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Abstract 
 

Specialized software design of a mist irrigation system to improve the production and quality of the mushroom fungus 
(Pleurotus Ostreatus), this fungus is known for its nutritional value and to achieve optimal performance, growth, development 

and quality, it is essential to maintain optimal conditions. proper environmental conditions, such as relative humidity, which 

plays a crucial role in cultivation. The design of the irrigation system is a viable solution to maintain ideal environmental 

conditions in mushroom crops. This study is made up of 4 phases: 1) Evaluation of current irrigation systems, 2) Determine 

the irrigation requirements (H2O) for the crop, 3) Specialized software design of the mist irrigation system, 4) Economic 

analysis, the objective is to generate an irrigation system to provide uniform misting that maintains relative humidity in the 

optimal range (80°-90°). The results obtained demonstrated that the system offers greater efficiency in the use of H2O. It is 

important to consider that the Design may vary, according to the conditions and available resources; Therefore, this research 

represents the basis for developing future research, aimed at obtaining improvements in the production of mushrooms.   
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Resumen                                                                         
 

Diseño en software especializado de un sistema de riego por nebulización para mejorar la producción y calidad del hongo seta 

(Pleurotus Ostreatus), este hongo es conocido por su valor nutricional y para lograr un óptimo rendimiento, crecimiento, 

desarrollo y calidad, es esencial mantener condiciones ambientales adecuadas, como la humedad relativa, que desempeña un 

papel crucial en el cultivo. El Diseño del sistema de riego es una solución viable para mantener las condiciones ambientales 

ideales en los cultivos de hongo seta. Este estudio se conforma de 4 fases: 1) Evaluación de los sistemas de riego actuales, 2) 

Determinar los requerimientos de riego (H2O) para el cultivo, 3) Diseño en software especializado del sistema de riego por 
nebulización, 4) Análisis económico, el objetivo es generar un sistema de riego para proporcionar una nebulización uniforme 

que mantenga la humedad relativa en el rango óptimo (80°-90°). Los resultados obtenidos demostraron que el sistema ofrece 

una mayor eficiencia en la utilización del H2O. Es importante considerar que el Diseño puede variar, de acuerdo a las 

condiciones y los recursos disponibles; por tanto la presente investigación representa la base para desarrollar futuras 

investigaciones, orientadas a obtener mejoras en la producción de hongos setas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hongo seta (Pleurotus Ostreatus), Nebulización, Cultivo 
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Propuesta de diseño de sistema de riego por nebulización para mejorar la 

producción y calidad del hongo seta (Pleurotus Ostreatus) 



61 

 

Introduction 

 

The cultivation of mushroom fungus (Pleurotus ostreatus) is an agricultural production model that has 

grown exponentially in recent years, due to the high nutritional value, bringing with it a high demand in 

the food industry. This food product, known as oyster or oyster mushroom, is valued for its delicate 

flavor that results from the integration of proteins, vitamins and minerals that it has individually, as well 

as for its various culinary applications (De la Cruz Blanco, Arellanos, Pech, and Martínez, 2020). 

 

In the experience of Ruiz, Salazar and Gómez (2024), the quality and yield factors of the 

mushroom fungus depend directly on the environmental conditions of the crop (Humidity and 

temperature), therefore, adequate media must be created to promote successful crops. Humidity and 

temperature are required during the fruiting process because the conditions derived from dry 

environments negatively affect the formation and growth of mushroom fungi (Silva, Cubillos and Díaz, 

2010). 

 

In accordance with the need described above, this proposal was generated, which consists of the 

design of a mist irrigation system, with the main objective of maintaining constant humidity levels that 

feed the different growth processes of the fungus. The mist irrigation model is a method that is 

characterized by the launch of water atomizations through small particles, creating a fine mist that is 

distributed uniformly in the crop planting environment. Considering the requirements for the future 

development of the system, the following aspects are addressed: 1) The selection of the system 

components, 2) The optimal distribution of the misting emitters in the cultivation area, 3) The control of 

the frequency and duration of irrigation, as well as safety and hygiene considerations, in addition, the 

importance of constantly monitoring crop conditions is highlighted, using humidity and temperature 

sensors to adjust the irrigation system according to the specific needs of each stage of fungal growth.  

 

Likewise, precise management of relative humidity is widely recommended to minimize the risk 

of pests and increase the production of quality mushrooms. Therefore, the design of a mist irrigation 

system for the production of mushrooms represents a fundamental tool to optimize the cultivation of 

Pleurotus Ostreatus. By maintaining adequate and controlled environmental conditions, we seek to 

guarantee optimal performance, improve process efficiency and promote sustainable and high-quality 

production to satisfy the growing demand for this valuable food resource (Rojano, Salazar and Ruiz, 

2025). 

 

Justification 

 

The design of a mist irrigation system for the production of mushroom fungus (Pleurotus ostreatus) 

significantly impacts the quality, yield and productivity of mushroom mushroom crops in the Sierra Norte 

of the State of Puebla, the benefit obtained is justified through of the following principles: 1) Flexibility 

in the design of the mist irrigation system: this irrigation model adapts to different sizes of greenhouses 

or growing areas, that is, it is designed to range from small spaces to relatively large areas, being suitable 

to be implemented by mushroom growers on a smaller scale, and on a larger scale by mushroom farming 

companies, 2) Automation and ease of management (Future recommendations): This system can be 

automated and programmed to supply the precise amount of water and maintain relative humidity, 

reducing notably manual intervention and facilitating the management of mushroom mushroom crops 

(Ruiz, 2013), allowing fungiculturists to concentrate on other activities that directly benefit the crop 

growth process, 3) Improvement in the growth and yield of the crop: The misting irrigation technique 

ensures a uniform distribution of H2O in the medium, guaranteeing that the areas where the mycelium is 

concentrated (Incubation process) receive the ideal amount of humidity; providing uniformity in the 

growth of the body of the fungus, translating this uniformity into homogeneous productions with higher 

yields and qualified as quality crops, 4) Control of environmental humidity: Mushroom mushrooms 

(Pleurotus Ostreatus) are characterized by a high sensitivity to variability of environmental conditions, 

especially humidity, the proposed irrigation model generates precise control of humidity in the air with 

respect to other irrigation methods, promoting development and fruiting, reducing the sources that cause 

dehydration and growth. excessive mold in the growing bags or physical infrastructure 

(Greenhouses/growing areas), 5) Water savings: Mist irrigation is an optimal means that allows the 

efficient use of water, it includes a meticulous procedure for detachment of fine droplets of H2O that 

gradually evaporate during the day.  

 



62 

 

Compared to other irrigation systems (drip/flood), misting significantly reduces H2O 

consumption, being beneficial in the regional environment, where this water resource is expensive or 

scarce, 6) Reduction of pest risks: by physically establishing the proposed design, the relative humidity 

will be maintained, notably reducing the risk of spread of pests/pathogens that invade the production 

bags (Garrido, 2020), bringing with it increased productivity levels and greater profits for mushroom 

growers in the region and area of influence. 

 

General objective 

 

Generation of an effective proposal for a mist irrigation system for the production of mushrooms 

(Pleurotus ostreatus) for use in greenhouses/cropping areas geographically located in the Sierra Norte of 

the State of Puebla, through the design of the physical infrastructure in software. specialized, the 

establishment of the elements that make up the system and the simulation of the automation process, 

seeking to maintain the optimal humidity conditions, required in the mushroom cultivation process; thus 

encouraging proper growth of the product and increasing the productivity of this type of edible 

mushroom. 

 

Specific objectives 
 

This investigation revolves around the following specific objectives: 

 

1. General evaluation of current irrigation systems: Quantitative comparison of the main 

characteristics that identify them, and subsequently select the one that best suits the stated needs. 

2. Determine the irrigation requirements (H2O) for the crop (Pleurotus ostreatus): Investigate and 

establish the optimal amount of H2O for the proper growth and development of the mushroom 

fungus at each stage of its crop cycle according to the systems. of irrigation used. 

3. Evaluate the optimal nebulization system: Verify the different types of nebulization (High and 

low pressure nebulizers), seeking to identify which one is appropriate to maintain a constant and 

uniform humidity in the growing medium. 

4. Design misting system in specialized software: Create a technical design of the misting irrigation 

system, including the strategic location of the mists, water distribution, air flow and pressure to 

maintain an optimal environment for the growth of Pleurotus ostreatus. 

5. Economic analysis: Determine the investment necessary for the development of the nebulization 

system. 

 

Problem Description 

 

Verdugo, Martínez and Rojo (2014), state that the cultivation of mushrooms (Pleurotus ostreatus) is an 

agricultural activity, which is present in various parts of the world. This production technique is carried 

out in backyards, greenhouses and specialized areas by personnel known as Fungiculturists. In Reyes' 

(2022) experience, fungiculturists are in charge of continuously monitoring the processes of planting, 

irrigation, cutting, and selling the product, these activities being the ones that represent the greatest 

investment of time. 

 

 As is well known, one of these actions is irrigation, which is currently carried out manually 

through the use of sprinklers, following 3 specific schedules during the day (morning, noon, afternoon), 

this activity turns out to be exhausting for the children. fungiculturists and if there is no monitoring log, 

irrigation is not carried out, causing the production bags to dry out and the final productivity to decrease. 

In the same way, by not receiving the water resource, the production attracts the intrusion of pests, 

contaminating the cultivation area.  

 

The above described generates the need to design an irrigation system suitable for this crop, taking 

into account that this fungus grows in environments with temperatures of 20°C to 24°C; with an optimal 

temperature of 22°C for mycelial growth and 17°C to 18°C for primordia formation, pH of 6 to 7 with 

an optimum of 6.5, substrate humidity between 60% and 70%, and a relative humidity from 80% to 90% 

(Velasco and Vargas, 2004). 
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 Planting the fungus Pleurotus Ostreatus requires the specific conditions of humidity and 

temperature mentioned above for optimal growth, therefore the proposed design of the mist irrigation 

system is a viable solution to maintain optimal conditions that will bring about the reduction of manual 

irrigation processes, increased productivity levels (Greater income from product sales for mushroom 

growers) and uniformity in the size of the mushroom body (Meet the size/flavor standards requested by 

the main consumers) ( Figure 1 Cultivation of mushroom (Pleurotus ostreatus). 

 

Box 1 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 

Cultivation of mushroom (Pleurotus ostreatus) 

Consultation Source: Own Preparation 

 

Theoretical Framework 

 

To understand the objective of this research, the theoretical foundations that support the proposed design 

of a mist irrigation system to improve the production and quality of the mushroom fungus (Pleurotus 

Ostreatus) are described: 

 

Contextualization of edible mushrooms 

 

Until 1969, it was considered by the scientific community that fungi were plants (Moro, 2015), however, 

after various studies it was deduced that they showed a greater resemblance to animals, so they undertook 

the task of investigating further. depth the characteristics of these elements, once the investigations were 

concluded due to the particularities of the fungi, it was deduced that they required the assignment of their 

own kingdom, this kingdom was called the fungal kingdom.  

 

All varieties of fungi belong to the fungal kingdom, highlighting mushrooms (Pleurotus 

Ostreatus). This type of mushroom is one of the most fruitful and is born naturally in the different forested 

areas of the region. Gallego (2004) infers that the reproduction of this species is carried out through 

spores, therefore, in its growth process it requires maintaining high humidity levels (80% to 90%), this 

environmental factor means that its Higher levels of production occur in times of abundant rain. 

 

Composition of mushrooms 

 

Salmones (2017) mentions that one of the foods with the highest nutritional content is the mushroom, it 

exhibits a chemical composition with a high degree of nutrients aimed at human consumption; The 

metabolic structure, the survival mechanisms that this food from the fungi kingdom has developed makes 

them unique and special, these are considered one of the most fascinating biological structures on our 

planet.  

The formation of these edible structures arises from the incubation of the mycelium. The 

mycelium is the source that gives life to this type of crops. When it is visible, it is commonly called 

“Mold” and performs different functions, among which the following stand out: a) It is responsible for 

decomposing the organic matter of the soil, b ) Produces the nutrients that feed the body of the fungus 

and nearby organisms, c) Degrades and recycles nutrients to contribute to the productive cycle of the 

trophic chain, d) Links the relationships between terrestrial plants through symbiotic associations, e) It 

is the support medium for the absorption of water and minerals from different ecosystems (Patiño and 

Vázquez, 2011). 
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Mushroom consumption 

 

Various pre-Hispanic cultures have been involved in growing mushrooms for human consumption. Of 

the cultures with the greatest interest in this agricultural activity, the Aztec culture stands out. This 

Mesoamerican people is geographically located in the central-southern region of Mexican territory. This 

community called the mushrooms “Nanacatl” in response to their easy proliferation and growth in 

abundance (Gaitán, Pérez and Mata, 2006).  

 

Among its main uses, gastronomy and various medicinal applications stand out. To date, 

consuming various dishes that contain mushrooms is a tradition in Mexican homes that is maintained and 

has been increasing in recent years, expanding nationally and internationally; This food being one of the 

most sold and produced in greenhouses and different growing areas. 
 

Mushroom production in Mexico 
 

The production of mushroom mushrooms (Pleurotus ostreatus) in Mexico is an activity that has been 

developing in recent years, especially in rural areas. The most relevant aspects related to the cultivation 

of the mushroom are described below: 1) The main use of mushrooms allows the preparation of different 

dishes, accompanying the diets of individuals since ancient times, 2) The annual levels of Production of 

this crop exceeds one thousand four hundred tons, with the State of Mexico being the one with the 

greatest contribution. 3) In Latin America, Mexico occupied first place in the production of mushrooms 

and their different varieties (Gurgua, 2019). In accordance with the aspects described above, Mexico 

consumes this important crop as a flavor experience accepted by the general population and appreciated 

from a gastronomic perspective. 
 

Environmental conditions for mushroom production 
 

The variables that determine the optimal environmental conditions for the production of mushroom 

mushrooms (Pleurotus ostreatus) are described below (Figure 2 Variables that determine the production 

levels of mushroom): 

 

Box 2 
 

 
Figure 2 

Variables that determine the production levels of mushroom 

Consultation Source: (Aguinaga, 2012) 
 

Each of the variables are quantitatively categorized under the following criteria (Tome, 2022): 1) 

The ideal temperature for the growth of Pleurotus ostreatus during the day is 20°C-24°C, while at night 

it is 18°C-22°C, 2) Relative humidity should be high, between 80-90%, to maintain turgor and promote 

growth, with an ideal precipitation of 6-8 mm and an evaporation level of 12-15 mm, 3) Pleurotus 

ostreatus grows in low light intensity conditions, but prefers total darkness, 4) A carbon dioxide (CO2 ) 

level between 1,000-1,500 ppm is optimal for growth, 5) Good aeration is essential for prevent the 

buildup of ethylene and other gases that can inhibit growth, 6) The optimal pH for Pleurotus ostreatus is 

slightly acidic, between 6 and 7, 7) The ideal substrate is rich in lignin and cellulose, such as hardwood 

sawdust or residues agricultural. 

Temperature

Humidity

Light

CO2​Aeration

pH

Substratum
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Greenhouses for mushroom production 

 

Aquino and Ruíz (2012) consider greenhouses as the physical means to produce a large number of edible 

products, among these products mushrooms stand out; For greater adaptability of these crops, the 

greenhouses are conditioned by regional fungiculturists, taking care of the following aspects: 1) Firm 

structure: To prevent the structure from being flexible, it must be made of highly resistant material, with 

dimensions that allow access to the fungiculturists and divided into two main areas: Incubation cabin and 

crop growth area, 2) Lining the greenhouse: It is highly recommended to line the surface of the 

greenhouse with two layers of two-color nylon, leaving upper vents on the sides of the structure, 3 ) Soil 

conditioning: According to the region where the greenhouse is established, the appropriate substrate is 

selected to maintain humidity within the area. In most of the conditioning processes, tezontle stone is 

used, characterized by being porous and absorbing moisture. greater amount of water; This H2O 

absorption system contributes to maintaining optimal levels of relative humidity during the day, for the 

good proliferation of the crop, 4) Irrigation system: It is considered the means that provides the 

mushroom cultivation with the necessary water resource, for the system to function properly, therefore, 

the irrigation activity is carried out by the fungiculturists in the assigned schedules and in the ideal 

quantities to generate quality crops, with higher levels of productivity (Rodriguez, Araque and Perdomo, 

2006). 

 

Irrigation systems for mushroom cultivation processes 

 

Irrigation systems implemented within mushroom crops in all their varieties are crucial because they 

allow humidity to be maintained and promote healthy/uniform growth of the product. The most common 

irrigation systems are (Table 1 Irrigation systems for mushroom cultivation processes): 

 

Box 3 

Table 1 

Irrigation systems for mushroom cultivation processes 

Irrigation type Description 

Aspersion It uses nozzles to spray H2O in a mist, keeping moisture in the air and in the substrate. 

Drip Supplies water directly to the base of the mushrooms, reducing H2O loss and preventing 

waterlogging. 
Immersion Immerse cultures in H2O for a set period, ensuring uniform hydration. 

Nebulization Creates a fine mist that keeps moisture in the air, ideal for mushrooms that require high 

humidity. 

Consultation Source: (Pérez, 2016). (Liotta, Carrión, Ciancaglini and Olguin, 2015). (Oviedo, Alvarenga, Evangelista, 

Sepúlveda and Rodríguez, 2015). (Guachamin, 2021). 

 

Misting irrigation system 

 

According to Solis (page. 5, 2019), this irrigation model is characterized by expelling water the form of 

mist, through emitters that are placed on the top of the crops. The main advantages of this model are: a) 

They reduce the concentration of high temperatures within the growing areas, b) They raise the level of 

relative humidity inside the greenhouses. Specifically, the operation of this irrigation method begins with 

the capture of H2O, subsequently the water resource is transferred through pressure pipes, until reaching 

the nebulizers, which expel the H2O as a fine mist; fed evenly to crops. 

 

Nebulization 

 

Fogging is a process that consists of evaporating a very small drop of H2O using a diffuser. During the 

evaporation process, the water resource absorbs the heat energy of the greenhouse. There are three types 

of nebulization, these are (Flores and Martínez, 2012): 1) Nebulization based on water pressure: It is a 

method that uses the energy of a high-pressure water jet to atomize a liquid, generally a medication or a 

solution, in small drops. This process is commonly used in nebulizers, devices that convert liquid 

medications into an aerosol that can be directly inhaled. 2) Low-pressure nebulization (Blank): This is a 

method that uses a low-pressure water jet to atomize a liquid. usually a medicine or solution, in small 

drops. Unlike water pressure-based nebulization, which uses high pressure to atomize the liquid, blanking 

uses a lower pressure and gentler water flow. 3) Air pressure nebulization (Hydrophone): It is a method 

that uses a jet of compressed air to atomize a liquid, usually a medication or solution, into small droplets.  
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This process is commonly used in nebulizers, and is characterized by: a) It uses compressed air 

to atomize the liquid, b) It does not require water to operate, c) Made up of small particles (generally 

between 1-5 micrometers), d) High flow aerosol. 
 

Methodology 
 

This work is developed through the intervention of the following phases (Figure 3 Intervention phases): 

 

Box 4 

 

Figure 3 

Intervention phases 

Consultation Source: Own Preparation 
 

Phase 1) General evaluation of current irrigation systems 
 

The variables that make up the irrigation systems currently used for the production of mushroom 

mushroom crops were analyzed. The study is shown below (Table 2 Variables and quantitative and  

qualitative factors of irrigation systems): 
 

Box 5 

Table 2 

Variables and quantitative and qualitative factors of irrigation systems 
  Types of irrigation 

Variables Factors Aspersion Drip Immersion Nebulization 

Climate Temperature Day= 20°C-22° C 

Night= 15°-18°C 

 

Day= 18°C-20° C 

Night= 14°-16°C 

 

Day= 18°C-20° C 

Night= 16°-18°C 

 

Day= 20°C-22° C 

Night= 18°-20°C 

 

Relative humidity 70%-80% 75%-85% 90%-95% 85%-90% 

Precipitation 6-8 mm 3-5 mm 7-9 mm 8-10mm 

Evaporation 18-22 mm/day 12-15 mm/day 20-25 mm/day 15-18 mm/day 

Floor Texture Moist but not saturated. Wet in the root zone and dry 

on the surface. 

Saturated and uniform Constantly moist but not 

saturated, uniform. 

. Permeability Infiltration= 1-10 mm/hour 

Porosity= 30-50% 

Infiltration= 10-20 

mm/hour 

Porosity= 40-60% 

Infiltration= 0-5 mm/hour 

Porosity= 10-30% 

Infiltration= 5-20 mm/hour 

Porosity= 20-40% 

H2O holding capacity 20-40% 30-50% 80-90% 40-60% 

pH 6.0-7.0 5.5-6.5 5.5-6.5 6.0-7.0 

H2O availability Quality Chlorides= < 50 ppm 

Sodium= <20 ppm 

 

Chlorides= < 10 ppm 

Sodium= <10 ppm 

 

Chlorides= < 5 ppm 

Sodium= <5 ppm 

 

Chlorides= < 2 ppm 

Sodium= <2 ppm 

 

Pressure Minimum= 1-2 bar 

Optimal= 2-3 bar 

Maximum= 4-5 bar 

Minimum= 0.5-1bar 

Optimal= 1-2 bar 

Maximum= 2.5-3 bar 

Minimum= 0.1-0.5 bar 

Optimal= 0.5-1 bar 

Maximum= 1-1.5 bar 

Minimum= 2-3 bar 

Optimal= 3-5 bar 

Maximum= 5-7 bar 

Environmental impact Efficient use of H2O Optimal use of H2O H2O consumption by up to 

50% 

H2O consumption than the 

sprinkler irrigation system 

H2O consumption than the 

sprinkler irrigation system 

Pollution minimization 1) Use of recycled or treated 

water to reduce drinking 

water consumption. 

H2O consumption. 

1) Use of recycled or treated 

water to reduce drinking 

water consumption. 

2) Use humidity and 

temperature sensors to 

control irrigation and 

reduce water consumption. 

1)Use of recycled or treated 

water to reduce drinking 

water consumption. 

H2O recirculation system to 

minimize waste. 

1)Use of recycled or treated 

water to reduce drinking water 

consumption. 

2) H2O filtration system, to 

eliminate contaminants and 

waste. 

3) Use of low pressure and 

flow nebulizers to reduce 

evaporation and H2O 

consumption. 

Consultation Source:(Baños, 2010) 

Phase 1) General
evaluation of current
irrigation systems

Phase 2)
Determine the
irrigation
requirements
(H2O) for the
crop (Pleurotus
ostreatus)

Phase 3) Design
nebulization
system in
specialized
software

Phase 4)
Economic
analysis
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Phase 2) Determine the irrigation requirements (H2O) for the crop (Pleurotus ostreatus) 

 

During the development of Phase 1) the consumption of H2O for each type of irrigation was determined, 

the established consumptions are (Table 3 Consumption of H2O for each type of irrigation by phases): 

 

Box 6 
Table 3 

Consumption of H2O for each type of irrigation by phases 

 

  Types of irrigation 

Dimension/Frequency Phases Sprinkling 

(Liters) 

Drip 

(Liters) 

Immersion 

(Liters) 

Nebulization 

(Liters) 

 

1 m2 /day 

Incubation 

phase 

2-5 1-3 5-15 0.5-1.5 

Growth phase 5-15 3-6 10-30 1.5-3 

 

Phase 3) Design nebulization system in specialized software 

 

To establish the operating parameters and design the nebulization system, the following stages were 

carried out: 

 

Stage 1) Establishment of greenhouse dimensions: A recognition process was carried out to 

determine the measurements, and establish the dimensions for the greenhouse according to the area 

assigned for the mushroom cultivation process (Figure 4 Establishment of greenhouse dimensions). 

 

Box 7 

Figure 4 

Establishment of greenhouse dimensions 

Consultation Source: Own Preparation 

Stage 2) Ground preparation: Once the area is designated, the ground leveling process begins, 

with the main objective of creating a flat surface, without reliefs, suitable for placing the shelf, which 

will be the medium where the mushroom growing bags will be placed (Figure 5 Soil preparation). 

Box 8 

Figure 5 

Soil preparation 

 Consultation Source: Own Preparation 
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Stage 3) Greenhouse lining: This stage includes the placement of two-color nylon on the sides 

and dome of the greenhouse (Figure 6 Greenhouse lining) 

 

Box 9 

Figure 6 

Greenhouse lining 
Consultation Source: Own Preparation 

Stage 4) Soil conditioning: In order to maintain adequate temperature conditions, crushed tezontle 

rocks were spread uniformly over the soil area. Due to their composition, these rocks have the ability to 

retain moisture with greater capacity and provide an optimal cooling process and circulation of relative 

humidity, during the course of the day and night (Figure 7 Greenhouse conditioning). 

Box 10 

Figure 7 

Greenhouse conditioning 
Consultation Source: Own Preparation 

 

Stage 5) Gathering of information (Measures) for the realization of the Design: Once the 

greenhouse has been physically established, the internal and external measurements of the areas that 

make up the structure were taken (Figure 8 Gathering of information (Measures) for the realization of 

Design). 

 

Box 11 

Figure 8 

Gathering of information (Measures) for 

the realization of Design 
Consultation Source: Own Preparation 
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Stage 6) Placement of shelving for the mushroom cultivation process: Continuing with the 

conditioning of the greenhouse, we proceed to place the shelving that will be used as a loading medium, 

for the placement of the culture bags, intended for the incubation process. growth processes, cutting 

processes (Figure 9 Shelf placement for mushroom cultivation process). 

 

Box 12 

Figure 9 

Shelf placement for mushroom cultivation process 
Consultation Source: Own Preparation 

 

Stage 7) Design of the mist irrigation system: The proposal for the design of the mist irrigation 

system is designed in the specialized SketchUp software, based on the measurements, variables and 

characteristics analyzed in the previous stages. 

 

Stage 8) Scale design of the mist irrigation system prototype: The physical structure of the mist 

irrigation system is made through the development of the scale prototype. 

 

Phase 4) Economic analysis 

 

The main components recommended by Solis (Page.10-15, 2019) for the physical development of the 

design are: H2O source, pump, filter, pipe, valves, emitters, drainage systems and accessories; In this 

phase, the functionality of each of them is described, as well as the acquisition cost (Table 4 Component 

analysis): 

 

Box 13 

Table 4 

Component analysis 

Num. Componente Descripción Costo 

1  
H2O source 

Water resource that is extracted from various sources, the suggested sources 
are: a) Wells, b) River, c) Lakes, d) Municipal water network. 

$2,800.00 per unit 
(Acquisition of water 
tank) 

2 Bomb This component within the irrigation system is used to extract water from the 
source and pressurize the system. 

$1,000.00 per unit 

3 Filter The filter is the means that is responsible for eliminating impurities and 
particles from the water, its main objective is to avoid blockages in the 

system. 

$300.00 per unit 

4 Pipeline Physical PVC component that is responsible for conducting the H2O, from 
the pump to the mushroom growing area. 

$ 1,500.00 Total meters 
according to the 
dimensions of the 
greenhouse 

5 Valves They are located in the opening and closing areas of the H2O streams; they 
are responsible for controlling the flow of H 2 O in different sections of the 
system. 

$200.00 Total valves 

6 Issuers They are distributed evenly in the design of the irrigation system; these 
components are responsible for releasing H2O in the form of aerosol/droplets 
to water the mushroom growing bags. 

$500.00 per package of 
50 nebulizers 

7 Drainage system Physical medium that is responsible for removing excess water from the 
irrigation area to avoid flooding, which subsequently generates pests. 

$1,350.00 to supply the 
dimensions of the 
greenhouse 

8 Accessories Set of elements that include different pieces, these pieces are of vital 
importance for the connection of the irrigation system, some examples are: 

Connectors, curves, supports and covers to connect and seal the pipes. 

$300.00 for the units 
necessary to connect 

the irrigation system. 

 

 Consultation Source: (Solis, pages 10-15, 2019) 
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Results 

 

The results are evident below: 

 

Results of Phase 1) General evaluation of current irrigation systems: 

 

Variable: Climate  

 

For the analysis of the information obtained in Phase 1, directly related to the measurement of the climate 

variable, a statistical study is carried out to compare the values and determine which of the irrigation 

system models (sprinkling, drip, immersion and nebulization) adapts to the requirements of the factors 

of temperature, relative humidity, precipitation and evaporation, the results are shown below (Graph 1 

Analysis of the factors that make up the Variable: Climate): 

 

Box 14 
Graph 1 

Analysis of the factors that make up the Variable: Climate 
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The variables corresponding to the climate allow us to observe the behavior of irrigation systems 

in mushroom mushroom (Pleurotus Ostreatus) cultivation environments, compared to the ideal 

requirements, concluding that: 

 

1. In the case of temperature (Day), an ideal value of 22% is established, the sprinkler irrigation 

system will contribute with a temperature of 21°C, drip and immersion irrigation will maintain 

19°C on average, to finish mist irrigation will provide 21°C, when compared with the ideal 

temperature, it follows that the ideal irrigation systems are: Sprinkler irrigation system and mist 

irrigation system. 

2. In the case of temperature (Night), an ideal value of 20% is established, the sprinkler irrigation 

system will contribute with a temperature of 16.5°C, drip irrigation registers an average 

temperature of 15°C, immersion will maintain the internal area of the greenhouse at 17°C, to 

finish the mist irrigation it will provide 19°C, when compared with the ideal temperature, it 

follows that the ideal irrigation system is: Mist irrigation system. 

3. The ideal relative humidity for growing mushroom mushrooms (Pleurotus ostreatus) is 85%, the 

irrigation system models provide on average the following humidity indices: Sprinkler irrigation 

system 75%, drip irrigation system 80%, immersion irrigation system 92.5%, mist irrigation 

system 87.5%, according to the quantitative data presented, the mist irrigation system mostly 

adapts to the ideal index. 

4. The ideal precipitation for the crop species analyzed is 7 mm. Taking this parameter into account, 

we proceed to determine which of the irrigation models best fits; It is notable that the sprinkler 

irrigation system on average shows a precipitation of 7 mm, while drip irrigation contributes 4 

mm, immersion irrigation contributes with a precipitation of 7 mm, and the mist model 

contributes 9 mm, therefore that the system that adjusts to the ideal precipitation rate is: Sprinkler 

irrigation. 

5. Completing the analysis of the climate variables, evaporation is studied, whose ideal value is 13.5 

mm/day. Taking this indicator into account, it is deduced that the systems that manage less 

variability around this variable are: Drip irrigation and mist irrigation. 

 

Variable: Soil 

 

The results corresponding to the analysis of the Variable: Soil are presented below (Graph 2 Analysis of 

the factors that make up the Variable: Soil): 

 

Box 15 
Graph 2 

Analysis of the factors that make up the Variable: Soil 
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Now, quantitatively it is observed that: The allowable porosity for the soil is 30%, compared to 

irrigation systems, in the case of the sprinkler irrigation model the porosity is 40%, with respect to the 

drip model is 50%, while the immersion method maintains a porosity of 20%, to finish the mist irrigation 

system helps the greenhouse soil maintain a porosity of 30%, therefore, the system that adapts to the 

ideal porosity is the nebulization; Continuing with the study, the permeability is examined, which is 

determined by a maximum rate of 5.20 mm/hour. In this factor, it is notable that the irrigation system 

that will maintain the ideal permeability is the sprinkler model.  

 

With respect to the H 2 0 retention capacity of the soil, 50% is required as an ideal indicator, with 

the mist irrigation system being the one that adapts 100% to this need for H2O retention; concluding the 

appreciation of the variable; soil, we find the pH factor, this key element for the fruiting of mushroom 

mushrooms indicates a level of 6.5, according to this indicator it is deduced that the spraying and misting 

method contribute significantly to assertively comply with this index. 

 

Variable: Availability of H2O 

 

To finalize the statistical analysis corresponding to Phase 1, the one corresponding to the Variable: 

Availability of H2O was carried out, the findings are: To provide the ideal quality to the water resource, 

the amount of chloride and sodium (ppm) is measured, this measurement indicates that in the case of 

chloride content a maximum of 2.5 ppm is permissible, so the mist irrigation system contributes 2.0 ppm, 

while the sodium content is permissible up to a range of 2.5 ppm, again it is notable that The mist 

irrigation system provides 2.0 ppm.  
 

Now, the optimal pressure of H2O is 1.5 bar, according to this index it is concluded that the 

sprinkler irrigation system is the one that contributes to 100% compliance with this factor, mentioning 

that the pressure of H2O It is adjustable according to the emitters (Nebulizers, sprinklers, etc.) of H2O 

(Graph 3 Analysis of the factors that make up the Variable: Availability of H2O). 

 

Box 16 
Graph 3 

Analysis of the factors that make up the Variable: Availability of H2O 
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The average compatibility for each system is: Sprinkler irrigation= 37.43%, drip irrigation = 

4.66%, immersion irrigation = 0%, mist irrigation = 66.2%. According to the compatibility levels 

described, the mist irrigation system is selected (Table 5 Compatibility analysis of irrigation system 

factors). 

 

Box 17 

Table 5 

Compatibility analysis of irrigation system factors 

 
Irrigation 
System 

Compatible factors 
(Climate) 

% 
Compatibility 

Compatible 
factors (Soil) 

% 
Compatibility 

Compatible 
factors (H2O 
availability) 

% 
Compatibility 

Aspersion Temperature (Day), 
precipitation 

29% Permeability, 
pH 

50% H2O availability 33.3% 

Drip Evaporation 14% N/a 0% N/a 0% 

Immersion N/a 0% N/a 0% N/a 0% 

Nebulization Temperature (Day), 

temperature (Night), 
relative humidity, 
evaporation 

57% H2O retention 

capacity, pH 

75% Chlorides, sodium 66.6% 

 

Results of Phase 2) Determine the irrigation requirements (H2O) for the crop (Pleurotus ostreatus) 

 

The standard measurement established for the greenhouse is 5m x 6m. Taking these measurements into 

account, an area of 30 m2 is obtained, if the water consumption for a mist irrigation system is 1 liter x 1 

in the incubation phase m2 /day (Table 3 H2O consumption for each type of irrigation by phases), the H 

2 O requirement is 30 liters per day, subsequently for the growth phase an average water resource 

consumption of 2.25 is needed liters, therefore, to supply the cultivation of mushroom mushrooms 

(Pleurotus ostreatus) the total requirement is 67.5 liters. 

 

Results of Phase 3) Design nebulization system in specialized software 
 

The final design of the mist irrigation system to grow mushrooms is revealed through the following set 

of images (Figure 10 Final design of the mist irrigation system). 

 

Box 18 

Figure 10 

Final design of the mist irrigation system 
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In the design proposal for the mist irrigation system (Figure 10 Final design of mist irrigation 

system: A), you can see the simulation environment where the mushroom culture bags are located 

along with the shelves and distribution. of the irrigation system seen from a left side corner. The system 

is placed on the lateral sides and the rear part of the base of the dome alluding to a “u” shape, while in 

the center the “x” shape is found from corner to corner (Figure 10 Final design of the dome system). 

mist irrigation: B, C). The main details that make up the irrigation system are made visible through the 

H2O power supply located on the left side of the model (Figure 10 Final design of mist irrigation 

system: D and E), later it is indicated the piping system that runs through the greenhouse area (Figure 

10 Final design of mist irrigation system: F and G). To finalize the design in the SketchUp software, 

the location of the nebulizers is simulated as well as the H2O output process through the mist irrigation 

system (Figure 10 Final design of the mist irrigation system: H, I). Once the model was generated in 

software, the design was manufactured, this creation is reflected in the development of a scale model, 

where each of the elements that make up the proposed irrigation system is physically represented 

(Figure 11 Prototype irrigation system physics, simulated scale environment). 

 

Box 19 
 

 
 

Figure 11 

Prototype irrigation system physics, simulated scale environment 
Consultation Source: Own Preparation 

Results of Phase 4) Economic analysis 

 

A. Costs of machinery and equipment for the construction of the mist irrigation system: 

 

1. 2 O source =$2,800.00 

2. Bomb=$1,000.00 

3. Filter=$300.00 

4. Pipe=$1,500.00 

5. Valves=$200.00 

6. Emitters (Nebulizers) = $500.00 

7. Drainage system=$1,350.00 

8. Accessories=$300.00 

 

B. Greenhouse Manufacturing Cost (Variable costs) 

 

1. Greenhouse structure installation = $2,500.00 

2. Construction of the footings = $6,500.00 

3. Construction of columns = $5,200.00 

4. Construction of earthenware = $8,000.00 

 

C. Monthly fixed costs 

 

1. Repairs and Maintenance=$1,100.00 

2. Office supplies=$1,500.00 

3. Supplies=$2,000.00 

 

Total investment for the construction of the mist irrigation system = $34,750.00 
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Conclusions 

 

Taking into account the water requirements that significantly nourish mushroom mushroom crops 

(Pleurotus ostreatus), an efficient irrigation system is developed that meets the required indices for the 

variables of climate, soil, availability of H2O and environmental impact, it is important to mention that 

each of the mentioned variables are made up of various factors, which must be met so that quality and 

productivity levels increase, and there is greater economic remuneration for fungi growers in the region 

and area of influence. 

 

Taking into account what was described above, an area for improvement was detected within the 

mushroom cultivation processes, therefore, a mist irrigation system was designed, taking into account 

that it provides the following benefits: 

 

- Temperature (Day) of 21°, with a decrease of 4.5% with respect to the ideal temperature. 

- Temperature (Night) of 19°, with a 5% decrease with respect to the ideal temperature. 

- Relative humidity, the nebulization process shows an average humidity of 87.5%, with an 

incremental of 2.9%, being beneficial for the cultivation phases taking into account that the 

greater the amount of relative humidity, the greater the growth of the product. 

- In compliance with the precipitation factor, a contribution of 9 mm is observed, with an increase 

of 2.85% in relation to the optimal index. 

- The evaporation factor (mm/day) is established at 13.5 mm/day, the mist irrigation system 

increases this index by 22.22%. 

- The porosity of the ideal soil is 30%, nebulization is characterized by maintaining 30% porosity 

in the soil of mushroom-producing greenhouses. 

- 2 O retention capacity must be 50%, the mist irrigation system provides 50% H2O retention. 

- The pH level of the soil must be maintained at an index of 6.5 on average. Analyzing the different 

irrigation systems that are currently used confirms that the mist irrigation system is the one that 

maintains the indicated level. 

- The assessment related to the availability of H2O is analyzed through the content of chlorides and 

sodium, taking into account that, for mushroom mushroom cultures to bear fruit, they must 

contain the minimum amount of these elements, therefore, it is determined that The ideal system 

is the nebulization model, because for both elements it only provides 2.5 ppm. It is important to 

mention that the ideal H 2 O outlet pressure is 1.5 bar, the nebulizers provide a pressure of 2.5 

bar, but with the possibility of adjustment, according to irrigation needs. 
 

The study described above confirms that the mist irrigation system is optimal, and when designed 

according to regional needs it will bring with it multiple benefits, among which the following stand out: 

 

A. Increase in current production levels: The development of the mist irrigation system model has 

proven to be beneficial for the cultivation of the mushroom mushroom, since it provides a uniform 

distribution of humidity in the environment, which favors the growth and development of the 

mushroom. mycelium. This results in a significant increase in mushroom production. 
 

B. Improves the quality standards of the mushroom: Adequate humidity is essential for the 

development of fruitful elements characterized by being of quality, the nebulization process 

guarantees optimal environmental conditions, bringing with it that the cultivated products 

significantly improve the following consumption characteristics: 1) Texture, 2) Flavor, 3) 

Appearance; These improvements add significantly to meeting the dietary needs of local, regional 

and national consumers. 
 

C. Increased profitability: The synergy resulting from the combination of the following 

benefits:Higher production levels, compliance with quality standards, water savings and 

automation of the process, contribute to increased profitability when producing mushrooms, with 

a recovery in the short term of the investment by implementing the mist irrigation system 

($34,750.00) in the greenhouses. 
 

In conclusion, the development of this project contributes directly to the economic growth of the 

Sierra Norte of the State of Puebla (ODS 8 of the 2030 agenda), as well as to the generation of efficient 

production systems, oriented to the consumption of resources (H2O) in a responsible manner (ODS 12 of 

the 2030 agenda) by the population. 
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