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Abstract

Agronomic waste disinfection is crucial to the production parameters and economic viability of edible mushroom cultivation.
Method selection should be based on efficiency, cost, and accessibility. Therefore, we aimed to evaluate the efficiency of
different disinfection methods on the Pleurotus ostreatus cultivation. For the mushroom cultivation, the wet mass equivalent
to 1 kg of dry mass of agronomic waste was used and bagged in polypropylene bags. The agronomic wastes were inoculated
at 5% with the PO/AO1 strain, followed by the incubation, induction, and fruiting with three harvest flows. A completely
randomized experimental design was used, with five disinfection methods, immersion in tap water (control), alkaline water,
hot water, pasteurization, and sterilization, and six repetitions. Mycelial growth (cm day™!), earliness (days), biological
efficiency (%), production rate (%) and contamination percentage were analyzed. The results were subjected to an Analysis
of variance (ANOVA), Tukey means test and Pearson’s correlation analysis at a significance level of 5% (P <0.05). Immer-
sion in alkaline water, in corn stubble, showed greater control in the contamination percentage, promoted greater mycelial
growth, and increased earliness, while in rice straw it was inefficient to inhibit contamination. We observed greater mycelial
growth in the rice straw substrate when immersed in hot water, which indicates greater sensitivity of this agronomic waste
to thermal shock. Sterilization promoted greater biological efficiency in corn stubble (95.51%) and hot water immersion
resulted in higher values in rice straw (86.98%). The pasteurization method showed lower biological efficiency and production
rate, resulting, on average, in 55.12% and 0.75%, respectively. We concluded that, although the efficiency of the disinfection
method depends on the chemical characteristics intrinsic to the agronomic waste used, immersion in hot water and immer-
sion in alkaline water would be the most efficient and accessible methods for rural producers.
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Novelty statement

The cultivation of edible mushrooms is an expanding agri-
cultural activity as a source of income for rural producers in
developing countries. Alternative and accessible artisanal
methods for cultivation substrates treatment are frequently
used, which, in contrast to other methods, are cheaper and
less polluting for the environment. In this scenario, we aim to
test the technical feasibility of artisanal methods in contrast
to the conventional methods employed by large-scale indus-
try, which rely on expensive and less accessible equipment. In
this sense, this research aims to provide the foundations that
encourage the use of methods that consume less energy, are
environmentally friendly, and, above all, enable rural produc-
ers to have useful evidence that strengthens the productive ties
of this sector.

- Biological efficiency

Introduction

The cultivation of edible mushrooms is a low-cost and sus-
tainable technology, as it utilizes agro-industrial and urban
waste materials, which are readily available and appear to
have no added value, as a cultivation substrate. These char-
acteristics enable the expansion of the fungiculture sector,
with a global production estimated at 20.84 million tons by
2026 (El-Ramady et al. 2022; Kumla et al. 2020; Thakur
2020).

In this context, the Pleurotus genus is the second most
cultivated worldwide, representing 25% of global mushroom
production (Ferraro et al. 2020). The oyster mushroom,
Pleurotus ostreatus, stands out for its short and relatively
simple cultivation cycle, as it adapts to a wide range of tem-
peratures (Sanchez and Royse 2017; Bellettini et al. 2019).
Furthermore, its hydrolytic and oxidative enzymatic com-
plex ensures adaptation to various lignocellulosic substrates,
such as coffee grounds, rice husks, banana leaves, corn cobs,
and rice straw (Carrasco-Cabrera et al. 2019; Zarate-Salazar
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et al. 2020; Hamed et al. 2022). The increasing consumption
of this type of mushroom in recent years is driven by the
demand for functional foods, as they possess various nutra-
ceutical properties (Owaid et al. 2015), in addition to pro-
viding antioxidants and dietary fibers that contribute to the
proper functioning of the human body (Raman et al. 2021).

The global mushroom market is projected to reach 63.3
billion dollars by 2024, establishing itself as a lucrative agri-
business on a large scale, however, at the artisanal or semi-
artisanal level, the pursuit of alternatives that ensure quality
control and optimization of production processes is neces-
sary (Royse et al. 2017; Singh et al. 2020; Thakur 2020)
Regardless of the species, substrate disinfection is funda-
mental in the production chain, nevertheless, the efficiency
of this process is a challenge as it influences the develop-
ment, yield, and final quality of mushrooms, in addition to
being expensive, depending on the method used (Atila 2016;
Aguiar et al. 2021).

Substrate disinfection is a hydrothermal pre-treatment
that promotes the reduction or elimination of competing
microorganisms, allowing for better nutritional conditions
for the development of the target organism (Saritha and Pan-
dey 2010; Nanje Gowda and Manvi 2020). Conventional
sterilization methods are steam pasteurization at tempera-
tures of 60—100 °C for variable durations of 4 to 15 h, sterili-
zation, typically in an autoclave at 121 °C and 103.4 kPa for
one or two hours, and chemical treatment, such as alkaline
water immersion, where the substrate is immersed in lime-
treated water for 12—48 h (Nanje Gowda and Manvi 2020).

However, depending on the method, these processes
require large volumes of water, fuel, or infrastructure inac-
cessible to rural producers, which complicates and increases
costs of the production process (Aguiar et al. 2021) Fur-
thermore, the type of substrate treatment can be decisive in
production parameters, as it can result in the elimination of
beneficial organisms, the prevalence of competing organ-
isms, and decreased productivity (Iossi et al. 2018; Akhter
et al. 2017). Therefore, it is necessary to define the sterili-
zation method based on efficiency, cost, and accessibility.
Therefore, we aimed to evaluate the efficiency of different
disinfection methods on the production parameters of P.
ostreatus.

Material and methods
Pleurotus ostreatus strain
The strain PO/AO1 of Pleurotus ostreatus (Jacq.) P. Kumm
(Table 1) was identified, preserved, and registered by the
Phytopathology Laboratory of Universidad Nacional Agraria

La Molina (UNALM) in Lima, Peru. The strain was pro-
vided on Petri’s dish with on Potato-Dextrose-Agar (PDA).
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Table 1 Productive characteristics of the Pleurotus ostreatus strain
(PO/AO01) cultivated in agronomic wastes treated by immersion hot
water disinfection method

Productive parameters Agronomic wastes®

Corn stub-  Rice

ble (Zea straw (Oryza
mays) sativa)
Mycelial growth in substrate (cm 1.28+0.04 1.08+0.04
day™)
Biological efficiency (%) 90.88+2.27 75.43+2.09
Production rate (%) 1.88+0.04 1.28+0.03
Daily productive capacity (kg day™!) 251+0.06 1.75+0.04
Earliness (days) 12.08 £0.20 14.33+0.20

“Growth substrate without supplements. Mean+ SE, n=8. Adapted
from Zarate-Salazar et al. (2020)

Spawn preparation

The spawn preparation followed the methodology accord-
ing to Zarate-Salazar et al. (2020). Wheat grains were
pre-cooked, mixed with 3 g kg™' CaCO; and 13 g kg™!
CaS0,.2H,0 and sterilized in an autoclave at 121 °C and
103 kPa for 20 min. To prepare the primary inoculum, colo-
nies of the P. ostreatus strain in PDA medium were trans-
ferred to wheat grains until total colonization. The secondary
inoculum (spawn) was prepared by transferring the primary
inoculum to wheat grains, at a 5% inoculation rate of the
moistened substrate. The spawn was incubated at 25 +2 °C
in total darkness for one week.

Lignocellulosic substrates disinfection methods

The corn stubble and rice straw substrates were obtained
from farms near the city of Lima, Peru and were chopped in
pieces smaller than 10 cm. The levels of carbon, nitrogen,
pH and electrical conductivity of the lignocellulosic sub-
strates and water were determined according to Silva (2009)
before being subjected to disinfection methods (Table 2).

Table 2 Chemical composition of agronomic wastes and water before
disinfection methods

Chemical composition ~ Agronomic wastes Tap water
Corn stubble  Rice straw
(Zea mays) (Oryza sativa)

C(mgg™ 311.32 388.10 -

N (mgg™) 4.94 8.80 -

C/N 63.02 44.10 -

pH 7.53 7.68 7.55

EC (dS m™) - - 3.37

Corganic carbon; Norganic nitrogen; C/Ncarbon—nitrogen ratio;
pH substrate acidity; ECelectrical conductivity. (—) without data
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These analyses were performed in the Laboratory of Analy-
sis of Soils, Plants, Waters and Fertilizers of UNALM.

The lignocellulosic substrates (agronomic wastes) were
treated with different disinfection methods: tap water immer-
sion (control treatment), alkaline water immersion, hot
water immersion, pasteurization with steam, and autoclave
sterilization, for cultivating edible mushrooms, which are
described in Table 3.

Mushroom production

For edible mushroom production, the disinfected ligno-
cellulosic substrates were inoculated at a 5% inoculation
rate (50 g of spawn per kilogram of wet substrate) with-
out nitrogen supplementation. The inoculated wet mass
(69 +2% moisture) was equivalent of a kilogram of dry
mass (see Table 3 for details) and distributed in polypro-
pylene bags (14 cm X 20 cm X 2 mm). The incubation was
carried out in total darkness for two weeks at a temperature
of 23 +2 °C and 70+ 5% RH (relative humidity). Once the
substrates were completely colonized by the mycelium, the
bags were transferred to a fructification room at 19+2 °C
and 88 +5% RH. To induce fructification, vertical cuts of
2 cm were made on the surface of the bags. The induction-
fructification-harvesting process was repeated three times,

Table 3 Descriptions of agronomic wastes disinfection methods

with 16+ 3 days intervals, totaling a productive period of
64 + 11 days including the incubation period.

Experimental design

The experiment was conducted under a completely rand-
omized design, applied to five disinfection methods (see
Table 3) with six repetitions for each lignocellulosic sub-
strate (corn stubble and rice straw). The experimental unit
was a 14 cm X 20 cm X 2 mm polypropylene bag, containing
wet mass the equivalent of 1 kg of dry substrate inoculated
with P. ostreatus.

Variables analyzed

The mycelial growth (MC) in lignocellulosic substrate—
ratio of the radius of each mushroom cultivation bag (experi-
mental unit) and the incubation time—and the earliness
(ES)—the average time to obtain a harvest after induction—
were determined according to Zarate-Salazar et al. (2020).
The biological efficiency (BE) was determined by the rela-
tionship between the fresh mass of the harvested mushrooms
and the dry mass of the lignocellulosic substrate (Estrada
and Pecchia 2017). The production rate (PR) was calculated
dividing the EB by the crop cycle, considering this from the
first day of incubation of the fungus in the substrate until

Disinfection methods Description

Energy source Moisture™® (%) pH?

Tap water (control treatment) The substrates were kept immersed in tap water for 24 h and

No energy expenditure 67.13 7.42

drained for 24 h. The wet substrate was inoculated manually in
layers, and then bagged (equivalent to 1 kg of dry mass)

Alkaline water immersion

The substrates were kept immersed in water with 5 g L™

No energy expenditure 72.11 8.60

Ca(OH), for 24 h and drained for 24 h. The wet substrate was
inoculated manually in layers, and then bagged (equivalent to
1 kg of dry mass)

Hot water immersion The substrates were kept immersed in hot water (70-80 °C) for ~ LPG® combustion 68.64 7.25
1 h and drained for 24 h. The wet substrate was inoculated
manually in layers, and then bagged (equivalent to 1 kg of dry

mass)

Pasteurization (steam) The substrates were kept immersed in tap water for 24 h and LPG combustion 68.50 7.40
drained for 24 h. The wet substrate was bagged (equivalent to

1 kg of dry mass) and disinfected with steam (60-70 °C) for

4 h. Then the inoculation was carried out in a laminar flow

cabinet

Sterilization (autoclave) The substrates were kept immersed in tap water for 24 h and Electrical energy 68.75 7.31
drained for 24 h. The wet substrate was bagged (equivalent

to 1 kg of dry mass) and disinfected in autoclave at 121 °C

and 103 kPa for 1 h. Then the inoculation was carried out in a

laminar flow cabinet

#Average values obtained at the end of the application of methods for disinfecting lignocellulosic substrates (agronomic wastes) before inocula-
tion
>The moisture substrate was calculated according to the formula: Moisture (%)= (wet mass — dry mass)/wet mass X 100

‘Liquefied petroleum gas
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the last day of harvest (Valenzuela-Cobos et al. 2019). The
values of BE and PR were expressed as a percentage. The
percentage of contamination of the bags was also recorded,
so when it exceeded 50% of contamination of the substrate,
the mushroom cultivation bags were removed from the
experiment.

Statistical analysis

All statistical analyses were performed using R software ver-
sion 4.3.0 (R Core Team, 2023), with the help of the Expdes
package. The data were analyzed to confirm the normality
and homoscedasticity of residuals with the Shapiro—Wilk
test and Bartlett test, both at a significance level of 5%
(P >0.05). To determine the significant differences of the
disinfection methods in each agronomic waste, the Analysis
of variance (ANOVA) was performed and, when significant,
the Tukey means test was carried out. To determine the sig-
nificant differences between the lignocellulosic substrates in
each disinfection method, the student's ¢ test was performed,
only for the variable “percentage of contamination”, the
Mann—-Whitney non-parametric test was performed. Addi-
tionally, Pearson's correlations were analyzed. The analyzes
were performed at a 5% significance level (P <0.05).

Results

The lignocellulosic substrates (agronomic wastes) disinfec-
tion methods showed significant effects both in controlling
the contamination percentage as well as in the development
of the PO/AO1 strain in its mycelial growth and earliness in

the production stage (Table 4). According to the results, the
alkaline water immersion method, applied in corn stubble,
showed greater control in the contamination percentage, pro-
moted greater mycelial growth (0.88 cm day™!) up to 18.91%
and 88.33% more than the control treatment and the steriliza-
tion method, respectively. Additionally, the strain exhibited a
two-day increase in earliness, representing a 14.11% reduc-
tion in time required for harvest after induction, with only
13.06 days needed. This value was statistically similar to the
immersion in hot water method, which resulted in a harvest
time of 12.86 days. In rice straw, immersion in alkaline water
showed no significant differences to the control treatment.
Therefore, both methods proved to be inefficient in control-
ling contamination, being the only methods that exceeded
50% of occurrence causing the elimination of experimental
units. Hot water immersion in rice straw increased mycelial
growth by 50.76% of what was observed in corn stubble,
which resulted in reported 0.65 cm day~!. Mycelial growth
in rice straw treated with hot water (0.98 cm day™') was
significantly superior to the pasteurization (0.57 cm day ™)
and sterilization (0.50 cm day™') methods. Although hot
water immersion and sterilization exhibited variations in
mycelial growth, pasteurization emerged as the sole disin-
fection method exerting the most significant impact on earli-
ness across all substrates. The strain demonstrated delayed
growth behavior, with rice straw showing a greater effect
than corn stubble (Table 4).

Regarding the productive evaluation, corn stubble
and rice straw, treated by different disinfection methods,
showed significant differences between them in the values
of biological efficiency and production rate of the PO/A01
strain (Fig. 1). Sterilization promoted greater biological

Table 4 Percentage of contamination, mycelial growth, and earliness of P. ostreatus cultivated in corn stubble and rice straw managed with dif-

ferent disinfection methods

Disinfection methods Agronomic wastes

Contamination* (%)

Mycelial growth in sub-
strate (cm day_])

Earliness (days)

Tap water (control treatment) Corn stubble 7.83 +1.60* 0.74+0.01b 15.17+0.36b
Rice straw 66.67 +5.58! - -

Alkaline water immersion Corn stubble 0.00+0.00 0.88+0.01a 13.06+0.13¢
Rice straw 66.67+5.58 - -

Hot water immersion Corn stubble 6.17+2.83! 0.65+0.01c? 12.86+0.18c!
Rice straw 3.33+3.33! 0.98+0.01a' 13.58+0.41c!

Pasteurization (steam) Corn stubble 0.00+0.00 0.59+0.01d" 17.78 +0.37a!
Rice straw 10.00+3.13 0.57 +0.00b' 19.25+0.32a%

Sterilization (autoclave) Corn stubble 0.00+0.00 0.48+0.01¢> 17.50+0.25a!
Rice straw 0.00+0.00 0.50+0.01c! 17.13 +0.14b!

Different letters, for disinfection methods on each agronomic wastes, represent significant differences according to the Tukey test at 5%
(P<0.05). Different superscript numbers, for agronomic wastes in each disinfection method, indicate significant differences according to the

t-test at 5% (P <0.05). Mean+SE, n=6
— Without data

*Treatments above 50% contamination were removed from the experiment
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Fig. 1 Biological efficiency and production rate values for PO/A0O1
strain of Pleurotus ostreatus in corn stubble and rice straw with dif-
ferent disinfection methods. Different letters, for disinfection methods
on each agronomic wastes, represent significant differences according

efficiency in corn stubble (95.51%) and hot water immer-
sion resulted in higher values in rice straw (86.98%).
According to the results, sterilization treatment was the
only method in which there was a reduction in its produc-
tion rate compared to other treatments. However, regard-
less of the substrate, the pasteurization method was the
treatment that reported the lowest biological efficiency and
production rate, resulting, on average, 55.12% and 0.75%,
respectively. In both substrates, the hot water immersion
method was the one that showed no differences between
them for biological efficiency and production rate. Addi-
tionally, the research’s results show that the immersion
of the substrates in tap water in corn stubble, can even
achieve biological efficiencies (65.30%) superior to the
pasteurization with steam method (59.65%) (Fig. 1A). This
effect was also observed in the production rate (Fig. 1B)
where pasteurization resulted in a reduction of 23.15%
compared to the tap water immersion method, which
reached 1.08% for this variable.

According to Pearson's correlation analysis (Table 5), it
was possible to identify that the PO/AO]1 strain’s mycelial
growth, in both agronomic wastes, presents a high negative
correlation with earliness (r>0.70, P<0.001). However,
in rice straw it was the only case where it was observed
that mycelial growth showed a high positive correlation
with the production rate (r=0.85, P <0.001) and biological
efficiency (r=0.71, P<0.001). It can be observed that the
delayed growth behavior of the P. ostreatus strain exhibits a
negative correlation with both biological efficiency and pro-
duction rate, regardless of the disinfection method applied to
the lignocellulosic substrates (agronomic wastes).

=

2.0+

1.6+

(%)

0.8+

Production rate

0.4+

0.0

Disinfection methods

to the Tukey test at 5% (P <0.05). Different superscript numbers, for
agronomic wastes in each disinfection method, indicate significant
differences according to the #-test at 5% (P <0.05). Mean +SE, n=6.
*Treatments that exceeded 50% of contamination were then removed

Table 5 Pearson's correlation among the productive variables the cul-
tivation of P. ostreatus on each agronomic waste

Agronomic BE PR ES
wastes

1. Corn stubble

PR 0.83%**

ES — 0.42%3% — (.83

MC 0.04n.s 0.51%%* — 0.70%**
2. Rice straw

PR 0.96%**

ES — 0.93%%* — 0.99%**

MC 0.71%%* 0.85%*%* — 0.84%**

BE Biological efficiency; PR Production rate; ES Earliness; MC
Mycelial growth in lignocellulosic substrate

*P<0.05, %P <0.01, and ***P <0.001

n.s. Not significance

Based on the information found in scientific articles, tests
prior to this research and interactions with mushroom grow-
ers, a comparison of different agronomic waste disinfection
methods for cultivating P. ostreatus was compiled (Table 6).
In this context, it was observed that the choice of disinfec-
tion method considers factors such as the investment cost,
production scale, substrate nutrient loss, contamination con-
trol, insect control, and the selectivity of the substrate to be
treated. It is important to note that agronomic waste disinfec-
tion methods for mushroom cultivation, such as hot water
immersion and alkaline water treatment, may not always be
the most efficient; however, they are more accessible and
cost-effective for rural and artisanal producers.
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Table 6 Comparison of agronomic waste disinfection methods for mushroom cultivation

Methods Investment Productive scale

Loss of nutrients Contaminant

Insect control Type of substrate References

control

Alkaline water Low

Hot water Low Small-scale

Small-scale and
industrial

Pasteurization High

Research and
industrial

Sterilization ~ Very high Very low

Small-scale High High

Very high High

Very low High

Very high

Very low Selective Nunes et al. (2017),
Kerketta et al.
(2019), Nanje
Gowda and
Manvi (2020),
and Aguiar et al.

(2021)

Mejia and Albert6
(2013), Atila
(2016), Singh
et al. (2020),
and Aguiar et al.
(2021)

Tossi et al. (2018),
Nanje Gowda and
Manvi (2020),
Shrestha et al.
(2021), and
Gonzalez et al.
(2022)

Atila (2016), Nunes
et al. (2017),
Aguiar et al.
(2021), Najm and
Alqaisi (2022),
and Rathod et al.
(2023)

High Selective

High Non-selective

Very high Non-selective

Discussion

Autoclave sterilization is generally considered an effective
method for lignocellulosic substrate disinfection as it allows
for the complete reduction of antagonistic microorganisms
that compete with the normal development of the cultivated
fungus mycelia. According to Aguiar et al. (2021) and Oseni
et al. (2012), this method even favors high levels of bio-
logical efficiency. However, as it is a non-selective method,
eliminating beneficial microorganisms that contribute to
lignocellulosic biodegradation, research suggests that steri-
lization reduces the production rate and increases incuba-
tion time (Nanje Gowda and Manvi 2020). This effect could
explain the observed results in the current study, where the
sterilization method presented a 33% lower production rate
than the hot water immersion and alkaline water immersion
methods. Among other causal effects, the substrate inocula-
tion method can be considered. It is known that in substrates
sterilized by an autoclave, the spawn is typically inoculated
on the surface where the bag is tied, and where gas exchange
occurs. In this regard, as gas exchange takes place in the
upper part, it results in less available oxygen in the deeper
layers, slowing mycelial growth, which is reflected in an
increased incubation period (Nunes et al. 2017; Yang et al.
2013). On the other hand, due to the use of equipment such

@ Springer

as an autoclave and laminar flow hood, sterilization becomes
an expensive and inaccessible method for small rural pro-
ducers in developing countries (Rathod et al. 2023).

Regarding the hot water immersion method, it was
observed that there was up to 50% greater mycelial growth
in the rice straw substrate than in the corn stubble. This
result may be linked to the relatively higher sensitivity of
rice straw to thermal shock, which favored the conversion
of cellulose into amorphous cellulose, making it more eas-
ily biodegradable by the fungus. This, as an energy source,
would allow for greater mycelial colonization of the sub-
strate. Additionally, it was found that rice straw exhibited
higher values of biological efficiency and production rate.
These findings are consistent with the data obtained by Atila
(2016), who demonstrated that, in addition to favoring com-
mercial quality (short stipe and larger pileus diameter), hot
water immersion increased yield by 9.6% and biological effi-
ciency by 13.46% (BE=90.83%) compared to the autoclave
sterilization method (BE=280.05%). In contrast, Mejia and
Albert6 (2013) found that hot water immersion reduced the
productivity of Pleurotus ostreatus cultivated in wheat straw
by 20% due to nutrient loss during the process. However, hot
water immersion and pasteurization methods achieve good
productivity rates at a lower cost compared to sterilization
(Aguiar et al. 2021).
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For the steam pasteurization method, studies conducted
by Hemalatha et al. (2022) cultivating P. pulmonarius on
lignocellulosic residues showed that this method achieved a
biological efficiency of 98.90%, superior to chemical meth-
ods, hot water immersion, and solarization, regardless of the
cultivation substrate. The authors attributed this behavior
to the fact that in pasteurization, water vapor penetrates the
substrate more easily, optimizing the disinfection process.
According to Gonzalez et al. (2022), pasteurization helps
create an appropriate environment that is free of contaminat-
ing microorganisms in the substrate by eliminating the main
common pathogens, bacteria, and fungi, while also pre-
serving most vitamins and other nutrients, unlike complete
sterilization. On the other hand, Oseni et al. (2012) evalu-
ated the effects of sterilization with an autoclave at 121 °C
and pasteurization at 60 °C for 2 and 3 h for the cultivation
of P. ostreatus and found that while autoclave sterilization
resulted in faster colonization and fewer contaminations,
there was no significant difference between the methods
in terms of yield and biological efficiency, endorsing that
pasteurization is a suitable technique for producers who do
not have access to an autoclave. However, our results reveal
that even though pasteurization demonstrated biological effi-
ciency above 40%, the minimum value that makes cultiva-
tion economically viable and profitable (Rios et al. 2010),
it showed lower levels of biological efficiency and yield for
both substrates analyzed. The biological efficiency of pas-
teurized corn stubble was 8.6% lower than water-treated corn
stubble. It is worth noting that the latter treatment was inef-
fective in inhibiting mycelial contamination in rice straw,
reinforcing that, although P. ostreatus can colonize untreated
substrates, pasteurization ensures the commercial viability
of production (Hemalatha et al. 2022). Furthermore, com-
paring our data with other studies highlights that the effi-
ciency of the pasteurization method depends on the type
of substrate, temperature, and the duration of the method
(Nanje Gowda and Manvi 2020).

The treatment of the substrate through the alkaline water
immersion method, when compared to other chemical meth-
ods using products such as formaldehyde and hydrogen
peroxide, does not completely control antagonistic micro-
organisms. However, it is known that this method does not
slow mycelial growth and does not render the substrate unus-
able for environmental return after mushroom cultivation
(Ahlawat and Sagar 2007; Atila 2016; Grimm and Wosten
2018). In fact, experimental results from Casteliano et al.
(2022) suggest that alkaline water immersion is as effective
as autoclave sterilization, with no significant differences in
production rate, biological efficiency, and mushroom mor-
phology. According to Nunes et al. (2017), the alkaline
water immersion method would reduce the time to obtain
the first harvest compared to substrates treated with auto-
clave sterilization. In contrast, Aguiar et al. (2021) suggest

that alkaline treatment would prolong the incubation period
because the fungi would be exposed to pH values higher
than 8.0, which would affect the mycelial development of
P. ostreatus (Bellettini et al. 2019). However, the results of
the present research show that corn stubble achieved the
highest values of biological efficiency and production rate,
surpassed only by hot water immersion. It was also observed
that the same method favored mycelial colonization in corn
stubble, which may have been influenced by other factors,
such as the chemical composition and the carbon-to-nitrogen
ratio of this substrate.

According to lossi et al. (2018) the effectiveness of the
alkaline treatment depends on the origin and quality of the
raw materials used as the substrate, the concentration of
Ca(OH),, and the cultivated species, but it does not pre-
vent insect proliferation. Thus, the inhibition of mycelial
growth and contamination control in rice straw, along with
the promotion of these aspects in corn stubble, may be a
response to the different origins of the raw materials used,
which influenced the effectiveness of the method. Colavolpe
et al. (2014) recommend treatment with alkaline water for
36 h to reduce the chances of contamination by Trichoderma
spp., which is also influenced by the quality of the substrate
before treatment. This could explain the ineffectiveness of
alkaline treatment in rice straw in this study, as the duration
of the process was shorter (24 h) or due to the initial quality
of the substrate.

Productivity can be influenced by the intrinsic chemical
composition of the mushroom cultivation substrates. For
example, it is known that the C/N ratio of lignocellulosic
substrates is responsible for ensuring the fungal balance of
nutrients (Bellettini et al. 2019), where the optimal C/N ratio
of P. ostreatus, to achieve a high yield, should be between
45 and 60/1 (Kumla et al. 2020). Therefore, as rice straw
and corn stubble presented values within the ideal C/N ratio
range, this may explain why the immersion in hot water and
pasteurization resulted in similar biological efficiency (see
Fig. 1). However, as the C/N ratio of the spent mushroom
substrate was not evaluated, this effect needs to be corrobo-
rated in future studies.

Conclusion

The effectiveness of disinfection methods depends on the
intrinsic chemical characteristics of the agronomic waste,
and different methods will also affect how mushrooms grow
in the substrate. The agronomic waste disinfection method
choice should consider the costs, availability of lignocel-
lulosic substrate, and mushroom strain quality, as well as
the benefits of the interaction among them in mushroom
production. Hot water immersion and alkaline water immer-
sion are the most efficient and accessible agronomic waste
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disinfection methods for small-scale rural producers in arti-
sanal conditions.
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