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ABSTRACT

Objective: To develop a bioaugmented compost in a pile system through the addition of submerged
fermentation products derived from Trichoderma harzianum.

Methodology: Biodegradation kinetics of newspaper were monitored over a 30-day period in a cylindrical
air-lift bioreactor inoculated with Trichoderma harzianum (IrV6S1C7), aiming to generate fungal biomass and
cellulolytic enzymes. Subsequently, the fermentation products were incorporated into a 60 kg pile of organic
waste comprising banana, red mango, leaf litter, and lettuce to assess waste degradation time in comparison to
an uninoculated control.

Results: By day 30 of fermentation, biomass production of 1. harzianum reached 67 g/L, while the activities
of cellulolytic enzymes carboxymethyl cellulase (CMCase) and filter paperase (FPase) were 2095.51 U/L
and 1471.75 U/L, respectively. The compost pile inoculated with 7. harzianum suspension exhibited a more
consistent stabilization of the carbon-to-nitrogen (C/N) ratio over time relative to the control.

Conclusions: The bioaugmented compost enriched with 7. harzianum and its fermentation derivatives
facilitated the production of a stable pre-compost with enhanced nitrogen availability, benefiting both plant
growth and the proliferation of beneficial microbial communities.
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INTRODUCTION

In Mexico, it is estimated that approximately 120,128 tons of municipal solid waste
are generated daily (SEMARNAT, 2022), posing significant environmental and economic
challenges due to the lack of comprehensive waste management systems. This deficit
contributes to the emission of greenhouse gases and the contamination of soils and water
bodies caused by leachate discharge (De Anda et al., 2021). Approximately 50% of this
waste is composed of organic matter (OM), which can be utilized for compost production.
Composting is a low-cost biotechnological process that enables the transformation of
organic waste into stable organic matter (mature compost) through the activity of diverse
microorganisms (Vargas-Pineda et al., 2019). Despite its advantages, conventional
composting techniques are time-consuming. Therefore, the inoculation of organic residues
with selected microbial consortia has been proposed to accelerate the composting process and
enhance the quality of the final product (Méndez-Matias et al., 2018; Condori Nina, 2022).
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Among the microorganisms that can be employed to bioaugment compost and improve
its efficacy as a soil fertility enhancer, Trichoderma species stand out due to their adaptive
capacity and production of a wide range of bioactive metabolites, including enzymes, plant
growth-promoting compounds, and volatile organic substances (Herndndez-Melchor ez al.,
2019; Loayza-Duenas & Gallegos-Jara, 2020). A relevant example was demonstrated by
Bellini et al. (2023), who evaluated Trichoderma-enriched compost for lettuce production
and biocontrol of Fusarium oxysporum f. sp. lactucae. Their findings revealed a 70% reduction
in disease severity, increased crop yield, and no adverse impact on the native soil microbial
community. Similarly, Méndez-Matias et al. (2018) assessed the effect of Trichoderma
harzianum and Aspergillus sp. inoculation during the composting of mezcal agave bagasse
and sugarcane bagasse in a pile system in Oaxaca, Mexico. Their results confirmed that
the inoculation of lignocellulolytic fungi significantly reduced substrate degradation time
and improved the physicochemical properties of the mature compost, compared to a non-
inoculated control. Despite the demonstrated benefits of exogenous microbial inoculation
in enhancing composting efficiency and product quality, research in Mexico remains at
the experimental level. Outcomes are highly dependent on the substrate type and the
microbial strains employed, indicating the need for a deeper understanding of the process
to facilitate its standardization and large-scale implementation. Based on the above, the
aim of the present study was to evaluate the production of pile compost bioaugmented
with submerged fermentation products of a native Trichoderma harzianum strain, previously

1solated from the maize rhizosphere in Irapuato, Guanajuato.

MATERIALS AND METHODS
Microorganisms used

The strain IrV6S1C7, isolated from the rhizospheric soil of maize cultivated in
experimental plots in Irapuato, Guanajuato, Mexico (Herrera-Jiménez et al., 2018), was
employed in this study. This strain is preserved in glass tubes containing slanted PDA
medium at 4 °C and was taxonomically identified as Trichoderma harzianum (GenBank
accession number MN165442) (Hernandez-Melchor ez al., 2023). The strain was propagated
by point inoculation onto Petri dishes containing PDA medium and incubated at 28 °C for
five days. Subsequently, the cultures were exposed to light and ambient temperature for
two additional days to promote sporulation.

Newspaper degradation kinetics in bioreactor

A batch submerged culture degradation kinetics experiment was conducted over 30
days using the IrV6S1C7 strain in a cylindrical air-lift bioreactor with a total volume of 6 L
and an effective working volume of 5.5 L. The culture medium used was a basal minimal
medium (BMM) composed of (g/L): 6.0 Na,HPO,, 3.0 KH,PO,, 2.64 (NH,),50,, 0.5
MgSO «7H,0, 0.015 CaCl,, 3.0 MnSO,, and 3.0 ZnSO,, with the pH adjusted to 4.8
using a 0.05 M citrate buffer (Garcia-Espejo et al., 2016). A total of 27.5 g (0.5% w/v)
of untreated newspaper cut into 1 cmX1 cm pieces was used as the sole carbon source.
The inoculum consisted of a spore suspension at a concentration of 1X 10° spores/mL.

Newspaper was selected due to its proven efficacy in inducing cellulase production in
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laboratory-scale submerged cultures using 7richoderma harzianum (Herndandez-Melchor et
al., 2023). The bioreactor was operated under continuous aeration at a flow rate of 3 L/min
via a perforated stainless-steel sparger located at the base. Air injection was regulated using
a float-type rotameter with an aluminum float (Applikon Biotechnology, Netherlands)
and a dual-outlet air pump (802 ELITE). The internal temperature was maintained at
24=*1 °C, and pH was stabilized within the range of 4.2-5.0 without the addition of acid or
base. Volume loss due to sampling and aeration was compensated weekly by adding sterile

distilled water to maintain the working volume (~70 mL) of the bioreactor.

Analytical determinations
Aliquots (20 mL) were collected every third day to quantify cellulase activity, biomass

production, residual cellulose, and reducing sugars. All assays were performed in triplicate.

Quantitative analysis of cellulases

Total cellulase activity was determined using the Filter Paper Assay (FPase), while
endoglucanase activity (CMCase) was assessed using the 3,5-dinitrosalicylic acid (DNS)
method (Miller, 1959; Ghose, 1987), employing D-glucose as the standard (calibration curve
prepared from a 5 g/L glucose standard solution). The enzymatic activity protocols were
conducted as described by Herndndez-Melchor et al. (2022). Absorbance measurements
were taken at 540 nm using a BioTek®™ Synergy 2 microplate reader. Enzymatic activities

were expressed in IU/L (international units per liter).

Determination of biomass and residual cellulose

Fungal dry biomass and cellulose content in the bioreactor were determined according
to the method described by Ahamed and Vermette (2009). Dry biomass was calculated by
subtracting the residual cellulose weight from the total dry weight of solids, which includes

both mycelium and cellulose.

Reducing sugar concentration
Reducing sugars were quantified using the DNS method (Miller, 1959). Optical density
(OD) was measured at 540 nm using a BioTek® Synergy 2 spectrophotometer. A calibration

curve was constructed from a 5 g/L. D-glucose standard solution.

Pile compost production

Organic and garden waste were collected from the Colegio de Postgraduados, Montecillo
campus, and the Central de Abastos in Mexico City (CDMX) to construct two composting
piles (60 kg each). Each pile was composed of 18 kg of Musa balbisiana (plantain), 8 kg of
Mangifera indica “Tommy Atkins’ (red mango), 23 kg of leaflitter, and 11 kg of Lactuca sativa
(common lettuce). The piles measured 1 X 1X0.6 m and were covered with 70% black shade
mesh, remaining exposed to outdoor environmental conditions. The waste materials were
shredded and cut to an approximate particle size of 10 cm. Proportions of each component
were homogenized to ensure uniform composition in the compost piles. One pile served as

an uninoculated control, while the second was inoculated with the products derived from
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the bioreactor-based newspaper degradation process (fungal biomass, enzymes, residual
cellulose, and fermentation broth) at the end of the culture kinetics (day 30). One replicate
was established for each treatment. The compost piles were aerated through weekly manual
turning over a 35-day period to evaluate the effect of microbial inoculation and to obtain
a pre-compost undergoing maturation. Moisture levels were maintained within a 70-80%
range through the addition of tap water. pH and temperature were monitored in both piles
using a multiparameter soil meter. Gomposite samples (20 g) were collected weekly for 35

days to determine total carbon and nitrogen content, as well as to quantify cellulase activity
(CMCase and FPase).

Determination of total carbon and nitrogen
Total carbon content was determined using the Walkley-Black method, while total
nitrogen was measured using the Kjeldahl method (Rodriguez & Rodriguez, 2015).

Quantitative analysis of cellulases

From the composite samples collected from the compost piles, 5 g were weighed and
mixed with 20 mL of 0.05 M citrate buffer (pH 4.8). The mixtures were incubated at room
temperature with agitation at 100 rpm for 1 hour. After incubation, the samples were
centrifuged at 400 rpm for 10 minutes. Subsequently, 2 mL aliquots of the supernatant
were taken to determine total cellulase activity (FPase and CMCase) as described by
Hernandez-Melchor et al. (2022).

Statistical analysis

The collected data were statistically analyzed using the SAS software package for
Windows 8, version 6.2-9200. All analyses were conducted in triplicate, and the mean
+ standard deviation was used to represent the statistical significance of each data set. A
95% confidence interval was applied, and statistical significance was considered valid at
p<0.05. One-way ANOVA was employed for the analysis.

RESULTS AND DISCUSSION
Newspaper degradation kinetics

A degradation kinetics study was conducted using newspaper as the sole carbon source
for the native 7. harzianum strain (Ir'V6S1C7), cultivated in a batch-mode submerged
system within a cylindrical air-lift bioreactor. Figure 1 presents the results for biomass
concentration, residual cellulose, and reducing sugars obtained throughout the 30-day
culture period. Biomass production by 7. harzianum peaked on day 9, reaching a maximum
concentration of 97 g/L. Subsequently, a decline in biomass concentration was observed as
the culture entered the stationary phase, yielding a final biomass concentration of 67 g/L
by day 30.

Figure 1 also illustrates the concentrations of residual cellulose and reducing sugars,
both byproducts of newspaper degradation (Centeno Rumbos ¢t al., 2015). The residual
cellulose content exhibited a trend similar to that of biomass, increasing proportionally

and reaching a maximum of 95 g/L. on day 9, followed by a reduction to 43 g/L by day 30.
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Figure 1. Biomass, residual cellulose, and reducing sugar concentrations over time during newspaper
degradation in a cylindrical air-lift bioreactor. Mean values * standard errors, n=3, (p=<0.05).

This trend indicates that the degradation of the carbon source (newspaper) was directly
linked to biomass production over the course of the kinetics. Similarly, the concentration
of reducing sugars steadily increased throughout the cultivation period, reaching a peak of
0.17 g/Lon day 30 (Figure 1). This concentration is approximately 50 times higher than the
value reported by Centeno Rumbos et al. (2015), who evaluated biomass production by 7.
reesei using paper sludge as a carbon source in submerged culture. Newspaper is primarily
composed of cellulose, which can be enzymatically hydrolyzed into reducing sugars such
as glucose and cellobiose (Herndndez-Melchor et al., 2019). Accordingly, the results of this
study demonstrate a sequential degradation pattern of the substrate (newspaper), wherein
T. harzianum biomass enzymatically breaks down the carbon source into its simplest form
glucose. Figure 2 presents the enzymatic activity values for cellulases (FPase and CMCase)
measured throughout the batch culture kinetics in the bioreactor during newspaper
degradation by 7. harzianum. As shown in Figure 2, CMCase activity increased over time,
reaching a maximum of 2219 IU/L on day 7, after which it declined until the end of the
cultivation period. In contrast, FPase activity continued to increase steadily over time,
reaching its peak value of 1471 IU/L on day 30.

The presence of these enzymes during the biodegradation kinetics of newspaper
indicates the breakdown of complex substrates into simpler forms that can be utilized by
T’ harzianum as a carbon source. The maximum cellulase activities observed in this study
were 3.2 times lower for CMCase and 2.3 times higher for FPase compared to the values
reported by Li et al. (2019), who assessed the cellulolytic enzyme production capability
of 1. harzianum 1.Z117 using cellulose as the carbon source. The differences between the

present results and those reported in the literature can be attributed to the nature and
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Figure 2. Cellulase activity (IFPase and CMCase) over time during newspaper degradation in a cylindrical air-
lift bioreactor. Mean values * standard errors, n=3, (p=<0.05).

complexity of the substrate, as well as the operational parameters such as temperature,
agitation, pH, and the bioreactor configuration all of which significantly influence the
induction of enzymatic production in various fungal species (Adnan et al., 2019; Bohacz-
Kowalska, 2020). Given the enzymatic capacity of Trichoderma to degrade various carbon
sources (Hernandez-Melchor et al., 2019), its incorporation as a bioaugmentation agent
was evaluated for the degradation of organic matter (OM) during composting.

Pile compost production

The composting process was carried out over a period of 35 days to evaluate the
effect of adding 7. harzianum and the products derived from newspaper degradation in
the bioreactor to the inoculated (bioaugmented) pile, in comparison to a non-inoculated
control pile. Figure 3 presents the recorded values of temperature and pH throughout the
composting process.

Asshownin Iigure 3A, the first five days correspond to the mesophilic phase in both piles.
This was followed by the onset of the thermophilic phase, which lasted approximately 14
days and reached a maximum temperature of 44 °C. On day 23, a decrease in temperature
was observed, marking the beginning of the cooling phase, which continued until day 35,
when final temperatures of 22 °C and 21 °C were recorded in the inoculated and control
piles, respectively. This behavior is consistent with that reported by Vargas-Pineda et al.
(2019), who used waste from a local wholesale market to evaluate its degradation through
composting. They described the microbial succession occurring at each stage of the process,
highlighting the role of these communities in the degradation of organic matter (OM). In
the present study, the early presence of 7. harzianum in the inoculated pile had a significant
effect on the timing of the different composting phases. The pH values in the inoculated
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Figure 3. Temperature (A) and pH (B) profiles recorded during the composting process in the inoculated pile and the control pile. Mean values
+ standard errors, n=3, (p=<0.05).

pile remained within a range of 6.7-7.2, while in the control pile they ranged from 6.5-7.7
(Figure 3B). pH plays a critical role in shaping microbial diversity during composting and
affects nutrient availability. Generally, fungi tolerate pH levels between 5 and 8, whereas
bacteria tend to thrive in slightly alkaline conditions, with optimal growth occurring in a
pH range of 6-7.5 (Guano Andrade, 2017).

Carbon/Nitrogen (C/N) Ratio

Table 1 presents the C/N ratio values obtained from both the inoculated and control
compost piles over the 35-day period. The C/N ratio in a composting process reflects the
availability of carbon and nitrogen necessary for optimal microbial growth during the
different composting stages (Bohérquez Santana, 2019). According to Hernandez (2003),
when the C/N ratio exceeds 33, the decomposition of plant residues tends to be slower;
conversely, a ratio below 17 facilitates faster degradation. In the present study, the control
pile initially (t;) exhibited a C/N ratio of 34.3, while the inoculated pile started at 14.3.
Over time, the ratios in both treatments fluctuated and eventually reached final values of
10.8 (control) and 11.6 (inoculated) by day 35 (Table 1). Iniguez et al. (2011) indicate that a
C/N ratio between 10 and 25 serves as a benchmark for compost maturity and stability. By
day 35, both treatments produced a pre-compost undergoing maturation, as inferred from
the final C/N ratios. However, additional analyses including heavy metal content, basal
respiration, germination tests, and phytotoxicity assessment are required to fully evaluate
the quality and maturity of the resulting product.

Based on these results, the pile inoculated with 7. harzianum maintained a low C/N
ratio from the beginning of the composting process through day 35, indicating greater
nitrogen availability to support the growth of the fungus and other microorganisms.
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Table 1. C/N ratio recorded during the composting process
in a pile inoculated with Trichoderma harzianum (IrV6S1C7)
and a control pile.

C/N ratio
Time (d)
Inoculated pile Control pile

0 14.3 34.3

14.7 16.5

14 24.3 9.2

21 9.1 15.4

28 17.1 8.9

35 11.6 10.8

Méndez-Matias et al. (2018) conducted a similar study in which they evaluated the C/N
ratio during the composting of mezcal agave bagasse and sugarcane bagasse inoculated
with 7. harzianum. At the start of the process, they reported an initial G/N ratio of 55.4,
which decreased to a final value of 24.3 by day 133. Their findings demonstrated that the
incorporation of lignocellulolytic microorganisms accelerated substrate degradation and
led to the production of mature compost. According to the temperature, pH, and CG/N
ratio data presented, no significant differences could be established between treatments
by day 35 as a result of the addition of submerged fermentation products of 7. harzianum.
Therefore, it is recommended to extend the composting period until maturity is achieved

in order to properly assess the agronomic value of each treatment.

Quantitative Analysis of Cellulases

Due to the nature of the organic matter (OM) involved in the composting process
primarily lignocellulosic materials a complex set of enzymatic mechanisms is required for its
degradation (Gémez-Garcia et al., 2019). Among the key enzymes involved are cellulases,
which are responsible for breaking down cellulose into simpler molecules. These enzymes
are considered high-value bioproducts in various industrial sectors. Consequently, several
research groups have explored cellulase production using low-cost lignocellulosic waste
as raw material (Zhang et al., 2017; Li et al., 2019; Wang ¢t al., 2020). In light of this, the
present study monitored cellulase enzymatic activity throughout the composting process.
Furthermore, the presence of these enzymes may be associated with the specific microbial
communities present at each stage and the nature of the decomposing materials (Guano
Andrade, 2017). Figure 4 shows the enzymatic activity profiles of two cellulases (FPase and
CMCase) quantified during composting in a pile inoculated with 7. harzianum and in a
non-inoculated control pile.

Figure 4 shows that the maximum cellulase activities (CMCase and FPase) occurred at
the beginning of the composting process, decreasing progressively until day 35. Final values
reached 28,123 and 14,098 IU/L for CMCase, and 12,402 and 1,829 IU/L for FPase in
the control and 7! harzianum-inoculated piles, respectively. The enzymatic activity trends
over time are consistent with those reported by Guano Andrade (2017), who analyzed

cellulase and amylase activity during the composting of sewage sludge and plant residues.
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Figure 4. Cellulase activity (FPase and CMCase) over time during 35 days of composting organic matter
in a pile inoculated with 7. harzianum (Ir'V6S1C7) and a control pile. Mean values * standard errors, n=3,

(p=<0.05).

Similarly, Li et al. (2017) noted that the decrease in enzymatic activity during composting
suggests a reduction in available substrates for microbial communities. This decline is also
influenced by variables such as temperature and the type of raw material, which affect
the dynamics of cellulolytic bacteria and fungi present in the composting material. These
factors may help explain the lower enzymatic activity observed in the inoculated pile.
Although both treatments exhibited comparable C/N ratios, the complexity of the carbon
sources available may differ. Additionally, it is important to consider that the fermentation
supernatant added to the inoculated pile contained active cellulases, which may have
contributed significantly to the early degradation of substrates. This early activity could
lead to the accumulation of simpler molecules by day 35, thereby reducing the need for
continued high enzymatic activity. This hypothesis warrants further confirmation through
molecular analysis of the compounds present in each pile. Despite the absence of statistically
significant differences between treatments, it is worth highlighting 7" harzianum’s ability to
degrade complex substrates and produce enzymes of industrial relevance. These findings
support the potential for implementing a circular economy approach, whereby fungal
biomass and enzymes can be generated from waste degradation and subsequently applied

independently across different production scales.

CONCLUSIONS

The T harzianum strain (IrV6S1C7) demonstrated the capacity to degrade newspaper
under submerged culture conditions in a cylindrical air-lift bioreactor, effectively producing
industrially relevant enzymes such as cellulases, along with fungal biomass. Although

the initial addition of 7. harzianum (IrV6S1C7) as a bioaugmentation agent during the
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composting process did not yield statistically significant differences compared to the
uninoculated control, a pre-compost exhibiting early signs of maturation was successfully
obtained by day 35. Therefore, future studies should consider extending the composting
period to assess compost maturity, field applicability, economic feasibility, and agronomic
validation.

ACKNOWLEDGMENTS

The authors would like to thank the Colegio de Postgraduados for the financial support provided (CONV_
ENASAS_2025_08) through the call issued by the National Strategy for Soils in Sustainable Agriculture
(ENASAS-Secretariat of Agriculture and Rural Development) for the development of this study.

REFERENCES

SEMARNAT (2022, 7 de septiembre). PROGRAMA Nacional para la Prevencién y Gestién Integral de
los Residuos 2022-2024. https://www.gob.mx/semarnat/acciones-y-programas/prevencion-y-gestion-
integral-de-los-residuos.

De Anda, A., Garcia, E., Pefia, A., Seminario, J., & Nieto, A. (2021). Residuos organicos:¢basura o recurso?.
Recursos Naturales y Sociedad 7:19-42. doi: 10.18846/renaysoc.2021.07.07.03.0004

Vargas-Pineda, O.1., Trujillo-Gonzdlez, J.M., & Torres-Mora, M.A. (2019). El compostaje, una alternativa
para el aprovechamiento de residuos orgdnicos en las centrales de abastecimiento. Orinoguia 23(2):
123-129. doi: 10.22579/20112629.575

Méndez-Matias, A., Robles, C., Ruiz-Vega, J., & Castafieda-Hidalgo, E. (2018). Compostaje de residuos
agroindustriales inoculados con hongos lignocelulésicos y modificacién de la relacién C/N. Revista
Mexicana de Ciencias Agricolas 9(2): 271-280. doi: 10.29312/remexca.v9i2.1070

Condori Nina, A. (2022). Microorganismos eficientes en la mejora de la calidad del compost: Una revisién
sistematica de los dltimos 5 afios. Tesis para obtener el titulo profesional de: Ingeniera Ambiental.
Facultad de ingenieria y arquitectura escuela profesional de ingenierfa ambiental. Lima, Perd, 81 pp.

Herndndez-Melchor, DJ., Ferrera-Cerrato, R., & Alarcén, A. (2019). Trichoderma: importancia agricola,
biotecnolégica, y sistemas de fermentacién para producir biomasa y enzimas de interés industrial.
Chilean Journal of Agricultural & Animal Sciences 35(1): 98-112. doi: 10.4067/S0719-38902019005000205

Loayza-Duenas, R.C., & Gallegos-Jara, R.O. (2020). Efecto del uso de tres tipos de aceleradores bioldgicos
en el compostaje de residuos orgdnicos de mercados, parques y jardines de Arequipa. NAWPARISUN:-
Revista de Investigacion Cientifica 3(1): 23-36. doi: 10.47190/nric.v3il.124

Bellini, A., Gilardi, G., Idbella, M., Zotti, M., Pugliese, M., Bonanomi, G., & Gullino, M.L. (2023). Trichoderma
enriched compost, BCAs and potassium phosphite control Fusarium wilt of lettuce without affecting
soil microbiome at genus level. Applied Soil Ecology 182: 104678. doi: 10.1016/j.aps0il.2022.104678

Méndez-Matias, A., Robles, C., Ruiz-Vega, ]J., & Castafieda-Hidalgo, E. (2018). Compostaje de residuos
agroindustriales inoculados con hongos lignocelulésicos y modificacién de la relacién C/N. Revista
mexicana de ciencias agricolas 9(2): 271-280. doi: 10.29312/remexca.v9i2.1070

Herrera-Jiménez, E., Alarcén, A., Larsen, J., Ferrera-Cerrato, R., Cruz-Izquierdo, S., & Ferrera-Rodriguez,
M.R. (2018). Comparative effects of two indole-producing Trichoderma strains and two exogenous
phytohormones on the growth of Zea mays L., with or without tryptophan. Journal of Soil Science and
Plant Nutrition 18(1): 188-201. doi: 10.4067/S0718-95162018005000704

Hernandez-Melchor, D.J., Guerrero-Chavez, A.C., Ferrera-Rodriguez, M.R., Ferrera-Cerrato, R., Larsen, J.,
& Alarcén, A. (2023). Cellulase and chitinase activities and antagonism against Fusarium oxysporum f.
sp. cubense race 1 of six Trichoderma strains isolated from Mexican maize cropping. Biotechnology Letters
45(3): 387-400. doi: 10.1007/s10529-022-03343-x

Garcia-Espejo, C.N., Mamani-Mamani, M.M., Chévez-Lizdrraga, G.A., & Alvarcz-Aliaga, M.T. (2016).
Evaluacién de la actividad enzimdtica del Trichoderma inhamatum (BOL-12 QD) como posible
biocontrolador. Journal of the Selva Andina Research Society 7(1): 20-32. https://www.redalyc.org/articulo.
0a?id=361344736004

Miller, G.L. (1959). Use of dinitrosalicylic acid reagent for determination of reducing sugar. Analytical Chemistry
31(3): 426-428. doi: 10.1021/ac60147a030

Ghose, T.K. (1987). Measurement of cellulase activities. Pure and applied Chemistry 59(2): 257-268. doi: 10.1351/
pacl198759020257



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/w2atyb47 155

Hernandez-Melchor, D.J., Ferrera-Cerrato, R., Lopez-Pérez, P.A., Ferrera-Rodriguez, M.R., de Jesis Garcia-
Avila, C., & Alarcén, A. (2022). Qualitative and quantitative enzymatic profile of native Trichoderma
strains and biocontrol potential against Fusarium oxysporum f. sp. cubense Race 1. Journal of Microbiology,
Biotechnology and Food Sciences 77(4): €3264-¢3264. doi: 10.55251/jmbfs.3264

Ahamed, A., & Vermette, P. (2009). Effect of culture medium composition on Trichoderma reesei’s morphology
and cellulase production. Bioresource Technology 100(23): 5979-5987. doi: 10.1016/j.biortech.2009.02.070

Rodriguez, F.H., & Rodriguez, A,J. (2015). Métodos de analisis de suelos y plantas: criterios de interpretacién.
Meéxico: Trillas.

Centeno Rumbos, R., & Pavone Maniscalco, D. (2015). Produccién de celulasas y biomasa del hongo
Trichoderma reesei utilizando lodo papelero como fuente de carbono. Revista de la Sociedad Venezolana de
Microbiologia 35(1): 35-38. https://ve.scielo.org/scielo.php?pid=S1315-25562015000100008&script=sci_
abstract&tlng=e

Li, J.X., Zhang, F., Li, J., Zhang, Z., Bai, FW., Chen, J., & Zhao, X.Q. (2019). Rapid production of
lignocellulolytic enzymes by Trichoderma harzianum 1.Z.117 isolated from Tibet for biomass degradation.
Bioresource Technology 292: 122063. doi: 10.1016/j.biortech.2019.122063

Adnan, M., Islam, W., Shabbir, A., Khan, KA., Ghramh, H.A., Huang, Z., Chen, HY.H., & Lu, G.D.
(2019). Plant defense against fungal pathogens by antagonistic fungi with Zrichoderma in focus. Microbial
Pathogenesis 129: 7- 18. doi: 10.1016/j.micpath.2019.01.042

Bohacz, J., & Kowalska, T. (2020). Modification of post-industrial lignin by fungal strains of the genus
Trichoderma isolated from different composting stages. Journal of Environmental Management 266: 110573.
doi: 10.1016/jjenvman.2020.110573

Guano Andrade, F.E. (2017). Evolucién de las actividades celulasa, B-glucosidasa y amilasa durante el
compostaje de lodos de depuradora y restos vegetales. Tesis para obtener el grado de Master en
Biotecnologia Industrial y Agroalimentaria. Universidad de Almeria, Espana. 72 pp.

Bohérquez Santana, W. (2019). El proceso de compostaje (Vol. 1). Universidad de la Salle.

Herndndez, H.A. (2003). La Composta, su elaboracién y beneficio. Monografia presentada para obtener el
titulo de Ingeniero Agrénomo en Produccién. Universidad Auténoma Agraria Antonio Narro, México.
76 pp.

Tiiguez, G., Martinez, G.A., Flores, P.A., & Virgen, G. (2011). Utilizacién de subproductos de la industria
tequilera: Parte 9. Monitoreo de la evolucién del compostaje de dos fuentes distintas de bagazo de agave
para la obtencién de un substrato para jitomate. Revista Internacional de Contaminacion Ambiental 27(1):
47-59. https://www.scielo.org.mx/scielo.php?pid=S0188-49992011000100005&script=sci_arttext

Goémez-Garcefa, R., Roussos, S., Medina-Morales, M.A., Farruggia, B., Pico, G., & Aguilar, C.N. (2019).
Produccién de enzimas de Trichoderma harzianum por fermentacién de residuos lignoceluldsicos. Revista
Cientifica de la Universidad Auténoma de Coahuila 13:15-23.

Zhang, F., Chen, C., Zhang, I"., Gao, L., Liu, J., Chen, L., Xiaoning Fan, X., Liu, C., Zhang, K., He, Y., Chen,
C., & Ji, X. (2017). Trichoderma harzianum containing 1-aminocyclopropane-1-carboxylate deaminase
and chitinase improved growth and diminished adverse effect caused by Fusarium oxysporum in soybean.
Journal of Plant Physiology 210: 84-94. doi: 10.1016/j.jplph.2016.10.012

Wang, H., Zhai, L., & Geng, A. (2020). Enhanced cellulase and reducing sugar production by a new mutant
strain Trichoderma harzianum EUA20. Journal of Bioscience and Bioengincering 129(2): 242-249. doi:
10.1016/j.jbiosc.2019.08.016

Li, S, Li,]J., Yuan, J., Li, G., Zang, B., & Li, Y. (2017). The influences of inoculants from municipal sludge and
solid waste on compost stability, maturity and enzyme activities during chicken manure composting.

Environmental Technology 36(13-14): 1770-1778. doi: 10.1080/09593330.2017.1291755



	_GoBack
	_Hlk200984897
	_Hlk200984917
	_Hlk168004110
	_Hlk190283974
	_Hlk176699438
	bb0170
	_Hlk196331420
	_Hlk196336724
	_Hlk196336754
	_Hlk196337796
	_Hlk202648595
	_Hlk203086143
	_Hlk203169655
	_Hlk203167252
	_Hlk189329111
	_Hlk170907581
	_Hlk204806667
	_Hlk204782074
	_Hlk204782118
	_Hlk204782150
	_Hlk200210036
	_Hlk207417974
	_Hlk207394390
	_Hlk200453316
	_Hlk200453714
	_Hlk200374355
	_Hlk200374397
	_heading=h.17dp8vu
	_heading=h.3rdcrjn
	_Hlk200374436
	_heading=h.lnxbz9
	_Hlk202104792
	_Hlk202119969
	_Hlk202167101
	_Hlk202167579
	_Hlk202167856
	_Hlk202170527
	_Hlk133486843
	_Hlk133486665
	_Hlk133483105
	_Hlk210375730
	_Hlk210375754
	_Hlk183615425
	_Hlk183615458
	_Hlk182405622
	_Hlk184032737
	_Hlk183613582
	_Hlk183613773
	_Hlk182397453
	_Hlk183613673
	_Hlk183701539
	_Hlk183613831

