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The bagasse of Agave salmiana (maguey pulquero) is a residue generated during the exploitation of the plant to
obtain pulque, inulin, honey, etc. Due to its chemical composition, it can be used for the cultivation of fungi of
the Pleurotus genus and the subsequent use of the degraded material "degraded substrate (DS)" as a support for
the germination of vegetables. The objective of the study was to characterize the bagasse of maguey pulquero
biodegraded by Pleurotus djamor as a new perspective in its value chain, and subsequent use for the germination
of Lycopersicon esculetum (tomato). The DS was recovered at 60 d from the P. djamor culture, characterized
physicochemically and the conformation of the plant tissue was observed by scanning electron microscopy. The
DS showed a decrease in protein (4.8-3.3 %) content and fibrous fraction (54-36 %), but dry matter digestibility
increased from 47 to 71 %; in addition, changes in mineral composition were observed, mainly in calcium
concentration (6 %). Due to its composition, it is possible to revalue DS in the germination of L. esculetum to
reduce the use of peat moss (commercial peat). The results show that up to 25 % of maguey DS mixed with 75 %
peat moss can be used (25:75), reaching a germination percentage of 85 % and increasing the seedling emer-
gence speed index from 0.96 — 1.25. Concluding that it is possible to implement a circular strategy in which
agave bagasse is used for mushroom cultivation and the subsequent recovery of the spent substrate for tomato

germination.

1. Introduction

The trend towards healthy eating has led to an increase in mushroom
cultivation. This involves the use of agro-industrial waste that serves as a
support for growth and development, and once the cycle concludes, the
material (degraded substrate (DS) or “spent”) presents changes in its
composition that make it an organic waste worth reusing Velazquez-De
Lucio et al. (2023). Recent statistics suggest that the global market value
of mushrooms will reach 20.84 million tons in 2026, causing the accu-
mulation of DS and estimating a production of 60 million tons per year
Atallah et al. (2021). Unfortunately, most of it is accumulated in large
piles that give off unpleasant odors and cause the generation of insects
and rodents; under normal circumstances, it is discarded without
considering the environmental impact, including soil and groundwater
contamination Ahlawat et al. (2011); Shanmugavelu and Sevugaper-
umal (2021).

In some countries, the management of DS is a major problem, and the
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search for solutions has led to the advancement of numerous scientific
studies that propose areas of utilization for DS. Highlighting its use as a
fertilizer (Lopez et al., 2008), as a substrate for the cultivation of other
edible fungi (Ashrafi et al., 2014), for the production of bacteria (Wu
et al., 2014), as a biosorbent in wastewater treatment (Tay et al., 2016),
as a substrate for vermicomposting and pest management (Rinker,
2017), feed for ruminants (Foluke et al., 2011), poultry (Foluke et al.,
2014), and larvae of the yellow meal worm Tenebrio molitor Li et al.
(2020).

However, the composition of the DS will vary according to the
location, the fungus used, and other factors (Leong et al., 2022), such as
the substrate (generally straw and stubble). In the case of fungi of the
Pleurotus spp., genus, the literature mentions the ability to degrade
different lignocellulosic residues, but recently agave bagasse has been
used (Heredia-Solis et al., 2014, 2017; Palomo-Briones et al., 2018;
Velazquez-De Lucio et al., 2022, 2023), which is a solid waste generated
in the maguey industrial chain that constitutes an environmental

E-mail addresses: alito@upp.edu.mx (A. Téllez-Jurado), jorge_ac85@upp.edu.mx (J. Alvarez-Cervantes).

https://doi.org/10.1016/j.crmicr.2024.100283

Available online 30 September 2024

2666-5174/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:alito@upp.edu.mx
mailto:jorge_ac85@upp.edu.mx
www.sciencedirect.com/science/journal/26665174
https://www.sciencedirect.com/journal/current-research-in-microbial-sciences
https://doi.org/10.1016/j.crmicr.2024.100283
https://doi.org/10.1016/j.crmicr.2024.100283
http://crossmark.crossref.org/dialog/?doi=10.1016/j.crmicr.2024.100283&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

B.S. Velazquez-De Lucio et al.

concern due to the volume it accumulates (about 400 thousand tons of
bagasse and 300 000 tons of plant leaves).

Current biotechnological methodologies allow the revaluation of
agro-industrial wastes to generate clean energy and a circular economy.
Therefore, agave bagasse is a new candidate for its use in the production
of fungi of the genus Pleurotus, and the subsequent recovery of the DS as
a germination support. The objective of this study was to characterize
Agave salmiana bagasse biodegraded by P. djamor (DS) to evaluate the
feasibility of its use in the germination of Lycopersicon esculetum (to-
mato) as a new circular perspective in the value chain of the maguey
pulquero, the mushroom industry, and the producers of tomato
seedlings.

2. Material and methods
2.1. Recovery of degraded substrate

The degraded substrate (DS) was obtained at 60 d from a culture of
P. djamor (Strain HCOO1 isolated from A. salmiana with GenBank
accession number MW581271) on maguey pulquero bagasse supple-
mented with urea as a nitrogen source, a byproduct generated in the
work of Velazquez-De Lucio et al. (2022), where the treatments
analyzed correspond to the percentage of total nitrogen (TN): T1: 0.77 %
TN (T1), T2: 0.95 % TN, T3: 1.14 % TN, T4: 1.32 % TN, T5: 1.5 % TN,
TV: 1.36 % TN; in addition, two types of primary inocula were used, one
made with wheat seed (IG) and the other in pellet (IP).

2.2. Characterization of the degraded substrate

The DS was labeled and dried at 50 °C for 72 h in an oven, recording
its wet weight and dry weight. These were characterized with the
methodologies proposed by the A.0.A.C. (2005), moisture (H) was
determined with procedure 925.10, crude protein (CP) with method
960.52, ethereal extract (EE) with method 945.16, ash (A) with method
923.03, organic matter (0.M.) by ash difference, total organic carbon
(TOC) by calculation (0.M./1.74) (Gouleke, 1977) and C/N ratio.

Acid detergent fiber (ADF) and neutral detergent fiber (NDF) were
determined according to Van Soest et al. (1991). Hemicellulose (HEM)
was calculated by the difference between ADF and NDF. Dry matter
digestibility (% DMS) was calculated with the results obtained from ADF
using Eq. (1) Linn and Martin (1991); Boga et al. (2014). From treat-
ments TO, T1, T2, T3, T4, and T5, the concentration of calcium, phos-
phorus, and copper in the digested biomass was determined, for calcium
and copper, the A.0.A.C. 975.03 methodologies was used with ICP-OES
(inductively coupled plasma optical emission spectrometry); for phos-
phorus, the spectrophotometry method was used with the methodology
proposed by A.0.A.C. 965.17; and for TO and TV, a chemical elemental
mapping was performed. Microscopic analysis of A. salmiana bagasse
fibers from TO and TV treatments was performed by scanning electron
microscopy (MEB) and elemental chemical analysis with a high-energy
X-ray fluorescence spectrometer, through an external service with the
national center for innovation and technology transfer of Hidalgo.

%DMS = 88.9 — 0.779 « ADF (€9)

2.3. Germination

Tomato seed T48109, corresponding to L. esculetum, Syngenta
ROGERS brand, lot PTF11336, sublot 10,888,717, with a purity per-
centage of 99.98 %, was used. A completely randomized experimental
design of 5 treatments with two controls, 10 replicates per treatment,
and 4 replicates was used.

The DS was mixed with commercial peat moss as follows (w/w): T1:
15 % DS of P. djamor + 85 % peat; T2: 25 % DS of P. djamor + 75 % peat;
T3: 50 % DS of P. djamor + 50 % peat; T4: 75 % DS of P. djamor + 25 %
peat; T5: 100 % DS of P. djamor + 0 % peat.
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The controls were 100 % peat (Control +), 100 % undegraded agave
bagasse (Control —).

Germination was carried out in 200-well polystyrene seedbeds,
watered until percolation, and placed in black bags for 5 d The param-
eters recorded were, time to hypocotyl emergence (days), hypocotyl
length when reaching verticality, number of plants with two fully
unfolded cotyledon leaves, germination percentage (Eq. (2)), germina-
tion rate, seedling height at 12 and 17 d, emergence speed index (Eq.
(3)) (Maguire, 1962), peak day, and survival percentage at 30 d At 35 d,
10 % of the seedlings were sacrificed to determine root length, stem
length, and dry weight.

Number of germinated seeds

100 2
Number of seeds sown 2)

Germination percentage (%PG) =

Germination speed (M) = Z (?) 3

2.4. Statistical analysis

For the characterization of the degraded substrate, a one-way
ANOVA analysis and a Tukey’s multiple comparisons test with a con-
trol with a confidence level of 95 % were carried out in the Minitab 19
statistical program. For the characterization of the mixtures used for
germination, the determination of the effect of substrates on germina-
tion speed, seedling height, the determination of the effect of substrate
on dry weight, stem height and root length of L. esculentum seedlings, a
one-way ANOVA analysis and a Tukey’s multiple comparisons test with
a control at 95 % confidence level were performed to verify if there were
significant differences among all the trials and a comparison of means by
Dunnet at 95 % confidence level to verify if there was a significant
difference between the control (CNT+ "commercial peat") and the
treatments (mixtures at different proportions of degraded substrate with
peat) and thus verify if there is a change regarding traditional germi-
nation. Data analysis was performed with the Minitab 19 statistical
program.

3. Results
3.1. Characterization of the DS

The results of the physicochemical characterization of DS and non-
biodegraded of agave bagasse by P. djamor are shown in Tables 1 and
2. The effect on plant tissues of agave bagasse was obtained using a Lelca
DMS 1000 Modular Digital Microscope. Fig. 1a shows the bagasse of
A. salmiana intact and shiny, without traces of fungal degradation, while
Fig. 1b shows the bagasse tissue opaque and invaded by mycelium of
P. djamor, and fungal degradation is evident by presenting a spongy
appearance with small fibrils protruding from the damaged tissue and
weak to the touch.

The analysis of the fibers by scanning electron microscopy is detailed
in Fig. 2, in section a., the bagasse tissue of A. salmiana TO is shown,
where the fibrous bundles of bagasse can be appreciated, constituted
mainly by a set of cellulose microfibrils, which can be aggregated in
more elongated forms adopting a heliocoidal arrangement within the
lingnin and hemicellulose matrix. In section b., we observe the bagasse
fibrils invaded by the mycelium of P. djamor, responsible for degrading
the lignocellulosic polymers present in the fibers.

The results of the elemental chemical mapping performed on the TO
and TV tissues are shown in Figs. 3a and 3b, of which only carbon, ox-
ygen, phosphorus, potassium, and calcium were considered; the first
column shows a microscopy of the tissues that allows identifying the
presence of the studied elements on the substrate, or mycelium. In
section, a. the fibers of the bagasse of A. salmiana are observed, in which
the presence of C and O distributed homogeneously over the surface of
the whole material can be appreciated. While phosphorus and potassium
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Table 1
Composition of substrate degraded by Pleurotus djamor inoculated with IG in dry
weight.
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Table 2
Composition of substrate degraded by Pleurotus djamor inoculated IP in dry
weight.

TO T1 T2 T3 T4 T5 VvV TO T1 T2 T3 T4 T5
DM (%) 89.4 90.8 91.8 91.9+ 91.9+ 925 95.0 DM (%) 89.4 + 90.7 + 91.8+ 919+ 91.9+ 925+
+01¢  +03° +03> 02° 0.2 +03" & 0.1¢ 0.3° 0.3% 0.2% 0.2° 0.3°
0.3 Ash (%) 10.6 + 24.9 + 248+  19.8+ 203+ 184+
Ash (%) 10.6 22.5 21.0 223+ 238+ 254 20.2 0.14 0.8% 0.4 0.5 1° 0.3¢
+01°  + + 0.8 0.2 +0.6° + 0.M.(%) 89.3 + 75.1 + 75.2 + 80.2 + 79.7 + 81.6 +
0.8 0.1 0.34 0.1% 0.84 0.44 0.5 1¢ 0.3
OM. (%) 89.3 77.5 78.9 777+ 762+ 746 74.6 CP (%) 48+0° 32+ 3.0+ 3.2+ 3.8+ 3.8+ 0°
+01°  + +0.1°> 0.8 0.2¢¢ +06% + 0.3° 0.3 0.3° ob
0.8 0.7 EE (%) 43+0° 37+ 35+ 47 + 4.3+ 45+
CP (%) 48+ 3.8+ 43+ 43+ 35+ 33+ 44+ 0.7 0.7° 0.2% 0.2 0.3°
0? 0°¢ ob ob 0.3 0d 0.3 N (%) 0.7+0* 05+0° 05+ 0.5+0° 0.6+ 0.6 + 0°
EE (%) 4.35 3.26 4.22 407+ 408+  4.07 2.42 0° ob
+0.3*  +0.05 +05 004" 04 +0® 4+ NDF (%) 54.1 + 48.9 + 42.0 + 35.9 + 30.6 + 37.2 +
b a 0.1¢ 0? 0.9° 0.7¢ 0.54 0.9° 0.8¢
N (%) 07+ 06+ 07+ 07+ 0.6 + 05+ 07+ ADF (%) 58.7 + 41.1 + 399+ 338+ 207+ 144+
0? 0° oP oP 0.04°¢  od 0P 0? 0.7° 0.3 0.2¢ 0.7¢ 0.9°
NDF (%)  54.1 40.6 36.9 398+ 395+ 369 44,0 TOC (%) 51.4 + 41.7 + 418+ 445+ 443+ 453+
+0° +09° +07¢ o0.1° 0.7¢ +02¢ & 0.12 0.44 0.24 0.3% 0.6 0.1°
0.2 HEM (%) 47 + 7.7 + 21+ 21+ 9.8 + 22.8 +
ADF (%)  58.7 26.2 21.7 245+ 356+ 267 24.9 0.1° 0.8° 0.8° 0.4° 1° 12
+0° +1° +0.8¢ 0.6 0.7 +1° +1° DMS 47.0 + 56.9 + 578+ 625+ 727+ 777+
TOC (%)  51.4 43.0 43.9 432+ 423+ 414 44.3 0.4° 0.5¢ 0.24 0.2 0.5° 0.5°
+01*  + + 0.4 0.14 +0.4° + Relation 63.2 + 82.3 + 86.8 + 88.0 + 72.5 + 73.8 +
0.5 0.1 0.4 C/N 0.7° 8? 78 8? 1% 0.2
HEM (%) 47+  14.4 15.1 153+ 3.8+ 12.6 20.2 Ca(g/100  4.02 2.74 2.64 2.99 2.02 2.21
0.1¢ + 1% + 0.5% 0.1¢ +6° + )
0.9% 0.9 P (g/100 0.21 0.30 0.07 0.08 0.04 0.06
DMS 47.0 68.5 71.9 69.7+ 611+ 681 70.5 )
+0.4°  + +0.6° 0.5 0.64 +1¢ + Cu ppm 11.98 13.28 7.96 9.36 8.52 8.27
0.8bc 0'7ab
Relation 63.2 70.0 64.0 63.0 + 70.8 + 78.4 60.5 TOC: Total organic carbon; HEM: Hemicellulose; DMS: Digestibility of dry
/N £07° +£07° +£01°  0.6° 0.1° £09°  +04 matter + Standard deviation.
d Means not sharing a letter are significantly different according to Tukey Method,
Ca (g/ 4.02 6.46 6.26 5.67 6.06 5.63 NA «=0.05.
100 g)
P g/loo 0.21 0.15 0.17 0.16 0.19 0.15 NA 3.2 Germination

Cu ppm 11.98 29.03 19.33 15.36 23.06 17.16 NA

TOC: Total organic carbon; HEM: Hemicellulose; DMS: Digestibility of dry
matter + Standard deviation.

Means not sharing a letter are significantly different according to Tukey Method,
«=0.05.

are scarce, calcium, on the other hand, is concentrated in the elongated
rectangular fibers of the bagasse, rather than in the rest of the cell wall.
In section b., the first micrograph shows the microscopy of the DS with
mycelium marked with an arrow. The elemental chemical change of the
substrate can be appreciated once it has been degraded by the fungus,
mainly carbon, oxygen, and phosphorus are found in greater abundance
in the section of the substrate invaded by the mycelium, unlike calcium,
which has a marked presence on the surface of the cell wall. On the other
hand, potassium is distributed along the entire surface of the organic
material.

Coupled to the scanning electron microscope, a high-energy X-ray
fluorescence spectrometer (EDS) was used to determine the elemental
composition of the tissues only at TO and TV (Table 3). The calcium
content was from 4.67 % in TO determined by EDS (4.02 % determined
by ICP) to 15.42 % in TV, oxygen increased from 11.71 % in TO to 14.79
% in TV, while according to this technique the phosphorus content in TO
was 0.11 % and in TV 0.12 %, copper also increased as observed in the
previous analyses. However, the content calculated by EDS in TO was
67.70 ppm and 78.10 ppm in TV, the inconsistencies in the observed
values can be attributed to the sensitivity of the techniques used, in spite
of this, it is proved that the biologically DS suffer changes in the mineral
composition, which differs from the initial one.

A. salmiana bagasse degraded by 60-day-old P. djamor was evaluated
as a substrate for Lycopersicum esculetum germination. The pH and
electrical conductivity (EC) are important chemical parameters in the
substrate intended for seed germination, since their value determines
the availability of micro- and macronutrients. The pH values of the
mixtures in this study are within the optimum range for this purpose
(Table 4). On the other hand, it has been reported that EC increases as
the addition of spent substrate in the mixture also increases; salinity is
closely related to this parameter, so it is a factor to be considered when
germinating seeds and verifying the tolerance of the crop to salts.

When using the biodegraded substrate in the germination process,
percentages between 70 and 85 % were obtained, being the T2 treat-
ment (25 % DS +75 % Pm) the one with the highest germination per-
centage reaching 85 % (Fig. 4). However, the results did not show
statistically significant differences regarding the positive control (Peat
moss, commercial substrate), which means that the inclusion of DS up to
75 % in the mixture does not influence seed germination, and it is even
possible to use up to 100 % of spent substrate for this purpose.

In relation to germination speed, where the number of germinated
seeds is related to time, the highest germination speed was reached in
treatment 2, which presented the highest germination percentage
(Table 5).

Fig. 5a shows the daily germination graph (plants with visible hy-
pocotyl) where the number of germinated seeds per day is indicated, it
also describes the distribution of germination through time and allows
visualizing the peak day of germination, being treatment 2 with the
highest number of germinated seeds on days 6 and 7, for CNT + and T1
the peak day was the sixth day, with a decrease in the number of seed
emergence through time, on the other hand, T3 had its maximum on day
7. Fig. 5b corresponds to the cumulative germination by time interval,
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Fig. 1. Plant tissue of A. salmiana a. uninoculated bagasse without urea addition (TO0); b.
Modular Digital Microscope.

> AW

- %
ES30kV-WD10mS8860 30Pax300: “S0pm

Fig. 2. a. A. salmiana bagasse tissue (T0), b. 60-day post-culture degraded substrate tissue with 1.36 % NT, both images obtained by MEBA.

Plant tissue visualized '
with MEBA Phosphorus Potassium Calcium

3 0.1 mm BES —————0tmm PK

Fig. 3. Elemental mapping by Energy-dispersive X-ray spectroscopy (EDS) a. A. salmiana bagasse fibers; b. substrate degraded with 1.36 % NT.

which indicates the maximum germination capacity and the time in days BBCH scale were considered, and the time to reach stage 10 of the BBCH
in which it is reached, the way germination increases and the time of scale was recorded, that is, the time in which the seedlings presented
onset. two fully unfolded cotyledons; the seedlings that reached stage 10 in less

Plants with visible hypocotyl are an indication of the speed and time were T1 to T3, the T4 and T5 treatments reached stage 10 from day
uniformity of seed germination, for this purpose, those in stage 09 of the 11. The average height of the seedlings at 12 and 17 days in mm
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Table 3
Elemental composition of TO and TV tissues obtained by X-ray fluorescence
spectrometer.

Element TO (%) TV (%)
Nitrogen 0.20 0.16
Carbon 79.94 64.84
Oxygen 11.71 14.79
Magnesium 0.22 1.80
Aluminum 0.23 0.15
Silicon 0.56 0.37
Phosphorus 0.11 0.12
Sulfur 0.09 0.06
Chlorine 0.015 0.022
Potassium 1.31 1.09
Calcium 4.67 15.42
Titanium 0.026 0.026
Sodium 0.040 0.073
Iron 0.52 0.47
Zinc 0.074 0.051
Copper (ppm) 67.70 78.10
Rubidium (ppm) 58.60 67.00
Table 4

pH and electrical conductivity (CE) of the mixtures used for Lycopersicum escu-
letum germination.

Treatment Composition pH EC (uS/
cm)
Control 100 % Peat moss 6.36 £ 0.1 72.40+ 2
W bA fA

Control (-) 100 % Agave salmiana bagasse 55+09 240 + 54

T1 15 % Degraded substrate P. djamor -85  7.36 + 0.1 175+ 6 ¢
% Peat moss a

T2 25 % Degraded substrate P. djamor - 75  6.46 + 0.1 250.33+ 5
% Peat moss bA d

T3 50 % Degraded substrate P. djamor-50  5.73 + 309.33 £
% Peat moss 0.05 4¢

T4 75 % Degraded substrate P. djamor - 25  5.88 + 545 + 4P
% Peat moss 0.02 ¢

T5 100 % Degraded substrate P. djamor - 5.53 + 654+ 5%
0 % Peat moss 0.054

Means that do not share a letter are significantly different Tukey («=0.05).
Means not labeled A are significantly different from the control level mean (-)
Dunnett (x=0.05).

respectively are presented in Tables 6 and 7.

Regarding seedling survival at 30 days (Fig. 6), 100 % was achieved
in the control +, T1 and T2, and from T3 onwards, the survival rate
began to decrease, with T5 showing the lowest number of live seedlings
at 30 days.

CTN+ =CNT- =Tl

100
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After 30 days, 10 % of the seedlings were sacrificed to determine
stem height, root length and seedling dry weight (Table 8). Differences
between treatments may be due to the chemical composition and salt
content of the spent substrate. Seedling dry weight was statistically
different regarding the control + (Dunnet a@=0.05) in all treatments
except for T2.

4. Discussion

The cultivation of fungi, such as Pleurotus spp., continues to expand,
and their cultivation is an efficient technique to generate value-added
products Velazquez-De Lucio et al. (2022, 2023). During its cultiva-
tion, solid-state fermentation is involved, which offers a relatively
inexpensive and environmentally friendly technology to reduce the
lignin mass and thus give them a potential use for already enriched
lignocellulosic residues Van Kuijk et al. (2015). Spent or degraded
substrate is the residue left after fungal production, which presents
changes in its composition derived from fungal degradation and its
increasing accumulation has prompted governments and researchers to
address the potential use of this material Rinker (2017); Velazquez-De
Lucio et al. (2022). Recent studies point to the use of agave bagasse as a
new alternative substrate for mushroom cultivation (A. salmiana or
maguey bagasse), which is a residue from the maguey production chain;
despite the potential of the material to generate other value-added
products, its use is still limited and little explored Valle-Pérez et al.
(2021); Velazquez-De Lucio et al. (2022). Because of its structure, the
fibrils are assembled in parallel layers bonded by cementitious materials

Table 5
Effect of substrates on germination speed.
M

CTN + 0.96 + 0.3
CNT - 0.66 +0.2°
T1 1.04+0.3%
T2 1.25 + 0.1
T3 1.07 £0.1 %
T4 0.94 +0.3%
T5 0.79 + 0.1 %

CNT (+): Peat moss (Pm), CNT (-):Agave bagasse,
T1: 15 % DS+85 % Pm, T2: 25 % DS+75 % Pm;
T3: 50 % DS+50 % Pm, T4: 75 % DS+25 % Pm,
T5: 100 % DS.

Means that do not share a letter are significantly
different Tukey (a=0.05).

Means not labeled A are significantly different
from the control level mean (-) Dunnett (a=0.05).

uT2 mT3 mT4 T5

90
80
70

% germination

CTN + CNT -

| ']T T

| I - I
60 - ey
g
40 i
30 - 1
20 ‘
10 ‘— _—
0l

T T2 T3 T4 5

Treatments

Fig. 4. Effect of substrates on germination percentage. CNT (+): Peat moss (Pm), CNT (-): agave bagasse, T1: 15 % DS+85 % Pm, T2: 25 % DS+75 % Pm; T3: 50 %
DS+50 % Pm, T4: 75 % DS+25 % Pm, T5: 100 % DS. Means not sharing a letter are significantly different Tukey (¢=0.05).
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8 —e=CTN+ =B=CNT- =t=T] ==T2 ==T3 =@=T4 —i=T5

Number of germinatedseeds

b. ——CTN+ —B=CNT- —a=T1 —==T2 —=T3 —0—T4 ——T5

40

Number of germinated seeds

Days

Fig. 5. a) Daily germination graph, b) Cumulative germination graph by
time interval.

such as pectins, lignin, and hemicellulose giving rise to the fiber struc-
ture Bessadok et al. (2009). In addition to these substances, the fiber
surface is also covered by waxes due to fatty acids present in the plant
Madhu et al. (2020). De Jestis-Rivera et al. (2009) point out that Pleu-
rotus species can simultaneously degrade cellulose, hemicellulose and
lignin, with lignin being the first to degrade completely, leading to the
formation of inter-fibrillar spaces, leaving the cellulose clean.

The agave bagasse recovered in this study was supplemented with
different concentrations of urea and type of inoculum (Velazquez-De
Lucio et al., 2022), shows changes in its composition at 60 days, possibly
because of enzymatic degradation by the fungus Van Kuijk et al. (2015);
Velazquez-De Lucio et al. (2022). A statistically significant decrease in
CP and nitrogen was observed in the DS, possibly due to the incorpo-
ration of nitrogen from the fruiting body, stems or mycelium, given that
this element is necessary for the production of protein, nucleic acid,
purine synthesis, pyrimidine, and polysaccharides constituents of the
fungal cell wall Ruiloba et al. (2014); Bellettini et al. (2019). Regarding
the behavior of ashes, this has also been mentioned by Ruiloba et al.
(2014), Velazquez-De Lucio et al. (2020), and Amido et al. (2021)
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among others, this may be a consequence of the degradation of organic
matter and the decomposition of silicates in the lignified structures
releasing silica and consequently increasing the ash content Assi and
King (2008); Phutela et al. (2012).

The substrate used for mushroom cultivation at the end of the pro-
cess (spent substrate) turns out to be a material with high nutritional
values that include mushroom mycelia, degraded cellulosic fibers,
degraded lignin, proteins, and minerals that make it a valuable resource,
to be reused in other processes Velazquez-De Lucio et al. (2022, 2023).
In this sense, degraded substrates are rich in macronutrients such as
phosphorus, potassium, calcium, magnesium, and some micronutrients
such as iron and manganese Chang-Yun et al. (2009); Postemsky et al.
(2016).

The distribution of elements on A. salmiana bagasse fibers coincides
with that reported by Heredia-Solis et al. (2014). Who conducted an
elemental chemical mapping of A. salmiana and A. weberi fibers and
found abundant calcium on the elongated fibers of the residues, and
carbon and oxygen distributed in all parts of the analyzed fibers. Ac-
cording to this technique, the increase in calcium concentration in TV
would explain the decrease in its aluminum content to 0.15 %, this fact is
relevant, since the presence of aluminum can decrease the acquisition of
nutrients and energy in plants Yang et al. (2007); Postemsky etal.
(2016); Chavez-Guerrero et al. (2020).

Of the variations in the mineral content, the Cu content was the one
that attracted attention, so the possible reasons why it increased in the
spent substrates were evaluated. The Cu content of the wheat seeds used
to prepare the initial inoculum was determined, and it was found that
the wheat seed contained 5.59 ppm of Cu. The inoculum with grain
presented 9.66 ppm and the inoculum with mycelium or pellet contains
3.89 ppm, so that a possible cause of the increase in Cu in the degraded
substrates may be the type of inoculum used, since the seed is rich in this
mineral; however, the increase in Cu can also be attributed to other
circumstances such as those referred by Chang-Yun et al. (2009) who
suggest that during the incubation of the fungus and the maintenance of
relative humidity above 85 %, it is possible that the high mineral content
in the post-harvest substrates may have originated from the water
supplied.

Researchers have reported on the nutritive value and increased

Table 7
Seedling height at 17 days in mm.
Cnt Cnt T1 T2 T3 T4 TS5
©) )
Average (mm) 24.0 39.4 37.2 36.2 29.2 22.2 15.7
cA aA aA a b c d
Standard 5.9 9.4 5.3 7.1 6.4 4.5 5.6
deviation
Maximum 33.0 57.0 45.0 55.0 41.0 30.0 28.0
Minimum 12.0 18.0 25.0 23.0 15.0 10.0 7.0

Cnt (+): Peat moss (Pm), Cnt (-):Agave bagasse, T1: 15 % DS+85 % Pm, T2: 25 %
DS+75 % Pm; T3: 50 % DS+50 % Pm, T4: 75 % DS+25 % Pm, T5: 100 % DS.
Means not sharing a letter are significantly different Tukey (a=0.05). Means not
labeled with A are significantly different from the control level mean (+) Dunnett
(a=0.05).

Table 6
Seedling height at 12 days in mm.
Cnt (-) Cnt (+) T1 T2 T3 T4 T5
Average (mm) 18.82 <A 35.16 A 31.50 2 35.032 24.84° 18.82°¢ 17.50 >
Standard deviation 6.89 8.31 6.79 6.77 6.12 2.94 5.68
Maximum 25 51 43 50 40 25 25
Minimum 5 23 13 23 15 15 10

Cnt (+): Peat moss (Pm), Cnt (-):Agave bagasse, T1: 15 % DS+85 % Pm, T2: 25 % DS+75 % Pm; T3: 50 % DS+50 % Pm, T4: 75 % DS+25 % Pm, T5: 100 % DS.

Means not sharing a letter are significantly different Tukey (2=0.05).

Means not labeled with A are significantly different from the control level mean (+) Dunnett (a=0.05).
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Fig. 6. Effect of substrates on seedling survival at 30 days. CNT (+): Peat moss (Pm), CNT (-): agave bagasse, T1: 15 % DS+85 % Pm, T2: 25 % DS+75 % Pm; T3: 50
% DS+50 % Pm, T4: 75 % DS+25 % Pm, T5: 100 % DS. Means that do not share a letter are significantly different Tukey (a¢=0.05).

Table 8
Effect of substrate on dry weight, stem height and root length of Lycopersicon
esculentum seedlings.

Cnt() Cnt(+) T1 T2 T3 T4 T5

Dry 0.005 0.0132 0.01 0.01 0.008  0.007  0.003
weight =+ 0% + 0% +0 0™ 40 + 04 +0°
(€]

Stem 29+ 4.8 + 43+ 46+ 37+ 31+ 21+
height 0.4 0.4 0.6 0.6 0.2%¢ 0.2¢ 0.2¢
(cm)

Root 7.1+ 5.5+ 79+ 72+ 40+ 3.0+ 08+
length 0.4abc 1abc 12 Bab zbcd 1cd 0.3d
(cm)

Cnt (+): Peat moss (Pm), Cnt (-):Agave bagasse, T1: 15 % DS+85 % Pm, T2: 25 %
DS+75 % Pm; T3: 50 % DS+50 % Pm, T4: 75 % DS+25 % Pm, T5: 100 % DS.
Means not sharing a letter are significantly different Tukey (2=0.05).

Means not labeled with A are significantly different from the control level mean
(+) Dunnett (x=0.05).

digestibility of dry matter from agro-industrial residues inoculated by
fungi of the genus Pleurotus (Fazaeli et al., 2004; Velazquez-De Lucio
et al., 2020), the enzymatic degradation of substrate macromolecules
results in increased digestibility and availability of the carbohydrates
that compose it Fazaeli et al. (2014).

On the other hand, hemicellulose reduction is the likely result of the
degradation of structural carbohydrates by xylanase enzymes that hy-
drolyze hemicellulose in the fungal metabolic process, since hemicel-
lulose, cellulose, and lignin serve as energy sources for fungal growth
because they contain carbon, hydrogen, and oxygen Mohammed et al.
(2021); Herrera-Pérez et al. (2021).

Annually, the mushroom industry needs to dispose of >50 million
tons of DS and its valorization is demanding, as the substrate composi-
tion varies locally, seasonally and during the harvest period Beckers
et al. (2019). However, there is a wide range of possibilities within
which are the removal of copper (Tay et al., 2010) and nickel contam-
inated water (Tay et al., 2011), degradation of polycyclic aromatic hy-
drocarbons (Lau et al., 2003), remediation of mining contaminated soils
(Frutos et al., 2010), degradation of pesticides such as linuron, diazinon
and myclobutanil (Marin-Benito et al., 2016), as soil conditioner, since
due to its organic composition and mineral abundance the degraded
substrate can favor soil fertility thus allowing healthy crops in the field,
(Lou et al., 2017; Rajavat et al., 2022), as biofertilizer (Zhu et al., 2013),
substrate for the new cultivation of fungi such as Pleurotus spp.,
(Pardo-Giménez et al., 2012) and Agaricus blazei (Gonzalez-Matute
et al.,, 2011) or as raw material for ruminant feed given the increased
digestibility of dry matter (Fazaeli et al., 2014) and chickens Foluke
et al. (2014).

In this sense, one way of using DS is through its incorporation into
agricultural or forest soils, functioning as an organic fertilizer or as an
improver of the physical and chemical characteristics, but its use for this
purpose requires the reduction of particle size and the dilution of excess
salts (Velazquez-De Lucio et al., 2023). It is estimated that 47 % of the
substrates degraded by fungi are used for the cultivation of plants under
greenhouse conditions; one of the plants used is Lycopersicum esculetum
(tomato), Cucurbita pepo 1. var Afrodite F1 (zucchini), Capsicum annum L.
var Lamuyo F1 (pepper) Medina et al. (2009); Luna et al. (2013);
Postemsky (2016). The DS from Agaricus bisporus cultivation has been
used for the production of vegetables and fruits including asparagus,
beets, cauliflower, cabbage, peppers, cucumber, tuce, green chickpea,
mustard, onion, potato, radish, bean, tomato, zucchini, prunes, and
apple seedlings; within large area crops the DS of Agaricus bisporus has
been tested in the cultivation of corn, rye, wheat, and barley. The spent
substrate of Lentinula edodes has been tested to produce tomatoes, that of
Flammulina velutipes for melon seedling production; while the spent
substrate of Pleurotus spp., has been evaluated for the cultivation of
lettuce, tomato, zucchini, bell pepper and cucumber Rinker (2017). For
their part, Luna et al. (2013) tested the germination of Lycopersicum
esculetum on biodegraded sawdust + soil fertilized with urea (ASB+SF),
biodegraded rice husk + soil fertilized with urea (CB+SF) and a mixture
of rice husk + biodegraded sawdust + soil fertilized with urea
(CB+ASB+SF) in addition to other treatments, where they reached
lower germination percentages than those achieved in the present study,
for ASB+SF the germination percentage was 77.33 %, for CB+SF of
20.66 % and for CB+ASB+SF of 32 %. A factor that influences the
germination processes is the pH and EC of the substrates, the average pH
value for seedling cultivation should be between 6.5 —7.5 since at higher
values, root development is affected; biologically biodegraded materials
normally present pH between 6.0 and 8.0 which is considered favorable
for root development; values higher than 8.5 and lower than 5.5 can be
limiting for some nutrients (Luna et al., 2013), the values found in this
study are in the intermediate values, according to the literature.

Seedling development in the initial stage is related to the uniformity
of germination, which in turn is related to the characteristics of the
substrate (Fernandez-Bravo et al., 2006), such as salinity and EC
(described above), which have an effect on the germination percentage
(as salinity increases, germination decreases). This work evidences that
the initial vegetative organs suffer alterations as EC increases, the root
system is not developed and consequently, there is not enough water and
nutrient absorption, causing the size of stems, leaves and seedling
weight to decrease. In addition, as EC increases, cotyledons suffer al-
terations in shape and size.
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5. Conclusions

The degraded substrate showed a decrease in the fibrous fraction and
variation in the mineral content, mainly Ca and Cu, because of fungal
growth, enzymatic activity of the fungus, initial composition of the
agave bagasse, as well as conditions and time of cultivation. Due to its
composition, it can be used in animal feed, bioremediation and as a
substrate to germinate plants or cultivate fungi. In this study, the DS was
recovered for seed germination in tomato cultivation, and it was
demonstrated that it can be mixed with Peat moss (25:75) and reach a
germination percentage of 85 % and significantly increase the speed of
seedling emergence.

CRediT authorship contribution statement

B.S. Velazquez-De Lucio: Methodology, Formal analysis, Investi-
gation, Data curation, Writing — original draft. E.M. Hernandez-Dom-
inguez: Formal analysis, Data curation. M.P. Falcon-Leon: Writing —
review & editing. A. Téllez-Jurado: Conceptualization, Methodology,
Formal analysis, Resources, Supervision, Writing — original draft,
Writing — review & editing. J Alvarez-Cervantes: Conceptualization,
Methodology, Formal analysis, Resources, Supervision, Writing — orig-
inal draft, Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

Acknowledgments

The authors thank the National Council for Humanities, Science and
Technology (CONAHCYT) for Fellowship No. 732368 granted for the
Doctor’s Degree studies of Brianda Susana Velazquez De Lucio

Y materials

Does not apply

References

A.0.A.C, 2005. Association of OfficalAnalytical Chemistry, 18th Ed. AOAC International,
Gaithersburg, MD (Estados Unidos).

Ahlawat, O.P., Gupta, P., Kumar, S., Sharma, D.K., Ahlawat, K., 2011. Bioremediation of
fungicides by spent mushroom substrate and its associated microflora. Indian J.
Microbiol. 50 (4), 390-395. https://doi.org/10.1007/512088-011-0067-8.

Amido, R.D., Reyes, R.G., Kalaw, S.P., De Leon, A.M., Aquino, D.L., 2021. Chemical
composition and in vitro digestibility of rice straw treated with Pleurotus florida. All.
Life 14 (1), 657-666. https://doi.org/10.1080/26895293.2021.1947392.

Ashrafi, R., Mian, M.H., Rahman, M.M., Jahiruddin, M., 2014. Recycling of spent
mushroom substrate for the production of oyster mushroom. Res. Biotechnol. 5 (2),
13-21.

Assi, J.A., King, A.J., 2008. Manganese amendment and Pleurotus ostreatus treatment to
convert tomato pomace for inclusion in poultry feed. Poult. Sci. 87, 1889-1896.
https://doi.org/10.3382/ps.2007-00376.

Atallah, E., Zeaiter, J., Ahmad, M.N., Leahy, J.J., Kwapinski, W., 2021. Hydrothermal
carbonization of spent mushroom compost waste compared against torrefaction and
pyrolysis. Fuel Process. Technol. 216, 106795. https://doi.org/10.1016/j.
fuproc.2021.106795.

Beckers, S.J., Dall, I.A., Del Campo, 1., Rosenauer, C., Klein, K., Wurm, F.R., 2019. From
compost to colloids—Valorization of spent mushroom substrate. ACS. Sustain. Chem.
Eng. 7 (7), 6991-6998. https://doi.org/10.1021/acssuschemeng.8b06710.

Bellettini, M.B., Fiorda, F.A., Maieves, H.A., Teixeira, G.L., Avila, S., Hornung, P.S.,
Junior, A.M., Ribani, R.H., 2019. Factors affecting mushroom Pleurotus spp. Saudi. J.
Biol. Sci. 26, 633-646. https://doi.org/10.1016/].5jbs.2016.12.005.

Bessadok, A., Langevin, A.D., Gouanvé, F., Chappey, C., Roudesli b, S., Marais, S., 2009.
Study of water sorption on modified Agave fibres. Carbohydr Polym 76, 74-85.
https://doi.org/10.1016/j.carbpol.2008.09.033.

Current Research in Microbial Sciences 7 (2024) 100283

Boga, M., Yurtseven, S., Kilic, U., Aydemir, S., Polat, T., 2014. Determination of nutrient
contents and in vitro gas production values of some legume forages grown in the
Harran plain saline soils. Asian-Australas J. Anim Sci. 27 (6), 825-831. https://doi.
org/10.5713/ajas.2013.13718.

Chang-Yun Lee, C.Y., Park, J.E., Kim, B.B., Kim, S.M., Ro, H.S, 2009. Determination of
mineral components in the cultivation substrates of edible mushrooms and their
uptake into fruiting bodies. Mycobiology 37 (2), 109-113. https://doi.org/10.4489/
MYCO0.2009.37.2.109.

Chavez-Guerrero, L.M., Esneider, M., Bonilla, J., Toxqui-Teran, A., 2020. Eco-friendly
extraction of fibrils with hierarchical structure assisted by freeze-drying using Agave
Salmiana Leaves as a Raw Material. Fibers Polym. 21 (1), 66-72. https://doi.org/
10.1007/512221-020-9078-6.

De Jests-Rivera, L., Alvarez-Sanchez, M.E., Ramirez-Pérez, F., Maldonado-Torres, R.,
Bandala-Munoz, V.M., 2022. Potential use of prickly pear glochids as a substrate for
the production of Pleurotus sp. Mycelium. Rev. Mex. Cienc. Agric. 13 (6), 991-1002.
https://doi.org/10.29312/remexca.v13i6.3310.

Fazaeli, H., Mhmoudzadeh, H., Jelan, Z.A., Azizi, A., Rouzbehan, Y., Liang, J.B., Azizi, A.,
2004. Utilization of fungal treated wheat straw in the diet of late lactating cow.
Asian-Austr. J. Anim. Sci 17 (4), 467-472. https://doi.org/10.5713/ajas.2004.467.

Fazaeli, H., Shafyee-Varzeneh, H., Farahpoor, A., Moayyer, A., 2014. Recycling of
mushroom compost wheat straw in the diet of feedlot calves with two physical
forms. Int. J. Recycl. Org. Waste. Agric. 3 (3), 3. https://doi.org/10.1007/s40093-
014-0065-z.

Fernandez-Bravo, C., Urdaneta, N., Silva, W., Poliszuk, H., Marin, M., 2006. Germinacion
de semillas de tomate (Lycopersicon esculentum Mill.) Rio Grande sembradas en
bandejas plasticas, utilizando distintos sustratos. Rev. Fac. Agron. 23 (2), 188-196.

Foluke Kim, Y.I., Cho, W.M., Hong, S.K., Oh, Y.K., Kwak, W.S, 2011. Yield, nutrient
characteristics, ruminal solubility and degradability of spent mushroom (Agaricus
bisporus) substrates for ruminants. Asian-australas. J. Anim. Sci. 24 (11), 1560-1568.
https://doi.org/10.5713/ajas.2011.11076.

Foluke, A., Olutayo, A., Olufemi, A., 2014. Assessing spent mushroom substrate as a
replacement to wheat bran in the diet of broilers. Am. Int. J. Contemp. Res. 4 (4),
178-183.

Frutos, A.G., Eymarm, E., 2010. Applicability of spent mushroom compost (SMC) as
organic amendment for remediation of polluted soils. Acta Hortic. 852, 261-268.
https://doi.org/10.17660/ActaHortic.2010.852.32.

Gonzalez Matute, R., Figlas, D., Curvetto, N., 2011. Agaricus blazei production on non-
composted substrates based on sunflower seed hulls and spent oyster mushroom
substrate. World J. Microbiol. Biotechnol. 27 (6), 1331-1339. https://doi.org/
10.1007/511274-010-0582-5.

Gouleke, C.G., 1977. Biological processing: composting and hydrolisis. In: Wilson, DG.
(Ed.), Handbook of Solid Waste Management. Van Norstrand Reinhold, Nueva York,
pp. 197-225.

Heredia-Solis, A., Banuelos-Valenzuela, R., Esparza-Ibarra, E., 2017. Produccion de
Pleurotus ostreatus sobre sustratos de Agave salmiana y Agave weberi. Biotecnologia y
Sustentabilidad 2, 31-36.

Heredia-Solis, A., Esparza-Ibarra, E., Romero-Bautista, L., Cabral-Arellano, F., Banuelos-
Valenzuela, R., 2014. Bagazos de Agave salmiana y Agave weberi utilizados como
sustrato para producir Pleurotus ostreatus. RelbCi 1, 103-110.

Herrera-Pérez, J., Barragan, X.R., Santillan, P.S., Salado, N.T., Monter, M.A.A., Diaz, D.F.
P., Valenzuela, D.H., 2021. Degradacion de sustratos lignoceluldsicos y produccion
de biogas in vitro por fermentacion sélida con Pleurotus ostreatus. Agrociencia 55 (1),
37-53.

Lau, K.L., Tsang, Y.Y., Chiu, S.W., 2003. Use of spent mushroom compost to bioremediate
PAH- contaminated samples. Chemosphere 52, 1539-1546. https://doi.org/
10.1016/50045-6535(03)00493-4.

Leong, Y.K., Ma, T.W., Chang, J.S., Yang, F.C., 2022. Recent advances and future
directions on the valorization of spent mushroom substrate (SMS): A review.
Bioresour. Technol. 344, 126157. https://doi.org/10.1016/j.biortech.2021.126157.

Li, T.H., Che, P.F., Zhang, C.R., Zhang, B., Ali, A., Zang, L.S., 2020. Recycling of spent
mushroom substrate: Utilization as feed material for the larvae of the yellow
mealworm Tenebrio molitor (Coleoptera: Tenebrionidae). PLoS ONE 15 (8),
e0237259. https://doi.org/10.1371/journal.pone.0237259.

Linn, J.G., Martin, N.P., 1991. Forage quality analyses and interpretation. Vet. Clin.
North Am. Small Anim. Pract. 7 (2), 509-523. https://doi.org/10.1016/50749-0720
(15)30790-8.

Lopez Castro, R.1., Delmastro, S.E., Curvetto, N.R., 2008. Spent oyster mushroom
substrate in a mix with organic soil for plant pot cultivation. Micol. Aplicada Int. 20
(1), 17-26.

Lou, Z., Sun, Y., Zhou, X., Baig, S.A., Hu, B., Xu, X., 2017. Composition variability of
spent mushroom substrates during continuous cultivation, composting process and
their effects on mineral nitrogen transformation in soil. Geoderma 307, 30-37.
https://doi.org/10.1016/j.geoderma.2017.07.033.

Luna Fontalvo, J.A., Cérdoba Lopez, L.S., Gil Pertuz, K.I., Romero Borja, I.M., 2013.
Efecto de residuos agroforestales parcialmente biodegradados por Pleurotus ostreatus
(Pleurotaceae) sobre el desarrollo de plantulas de tomate. Acta Bioldgica
Colombiana 18 (2), 365-374.

Madhu, P., Sanjay, M.R., Jawaid, M., Siengchin, S., Khan, A., Pruncuy, C.1., 2020. A new
study on effect of various chemical treatments on Agave Americana fiber for
composite reinforcement: Physico-chemical, thermal, mechanical and morphological
properties. Polym Test 85, 1-7. https://doi.org/10.1016/j.
polymertesting.2020.106437.

Maguire, J.D., 1962. Speed of germination in selection and evaluation for seedling
emergence and vigor. Crop. Sci. 2 (2), 176-177. https://doi.org/10.2135/
cropscil962.0011183X000200020033x.


http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0001
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0001
https://doi.org/10.1007/s12088-011-0067-8
https://doi.org/10.1080/26895293.2021.1947392
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0004
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0004
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0004
https://doi.org/10.3382/ps.2007-00376
https://doi.org/10.1016/j.fuproc.2021.106795
https://doi.org/10.1016/j.fuproc.2021.106795
https://doi.org/10.1021/acssuschemeng.8b06710
https://doi.org/10.1016/j.sjbs.2016.12.005
https://doi.org/10.1016/j.carbpol.2008.09.033
https://doi.org/10.5713/ajas.2013.13718
https://doi.org/10.5713/ajas.2013.13718
https://doi.org/10.4489/MYCO.2009.37.2.109
https://doi.org/10.4489/MYCO.2009.37.2.109
https://doi.org/10.1007/s12221-020-9078-6
https://doi.org/10.1007/s12221-020-9078-6
https://doi.org/10.29312/remexca.v13i6.3310
https://doi.org/10.5713/ajas.2004.467
https://doi.org/10.1007/s40093-014-0065-z
https://doi.org/10.1007/s40093-014-0065-z
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0016
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0016
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0016
https://doi.org/10.5713/ajas.2011.11076
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0018
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0018
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0018
https://doi.org/10.17660/ActaHortic.2010.852.32
https://doi.org/10.1007/s11274-010-0582-5
https://doi.org/10.1007/s11274-010-0582-5
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0021
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0021
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0021
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0022
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0022
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0022
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0023
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0023
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0023
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0024
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0024
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0024
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0024
https://doi.org/10.1016/S0045-6535(03)00493-4
https://doi.org/10.1016/S0045-6535(03)00493-4
https://doi.org/10.1016/j.biortech.2021.126157
https://doi.org/10.1371/journal.pone.0237259
https://doi.org/10.1016/S0749-0720(15)30790-8
https://doi.org/10.1016/S0749-0720(15)30790-8
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0029
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0029
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0029
https://doi.org/10.1016/j.geoderma.2017.07.033
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0031
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0031
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0031
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0031
https://doi.org/10.1016/j.polymertesting.2020.106437
https://doi.org/10.1016/j.polymertesting.2020.106437
https://doi.org/10.2135/cropsci1962.0011183X000200020033x
https://doi.org/10.2135/cropsci1962.0011183X000200020033x

B.S. Velazquez-De Lucio et al.

Marin-Benito, J.M., Sanchez-Martin, M.J., Rodriguez-Cruz, M.S., 2016. Impact of spent
mushroom substrates on the fate of pesticides in soil, and their use for preventing
and/or controlling soil and water contamination: A. Review. Toxics. 4 (3), E17.
https://doi.org/10.3390/toxics4030017.

Medina, E., Paredes, C., Perez-Murcia, M.D., Bustamante, M.A., Moral, R., 2009. Spent
mushroom substrates as component of growing media for germination and growth of
horticultural plants. Bioresour. Technol 100, 4227-4232. https://doi.org/10.1016/].
biortech.2009.03.055.

Mohammed, A.A., Youssef, N.S., Sebaaly, Zeina El, Sami, A.F, 2021. Spent coffee grounds
influence on Pleurotus ostreatus production, composition, fatty acid profile, and
lignocellulose biodegradation capacity. CYTA J Food 19 (1), 11-20. https://doi.org/
10.1080/19476337.2020.1845243.

Palomo-Briones, R., Lopez-Gutiérrez, 1., Islas-Lugo, F., Galindo-Hernandez, K.L.,
Munguia-Aguilar, D., Rincén-Pérez, J.A., Cortés-Carmona, M.A., Alatriste-
Mondragon, F., Razo-Flores, E., 2018. Agave bagasse biorefinery: processing and
perspectives. Clean Technol. Environ. Policy. 20, 1423-1441. https://doi.org/
10.1007/510098-017-1421-2.

Pardo-Giménez, A., Picornell Buendia, M.R., de Juan Valero, J.A., Pardo-Gonzalez, J.E.,
Cunha Zied, D., 2012. Cultivation of Pleurotus ostreatus using supplemented spent
oyster mushroom substrate. Acta Hortic. 933, 267-272. https://doi.org/10.17660/
ACTAHORTIC.2012.933.33.

Phutela, U.G., Kaur, K., Gangwar, M., Khullar, N.K., 2012. Effect of Pleurotus florida on
paddy straw digestibility and biogas production. Int. J. Life Sci 6 (1), 14-19.

Postemsky, P.D., Lopez-Castro, R.I., 2016a. Aplicaciones de sustrato residual del cultivo
de hongos en la produccion horticola. Horticultura Argentina 35 (86), 44-63. ISSN
de la edicion on line 1851-9342.

Postemsky, P.D., Lopez-Castro, R.I., 2016b. Aplicaciones de sustrato residual del cultivo
de hongos en la produccion horticola. ASAHO 35, 44-63.

Rajavat, A.S., Mageshwaran, V., Bharadwaj, A., Tripathi, S., Pandiyan, K., 2022. Spent
mushroom waste: an emerging bio-fertilizer for improving soil health and plant
productivity. New and Future Developments in Microbial Biotechnology and
Bioengineering. Elsevier, pp. 345-354. https://doi.org/10.1016/b978-0-323-85579-
2.00010-1.

Rinker, D.L., 2017. Spent mushroom substrate uses. In: Cunha, ZD., Pardo-Giménez, A.
(Eds.), Edible and Medicinal mushrooms: Technology and Applications. John Wiley
& Sons Ltd, pp. 427-454.

Ruiloba, M.H., Vega, A., Franco, H., Solis, C., Castillo, R.F.G., 2014. Efecto de la bio-
degradacion con cepas nativas de Pleurotus djamor, RN81 y RN82, sobre parametros
quimicos y degradabilidad in situ de sustratos lignocelulésicos. Revista Cientifica 24
(5), 443-453.

Shanmugavelu, M., Sevugaperumal, G., 2021. Screening and Potential Uses of
Contaminated Spent Mushroom (Pleurotus spp.). In: Aurel, N. (Ed.), Emerging
Contaminants. Intechopen. https://doi.org/10.5772/intechopen.93863.

Tay, C.C., Liew, H., Abdul-Talib, S., Redzwan, G. 2016. Bi-metal biosorption using
Pleurotus ostreatus spent mushroom substrate (PSMS) as a biosorbent: isotherm,
kinetic, thermodynamic studies and mechanism. Desalination Water Treat. 57,
9325-9331 . 10.1080/19443994.2015.1027957.

Current Research in Microbial Sciences 7 (2024) 100283

Tay, C.C., Liew, H.H., Redzwan, G., Yong, S.K., Surif, S., Abdul-Talib, S., 2011. Pleurotus
ostreatus spent mushroom compost as green biosorbent for nickel (II) biosorption.
Water. Sci. Technol. 64 (12), 2425-2432. https://doi.org/10.2166/wst.2011.805.

Tay, C.C., Redzwan, G., Liew, H.H., Yong, S.K., Surif, S., Abdul-Talib, S., 2010. Copper
(II) biosorption characteristic of Pleurotus spent mushroom compost. In: Proceedings:
2010 International Conference on Science and Social Research (CSSR 2010). Kuala
Lumpur, Malaysia, pp. 6-10. December 5-7, 2010.

Valle-Pérez, A.U., Flores-Cosio, G., Amaya-Delgado, L., 2021. Bioconversion of Agave
Bagasse to Produce Cellulases and Xylanases by Penicillium citrinum and Aspergillus
fumigatus in Solid-State Fermentation. Waste Biomass. https://doi.org/10.1007/
512649-021-01397-y.

Van Kuijk, S.J.A., Sonnenberg, A.S.M., Baars, J.J.P., Hendriks, W.H., Cone, J.W., 2015.
Fungal treated lignocellulosic biomass as ruminant feed ingredient: a review.
Biotechnol. Adv. 33 (1), 191-202. https://doi.org/10.1016/j.
biotechadv.2014.10.014.

Van Soest, P.J., Robertson, J.B., Lewis, B.A., 1991. Methods for dietary fiber, neutral
detergent fiber, and nonstarch polysaccharides in relation to animal nutrition.

J. Dairy Sci. 74 (10), 3583-3597. https://doi.org/10.3168/jds.50022-0302(91)
78551-2.

Velazquez-De Lucio, B.S., Hernandez-Dominguez, E.M., Téllez-Jurado, A., Ayala-
Martinez, M., Soto-Simental, S., Alvarez Cervantes, J., 2020. Protein fraction,
mineral profile, and chemical compositions of various fiber-based substrates
degraded by Pleurotus ostreatus. BioRes 15 (4), 8849-8861. https://doi.org/
10.15376/biores.15.4.8849-8861.

Velazquez-De Lucio, B.S., Téllez-Jurado, A., Hernandez-Dominguez, E.M., Tovar-
Jiménez, X., Castillo-Ortega, L.S., Mercado-Flores, Y., Alvarez-Cervantes, J., 2022.
Evaluation of bagasse Agave salmiana as a substrate for the cultivation of Pleurotus
djamor. Rev. Mex. Ing. Quim. 21, Bio2735. https://doi.org/10.24275/rmiq/
Bio2735.

Velazquez-de-Lucio, B.S., Alvarez-Cervantes, J., Serna-Diaz, M.G., Hernandez-
Dominguez, E.M., Medina-Marin, J., 2023. The implementation of response surface
methodology and artificial neural networks to find the best germination conditions
for Lycopersicon esculetum Based on its phenological development in a greenhouse.
Agriculture 13, 2175. https://doi.org/10.3390/agriculture13122175.

Wu, S., Lan, Y., Huang, D., Peng, Y., Huang, Z., Xu, L., Gelbi¢, 1., Carballar-Lejarazu, R.,
Guan, X., Zhang, L., Zou, S., 2014. Use of spent mushroom substrate for production
of Bacillus thuringiensis by solid-state fermentation. J. Econ. Entomol. 107 (1),
137-143. https://doi.org/10.1603/EC13276.

Yang, J.L., You, J.F,, Li, Y., Wu, P., Zheng, S.J., 2007. Magnesium Enhances Aluminum-
Induced Citrate Secretion in Rice Bean Roots (Vigna umbellata) by Restoring Plasma
Membrane Hp-ATPase Activity. Plant Cell Physiol. 48 (1), 66-73. https://doi.org/
10.1093/pcp/pcl038.

Zhu, H.J., Liu, J.H., Sun, L.F., Hu, Z.F., Qiao, J.J., 2013. Combined alkali and acid
pretreatment of spent mushroom substrate for reducing sugar and biofertilizer
production. Bioresour. Technol. 136, 257-266. https://doi.org/10.1016/j.
biortech.2013.02.121.


https://doi.org/10.3390/toxics4030017
https://doi.org/10.1016/j.biortech.2009.03.055
https://doi.org/10.1016/j.biortech.2009.03.055
https://doi.org/10.1080/19476337.2020.1845243
https://doi.org/10.1080/19476337.2020.1845243
https://doi.org/10.1007/s10098-017-1421-2
https://doi.org/10.1007/s10098-017-1421-2
https://doi.org/10.17660/ACTAHORTIC.2012.933.33
https://doi.org/10.17660/ACTAHORTIC.2012.933.33
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0039
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0039
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0040
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0040
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0040
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0041
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0041
https://doi.org/10.1016/b978-0-323-85579-2.00010-1
https://doi.org/10.1016/b978-0-323-85579-2.00010-1
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0043
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0043
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0043
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0044
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0044
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0044
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0044
https://doi.org/10.5772/intechopen.93863
http://doi.org/10.1080/19443994.2015.1027957
https://doi.org/10.2166/wst.2011.805
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0048
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0048
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0048
http://refhub.elsevier.com/S2666-5174(24)00066-X/sbref0048
https://doi.org/10.1007/s12649-021-01397-y
https://doi.org/10.1007/s12649-021-01397-y
https://doi.org/10.1016/j.biotechadv.2014.10.014
https://doi.org/10.1016/j.biotechadv.2014.10.014
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.15376/biores.15.4.8849-8861
https://doi.org/10.15376/biores.15.4.8849-8861
https://doi.org/10.24275/rmiq/Bio2735
https://doi.org/10.24275/rmiq/Bio2735
https://doi.org/10.3390/agriculture13122175
https://doi.org/10.1603/EC13276
https://doi.org/10.1093/pcp/pcl038
https://doi.org/10.1093/pcp/pcl038
https://doi.org/10.1016/j.biortech.2013.02.121
https://doi.org/10.1016/j.biortech.2013.02.121

	Revalorization of degraded maguey pulquero substrate for Lycopersicon esculentum germination
	1 Introduction
	2 Material and methods
	2.1 Recovery of degraded substrate
	2.2 Characterization of the degraded substrate
	2.3 Germination
	2.4 Statistical analysis

	3 Results
	3.1 Characterization of the DS
	3.2 Germination

	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	References


