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Abstract 

 

The criteria for selecting the methods that allow 

the calculation of pollutant emissions, establish 

that monitoring and direct measurements are 

preferably carried out at the sources. The 

drawback lies in the high costs in time and 

money, the difficulty in accessing the sampling 

points and the need for a physical, technical and 

specialized human resources infrastructure. On 

the other hand, there are indirect methods based 

on emission factors, activity rates, estimation 

using historical data, material balance, 

engineering calculations and mathematical 

emission models. In this work, the design of an 

instrument to measure environmental quality is 

presented. 

 

 

Environmental Quality, Indirect Techniques, 

Estimates 

 

Resumen 

 

Los criterios para seleccionar los métodos que 

permitan calcular las emisiones contaminantes, 

establecen que preferentemente se realicen 

monitoreos y mediciones directas a las fuentes. 

El inconveniente radica en los altos costos en 

tiempo y dinero, la dificultad para acceder a los 

puntos de muestreo y la necesidad de una 

infraestructura física, técnica y de recursos 

humanos especializados. Por otro lado, existen 

métodos indirectos basados en factores de 

emisión, tasas de actividad, estimación 

mediante datos históricos, balance de 

materiales, cálculos de ingeniería y modelos 

matemáticos de emisión. En este trabajo se 

presenta el diseño de un instrumento para medir 

la calidad ambiental. 

 

Calidad Ambiental, Técnicas indirectas, 

Estimaciones 
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Introduction 

 

An environmental factor is an environment or 

subsystem of the environment with its own 

dynamics and processes to which a set of 

indicators is assigned that allow it to evaluate 

the quality of the environment. The quality of 

the environment will be the result obtained 

from the sum of the qualities of the relevant 

environmental factors and their evolution 

(Martin, 2007), (Hernández Muñoz, Hernández 

Lehman, & Gordillo Martínez, 2006).   

 

There are different models of 

environmental quality analysis, but it should be 

noted that most of these methods were 

developed for specific projects, resulting in 

their complicated generalization.  

 

General Systems Theory is presented as 

a systematic and scientific way of approaching 

and representing reality that is characterized by 

its holistic and integrative perspective. There 

are two main groups of strategies for research 

in general systems: 

 

a. Detail the interdependence of the parts 

that make up the system and its parts. 

b. Model the inputs and outputs through 

which the system interacts with its 

environment. 

 

The environmental quality can be 

evaluated by means of indicators that serve to 

determine in an objective way the situation in 

the aspects that this concept contemplates. 

Generally, these are physical, chemical and 

biological vectors that are considered relevant 

according to the system or resource under 

investigation. These are some examples of 

indicators that can characterize environmental 

quality: 

 

In water: 

 

 Volume of drinking water consumed by 

industrial sector (thousands of m3 /year) 

 Volume of domestic wastewater 

generated (thousands m3 /year). 

 Volume of industrial wastewater 

generated (thousands m3 /year). 

 Relationship between the volume of 

treated and untreated wastewater.  

 

 

 

On air: 

 

 Carbon dioxide (CO2) emissions 

(ug/m³) 

 Greenhouse gas emissions. 

 CFC substitution (kilograms). 

 Sulfur dioxide emissions (ug/m³). 

 

In soil: 

 

 Total consumption of pesticides. 

 Volume of solid waste collected 

(tons/year) 

 Recycling of solid waste collected 

(thousands of tons/year). 

 Population with access to waste 

collection (inhabitants). 

 

Computer tool development 

 

Technological tools arise as a product of the 

application of the scientific knowledge of the 

discipline in the construction of artifacts that 

are incorporated into the real or virtual world in 

the form of products or services.  (Barchini, 

2006).   

  

Information and communication 

technologies (ICTs) are today fundamental in 

all areas of society and in the quest to care for 

the environment and help in natural disasters 

they are not left behind (INE, 2005); on the 

contrary, ICTs have established themselves as 

an essential factor in this area and this is how 

governments and civil society have understood 

it in the world.  Environmental informatics 

integrates information technologies and 

environmental sustainability, contributing to the 

conservation of the environment, generating 

new knowledge and promoting the 

dissemination and popularization of scientific 

knowledge, favoring a change in the habits and 

behaviors of citizens for the benefit of our 

environment.  

 

Computing is a body formed by a 

conceptual infrastructure and a technological 

building where hardware and software are 

materialized (Serna Arenas, 2010). Computer 

systems are artificial systems that emulate the 

behavior of natural systems. In order to be able 

to propose it, it is necessary to first develop a 

conceptual system (symbolic construction) that 

allows to abstract the portion of the reality of 

the problem to be solved.  
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Table x shows a taxonomy of computer 

science based on the Association for 

Computing Machinery (ACM) (Association for 

Computing Machinery, 2012), (REMIDEC, 

2008). This work covers the areas of artificial 

intelligence, software engineering, information 

systems and databases applied to the 

environment. 

 

 
 
Figure 1 Application-synergetic interaction of computer 

science with other sciences 

 

Environmental informatics integrates 

information technologies and environmental 

sustainability contributing to the conservation 

of the environment, generating new knowledge 

and promoting the dissemination and 

popularization of scientific knowledge favoring 

a change in the habits and behaviors of citizens 

for the benefit of our environment. 

  

Design of the instrument from indirect 

techniques of environmental quality 

estimation 

 

The criteria for selecting the methods that allow 

for the calculation of contaminating emissions, 

establish that preferably direct monitoring and 

measurements of the sources should be carried 

out, the inconvenience lies in the high costs in 

time and money, the difficulty in accessing the 

sampling points and the need for specialized 

physical, technical and human resource 

infrastructure (Gordillo et al. 2010) On the 

other hand, there are indirect methods based on 

emission factors, activity rates, estimation 

through historical data, material balance, 

engineering calculations and mathematical 

emission models (INE 2005). 

 

The Rapid Assessment of 

Environmental Pollution Sources (ERFCA) 

technique is an indirect environmental quality 

estimation technique designed by the WHO, 

which, although it is a very consistent 

methodological instrument developed for 

countries with a lack of economic resources and 

a lack of reliable databases, needs to be 

systematized in order to facilitate the handling 

of large amounts of information that have 

served as the basis for the development of other 

indirect techniques.  

 

The Rapid Assessment Procedure 

 

The proposed rapid assessment methodology 

allows for effective evaluation of air pollution 

emissions generated by each source or groups 

of similar sources within a given study area. It 

also allows for the evaluation of the 

effectiveness of alternative pollution control 

options. This method is based on previous 

documented experiences on the nature and 

quantity of pollutants generated by each type of 

source, either with or without control systems, 

and makes constant use of this information to 

predict the loads of a given source. 

 

The advantages of the rapid assessment 

approach include the convenience of use, which 

allows comprehensive inventories of air 

pollution sources to be made in highly complex 

situations, in just a few weeks and with few 

resources. Another major advantage of the 

method is that it allows the effectiveness of 

alternative control schemes to be properly 

estimated in relation to their potential to reduce 

the pollution load. 

 

On the other hand, the advances in 

information and telecommunication 

technologies have favored the studies in 

environmental matters carried out by different 

research groups, allowing the consolidation of 

strategies that allow the integration of 

information in such a way that it has a meaning 

and is accessible from any place. Therefore, the 

general architecture of the environmental 

quality assessment system is based on the 

client-server model and it is proposed that the 

integration of relevant information generated in 

other environmental information systems be 

integrated through an ontology that allows the 

conceptualization of environmental problems 

from a computerized point of view and that 

integrates as much as possible the available 

information as shown in Figure 2. 



4 

Article                                               Journal of Environmental Sciences and Natural Resources                        
                                                                              June 2020 Vol.6 No.17 1-6 

 

 ISSN 2444-4936 

ECORFAN® All rights reserved 

ALARCÓN-RUIZ, Erika, ORDOÑEZ-PACHECO, Luis Daniel, 

RAMÍREZ-SALAS, Virginia and AVILES-CONTRERAS, Areli 
Monserrat. Design of an instrument to measure Environmental Quality. 

Journal of Environmental Sciences and Natural Resources. 2020 

 
Figure 2  

 

Structure of the list of possible data sources 

 

The ERFCA technique, lists a list of possible 

data sources that are necessary for the 

calculations, the reliability of the final report 

much depends on the quality of the data 

collected so it is essential to point out the 

source of data collection and source of 

verification as indicated in table 1. 

 

The following is the structure of the list 

of possible data sources.  

 
Data type Possible 

Sources 

Population INEGI 

Health, Mortality and Morbidity INEGI 

Climatological 

 

INE 

CONAGUA 

Hydrological data INEGI 

Agricultural activities INEGI 

Mining Activity INEGI 

Industrial activity INEGI 

Industrial Processes INEGI 

Road traffic data INEGI 

Length of streets, roads and highways INEGI 

Airport activity data INEGI 

Data on port activities INEGI 

Fuel consumption data INEGI 

Fuel quality INEGI 

Water supply INEGI 

Waste collection and disposal INEGI 

Solid Waste Facts INEGI 

Water quality data and effluent load 

data 

INEGI 

Air quality and emission data INEGI 

 
Table 1 GIS information modeling 

 

 

 

 

 

Definition of the area of study 

 

Conducting a rapid assessment study at the 

national level is a complex task, so it is 

necessary to determine as a first step the study 

area or sets of study areas to be analyzed. Each 

study area is delimited by physical, 

political/legal and economic boundaries. In this 

paper we analyze the study areas delimited by 

political/legal boundaries such as the political 

division of municipalities. 

 

The problem of defining the study zone 

and the importance of the data structures that 

store this information and the algorithmic 

complexity, key elements to determine the 

necessary programming tools and data 

warehouses, are addressed below. 

 

Among the aspects to be considered to 

divide a study zone is the existence of several 

authorities or regulations such as state or 

municipal entities for the control of waste, so it 

has been considered to establish as a minimum 

unit of study zone the municipality (from the 

Latin municipium) which includes the territory 

(defined by legislation) and the population 

living in it and living in the same jurisdictional 

term governed by a municipality. 

 

𝑟𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝐷𝑎𝑡𝑎𝑉𝑒𝑟𝑖𝑓𝑖𝑒𝑑

𝐷𝑎𝑡𝑎𝐶𝑜𝑛𝑠𝑢𝑙𝑡𝑒𝑑
                           (1) 

 

Where 𝑉𝑒𝑟𝑖𝑓𝑖𝑒𝑑 𝐷𝑎𝑡𝑎 ≤ 𝐷𝑎𝑡𝑎𝐶𝑜𝑛𝑠𝑢𝑙𝑡𝑒𝑑 

  

Waste and pollution generating activities 

 

There are many types of pollution-generating 

activities in a study area. However, in order to 

make a rapid assessment, important sources 

such as power plants, steel mills and municipal 

water discharges must be highlighted. This 

work focuses on the sources of air, water and 

soil pollution in urban areas and industrial 

zones. 

 

Through the National Institute of 

Statistics, Geography and Informatics (INEGI), 

it provides a unique, consistent and updated 

framework for the collection, analysis and 

presentation of economic statistics, which 

reflects the structure of the Mexican economy.  

Table 2 Divisions of manufacturing activity. 
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Key Category title. 

11 Agricultural Production. 

31 Food, beverage and tobacco manufacturing. 

32 Manufacture of textiles, clothing and leather 

industry. 

33 Manufacture of wood, wood products, including 

furniture. 

34 Paper manufacturing, paper products, printing and 

publications. 

35 Manufacture of chemicals, oil, coal, rubber and 

plastic products. 

36 Manufacture of non-metallic mineral products, 

except petroleum products and coal. 

37 Basic metal industry. 

38 Manufacture of manufactured metal products, 

machinery and equipment. 

39 Other manufacturing industries. 

 

Calculations 
 

The indirect calculation to make an estimation 

of pollutant loads used by this technique, is 

based on the following foundation: 

 

The total pollutant load (K) received by 

the environment is the sum of the partial 

contributions of the different emission sources, 

as shown in equation 1. 

 

𝐾 = ∑ 𝐾𝑖
𝑛
𝑖=1                                                     (1) 

 

Where:  
𝐾𝑖 = 𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑚𝑖𝑡𝑡𝑖𝑛𝑔 𝑠𝑜𝑢𝑟𝑐𝑒 𝑖 
𝑛 = 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑟𝑜𝑎𝑑𝑐𝑎𝑠𝑡 𝑠𝑜𝑢𝑟𝑐𝑒𝑠   
 

On the other hand, each pollutant source 

discharges several types of substances into the 

atmosphere (ec. 2). 

 

𝐾𝑖 =  ∑ 𝐾𝑖𝑗
𝑚
𝑗=1                                                  (2) 

 

Where:  
𝐾𝑖𝑗 = 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝑗 𝑓𝑟𝑜𝑚 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑠𝑜𝑢𝑟𝑐𝑒 𝑖 

𝑚 = 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝑡𝑦𝑝𝑒𝑠 
 

Therefore, in the end you will have (ec. 

3): 

 

𝐾 = ∑𝑛
𝑖=1 ∑ 𝐾𝑖𝑗

𝑚
𝑗=1                                       (3) 

 

Using the information provided by each 

source of contamination, it can be grouped in a 

different way, according to interest, for a more 

globalized presentation. Previously, the case of 

total pollutants by source (Ki) was already 

indicated. The total of pollutant j, provided by 

the different sources, could be of interest. In 

this case the following expression would be 

used (ec. 4): 

 
 

Where: Kj= total contribution of pollutant j 

from n sources 

 

A first approximation to quantify the 

pollutant load that the environment receives, 

when real contribution studies have not yet 

been made, is made using contribution factors 

that for the different emission sources are 

recorded in the technical literature. In these 

cases it is assumed that the emission is a linear 

function of the production volume in the case of 

industries, or the amount of fuel used or 

consumed in the case of energy generating 

sources, and in general raw material burned. 

This can be expressed as follows (ec. 5): 

 

 
 

Where:  

Fij = emission factor of pollutant j from source 

i 

Pi = production or consumption of source i 

 

Therefore the total contribution of 

source i will be (ec. 6): 

 

 
 

Para determinar las cantidades de 

contaminantes generados, se aplicaron los 

factores de emisión, agrupados en el caso 

industrial de acuerdo a sus diferentes 

actividades o giros manufactureros. Los 

protocolos distinguen entre aire, agua y suelo, 

considerando distintos indicadores ambientales 

en cada caso.  De esta forma, se podría, 

establecer el destino y los ciclos de vida de 

residuos y de productos desechados y con ello 

conocer cuál es el sitio de disposición final de 

los contaminantes, situación que hasta la fecha 

es incierta. Para la presentación de los 

resultados se ha dispuesto de un conjunto de 

reportes a partir de los cuales se genera un 

conjunto de mapas temáticos que nos 

permitirán expresar de manera gráfica la 

relación o densidad de los contaminantes, tipos 

de medios y empresas de la zona de estudio y 

contrastarlos contra los índices permisibles de 

calidad ambiental en agua, suelo y aire. 
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Conclusions  

 

The rapid assessment procedure described 

above is extremely useful for making an initial 

evaluation of sources and emission levels in an 

area that has little or no data on pollution loads. 

It is also useful for selecting priority areas when 

more extensive monitoring is conducted; for 

conducting case studies as part of public health 

programs aimed at pollution control; and for 

formulating pollution control policies and 

regulations as part of national environmental 

health activities. 
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Abstract  

 

Beets (Beta vulgaris L.) have antioxidant 

compounds, with a characteristic color which is 

due to the presence of betalains. 

Microencapsulation is a technique used to protect 

aromas, flavors, colors and nutritional and 

antioxidant components. The objective of this 

work was to microencapsulate beet juice (Beta 

vulgaris L.) by spray drying using gum arabic as 

wall material, to later elaborate a flour tortilla 

incorporating the microencapsulated antioxidants 

from beet juice and evaluate it sensory. The 

microencapsulation process was carried out using 

a Mini Spray Dryer. The sensory evaluation used 

was descriptive and was carried out on 50 

panelists (men and women) with an age range of 

18 to 23 years. The flour tortilla was accepted by 

the panelists. 

 

 

 
Antioxidants, Microencapsulation, Biopolymers 

 

Resumen  

 

El betabel (Beta vulgaris L.) tiene compuestos 

antioxidantes, con un color característico el cual 

se debe a la presencia de betalaínas. La 

microencapsulación es una técnica usada para 

proteger aromas, sabores, colores y componentes 

nutricionales y antioxidantes. El objetivo de este 

trabajo fue microencapsular jugo de betabel (Beta 

vulgaris L.) mediante el secado por aspersión 

utilizando como material de pared goma arábiga, 

para posteriormente elaborar una tortilla de harina 

incorporando los antioxidantes del jugo de 

betabel microencapsulados y evaluarla 

sensorialmente. El proceso de 

microencapsulación se realizó mediante un 

secador por aspersión Mini Spray Dryer. La 

evaluación sensorial utilizada fue descriptiva y se 

realizó a 50 panelistas (hombres y mujeres) con 

un rango de edad de 18 a 23 años. La tortilla de 

harina tuvo aceptación dentro de los panelistas.  

 
Antioxidantes, Microencapsulación, Biopolímeros  
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Introduction 

 

Beet is part of the frequent consumption in 

many homes and is considered a source of 

carbohydrates, proteins, in addition to 

possessing in its composition high levels of 

vitamins, minerals and micronutrients. It is a 

good source of iron, phosphorus and other 

minerals. The content of these may differ 

depending on the method of preparation. The 

iron content is relatively high compared to other 

vegetables (Nottingham, 2004). The Agrifood 

and Fisheries Information Service (SIAP) and 

the Ministry of Agriculture, Livestock, Rural 

Development, Fisheries and Food 

(SAGARPA), in 2019 reported that the states of 

Puebla, Jalisco, Baja California, Mexico and 

Sonora, this during the agricultural year and the 

mode and temporal irrigation.  

 

In San Luis Potosí, production was 

reported at 327.98 tons. Beets have a high fiber 

content. The phytochemical composition of the 

beet (Beta vulgaris L.) is formed mainly by 

betalaines, feluric acid, phenolic amides and 

flavonoids. For the best use of the active 

compounds of the beet (Beta vulgaris L.) the 

food industry has implemented technological 

processes of innovation; such as the 

microencapsulation.  

 

The applications of this technique have 

frequently increased in the encapsulation of 

aromas, flavor, color and nutritional 

components, with the purpose of protecting the 

base material from degradation (reduction or 

reactivity) with its external environment (heat, 

humidity, air and light), maintaining its stability 

and viability for the development of products 

that provide a health benefit, that present a fresh 

flavor and that also have a long shelf life. For 

the proper preservation of nutraceutical 

compounds, natural and low-cost biopolymers 

have been used, such as maltodextrin and gum 

arabic (Pavón-García et al., 2011). 

 

Methodology 

 

The beet was obtained in the market of cd 

supplies. Valleys. The juice was obtained in a 

commercial juice extractor Hamilton Beach® 

brand. The beet juice was stored in amber 

bottles and placed in refrigeration until the 

microcapsules were made. 

 

 

 

Obtaining microcapsules by spray drying 

 

The previously prepared solutions (JB + GA at 

30%; JB + MD ME-10 at 30%) were fed into a 

Mini Spray Dryer, model Büchi B-290, at a 

speed of 40 mL/min, with an atomization 

pressure of 5 bars, an inlet air temperature of 

180 ± 5°C and an outlet air temperature of 85 ± 

5°C. The microcapsules were stored in amber 

bags at room temperature. 

 

Procedure for the elaboration of the flour 

tortilla  

 

The vegetable shortening (125g) was whipped 

for a period of 5 minutes, then the wheat flour 

(500g) was gradually added. Then salt and 

baking powder were added, partially 

disintegrating the existing lumps. Finally, 150 g 

of microcapsules previously dissolved in the 

250 mL of milk were added, and the beating 

was continued until a homogeneous mass was 

achieved (8 minutes).  

 

The dough was removed from the mixer 

and placed on the table (previously dusted with 

flour) to be manually kneaded with the help of a 

roller. For the elaboration of the tortillas, 

portions of the dough of 15 g each were taken, 

they were rolled up pressing slightly on the 

table and placed in the tortilla machine pressing 

them until they were uniformly thick, then they 

were placed on the stove until they were 

cooked. 

 

Sensory evaluation 

 

The sensory evaluation used was descriptive, in 

which a qualitative description of the individual 

attributes that make up the sample was 

obtained, in addition to establishing the degree 

to which these attributes are perceived. The 

evaluation was carried out to 50 panelists (men 

and women) with an age range of 18 to 23 

years, taking a representative sample of the 

Universidad Autónoma de San Luis Potosí 

Campus Huasteca. 

 

Statistical analysis 

 

Quantitative data were expressed as mean ± 

standard deviation (s), an analysis of variance 

(ANOVA) was performed and statistical 

significance was determined with a value of 

0.05.  
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All the determinations were made in 

triplicate, the calculations and the graphs of the 

obtained data were processed using the program 

Statistica 8 and Graph Pad Prism 6 Demo.  

 

Results  

 

The microcapsules of the beet juice using as 

wall material gum arabic, presented an average 

percentage of inhibition of free radicals of 

69.79 ± 3.17%. The results obtained in the 

sensory evaluation made to the flour tortilla 

added with microcapsules of beet juice with 

gum arabic, are shown in the radial graph 

(Figure 1), the attributes were evaluated 

according to their intensity expressed in a scale 

from 0 to 10. The sensory evaluation was done 

the same day the flour tortilla was made, 

according to the panelists' appreciation, it 

presented generally acceptable characteristics.  

 

 
Figure 1 Chart for the attribute scale of the flour tortilla 

added with microcapsules of beet juice with gum arabic 

 

However, the highest score was 

achieved in the attributes such as color, 

flexibility and chewiness, contrary to what was 

obtained in the evaluation of the greasiness and 

hardness, appearing according to the scale in 

less intensity. With regard to flavor, this was 

interpreted as normal, because the tortilla did 

not have the characteristics of being salty 

and/or sweet (table 1).  

 

These results are similar to those 

reported by Vazquez (2013) in which a sensory 

evaluation of color, flavor, texture and 

chewiness of a flour tortilla was carried out, 

identifying that the most important attributes 

for the sensory acceptability of consumers were 

flexibility, ease of chewing and flavor. 

 

 

 

 

Conclusions 

 

The sensory evaluation made to the flour tortilla 

added with microcapsules of Beta vulgaris L., 

showed that it presented acceptable sensory 

characteristics, being of good approval by the 

consumers. 

 
Attributes Total Score Arithmetic mean 

Color 

Sweetness 

Salty 

Hardness 

Greasiness 

Chewability 

Flexibility 

320 

136 

161 

96 

98 

421 

353 

6.4 

2.7 

3.2 

1.9 

1.9 

8.4 

7.06 

 
Table 1 Attribute scale of the flour tortilla added with 

microcapsules of beet juice with gum arabic  
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Abstract 

 

In March 2019, the current state of the mangrove 

structure in the Arroyo los Coamiles estuary (Punta 

Mita Bay, Nayarit) was evaluated. The method of 

circular plots centered on a point was used (Cottam 

and Curtis, 1956). The mangrove structure is made up 

of the species Laguncularia racemosa, Avicennia 
germinans, Conocarpus erectus and Rhizophora 

mangle. The greatest forest development is found in 

the second third of the estuary with a border-

continental structure. The average height of the 

mangroves was 6.17 m, (SD 7.35 m), the diameter at 

breast height was 19.21 cm and the total basal area 

was 57.36 m2. The data are associated with young 

trees in a good state of development and conservation. 

The C / N ratio was determined as an index of the 

quality of the soil organic substrate, the values ranged 

between 3.74 and 14.91 and the percentage of organic 

matter was from 1.45 to 8.04. The fragility of the soils 

reinforce the proposal to take care of the natural 

drainage of the property. Mangroves have been 

impacted by tourist developments around the world, 

the environmental and economic benefits that these 

ecosystems provide are ignored by inhabitants and 

authorities, which allow their destruction. 

 

Mangrove, Structure, Nayarit 

 

Resumen 

 

En marzo de 2019, se evaluó el estado actual de la 

estructura del manglar en el estero Arroyo los 

Coamiles (Punta Mita, Nayarit). Se utilizó el método 

de parcelas circulares centradas en un punto (Cottam y 

Curtis, 1956). La estructura del manglar está 

conformada por las especies Laguncularia racemosa, 
Avicennia germinans, Conocarpus erectus y 

Rhizophora mangle. El mayor desarrollo forestal se 

encuentra en el segundo tercio del estero con 

estructura tipo borde-continental. La altura promedio 

de los manglares fue de 6.17 m, (DE 7.35 m), el 

diámetro a la altura del pecho fue de 19.21 cm y el 

área basal total de 57.36 m2. Los datos se asocian a 

árboles jóvenes en buen estado de desarrollo y 

conservación. Se determinó la relación C/N como 

índice de la calidad del sustrato orgánico del suelo, los 

valores oscilaron entre 3.74 y 14.91 y el porcentaje de 

materia orgánica fue de 1.45 a 8.04. La fragilidad de 

los suelos, refuerzan la propuesta de cuidar el drenaje 

natural del predio. Los manglares han sido impactados 

por desarrollos turísticos en todo el mundo, los 

beneficios ambientales y económicos que otorgan 

estos ecosistemas son ignorados por habitantes y 

autoridades, que permiten su destrucción.  

 

Manglar, Estructura, Nayarit 
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Introduction 

 

Mangroves develop in the coastal plains of the 

humid tropics, around estuaries and coastal 

lagoons, near the mouths of rivers and streams. 

They cover less than 0.1% of the continents, yet 

contribute more than 10% of the organic carbon 

entering the ocean from the continents (Dittmar 

and Lara, 2001; Dittmar et al., 2001).  In our 

country, four species of mangroves 

predominate: the red mangrove (Rhizophora 

mangle), the white mangrove (Laguncularia 

racemosa), the black mangrove (Avicennia 

germinans) and the buttonwood mangrove 

(Conocarpus erectus), which are subject to 

Special Protection according to NOM 059 

SEMARNAT-2001, due to factors that 

negatively affect their viability, which would 

determine the need to promote their recovery 

and conservation (DOF, 2002). The strongly 

limiting factor of salinity originates a great 

variability in the composition, structure and 

function of this ecosystem. At the local level, 

the characteristics of mangroves are modified 

according to the relief, the type of substrate, the 

degree of flooding, environmental gradients and 

natural and human disturbances. 

 

  The high primary productivity of 

mangroves is widely known, through which 

they export large amounts of energy, in the 

form of organic matter (OM) to the adjacent 

coastal zone. It is estimated that about 250 x 

106 tons of dissolved organic carbon enter the 

world ocean per year (Cauwet, 2002), 

representing approximately 600 x 106 tons of 

MO. Mangroves participate as climate 

moderators by providing humidity through 

rainfall, are a direct source of natural resources, 

support important riverine fisheries and provide 

refuge for endangered wildlife such as birds, 

reptiles, amphibians and mammals. 

 

  Despite the importance of mangroves, 

their global extent has been considerably 

reduced (FAO, 2007a). In our country they 

have been affected by the direct and indirect 

impact of agricultural, livestock, aquaculture 

and tourism activities mainly. 

 

  Mexico's mangroves on both coasts 

have been studied by numerous authors (Flores-

Verdugo et al., 1992; Tovilla, 1994; Portillo 

and Ezcurra, 2002; Basáñez et al., 2008). 

However, in the Mexican Central Pacific, 

studies have been very superficial and focused 

mainly on species listing and density.  

This work was part of a diagnostic study 

to determine the current status of the mangrove 

system in the Arroyo los Coamiles estuary, 

located in a region that has been a pole of urban 

and tourist development since 1970.  

 

Methodology 

 

Study área 

 

Punta de Mita, It has an area of 6.1 km2, is 

located in the southwestern part of the state of 

Nayarit, between the parallels 20-44' and 20-51' 

latitude N and the meridians 105-34' and 105-

24' of Longitude W. Have a border to the north 

with the Pacific Ocean, to the east with Valley 

of Flags, both belonging to the state of Nayarit, 

to the west and south with the Pacific Ocean 

(Figure 1). The estuary Arroyo los Coamiles  is 

located northeast of Corral de Riscos between 

coordinates 20.7822 or 20o 46' 55.8" north 

latitude and 105,5077o or 105o 30' 27.7" of 

West Longitude, with an altitude of 16 meters 

(52 feet). 

 

 
 
Figure 1 Location of the estuary Arroyo los Coamiles, 

Punta de Mita, Nayarit, Mexico 

 

The region presents a warm sub-humid 

climate according to Köppen's classification, 

modified by Garcia (CONABIO, 2004), with 

rains in summer and drought in winter. The 

average annual relative humidity is 80%, being 

among the highest in the Mexican Pacific. The 

low season is from November to May, while 

the rainy season covers the period from June to 

October, with peaks in August that  exceed 320 

mm. The average annual precipitation reported 

is 1200 mm. The highest temperatures occur 

from May to October and the lowest in the 

months of December and January. The average 

annual temperature is 27.1°C, (CONAGUA, 

2015). 
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Materials and methods 

 

The method of circular plots centered on a point 

modified by Cottam and Curtis, (1956) was 

used to determine the structure of the 

mangrove. A central point was placed in each 

of the five 10 m diameter plots. The distance 

from the center point to the nearest tree in each 

plot was measured and then to 4 more trees. 

Each tree species whose diameter at breast 

height (DBH) was greater than 2.5 cm was 

identified. The plots were established 

perpendicular to the water channel through the 

mangrove in each of the identified types. This 

method provides a quantitative description of 

the species composition, community structure 

and plant biomass, as well as a framework for 

relating changes in forest structure and growth 

to hydrological and soil factors. 

 

  For this method, measurements are 

taken in the field from which the frequency of 

cover, base area, is calculated. Two handheld 

compasses were used to establish the 

orientation of the plots (from the coast to the 

interior of the forest), 60 m tape measures to 

establish the central points, two 2 m tape 

measures to measure the diameter at breast 

height (DAP).  

 

  The basal area (AB) is derived from the 

natural diameter (ND) estimates, and should be 

recorded in any of the mangrove structural 

parameters in temporary or permanent sampling 

units (UM). It is an important variable for 

studies of structure, forest harvesting and 

productivity of the mangrove. The BA 

expresses the dominance of the different 

diameters of the species in a community 

(Equation 1). It is expressed in m2 by the area 

of the MU in one hectare (ha) (Muller-Dombois 

and Ellenberg 1974), calculated with the 

following equation:  

 

𝐴𝐵 =  
4

𝜋
 (

𝐷𝑁

100
)2                                               (1) 

 

Where:  

AB = basal area in m2  

π = 3.1416 

DN = normal diameter in cm  

 

From the BA it is possible to estimate 

the absolute dominance of mangrove species 

with the following equation:  

 

 

𝐷𝑜𝑚𝑖𝑛𝑎𝑛𝑐𝑒 =  
𝐴𝐵 𝑜𝑓 𝑎 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝐴𝐵 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
                       (2) 

Where:  

AB = basal area    

 

  Density is defined as the number of 

adult trees per unit area and is expressed in 

terms of individuals per hectare (Equation 3) 

(Mueller-Dombois and Ellenberg, 1974): 

 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =  
𝑁𝑢𝑚.𝑜𝑓 𝑖𝑛𝑑.𝑝𝑒𝑟 𝑠𝑝

𝑁𝑢𝑚.𝑡𝑜𝑡𝑎𝑙 𝑜𝑓 𝑖𝑛𝑑.𝑜𝑓 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑠𝑝
           (3) 

                                                                

  The sum of the density of each species 

will result in the density of adult trees per 

hectare and is expressed in individuals per 

hectare.   For UM with specific area sizes, it is 

possible to estimate the frequency from the 

density of individuals and species. Species 

frequency is defined as the number of times 

individuals of a species occur per unit area 

(Mueller-Dombois and Ellenberg 1974). 

 

  The frequency of species is a 

complementary variable that is derived from the 

density of individuals (Equation 4). It can be 

estimated in any of the structural types of 

mangrove, in temporary and permanent 

sampling units. In the former, it is 

recommended that it be estimated at least every 

five years, considering the change in species 

frequency (Mueller-Dombois and Ellenberg, 

1974).  

 

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑖𝑚𝑒𝑠 𝑡ℎ𝑒 𝑠𝑝 𝑎𝑝𝑝𝑒𝑎𝑟𝑠 𝑖𝑛 𝑈𝑀

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑢𝑛𝑖𝑡𝑠
       (4) 

 

  To know the mineralization rate of 

organic matter, the relationship between 

organic carbon and total nitrogen (C/N) was 

used (Sources, 1999). Sediment samples were 

obtained in three transects perpendicular to the 

right bank of the estuary. Five points were 

taken in each transect at a distance of 10 m, 

starting from the shore without reaching the 

water level. At each point, a sediment core of 

15 cm depth was collected and deposited in a 

hermetically sealed plastic bag. They were kept 

protected from light and at a temperature of 18o 

to 20oC, to be later analyzed at the 

Environmental and Organic Fertilizer 

Laboratory of the CUCBA, of the University of 

Guadalajara (Table 1).  
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Determinations Method used 

Organic matter (%) Walker and Black 

Nitrogen (%) Kjeldahl 

Carbon (%) Walker and Black 

Carbon/Nitrogen Ratio  (C/N) Calculated 

Chlorides (mg/kg) Degree 

Bicarbonates (mg/kg) Degree 

Sulfates (mg/kg) LV spectrum 

Nitrates LV spectrum 

Phosphates LV spectrum 

 
Tabla 1 Determinación de los componentes del suelo y el 

método de análisis empleado 

 

Results 

 

The mangrove structure of the estuary "Arroyo 

los Coamiles" is made up of the following 

composition: Laguncularia racemosa, 

Avicennia germinans, Conocarpus erectus, and 

Rhizophora mangle, according to the value of 

importance (relative dominance + relative 

density + relative frequency). It is common to 

find them associated, in a successional process 

depending on the level of the tides that flood or 

bathe them, but establishing dominance of one 

species or a predominant association of two or 

three species depending on the place where they 

have settled (Table 2).  

 

Scientific name 
Absolute 

Dominance 

Relative 

Dominance 

Laguncularia racemosa 1.905 54.01 

Avicennia germinans 1.341 38.03 

Conocarpus erectus 0.230 6.51 

Rhizophora Mangrove 0.051 1.45 

Total 3.526 100 

 
Table 2 Dominance of mangrove species  

 

  In the Arroyo los Coamiles estuary the 

Laguncularia racemosa species prevails, with a 

percentage of dominance of 54% and a relative 

frequency of 53.45%.  

 

  The structure of the mangrove begins on 

the left bank of the estuary with a fractionated 

strip formation, where the species Laguncularia 

racemosa and Avicennia germinans 

predominate. 

 

  This section has a very marked slope, in 

less than 4 meters it generates an elevation of 

more than meter and a half, causing an abrupt 

cut in the distribution of these species and 

preventing their propagation to higher areas. 

(Figure 2). 

 
 
Figure 2 Fractional strip mangrove 

 

  On the right bank from the mouth of the 

estuary to the innermost part, an increase in its 

forest structure can be seen as it becomes a rim-

type mangrove. (Figure 3). 

 

 
 
Figure 3 Mangrove edge type 

 

  In the second third of the extension of 

the mangrove from the mouth of the estuary 

towards the interior, there is the greatest 

development of the forest structure of the 

mangrove, with an edge-continental type 

formation (Figure 4).  

 

 
 
Figure 4 Edge-continental manglar 
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  The site presents mangrove specimens 

in a good state of recovery, with practically 

homogeneous leaf coverage over an over-

washed basin. This bank presents a moderate 

slope with some marsh vegetation on the outer 

edge of the mangrove. (Figure 5). 

 

 
 
Figure 5 Mangrove basin-over-wash type 

 

  The distribution of species and average 

height (m) of individuals in an elevation 

gradient is shown in Figure 6.  

 

 
 
Figure 6 Species distribution and average height of 

individuals in an elevation gradient from 0 to 60 cm at 

sampling point 4 

 

  The average height of all species was 

6.17m with a standard deviation of 7.25 which 

indicates differences in height magnitude 

between species, as the standard deviation was 

reduced between individuals of the same 

species. The percentage of relative coverage by 

species is shown in Figure 7. 

Figura 7 Porcentaje de cobertura relativa por especie, en 

el punto de muestreo 4 
 

The data are associated with young trees 

in good state of development and conservation. 

With respect to the forest potential and based 

on the values obtained from the structural 

composition of the mangrove vegetation, it is 

defined that the forest does not have a timber 

potential. However, the ecological importance 

of the ecosystem is relevant because of its plant 

community dynamics represented by L. 

racemosa.  

 

As for the organic matter content, the 

speed and balance between mineralization and 

humification processes, which are conditioned 

by microbial activity in the soil, is more 

relevant than the total content of this one. It 

should be noted that no trends or patterns can 

be deduced because it is a single sample over 

time and the great heterogeneity of the data can 

be attributed to the strong dynamics that the 

rainy season imposes on these systems (Table 

3). 

 
SITES MO% N C C/N 

M1 P0 1.78 0.16 1.03 6.6 

M1 P1 2.04 0.15 1.18 7.69 

M1 P2 5.23 0.24 3.04 12.46 

M1 P3 4.12 0.64 2.39 3.74 

M1 P4 8.04 0.36 4.66 13.06 

M2 P0 2.88 0.13 1.67 13.07 

M2 P1 1.45 0.1 0.84 8.56 

M2 P2 2.47 0.12 1.43 12.34 

M2 P3 4.74 0.25 2.75 11.15 

M2 P4 4.34 0.28 2.51 8.85 

M3 P0 1.7 0.05 0.98 7.71 

M3 P1 1.75 0.13 1.01 10.36 

M3 P2 2.98 0.14 1.73 14.91 

M3 P3 2.87 0.12 1.66 6.75 

M3 P4 3.61 0.18 2.09 7.37 

 
Table 3 Average values of organic matter percentages 

(MO %) and Carbon-Nitrogen ratio (C/N) 
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  The C/N ratio is an index of the quality 

of the organic soil substrate. It indicates the rate 

of nitrogen available to plants; high values 

mean that organic matter decomposes slowly, 

since microorganisms immobilize nitrogen, so 

it cannot be used by plants; values between 10 

and 14, on the other hand, correspond to rapid 

mineralization and tissue breakdown, since 

microbial activity is stimulated, there are 

sufficient nutrients for microorganisms and 

plants (Gamarra et al., 2017). 

 

  In this study the C/N ratio of soil 

bacteria and fungi was less than 15, which 

implies that in this range of low C/N values, 

microorganisms will be more efficient in the 

decomposition of organic matter. This benefits 

the system, since it acts as a carbon sink, 

making the mineralization faster and avoiding 

CH4 methane emissions, also participating in 

the sequestration of atmospheric carbon in the 

form of CO2 through photosynthesis, 

reinforcing the argument of the ecological 

importance of this system (Gamarra, et al. 

2017). 

 

  With respect to the hydrological 

dynamics of this estuary, there is no evidence 

that it connects to the sea, even during live 

tides, however, during the rainy season it is 

possible to favor the connection with the sea by 

overflowing, it was investigated through direct 

communication that the local inhabitants open a 

communication channel to the sea so that 

marine species of fishing use can enter only 

during the summer, according to the 

conductivity reading there is no filtration of salt 

water so most of the year is fresh water. 

(Herrera, et al., 2016) 

 

  It should be noted that according to 

water quality studies, the basin does not present 

values in the parameters and variables 

measured that indicate any type of alteration or 

disturbance, which indicates that the water body 

that supports this system and the nearby basin 

that feeds it are in good condition, reinforcing 

the idea of the functionality of this ecosystem 

(García Velasco et al., 2019). 

 

  

 

 

 

 

 

  The fragility of the soils, described in 

INEGI maps 

https://www.inegi.org.mx/temas/edafologia/, 

reinforces the proposal of taking care of the 

natural drainage of the property, including 

taking care of and preserving the quality and 

physiographic characteristics of the small basin 

that have an impact on the maintenance of 

water quality. 

 

  The deterioration of mangrove 

ecosystems and their associated wetlands 

(marshes, coastal lagoons) can be gradual or 

immediate due to various causes: drying out 

and/or filling in for their transformation into 

human settlements, ports, tourist infrastructure, 

agricultural activities and their use as a 

receiving body for residual, urban and industrial 

water.  According to the above, it is essential to 

implement a follow-up program of the 

structural characteristics of the mangrove, of 

the vegetal community of the estuary and of the 

quality of its waters, to achieve an updated and 

complete diagnosis of the ecosystem and to 

identify affectations or modifications. These 

actions will allow establishing management 

strategies of probable contingencies and 

minimizing possible damages in these 

environments. 
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Conclusions 

 

In the estuary there are 4 species of mangrove 

reported for Mexico, with a dominance of the 

species Laguncularia racemosa. The most 

important forest development was observed in 

the second third of the estuary, from the mouth 

to the interior, showing a forest structure like  

edge-continental. The trees were appreciated in 

young stages and in good state of conservation 

according to the basal area. 

 

In relation to the organic matter, the 

process of mineralization and humification 

prevails, which is conditioned by the microbial 

activity, more than the total content of this one. 

These elements must be monitored to observe 

the trends of variation over time. 

 



16 

Article                                               Journal of Environmental Sciences and Natural Resources                        
                                                                              June 2020 Vol.6 No.17 10-16 

 

 ISSN 2444-4936 

ECORFAN® All rights reserved 

PÉREZ-PEÑA, Martín & ROBLES-JARERO, Elva Guadalupe. 
Evaluation of the mangrove system in the estero "Arroyo los Coamiles" 

(Punta de Mita, Nayarit, Mexico). Journal of Environmental Sciences 

and Natural Resources. 2020 

The C/N ratio with values lower than 15 

as in this study, implies that the system behaves 

as a carbon sink by fixing atmospheric CO2 for 

photosynthesis and making the decomposition 

of organic matter more efficient. avoiding 

methane emissions.  
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Abstract 

 

Pochonia chlamydosporia is a natural soil fungi, which in 

recent years has gained importance for its ability to 

nematodes biocontrol and its beneficial plant interaction. 

The biochemical characterization of new isolates is 

important to determine their potential as biocontrol agent 

and plant growth promoter. In the present work, through the 

use of specific culture media, it was found that Pochonia 

chlamydosporia Q30 possesses chitinolytic activity, which 

could involve in the degradation of the egg wall and the 

cuticule of the juvenile nematode stages, amilolytic and 

pectinolytic activiy related to root colonization as endophyte 

was also found. Finally, phosphate solubilization (242.6 ± 

27.1 mg/L) and indoleacetic acid production (10.0 ± 1.2 

mg/L) were detected as plant gowth promoting properties, 

which were later verified in watermelon seedlings, whose 

inoculation with 105 chlamydospores, increased the height 

and the stem diameter in a 13 and 6 %, respectively. In 

conclusion, P. chlamydosporia Q30 has potential to be 

tested as biocontrol agent for nematodes and plant growth 

promoter. 

 

 

 

 

Indoleacetic acid, Nematodes, Endophyte 

Resumen  

 

Pochonia chlamydosporia es un hongo natural del suelo, 

que en años recientes años ha cobrado importancia por su 

capacidad en el biocontrol de nematodos y su interacción 

benéfica con las plantas. La caracterización bioquímica de 

nuevos aislados es fundamental para determinar su potencial 

como agente de biocontrol y como promotor del crecimiento 

de plantas. En el presente trabajo, mediante el empleo de 

medios de cultivos específicos, se encontró que Pochonia 

chlamydosporia Q30 posee actividad quitinolítica, la cual 

podría estar involucrada en la degradación de la pared de los 

huevos y la cutícula de las fases juveniles de los nematodos, 

también se registraron actividades amilolítica y pectinolítica, 

relacionadas con la colonización de la raíz como endófito. 

Finalmente, se detectó la solubilización de fosfatos (242.6 ± 

27.1 mg/L) y la producción de acído indolácetico (10.0 ± 1.2 

mg/L) como propiedades promotoras del crecimiento 

vegetal, lo cual posteriormente fue comprobado en plántulas 

de sandía, cuya inoculación con 105 clamidiosporas, 

incremento la altura y el diámetro del tallo en un 13 y  6 %, 

respectivamente. En conclusión, P. chlamydosporia Q30 

posee potencial para ser ensayado como agente de 

biocontrol de nematodos y como promotor de crecimiento 

vegetal. 

 

Ácido indolacético, Nematodos, Endófito  
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Introduction 

 

Once the germination of the seeds in the soil 

begins, the root is quickly colonized by 

microorganisms, attracted by the exudate 

radicals, from here begin the plant-

microorganism relationships that have been 

studied in recent decades, these relationships 

can be neutral, beneficial or pathogenic (Nelson 

et al., 2018). 

 

Among the beneficial relationships are 

those where the microorganisms protect the 

plant against parasitism and infections 

produced by bacteria, fungi and nematodes, the 

latter penetrate the roots, using them as niches 

where they complete their development and 

sexual cycle, producing tumors and gills, which 

affect the development of the host plant. 

Nematodes are non-segmented worms that are 

part of the soil microfauna and, that come to 

affect crops of agricultural importance such as 

chili, cucumber, tomato and eggplant among 

others (Carrillo et. al., 2000).  

 

Among the antagonistic agents, it has 

been identified Pochonia chlamydosporia, 

which is a natural soil fungus that has shown 

biocontrol effect against nematodes of the 

genus Globodera, Heterodera, Meloidogyne, 

Nacobbus and Rotylenchulus. This fungus 

penetrates the roots of the plants in order to 

parasitize the eggs of the nematodes 

(Manzanilla et al., 2013). 

 

However, the ability of P. 

chlamydosporia to promote host plant growth 

has also been reported, making it a versatile 

biocontrol agent (Dallemole et al., 2015). 

Biochemical characterization of new isolates of 

this species is necessary to exploit its full 

agronomic potential. In the present trial, the 

Pochonia chlamydosporia Q30 strain provided 

with SINQUIMICA SA de CV was 

characterized through biochemical tests in order 

to determine the presence of activities related to 

biological control and plant growth promotion. 

 

 

 

 

 

 

 

 

 

 

Methodology to be developed 

 

Phosphate solubilization 

 

In order to determine the capacity to solubilize 

insoluble calcium phosphates, the liquid 

medium of Pikovskaya containing insoluble 

tricalcium phosphate was used as the only 

source of phosphorus (Nautiyal, 1999), in 

which active mycelium of the fungus was 

inoculated, being left to grow for 7 days at 25 

°C with constant agitation at 150 rpm.  

 

Then, the mycelium was filtered, and in 

the supernatant the soluble phosphorus was 

determined by spectrophotometry at 882 mm 

according to the molybdenum blue method 

(Ben et al., 2009). 

 

Production of indolacetic acid (AIA) 

 

The determination of AIA production was 

performed by growing P. chlamydosporia in 

Czapek Dox liquid medium with tryptophan (2 

mM) for 6 days at 25 °C with constant agitation 

at 150 rpm. Then, cultures were centrifuged at 

4000 rpm for 20 min and, the supernatant was 

subjected to fractionated extractions with ethyl 

acetate to recover the AIA produced, the 

solvent was then recovered using a rotavapor, 

and the residue was resuspended in methanol, 

being then mixed with Salwoski's reagent to 

quantify the indolent compounds at 530 nm by 

spectrophotometry (Luna et al., 2013; Patel et 

al., 2018). 

 

Chitin degradation 

 

To determine chitinolytic activity, a disk of 

active mycelium of P. chlamydosporia was 

inoculated in triplicate into a modified liquid 

chitin medium containing (g/L): colloidal chitin 

2.0, (NH4)2SO4 1.0, K2HPO4 0.1, MgSO4.7H2O 

0.01 and, TSB 0.05. Cultures were kept at 25 

°C for 7 days with constant agitation at 150 

rpm. Mycelial growth of the fungus was 

considered positive for this activity 

(Halimahtussadiyah et al., 2017). 

 

Starch and pectin degradation 

 

Amylolytic and pectinolytic activities were 

tested by sowing a disk of active mycelium in 

the center of plates containing 1% starch agar 

and 1% pectin agar.  
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Then, they were incubated for 7 days at 

28 °C. At the end, the plates were developed 

using a 0.5% lugol solution. Clarification of the 

area surrounding mycelial growth was 

considered positive for each of the activities 

(Guzmán et al., 2014). 

 

Chlamydospore production 

 

To obtain the spores that were used for the plant 

growth promotion trial, solid culture medium 

was prepared in 250 mL flasks, in which 20 g 

of washed, sifted (1 mm) and sterilized sand 

were placed, together with 20 g of sifted rice 

flour (mesh no. 70). The mixture was sterilized 

and cooled to room temperature, where 40 mL 

of sterile water and 10 mL of PDB medium 

where P. chlamydosporia had been previously 

grown for 7 days were added. Cultures were 

incubated at 18 °C for three weeks. At the end, 

50 mL of a sterile 0.05% Tween solution were 

added to each flask to remove chlamydospores, 

the mixture was filtered through sieves with 

several openings to eliminate the substrates, 

and finally the chlamydospores were quantified 

in a microscope using a Neubauer camera 

(Silva et al., 2017). 

 

Plant growth promotion trials 

 

To evaluate the plant growth promoting effect 

of P. chlamydosporia, inoculation trials were 

carried out in watermelon seedlings, as a model 

plant. For this purpose, seeds were germinated 

in polystyrene trays that contained peat moss as 

substrate, after germination, plants were 

fertilized with a Steiner solution, and after 21 

days, they were inoculated with a 

chlamydospore solution (105 

chlamydospores/mL). After 14 days, the 

seedlings were recovered to evaluate the effect 

of the inoculation on the height, diameter, stem 

and root weight. Five seedlings constituted an 

experimental unit with six replicates, as control 

plants were used without inoculation (Luna et 

al., 2013). 

 

Análisis Estadístico 

 

The results obtained from the plant growth 

promotion trial were subjected to analysis of 

variance and Tukey mean comparison test 

(0.05). 

 

 

 

 

Results 

 

Biochemical properties related to the 

promotion of plant growth 

 

In the liquid medium Pikovskaya, P. 

chlamydosporia solubilized the insoluble 

tricalcium phosphate, producing average 

soluble phosphorus values of 242.56 ± 27.16 

mg/L. These values are high compared to those 

reported by De Sauza et al. (2019), who tested 

this capacity in three field isolates, which 

produced values in the range of 36.6 to 47.5 

mg/L. This property is related to the fungal 

production of organic acids such as acetic, citric 

and propionic acids. Soil applied inoculants 

with this property make phosphates more 

bioavailable to the plant, thus improving its 

development. As for the production of indol-

acetic acid (AIA), average values of 10.0 ±1.24 

mg/L were recorded, which are low compared 

to those reported by Zavala et al. (2015), who 

found in nine environmental isolates, values in 

the range of 158 - 267 mg/L. AIA is a 

phytohormone that is closely related to 

physiological processes such as induction of 

seed germination, root formation and plant 

growth. 

 

Biochemical properties related to root 

colonization and biological control 

 

P. chlamydosporia needs to penetrate the root 

tissues in order to gain access to and parasitize 

the nematodes. To do this, it first needs to 

produce pectinases and amylases that allow it to 

colonize the internal root tissues (Sunitha et al., 

2013), Fig 1, shows the production of these 

enzymes by the Q30 strain. Afterwards, the 

production of chitinases is essential to carry out 

parasitism, since this enzyme carries out the 

degradation of the nematodes' eggshell and the 

integument of the juvenile stages (Olivares et 

al., 2002). 

 

 
 
Figure 1 Pectinolytic and amylolytic activities (left and 

right, respectively), detected in Q30 
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Chitinolytic activity was recorded by 

mycelial growth observed in liquid media, 

which contained mineral salts whose only 

source of carbon was colloidal chitin. 

 

Watermelon seedling growth promotion 

 

In the plant growth promotion trial, the 

inoculation of chlamydospores in watermelon 

seedlings had a significant effect on height and 

diameter, where an increase of 13% and 6%, 

respectively, was registered (Table 1), although 

no differences were observed in the total 

biomass with respect to the control. 

 

Treatment 
Height 

(cm) 

Diameter 

(mm) 

Stem 

weight 

(g) 

Root 

weight 

(mg) 

Witness 6.77A 4.28A 0.741A 75.33A 

Q30 7.65B 4.52B 0.724A 62.28A 

 
Table 1 Effect of the inoculation of chlamydospores of 

P. chlamydosporia Q30 on the growth of watermelon 

seedlings. Equal letters in each column are not 

statistically different (Tukey, 0.05) 

 

These increases could be due to the 

action of the AIA, which although in vitro low 

amounts of production were detected, could 

have an effect on the growth of seedlings. 

Dallemole et al. (2015) report that both 

mycelium and chlamydospore discs inoculation 

can be used as inoculants, since their 

application to tomato and lettuce sprouts 

significantly increased height and biomass. 

Zavala et al. (2015), report that P. 

chlamydosporia inoculation can also reduce 

tomato flowering and fruiting time, which may 

be due to AIA production and phosphate 

solubilization. This shows that P. 

chlamydosporia, is a versatile microorganism 

with great potential for use in agriculture. 
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Conclusions 

 

P. chlamydosporia Q30 produces AIA and 

solubilizes insoluble calcium phosphates, 

properties related to plant growth promotion. 

 

 

 

Biochemical tests detected amylolytic, 

pectinolytic and chitinolytic enzyme activities 

in P. chlamydosporia Q30, probably involved 

with root colonization and biocontrol effect 

towards nematodes. 

 

P. chlamydosporia Q30 could be used to 

improve the quality of watermelon seedling 

production, due to the effect it has as a plant 

growth promoter. 
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