JOURNAL OF AGRICULTURE AND PLANT SCIENCES, JAPS, Vol 19, No. 2, 2021

SN In print: ISSN 2545-4447
v X IDN
Manuscript received: 18.08.2021 s =z 5 On line: ISSN 2545-4455
§§JAPS <2

Accepted: 30.08.2021 doi: https://doi.org/10.46763/JAPS21192047t

Original scientific paper

THE ROLE AND IMPORTANCE OF AGROBIODIVERSITY FOR AGRICULTURE

Fidanka Trajkova'’, Sasho Arsov’, Liljana Koleva Gudeva'
"Faculty of Agriculture, Goce Delcev University - Stip, Krste Misirkov, 10-A, 2000 Stip, Republic of North Macedonia
*Corresponding author: fidanka.trajkova@ugd.edu.mk

Abstract

Biodiversity and agriculture have an inseparable relationship, with interdependent interactions between
their constituent components. Agriculture as a basic anthropogenic activity is one of the main factors in the
directions of development in biodiversity. Agrobiodiversity is the basis of the existence of food production
processes and provides and secures many essential aspects of modern living. Many of these processes are
completely unknown, and some of them we are not even aware that they are a consequence of the biological
activity of various organisms. Thus, biodiversity provides food, clean drinking water, energy, raw materials for
industry, tourism and recreational opportunities, scientific research, and medicine. If agricultural practices that
promote biodiversity are used, such as: crop rotation, cover crops, buffer zones, use of biopesticides, beneficial
insects and intercrops, then natural processes in soil, plants and environment are significantly intensified for
the benefit of farmers, plants and the overall environment. On the other hand, if techniques and methods
that reduce biodiversity are applied in the agroecosystem and its environment, such as fertilizers, chemical
pesticides, hormones, intensive processing, monoculture and others, processes of reduction, disappearance
and pollution of the environment and the overall biodiversity occur. Therefore, careful selection of agricultural
practices is needed that would not jeopardize the survival of the species, and at the same time high yields with

good quality will be achieved.

The aim of this review paper is to present up to date relationship between biodiversity and agriculture
and to highlight current issues of biodiversity loss and methods for its conservation.

Keywords: genetic resources, indigenous varieties, agrobiodiversity, organic production, sustainable

agriculture, protection, conservation

INTRODUCTION

There are many different definitions
of agrobiodiversity, but they all describe
the variability of many plants, animals and
microorganisms that are directly or indirectly
involved in the production of food, textiles, fuels,
pharmaceuticals, fodder, forestry, aquaculture
and livestock, but also microorganisms, insects
or animals involved in an agroecosystem such
as predators, pollinators or soil microorganisms
that have a beneficial effect on crops growth
(Brookfield & Stocking, 1999).

Agrobiodiversity can be defined as an
interaction between genetic resources, the
environment and the practices undertaken
by a group of different people, so managing
water and soil as resources are quite different.
Therefore, agrobiodiversity covers a wide range

of animals, plants and microorganisms that are
essential for sustainable agroecosystems (FAO,
2005).

Agrobiodiversity is a result of natural
selection, but also many years of careful
inadvertent selection of good and healthy
plants and animals by farmers and ranchers
(FAO, 2005). Farmers have seen by experience
that only the best species survive and each
year from their yields they keep only seeds with
the best characteristics and highest quality for
the next sowing or the healthiest animals for
reproduction. Thus, according to FAO (2005)
agrogenetic resources include:

1. Post-harvest residues of certain crops,
animal species, wild plant species and
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wild-caught animals.

2. Species that support the food production
process such as soil microorganisms,
pollinators, predators and other insects
and animals.

3. The wider environment in which

agroecosystems are located, that also has

an impact on food production.

When we talk about agrobiodiversity, we
should distinguish it from the term biodiversity

which is a much broader term and includes
agrobiodiversity itself. Biodiversity tells us about
the overall variability of all living organisms
that can be found on planet Earth. While
agrobiodiversity includes only those organisms
that are involved in agricultural production and
food production (Fig. 1).

Biodiversity

Agrobiodiversity

Species, varieties,
ingenious varieties,
microorganisms, plant
and animal plasm,
local population
knowledge

Figure 1. The components of biodiversity.

According to the Ecological Society of
America agrobiodiversity could be divided into
3 interrelated levels (Fig. 2):

1. Genetic agrobiodiversity - includes all
domesticated species and their wild
relatives used in agriculture. It includes
all newly created man-made varieties and
animals. It includes wild species that are a

significant source of genetic variability.

2. Species agrobiodiversity - includes all
species whether wild or domesticated that
are dependent on agricultural practices.

3. Agroecosystem variability - includes the

ecological habitats of plants, animals and
microorganisms that fit in time and space,
at the level of farm, field or relief.
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Figure 2. Three different levels of agrobiodiversity division.

Genetic  resources of
agrobiodiversity
All the diversity in the ecosystem is

delivered from genetic resources. Genetic

as part resources could be defined as a source of genetic
variability. Total genetic material or all alleles
from different genes present in cultivars and

other wildlife is called plant genetic resources.
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Plant genetic resources are once again called
plant germplasm, gene pool or genetic reserve.
Germplasm is a seed or other plant reproductive
material, such as a leaf, stem, root, pollen, cell
culture, DNA, from which it can be made as a
mature plant. It is any kind of genetic material
that can be used to protect the species and the
populations. In the genetic sense of germplasm,
a substance is felt in the cell nucleus, which
determines the following properties of the
organism and transmits their characteristics to
future generations. Germplasm has not only

Breeding

material

Indigenous
species

wild

species

Agrobiodiversity

reproductive value, but also with the selection
and breeding can be improved and used to
improve other crops and obtain new varieties
(Ilieva, 2012). A variety could be defined as
group of plants within a species, recognized for
some improved features, that are retained after
reproduction.

Ilieva(2012)accordingtooriginofcultivated
plants found in certain agroecosystem, divides
them into four groups: indigenous species,
introduced species, wild species, and breeding
material (Fig. 3).

Imported
species

Figure 3. Agrobiodiversity’s plant components.

Contribution of the biodiversity to

agriculture

Agriculture represents a basic source of
food for humans and animals as well as one
of the main sources of raw materials for the
textile, pharmaceutical and leather industries.
The great diversity of our diet would not be
possible without biodiversity. Biodiversity is
the result of continuous evolution of plants and
animals (Dudley & Alexander, 2017). The life we
live would not be the same if the evolution of
animals and plants did not take place in the
direction in which it has taken place to this
day. The large selection of crops contributes to
the health and well-being of people through
the various nutritional values that cultures
possess. Biodiversity is the basis of agriculture.
Its existence is crucial for the production of
food and other agricultural goods, the benefits

of which provide food, nutritional value and
human well-being. Biodiversity is also the basis
for the existence of all plant and animal species
and their varieties (Convention on Biological
Diversity, 2008).

According to the Convention on Biological
Diversity (2008), services and benefits of
biodiversity are:

1. Direct services - food, fuels, textile fibres,
biochemicals, fresh water and genetic
resources.

2. Regulatory services - flood protection,
erosion control, pollination, pest control,
climate impact and disease.

3. Cultural services - knowledge of farmers,

profession, education, recreational
services, cultural and religious values,
inspiration.
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4. Support to other processes - water cycle,
nutrient cycle, primary production, provide
habitat and atmospheric oxygen.

Apart from offering ecological and
nutritional security through biodiversity,

agriculture is also an important driver of
socio-economic circumstances in society, with
many people their main occupation being
agriculture. The global agricultural workforce
represents 1.3 billion people, agriculture is
their main occupation. It represents 22% of the
total population of the planet and 46% of the
total working-age population (Harris, 2001).
According to Bélanger & Pilling (2019) 7,000
out of approximately 24,000 known higher
plants are directly involved in agriculture.
Nevertheless, this distribution is not equal
as out of these 7,000 plants only 30 plant
species account for 90% of total agricultural
production. Corn, wheat, rice, potatoes provide
half of the total necessary nutrition of mankind.
The situation is no different in the animal world,
where out of 15,000 known mammals and birds,
only 30-40 animals are domesticated, and 14 of
them including chickens, cattle, pigs, sheep and
goats occupy 90% of all domestic animals. That
is the reason for huge genetic erosion in the last
decades (Bélanger & Pilling, 2019).

Agriculture influence on biodiversity

reduction

According to the Convention on Biological
Diversity (2008), agriculture reduces biodiversity
through the following practices:
1. Crop production

Intensive agricultural practices contribute
to the reduction of biodiversity (Benton et al.,
2003). Lack of crop rotation and cultivation in
monoculture is one of those reasons. The use
of pesticides and mineral fertilizers reduces
soil biodiversity, destroying some important
microorganisms and pollinators. Drainage
systems and intensive tillage homogenize
the fields and lead to a lack of diversity in
ecosystems. Encouraging hybrids and superior
varieties neglects the indigenous varieties,
while the destruction of forests, swamps and
meadows contributes to the loss of local flora
and fauna.
2. Livestock production

Modern livestock production emphasizes
animal vyields rather than animal welfare.
Nowadays intensive livestock farming is in

stables where the animals are provided with
constant access to water and selected food
that stimulates them to produce more meat,
milk or eggs. Increasingly, high-yielding breeds
are being bred to replace indigenous and local
domestic animals.

Biodiversity increases the resistance of
plants to stressful conditions, provides an
opportunity to adapt to adverse challenges and
itisakeyfactorinincreasingintake and reducing
output in sustainable agricultural production
(Isbell et al., 2015). The trend of increasing
world population puts additional pressure on
agricultural production to obtain higher yields,
but at the same time restrictions on the use of
chemical pesticides, fertilizers and lack of land
appear as another limiting factor (Pimentel
et al, 1997). All these facts pose a series of
questions about how food and other ecosystem
services would be provided without disrupting
natural flows in nature. Therefore, biodiversity
proves to be extremely important in terms of
contributing genetic resources, pollinators,
predators and microorganisms, if intensively
involved in production, could replace some of
currently used raw materials.

Biodiversity and soil fertility

All  microorganisms such as bacteria,
protozoa, worms, mice, insects, larvae, algae
and fungi are components of biodiversity. Soil
is a living substance that is home to thousands
of micro- and macroorganisms, as well it is a
basis for plant production (Giller et al., 1997).
The number of micro and macroorganisms
in the soil depends on soil type, location,
presence of organic matter and climatic
conditions (Petersen & Luxen, 1982; Koleva
Gudeva et al., 2012). Most microorganisms
are present in soils with high content of
organic matter. The pedosphere is one of the
richest with organisms, often up to 2-3 billion
microorganisms can be found in 1 gram of soil.
The number of microorganisms is referred to
as soil biogenicity. Soil fertility and biogenicity
are interrelated. Soils with higher biogenicity
are also characterized by higher fertility (Hasan,
2000). The application of appropriate agro-
technical and land management measures can
increase the number of organisms in the soil,
but also harm them.

Soil microorganisms are also crucial in the
chemical change of soil and the transformation
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of minerals, with the secretion of various
organic acids that act on the soil minerals. For
example, certain bacteria attack the highly
resistant silicates, such as kaolinite, and break
them down. They also act on some hard-to-
dissolve fertilizers (Rodriiguez & Fraga, 1999).
Microorganisms play an important role in the
oxidation and reduction of nitrogen, sulfur,
iron and manganese minerals. With the help
of nitrifying bacteria, NH,* turns into NO* and
then NO?* a process called nitrification.

Biodiversity and plant pollination

Pollination of flowers can be done by
wind or by animals such as insects, birds and
bats. Insect pollination is essential for many

plants (Fig. 4). Crops of the Rosaceae family are
pollinated by insects. The most common insect
pollinatorsinagricultural systemsare honeybees
represented with 20,000 species (Delaplane et
al., 2000). Wasps, moths, butterflies, and beetles
can also serve as pollinators (Rader et al., 2016).
In addition to honeybees, there are other types
of pollinators, such as beetles, which are bred
and sold for successful pollination. Vertebrate
pollinators include bats, monkeys, rodents,
squirrels, lemurs, etc.

Pollination by insects and other animals
provides us healthy and safe food, increases
yield,  enriches biodiversity,  maintains
ecosystems and ensures the survival of over
75% of plant species.

Figure 4. Insect pollinator (photo: Saso Arsov).

Biodiversity and the fight against

insects and diseases

Modern agricultural production is almost
unimaginable without the use of chemicals that
help farmers in fight with diseases and pests
(Mellon et al., 2001). But nature itself has its own
mechanisms of elimination of the most common
pathogens. The existence of biodiversity in
agro-ecosystems optimizes the fight against
weeds, diseases and pests. There are beneficial
insects that feed on certain insects, such as
ladybugs that feed with aphids (Francis et al.,
2001). Insects are one of the most common
and diverse organisms in the environment.
More than a million different species of insects
are described worldwide, and about 10,000
new species are described each year. The vast
majority of insects are beneficial or neutral to
crop production - less than 1% of known insect
species are considered pests (Stork, 2018).

Some plant-eating insects reach harmful
levels only under special conditions, while
others are well-adapted to tolerate or exploit
certain crops or crop production systems
and can regularly cause economic losses.
Understanding the environmental principles
underlying insect population dynamics and
community population interactions can help
organic producers manage their farm insects,
both pests and beneficial species, to prevent
or reduce crop losses (Pal & McSpadden,
2006). The insect populations are dynamic,
the number of individuals in a population can
change on daily, seasonal and yearly basis as
a result of interactions with the environment.
The environment itself is changeable and can
provide different availability of the resources
that insects need to survive. The number of
resources available can affect the size that an
insect population can achieve (Khaliq et al.,
2014). This concept is sometimes referred to
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as the carrying capacity of the environment
(Schowalter, 2019). Growing unwanted crops
by rotation or resistant varieties and preserving
natural enemies combines factors to reduce
pest populations or promote the attraction of
beneficial insects.

Other benefits of agrobiodiversity

According to Koleva Gudeva et al. (2012),
other benefits of agrobiodiversity are: provision
of medicines, wood products, diversity of
the nature, protection of resources, climate
impact, provision of genetic resources, tourist
opportunities and scientific research.

In addition to the numerous benefits
of agriculture, biodiversity is an essential
component in  many other industries
and elements of human life (Institute of
Biodiversity Conservation, 2005). The variety
and abundance of medicinal plants open a
new door for the pharmaceutical industry
where most of the medicines are derived from
plants. Biodiversity affects the microclimate of
an environment, but also the macroclimate.
The presence of forest strips makes the air
pleasant and protects us from soil erosion.
Forests are also the primary resource for the
wood industry from which are made products
such as furniture, firewood, building materials,
art, etc. Ecosystem biodiversity has been used
for several scientific studies that contribute to
a better understanding of processes in nature
and gives us answers for some long-standing
questions. Biodiversity is a unique opportunity
to attract tourists and visitors who admire the
scenic views of nature and the diversity of plants,
animals, and relief formations. However, all
these industries harm biodiversity if resources
are not used sustainably.

Agrobiodiversity and the

production

Unlike the conventional farming systems,
organic agroecosystems can use pesticides only
as a last option and only limited non-synthetic
or synthetic materials. Organic producers need
to adapt practices which “maintain or enforce
natural resource of work, including soil and
water quality” (USDA, 2000). Environmental
consideration of insects, especially their biology
and interactions with plants, other organisms,
and the environment, is essential to design a
successful organic farm. The environmental

organic

understanding of the insects helps an organic
farmer can develop a farm plan that can be
used to reduce the risk of insects to reach the
economic level of damage, identify them, and
also use them as beneficial for different kind of
agricultural services. Successful organic farm
management has used the environmental
knowledge of insects to recruit them as allies
in terms of maintaining and preventing their
natural resource base and reducing the chances
of them becoming harmful (Culliney & Pimentel,
1986).

Each type of soil organism occupies a
different sequence in the food chains and
favours a different source of substrate and
nutrients. Many organisms in the soil rely on the
organic matter. A rich supply of diverse source
of organic matter generally supports presence
of wider spectre of organisms (Gomiero et al.,
2011). It is highly recommended mixing and
change of spatial-temporal distribution of plant
species and varieties for creation of various
resources that will stimulate soil biodiversity.
Different habitats support complex mixtures
of the organisms and through crop rotation
or intercropping, different organisms may
be present in the soil and their presence can
support different processes: improvement
of nutrient transport, natural processes for
control of harmful organisms, improvement
of soil fertility etc. (Watson et al., 2002). Soil
biodiversity activity can be stimulated by
improving the living conditions in soil, such as
improving the aeration, suitable temperature,
and quantity and quality of nutrients. In this
regard, care should be taken to reduce tillage,
minimize soil compaction and reduce chemical
utilization.

Organic production is a great example of
the symbiosis between modern agricultural
production and the use of biodiversity. Organic
production is based on the principle that
integrates biodiversity and cares about the
environment. It has a holistic approach to the
overall ecosystem and respects natural flows in
nature (Underwood et al., 2011). Thus, organic
production requires a variety of techniques
that promote and maintain biodiversity, such as
intercropping, use of animal and green manure,
use of biopesticides and biological control,
companion plants, reduced soil treatment,
buffer strips, etc.
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Agrobiodiversity as an opportunity to

save the yield

Agricultural production today is reduced
to growing new high-yielding varieties that
are in demand in the market (Frankel & Soule,
1981). Therefore, in one region can happen
only one or two varieties of a certain crop to be
grown. This increases the risk of losing yields,
because that variety, despite all the good
features, probably has a weakness in certain
environmental conditions. Thus, the loss of
the yield of that dominant variety in a certain
vegetation year as a consequence of various
factors would mean the loss of the full yield.
Hence, the existence of divergence would
somehow ensure farmers’ work. Possession of
indigenous crop populations on fields would
mean possession of varieties resistant and
adapted to the microclimate (Vasic et al., 2013).
They are product of natural long-term selection
that has taken place continuously in the same
area (Cleveland et al., 1994).Thus, these varieties
have the best resistance to climatic factors
that occur in that region, but also to sporadic
pathogens. On the other hand, their feature
is the poor- and low-quality yield that does
not meet the needs and tastes of the modern
consumer. It is important to note that yields
in local populations are low but quite stable,
especially in critical environmental conditions.

Local varieties are characterized by
specificity for only one specific region, and they
have high heterogeneity. Their heterogeneity is
often used by breeders to enhance an existing
variety that lacks some quality. They are
characterized by high plasticity and tolerance.
They are resistant to lodging, low and high
temperatures, pathogens, etc., but the main
reason for their avoidance in commercial
production are the low yields. Consequently,
many species have been either completely lost
or lost for local utilization (Jarvis et al., 2011).

Agricultural practices to promote
biodiversity
Promoting agricultural practices that

include greater biodiversity in agroecosystems
would require radical changes in current
agricultural production. Intensive agricultural
production is reduced to great homogeneity in
terms of assortment, relief landscape, uniform
and depleted soil, dependence on fertilizer
application, and mandatory application of

pesticides (Dudley & Alexander, 2017). The
education of farmers shall play a key role in
transformation of this situation, as well as
their financing. Application of the following
practices significantly contributes to increasing
biodiversity in agroecosystems:

«  crop rotation

«  sideration

«  biocontrol

«  selection of suitable variety

« animal manure application

«  cover plants

«  buffer strips

1. Crop rotation represents the rotation of
crops in time and place, as opposed to
monoculture. This would mean that the
same crop should not be sown on the same
plot for several years in a row. The benefits
of crop rotation are well known, certain
weeds, diseases, and insects are eliminated,
yields are increased, plants make optimal
use of soil nutrients, and cultivation of
certain crops such as plants of the family
Fabaceae increases the content of readily
available soil nitrogen (Mihajlov, 2013).
Crop rotation significantly affects not only
the yield but also the agrobiodiversity
in the soil and the attraction of various
insects.

Sideration or green manure is the
cultivation of legumes or other crops
that enrich the soil with organic matter
and necessary nutrients. These plants are
grown until the moment of their flowering
and then incorporated in the soil. Their
presence not only increases the content
of organic matter and nutrients in the soil
but also encourages microbial interaction
in the soil (Underwood & Tucker, 2016).
Soil processes associated with plant
used for green manure are related to the
decomposition of plant residues into
organic matter and the nitrogen-fixing
processes in legumes. Growing plants as
green manure also attracts a variety of
beneficial insects.

Phytopathology and entomology use
the term biocontrol to refer to the use of
antagonistic microorganisms or insects to
reducethe number of suitable hosts such as
weeds, insects, or pathogens. In a broader
sense, the term also refers to the secretions
obtained from certain organisms which, if
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applied to a suitable undesirable organism
in a certain plot, have an antagonistic
relationship. Throughout their life cycle,
plants and pathogens interact with a wide
range of organisms. These interactions can
significantly affect plant health in a variety
of ways. To understand the mechanisms of
biological control, itis useful to evaluate the
different ways in which organisms interact.
Organisms must have some form of direct
or indirect contact. Odum & Kuenzler
(1955) proposed that the interactions
of two populations can be defined
according to the results obtained for
each. The types of interactions are named
reciprocity, commensalism, neutralism,
competition, amensalism, parasitism, and
predation. While the terminology has been
developed for macroecology, examples of
all these types of interactions can be found
in the nature at both the macroscopic
and microscopic levels. Because the
development of plant diseases involves
both plants and microbes, the interactions
that lead to biological control take place on
multiple levels. From a plant point of view,
biological control can be considered as a
net positive result resulting from various
specific and non-specific interactions.
Using the spectrum of Odom concepts,
we can begin to classify and functionally
differentiate the various components of
ecosystems that contribute to biocontrol.
Mutualism is an association between
two or more species where both species
benefit. Sometimes, it is a mandatory
lifelong interaction that involves close
physical and biochemical contact, such
as those between plants and mycorrhizal
fungi. However, they are generally optional
and opportunistic. For example, bacteria of
the genus Rhizobium can reproduce either
in the soil or, to a much greater extent, by
their interconnection with leguminous
plants. These types of interdependence
can contribute to biological control by
strengthening the plant with improved
nutrition and/or by stimulating the host’s
defences. Protocooperation is a form
of interdependence, but the organisms
involved do not depend solely on each

other to survive. Other examples of
biological control are the cover crops used
to attract natural predators to pests by
providing elements of their habitat. This
is a form of biological control known as
habitat enhancement but achieved using
cover crops. Findings on the relationship
between crop presence and predator/pest
population dynamics are mixed, indicating
the need for detailed information on
specific crop types and management
practices to best complement the given
integrated pest management strategy.
Selection of suitable plant varieties and
animal breeds increases and promotes
biodiversity. According to Mazid & Khan
(2015), the use of a suitable variety
increases the yield by 10-35%. If cultivated
varieties are appropriate for the region
of cultivation, there are economic and
environmental benefits. Cultivation of
suitable varieties and crops reduces
costs for pesticides, fertilizers, and soil
treatment, thus contributes to a cleaner
environment. A clean environment is one
of the preconditions for better biodiversity.
The use of animal manure contributes to
the enrichment of the soil with various
nutrients that are important for plant
growth and development (Fig. 5). Another
more important feature of manure is that
they influence the texture of the soil and
enrich it with organic matter (Darwish et al.,
1995). In intensive agricultural production,
it is recommended to apply manure once
in three years, while in organic farming
it is applied almost every year due to
the limited access to synthetic fertilizers.
Animal manure is added to encourage the
living organisms in the soil and to perform
various interactions and decomposition
processes. Microorganisms transform the
elements in manure and make them easily
available for uptake by plants through the
root system (Henis, 1986). The indirect
value of animal manure for biodiversity
is the reduction of applied synthetic
fertilizers which have negative impact on
soil biodiversity, pollute groundwater and
have a potentially harmful effect on plants
and humans.
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Figure 5. Animal manure (photo: Sasho Arov).

Cover crops are commonly used
agricultural practice. These are plants that
are sown on the agricultural fields before,
after, or together with the main crop. These
crops have many beneficial effects for
both farmers and the environment such as
erosion control, soil fertility conservation,
water quality, pest and disease control,
biodiversity, and wildlife. Most often,
cover plants are not crops of economic
importance and their management is
not intensive, so they create favourable
conditions for biodiversity development
(Snapp et al, 2005). Combining cover
plants with a suitable crop rotation creates
ideal conditions for the development of
very complex biodiversity in agricultural
fields. In a study by Price et al. (2008),
researchers compared the composition
of insect species and sparrows between
conventional and cotton fields, where
cover crops had previously been usedin the
southern United States. Cotton fields and
cotton fields with clover as cover crop, left
to grow between the cotton rows during
the early cotton growing season were
sown for experimental purpose. During
the migration season, they found that
insect densities were 7 to 20 times higher
in cotton fields with clover cover culture
than in conventional cotton fields. Other
examples of cover crops are nematode-
resistant white mustard (Sinapis alba L.)
and radish (Raphanus sativus L) where
the nematode population is significantly

reduced, by 70-99%, depending on the
species and time of cultivation (Hossain et
al, 2015).

7. Buffer belts are primarily used for
protection against soil erosion (Barling &
Moore, 1994). These are usually long strips
of perennial trees planted in large valleys
where wind erosion often occurs. Trees
can be of different types and varieties, but
they are usually deciduous. In addition
to erosion protection, buffer belts are
also recommended in organic farming
to protect crops from the adverse effects
of chemical reagents used nearby. With
the help of the wind, pesticides are easily
transferred to wider distances. Buffer belts
are home to several micro and macro-
organisms with beneficial effects on the
agroecosystems (Ma et al., 2002). In our
country, tree protection zones are used in
Ovce Pole, as protection of the soil from
wind erosion and damage to cereal crops.

Loss of biodiversity

Biodiversity loss can be defined as a
decrease in the number of individuals of a
particular species or the permanent extinction
of a particular species. The loss of biodiversity
does not directly affect only the organisms that
inhabit a certain area, but also certain habitats,
landscapes, and loss of genetic variability.

When we talk about the loss of genetic
variability, we come to the term genetic
erosion, which refers to the disappearance of
a certain gene or allele, and sometimes this
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term describes the complete loss of a certain
species. Genetic erosion occurs as a result of
the disappearance or inability of one parent to
mate in a population of rare endemic species. In
such small, almost homogeneous populations
of organisms, genetic variability is reduced to
minimal genetic differences and inbreeding
depression is very common. Inbreeding is
known to reduce biological viability and may
lead to extinction. In agriculture, genetic
erosion refers to the loss of certain alleles and
complexes of genes such as those found in
indigenous populations that are associated
with high adaptability to the conditions of the
environment from which they originate (Maxted
& Guarino, 2006). The main factor for the loss of
these varieties is their replacement with more
productive varieties, legal decisions, change of
the agricultural system, overuse, degradation
of the environment. Cultivation of introduced
varieties has the greatest implications in the

Main cause for biodiversity
loss

process of extinction. In the case of loss of
domestic breeds of animals, usual reasons
are use of exotic crossings, weak government
conservation laws, neglect of certain breeds due
to low profitability, intensive production, lack
of proper animal disease management, lack of
sufficient pastures, and other elements required
by the environment, lack of control ofinbreeding
and carelessness in selection processes with
rare breeds. Another increasingly common term
in this context is “genetic pollution” and it refers
to the transmission of pollen, and consequently
the genes from genetically engineered plants to
their wild relatives (Meilink et al., 2015).

The main causes of biodiversity loss are
pollution, habitat loss, overuse, climate change,
natural disasters, hunting, and introduction of
invasive species (Fig. 6).

Habitat loss

Climate change

Natural disaster

Pollution

Hunting

Introduction of
invasive species

— Over exploitation

Figure 6. The main causes of biodiversity loss (adapted from Singh et. al., 2021).

AccordingtoSinghetal.(2021), the biggest
causes of biodiversity loss are:

1. Habitat loss - A major threat to biodiversity
and species survival is habitat loss.
This is a serious issue for both wildlife
and humans. Habitat and wildlife are
interconnected.  Habitat  destruction,
degradation, and fragmentation are the
three dominant categories of habitat loss.
Habitat destruction is the mass extinction
of a species of their natural habitat, making
it incapable of supporting domestic
ecosystems and species. The development

of agricultural practices, reduced resources
such as food, water, air quality, mining,
pollution, logging, catastrophic fishing
activities, activities related to urbanization,
and interruption of ecosystem-related
processes are the dominant elements of
habitat degradation. Habitat degradation
affects both habitat species and
humans. Erosion, nutrient depletion, and
desertification cause further degraded
soil loss. Habitat fragmentation is another
giganticissue that arises because of human
development activities. These fragmented
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areas disrupt the habitats of animal and
plant species, isolate animal communities,
and compress genetic diversity.

Climate change - Biodiversity and climate
change are strongly linked. Although the
climatehaschangedconstantlythroughout
Earth’s history with the development and
extinction of ecosystems and species,
accelerated climate change is disrupting
ecosystems and the species’ ability to
acclimatize, increasing biodiversity loss.
Rapid climate change stimulates the loss of
biodiversity, endangering human interests
and the safety of clean water, air, medicine,
and additional natural resources on which
we depend. Climate change, among other
components, such as habitat loss, land
degradation, hunting, over-exploitation of
certain species, etc., is becoming a major
threat to the biodiversity. Allegations
of sudden climate change are often
corroborated by a variety of extinction
statistics on species that until recently
were part of biodiversity.

Natural disasters - Natural disasters, such as
volcanoes, fires, floods, hurricanes, drafts,
epidemics, tsunamis, etc. cause great loss
of biodiversity. In humid tropical areas
such as central Africa, eastern and northern
Australia, some areas in South America,
floods are common. Tropical areas have a
lot of vegetation, and a huge number of
animals survive in the vegetation. Due to
flooding, large amounts of nutrients are
leached from the soil. Drought has also
led to dry soil and decrease of the water
levels. Both animals and plants suffer in
this situation.

Pollution - Air pollution affects the
respiratory system of animals and
adversely  affects their  well-being,

including the ability to lay eggs and
changes in behaviour. Air pollution is also
known to affect the reproductive ability of
animals and hence breeding failure. The
indirect impact of air pollution on animals
is difficult to assess because it is difficult to
investigate in a controlled environment.
Water pollution has a detrimental effect
on biodiversity. Synthetic fertilizers usually
contain nitrogen and phosphorus and
they are added to soil to increase crop
productivity. Nitrogen and phosphorus

are removed from the soil to water
bodies or groundwater. The presence
of these nutrients in the water leads to
eutrophication or the overgrowth of
plants. Eutrophication causes a decrease in
oxygen levels in waters which is harmful to
biodiversity. Fish and other aquatic animals
die due to a lack of dissolved oxygen in the
water. Just like fertilizers, pesticides can
also accumulate in water bodies. Pesticides
adversely affect running water bodies such
as lakes and ponds since fertilizers are
not washed off and aquatic animals have
difficulty in reproduction. Environmental
microplastics also affect larval survival,
reduced food intake, and gradual weight
loss in aquatic animals, which eventually
leads to their extinction. Soil pollution
is another factor that negatively affects
biodiversity. Heavy metal contaminated
soil greatly affects the well-being of
microorganisms necessary to sustain the
life of soil organisms. Excess heavy metals
present in the soil do not decompose
easily and accumulate from plants (Singh
et al., 2021). Immense use of fertilizers,
pesticides, and antibiotics used in
agriculture is very harmful to biodiversity.
The increased presence of nutrients in
the soil causes a vigorous growth of grass
species, which leads to the suppression of
the growth of wildflowers, necessary for
bees and other pollinating insects.

Hunting - Hunting is the leading cause of
the extinction of many animals in the food
chain. Because of this, different species
in certain regions are adversely affected
as they face food shortages or complete
inaccessibility of food compared to the
normal state. Hunting is a major operator
for biodiversity loss. Hunting activities carry
a significant burden on wildlife, causing
a huge decline in wildlife and leading
to disrupted and inefficient ecosystems.
Unsustainable collection of aromatic
and medicinal herbs and mushrooms
also harms biodiversity. The mushrooms
used for consumption are present in
only certain regions and their excessive
and uncontrolled collection may lead to
their non-appearance in the next season.
There are many examples where whole
forests are devastated by wild collectors of
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medicinal plants.

Excessive  exploitation -  Excessive
exploitation of species from their natural
habitat in higher numbers than they can
reproduce new species. Currently, almost
one-third of the Earth’s vertebrates that
are facing extinction are vulnerable to
overexploitation. Extreme fishing and
hunting are examples of over-exploitation.
Similarly, various animals and plants are
collected for use as pets, trophies, or
souvenirs.

Biodiversity conservation

The loss of flora and fauna due to human
activities has been going on for millennia, but
only recently have we begun to understand
the consequences of this loss for structure and
function of ecological systems at the biome scale
and the Earth system (Murray, 2017). Although
relevant biodiversity conservation factors
increasingly recognize the need to restore and
conserve entire systems, their priorities and
interventions remain focused on scales that are
too small to address the functions of the biome
or the system as a whole. It is constantly argued
that a new global initiative is needed to address
the past and current loss of flora and fauna and
its functional units.

According to Britting et al. (2013) there
are generally two conservation approaches
of existing biodiversity: 1. in situ and 2. ex situ
conservation:

1. Insitu-an approach that includes methods
and tools that protect species, genetic
varieties, and habitats in their natural

Frequently use

Area that is not
part of the wild

habitats. It is a favourable approach among
environmentalists for the protection of
habitats and ecosystems.

Ex situ - an approach that includes
methods that remove plants, animals
and microbiological species, and genetic
varieties from their natural habitat. These
methods are popular with agronomists
and biologists and help maintain species
populations.

Restoration and rehabilitation approaches
include methods that rely on in situ and ex situ
tools to re-establish species, genetic varieties,
communities, populations, habitats, and
ecological processes. Ecological regeneration
usually involves the reconstruction of natural
and semi-natural ecosystems on degraded
lands. This includes the reintroduction of
most indigenous species, while ecological
rehabilitation involves repairing ecosystem
processes.

In situ conservation

It is a dynamic way of preserving
germplasm compared to the static nature of ex
situ conservation. Allows continuous evolution
of cultures by allowing natural selection to
act on it. Lately, in situ conservation has been
attracting a lot of attention and efforts are
being made to preserve genetic resources
under its natural environment. It is important to
preserve species that are difficult to preserve in
an extra situation. In situ conservation involves
maintenance of genetic variation in the location
where it occurs, eitherin the wild orin traditional
farming systems (Fig. 7).

(scientific purpose

(national parks)

(agricultural land)

Figure 7. In situ methods of biodiversity conservation (adapted from Zegeye, 2016).
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Wildlife conservation includes the location,
designation, management, and monitoring of
genetic diversity at a specific, natural site. This
technique is most suitable for most wildlife
species, as it can be relatively inexpensive when
management is minimal. Genetic variation
present in wild plant populations is a necessary
condition for evolutionary adaptation to the
changing environment and hence the survival
of the species. Genetic variation is therefore
essential for maintaining a sustainable
population.To establish a genetic reserve for the
target taxon or group, the effective population
size must be assessed. Genetic reserves are
suitable for orthodox seeds, i.e. seed types that
can be maintained in long-term storage with
a combination of moisture content reduction
and low-temperature storage and unorthodox
seeds, i.e. seed types that cannot be stored for a
long time. Genetic reserves also allow multiple
storages of the taxon in a single reserve and
allow continuous evaluation of the species.
However, the disadvantages are that the stored
material is not immediately available for human
exploitation, and if the management mode is
minimal, little characterization or assessment
data may be available.

Modern breeding methods have largely
taken the place of traditional farming methods,
leading to the loss of many old varieties. It
is necessary to preserve the diversity found
in both wild relatives and old varieties of
domestic species. Farm preservation involves
maintaining traditional cropping systems or
growing by farmers within traditional farming
systems. The advantage of preserving the farm

Parts from

organism

is that it provides landscaping and those wild
species dependent on traditional agriculture.
However, yields may be lower than their
contemporary successors and may be less
popular within farmers. Therefore, some form
of motivation, even subsidies, associated with
regular monitoring may be needed to ensure
sustainability. Home garden conservation is a
variant of farm preservation. It involves growing
a variety of materials in homes, backyards, or
gardens and focuses on growing food crops,
medicinal plants, herbs, and spices grown
primarily for home consumption. Although
the individual sizes of such gardens are likely
to be small, genetic safety can be achieved
by agglomerating neighbouring households.
Home gardens are often the source of
traditional varieties lost from larger agricultural
systems. It should be noted that modern
economic forces will tend to act against the
continuous maintenance of old varieties, and
they undoubtedly currently suffer from rapid
genetic erosion, therefore, a developed system
of ex situ conservation is necessary.

Ex situ conservation

Ex situ conservation is a technique of
conserving all levels of biodiversity outside their
natural habitats through various techniques
such as zoos, aquariums, botanical gardens,
and gene banks (Borokini et al.,, 2010). It plays
a key role in communicating problems, raising
awareness, and gaining broad public and
political support for conservation and breeding
activities of endangered species (Fig. 8).

. Zoos and botanic
Whole organism
gardens

Figure 8. Ex situ types of conservation (adapted from Zegeye, 2016).

Limitations of ex situ conservation include
keeping organisms in artificial habitats,
deteriorating genetic diversity, inbreeding
depression,  captivity  adjustments, and
accumulation of harmful alleles. Currently,

several stakeholders are actively working
on biodiversity conservation through ex
situ conservation strategies through the
establishment of gene banks, botanical gardens,
and zoos (Zegeye, 2016).
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Zoos

Zoos are places where animals are
confined to cages or semi-natural and open
areas, displayed to the public and in which they
can also breed. They are considered important
means of preserving biodiversity. Zoos attract
as many as 450 million visitors each year and
are therefore uniquely positioned to have very
high educational and economic value (Carrizo
et al, 2013). Zoos not only act as places for
entertainment and observation of animal
behaviour but also institutions, museums,
research laboratories, and information banks for
rare animals, as well as domestic animals. Over
the last few decades, zoos have made significant
progress in the cooperative management of ex
situ populations, both of wild and indigenous
animal.

Botanical gardens

Botanical gardens consist of plants, grown
outdoors or in greenhouses. They are used to
grow and display plants primarily for scientific
and educational purposes (Waylen, 2006). They
also include herbariums, laboratories, libraries,
museums, and experimental or research
plantations. They can contain a certain family,
genus, or group of varieties, natural plants, wild
relatives, medicinal, aromatic, or textile plants.
There are over 2,000 botanical gardens that
have 80,000 plant species in their collections
and receive hundreds of millions of visitors a
year. Furthermore, they have a valuable and
distinctive mix of staff dedicated to plant
research, systematics, conservation education
and raising the public awareness. They are
extremely well networked with each other
and with other professionals, conservation
organizations,and NGOs (Blackmoreetal., 2011).
They provide a variety of services to sectors
that use and preserve plant diversity, such
as agriculture, forestry, pharmaceutical, and
biofuels industry, protected area management
and ecotourism, and have a unique opportunity
to attract visitors and scientific institutions to
document and preserve plant diversity through
shaping and mobilizing citizens towards current
environmental challenges. Botanical gardens

allow cultivated plants to be grown under
relatively modified environmental conditions
(intensive cultivation, relatively high fertility,
and high levels of disturbance).

Genbanks

Genbanks are biological repositories that
aim to preserve genetic material. In plants, it
can be by freezing parts of plants or storing
seeds, and in animals by freezing sperm or
eggs in specially designed refrigerators with a
certain temperature. The main purpose of the
existence of gene banks is to preserve genetic
diversity, which would help in future research
and the formation of new species (Clarke, 2009).
They exist to preserve the wild and cultural
species on which humans depend. In addition
to the genetic resource, there is information
about that organism. They represent the gene
pool which is actually the basis of all genes
contained in a particular seed. The size of the
gene pool directly affects the evolutionary
path of that species. Cryobanks are ex-situ gene
banks. In this way, cultivated plants, plants for
medicinal purposes, or endangered species
are preserved. Avocados, papaya, coffee, and
walnuts have seeds that cannot withstand
low temperatures, and all those protocols are
needed for conventional seed gene banks and
therefore are stored cryogenically. The Russian
Academy of Sciences preserves 7 varieties of
strawberries and raspberries that must also
be cryogenically preserved, 250 endangered
species from Russian territory, and 20 plants
of pharmaceutical importance. In this way,
fruit crops, tropical and subtropical fruits are
preserved. Their seeds are placed in bottles
with liquid nitrogen and they are frozen and
their vital functions are stopped until they are
thawed. In humans and animals, this is applied
by freezing sperm in special ampoules. In vitro
tissue and organ culture techniques gives
possibilities whole organs or part of plant
tissues (buds, rhizomes, meristematic tissue) to
be multiplied in identical plants (clones) with
the same characteristics as the parental plant.
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CONCLUDING REMARKS

Agrobiodiversity is a basic resource in
agricultural production and offers a wide
selection of species, varieties, populations
and genotypes. All processes that take place
in the process of food production are directly
or indirectly related to agrobiodiversity.
Biodiversity, in addition to the numerous
benefits to agriculture, is part of many industries
and provides raw materials. Apart from the
direct benefits, it offers us many regulatory,
cultural and social benefits in all spheres of life.
Taking in consideration all above presented,
we can drove certain conclusions related to
importance and role of agrobiodiversity in
sustainable agriculture:

Agriculture is one of the main drivers of
positive and negative changes in biodiversity,
both in plants and animals. Agroecosystems
can be the biggest promoters of biodiversity,
but also the biggest destructive force.

The principles and techniques applied in
agricultural production determine the direction
of movement of changes in plant and animal
populations.

Soil fertility is a reflection of sail
biodiversity, which is composed of thousands
of micro- and macroorganisms. On the other
hand, soil fertility is directly related to the yield
and health of plants.

A key moment in agriculture is pollination
and many crops are dependent on entomophile
pollination. The biodiversity of insect
pollinators provides security and stability in the
agroecosystem.

Population of beneficial insects in and
near agroecosystems optimizes the control
of weeds and economically harmful insects. A
proper management of beneficial insects and
their attraction brings numerous benefits for an
agroecosystem.

Organic food production is based on
the use of biodiversity and maximization of
natural processes in the environment, as well
as achieving high yields. The symbiosis of
agrobiodiversity and human activities offers
the organic farming as an example for rational
use of land resources without experiencing
negative consequences for any of the parties
involved in the process.

Agrobiodiversity offers practical applicable
solutions for management with extremely rapid
manifestations of nature, which negatively

affect the growth and development of crops.
Agrobiodiversity ensures yields at specific times.

Agriculture shall promote and balance
biodiversity at the same time together with
application of certain agricultural practices.
Proper application of cultivation techniques as
crop rotation, sideration, buffer belts, animal
manure utilization, biological control and cover
crops provides higher yields in the current
cultivation season. Moreover, it contributes to
balanced ecosystems with long-term positive
effect on cultivation. Application of those
practices increases the biological activity in the
soil, improves organic matter content, raises the
populations of beneficial insects, and reduces
the need for application of chemical inputs.

The loss of biodiversity is a direct
consequence of human activities on Earth.
The loss refers to reduction in the number of
individuals in a population or the complete
extinction of a species. The extinction of
the species affects the stability of the food
chains and negatively affects the agricultural
production, particularly when certain species
or varieties with potential to cope extreme
conditions are lost.

Biodiversity conservation is key to
successfully tackling environmental change.
The principles of biodiversity conservation
are commonly known as in situ and ex situ.
It is particularly important all measures for
prevention of loss of some species to be
undertaken. The local farmers who grow
indigenous varieties in their gardens also
contribute to this preservation, as well as
different institutions that intentionally conserve
the genetic resources with various approaches.

Overall, the biodiversity, in addition of
being able to intensify agricultural production,
is an inseparable integral element of any
agroecosystem. It is important to emphasize
that the methods and principles applied in
agriculture should be moderate, balanced
and appropriate to the current situation in
the systems. Techniques that invoke modern
intensive production, including the use of any
synthetic inputs, genetically modified plants,
or overuse of resources, can have a negative
long-term effect on biodiversity. Of utmost
importance are all efforts to conserve and
preserve biodiversity from its extinction.
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Pe3nme

BrioguBep3nTeTOT 1 3eMjoAeNcTBOTO MMAaT HEPACKUHANB OJHOC CO MefycebHO 3aBUCHU UHTepaKLmm
Mery HVBHWTE COCTaBHW KOMMOHEHTW. 3eMjofencTBOTO Kako OCHOBHA aHTPOMOreHa akTUBHOCT € efieH of
rmaBHMUTe $aKToOpW BO HACOKUTE Ha PasBoOj BO GUoAMBEP3UTETOT. ArpobuoanBep3nTeTOT € OCHOBaTa Ha
MOCTOeHETO Ha MpoLecuTe Ha MPOM3BOACTBO Ha XpaHa 1 0b0e36efyBa U OCUTypyBa MHOFY eCeHLujaniHu
eneMeHTV Off COBPEMEHOTO XuMBeehe. MHory of Tve npouecu ce LeNOoCHO HEerno3HaTW, a 3a HeKou of
HMB He CMe CBEeCHM fdeKa ce nocsiegmua Ha GuosiowKaTa akTMBHOCT Ha pasHuTe opraHmamu. Ma Taka,
6uogmeep3nTeToT 06€36eyBa XpaHa, YNCTa BOJa 3a NUEHE, eHeprija, CypOBUHY 3a HAYCTPUjaTa, TYPUCTUYKA
N peKpeaTMBHN MOXKHOCTU, HayUHW UCTPaxyBaka W NIeKOBU. [JOKONKY ce KOpUCTaT 3emjofeNiCKM MPaKTUKM
KOW ro NpoMoBKMpaaT b1MoANBEP3NTETOT, KaKo Ha NpuMep: Nnogopes, NOKPUBHU pacTeHuja, bydepHuy nojacu,
ynoTtpeba Ha 6uonecTUUMamn, KOPUCHN UHCEKTU M Mefynocesu, Torawl nNpupogHUTe Npouecs BO MOYBaTa,
pacTeHunjaTa 1 XKMBOTHATA CpeanHa 3HAUUTENHO Ce MHTEH3MBMPAAT BO KOPUCT Ha 3eMjodenunTe, pacteHrjaTa
N LefioKynHaTa KUBOTHa cpefmnHa. Of ppyrata cTpaHa, JOKONKY ce NPUMeHyBaaT TeXHUKU Y MeToAu Ko ro
peayumnpaat 6MoaMBEP3UTETOT BO arpoOeKOCUCTEMOT U HeroBaTa OKOJIMHa KaKo BeluTauku Fy6purBa, XeMUCKM
necTuumnam, XOpMOoHY, MHTEH3UBHa 06paboTKa, MOHOKYNTYPHO ofrneayBake U Apyri, HacTanyBaaT npouecu
Ha pefyunparbe, cHe3HyBakbe 1 3araflyBake Ha »KMBOTHaTa CpefivHa 1 LiefloKynHUOT buogmeep3unTeT. 3aToa e
notpebeH BHUMaTeNEH N300p Ha 3eMjoAeNCKN MPAKTUKIN KOW He 61 ro 3arposuse oncTaHOKOT Ha BUAOBUTE, a
NCTOBPEMEHO Ke Ce MOCTUIHAT BUCOKM MPUHOCK CO fobap KBaNMTET.

Llenta Ha OBOj NpernefeH Tpya e fa ce Npe3eHTUpaaT O4HOCUTe Mefy 61MoBEP3UNTETOT 1 3eMjOAENICTBOTO
W [1a Ce UCTAKHAT aKTyeHMTe NpaLlaka 3a rybereto Ha 61MoMBEepP3nNTETOT 1 METOAMTE 3a HeroBa KOH3epBauyja.
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