with a production of 12 million tons 

(Durigon et al., 2019). World bean production 

registers an upward trend, driven by increases in 

cultivated area and average yields per unit area. 

In seven countries, 63% of the world crop is 

concentrated: India, Myanmar, Brazil, United 

States, Mexico, China and Tanzania.  

 

In our country, beans (Phaseolus 

vulgaris) is one of the most important 

agricultural crops, since it occupies the fourth 

position in importance due to the area it occupies 

(after corn, grasses and sorghum) and because it 

is the legume with the highest consumption due 

to its high protein content (36% of the daily 

protein intake) and minerals, either as dry grain 

and in less quantity for food as fresh seeds and 

tender pods known as “green beans” (Lara-

Flores, 2015; FIRA, 2016, Padilla-Chacón et al., 

2019).  

 

 

 

 

 

 

 

 

Currently, there is a tendency to increase 

the consumption of vegetables in the diet, so an 

increase in the demand for green beans 

worldwide is expected, since they are vegetables 

of high nutritional quality and because of their 

content of vitamin A, protein, fiber and calcium  

At a national level, there is a tendency to extend 

the use of this legume since per capita 

consumption has increased in recent years from 

0.9 to 1.1 kg. (Esquivel-Esquivel et al. 2006). 

However, currently, the bean bean bean seed is 

imported from the USA, (with the consequent 

flight of currencies and the dependence on 

varieties), which, because it is developed in 

other environments, has little information about 

its adaptation in production systems (example: 

greenhouse) of our country, so it has been 

suggested to try different varieties of green 

beans considering different growth habits, 

flower production, and characteristics of the pod 

(variety in size, shape and color), in order to 

generate basic information on the development 

of varieties that meet the production and quality 

demanded, as well as with characteristics of the 

pod that facilitate their harvest (Esquivel-

Esquivel, 2006; Salinas-Ramírez, 2008; Wallace 

et al., 2018).  

 

Also, according to Gebeyehu (2019) it is 

important to understand the correlation between 

growth parameters and their contribution to 

productivity in different stages of development 

in common beans, for this reason the objective 

of this research is to characterize the main 

phenological events, as well as the biomass 

distribution patterns in two varieties of 

Phaseolus vulgaris L. contrasting in their sheath 

color. 

 

Methodology 

 

Vegetal material 

 

We worked with two varieties of beans: "Black 

Valentine" (BV, green pods) and "Black Wax" 

(BW, yellow pods), both with a certain growth 

habit Type 1 (CIAT, 1982). These varieties have 

ease of handling in greenhouse conditions, 

because they are low bearing and short 

vegetative cycle. The seeds were sown in pots 

(with a capacity of 4 L) per variety. In each of 

them, a mixture of mountain soil and sand 

previously disinfected with methyl bromide was 

placed. During the development of the plants, 

the temperature ranged between 8-30 ° C, with a 

relative humidity between 30-80% and it was 

tried to keep the substrate at field capacity.  
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Phenology in plants  

 

To evaluate the vegetative and reproductive 

development in the plants of both varieties, 4 

plants were taken at random by variety and every 

10 days after planting (DDS) the appearance of 

the different organs that differed during the 

development of the plant was recorded. (stem, 

leaves, petioles, inflorescences and pods). Also, 

the following variables were measured: 

 

Foliar area (AF) 

 

It was evaluated from the emergence of the 

leaves, and was carried out through the 

destructive method, using an automatic foliar 

area integrator (Delta-T Devices Meter Area [I]). 

The measurement was made on the sheets of the 

leaves that had reached a length greater than 3 

cm, not including the petiole.  

 

Determination of fresh and dry weight in plants 

 

The plants that were obtained in the different 

samples were taken to the laboratory, where their 

organs were dissected, recording the fresh 

weight (PF) of each of them in an analytical 

balance. This material was then placed in a 

circulating air oven at a temperature that ranged 

between 60-70 ° C for approximately 72 hours, 

until a constant weight was achieved. Dry 

weight (PS) was determined using an analytical 

balance. The information obtained allowed to 

establish the relationship of FP between 

vegetative and reproductive parts and to 

calculate the distribution and accumulation of 

biomass per unit area (m2).  

 

Pod growth   

 

For the evaluation of the growth of the bean 

pods, all the flowers that were differentiated in 

the plants were marked. Of those that were 

transformed into fruits, pods were collected at 

different time intervals (7, 14, 21, 28 and 35 days 

after anthesis [DDA]). On each of these dates, 10 

pods were randomly harvested for each variety, 

in which their length (cm) was measured from 

the upper to the lower end of the pod. Then, the 

pericarp was separated from the seeds and the PF 

of each of these parts was determined with a 

precision balance. Next, the structures were 

placed in a stove a circulating air stove at a 

temperature that ranged between 60-70 ° C for 

approximately 72 h, until a constant weight was 

achieved. The PS was obtained with an 

analytical balance. 

Nitrogen content in pods 

 

Once the PS of the pods was registered, they 

were pulverized in a Willey mill, passing the 

flour through a sieve (no. 60). 100 mg of each 

sample was obtained from this powder to 

determine the nitrogen (N) content by means of 

the microKjeldahl method. To effect digestion, 

the samples were placed in test tubes and a 

mixture consisting of 0.5 g of catalyst and 3 mL 

of concentrated H2SO4 was added; The tubes 

were then placed in a Block Digester (Technicon 

model BD-40) under an extraction hood at a 

temperature close to 300 ° C. Digestion was 

considered finished when the liquid had a 

transparent color and no residues of carbonized 

dry matter. Subsequently, the samples were 

allowed to cool a few minutes before being taken 

to the distillation apparatus.  

 

Test tubes containing the digested 

sample were added 0.1 mL of phenolphthalein 

and placed in the distillation apparatus; A 

saturated NaOH solution was added gradually to 

each sample until an alkaline reaction was 

achieved. The distillation was carried out for 

approximately 25 min, receiving the distillate in 

an Erlenmeyer flask containing 10 mL of H3BO3 

(4%) and 5 drops of the Tashiro indicator. The 

NH3 fixed by H3BO3 was titrated with HCl (0.02 

N) until a slightly pink color was obtained. The 

percentage of N in the sample was calculated 

using the following formula: 

 

%N= VXF   

 A     (1) 

 
Where:  

V= HCl volume (0.02 N) 

A= Sample weight (g) 

F= Each mL of HCl (0.02N) is equivalent to 0.28 mg of 

N. 

 

Statistical analysis 
 

Statistical analysis was performed using the 

SPSS v24 computer program. All data were 

verified for normality, using the Kolmogorov-

Smirnov test and for the homogeneity of 

variances the Levene test was used. To know the 

effect of the PF, PS of vegetative and 

reproductive structures of the bean plant and 

Nitrogen content for each variety, a comparison 

test of two samples (T-test) was performed 

(Dytham, 2011).  
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Results and Discussion 

 

During the first 40 DDS there was a rapid 

increase in the AF of the two bean varieties "BV" 

and "BW". In this period, the growth rate of the 

AF in the “BW” variety was higher (28.3 cm2 d-

1) than that recorded in “BV” (23.3 cm2 d-1); as 

a consequence, the variety of yellow pods 

("BW") reached a greater surface area of foliage 

in this period. After 40 and up to 70 DDS, the 

AF of the “BW” variety tended to remain 

constant, while in the “BV” variety it continued 

to increase at a reduced rate (Figure 1). 

 

  
 
Graphic 1 Foliar area during the development of bean 

plants (n = 4) in the varieties "BV" (green pods) and "BW" 

(yellow pods) 
 

Under greenhouse conditions, the 

flowering phenophase in the “BV” and “BW” 

varieties began at 36-37 DDS and lasted 10 to 12 

days. The process of formation of fruits and 

seeds extended the following 35 days, to end 

when the physiological maturity of the pod 

occurs, showing these the classic "yellowing" of 

the pericarp, the drying of the pod and the 

change to black color of the seeds.  

 

During the first 30 DDS, the 

accumulation of PF was restricted to vegetative 

structures. At the beginning of the formation of 

flowers and fruits (36-37 DDS), these organs 

began to gain biomass until representing 

approximately 40% of the total PF in “BW” and 

30% in “BV”, so that the vegetative structures in 

both varieties began to reduce their relative 

contribution, particularly in the range of 50 to 60 

DDS, which corresponds to the stage of seed 

filling, in which these structures accumulate 

starch and proteins.  

Between 60-90 DDS, the “BV” variety 

continued to reduce although slowly the 

proportion of PF in the vegetative organs, while 

increasing that of the reproductive ones, while in 

the “BW” variety the opposite occurred. This 

suggests that pods of the “BW” variety stop 

receiving water and solutes at 60 DDS, while the 

“BV” variety still maintains a functional 

vascular connection.  

 

Although both bean varieties showed a 

sigmoidal kinetics of biomass accumulation 

throughout the development of the plant 

(Graphic 2), the PS accumulation rate during the 

first 30 DDS was higher in the “BW” variety 

than in “BV ”, Which apparently is due to the 

fact that the first variety surpassed the second in 

growth of the AF in that same period. However, 

although the “BV” variety presented a slow 

onset of PS accumulation, between 30 and 70 

DDS its biomass growth rate (5.1 g d-1) was 

double that of “BW” (2.1 g d-1) between 30 and 

80 DDS. The latter indicates that the “BV” 

variety has a more efficient AF than that of 

“BW” after 30 DDS, that is, during the filling of 

the pods. 

 

 
 

Graphic 2 Biomass accumulation per unit area in bean 

plants (n = 4) in the varieties "BV" (green pods) and "BW" 

(yellow pods) 
 

In the vegetative organs the same varietal 

differences were observed as in total PS; that is, 

"BW" accumulated higher PS in the first 30 

DDS; subsequently the pattern is reversed. The 

leaves are the vegetative organs with the greatest 

biomass throughout the cycle, except at the end, 

when they are matched by the stems.  
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In the “BV” variety, the leaves showed 

their maximum accumulation rate of PS between 

30 and 70 DDS (2.97 g d-1), while “BW” the rate 

was 1.5 g d-1 between 10 and 40 DDS In the 

stem that includes the branches, the 

accumulation of biomass was lower than in the 

leaves during the initial stages of development. 

Up to 40 DDS the “BW” variety showed a rate 

of 0.81 g d-1; subsequently this variety tended to 

remain constant. In contrast, the “BV” variety 

showed a different behavior between 30 and 90 

DDS (0.80 g d-1). The petioles and petioles 

presented a pattern similar to that of leaves and 

stems. In the “BV” variety between 30 and 70 

DDS, the rate of increase in both structures was 

0.56 g d-1, then descend. In the case of “BW” 

between 10 and 40 DDS, the accumulation was 

0.32 g d-1.  

 

On the other hand, the reproductive 

organs showed growth of 50 to 90 DDS, stage in 

which the filling of pods occurs, so that they 

accumulate more biomass than any of the 

vegetative organs. The "BV" variety exhibited a 

rate of 2.4 g d-1; 25% higher than that registered 

in the “BW” variety (1.7 g d-1). It should be 

noted that the accumulation of PS in the pods 

continued until 90 DDS, in both varieties. In the 

last 20 days (70-90 DDS), the leaves of the “BV” 

variety lost 23% of their maximum accumulated 

biomass and the petioles 5.8%, which is 

reflected in an increase (29%) registered in the 

reproductive parts.  

 

In the “BW” variety, during the range of 

50 to 60 DDS, the leaves showed a decrease of 

9.5%, the stem 8.16% and the petiole 3.75%, 

while in the pods there was a PS gain of 21.4%. 

These data reveal that during the development of 

the fruits of the beans, these organs become the 

main force of demand for photoassimilates, 

which they require for breathing, as well as 

loading the storage cells in the cotyledons 

(Kozlowsky, 1992). Other authors (Geiger, 

Shieh, 1988; Geiger et al., 1989), consider the 

beginning of the reproductive development of 

beans as a fundamental factor in source-demand 

relations, since it modifies the distribution of 

carbon by allocating much of the energy that 

occurs in the plant or that is stored in the 

vegetative organs to the reproductive structures. 

In this regard, various authors (Choe, Thimann, 

1975. 

 

 

 

 

Thomas, Stoddart, 1980; Smart, 1994), 

have indicated that the export of dry matter from 

the leaves is probably due to a manifestation of 

the beginning of the process of foliar senescence, 

in the which energy reserves are hydrolyzed and 

the products of this catabolism (amino acids, 

amides and other soluble metabolites) are 

mobilized to other parts of the plant, such as the 

stem. This translocation process was favored to 

a greater extent in the "BV" variety than in 

"BW". In this work it was observed that the 

distribution of carbon between the vegetative 

and reproductive organs changed considerably 

in both varieties during their biological cycle.  

 

According to the percentages of biomass 

assigned to the different organs of the plant 

(Table 1 and 2), it is inferred that the leaves 

supplied most of the photoassimilates required 

by the reproductive structures. These results 

coincide with the works carried out by Lucas et 

al., 1976 where it is reported that in beans the 

axial part of the leaf is the primary source of 

photoassimilates to the pods. 

 
Days after 

planting 

Dry 

weight 

plant 

(g) 

Percentage of accumulated dry 

weight 

 

Leaf      Stem     Petioles    Pods 

30 0.86 63.43 25.28 11.27 --- 

40 4.03 55.70 28.89 12.72 2.63 

50 4.85 51.56 30.44 11.06 6.91 

60 8.46 47.29 23.11 10.57 19.0 

70 9.99 45.89 22.52 11.20 20.36 

80 9.81 34.35 22.26 8.46 34.90 

90 9.63 22.81 22.0 5.72 49.45 

 

Table 1  Dry matter accumulated in the plant (n = 4) of the 

variety "BV" and the percentages of accumulation in its 

different components at different ages 

 

Days after 

planting 

Dry 

weight 

plant 

(g) 

Percentage of accumulated dry 

weight 

 

Leaf      Stem     Petioles    Pods 

30 3.09 64.12 22.88 12.97 --- 

40 4.47 56.60 28.54 12.05 2.77 

50 3.97 51.43 29.38 11.04 8.09 

60 6.25 41.97 21.22 7.29 29.48 

70 7.93 32.39 21.61 6.51 39.46 

80 8.76 31.55 23.93 6.11 38.38 

90 9.60 30.72 26.25 5.72 37.30 

 

Table 2 Dry matter accumulated in the plant (n = 4) of the 

“BW” variety and the percentages of accumulation in its 

different components at different ages 

 

Another important aspect to note is that 

bean plants of the “BV” and “BW” varieties are 

of determined growth, in which vegetative 

development stops during the formation of 

reproductive structures and there is little overlap 

between vegetative and reproductive phases.  
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In this study, the reproductive phase was 

characterized by the exclusive presence of 

demands in the reproductive organs, thus 

avoiding competition for assimilated with aerial 

vegetative organs. This facilitates the analysis of 

the source-demand relationship in this type of 

species, in contrast to those of undetermined 

habit in which a strong competition between 

vegetative and reproductive demands is 

established in the same period of development 

(Jeuffroy, Warembourg, 1991).  

 

According to Durigon et al., (2019) the 

monitoring of flowering and pod formation is 

important to assess the vigor of the plants. In this 

study, in the pods of both varieties two stages in 

the development are distinguished, the first one 

occurs from the antecedent to the first 14 DDA 

and is characterized by an exponential 

longitudinal growth where the “BV” variety 

showed a rate of 1.0 cm d-1 and “BW” of 0.92 

cm d-1, accompanied by the development of the 

pericarp (Graphic 3). After the 14 DDA, the 

lengthening ceased, coinciding with the 

beginning of the development of the seeds 

during which an active accumulation of reserves 

and a rapid increase of PS occurs (Geiger et al., 

1989; Jeuffroy, Warembourg, 1991). 

 

 
Graphic 3 Longitudinal growth of the bean pod (n = 10) 

from the anterior to physiological maturity in the varieties 

"BV" (green pods) and "BW" (yellow pods) 

 

During the first 7 days, the increase in PF 

was relatively small, being greater in the variety 

"BW" (P˂0.001), which is attributed to the fact 

that during these first days the growth of the 

sheath occurs through a Active cell division. 

Bean pods accumulated most of their FP from 7 

to 14 DDA, where a higher cumulative rate (0.7 

g d-1; P˂0.01) occurred in the “BV” variety, 

than in the “BW” variety (0.5 g d-1 ).  

During this period, cell elongation is 

presented (Geiger et al., 1989). This 

combination of division growth and cell 

elongation is common in most succulent fruits 

during development (Coombe, 1976; Zanchin et 

al., 1994). After the 14 DDA there was a gradual 

decrease in the pericarp PF in both varieties 

(Graphic 4 A and B; P> 0.05), which is only due 

to the progressive loss in water content, since 

there was no reduction in the PS of these organs. 

The beginning of the decrease in the PF content 

of the pericarp coincides with the beginning of 

the exponential increase in the PF of the seeds. 

 

Taking these results into consideration, it 

can be said that the decrease in PF in the pericarp 

of the pod contributed to the increase in the PF 

of the seeds, which is probably attributed in large 

part to the water transferred by the tissues of the 

pericarp. Note that this increase is continuous up 

to 35 DDA in the seeds of the “BV” variety but 

not in “BW”, since in the latter the profit at 28 

DDA ceases. The “BV” variety showed a higher 

rate of accumulation of PF in the seed (0.19 g d-

1) than the “BW” variety (0.14 g d-1). In 

addition, it was observed that the gain of PF in 

the seeds was slower, although it lasted longer 

(21 days), than the one recorded in the pericarp, 

in which it occurred rapidly but only lasted 7 

days.  

 

This behavior was similar to that 

reported in other bean varieties (Oliker et al, 

1978). As in PF, during the first 7 days, the 

increase in PS was relatively small, being greater 

in the variety "BW" (P˂0.001), From 7 to 14 

DDA, the variety "BV" had a greater PS increase 

rate than “BW” (P˂0.01). From that date, the 

same dry matter accumulation rate was 

maintained in both varieties (Graphic 5 A and B; 

P> 0.05).  

 

It is important to note that the 

exponential increase in biomass in the seed was 

not accompanied by a decrease in the PS of the 

pericarp, so it follows that the walls of the pods 

were not an important source of carbon for the 

developing seeds, which coincides with that 

reported by Oliker et al., (1978). Similarly, 

Lucas et al. (1976), Flinn et al. 1977 and Thorne 

(1979) showed that a large proportion of the 

nutrients required by developing legume seeds 

comes from the translocation of assimilates 

originating in vegetative organs and that the 

fruit's reserves provide a limited supply.  
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In contrast, Crookston et al. (1974) 

consider the pericarp as a storage organ for 

assimilates formed in the leaves. In other 

legumes such as soybeans, this temporary 

storage allows nutrients to become useful forms 

and contribute to the growth of seeds in a short 

period (Thorne, 1979). There are even studies in 

which it has been shown that the pericarp of bean 

pods contributes to the nutrients that translocate 

the seeds (Peña-Valdivia, Ortega-Delgado, 

1991). According to the results, during the first 

14 DDA, the pericarp of the sheath is constituted 

as the main demand for assimilates. After this 

period and until the end of the development of 

the fruit, the seed assumes this function. 

 
 
Graphic 4 Accumulation of fresh weight in the pericarp 

(PER) and seeds (SEM) during the development of the 

pods (n = 10) of the beans in the varieties "BV" (A) and 

"BW" (B) 

  

In the pericarp of the pods of both 

varieties, the highest N content was recorded at 

7 DDA, subsequently showing a gradual 

reduction to 35 DDA (Graphic 6 A and B). Such 

decrease was faster in “BV” (2.2 g d-1), than in 

“BW” (1.8 g d-1).  

 

 

 

 

 

In contrast, the seeds showed an increase 

in their N content, which was more pronounced 

in the “BV” variety than in “BW”, since in the 

latter the content was stable during the first 21 

DDA, date on which began the accumulation of 

N in the seeds, which ceased at 28 DDA, while 

the “BV” variety continued until 35 DDA. 

 

 
 
Graphic 5 Dry weight accumulation in the pericarp (PER) 

and seeds (SEM) during the development of the bean pods 

(n = 10) in the “BV” (A) and “BW” (B) varieties 
 

According to these observations, the 

increase in the content of this essential nutrient 

coincides with the period of simultaneous filling 

and accumulation of starch in the seeds (Geiger 

et al., 1989). The previous results make it 

possible to assume that during the initial phases 

of fruit growth, the pericarp was constituted as 

the main demand for N in the pod and that later, 

during the growth of the seeds, the pericarp was 

constituted as a source of that nutrient.  

 



25 

Article                                                                 Journal of Natural and Agricultural Sciences  
                                                                                                            December 2019 Vol.6 No.19 18-27 

 

 
NERI-LUNA, Cecilia, VILLARREAL-RUIZ, Luis, HUERTA-
MARTÍNEZ, Francisco Martín and MUÑOZ-URIAS Alejandro. 

Phenology and biomass distribution pattern in two varieties of common 

bean (Phaseolus vulgaris L.). Journal of Natural and Agricultural 

Sciences. 2019 

ISSN: 2410-356X 

ECORFAN® All rights reserved 

 

 
 
Graphic 6 Variation in the content of nitrogen in the 

pericarp (PER) and seeds (SEM) during the development 

of bean pods (n = 10) in the varieties "BV" (A) and "BW" 

(B) 
 

It is common that in monocarpic plants, 

as in the case of beans, an important part of the 

supply of N to the reproductive structures comes 

from the vegetative organs (root, stem and 

leaves), since they function as a store for 

photoassimilates and nitrogen compounds in the 

early stages of plant development; such reserves 

are translocated to the inflorescences and pods 

and once they begin their development 

(Granados et al., 1987). In other legumes in 

which the distribution of the external supply of 

15N has been evaluated during the development 

of the plant, it has been found that this element 

initially accumulates in the leaves and then is 

transported to the pericarp of the pods, and 

finally to the seeds (Oliker et al., 1978).  

 

In this work it was observed that the 

pericarp of the bean pod of both varieties acted 

as an organ of water transfer and N of the 

vegetative organs to the developing seeds, 

coinciding with the investigations carried out by 

Fountain et al. (1989).  

 

 

 

 

This translocation was more efficient in 

the “BV” variety than in “BW”, which shows 

differences in the strength of demand of the seed 

between both varieties, which is finally reflected 

in accumulated biomass and final N content and 

perhaps protein in the grain, the latter being 

important quality parameters to characterize 

varieties with different types and growth habits 

(Granados et al., 1987). Finally, it is important 

to consider that the knowledge of the 

mechanisms of translocation of photosynthetic 

products between harvested and non-harvested 

parts in commercial species, constitutes a key 

point in programs aimed at improving the 

production of these plants.  

 

This would allow manipulating the 

interactions established between the source and 

the demand, in order to achieve quantitative and 

qualitative changes that are reflected in the 

increase in the harvest index and in productivity. 

In other words, studies involving the 

mechanisms of translocation and storage of N 

acquire great importance because the seeds of 

beans constitute a main source of protein in the 

human diet, especially in Mexico (Lara-Flores, 

2015; Salinas- Ramírez et al., 2008).   

 

Conclusions 

 

During the first 30 DDS the accumulation rate of 

dry matter in both varieties was directly related 

to the increase in AF. After this date, the “BV” 

variety showed a more efficient AF. The 

beginning of the development of flowers and 

fruits was a fundamental factor in the source-

demand relations in the bean plant, since it 

modified the distribution of water and carbon 

between the vegetative and reproductive organs. 

 

The leaves supplied most of the 

photoassimilates required by the reproductive 

structures. In the fruits of beans, during the first 

14 DDS the pericarp of the pod was constituted 

as the main demand for water, nutrients and 

photoassimilates; subsequently, the pericarp of 

both varieties acted as an organ of water and 

nitrogen transfer, as well as a partial source of 

carbon during the initial phases of seed 

formation.  
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Abstract 

 

The mahogany, Swietenia macrophylla, due to its 

economic importance, occupies an important place 

within the regional flora of southern and southeastern 

Mexico. The objective of this work is to obtain a 

mahogany seed disinfection protocol for its 

establishment in vitro. The seeds were left in imbibition 

for 24 hours, then the seed was washed with running 

water and soap for 3 minutes. Subsequently, within the 

laminar flow hood, different treatments were carried 

out, the control 30 min in captan, treatment 1: 30 min 

in capture 1.5 min in 70% ethanol and 3 min in 30% 

chlorine. Treatment 2: 30 min in captan 1.5 in 70% 

ethanol and 4 min in 30% chlorine. Treatment 3: 30 min 

in captan, 1.5 min in 70% ethanol and 9 min in 30% 

sodium hypochlorite. The data were subjected to 

analysis of variance and comparison test of Tukey 

means (Tukey, α = 0.05). The variables that were 

evaluated were germination and contamination in the 

environment. It was observed that there were no 

significant differences in seed germination. Regarding 

contamination, treatment three presented the least 

contamination. 

 

Aseptic, Forestry, In Vitro 

Resumen  

 

La caoba, Swietenia macrophylla, por su importancia 

económica, ocupa un lugar importante dentro de la flora 

regional del sur y sureste de México. El objetivo de este 

trabajo es obtener un protocolo de desinfección de 

semilla de caoba para su establecimiento in vitro. Las 

semillas se dejaron en imbibición por 24 horas, después 

se lavó la semilla con agua corriente y jabón durante 3 

minutos. Posteriormente, dentro de campana de flujo 

laminar, se realizaron diferentes tratamientos, el testigo 

30 min en captán, tratamiento 1: 30 min en captan 1.5 

min en etanol al 70% y 3 min en cloro al 30%. 

Tratamiento 2: 30 min en captán 1.5 en etanol al 70% y 

4 min en hipoclorito de sodio al 30%. Tratamiento 3: 30 

min en captán, 1.5 min en etanol al 70% y 9 min en 

cloro al 30%. Los datos se sometieron a análisis de 

varianza y prueba de comparación de medias Tukey 

(Tukey, α=0.05). Las variables que se evaluaron fue la 

germinación y la contaminación en el medio. Se 

observó que no presentaron diferencias significativas 

en la germinación de la semilla. En cuanto a la 

contaminación el tratamiento tres fue el que presentó 

menor contaminación. 

 

Asepsia, Forestal, In Vitro 
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Introduction 

 

Mahogany (Swietenia macrophylla), is native to 

the warm-humid regions of tropical America. It 

occupies an important place within the flora of 

southern and southwest Mexico. In the state of 

Campeche, mahogany is a natural component in 

the entity's tropical forests (Vázquez Soto 1981; 

SARH 1985). It is considered one of the most 

valuable timber species in the world (Lamb, 

1996). It is a timber forest species of multiple 

uses, appreciated for its hardness, strength, 

beauty and quality (Carranza et al., 2013). Their 

populations have decreased rapidly in recent 

years in various locations as a result of the 

change in land use and the over-exploitation to 

which they have been subjected. It has the 

potential to be used in crops and forage alleys of 

multiple strata and improved fallows.  

 

It is common to find it in the Mayan 

family gardens (Yucatan) and is used to shade 

coffee plantations. Sometimes it is planted in 

association with Tectona grandis or Tabebuia 

pentaphylla or with the "taungya" system 

(CONABIO, 2019). The selective use of 

mahogany has diminished its natural 

regeneration capacity in many areas and in some 

places the species has disappeared, with trees 

with a diameter of commercial value becoming 

increasingly scarce. On the other hand, the 

application of tissue culture techniques in woody 

plants offers a valuable alternative for the 

propagation of elite trees (Collado et al., 2004), 

in vitro conditions.  

 

This technique can be used, both for the 

mass propagation of the species, and for the 

conservation of elite trees. On the other hand, the 

National Center for Genetic Resources of the 

National Institute of Forestry, Agricultural and 

Livestock Research (CNRG-INIFAP), aims to 

protect agricultural-forest, livestock, aquatic and 

microbial genetic resources, for medium-term 

conservation long term. In the Agricultural-

Forestry Laboratory section orthodox seeds, 

accessions of different forest species arrive, both 

orthodox seeds and recalcitrant seeds, 

performing the necessary work for the 

conservation of these species. On the other hand, 

seeds are also established under in vitro 

conditions to obtain mature embryos, it is a 

promising technique to induce rapid germination 

and pathogen-free seedlings, in addition to 

having low costs (Medel-Narváez et al., 2001) 

 

 

For this reason, the objective of this work 

was to develop the protocol for the establishment 

in vitro of Swietenia macrophylla seeds received 

in the CNRG-INIFAP for long-term 

conservation. Once the seeds are established 

under in vitro conditions, and germinated, the 

multiplication protocol will be developed to 

carry out the conservation protocols in the 

medium and long term.  

 

Materials and methods 

 

Seeds that were in good physical condition were 

selected. Subsequently, the disinfection protocol 

was performed. A washing with 1% powder 

detergent was performed for a period of 10 

minutes, this step was performed twice more. 

Subsequently, the seeds were left in imbibition 

for 16 h in double distilled water, then a new 

washing with 1% powder detergent was carried 

out for a period of 10 minutes. 3 g ∙ L-1 was left 

in a captan solution for 30 minutes, then in a 

70% v / v ethanol solution for a period of 1.5 

minutes followed by introducing them into a 

30% sodium hypochlorite solution v / v for 

different times (Table 1). Three washings were 

given inside the laminar flow hood with sterile 

double-distilled water. The medium used for the 

establishment was 100% MS with 20 g ∙ L-1 

sucrose, 1 g ∙ L-1 activated carbon, 1 mL ∙ L-1 

antibiotic (PPMTM: Plant Preservative 

Mixture), 1 g∙L -1 antioxidant, 8 g ∙ L-1 agar. The 

data were subjected to analysis of variance and 

comparison test of Tukey means (Tukey, α = 

0.05). The variables that were evaluated were 

germination and contamination in the 

environment. 

 
Treatments Captán 3 

gL-1 

70% 

ethanol 

Sodium 

Hypochlorite 

30% 

 Minutes 

Witness 30 0 0 

1 30 1.5 3 

2 30 1.5 4 

3 30 1.5 9 

 
Table 1 Treatments performed in the experiment 
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Figure 1 Establishment of mahogany seed under in vitro 

conditions 

 

   
 
Figure 2 Mahogany seedlings obtained from seed under 

in vitro conditions 

 

Results 

 

According to the results obtained, it was 

observed that, in the germination variable, there 

was no significant difference between the 

treatments with respect to control. On the other 

hand, in the contamination variable it was 

observed that treatment 3 where 9 minutes of 

sodium hypochlorite was left, presented a 

significant difference with respect to the other 

treatments. 

 
Treatment Variables 

 Germination Pollution 

Witness 0.8000a 1.000a 

T1 0.3000a 0.5000ab 

T2 0.4000a 0.5000ab 

T3 0.3000a 0.2000b 

 
Table 2 Results obtained from the statistical analysis 

 

Conclusions 

 

It was observed that a longer time in sodium 

hypochlorite decreased the presence of 

microorganisms in the medium of establishment 

of mahogany seeds. In general, vegetative 

explants are established under in vitro 

conditions, such as apexes of mahogany 

seedlings (Collado et al., 2004), to obtain a 

uniform offspring, with genetically identical 

plants, called clones (Borges et al., 2009).  

 

 

The most used explant for in vitro 

propagation processes are the vegetative buds of 

plants (Castillo, 2008) and for long-term 

conservation apical apices (Yamamoto et al., 

2019).  

 

Among the s used in the disinfection of 

plant material are sodium hypochlorite (NaClO), 

calcium hypochlorite (CaClO), ethanol 

(C2H5OH) and mercury bichloride (HgCl2), 

where calcium hypochlorite has been the 

compound most frequently used in different 

investigations related to the establishment 

protocols under in vitro conditions of plant 

material, at different concentrations and times 

(Borges et al., 2009). In addition, this product is 

easily acquired and economical.  

 

There are several investigations where 

chlorine hypochlorite is used at low 

concentrations, as in the case of mahogany 

apices and nodal segments with concentrations 

of 2.0% and 3.0% combined with three exposure 

times, 10 and 30 min (Collado et al. , 2004). As 

observed, they are low concentrations because 

the explant has soft tissue. As in the 

establishment of Discorea alata L., the 

percentage of chlorine used is 1.5 to 2.5%, at 

times of 10, 20 and 30 min immersion (Borges 

et al., 2009). In both cases the longest immersion 

time was the one that decreased the 

contamination by microorganisms.  

 

In this work, only a concentration of 

sodium hypochlorite was evaluated, at 30% 

similar to the work reported by Medel-Narváez 

et al. (2001) where the seed of Ariocarpus 

fissuratus var. Fissuratus (Eng.) Shumann with 

20% sodium hypochlorite, although it was 

observed that it has a better result when the seeds 

are exposed to 100% sodium hypochlorite. 

Although in this work 30% sodium hypochlorite 

was optimal for seed disinfestation. 

 

On the other hand, what coincides with 

other works carried out to disinfect the explant, 

is that, with a longer exposure time to sodium 

hypochlorite, the possibility that the 

environment where the explant is established is 

not contaminated is greater.  

 

However, care must be taken that the 

explant does not necrose when exposed to 

sodium hypochlorite, since prolonged exposure 

to this solution can be necrotic, whether it is soft 

tissue or not germinating if it is seed.  
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As observed in the work of Medel-

Narváez et al. (2001), where the results of the 

analysis of variance show that the higher the 

concentration of sodium hypochlorite, the lower 

the rate of contamination by fungi and bacteria, 

but not because of the incidence of oxidation. 
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Conclusions 

 

The use of sodium hypochlorite is a good 

element for the disinfestation of explants, 

however, care must be taken since depending on 

the type of explant or species is the concentration 

that should be used and the time of immersion in 

the solution, taking care that the explant to be 

disinfested does not necrose or rust. 
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Abstract 

 
The objective of this research was to evaluate six 

commercial products used for the protection of seeds 

against pests and diseases. The products were Poncho, 

Nipsit Inside, Allectus 150, Allectus 722, Regent Ultra 

and Cruiser 350 FS. The experiment was established in 

the town of Puerta del Monte, belonging to the 

municipality of Salvatierra, Guanajuato, in a random 

block design with seven repetitions. The evaluated 

variables were plant height, stem diameter, root length, 

present populations of fall armyworm, cutworms, 

thrips, diabrotica and blind hens. The most efficient 

treatment on the protection of pests in the cultivation of 

maize in its stage V4-V6 (most vulnerable stage) was 

the Nipsit Inside, this according to the results that were 

obtained in the four weeks of evaluation and according 

to the statistic analysis. Nipsit Inside is an insecticide 

that showed a wide range of protection in addition to 

presenting superior yields and better quality in the ears. 

Poncho is the second alternative to be used because it 

has very similar characteristics to Nipsit Inside in most 

of the variables evaluated. 

 

 

 

Pest, Fusarium oxysporum 

Resumen 

 
El objetivo de esta investigación consistió en evaluar 

seis productos comerciales usados para la protección de 

semillas contra plagas y enfermedades. Los productos 

fueron Poncho, Nipsit Inside, Allectus 150, Allectus 

722, Regent ultra y Cruiser 350 FS. El experimento se 

estableció en la localidad Puerta del Monte, 

perteneciente al municipio de Salvatierra, Guanajuato, 

en un diseño de bloques al azar con siete repeticiones. 

Las variables evaluadas fueron altura de planta, 

diámetro del tallo, longitud de la raíz, poblaciones 

presentes de gusano cogollero, gusanos trozadores, 

trips, diabrótica y gallinas ciegas. El tratamiento con 

mayor eficiencia sobre la protección de plagas en el 

cultivo de maíz en su etapa V4-V6 (etapa más 

vulnerable) fue el Nipsit Inside, esto de acuerdo con los 

resultados que se obtuvieron en las cuatro semanas de 

evaluación y de acuerdo al análisis estadístico. Nipsit 

Inside es un insecticida que mostró un amplio rango de 

protección además de presentar rendimientos 

superiores y mejor calidad en las mazorcas. Poncho es 

la segunda alternativa a ser utilizada ya que presenta 

características muy similares a Nipsit Inside en la 

mayoría de las variables evaluadas. 

 

Insectos plagas, Fusarium oxysporum 
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Introduction 

 

Corn (Zea mays) is one of the most important 

and most researched crops in the world, with a 

productive potential that has been increasing 

year by year. During 1980, average yields of 1.8 

t ha-1 were obtained, at present there are 

productions of 4.0 t ha-1 (SIAP, 2018); that have 

been achieved thanks to the establishment of 

sustainable practices, linked to technological 

tools, to improve plant nutrition and keep control 

of pest and disease problems (SAGARPA, 

2015). 

 

Agricultural pests reduce crop 

production, reduce crop value and increase 

production costs (Agrios, 2008). Based on 

various studies, the Food and Agriculture 

Organization of the United Nations (FAO) 

reports that, in corn losses are estimated at 

34.8% (12.4% by insects, 9.4% by diseases and 

13% by weeds (FAO , 2001).  

 

Pathogens and seed pests in corn can be 

transmitted by itself or associated with it, as is 

the case with fungi, bacteria, viruses, insects, 

nematodes and weed seeds, which can be 

transported on the surface of the seed , inside and 

with the seed (Mezzalama, 2013).  

 

In addition, the so-called soil pests and 

early pests occur in the cultivation of corn during 

the first 45 days, being the most common blind 

chicken (Phyllopaga criinita), diabrotic (D. 

virgifera, D. longicornis and D. 

undecimpunctata), trips (Frankliniella 

williamsi), aphids (Rhophalosiphum maidis and 

Melanaphis sacchari), cutting worms and 

cogollero (Colaspis sp, Agriotes sp and 

Spodoptera frugiperda) and some species of 

fungi of the genus Fusarium sp, which can 

prevent the emergence and establishment of the 

crop (CESAVEG , 2016; Espinoza et al., 2015; 

Figueroa-Rivera et al., 2010; Marin et al., 2008) 

For this, the use of insecticides and fungicides is 

recommended as a treatment for seeds, which 

can be used alone or in combination with 

inoculants, growth regulators, fertilizers and 

fertilizer improvers to solve or prevent a good 

number of problems of pests, diseases and 

deficiencies. nutritional; as well as to improve 

plant growth (Hopkins, 2016). 

 

 

 

 

The treated seeds allow a healthy 

development from germination, in a uniform and 

uninterrupted way, thus facilitating an even and 

vigorous start of the corn (Pérez, 2018). 

However, sometimes these protections are not 

efficient due to pests that occur in a specific 

geographical area or because some of those 

products have not been tested (CESAVEG, 

2015). 

 

The problems of pests and diseases in 

corn that occur during the early stages (sowing, 

emergency and development) and that cause 

severe damage, because they do not have an 

adequate plant protection period, prevent 

Salvatierra Guanajuato farmers from 

establishing their crops with a healthy, uniform 

and vigorous start. Thus, as the objective of this 

research was, to evaluate six commercial 

products (some of them of new generation) that 

present the greatest period of protection of the 

seed against pests and soil diseases.  

 

Methodology to be developed 

 

Study area.  This research was carried out in the 

municipality of Salvatierra, Gto., Located 

between the coordinates -101.02'47''22 and 

20.26'11''11, with an altitude of 1720 masl, 

whose maximum temperature is 33.4 ° C, the 

average Annual is 18.1 ° C and the minimum 2 ° 

C. Rainfall is 730 millimeters per year, 

predominantly the dark Vertisol Pelvic soil, 

generally with clayey texture and average depth 

of 60 cm. 

 

Establishment of the crop. The 

preparation of the land was carried out with a 

fallow at 35 cm depth, two dredge steps, lifting 

of boards at 20 cm, the planting was carried out 

on June 10, establishing the BD54 hybrid 

(BIDASEM). The experimental area per 

treatment was 150 m long and 24 m wide, with a 

planting density of 90 thousand plants per 

hectare.  

 

Experimental design. A randomized 

block design with seven repetitions was 

established, selecting 20 plants per repetition 

(Herrera et al., 2009). Data analysis was 

performed with the Statistic Analytic System 

statistical software (SAS, 1990).  

 

The seed used was submerged in the 

following treatments: 
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T1 Witness (untreated seed) 

T2 Nipsit inside (i.a. Clothianidine) 10.56 ml / 10.5 

ml of water 

T3 Poncho 600 FS (i.a. Clothianidine) 7.04 ml / 10.5 

ml of water 

T4 Allectus 150 TS (i.a. Biphentrine / Imidacloprid) 

70.4 ml (direct immersion) 

T5 Crusier 350 FS (i.a. Thiamethoxam) 7.04 ml / 

10.5 ml of water 

T6 Regent ultra (i.a. Fipronil) 7.04 ml / 10.5 ml of 

water 

T7 Allectus 722 TS (i.a. Biphentrine / Imidacloprid) 

16.90 g (direct on the seed).  

 

Variables to evaluate. Germination 

time, Emergency Speed Index (IVE) (Maguire, 

1962) and germination percentage (PG) were 

evaluated. The means of the treatments were 

compared through the Tukey α = 0.05 

comparison test. The results were expressed as a 

percentage and their data were transformed with 

the formula arc \ sine = \ sqrt {% / 100}. The 

variables of plant height, stem diameter and root 

length, (measured in cm from the root neck to 

the apex of the last leaf). For the vigor and level 

of damage a scale already established by Bayer 

was used (with values from 1 to 5, 1 being for 

plants with minimal damage and 5 for plants 

with greater damage; contrary to vigor, number 

1 was assigned for greater vigor and 5 for plants 

with less vigor).  

 

The number of healthy plants, percent of 

finished plants and percent of plants with 

symptoms of fusariosis, ear weight, number of 

grains per ear, ear weight and yield estimate per 

hectare were also evaluated. As well as the 

presence of blind, diabrotic hen, cutting worms, 

thrips and cogollero worm, through visual 

sampling.   

 

Agronomic crop management. An 

irrigation of aniego was supplied before sowing 

and three of aid with a sheet of 20 cm during the 

development of the crop. Weeding with weeds 

and weed management.  

 

Nutrition of the crop. 150 kg / ha of 

ammonia and 200 kg / ha of Nutrigen triple 17 

were applied to the planting (N 17%, P 17%, K 

17%). During the development of the crop, 2 

doses of 200 kg / ha of urea were combined with 

200 kg / ha of ammonium sulfate, this was in 

stages V6 and V9.  

 

 

 

 

Results 

 

Germination days. Although 50% of the seeds 

inoculated with Nipsit inside, Poncho and 

Regent ultra, had the least number of 

germination days, the results indicate that there 

were no differences between treatments. The 

germination of the control was the latest. This 

experiment was repeated during 2017 and 2018, 

presenting similar results. 

 

Germination percentage. The 

germination percentage for all treatments was 

98%, 2% were non-viable or vain seeds. 

 

Emergency speed index. The behavior 

for this variable was similar between treatments. 

The emergency on the seventh day of the plants 

inoculated with Nipsit inside, Poncho and 

Regent ultra was 63%, 61% and 58.9% 

respectively. The emergency percentages during 

the eighth and ninth day were 25% and 10% for 

Nipsit inside, 20% and 18% for Poncho and 26% 

and 13.9% for Regent ultra. The emergency 

percentage during the eighth, ninth and tenth day 

for Allectus 150 TS was 54%, 26% and 18%. For 

Crusier 57%, 28% and 15% and for Allectus 722 

TS 59%, 30% and 8%. The witness presented a 

58% emergency on the ninth day and completed 

his emergency on the tenth. The remaining 

percentage did not emerge.  

 

 
Graphic 1 Days to seed emergency 

 

Weekly growth. No weekly growth 

differences were found between plants treated 

with insecticides / fungicides at an α = 0.05 for 

five consecutive weeks, except the control. 
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Graphic 2 Weekly plant growth behavior 

 

Final height of the plant. Even though 

the plants treated with Nipsit inside reached a 

final height of 2.51 m, there are no statistical 

differences (P> 0.5) with the other treatments 

except the witness who reached a final height of 

2.23 m. 

 
 

Graphic 3. Final height of the plant 

 

Root Length The data in the following 

graph show a similar behavior of longitudinal 

root growth between treatments during the first 

week, however, from the second week a slight 

superiority is observed with respect to the 

control. The outstanding treatment was Nipsit 

inside, while the plants treated with the Poncho, 

Allectus 150 TS, Crsier 350 FS, Regent Ultra 

and Allectus 722 behaved similarly during the 

second to the fifth week. 

 

  
 
Graphic 4 Weekly root growth stockings 

Stem diameter According to the results 

obtained in the Tukey test at a P <0.5, the plants 

treated with Nipsit inside, showed superiority in 

the thickness of the stem during the five weeks 

evaluated, followed by plants treated with 

Poncho and Allectus 722, while, the remaining 

treatments and the control had the smallest 

diameter (Graphic 5). 

 

 
 
Graphic 5 Comparison of stem diameter averages at five 

weeks 

 

Vigor of the plant. The results indicate 

that even when the control plants had the lowest 

vigor, there were no differences between 

treatments. Therefore, any commercial product 

evaluated that you wish to use will not have an 

influence for this variable under the conditions 

established in the experiment. 

 

 
 
Graphic 6 Comparison of stem diameter averages at five 

weeks 

 

Just plants. One of the problems that 

occur in the maize of the Guanajuato basin, is the 

end of the plants produced by the action of stem-

cutting insects, combined with the rains and the 

wind; interfering with the harvest at the time of 

harvest. The following graph shows the 

percentage of finished plants, where the control 

reached 30% of the total population, contrary to 

the plants treated with Nipsit Inside and Poncho, 

which obtained 8 and 9% respectively from the 

end of plants.  
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Graphic 7 Percentage of finished plants 

 

Plant damage level. Figure eight shows 

the results obtained on the level of damage to the 

plant, caused by the presence of pests and 

diseases; observing that the five treatments 

exercised similar protection in the seed, except 

for Allectus 722 TS and the witness, who 

showed higher damage scales of 2.06 and 2.8 at 

the fifth week respectively.  

 

 
 
Graphic 8 Average damage level of pests and diseases 

presented in the crop 

 

Fusarium oxysporum (Schlecht) 

infestation. The control presented 21% of plants 

with symptoms of fusariosis, data that were 

corroborated through root samples collected at 

60 days and incubated in moist chambers; from 

the mycelial growth the fungus was isolated and 

identified. The plants treated with Nipsit Inside 

and Poncho had the lowest percentage of 

chlorotic plants or with symptoms of the disease.  

 

 
 
Graphic 9 Percent of plants positive to F. oxysporum 

 

It is important to mention that 

agricultural soils in southeastern Guanajuato 

where corn is continuously established, are 

being severely infected by the horizontal and 

vertical distribution of Fusarium, this is perhaps 

the result of the use of contaminated machinery, 

which is a way to spread spores or perhaps It is 

due to the slope presented by agricultural plots, 

which are irrigated by gravity. 

 

Population of cogollero worm 

(Spodoptera fugiperda Smith). From the 

second week there was a presence of cogollero 

worm. The plants treated with Nipsit inside and 

Poncho showed the lowest populations of this 

pest, while the rest of the plants showed 

similarity between the number of individuals 

present. The largest population of insects was 

recorded in the control according to the 

comparison of means (Tukey P <0.05). 

 

 
 
Graphic 10 Presence of cogollero worm for five 

consecutive weeks 

 

Population of cutting worms (Agrotis 

sp Hufnagel). There were no statistical 

differences with respect to the population of 

cutting worms, except for the witness, in whom 

the greatest number of individuals present since 

the first week was registered (Tukey p <0.05). 

 

  
 
Graphic 11 Average population of Agrotis sp recorded for 

five consecutive weeks 
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Diabrotic population (Diabrotica sp 

Germar). The effect of the insecticides / 

fungicides on the diabrotic, showed that the 

treatments behaved in a similar way, except for 

the witness who presented the largest number of 

beetles in their experimental units. 

 

 
 
Graphic 12 Average population of registered diabrotics 

for five weeks 

 

Population of blind hens. The lowest 

population of blind hens occurred in plants 

treated with Nipsit inside and Crusier 350 FS, 

while the largest number was for untreated 

plants. Allectus 150 TS did not show a behavior 

similar to the rest of the pesticides. The average 

blind hens for five weeks were 48, 1, 7, 14, 1, 5 

and 7 for the witness, Nipsit inside, Poncho, 

Allectus 150 Ts, Crusier 350 FS, Regent Ultra 

and Allectus 722 TS consecutively.  

 

 
 
Graphic 13 Incidence of blind hens in treatments for five 

consecutive weeks 

 

Population of thrips (Frankliniella 

williansi Hood). Nipsit Inside exercised 

effective control over the thrips population, 

registering 155, 262, 225, 90 and 35 individuals 

during the first, second, third, fourth and fifth 

week respectively (Tukey P <0.5). In turn, the 

control flowers housed the largest population of 

thrips with values of 278, 581, 363, 250 and 187 

insects respectively. 

 
 
Graphic 14 Population means of thrips (Frankliniella 

occidentalis) 

 

Performance variables 

 

Plant population The data indicate that 

the Nipsit inside treatment allowed the 

establishment of the largest number of plants per 

hectare that was 88,750, followed by Poncho 

with 88,500 and finally the control with a 

population of 86,500 (Graphic 15).  

 
 
Graphic 15 Final plant establishment (treatment means) 

 

Grains per row, grains per cob and 

weight of the cob. Table 1 shows the values of 

grains per row, grain weight, ear weight and 

yield per hectare. In the variable grains per row 

there were no differences between treatments, 

however, for grains per ear and cob weight, 

Nipsit inside stood out (Tukey α = 0.05). 

 

Treatment 
Grain/ 

Row 

Grain/ 

cob g 

Weight/ 

cob g 

Witness 30.69         a 430.9        c 193.5           c 

Nipsit inside 35.69         a 554.1     a 228.8       a 

Poncho 35.89         a 555.8     a 228.2       a 

Allectus 150 TS 35.51         a 534.2       b 222.9       ab 

350 FS Crusier 33.89         a 521.7       b 216.6       ab 

Regent ultra 34.29         a 519.1       b 216.2       ab 

Allectus 722 TS 32.91         a 505.4       b 208.6         b 

Gra / ha = Grains per row, Gra / m = grains per ear, Weight / 

m = weight per ear. Equal letters do not show statistical 

differences between treatments. 

 
Table 1 Cob variables that influence the final performance 
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Yield per hectare. According to the data 

collected at the end of the harvest, it was 

estimated that the witness could obtain 16.7 T / 

ha of yield, while Nipsite inside would reach 

18.7, Poncho 18.4, Allectus 159 TS 16.7, 

Cruisier 350 FS 16.8, Regente ultra 15.8 and 

Allectus 722 TS 14.7 T / he.  

 

 
 
Graphic 16 Crop Yield Estimation 
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Conclusions 

 

The seeds inoculated with Nipsit inside, Poncho 

and Regent ultra germinated at seven days, with 

an index of 98%, while the plants treated with 

Crusier 350, Allectus 159 TS and Allectus 722 

TS were 8-10 days and the control of 9-10 days 

Similarly, seeds treated with Nipsit inside were 

superior in root length, and final plant height. 

The level of damage was lower in seed plants 

treated with Nipsit inside, while the control 

obtained the highest levels of damage. As for 

vigor there were no differences between 

treatments except the witness.  

 

In the performance estimate, the 

treatments with lower yields were for Allectus 

722 TS and the control.   According to the data 

generated in this investigation; it is concluded 

that the treatment of seeds is an alternative that 

grants protection to the corn seed, in addition, of 

being an economic method, of easy 

manipulation and with a minimum impact on the 

environment. The results concluded that Nipsit 

inside and Poncho, showed an efficient control 

for soil pests and fusariosis, so it is advisable to 

use any of these products.  
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Abstract 
 

The microbiology of the rhizosphere has been investigated since 

1904, revealing innumerable rhizomic microorganisms that 

promote growth in swamps (RPCPs), which have attracted a 

special interest to improve agroecological practices, crop 

productivity and protect soils from environmental contamination 

under a agricultural sustainability approach. This review 

addresses a topic as extensive as it is fascinating, beginning with 

the characteristics of soil microbiology. It also describes how 

RPCPs associated with plant roots offer greater crop growth 

through direct and indirect strategies. Also mention the 

complexity of plant growth and how it is done simultaneously 

through numerous metabolic activities. The bacterial genera of 

RPCP, the metabolic characteristics and the potential of 

entomopathogenic bacteria Bacillus thuringiensis (Bt) to be 

considered as RPCP are mentioned. Finally, the little known 

properties of Bt are exposed to benefit the growth of plants, their 

effectiveness in biocontrol of phytopathogens, as biofertilizers 

and / or biostimulants in crops. New perspectives are proposed 

to develop Bt products as a growth  promoter in  the near 

future. It is important to recognize that applied research of 

rhizosphere crops can be one of the key factors in achieving the 

sustainable yield of agriculture. 

 

 

 

 

Rhizosphere, PGPRs, Bacillus thuringiensis 

Resumen 
 

La microbiología de la rizósfera se ha investigado desde 1904, 

revelando  innumerables  microorganismos rizómicos 

promotores del crecimiento en pantas (RPCPs), que han atraído 

un interés especial para mejorar las prácticas agroecológicas, la 

productividad de los cultivos y proteger los suelos de 

contaminaciones ambientales bajo un enfoque de sustentabilidad 

agrícola. Esta revisión trata un tema tan extenso como 

fascinante, iniciando con las características de la microbiología 

del suelo. Así mismo, describe  cómo  las  RPCPs  asociadas  con  

raíces  de las plantas ofrecen un mayor crecimiento de cultivos 

mediante estrategias directas e indirectas. También mencione la 

complejidad del crecimiento vegetal y cómo se realiza 

simultáneamente mediante numerosas actividades metabólicas. 

Se mencionan géneros bacterianos de RPCP, las características 

metabólicas y el potencial de la bacteria entomopatógena 

Bacillus thuringiensis (Bt) para considerarla como RPCP. 

Finalmente, se exponen las propiedades poco conocidas de Bt para 

beneficiar el crecimiento de plantas, su efectividad en biocontrol 

de fitopatógenos, como biofertilizantes y/o bioestimulantes en 

cultivos. Se plantean nuevas perspectivas para desarrollar en un 

futuro cercano, productos de Bt como promotor de crecimiento. 

Es importante reconocer que la investigación aplicada de los 

cultivos de rizósfera puede ser uno de los factores clave para 

lograr el rendimiento sostenible de la agricultura. 

 

Rizósfera, RPCPs, Bacillus thuringiensis 
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Introduction 

 

The soil is an inexhaustible source of 

microorganisms that include bacteria, fungi, 

actinomycetes, protozoa and algae. Of these 

microorganisms, bacteria are the most abundant 

(~ 95%), with about 108 to 109 cells per gram of 

soil being reported, however, the number of 

bacterial cells cultivable in the soil is minimal, 

only 1% (Schoenborn et al., 2004). Bacteria 

produce and secrete numerous highly versatile 

and dynamic metabolic compounds to defend 

against microbial competitors (competition 

strategy) in the environment.  

 

The most documented metabolites 

include a wide range of broad-spectrum 

antibiotics, lytic enzymes, metabolic by-

products, proteinaceous exotoxin siderophores 

and antimicrobial peptides such as bacteriocins. 

Soil-isolated bacteria (rhizobacteria) and / or 

their metabolites have the ability to promote 

growth in different plants, which has been used 

as an alternative strategy to reduce the 

application of chemicals such as fertilizers and / 

or synthetic pesticides considered as the causes 

of catastrophic damage to the environment, 

human health and society (Subramanian and 

Smith, 2015; Kashyap et al., 2017). 

 

Plant growth promoting rhizobacteria 

(RPCP) 

 

Currently the rhizosphere concept refers to a soil 

that surrounds a root whose physical, chemical 

and / or biological properties are modified by the 

development, growth and activity of the root 

(Saharan and Nehra, 2011), although the term 

was coined for the first time in 1904 by Hiltner, 

the pioneer of research in microbial ecology of 

the rhizosphere and soil bacteriology. This 

activity is characterized by a high amount of 

exudates from the root mainly carbon secreted 

by the plant, thus promoting the growth of an 

amount of rhizobacteria even greater than in the 

soil surrounding the rhizosphere (Lugtenberg 

and Kamilova 2009; Kang et al., 2010).  

 

Rhizobacteria have attracted scientific 

research for the ability to produce various plant 

growth promoting metabolites, and they are 

properly recognized as plant or plant growth 

promoting rhizobacteria (RPCV or RPCP) that 

act through various mechanisms applied as 

biofertilizer (direct) or in the biocontrol of 

phytopathogens (indirect) (Vacheron et al., 

2013; Arellano, 2019).  

Both mechanisms act simultaneously in 

the process of plant growth as seen in Figure 1 

 

 
 

Figure 1 Mechanisms that perform rhizobacteria to 

promote plant growth directly as biofertilizers or 

indirectly for the biocontrol of phytopathogens 

 

The activity of the RPCV has been 

described by both mechanisms, in the case of 

biofertilization the provision of nutrients (N, P, 

K), mineral salts is mentioned, as well as the 

regulation of the biosynthesis of plant hormones 

(auxins, gibberellins, cytokinins, ethylene). 

With respect to biocontrol, the action consists in 

the systematic inhibition or induction of 

resistance to various microorganisms caused by 

pathogen antagonist substances, developing 

effective biocontrol agents, root colonizers and 

environmental protectors (Figueiredo et al., 

2016). Both mechanisms of action are evidenced 

through the interaction of the root of the plant 

with the RPCV. In the box of figure 1 they are 

observed in the CPR (Bacillus thuringiensis) in 

tomato root. 

 

Plant growth is a very complex process 

and is carried out through numerous metabolic 

activities that are carried out simultaneously and 

that involve both bacteria and fungi for proper 

fertilization and nutrition of the plant (Figure 2). 

Likewise, during this process phosphates are 

solubilized and ribosomal peptides 

(bacteriocins) and non-ribosomal metal chelates 

(siderophores) are produced. In addition, an 

antagonistic activity is exerted by different 

genera of bacteria (Bacillus, Paenibacillus, 

among others), as well as detoxification caused 

by heavy metals, and the specific activity of 

growth phytohormones, ethylene synthesis 

inhibitors (C2H4), the chelating action of 

siderophores, and a marked systematic defense 

response such as antibiosis, antibiotics, 

hydrolytic enzymes as shown in Figure 2 (Glick, 

2012; García-Fraile, et al., 2012).  
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Figure 2 Metabolic activities carried out simultaneously 

by bacteria and fungi for the fertilization and nutrition of 

a plant 

 

Despite the advantages of using the CPR 

inoculums mentioned above, there are a number 

of requirements that must be met to achieve a 

registration for marketing. Priority requirements 

include demonstrating the optimal production of 

the crop by means of some commercially 

fermentative bioprocess without modifying 

stability and without compromising the activity 

of the microorganism. Likewise, the biosecurity 

of the product, the ease of application in the 

crops and confirm the shelf life must be 

guaranteed. All of the above should be 

considered in the cost that will depend on the 

type of product, whether it is a biofertilizer (or 

supplement) or a biological control agent, and in 

both cases the information must be submitted to 

the corresponding federal agency to request 

registration and patent in each country (Nelson, 

2004). 

 

Some of the international companies that 

market products with RPCV reported are: 

Novozymes, Loveland Products, Inc. BASF 

Canada Inc., EVL Inc., Labiofam SA, Institute 

of Biological Phosphate (IFB) Ltda, Brett-

Young Seeds, Tokachi Federation of 

Agricultural Cooperatives (TFAC), Biomax, 

Symborg, Amnite A 100®, Armor-Zen®, 

RhizoVital®, 42 Sonata®, Trichobacter®, 

TwinN®, and many more products (García-

Fraile et al., 2015; Bishnoi, 2015; Azizoglu, 

2019; Alcantara, 2019). It is worth mentioning 

that the success of each product with RPCV will 

depend on soil survival, soil ecology, host 

compatibility, microbial competitiveness and 

biotic and abiotic factors of the micro-

environment (Martínez-Viveros, et al. 2010). 

 

 

 

 

 

Plant growth promoting bacteria 

 

Root or rhizobacterial colonizing bacteria that 

exert beneficial effects on plant development 

through the aforementioned mechanisms and 

also as promoters of seed germination and plant 

growth (Nelson, 2004; Fernández et al., 2012) 

cover various bacterial genera. 

 

Recently in (Kashyap et al., 2017) the 

bacterial genera of Bacillus, Streptomyces, 

Pseudomonas, Burkholderia, Agrobacterium, 

among others, were reported considering 

Azotobacter, Azospirillum, Enterobacter, 

Klebsiella, Serratia, Streptomyces, Variovorax 

(Rhizobia, Glick, reported 2012), as the most 

studied and most commercialized biological 

control agents such as RPCV inoculants that 

benefit plant growth. RPCVs act by at least one 

mechanism as bioprotectors reducing the 

development of phytopathogens, they also 

function as biofertilizers that capture and 

translocate nutrients, and also as biostimulants 

of phytohormones levels (Kashyap et al., 2017). 

 

The microbial community of growth 

promoting bacteria / rhizobacteria (BPCV / 

RPCV) includes a unique member, the most 

recognized entomopathogenic microorganism 

worldwide: Bacillus thuringiensis (De la Fuente-

Salcido et al., 2013; 2016). This physiologically 

bacillus has a broad biochemical capacity to 

synthesize heterogeneous metabolites that allow 

it a multifaceted activity, which even 

distinguishes it as a promoter of crop growth due 

to the effects demonstrated as a biocontrol agent, 

biofertilizer and biostimulant (Azizoglu, 2019; 

Qi et al., 2016; Lyngwi et al., 2016; Bai et al., 

2003). 

 

Multifaceted bacteria: Bacillus thuringiensis 

as a promoter of plant growth 

 

The bacterium B. thuringiensis (Bt) belongs to 

the genus Bacillus, is gram-positive, aerobic, 

mobile (perimeter), sporulated, synthesizes a 

parasporal crystal made up of insecticidal 

proteins (Cry). These proteins have been used 

for decades to formulate powerful 

bioinsecticides against pests of diptera, 

lepidoptera, beetles, mites, among others. In 

addition to the toxic crystal proteins (Cry), Bt 

also synthesizes inclusion proteins called 

cytotoxic (Cyt) (Lacey et al. 2015).  
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The multifaceted physiological capacity 

of Bt is recognized not only by Cry and Cyt 

proteins, but also synthesizes various proteins 

with very prominent bioactivities. These 

proteins include potent chitinases (Chi) that 

enhance the insecticidal effect of Cry, vegetative 

insecticidal proteins (Vip), also bacteriocins 

(Bac) that are antimicrobial peptides to inhibit / 

control pathogens in food and also, cytotoxic 

proteins known as parasporins (Ps ) with specific 

activity against some types of cancer in humans 

(Palma et al. 2014; Hollensteiner, et al., 2016; 

López-De la Cruz et al., 2018). 

 

Several species of the genus Bacillus to 

which Bt belongs have been reported as 

beneficial microbes to increase the productivity 

of crops affected by environmental and / or 

genetic factors, and some subspecies of Bt are 

considered as BPCV as some of the metabolites 

they synthesize (chitinases, bacteriocins , ACC, 

etc.) promote plant growth by acting as natural 

biostimulants and biofertilizers (Gray et al. 

2006; Lee et al. 2009; Subramanian and Smith, 

2015; Azizoglu, 2019). 

 

There are some reports of Bt as an 

adjunct in plant growth and seed germination 

and include the application of bacillus as a co-

inoculant of nitrifying bacteria such as 

Bradyrhizobium japonicum that stimulates 

growth and nodulation in soybean plants 

(Glycine max) (Bai et al., 203; Bais et al., 2006).  

 

Bacterialization of tomato seeds with Bt 

cells is another novel application with 

biostimulant effects for tomato growth (Solanum 

lycopersicum), increasing the percentage of 

germination in the seeds and promoting root and 

seedling elongation in seedlings (Qi et al. 2016). 

Also, the direct dosing of Bt cell suspensions on 

the tomato root system stimulates the growth of 

crops under normal conditions and in plants 

infected with phytopathogens, modifying the 

synthesis of antioxidants and the induction of 

genes related to systemic defense (Akram et al..., 

2013; Hyakumachi et al., 2013). 

 

With respect to bacteriocins 

(antimicrobial peptides produced by bacteria as 

a competition strategy for space and / or 

nutrients), they have application as 

bioconservatives in food.  

 

 

 

 

In addition, they have been tested in 

veterinary medicine as antimicrobials and in 

agriculture as biostimulants and biocontrol 

agents (Subramanian and Smith, 2015; López-

De la Cruz et al. 2019; De la Fuente-Salcido et 

al. 2013). 

 

In agriculture, the bacteriocin thuricina 

17 (Th17) is synthesized by the endophytic 

bacterium not Bradyrhizobium 17 (B. 

thuringiensis NEB 17) and is the most widely 

studied to determine its effect on plant growth 

(Subramanian and Smith, 2015). Th17 supplied 

in low concentrations (nM) by sprinkling the 

leaves and by irrigation roots of soybean and 

corn plants, increased growth in both types of 

plants. Soy and corn differ in soybeans have no 

photosynthetic adaptations (C3) and corn 

performs light dependent reactions and Calvin 

Cycle (C4) (Lee et al., 2009). 

 

In other investigations, it has been shown 

that both Th17 bacteriocin and the B. 

thuringiensis NEB17 producing strain are not 

toxic to some nitrifying bacteria such as 

Brabyrhizobium japonicum 532C (Gray et al. 

2006), so they could be used in set, that is, as co-

inoculants to increase root nodulation and 

growth in soy (Bai et al., 2003).  

 

Th17 belongs to the class II bacteriocins 

of the genus Bacillus, they are highly effective 

as elicitors or activators of enzymes involved in 

the defense of plants against pests (Damián, 

2017). Activation consists in inducing the 

production of phytoalexins or stimulating any 

defense mechanism of the plant to protect itself, 

increasing the activity of the enzymes 

phenylalanine amonioliase (PAL), peroxidase 

(POD), ascorbate peroxidase (APX), superoxide 

dismutase (SOD) and Protoporphyrinogen 

oxidase (PPO) in soy (Jung et al. 2011). 

 

There are three case reports that relate 

various subspecies of Bt with plant growth 

promoting properties acting as biofertilizer and 

biostimulant (Azizoglu, 2019). The enzyme 

deaminase of 1-aminocyclopropane-1-

carboxylic acid (ACC) or ACC-deaminase, is a 

mechanism that some RPCVs use to promote the 

growth of plants in environmental stress, with 

the advantages of reducing ethylene 

concentrations in the plant and increase the 

availability of ammonia in the rhizosphere 

(Esquivel-Cote et al. 2013), therefore, the 

activity of ACC-deaminase improves plant 

nutrition and resistance to stressors.  
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In (Praca et al., 2012) confirms the 

effective colonization of four Bt strains native to 

Brazil verifying the presence of vegetative cells, 

spores and crystals in buds, leaves and 

predominantly in cabbage roots.  

 

The above demonstrated for the first time 

the ability of Bt to colonize cabbage seedlings 

and control the P. xylostella pest and other 

endophytic insect pests. B. thuringiensis 

SNKr10 has also been reported with significant 

ACC deaminase activity that contributes to the 

growth of the spinach plant (Vigna radiata) 

proven in in vitro germination studies of seeds 

under conditions of heavy metal contamination 

stress (Sharma and Saharan, 2016). 

 

Mixtures of mycorrhizal fungal strains 

and Bt strains confirmed their efficiency to 

improve the growth of toothed lavender 

(Lavandula dentata) in drought conditions. In 

addition, it was found in the same in vitro 

experiment under osmotic stress that the Bt 

strains synthesize ACC-deaminase and indole 

acetic acid (AIA) without affecting phosphate 

solubilization (Armada et al., 2016).  

 

It was also confirmed that each fungal 

strain maintained a particular interaction with Bt 

reflecting the diversity, intrinsic abilities and 

inherent compatibility of these microorganisms.  

 

Conclusions 

 

It is evident that the mechanisms of action of 

RPCV and other little studied bacteria such as B. 

thuringiensis, represent benefits in agriculture. 

The use of these bacteria represents a novel and 

very promising strategy to increase plant growth 

and can be one of the key factors to achieve 

greater agricultural profitability with a purely 

sustainable approach.  
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manejo de patógenos de la raíz de caña de 
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Arb DLG 98:59-78. 

Hollensteiner, J., Wemheuer, F., Harting, R., 

Kolarzyk, A.M., Diaz, S.M., Poehlein, A., 

Brzuszkiewicz, E.B., Nesemann, K., Braus-

Stromeyer, S.A., Braus, G.H., Daniel, R., 

Liesegang, H. (2017). Bacillus thuringiensis and 

Bacillus weihenstephanensis Inhibit the Growth 

of Phytopathogenic Verticillium Species. 

Frontiers in Microbiology. 7: 2171.   

 

Hyakumachi, M., Nishimura, M., Arakawa, T., 

Asano, S., Yoshida, S., Tsushima, S., Takahashi, 

H. (2013). Bacillus thuringiensis Suppresses 

Bacterial wilt Disease Caused by Ralstonia 

solanacearum with Systemic Induction of 

Defense-Related Gene Expression in Tomato. 

Microbes Environmental. 28(1): 128-134. 

 

Jung, W., Mabood, F., Souleimanov, A., Smith, 

D.L. (2011). Induction of defense-related 

enzymes in soybean leaves by class IId 

bacteriocins (thuricin 17 and bacthuricin F4) 

purified from Bacillus strains. Microbiological 

Research 167:14-19. 

 

Kang S. M., Hamayun, M., Joom, G.J., Khan, 

A.L., Kim, Y.H., Kim, S.K., Jeong, H.J., Lee, I.J. 

(2010). Effect of Burkholderia sp. KCTC 

11096BP on some physiochemical attributes of 

cucumber. European Journal of Soil Biology 

46:264-268. 

 

Kashyap, A.S., Pandey, V.K., Manzar, N., 

Kannojia, P., Singh, U.B., Sharma, P.K. (2017). 

Role of Plant Growth-Promoting Rhizobacteria 

for Improving Crop Productivity in Sustainable 

Agriculture. En: Singh D., Singh H., Prabha R. 

(eds) Plant-Microbe Interactions in Agro-

Ecological Perspectives. Springer, Singapore 

28: 673-693. 

 

Lacey, L. A., Grzywacz, D., Shapiro-Ilan, D., 

Frutos, R., Brownbridge, M., Goettel, M.S. 

(2015). Insect pathogens as biological control 

agents: Back to the future. Journal of 

Invertebrate Pathology. 132:1-41. 

 

Lee, K.D., Gray, E.J., Mabood, F., Jung, W., 

Charles, T., Clark S.R.D., Ly A., Souleimanov, 

A., Zhou, X. (2009). The class IId bacteriocin 

thuricin-17 increases plant growth. Planta. 229: 

747-755.  

 

 

 

 

 

 



46 

Article                                                                 Journal of Natural and Agricultural Sciences  
                                                                                                            December 2019 Vol.6 No.19 40-46 

 

 
ISSN: 2410-356X 

ECORFAN® All rights reserved 

 

PÉREZ-GARCÍA, L. A., CASTAÑEDA-RAMÍREZ, José Cristóbal, 
LAFUENTE-RINCÓN, David Francisco and DE LA FUENTE-

SALCIDO, Norma Margarita. Successful and unexpected potential of 

entomopathogen Bacillus thuringiensis as plant growth promoting 

rhizobacterium. Journal of Natural and Agricultural Sciences. 2019  

López de la Cruz, D., Valencia-Castro, C.M., 

Hernández-Terán, F., Barboza-Corona, J.E, de la 

Fuente-Salcido, N.M. (2018). Antibacterial 

Activity of Native Bacillus thuringiensis Strains 

from Fernandez Canyon State Park, Mexico. 

Journal of Antimicrobial Agents. 4(1): 166-171.  

 

Lugtenberg, B., Kamilova, F. (2009). Plant-

Growth-Promoting Rhizobacteria. Annual 

Review of Microbiology. 63:541-556. 

 

Lyngwi, N.A., Nongkhlaw, M., Kalita, D., Joshi, 

S.R. (2016) Bioprospecting of plant growth 

promoting Bacilli and related genera prevalent 

in soils of pristine sacred groves: biochemical 

and molecular approach. PLoS ONE. 

11(4):e0152951. 

 

Martínez-Viveros, O., Jorquera, M.A., Crowley, 

D.E., Gajardo, G., Mora, M.L. (2010). 

Mechanisms and practical considerations 

involved in plant growth promotion by 

rhizobacteria. Jourmal of Soil Science and Plant 

Nutrition. 10 (3): 293 – 319 (2010) 

 

Palma, L., Muñoz, D., Berry, C., Murillo, J., 

Caballero, P. (2014). Bacillus thuringiensis 

toxins: an overview of their biocidal activity. 

Toxins 6, 3296–3325. 

 

Praca, L.B., Meneses A.C.M.G., Cabral, G., 

Soares, E., Edison Sujii, H., Gomes Monnerat, 

R. (2012). Endophytic Colonization by Brazilian 

Strains of Bacillus thuringiensis on Cabbage 

Seedlings Grown in Vitro, Bt Research. 3(3): 11-

19. 

 

Qi, J., Aiuchi, D., Tani, M., Asano, S., Koike, M. 

(2016). Potential of entomopathogenic Bacillus 

thuringiensis as plant growth promoting 

rhizobacteria and biological control agents for 

tomato Fusarium Wilt. International Journal of 

Environmental Agriculture Research. 2(6): 55-

63.  

 

Saharan, B.S., Nehra, V. (2011). Plant Growth 

Promoting Rhizobacteria: A critical review. Life 

Science and Medical Research. 1(21):1-30. 

 

Schoenborn, L., Yates, P.S., Grinton, B.E., 

Hugenholtz, P., Janssen, P.H. (2004). Liquid 

Serial Dilution Is Inferior to Solid Media for 

Isolation of Cultures Representative of the 

Phylum-Level Diversity of Soil Bacteria. 

Applied and Environmental Microbiology. 70 

(7): 4363-4366. 

 

Sharma, N., Saharan, B.S. (2016). Bacterization 

Effect of Culture Containing 1-

aminocyclopropane-1-carboxylic Acid 

Deaminase Activity Implicated for Plant 

Development. British Microbiology Research 

Journal. 16(1): 1-10. 

 

Subramanian S., Smith D.L. (2015). 

Bacteriocins from the rhizosphere microbiome-

from an agriculture perspective. Frontiers in 

Plant Science. 6:909.  

 

Vacheron, J., Desbrosses, G., Bouffaud, M.L., 

Touraine, B., Moënne-Loccoz, Y., Muller, D., 

Legendre, L., Wisniewski-Dyé, F., Prigent-

Combaret, C. (2013). Plant growth-promoting 

rhizobacteria and root system functioning. 

Frontiers in Plant Science.17; 4:356.  

 

 

 

 



 

Instructions for Scientific, Technological and Innovation Publication 
 

 

[Title in Times New Roman and Bold No. 14 in English and Spanish] 
 

 

Surname (IN UPPERCASE), Name 1st Author†*, Surname (IN UPPERCASE), Name 1st Coauthor, 

Surname (IN UPPERCASE), Name 2nd Coauthor and Surname (IN UPPERCASE), Name 3rd Coauthor 

 
Institutional Affiliation of Author including Dependency (No.10 Times New Roman and Italic) 

 

International Identification of Science - Technology and Innovation 

 

ID 1st Author: (ORC ID - Researcher ID Thomson, arXiv Author ID - PubMed Author ID - Open ID) and CVU 1st author: 

(Scholar-PNPC or SNI-CONACYT) (No.10 Times New Roman) 

 

ID 1st Coauthor: (ORC ID - Researcher ID Thomson, arXiv Author ID - PubMed Author ID - Open ID) and CVU 1st coauthor: 

(Scholar or SNI) (No.10 Times New Roman) 

 

ID 2nd Coauthor: (ORC ID - Researcher ID Thomson, arXiv Author ID - PubMed Author ID - Open ID) and CVU 2nd coauthor: 

(Scholar or SNI) (No.10 Times New Roman) 

 

ID 3rd Coauthor: (ORC ID - Researcher ID Thomson, arXiv Author ID - PubMed Author ID - Open ID) and CVU 3rd coauthor: 

(Scholar or SNI) (No.10 Times New Roman) 

 

(Report Submission Date: Month, Day, and Year); Accepted (Insert date of Acceptance: Use Only ECORFAN) 

___________________________________________________________________________________________________ 

 
Abstract (In English, 150-200 words) 

 

Objectives 

Methodology 

Contribution 

 

Keywords (In English) 

 

Indicate 3 keywords in Times New Roman and Bold No. 

10 

Abstract (In Spanish, 150-200 words) 

 

Objectives 

Methodology 

Contribution 

 

Keywords (In Spanish) 

 

Indicate 3 keywords in Times New Roman and Bold No. 

10 

 

 

 
 

Citation: Surname (IN UPPERCASE), Name 1st Author, Surname (IN UPPERCASE), Name 1st Coauthor, Surname (IN 

UPPERCASE), Name 2nd Coauthor and Surname (IN UPPERCASE), Name 3rd Coauthor. Paper Title. Journal of Natural 

and Agricultural Sciences. Year 1-1: 1-11 [Times New Roman No.10] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Correspondence to Author (example@example.org) 

† Researcher contributing as first author. 

 

 

 

© ECORFAN-Bolivia                                                                                                      www.ecorfan.org/bolivia

http://www.ecorfan.org/servicios/ID-Researcher.pdf


 

Instructions for Scientific, Technological and Innovation Publication 

 

 
ISSN: 2410-356X 

ECORFAN® Todos los derechos reservados 
Surname (IN UPPERCASE), Name 1st Author†*, Surname (IN 

UPPERCASE), Name 1st Coauthor, Surname (IN UPPERCASE), Name 
2nd Coauthor and Surname (IN UPPERCASE), Name 3rd Coauthor. 

Paper Title Journal of Natural and Agricultural Sciences. Year [Times 

New Roman No. 8] 

 

Introduction 

 

Text in Times New Roman No.12, single space. 

 

General explanation of the subject and explain 

why it is important. 

 

What is your added value with respect to other 

techniques? 

 

Clearly focus each of its features 

 

Clearly explain the problem to be solved and the 

central hypothesis. 

 

Explanation of sections Article. 

 

Development of headings and subheadings of 

the article with subsequent numbers 

 

[Title No.12 in Times New Roman, single 

spaced and bold] 

 

Products in development No.12 Times New 

Roman, single spaced. 

 

Including graphs, figures and tables-Editable 

 

In the article content any graphic, table and 

figure should be editable formats that can change 

size, type and number of letter, for the purposes 

of edition, these must be high quality, not 

pixelated and should be noticeable even 

reducing image scale. 

 

[Indicating the title at the bottom with No.10 and 

Times New Roman Bold] 

 

 
 
Graphic 1 Title and Source (in italics) 

 

Should not be images-everything must be editable. 

 

 
 

Figure 1 Title and Source (in italics) 

 

Should not be images-everything must be editable. 

 

     

     

     

     
 

Table 1 Title and Source (in italics) 

 

Should not be images-everything must be editable. 

 

Each article shall present separately in 3 folders: 

a) Figures, b) Charts and c) Tables in .JPG 

format, indicating the number and sequential 

Bold Title. 

 

For the use of equations, noted as follows: 

 

Yij = α +  ∑ βhXhij
r
h=1 + uj + eij        

      

     (1) 

 

Must be editable and number aligned on the right 

side. 

 

Methodology 

 

Develop give the meaning of the variables in 

linear writing and important is the comparison of 

the used criteria. 

 

Results 

 

The results shall be by section of the article. 

 

Annexes 

 

Tables and adequate sources  

 

Thanks  

 

Indicate if they were financed by any institution, 

University or company. 

 

 

 



 

Instructions for Scientific, Technological and Innovation Publication 

 

 
ISSN: 2410-356X 

ECORFAN® Todos los derechos reservados 
Surname (IN UPPERCASE), Name 1st Author†*, Surname (IN 

UPPERCASE), Name 1st Coauthor, Surname (IN UPPERCASE), Name 
2nd Coauthor and Surname (IN UPPERCASE), Name 3rd Coauthor. 

Paper Title Journal of Natural and Agricultural Sciences. Year [Times 

New Roman No. 8] 

 

Conclusions 

 

Explain clearly the results and possibilities of 

improvement. 

 

References 

 

Use APA system. Should not be numbered, nor 

with bullets, however if necessary numbering 

will be because reference or mention is made 

somewhere in the Article. 

 

Use Roman Alphabet, all references you 

have used must be in the Roman Alphabet, even 

if you have quoted an Article, book in any of the 

official languages of the United Nations 

(English, French, German, Chinese, Russian, 

Portuguese, Italian, Spanish, Arabic), you must 

write the reference in Roman script and not in 

any of the official languages. 

 

Technical Specifications 

 

Each article must submit your dates into a Word 

document (.docx): 

 

Journal Name 

Article title 

Abstract 

Keywords 

Article sections, for example: 

 

1. Introduction 

2. Description of the method 

3. Analysis from the regression demand curve 

4. Results 

5. Thanks 

6. Conclusions 

7. References 

 

Author Name (s) 

Email Correspondence to Author 

References 

 

Intellectual Property Requirements for 

editing: 

 

-Authentic Signature in Color of Originality 

Format Author and Coauthors 

 

-Authentic Signature in Color of the Acceptance 

Format of Author and Coauthors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Authorization%20Form-Formato%20de%20Autorizacion_2.pdf
http://www.ecorfan.org/pdf/Authorization%20Form-Formato%20de%20Autorizacion_2.pdf


 

 

Reservation to Editorial Policy 

 

Journal of Natural and Agricultural Sciences reserves the right to make editorial changes required to 

adapt the Articles to the Editorial Policy of the Journal. Once the Article is accepted in its final version, 

the Journal will send the author the proofs for review. ECORFAN® will only accept the correction of 

errata and errors or omissions arising from the editing process of the Journal, reserving in full the 

copyrights and content dissemination. No deletions, substitutions or additions that alter the formation of 

the Article will be accepted. 

 

Code of Ethics - Good Practices and Declaration of Solution to Editorial Conflicts 

 

Declaration of Originality and unpublished character of the Article, of Authors, on the obtaining of data 

and interpretation of results, Acknowledgments, Conflict of interests, Assignment of rights and 

Distribution 

 

The ECORFAN-Mexico, S.C Management claims to Authors of Articles that its content must be 

original, unpublished and of Scientific, Technological and Innovation content to be submitted for 

evaluation. 

 

The Authors signing the Article must be the same that have contributed to its conception, realization 

and development, as well as obtaining the data, interpreting the results, drafting and reviewing it. The 

Corresponding Author of the proposed Article will request the form that follows. 
 

Article title: 
 

– The sending of an Article to Journal of Natural and Agricultural Sciences emanates the 

commitment of the author not to submit it simultaneously to the consideration of other series 

publications for it must complement the Format of Originality for its Article, unless it is rejected 

by the Arbitration Committee, it may be withdrawn. 
 

– None of the data presented in this article has been plagiarized or invented. The original data are 

clearly distinguished from those already published. And it is known of the test in PLAGSCAN 

if a level of plagiarism is detected Positive will not proceed to arbitrate. 

 

– References are cited on which the information contained in the Article is based, as well as 

theories and data from other previously published Articles. 
 

– The authors sign the Format of Authorization for their Article to be disseminated by means that 

ECORFAN-Mexico, S.C. In its Holding Bolivia considers pertinent for disclosure and diffusion 

of its Article its Rights of Work. 

 

– Consent has been obtained from those who have contributed unpublished data obtained through 

verbal or written communication, and such communication and Authorship are adequately 

identified. 

 

– The Author and Co-Authors who sign this work have participated in its planning, design and 

execution, as well as in the interpretation of the results. They also critically reviewed the paper, 

approved its final version and agreed with its publication. 

 

– No signature responsible for the work has been omitted and the criteria of Scientific 

Authorization are satisfied. 

 

– The results of this Article have been interpreted objectively. Any results contrary to the point 

of view of those who sign are exposed and discussed in the Article. 
 

  



 

 

Copyright and Access 
 

The publication of this Article supposes the transfer of the copyright to ECORFAN-Mexico, SC in its 

Holding Bolivia for it Journal of Natural and Agricultural Sciences, which reserves the right to distribute 

on the Web the published version of the Article and the making available of the Article in This format 

supposes for its Authors the fulfilment of what is established in the Law of Science and Technology of 

the United Mexican States, regarding the obligation to allow access to the results of Scientific Research. 

 

Article Title: 

 

Name and Surnames of the Contact Author and the Coauthors Signature 

1.  

2.  

3.  

4.  

 

Principles of Ethics and Declaration of Solution to Editorial Conflicts 

 

Editor Responsibilities 

 

The Publisher undertakes to guarantee the confidentiality of the evaluation process, it may not disclose 

to the Arbitrators the identity of the Authors, nor may it reveal the identity of the Arbitrators at any time. 

 

The Editor assumes the responsibility to properly inform the Author of the stage of the editorial process 

in which the text is sent, as well as the resolutions of Double-Blind Review. 

 

The Editor should evaluate manuscripts and their intellectual content without distinction of race, gender, 

sexual orientation, religious beliefs, ethnicity, nationality, or the political philosophy of the Authors. 

 

The Editor and his editing team of ECORFAN® Holdings will not disclose any information about 

Articles submitted to anyone other than the corresponding Author. 

 

The Editor should make fair and impartial decisions and ensure a fair Double-Blind Review. 

 

Responsibilities of the Editorial Board 

 

The description of the peer review processes is made known by the Editorial Board in order that the 

Authors know what the evaluation criteria are and will always be willing to justify any controversy in 

the evaluation process. In case of Plagiarism Detection to the Article the Committee notifies the Authors 

for Violation to the Right of Scientific, Technological and Innovation Authorization. 

 

Responsibilities of the Arbitration Committee  

 

The Arbitrators undertake to notify about any unethical conduct by the Authors and to indicate all the 

information that may be reason to reject the publication of the Articles. In addition, they must undertake 

to keep confidential information related to the Articles they evaluate. 

 

Any manuscript received for your arbitration must be treated as confidential, should not be displayed or 

discussed with other experts, except with the permission of the Editor. 

 

The Arbitrators must be conducted objectively, any personal criticism of the Author is inappropriate. 

 

The Arbitrators must express their points of view with clarity and with valid arguments that contribute 

to the Scientific, Technological and Innovation of the Author. 

 

The Arbitrators should not evaluate manuscripts in which they have conflicts of interest and have been 

notified to the Editor before submitting the Article for Double-Blind Review.  

 

 



 

 

Responsibilities of the Authors 

 

Authors must guarantee that their articles are the product of their original work and that the data has been 

obtained ethically. 

 

Authors must ensure that they have not been previously published or that they are not considered in 

another serial publication. 

 

Authors must strictly follow the rules for the publication of Defined Articles by the Editorial Board. 

 

The authors have requested that the text in all its forms be an unethical editorial behavior and is 

unacceptable, consequently, any manuscript that incurs in plagiarism is eliminated and not considered 

for publication. 

 

Authors should cite publications that have been influential in the nature of the Article submitted to 

arbitration. 

 

Information services 

 

Indexation - Bases and Repositories 

 

RESEARCH GATE (Germany) 

GOOGLE SCHOLAR (Citation indices-Google) 

REDIB (Ibero-American Network of Innovation and Scientific Knowledge- CSIC) 

MENDELEY (Bibliographic References Manager) 

DULCINEA (Spanish scientific journals) 

UNIVERSIA (University Library-Madrid) 

SHERPA (University of Nottingham - England) 

 

Publishing Services 
 

Citation and Index Identification H 

Management of Originality Format and Authorization 

Testing Article with PLAGSCAN 

Article Evaluation 

Certificate of Double-Blind Review 

Article Edition 

Web layout 

Indexing and Repository 

ArticleTranslation 

Article Publication 

Certificate of Article 

Service Billing 

 

Editorial Policy and Management 

 

21 Santa Lucía, CP-5220. Libertadores -Sucre–Bolivia. Phones: +52 1 55 6159 2296, +52 1 55 1260 

0355, +52 1 55 6034 9181; Email: contact@ecorfan.org www.ecorfan.org 

 

  



 

 

ECORFAN® 

 

Chief Editor 

SERRANO-PACHECO, Martha. PhD 

  

Executive Director 

RAMOS-ESCAMILLA, María. PhD 

 

Editorial Director 

PERALTA-CASTRO, Enrique. MsC 

 

Web Designer 

ESCAMILLA-BOUCHAN, Imelda. PhD 

 

Web Diagrammer 

LUNA-SOTO, Vladimir. PhD 

 

Editorial Assistant 

SORIANO-VELASCO, Jesús. BsC  

 

Translator 

DÍAZ-OCAMPO, Javier. BsC 

 

Philologist 

RAMOS-ARANCIBIA, Alejandra. BsC 

 

Advertising & Sponsorship 

 

(ECORFAN® Bolivia), sponsorships@ecorfan.org 

 

Site Licences 

 

03-2010-032610094200-01-For printed material ,03-2010-031613323600-01-For Electronic 

material,03-2010-032610105200-01-For Photographic material,03-2010-032610115700-14-For the 

facts Compilation,04-2010-031613323600-01-For its Web page,19502-For the Iberoamerican and 

Caribbean Indexation,20-281 HB9-For its indexation in Latin-American in Social Sciences and 

Humanities,671-For its indexing in Electronic Scientific Journals Spanish and Latin-America,7045008-

For its divulgation and edition in the Ministry of Education and Culture-Spain,25409-For its repository 

in the Biblioteca Universitaria-Madrid,16258-For its indexing in the Dialnet,20589-For its indexing in 

the edited Journals in the countries of Iberian-America and the Caribbean, 15048-For the international 

registration of Congress and Colloquiums. financingprograms@ecorfan.org 

 

Management Offices 

 

21 Santa Lucía, CP-5220. Libertadores -Sucre–Bolivia. 

 

 

 

 

 
 

 

 

 

 



 

 

 
 

 

 

 

 

 

 

 

 
 

 
 

          

Journal of Natural and Agricultural Sciences 

“Evaluation of the antibacterial activity of Artemisia ludoviciana subsp. 

Mexican against three enterobacteria”  

HERNÁNDEZ-MORALES, Alejandro, AVILA-PADRÓN, Francisco 

Javier, CARRANZA-ÁLVAREZ, Candy and MALDONADO-

MIRANDA, Juan José  

Universidad Autónoma de San Luis Potosí 

 

“Fruit thinning in seven tomato varieties (Lycopersicon esculentum Mill.) 

under greenhouse” 

VARGAS-ESPINOZA, Everardo, GAYTÁN-RUELAS, Marina, 

RIVERA-ARREDONDO, Marisa and CALDERÓN-RUIZ, Alberto 

Universidad Tecnológica del Suroeste de Guanajuato 

 

“Phenology and biomass distribution pattern in two varieties of common bean 

(Phaseolus vulgaris L.)” 

NERI-LUNA, Cecilia, VILLARREAL-RUIZ, Luis, HUERTA-

MARTÍNEZ, Francisco Martín and MUÑOZ-URIAS Alejandro 

Universidad de Guadalajara 

 

“Establishment of seed in vitro conditions of Swietenia macrophylla to obtain 

aseptic seedlings” 

CRUZ-GUTIÉRREZ, Esmeralda J., GÓMEZ-REYES, Luis A. and 

CORTES-AGUILAR, Jesús 

Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias. 

Secretaría de Medio Ambiente y Desarrollo Territorial 

 

“Evaluation of commercial products for protection and vigorous uptake of 

corn seed (Zea mays)” 

MARTÍNEZ-SCOTT, Marcia Maribel & AGUILAR-QUINTANA, 

Benjamín 

Instituto Tecnológico Superior de Salvatierra 

 

“Successful and unexpected potential of entomopathogen Bacillus 

thuringiensis as plant growth promoting rhizobacterium” 

PÉREZ-GARCÍA, L. A., CASTAÑEDA-RAMÍREZ, José Cristóbal, 

LAFUENTE-RINCÓN, David Francisco and DE LA FUENTE-

SALCIDO, Norma Margarita 

Universidad Autónoma de Coahuila 

Universidad Tecnológica del Suroeste de Guanajuato 
 

  

 
 


