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Abstract

Worldwide, there is an increase in acreage dedicated to the competitive production of 
fruits, vegetables, flowers, and palms crops as productive diversification for food, feed, 
fiber, and fuels. However, in developing countries, there is malnutrition by an inad-
equate diet caused by deficiency in quality or quantity of food. Therefore, options are 
needed for the production of foods, mainly of high protein content such as edible mush-
room from by‐products. In Veracruz, Mexico, there is a large megadiversity of wastes 
derived from endemic plants, fruits, legumes, pods, leaves, straws, and flowers that are 
generated in a large amount and are disposed off through open‐field burning without a 
specific use. The objective was to evaluate the potential of 30 nonconventional by‐prod-
ucts and wastes for the production of low‐cost oyster mushrooms Pleurotus ostreatus. 
Biological efficiency (BE) varied from 17.65 to 180% and at least the 60% of the evaluated 
substrates (BE greater than 50%) are viable for the production of mushroom Pleurotus 
especially in view of its low contamination in trials and abundance and availability and 
diversity throughout the agricultural year as wastes. Besides, the spent substrates were 
converted into organic manure compost, vermicompost and bocashi to close the cycle 
for new food production.

Keywords: protein‐rich food, lignocellulosic by‐products, competitive rural enterprises, 
oyster mushroom, organic manures
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1. Introduction

1.1. Issues and constraints for the competitive and sustainable food production  

in Mexico

According to FAO estimates [1], 795 million people worldwide lack the quantity and quality of 
food needed to enjoy an active and healthy life. The vast majority live in developing regions. 
To better understand the problem, the concept of food and nutritional security defined by 
the Food and Agriculture Organization of the United Nations (FAO) has been established as 
“Physical and economic access to sufficient safe and nutritious food to meet their needs food 
preferences in order to lead an active and healthy life.” This concept began to take on impor-

tance since the 1920s, with efforts to mitigate hunger; In the 1950s and 1960s, government 
actions were directed toward increasing the productivity and efficiency of marketing systems 
[2]. At the global level, this concept became more important as a result of the financial, energy 
and food crisis of 2008. Major advances have been made since the early 1970s in increasing 
food or raw material production, but this progress slowed down during the 1990s, due to fac-

tors such as climate change and climate change routing of crops for the production of biofuels.

In accordance with Urquía‐Fernandez [3], food security is based on four elements: availabil-
ity, access, food use, and stability of supply; to these, we must add two effects of an inad-

equate intake of foods that are obesity and malnutrition. That is why although in Mexico the 
average energy availability is 3145 kilocalories per person per day, 14% of the infant’s present 
malnutrition, 30% of the adult population suffers obesity in different degrees and more than 
18% of the total population is classified as food poverty by income. One of the reasons for this 
phenomenon is explained by the processes of development and sociocultural changes that 
are occurring in Mexico, which directly influence the eating patterns characterized mainly by 
a high intake of foods rich in cholesterol, saturated fats, sugars, and salts [4]. In addition [5], 

indicates that products oriented toward a more economical market usually have the highest 
content of fats, sugars, and additives. Poor nutrition has social and economic effects, a hungry 
person is not an efficient worker, they present more frequently illnesses and a poor nutrition 
of mothers has repercussions on children with lower physical and mental capacity [6, 7].

The current global capacity to produce food is such that the needs of all its inhabitants can be 
met. Numbers from the National Institute of Statistics, Geography, and Informatics (INEGI) 
indicate that there is sufficient food availability in Mexico [8]. FAO established an indicator 
called Food Energy Supply (SEA), defined as the daily consumption of food energy per person 
over a given period and including food produced or imported by countries for human con-

sumption; for Mexico in 2000, this indicator has a value of 3159 kcal/day and its energy needs 
per person are calculated at 2182 kcal/day; therefore, the information indicated is validated. 
Unfortunately, there are factors that have limited adequate access to food by the population. 
These factors include transfer costs and the lack of price regulation of the basic food basket [9].

Currently in Mexico there is a very noticeable change in the dietary habits of the population, 
since the patterns of consumption have left their local and regional characteristics to gradu-

ally evolve to a standard national, that is to say the traditional Mexican food has succumbed 
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to the search of the imitation of the food model of the developing countries. An example of 
this is the change in food with abundant cereals and legumes, a variety of fruits and veg-

etables and small portions of food of animal origin, which has been displaced by a diet based 
on products of animal origin with their corresponding intake of saturated fats and cholesterol, 
very refined cereals with low fiber content and high consumption of sugars and sweeteners. 
The product of these changes in diet is reflected in chronic diseases such as malnutrition, 
overweight, obesity, and diabetes [10].

Food is a physiological need characterized by food intake influenced by various factors such 
as culture, food, and economic availability, and environmental and family issues. The human 
metabolism needs to cover a daily requirement of approximately 50 nutrients to maintain 
their health, some of these nutrients are considered essential because the organism can not 

produce them, so it is necessary to ingest them in the daily diet [11]. There are studies that 
indicate that 90% of cases of malnutrition are caused by an inadequate diet, which can be 
caused by a deficiency in quality or quantity of food eaten [12]. Currently, in Mexico, it is esti-
mated that 1.5 million children under 5 suffer from chronic malnutrition. As for overweight 
and obesity, this is caused by the abuse of high‐calorie foods, with high concentrations of fats, 
salt, and sugars and with low amounts of vitamins, minerals and fiber, coupled with little or 
no physical activity; Genetic factors also contribute. In Mexico, 10% of children under 5 years 
of age and 70% of the economically active population present cases of overweight and obesity 
[13]. Diabetes, a disease considered the epidemic of the twenty‐first century, since in 2007 its 
prevalence in Mexico was 7% [14].

The change of the patterns of feeding in Mexico has been given since the conquest with the 
introduction of new species of cattle and other species of cereals; however, some rural com-

munities and certain sectors of the urban population maintain part of that pre‐Hispanic food 
culture that is characterized by foods with great nutritional value. Before the Spanish conquest, 
the feeding of the different pre‐Hispanic Mesoamerican cultures was based on a great diver-

sity of animal and vegetal species peculiar to each of the geographic regions (both wild and 
domesticated). The availability of products used as food at this time was very varied; among 
them, we can mention edible plants, herbs and condiments, flowers, and fruits and highlight 
the use that was given to mushrooms named generically as nanácatl or forest fungus (Table 1). 
Estrada [15] points out that up to six names are registered in the Florentine Codex to refer to 
edible fungi. Pre‐Hispanic cultures appreciated their great biological diversity and developed 
forms of sustainable use of their resources; One example of this is the multiple benefits they 
obtained from the main food of the indigenous peoples, maize: the sweet stalk was consumed 
directly, the leaves were used to wrap food like tamales where it served as protection during 

cooking, elote which is consumed directly desgrained or whole, from these grains are obtained 
tortillas, sweet tamales and drinks; Even pests of corn are exploited as are the worm (gusano 

elotero) and the fungus that infestated them called cuitlacochin. With the voyages of discovery 
and commercial exchanges with the world, many species were introduced and successfully 
adapted due to their use by indigenous groups, and many of these associated species survive 
to this day and constitute almost half of the dietary in México [16]. In the period 2000–2013, it is 
estimated that the Mexican population reduced their consumption of fruits and vegetables by 
30% and consumed 40% more sweetened drinks and 10% more carbohydrates in their diet [7].

Competitive Edible Mushroom Production from Nonconventional Waste Biomass
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The agricultural systems in México have been oriented to intensive production characterized 
by various factors such as the implementation of technologies to increase productivity, an 
adaptation of crops to the demands of international markets and genetic modifications to 
improve product varieties. In addition, government support has been received with the aim 
of promoting the productive reconversion and diversification of traditional crops. Besides, 
irrigation is poor; therefore, Mexican agriculture is still mostly rainfed and highly affected by 
climatic variations (Figure 1).

Common name Náhuatl name Scientific name

Calabaza Ayutli Cucurbita pepo

Bean Etl Phaseolus spp.

Chile Tzilli Capsicum annum y C. frutescens

Corn Cintli Zea mayz

Chayote Chayutli Sechium edule

Huazontle Quauzontetl Chenopodium berlandieri ssp. nuttalliae

Quelite Quilitl Chenopodium album

Quintonil Quintonilli Amaranthus hybridus

Purslane Itzmiquilitl Portulaca oleracea

Red tomato Xitomatl Lycopersicum esculentum

Green tomato Tomatl Physalis philadelphica

Nopal Nopalli Opuntia spp.

Vanilla Tlilxochitl Vanilla planifolia

Achiote Acyotl Bixa orellana

Chipilín Chipilli Crotalaria longirostrata

Epazote Epazotl Chenopodium ambrosioides

Colorín Zompantle Erythrina spp.

May flower Cacaloxóchitl Plumeria spp.

Izote Iczotl Yucca elephantipes

Custard apple Zacualtzapotl Annona cherimola

Chicozapote Xicotzapotl Manilkara zapota

Guava Xalococotl Psidium guajava

Tejocote Texocotl Crataegus mexicana

Capulín Capolin Prunus serotina

Nanche Nantzinxocotl Byrsonima crassifolia

Table 1. Pre‐hispanic food consumed in some regions of Mexico [15].
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Agricultural activities produce significant amounts of waste (Table 2) and by‐products that 
can be used in the formulation of animal feed, edible mushroom and in the production of 

compost and vermicompost, techniques that consist in the degradation of organic matter by 
the action of microorganisms and worms respectively, to produce humus or organic manure, 
products that increase the availability of plant elements [17]. Unfortunately, it is estimated 
that only 50% of the total produced is used. The burning of agricultural waste is a wide-

spread practice in Mexico to dispose of or reduce the volume of agricultural products, and 
it is an economical and easy practice. According to conclusions published by CEC [18], it is 

estimated that biomass burning “Produces 40% of carbon dioxide (CO2), 32% of carbon mon-

oxide (CO), 20% of particulate matter or (PM) and 50% of polycyclic aromatic hydrocarbons 
(PAHs) emitted to the environment on a global scale.” A very important alternative for the use 
of agricultural residues is the use of biotechnology that allows the establishment of solid state 
fermentation of fibrous residues in the production of edible mushroom and later from their 
waste, animal feed and compost.

Taking as reference the report of the global condition of agriculture and food [20] and based 

on projections of population growth, world food demand in 2050 is expected to be at least 
60% higher than 2006. Taking this stage into account, it is necessary to develop processes that 
are orientated toward sustainable food production. On the one hand, adequate food must be 
ensured for future generations, and on the other hand, these processes should no longer affect 
natural ecosystems and their ecological services; we must even go beyond restoring and creat-
ing the natural resources that have been damaged.

Figure 1. Rainfed agriculture in Mexico [8].
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2. Potential for competitive food cultivation from biodiversity in 

Veracruz, Mexico

Veracruz State is a crescent‐shaped strip of land located in Eastern Mexico wedged between the 
Sierra Madre Oriental to the west and the Gulf of Mexico to the east. Its total area is 78,815 km2. 
It extends about 650 km north to south but its width varies from 212 to 36 km. Even when the 
elevation of a great portion of the State is between sea level to one thousand meters, the topog-

raphy in the west in some areas changes drastically, creating a complex system of mountains 
and valleys which can reach altitudes over five thousand meters.

The combination of these factors generates an interesting mosaic of climatic conditions 
according to the methodology of Ref. [21]. In Veracruz, annual mean temperature goes from 
almost 27°C (81°F) to −1°C (30°F). The lowlands located in the south are relatively warmer 
than the lowlands in the north. In contrast, the central portion of the State has temperatures 
that can reach 0°C in the highest mountains. Annual precipitations show too a great variation. 
Even when about 40% of the territory has precipitations between 1000 and 2000 mm, in some 
western areas, yearly rainfall is below 500 mm. In the other extreme is possible found regions 

where the annual rainfall is over three thousand mm (reaching a maximum of 3230 mm). The 
distance to the coastline, the elevation range, and the physiographic conditions also generates 
enormous variations in moisture, temperature annual range, and temperature seasonality 
besides the variations in the distribution of rainfall. The environmental conditions present the 
Veracruz permit the existence of different biomes (Figure 2).

Crop Generation coefficient

(t residue/t product)

Wheat 1.20

Barley 1.35

Oats 1.35

Rye 1.35

Corn 2.00

Rice 1.50

Sorghum 1.70

Citrus fruits 0.15

Sunflower 2.00

Cotton 2.00

Sugar cane 1.50

Table 2. Biomass generation coefficient in different crops [19].
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Although tropical & subtropical moist broadleaf forest occupies a great portion of the State, 
tropical and subtropical dry broadleaf forest, tropical and subtropical coniferous forest, xeric 
scrubland, and mangroves are present too. Consequently, the biodiversity existing in the ter-

ritory is one of the greatest in the country. Current data indicates that native vascular plants 
species are over 5472 species, i.e. 28% of the total number of species present in Mexico and 2% 
of the vascular plants that exists in the world.

The climatic mosaic present the Veracruz combined with the edaphic variability also had 
allowed the cultivation of a great variety of native and exotic crops (from annual herbaceous 
to tropical and subtropical tree species), which found the appropriated conditions to grow 
adequately. As a result of the distribution of mountain ranges in Veracruz and their latitu-

dinal positions each region on the state has contrasting soil types, climatic, hydrologic, and 
biotic characteristics (Table 3 and Figures 3–5).

However, despite the high potential for the production of various crops, Veracruz is the 
third state in Mexico with the highest level of poverty, therefore, alternative food pro-

duction required to complement traditional systems of food production and transit to 
sustainability.

Figure 2. Biomes in Veracruz.
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Figure 3. Average temperatures in Veracruz.

Major soil group Characteristics %

Acrisols Soils with subsurface accumulation of low activity clays and low base saturation 8.5

Cambisols Weakly to moderately developed soils 7.0

Rendzinas Dark soils rich in organic matter over calcareous material 4.4

Gleysols Soils with permanent or temporary wetness near the surface 5.1

Phaeozems Soils with a thick, dark topsoil rich in organic matter and evidence of removal of 
carbonates

12.5

Lithosols Azonal soil consisting chiefly of unweathered or partly weathered rock fragments 2.5

Fluvisols Young soils in alluvial deposits 0.4

Kastanozems Soils with a thick, dark brown topsoil, rich in organic matter and a calcareous or 
gypsum‐rich subsoil

0.2

Luvisols Soils with subsurface accumulation of high activity clays and high base saturation 9.6

Nitosols Soils with shiny surfaces on structural faces (peds) of the soil 0.5

Arenosols Sandy soils featuring very weak or no soil development 1.4

Regosols Soils with very limited soil development 14.8

Andosols Young soils formed from volcanic deposits 5.8

Vertisols Dark‐coloured cracking and swelling clays 25.5

Planosols Soils with a bleached, temporarily water‐saturated topsoil on a slowly permeable 
subsoil

0.2

Solonchaks Strongly saline soils 0.2

Others 1.4

Table 3. Soil types from Veracruz [22].
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Figure 4. Annual precipitation in Veracruz.

Figure 5. Slopes in Veracruz.
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3. Nonconventional by‐products and waste biomass from Veracruz for 

Pleurotus cultivation

Pleurotus species represent a well‐defined group of Basidiomyceteous fungi of the order 
Agaricales and family Tricholomataceae. They are characterized by the production of fruit 
bodies with an eccentric stalk and a wide cap shaped like an oyster shell, with the widest 
portion of the cap being away from the stalk. They grow over a wide range of temperature 
and are able to colonize a wide spectrum of unfermented, natural, lignino‐cellulosic wastes. 
Because of their fast mycelial growth rate, they colonize the substrates rapidly; the yield of 
fruit bodies is also high [23]. Worldwide the production of edible mushroom is widely distrib-

uted; however, in Mexico, it is still poor (Figures 6 and 7)

The importance on the research for Pleurotus cultivation is the alternative to transform a wide 

range of organic wastes to nutritional protein food with easy access and low cost in Veracruz 
Mexico[26]. There are many reviews analyze the Pleurotus production on different substrates 
[27–31]. In this study, we assessed the mushroom production on 30 nonconventional agricul-
tural by‐products and agro‐industrial wastes and some combinations for the cultivation of 
Pleurotus. We used a commercial strain of Pleurotus ostreatus supplied by a supplier national 
laboratory. The wastes biomass was collected from the main crops representative from differ-

ent regions in Veracruz. The preparation of substrates were completely dried under the sun, 
chopped, washed, soaking in cold water and sterilized by immersion in hot water (80°C) dur-

ing 1 h; later when substrate was at room temperature, it was inoculated into bags or plastic 
container with 2.85 kg of substrate (wet weight) and 0.150 kg of spawn (5%). The incubation 
was in darkness condition at room temperature, when the primordium was observed the 
bags were transfer to a production room with conditions recommended by literature [32–34]. 
We presented a diversity of substrates for Pleurotus production from agricultural wastes in 

Veracruz, and some of these are reported as the first time for its cultivation. The control sub-

strate was old corrugated container (OCC) (Figures 8 and 9)

According to the substrate, we observed a large variability on mushrooms production. The 
biological efficiency (BE) varies from 17.6% (Chilean pine leaves) to 180% (Pineapple fiber and 

Figure 6. Edible mushroom world production [24].
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Figure 7. Edible mushroom production in Mexico [25].

Figure 8. Some wastes as substrates used in the production of Pleurotus edible mushroom.
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pods of guaje), more than 60% of substrates presented a biological efficiency (BE) equal or 
higher than 50%. Nevertheless, the evaluated period vary from 20 to 96 days (steam of garlic, 
sugar cane tops, and OCC, respectively), affecting enormously the production rate (PR) from 
0.7 to 5.8 and physical characteristics of the final product (Table 4 and Figures 10 and 11).

Figure 9. Stages of the edible mushroom production.

Substrate BE(%) Days of treatment Production rate Yield

Chilean pine leaves (Araucaria 

araucana)
17.65 23 0.77 5.61

Tropical wood sawdust 25.00 28 0.89 6.17

(Pinus patula) needles 33.33 24 1.39 8.47

Queen palm leaves (Syagrus 

romanzoffiana)
34.62 26 1.33 6.25

Agave fiber 35.00 27 1.30 7.07

(Mangifera indica) leaves 35.71 24 1.49 9.62

Sugarcane pith 40.00 23 1.74 8.89

(Yucca elephantipe) leaves 45.00 25 1.80 8.65

(Tillandsia usneoides) Pascle 46.15 21 2.20 7.59

Cempasuschil (Tagetes erecta) stalks 50.00 22 2.27 12.50

Stem of garlic 50.00 20 2.50 10.34

Maize flower 50.00 27 1.85 8.77

Sugar cane flower 55.00 22 2.50 9.91

Lemongrass (Cymbopogon citratus) 58.33 26 2.24 8.64

Shells and coconut fiber 59.00 84 0.70 12.29

Corn cob 61.67 28 2.20 15.42

(Persea schiedeana Nees) leaves 62.50 23 2.72 8.47

Banana wastes 65.00 25 2.60 12.04

(Chamaedorea tepejilote Liebm) leaves 72.22 23 3.14 11.30

Stem of onion 84.62 21 4.03 12.50

Future Foods12



Substrate BE(%) Days of treatment Production rate Yield

Tomato straw 90.00 42 2.14 15.00

Bagasse from trapiche 100.00 26 3.85 13.51

Sugarcane tops 120.00 85 1.41 31.76

Pea pods (Pisum sativum) 125.00 25 5.00 24.04

(Erythrina americana Miller) flowers 135.0 23 5.87 22.69

Pods of bean 142.5 60 2.38 67.86

Chayote (Sechium edule) straw 150.0 40 3.75 16.67

Pineapple fiber 180.0 54 3.33 90.00

Pods of guaje (L. leucocephala) 180.0 53 3.40 90.00

Old corrugated container (OCC) 48 96 0.5 12.88

BE: Biological efficiency (fresh mushroom weight/dry substrate weight); Days of treatment: Days from inoculation until 
the last harvest; Production rate: BE/days of treatment; Yield: fresh mushroom weight/fresh substrate weight.

Table 4. By‐products and waste biomass from Veracruz evaluated for Pleurotus cultivation.

Figure 10. Biological efficiency (BE%) of substrates (Experimental data).
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4. Potential of substrates for Pleurotus production

The highest BE were observed on the pods of guaje (Leucaena leucocephala) and pineapple 
fiber, both with 180%. Our results are consistent with a recent report of L. leucocephala for P. 

ostreatus cultivation, which obtains 157% of BE [35]. They have observed an increase in the 
nutritional value of sporophores; however, in another study, when L. leucocephala is mixed 
with rice straw [36], the BE has been 65%. In the case of the Pineapple fiber as a substrate, 
there exist few reports with the objective to obtain fructification of Pleurotus. One study [37] 

reported a BE of 103% with P. ostreatus, but on the other hand, however [38, 39] proved that 

the wastes from this plant stimulate the enzyme of Pleurotus, particularly important to obtain 
by‐products. These two substrates represent an excellent choice to obtain a high biomass 
production for P. ostreatus in Veracruz.

Beyond the BE, is important to consider the time to production, because a rapid spawn run 
would reduce the time noncolonized substrate when it is exposed to competitors such as 
weed mold and bacteria, this affect the cost production and the risk of contamination. In this 

Figure 11. Physical characteristics of produced edible mushroom (Experimental data).
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study, we consider the production rate (PR) as the division between BE on the days to pro-

duction. Interestingly was the case of Bean, guaje (L. leucocephala) and legume pods mix with 
a BE of 125% and PR 5.0 and Erythrina americana flowers with a BE of 125% and 5.87 of PR, 
the evaluated period for production was the 25 and 23 days respectively. The first substrate 
includes the L. leucocephala, it is well known to have a high content of Nitrogen [40, 41], and 

this can help to supply the nutrition of Pleurotus to increase the biomasse as mentioned earlier. 
This is the first report of the Erythrina americana flowers, used as a substrate for Pleurotus cul-

tivation. This flower is an edible flower from wild plants consumed in some areas in Mexico. 
In Veracruz, it is consumed during a short time of the season when they are blooming, gener-

ally in February, March, and April [42, 43]. Currently, there has not a commercial use of this 
flower, then to collect and stock this waste during this season could be a strategy for Pleurotus 

cultivation during the year.

On the other hand, the most part of substrates presented a BE higher than 40% and a PR 
higher than 1 (except the Shells and coconut fiber), these are Sugarcane pith, Yucca elephantipes 

leaves, Tillandsia usneoides, Tagetes erecta stalks, Stem of garlic, Sugar cane flower, Cymbopogon 

citratus, Corn cob, Persea schiedeana Nees leaves, Banana wastes, Chamaedorea tepejilote Liebm, 

Stem of onion, Tomato straw, Bagasse from trapiche and Sugarcane tops. From those, the

Pith sugar cane [44, 45], Yucca [46], steam of garlic [47, 48], Cymbopogon citrates [49], corn 

cob [30, 35, 47, 49] and Banana wastes [35, 50–52], Onion [53] (stimulation of enzymes of 
Pleurotus), Tomato straw [36, 54], and Pod of beans [49] have been reported, but this is the 

first report for Tillandsia usneoides, Tagetes erecta stalks, Sugar cane flower and Persea schiedeana 

Nees leaves and Chamaedorea tepejilote Liebm leaves as substrates for the Pleurotus cultiva-

tion. All these substrates represent an economical opportunity, as is reported for Pleurotus that 

a minimum of 40% of BE is economically viable [55]. From these substrates, the banana wastes 
have been reported as a good option to produces P. ostreatus [35, 51, 56], and recently reported 
that it can increase the lacassa activity of vegetative phase of P. ostreatus [57]. Therefore, we 
consider the banana waste is interesting substrates to develop a standard process for cultiva-

tion of Pleurotus.

5. Sugar cane by‐products

It is particularly important the case of the by‐products and wastes of sugar cane. In this study, 
we use four by‐products from this crop: sugarcane pith (40% BE), sugar cane flower (55% BE), 
bagasse from trapiche (100% BE), and sugarcane tops (120% BE), all of them with an impor-

tant result for production. Veracruz is the highest producer of sugar cane in Mexico [58], 

(Figure 12) there are big amounts of by‐product without a specific use, this should be one 
of the main substrates for Pleurotus production in this state, and this allow to obtain a large 

amounts of substrate, from short distance and at low price. There are several reports about the 
use different by‐products from sugar cane as substrates for Pleurotus cultivation with interest-

ing results for yield [59–63]. This is a no profited by‐product with a high potential to trans-

form wastes to nutritional biomass for the economic development.

Competitive Edible Mushroom Production from Nonconventional Waste Biomass
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6. Diversity of substrates during the year

In general, the importance of all these substrates here presented is that there are available on 
different seasons during the year; the price is usually is very low or even for free, thus this 
is the opportunity to develop a plan production to use specific substrates during the year. 
Verma [64]analyze an economic model for a farm for Pleurotus cultivation based on coffee 
pulp on México, which could be improved by the adding the sugar cane wastes and other 
agricultural by‐products mentioned earlier.

The high prices of raw materials used as substrates for the mushroom cultivation could 
increase the cost of commercial production (P. ostreatus). In Mexico, the wheat straw and bar-

ley straw are the most common substrates for cultivation of Pleurotus [64, 65], while the 77% of 
this crops is produced in Sonora y Baja California, and the by‐products come from the north-

ern of Mexico [66, 67], and their availability vary during the year and as the same as the price. 
Nowadays, there is some sugar mill  research for different use for bagasse, which subse-

quently may avoid ecological problems as pests and lixiviation produced by the  accumulation 

of big amounts of wastes, this process is also necessary to avoid ecological problems as pests 
and lixiviation produced by the accumulation of big amounts of wastes. It is an opportunity 
to develop a plan including the mix of the most important wastes from this region for plan 
Pleurotus cultivation and other tropical edible mushrooms.

Into the plan, is important consider some characteristics of the substrates, according to [59], 

the materials used for substrates of Pleurotus should count with positives properties as (1) 
availability of amount and time, (2) knowledge of their physic‐chemical content, (3) stability 

Figure 12. Sugarcane production in Veracruz Mexico [25].
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on their physic‐chemical content, (4) advantage on cost, (5) easy location on short distance 
and (6) easy to transport. For some substrates here presented, is important to consider the 
points two and 3, being that is the first reports for Pleurotus cultivation, and then more studies 

are necessaries to guaranty the safety on the long term.

7. Composting edible mushroom wastes

In order to reuse the spent substrates from the production of edible mushroom P. ostreatus, 

compost production was exclusively used grass pruning residue, unlike other conventional 
inputs such as sugar industry byproducts (filter mud, bagasse, and vinasses) or cattle manures 
used in composting. The materials used once weighed were placed on a layered plastic to 
form a static pile with a rectangular pyramidal structure: The layers were formed with fresh 
grass, edible mushroom waste and covered with fresh grass until exhausted the substrates to 
complement 40 kg of fresh grass and 40 kg of edible mushroom waste.

The grass was used as the initiator of the microbial growth process to reach the thermophilic 
phase temperatures indispensable in composting. The initial moisture content of the grass 
was 82% and for waste edible mushroom 25%, so water was added so that the moisture of 
the pile formed was 75%. During the experimental process, the pile moisture remained in the 
65–70% range [68, 69]. The figure details the dimensions of the pile made with the previously 
mentioned substrates (Figure 13).

The composting process can be considered as an effective method to transform organic matter 
from edible mushroom production into a potentially safe, stable and harmless material that can 
be used as a soil improver, organic fertilizer, or manure substitute in crop soils (Chen et al., 2014). 
In the case of composting edible mushroom production wastes, the maximum temperature 
reached was 50°C, and this is attributed to the fact that the substrates were partially degraded by 
the mushroom growth process, thereby reducing a number of nutrients available in it.

At the same time, vermicompost and bocashi were obtained with edible mushroom produc-

tion wastes which in turn was mixed with by‐products from sugar and livestock industry 
by the conventional methods according to [70, 71] and evaluated for their nutritional value 

according to Mexican standard [72] (Table 5).

Figure 13. Composting static pile.
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The content of organic matter in the compost at the end of the process indicates that once 
it is applied in the soil, it will continue with the degradation process, the nitrogen present 

indicates that during the cultivation of mushroom there was a significant consumption of the 
same. However, unlike the vermicompost and bocashi, the edible mushroom waste compost, 
obtained by the pile method, presents a neutral pH, higher carbon content, organic matter, 
and potassium and lower C/N ratio.

The final mass obtained was 10 kg, with a yield of 12.5%. (Figure 14) Composting of edible 
mushroom production wastes can be a technology of production of foods such as veg-

etables and organic manures at the same time; besides to manage the organic fraction of 
biomass in developing countries due to the simplicity and speed of implementation. This 
technology implies low costs in its application, compared to other processes, which require 
a strong investment for the installation, management, and operation of the necessary  
equipment [73].

Variable Unit Compost* Vermicompost** Bocashi***

Humidity % 49.31 48.98 44.77

pH 7.54 7.27 8.99

Soil electrical 
conductivity

dsm−1 4.080 1.076 3.77

Ash % 29.9 50.01 50.52

Organic matter % 70.02 49.99 49.48

Total carbon C % 40.615 28.996 28.701

Total nitrogen N % 1.51 0.51 0.9

C/N 26.90 56.85 31.89

Ca % 3.339 4.849 25.233

Mg % 0.576 0.610 0.703

Na % 0.102 0.029 0.619

K
2
O % 1.65 0.156 1.216

P
2
O5 % 1.258 3.711 1.071

Fe % 0.0283 0.7310 0.1515

Cu % 0.0018 0.0051 0.0024

Zn % 0.0170 0.0324 0.0147

Mn % 0.0377 0.1950 0.0715

*Compost from waste from cultivation of oyster mushrooms and grass pruning residue.
**Filter mud vermicompost and waste from cultivation of oyster mushrooms.
***Filter mud, cattle manure, ashes, lime and waste from cultivation of oyster mushrooms.

Table 5. Chemical composition of organic manures from edible mushroom wastes.
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8. Conclusions

We presented the results of an evaluation of 30 nonconventional by‐products and waste bio-

mass and mixtures useful for Pleurotus cultivation. From those substrates, 23 of them showed 
a BE higher than 40%, that represent a minimum to be considered as economically viable. 
Seven of these substrates are reported as the first time for Pleurotus cultivation; however, more 
studies are necessary to know the physic‐chemical properties, characteristics, and the stability 
for the production of Pleurotus in the long term.

The sugar cane represents one of the most important resources, being that Veracruz is the 
main producer of this crop in Mexico, and this opens the possibility to obtain a large amount 
of substrate for Pleurotus, in a short distance and at a low price.

It is important to develop a plan including the substrates analyzed to propose an economic 
plan for Pleurotus production and composting of waste substrates based on the local crops 

according to the season and region. It will allow to minimize cost for acquisition and transport 
of substrates for Pleurotus production as well as to avoid the accumulation of large amount 

of substrates that can produce pollution by pests and lixiviation improving with this closed 
cycle technology the competitiveness and sustainability of food production.
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