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PREFACE

The 30™ international conference Ecological Truth & Environmental Research — EcoTER 23
kept three areas in focus: ecology, environmental protection and sustainable development.
The conference will be held on Mt Stara Planina in hotel Stara Planina, Serbia, 20-23 June
2023. The monograph is published on the occasion of the 30th anniversary of the conference.
On behalf of the scientific and organizing committee, it is a great honor and pleasure to wish
all the participants a warm welcome to the conference.

The monograph is published on the occasion of the 30™ anniversary of the conference.

We hope to convey the message of the conference, which is that a transformation of attitudes
and behavior would bring the necessary changes. This is also an opportunity for the
participants who are experts in this field to exchange their experiences, expertise and ideas,
and also to consider the possibilities for their collaborative research.

The 30" international conference Ecological Truth & Environmental Research — EcoTER 23
Is organized by the University of Belgrade, Technical Faculty in Bor, and co-organized by the
University of Banja Luka, Faculty of Technology, the University of Montenegro, Faculty of
Metallurgy and Technology — Podgorica, the University of Zagreb, Faculty of Metallurgy —
Sisak, the University of Pristina, Faculty of Technical Sciences — Kosovska Mitrovica and the
Association of Young Researchers, Bor.

These Proceedings 103 papers from the authors coming from the universities, research
institutes and industries in 11 countries: Australia, USA, Brazil, Spain, Portugal, Libya, Italy,
Bulgaria, Bosnia and Herzegovina, North Macedonia, and Serbia.

As a part of this year's conference, the 5™ Student Session — EcoTERS 23 is being held. We
appreciate the contribution of the students and their mentors who have also participated in
the conference.

The support of the Gold donor and their willingness and ability to cooperate has been of
great importance for the success of the EcoTER’23. The organizing committee would like to
extend their appreciation and gratitude to the Gold donor of the conference for their donation
and support.

We appreciate the effort of all the authors who have contributed to these Proceedings. We
would also like to express our gratitude to the members of the scientific and organizing
committees, reviewers, speakers, chairpersons and all the conference participants for their
support to the EcoTER 23. Sincere thanks go to all the people who have contributed to the
successful organization of the EcoTER '23.

Prof. Snezana Serbula,

President of the scientific and organizing committee
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Abstract

Pesticides are substances intended for the prevention, destruction, suppression or reduction of pests.
The continuous application of pesticides has led to the development of resistance in plant and animal
species and the transfer of microelements through treated plants to the bodies of humans and animals.
This can lead to chronic and acute diseases, and even toxic poisoning. In order to avoid the negative
impact of pesticides on plant and animal life and to prevent environmental pollution, researchers
suggest the use of biopesticides. Biopesticides are an environmentally friendly alternative to synthetic
pesticides. They are obtained from natural materials such as microorganisms (fungi, bacteria, viruses,
etc.), plants (extracts from plants) and the animal world (nematodes) and some minerals. This paper
provides an overview of scientific research on the use of biopesticides instead of pesticides in order to
reduce environmental pollution.

Keywords: pesticides, pollutants, biopesticides, environment.

INTRODUCTION

The pollution of ecosystems by pesticides has occurred due to their increased use in
agriculture. Western Europe, North America, and Australia are considered highly polluted
areas, where contamination is caused by excessive pesticide use. These regions have high-
intensity agriculture. In addition to pesticide pollution, a characteristic of these areas is the
loss of habitats for many plant and animal species, resulting from substrate homogenization
caused by the widespread use of artificial fertilizers [1]. The use of conventional pesticides
and fertilizers over several decades has led to their bioaccumulation, with detrimental effects
on soil biodiversity and the development of resistance in pests. With the increasing number of
plant and animal species that are resistant to typical pesticides, it becomes imperative for
researchers to develop new and more effective biopesticides. The demand for more efficient
biological pesticides has been growing worldwide in recent years. Due to the various
undesirable effects of pesticide application, researchers aim to develop more effective
biopesticides that would have targeted efficacy while minimizing harm to non-targeted
species and the overall environment. Some authors believe that the use of nanotechnology in
the production of biopesticides could enable adequate treatments for targeted species [2].
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PESTICIDES AS ENVIRONMENTAL POLLUTANTS

Pesticides represent a group of chemical substances whose application in agriculture is
based on the eradication of harmful organisms. The main mechanisms of pesticide action are
biomagnification and bioaccumulation [3]. Pesticides are used in agriculture for their
protective role against certain plant crops. Their protective function consists of destroying,
preventing, or controlling the growth of pests, including insects, rodents, and specific animal
species. They also prevent unwanted plant growth, which, together with insects, negatively
affects crop yields or damages specific plant species [4]. Pesticides often have a negative
impact on the quality and quantity of food produced from plants treated with these chemicals,
despite being applied to protect certain plant species. The increased presence of pesticides and
other harmful chemicals adversely affects the functioning of organs in all living organisms
[3].

Environmental pollutants are toxic substances that contaminate and negatively affect the
living world, resulting from industrialization and intensive agriculture [5]. Figure 1 illustrates
the movement of pesticide residues in nature. Residual pesticide particles, carried by air and
water, can pollute plant and animal life that is not in proximity to the treated crops.
Additionally, the retention of pesticide residues in the soil can be toxic to other organisms.
The circulation of pesticide residues in nature, through air, groundwater, and surface water,
leads to contamination of the entire environment and all living beings within it [6].

E Microplastics  Pesticide ! V—d
H . fragments dust | \
\ Bee
: / mortality
Dust %§
Accidental .

released PP
ingestion by during
birds

planting

Ingestion by soil

microbes and
arthropods

Figure 1 Schematic representation of pollutant movement in the environment [6]

It is crucial to accurately assess the current and future ecological state of an environment,
as well as the ecotoxicological effects that impact it. This is commonly done by determining
the concentrations of specific pollutants in a given environment. Numerous studies have been
conducted, using various types of plants, insects, and animals as bioindicators of
environmental pollution. When bioindicators are exposed to pesticides, they are
simultaneously subjected to significant stress, resulting in morphological and physiological
changes, as well as alterations in their behaviour [5]. Figure 2 depicts the environmental
circulation of pesticides applied to a specific plant species through the air, water, and soil.
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According to the authors Khursheed et al. [7], pesticide application leads to contamination of
the entire ecosystem.

Y Atmospheric pesticide cycle

e

UV-degradation
Pesticides \ l l

Vaporization Radofall deposition

Absorbed by crops

l Sarface runoff o waser bedies

Adhesion to soil particles

Water Badies

Leaching to water badies

Leaching by rainfall  Microbial degradation by
or irrigation oxidation or chemical hydrolysis

Figure 2 Ecologic cycle of conventional pesticides [7]

BIOPESTICIDES IN THE ENVIRONMENT

The mode of action of a biopesticide is crucial for its effectiveness and commercial
success. Synthetic pesticides typically consist of a single chemical with specific effects, while
biopesticides have more complex mechanisms of action. Biopesticides contain both chemical
and biochemical components that modify and control the biochemical, genetic, or structural
functions of targeted pests (Figure 3). A large number of biopesticides are composed of
bacteria, such as Bacillus thuringiensis (Bt), entomopathogenic fungi like Beauveria bassiana
and Metarhizium anisopliae, viruses, single-celled eukaryotes, or entomopathogenic
nematodes (EPN). Some biopesticides are derived from microorganisms, such as the
neurotoxic insecticide Spinosad, which consists of spinosyns A and D obtained through
fermentation of the actinomycete Spinosad, or they can be derived from plants. EF and EPN
act by attacking insects through the cuticle, penetrating the host's body, where they reproduce
and ultimately kill the host insect, considered a pest. Bacterial control agents, microbial and
plant-based products like Spinosad and azadirachtin, are activated after ingestion or through
contact, causing rapid death in a wide range of insect pests [8].
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Figure 3 The impact of biopesticides on target species and the harmful effects resulting from their
application [8]

Implementation of various sorts of biopesticides aiming to reduce environmental
pollution

Numerous studies show that synthetic pesticides, which are predominantly used in
agriculture, are toxic to non-target plant and insect species, as well as other surrounding
organisms, animals, and even humans. Simply put, the entire ecosystem is poisoned by the
application of chemical pesticides. Moreover, certain species have developed and continue to
develop increasing resistance to synthetic pesticides. By accumulating these chemicals in their
bodies, they survive and thrive despite pesticide contamination. Biopesticides are defined as a
type of pesticide derived from natural raw materials, such as plants, bacteria, fungi, animals,
minerals, etc. They represent an alternative to synthetic pesticides, providing a more natural
and healthier solution for the surrounding living world. Biopesticides are more
environmentally friendly and serve the same purpose as synthetic pesticides: controlling
unwanted plant species, insects, animals, as well as protecting crops from diseases such as
viruses, bacteria, fungal infections, and more. In a study conducted by Adhikari and
colleagues [9], the efficacy of biopesticides and their impact were evaluated by applying them
to potato tubers in order to manage and control the population of moth insects. The
biopesticides used in the experiment were Bacillus thuringiensis, Acorus calamus,
Azadirachta indica, and Artemisia vulgaris. Bacillus thuringiensis is a gram-positive
bacterium found in the soil and commonly used as a biological insecticide. Acorus calamus,
also known as sweet flag or calamus, yields essential oil through distillation and is used in the
production of plant protection products against insects and parasites. Azadirachta indica,
commonly known as neem, has strong antiviral, antifungal, and antibacterial properties.
Artemisia vulgaris, also known as mugwort or black sage, is used in the production of
bioherbicides.

During the experiments, the potato tubers were first coated with solutions of
biopesticides, Bacillus thuringiensis, Acorus calamus, Azadirachta indica, and Artemisia
vulgaris, and then bioinsecticides in powder form were applied over the potato tubers. Testing
on samples of different potato varieties using the bioinsecticide Acorus calamus demonstrated
significant effectiveness [9]. Control research indicates that larval mining was reduced by
88%, while decay loss of the tubers was reduced by 93%. Figure 4 shows a visible difference
in the degree of damage to the tubers after treatment with different bioinsecticides:
(a) Azadirachta indica, (b) Acorus calamus, (c) Bacillus thuringiensis, (d) Artemisia vulgaris,
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and (e) the untreated control sample, which serves as a comparison to the controlled test
samples.

Figure 4 Sarhples of different degrees of tuber damage after treatment with bioinsecticides:
(a) Azadirachta indica, (b) Acorus calamus, (c) Bacillus thuringiensis, (d) Artemisia vulgaris,
(e) untreated control sample [9]

The research results of Adhikari et al. [9] confirmed that the applied biopesticides can be
used as alternatives to synthetic pesticides in order to control moths. Their study presented the
effects of different types of biopesticides on moth pests in three different regions of Nepal.
However, the investigations also confirmed that these biopesticides cannot be used
independently, as their effectiveness is lower compared to synthetic pesticides.

CONCLUSION

The mechanism of action of biopesticides is not easily determined experimentally because
plants possess numerous enzymes and proteins that affect the target species in various ways.
Biopesticides, in fact, still require additional research and investigation to more precisely
determine their mechanism of action, which is currently insufficiently understood. The
advantage of biopesticides lies in their specific activity and their action on a particular type of
target species. Some authors argue that biopesticides exhibit a safe level of toxicity and that
their impact on the environment is not negative, while others point out a certain level of
toxicity associated with biopesticides. The goal of authors involved in the development and
design of new-generation biopesticides is the preservation and protection of the environment.
However, certain studies indicate that biopesticides also have negative effects on pollinating
insects, causing disturbances and diseases in many pollinators. For these reasons, due to
incomplete and contradictory analyses by scientists, it is necessary to constantly conduct
experiments and research to assess the environmental risks of biopesticides, as well as their
impact on the surrounding plant and animal life. Additionally, it is crucial to continually
monitor and adhere to specific regulations prescribed for each type of biopesticide, as
mandated by law.
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