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Prologue

Advances in Biology through Agronomy, Aquaculture, Coastal and Environmental
Sciences, Volume II, is an e-book that continues the work of the first version

(https://editorapantanal.com.br/ebooks /2023 /advances-in-biology-through-agronomy-aquaculture-

coastal-and-environmental-sciences/ebook.pdf ), published in 2023 by Leandris Argentel-Martinez and

Ofelda Penuelas-Rubio.

Our e-book compiles 25 manuscripts that present scientific results and reviews based on
biological aspects. All of they contribute to explaining the responses of living organisms to agricultural,
aquaculture, and coastal ecosystems, as well as those facing fragility or threat of climate change. This e-
book was edited by Leandris Argentel-Martinez, Ofelda Pefiuelas-Rubio, and Joe Luis Arias-Moscoso,
members of the Consolidated Academic Group ITVAYA-CA-3.

We appreciate the contribution of al authors for their careful attention to the editorial committee's
recommendations. The review process was double-blind and conducted by internationally renowned
researchers.

Special thanks to the members of the BioSecuraNet International Network for Biotechnology

and Innovative Strategies for Global Food Security at the National Technological Institute of Mexico.

The Editors
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ABSTRACT
In modern agriculture worldwide, increased crop yields are associated with increased doses of chemical
products, such as pesticides and herbicides, to promote better crop development, reduce competition,
and decrease the number of pests that negatively affect yield. This situation leads to a significant increase
in the pollutant load. Although the biodegradation and neutralization capabilities of the residual effects
of chemical products have been studied, this topic is still not fully understood. While many pesticides are
selective, they can damage other crops and the environment. Considering the need to protect the
environment and the existence of beneficial microbiological conditions in some areas, such as
semideserts, alternative biodegradation methods using these microorganisms could be explored, which
would have significant economic, ecological, and environmental implications. This study aims to conduct
an updated literature review of recent advances in the use of microorganisms for the bioremediation of
herbicides and insecticides to gather references and establish biodegradation trials under laboratory and
field conditions. Studies confirm that the use of microorganisms is feasible for the biodegradation of
herbicides and insecticides; therefore, in some regions, such as Yaqui Valley, Sonora, it could become a

sustainable and ecologically viable option for environmental protection.

Keywords: beneficial microbiological conditions, sustainable, chemical products, pesticides
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INTRODUCTION

A wide variety of physical and chemical methods exist for treating contaminated soils and
aquifers, but many of these treatments do not destroy hazardous compounds but rather transfer them
from one phase to another. Therefore, biological treatment, in which these hazardous compounds are
transformed into simpler compounds, is a significant challenge. These methods offer the advantages of
operating at ambient temperature and pressure, reducing capital and operating costs. However, a
limitation of biotreatment systems is the toxic potential of xenobiotic agents.

In practice, this means that great care must be taken with the microorganisms used, as they can
be inhibited or killed by the toxic effects of organic contaminants (Beshay et al, 2002). For
biodegradation, the pesticide can ideally serve as the sole source of carbon and energy for
microorganisms, including the synthesis of the appropriate enzymes for its transformation, providing an
important mechanism in the degradation of xenobiotic compounds in the environment (Murugesan et
al., 2010).

Pesticides (herbicides, fungicides, and insecticides) are widely used in agriculture and industry
worldwide because of their high activity. More than 55% of the land used for agricultural production in
developing countries uses approximately 26% of the total pesticides produced globally.

However, the rate of increase in pesticide use in developing countries is considerably greater than
that in developed countries. Pesticides are necessary to protect crops, as losses can constitute
approximately 45% of total global food production. Although several classes of pesticides exist,
pyrethroids are among the most important because they are highly effective even at very low
concentrations. These are commonly used against flies, mosquitoes, and aphids.

The extensive and incorrect use of chemical products leads to greater risks to the health of plants,
animals, and the human population. One of the serious problems with pesticides is their high persistence,
which increases their toxicity and carcinogenicity (Dalvie et al., 2003; Holmes et al., 2008; Murugesan et
al., 2010). In Mexico, the cultivated agricultural area over the last 20 years has totalled 20 million hectares,
with rainfed agriculture being the most prevalent system. This area later decreased to 15.5 million
hectares, while the area of irrigated agriculture remained at 5 hectares during this period; in total, this
represents 75% of the planted area in the country.

The main problems for grain and vegetable crops have been the different types of diseases, pests,
and weeds that damage everything from the seed to the plant and the fruit. These problems have been
mitigated through the application of pesticides.

The use of pesticides, which are primarily applied in agricultural activities, has caused
environmental damage. Soil contamination can lead to a loss of fertility, which can also affect beneficial

microbial populations. These beneficial microorganisms can reach the air through the volatilization of
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compounds and their dispersion into the atmosphere and surface water and groundwater through
leaching and infiltration (Dhananjayan et al., 2019).

The role of bacteria in the biodegradation and transformation of pesticides in the soil varies and
depends on the availability, mobility, and toxicity of the pesticide and the physicochemical properties of
the soil and the pesticide, among other environmental factors (Racke; Coats, 1990). Among the microbial
groups reported as pesticide-degrading organisms are many heterotrophic bacteria that are used as
substrates, either by metabolizing the molecules or using them as nutrients and energy sources. This
group of bacteria includes Azotobacter spp., Psendomonas spp., Agrobacterium spp., Bacillus spp., Clostridium

spp., and Flavobacterinm spp., among others (Madigan et al., 2004).

Use of Pesticides

Pesticides are chemical compounds used to eliminate pests. They are chemical or biological agents
that weaken, disable, and kill pests. Pesticides can be divided into several groups according to the type of
pest they target: insecticides, herbicides, rodenticides, bactericides, fungicides, and larvicides. The
literature mentions that during the 19th and 20th centuries, plant extracts, specifically pyrethrins, were
used as insecticides, fungicides, and herbicides. The increased use of pesticides occurred with the advent
of synthetic chemistry during the 1930s. During this period, inorganic chemicals such as arsenic and
sulfur compounds were applied for crop protection. Arsenic poison was deadly to insects, while sulfur
was used as a fungicide. At the beginning of World War II, numerous pesticides were synthesized,
primarily organic chemicals such as dichlorodiphenyltrichloroethane (DDT), aldrin, and dieldrin, which
were used as insecticides, while 2-methyl-4-chlorophenoxyacetic acid (MCPA) and 24-
dichlorophenoxyacetic acid (2,4-D) were used as herbicides (Matthews, 2018).

Degree of Pesticide Contamination and its Effect on the Environment

Pesticides are intended to prevent, eliminate, and control harmful pests, which can be detrimental
to the environment and human health. Their indiscriminate use can generate high concentrations of
pollutants in the environment. Over the years, the World Health Organization has classified pesticides
and reported their toxicity and effects on human health. Currently, several pesticides are banned in some
countries because of their high toxicity. However, their production and use continue, especially in
developing countries (Tudi et al., 2021).

Pesticides persist in the environment and can bioaccumulate and contaminate the food chain,
affecting human health and the environment as a whole. Pesticides tend to retain their molecular integrity
and their chemical, physical, and functional characteristics for a certain period after their release into the

soil (Pérez-Lucas, et al., 2020).
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Process and Mechanism of Bacterial Biodegradation of Pesticides

Over the years, several bacterial strains capable of degrading the pesticides present in soils have
been identified. Each bacterium possesses a specificity that makes it particularly suitable for a particular
degradation process. Operating conditions, such as temperature, pH, water content, and the types of
contaminants, affect the adaptation, development, and function of a bacterial strain. Furthermore,
metabolites can form during the degradation process and cause additional environmental problems, as
they can be more difficult to remove than the original compound, which should be considered a
disadvantage. For example, chlorpyrifos, an organophosphate used as an insecticide, is hydrolyzed by
microorganisms, and the main degradation product is 3,5,6-trichloro-2-pyridinol (TCP). TCP is more
water soluble than chlorpyrifos and causes widespread contamination in soils and aquatic environments.
Few microorganisms can degrade pesticides and their metabolites, and among them, the bacterium
Ochabactrum sp. JAS2 is capable of hydrolyzing both compounds (Abraham & Silambarasan, 2016). In
many cases, degradation is easier when a bacterial consortium is used than when an isolated pure culture
is used (Doolotkeldieva et al., 2021; Jariyal et al., 2018). In nature, bacteria coexist and depend on each
other for their viability. In pesticide degradation metabolic pathways, each bacterium can generate
metabolites that can be used as a substrate by others.

During biodegradation processes, pesticides are transformed into degradation products or
completely mineralized by the action of microorganisms, which use polluting compounds as nutrients
for their metabolic reactions. Enzymes such as hydrolases, peroxidases, and oxygenases play key roles in
biotransformation mechanisms, influencing and catalyzing biochemical reactions.

The pesticide degradation process can be divided into three phases, which can be summarized as
follows:

Phase 1: Pesticides are transformed into more water-soluble and less toxic products through
oxidation, reduction, or hydrolysis reactions.

Phase 2: The products of Phase 1 are converted into sugars and amino acids, which have greater
water solubility and lower toxicity.

Phase 3: Conversion of the metabolites from Phase 2 into less toxic secondary conjugates. The
microorganisms involved in the degradation process are bacteria or fungi, which can produce intracellular
or extracellular enzymes (Khajezadeh et al., 2020).

In many cases, biodegradation is easier when a bacterial consortium is used than when an isolated
pure culture is used. In nature, bacteria coexist and depend on each other for their viability. In pesticide
degradation metabolic pathways, each bacterium can produce metabolites that can be used as a substrate
by others (Doolotkeldieva et al., 20206; Jariyal et al., 2018). Research has reported some organophosphate-

degrading microorganisms, such as certain species of the genus Lactobacillus, and some fungi, such as
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Hypholoma fasciculare, Coriolus versicolor, and Phanerochaete chrysosporium. and some bacteria, such as Serratia

liguefaciens, Serratia plymuthica, Psendomonas putida and Pseudomonas radiora (Kosimov et al., 2015).

National and international research on pesticide biodegradation

In Mexico, in the Yaqui Valley, Sonora, experiments were conducted in an area with a 15-25-year
history of pesticide contamination and handling. Carrillo et al. (2004) isolated mixed bacterial cultures
from contaminated water, soil, and sediment samples. This culture consisted of gram-negative bacilli
belonging to the genera Pseudomonas, Neisseria, Moraxella, and Acinetobacter. It was evaluated in the
presence of DDT (133 ppm) as the sole carbon source and degraded with 43% efficiency within 80 hours.
Similarly, the concentrations of the metabolites DDD and DDE, impurities of commercial DDT, were
completely degraded without any observed increase.

Another case study using bacteria to degrade contaminants was conducted by Mendoza et al.
(2011). In this study, permethrin and cypermethrin were degraded at concentrations of 50 and 100 mg/L,
respectively, over a period of 5 to 20 days using strains of Pseudomonas putida, Pseudomonas mendocina,
Chromobacterinm violacenm, and Burkholderia cepacia in batch reactors. These bacteria were isolated from
hydrocarbon-contaminated soils in the municipality of Acatzingo, Puebla. This bacterial consortium
achieved a degradation efficiency of more than 90% at a concentration of 50 mg/L, and at 100 mg/L,, a
degradation efficiency of 89% or higher was obtained. At both concentrations, the efficiency of
permethrin degradation was greater than that of cypermethrin degradation. Despite these differences, the
results demonstrate that these bacteria can be used individually or in consortia for the biodegradation of
pyrethroid pesticides.

Degradation studies using bacteria were conducted at the Autonomous University of the State of
Morelos. A bacterial consortium was isolated from agriculturally managed soils. This consortium
contained strains identified as Stenotrophomonas malthophilia, Protens vulgaris, 1 ibrio metschinkonit, Serratia
fcaria, Serratia spp., and Yersinia enterocolitica. The experiments evaluated the ability of the bacteria to
degrade tetrachlorvinphos (phosphoric acid, 2-chloro-1-(2,4,5-trichlorophenyl) ethenyldimethyl ester) as
the sole carbon source. The consortium demonstrated the feasibility of using the product in the
bioremediation of soils contaminated with this type of pesticide. The hydrolyzed compounds were
analyzed using gas chromatography coupled with mass spectrometry (Ortiz; Sanchez, 2010).

Yah (2018) analyzed the degradation level of 2,4-dichlorophenoxyacetic acid by native bacteria
from agricultural soils in the community of San Victor in Corozal, Belize, Mexico. The results revealed
that the degradation percentage by strains BO1 and B03 was 32.31% and 29.87%, respectively, after 6
days.
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Ortiz-Hernandez et al., (2018). Strategies for biodegradation and bioremediation of pesticides in
the environment. Strategies for bioremediation of organic and inorganic pollutants, 95-115. aimed to
evaluate the effectiveness of atrazine degradation by bacteria isolated from agricultural soils. In this
research, the herbicide GESAPRIM granular 90 WG was used. containing 90% atrazine. Selection of
atrazine-degrading consortia was performed, along with rRNA gene amplification and molecular analysis.
The results showed that the MIG-AI consortium exhibited the best performance, with a specific growth
rate of 0.31 h™", solubilizing atrazine in 2 days and generating clearing zones in 4 days in liquid and solid
media, respectively. Furthermore, 16S rRNA gene analysis revealed that the Stenotrophomonas maltophilia
MIG-AI/2 strain was able to degrade atrazine. Finally, the selected consortia generated clearing zones
after 6 days.

Kamika and Momba (2013) conducted a study in Witbank, Mpumalanga, South Africa, where
they collected samples of industrial wastewater from an area with a mining history. These water samples
underwent various characterization analyses (BOD, pH, and dissolved oxygen). Additionally, the
attenuation efficiency of the bacteria Pseudomonas putida, Bacillus licheniformis, and Peranema spp. in water
contaminated with heavy metals was evaluated. The results revealed the following removal rates for
Psendomonas putida (Co71%, Ni-51%, Mn-45%, V-83%, Pb-96%, Ti-100%, and Cu-49%), Bacillus
licheniformis (Al-23% and Zn-53%), and Peranema spp. (Cd-42%), with Pseudomonas putida and Bacillus
licheniformis being the most efficient strains.

Benitez et al. (2009) conducted research with various pesticides and reported that the toxicity of
herbicides was moderate, above that of insecticides and below that of fungicides, indicating that
herbicides were the most toxic to Bacillus subtilis. Furthermore, a difference was observed between
Furadan and the herbicide Tordon 101. Furadan was described as having no significant toxicity to
bacteria, whereas among its compounds, Tordon 101, which contains 2,4-D, was the most toxic herbicide
reported (Benitez et al., 2009). These findings coincide with the results obtained in the present study, in
which the herbicide Esteron (2,4-D) resulted in greater bacterial inhibition than the insecticides and
acaricides Malathion and Furadan (Carbofuran).

This summary table presents the most relevant research and authors during the period 2024-2026
on the use of plant growth-promoting rhizobacteria (PGPR) for the biodegradation of agrochemicals and
environmental protection.

In the past two years, research has shifted from studying individual bacteria to focusing on

microbial consortia and gene editing (CRISPR) to accelerate soil biodegradation.

CONCLUSIONS
The bioremediation of agricultural soil for pesticide removal can be carried out by exploiting

specific or native microorganisms (bacteria and fungi) or through enzymatic degradation. While
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numerous studies on soil bioremediation at the laboratory level exist in the literature, little information is
available on real-world, large-scale activities. unfortunately, this is due mainly to the lack of cooperation
between research laboratories, local authorities that mandate specific soil cleanup measures, and
companies involved in the bioremediation of pesticide-contaminated soils.

The use of soil microorganisms and their beneficial interactions with plants and the ecosystem is
a promising strategy for achieving sustainable agriculture, especially given the high frequency of
glyphosate detection in agricultural soils. It is necessary to gather and organize scientific references related
to the microbial bioremediation of the main organophosphate pesticides to facilitate access. Given the
significant increase in the use of these agrochemicals in recent years, there has also been a growing interest
in understanding how they act in arable soils and how pesticide residues can be eliminated through
bioremediation.

The success or failure of bioremediation depends on several factors, such as the competitive
ability of the microorganisms, bioavailability, organophosphate concentration, moisture, pH, soil
temperature, soil type, the presence or absence of nutrient supplements, and the inoculum concentration.

Microbial consortia have demonstrated greater potential for pesticide degradation than individual
populations do since a consortium's effectiveness is the sum of its components. indeed, compatible
physiological and ecological relationships between individuals allow them to coexist and develop complex
functions that guarantee the metabolism of substrates that are difficult to assimilate in higher percentages

for individual populations.
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