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ABSTRACT

The agricultural landscape is very important for the production of goods and
services, which are vital to human life. However, agricultural intensification affects
the ecological interconnection, function, structure, and capability of landscape
production and productivity. Therefore, this review aims to understand the role,
diverse causes of biodiversity losses, and maintenance options of agrobiodiversity
in landscape ecology. To achieve these objectives, different reputable journal
articles that were published starting in 2013 until now were collected, organized,
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summarized, and compiled carefully. Agrobiodiversity includes all the components
of biological diversity that are relevant to agricultural ecosystems. It has an essential
role in the sustainable development of agricultural systems, which provide food,
fiber, fuel, fodder, medicines, and other products for subsistence. Agricultural
biodiversity has a great contribution to food security, production, environmental
sustainability, diversifying rural livelihoods, and rural development. These essential
agrobiodiversity are endangered due to the ignoring of native knowledge, the
absence of local institutions and management systems, inequitable tenure, market
pressures, and demographic factors. Thus, conserving agrobiodiversity and its
multiple functions included awareness creation in ecosystem management,
promoting local adaptive management, supporting local participation, strengthening
local rights and tenure property, improving trade-related policies, and providing
economic incentives.

communities. This problem is mainly severe in a
biodiversity hotspot region for both wild and

INTRODUCTION

Agrobiodiversity is vital for producing

commodities that are necessary for human survival
and providing other benefits. It provides additional
values such as biodiversity conservation, wildlife
habitat, biological pest control, nutrient cycling,
water  quality  regulation,  cross-pollination,
recreation, and the preservation of rural and cultural
traditions (Corrado et al., 2019; Kahane et al.,
2013). There are numerous agricultural landscapes
in the world. Most agricultural landscapes vary,
usually in terms of land use, field size and form, and
the pattern of semi-natural components. Most of
these landscapes, particularly those with low-
intensity agriculture systems, were rich in
biodiversity (Van der Zanden et al., 2016).

The main issue in tropical land management is
meeting the increasing demand for agricultural
goods, biodiversity,
ecosystem and

conserving providing

services, sustaining  rural

domesticated species that is experiencing human
population expansion, ecological degradation, and
the decline of traditional farming systems (Harvey
et al., 2020). Agricultural intensification reduces
biodiversity predominantly to a few genetically
homogenous species. Many abundant species have
become scarce or extinct as a result of increased
agricultural intensification and a subsequent loss of

natural landscape components. The loss of
biodiversity in farming landscapes has been
particularly ~ prominent in many countries,

highlighting the agriculture policy's considerable
environmental impact. Agricultural intensification
is currently considered the most prominent cause of
biodiversity losses (Kehoe et al., 2017; Zabel et al.,
2019).

Furthermore, agricultural magnification harms
production sustainability and productivity through a
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variety of mechanisms. Monotypic agricultural
systems can achieve the same levels of production
under relatively narrow environmental conditions.
Nutrient cycles become more open in agricultural
systems, with nutrient losses during harvest,
increased volatilization due to surface environment
change, and increased leaching due to decreased
soil organic matter (Sanaullah et al., 2020). Soil
organic matter is also damaged by soil erosion in
The reduction of soils,
particularly when the ground is bare, causes more
run-off and less infiltration, as well as an increase in
The
agroecosystems to agriculture usually results in
fewer species of both planned and related biota,

intensive agriculture.

the danger of erosion. conversion of

with reduced genetic variation and fewer functional
groups.

At the landscape level, it is critical to consider
all ecosystem constituents rather than only plants
and animals. Unchanging land use is an essential
feature and the foundation for understanding
biodiversity. The management of biophysical
landscape becomes

variability increasingly

important in understanding the relationships

between genetic resources, abiotic and biotic
settings, and management approaches generally.
The biophysical diversity and cattle grown on it are
susceptible to different levels of control. Large
farms in the northern countries and plantations in
the south have typically identical management
practices; however, small farms tolerate diverse
approaches in different micro-
(Uphoff, 2013; Young, 2017).
Therefore, the overall goal of this review paper is to

management
environments

explore the functions, diverse causes of biodiversity
loss, and sustainability choices for agrobiodiversity
in landscape ecology.

MATERIALS AND METHODS
This review activity entails investigating,

reading, analyzing, assessing, and summarizing
scholarly material, primarily journal articles and
books related to the topic. To accomplish our
review objective, we conducted a comprehensive
literature search on agrobiodiversity, starting with
2013 published journal articles and books.
Accordingly, reputable journal articles and books
were used to examine the functions, causes of loss,
and sustainable management of agrobiodiversity in
landscape ecology. The Scopus, Google Scholar,

and Web of Science citation databases were utilized
to narrow down the pool of publications that fit the

criteria.

RESULTS AND DISCUSSION

The Concept and Role of Agricultural
Biodiversity

Biodiversity refers to the variety of life forms
on FEarth that contain plants,
microorganisms, the genes they contain, and the
It relates to genetic

animals, and
ecosystems they create.
variance, environmental variation, and biological
diversity within a biome (Rawat and Agarwal,
2015). Agrobiodiversity describes the variety of
living organisms that support food and agriculture
in a wide sense and are related to cultivating crops
breeding ecological
developments (Jackson et al., 2013; Nemoga, 2019).
In some cases, it is extended to cover all creatures

and animals  within

found in an agricultural landscape.

Farmers, pastoralists, forest  dwellers,
fishermen, and gardeners, as well as their individual
descriptions of well-being, priorities, rights,
capabilities, and knowledge, influence the
functioning of the agroecosystem. Social goals such
as economic, cultural, and aesthetic qualities, in
addition to biological output depending on the
conditions, refer to the temporary increase of
specific output based on a particular crop (DeClerck
et al., 2015). These have an impact on the
biodiversity in the larger landscape, which is
constantly changing due to the interface between
human intervention and ecological processes.
Natural events and human activities have
perpetuated a wide range of ecological biodiversity.
Agrobiodiversity serves a variety of socioeconomic
and environmental functions that are inextricably
linked, as detailed below.
Agricultural biodiversity for livelihood and food
security

The livelihood systems in rural areas are
diverse based on the various cultural groups (Van
Ginkel et al.,, 2013). They typically rely on a
combination of wild fruit, agriculture, and trade
work. Particularly poor households engaged in
diverse activities and increased their revenue
collection. Contrary to popular belief, agriculture's
importance for food security can be fairly modest
and rapidly change poor communities. In Africa,

non-farm income dependency ranges from 30% to
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50%, but it can reach 80% to 90% in southern
Africa (Davis et al., 2017). It is difficult to expect
the interactions of agrobiodiversity and rural
farmers, predominantly in scarce resource places
with considerable biological and social diversity
(Van Ginkel et al., 2013).

Diverse forms of agrobiodiversity are
employed by people in various areas, hence
sustaining livelihood strategies in a complex way
(Mijatovic et al., 2013). Agrobiodiversity is varied
among communities because there is a wide range
of money and authority in human civilization. These
typically have less access to land, labor, and capital,
necessitating a greater reliance on existing natural
diversity. Poor individuals in most developing
countries receive around 20% of their income from
their property, while wealthier households receive
only 1% (Ravallion, 2015). Although wild fruit
provides significant nutritional value to all diets,
mostly carbohydrates, vitamins, and minerals, it is
particularly useful for kids.

Some aspects of agricultural biodiversity's
cultural and spiritual ideals can be valued more
highly than their monetary value. Several rural
groups regard specific biologically diverse sections
of terrestrial and aquatic bodies as sacred. These
sanctified areas are protected and used for spiritual
purposes. Some derive their sacred character from
the springs of water they protect, the medicinal and
ritual items in their plants, or the wild animals they
care for. Sacred groves can be found throughout
southern and eastern Asia, Africa, the Pacific
Islands, and Latin America (Arjjumend et al.,
2018). Sacred sites or areas are frequently linked to
the benefits of agrobiodiversity because they are
rich in biodiversity.

There is also notable variation within species
among plants and animals that are used for
agricultural outputs. Farmers' crop variations, or
landraces, are greatly diverse for cross-pollinated
species like millet and maize (Shuro, 2017).
Individual varieties of self-pollinated crops like rice
and barley, as well as vegetative-propagated
species, are less diverse. Every role of animals’
diversity in livelihood activity is influenced and
interconnected with institutional elements and
social relations. A diversified examination of
livelihoods is thus required for each economic and
ecological situation to grasp what a certain livestock
contribution is worth, to whom, when, and in what

way. In general, animal diversity produces a variety
of products, including food, clothing, cutlery,
transportation, traction fuel, fertilizers, income,
insurance, spiritual functions, and so on.

The role of agrobiodiversity for environmental
sustainability and production

Every species in an ecosystem is part of a
complex web that is connected with energy and
material movements (Yousefi et al, 2020).
Although those species may have distinct ecological
niches and be used as producers, consumers, and
decomposers, they contribute to other ecosystem
activities and ecological processes, both directly
and indirectly. The components of agrobiodiversity
have multiple benefits for the resilience of
production while also offering ecological benefits in
the landscape. There is rising evidence that shows
the complication of biodiversity and the functions
of ecosystems at all levels may be due to a few
essential structuring mechanisms (Oliver et al.,
2015).

On the other hand, high-effort farming based
on high-yielding varieties, as well as agricultural
biodiversity, contributes to the maintenance of
numerous ecosystem functions (Kumar et al., 2022).
In the United States and Australia, farmers manage
vegetation cover for soil and water conservation to
increase production. Forests can supply food,
increasing the internal link between ecosystems
based on species. The following examples highlight
and serve as a reminder of the various purposes of
agricultural biodiversity.

Soil decay and nutrient cycling functions.
Both soil and water preservation functions
Pest resistance functions

Plant pollination and seed dispersion functions
Natural diversity preservation functions
Climate regulating functions

NNk =

Functions in the water cycle

Agricultural biodiversity for rural development
Agricultural biodiversity can lead to rural

and increase

improvement via ecotourism

employment activities for local communities.
Various humanized lands in Australia, Europe,
South America, and Asia are gaining popularity for
their artistic and historic values. For instance, in
Asia, steep slope areas were transformed into pond
lands for the production of rice and other crops

(Moreno et al., 2016).
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These landscapes exist as both archaeological
sites and living landscapes, which are still used and
maintained by the communities. A rising number of
stakeholders recognize the need to manage these
cultural landscapes. For instance, the low-input
agroecosystems are prized by urban residents who
are willing to pay for the pleasure of a rural
vacation in Europe. Globally, the essential value of
these landscapes, what they can teach in the long
term and their relations with humans have resulted
in an approach for identifying, evaluating, and
conserving specific regional landscapes within the
framework of the World Heritage Convention (Cave
and Negussie, 2017; Rossler and Lin, 2018).

Furthermore, native communities earn a small
share of revenues created by the sale of products
containing their expertise and resources (Herman,
2023). codes of conduct and
recommendations have been produced to assure

Several

more justice, recompense, and fair profit sharing
between bioprospecting businesses and local
communities, although none are uniformly legally

obligatory (Chennells, 2015). Such methods of

native rural improvement aim to develop strong
economic enterprises that depend on local
knowledge and adapted agrobiodiversity, as well as
corporations among civil society, government, and
the private sector. In both developing and wealthy
countries, efforts to recover biodiversity for rural
improvement frequently focus on redeveloping
native food systems and economic well-being and
prosperity.
Diverse Causes of Agrobiodiversity Losses

The rate of biodiversity loss varies depending
on the biological and economic contexts. The loss
of genetic, species, and agroecological diversity is
putting local livelihoods and environmental
processes at risk. The primary causes of biodiversity
loss include land use change and habitat conversion
to other land uses, pollution, unsustainable natural
resource use, climate change, and the introduction
of invasive species (Singh et al., 2021). Consider
the causes that overlooked and damaged the
benefits of agrobiodiversity to identify the activities
required to preserve these vital resources.

Major cause for biodiversity loss

#—
=

X

Habitat loss
Climate change
Natural disaster

Pollution

X

1 ¥

e

Hunting
Invasive species
Overexploitation

Figure 1. The main cause of biodiversity loss (Singh et al., 2021).

Ignoring local knowledge and management system
Native methods of identifying, esteeming, and
biosphere are  sometimes
globalization.

organizing  the

overshadowed by Indigenous
knowledge is being lost as a result of modernization
and ongoing transformation processes (Gadgil et al.,
2021). The introduction of current commercial
agriculture technology from the West removes
well as indigenous

traditional practices as

knowledge. These types of techniques have an

impact on the agrobiodiversity of natural
landscapes.

Local organizations and indigenous institutions
have played a vital role in promoting cooperative
action and coordination of the management of
agrobiodiversity across several scales. Using native
knowledge in natural resource management is the
best example of conservation and sustainable use.
Rural people provide valuable information for
managing and enhancing agrobiodiversity. Those
are effective and

good practices or actions
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successful; environmentally, economically, and
socially  sustainable; technically  promising;
fundamentally participative; reproducible and

adaptable; and have been demonstrated to function
well and provide positive consequences for
biodiversity management (Joshi et al., 2020). Over
millennia, these structures evolved to meet local
demands, and precise knowledge enabled humans to
adapt to social and environmental change.
Unequal tenure and lack of control over resources
A primary driver of biodiversity loss is a lack
of access rights and resource management
problems, which reduces the motivation to protect
and undermines livelihood
land food

economic growth, and natural resource management

resources security.

Secure tenure promotes security,
while mitigating the effects of conflict and climate
change (Hunsberger et al., 2017). Western notions
of private property fail to appreciate indigenous
rural peoples' intellectual contributions and informal
innovations in  modifying, and

managing wild animals and environments.

conserving,

Moreover, the aspiration of most countries is
not to impair the intervention of an international
access-rights and value-sharing system under the
Convention of Biological Diversity, which may
limit the application of ‘commons’ management
principles to a broader scale (Mani et al., 2021).
Lawful industrial rights and personal rights enable
firms in northern institutions to retain unbalanced
regulation over agricultural biodiversity, inherited
advantages.
communities and farmers who first developed this
inherited diversity have rarely been acknowledged

resources, and However, native

or compensated for their innovations. Inadequate
distribution of land and resources, insecure rights,
and disregarding and restricting livelihood systems
have continued, eroding human security and
environmental integrity and resulting in increased
conflict and instability.
Market pressures and undervaluation

Agricultural biodiversity has many values,
which allows it to serve a variety of roles. However,
it is underestimated or overlooked in economic
estimations, owing in part to the difficulty of
valuing many functions in economic terms. This has
skewed conservative natural resource management
planning in favor of key food crops with marketable
Global

liberalization have a

relevance in urban areas. market

development and trade

normalizing effect on agrobiodiversity by
standardizing food production practices and
consumption (Borsellino et al., 2020). It frequently
requires uniform foods, which are increasingly
manufactured and distributed by large-scale firms
and tailored to the nutrition preferences of fairly
wealthy urban customers. These commercial forces
frequently push farmers to comply with the need for
regularity.

Conversely, the costs of agrobiodiversity loss,
such as pest buildup, the elimination of beneficial
insects, and the loss of ecosystem services, are
difficult to assess. They are consistently overlooked
in analyses of yields, productivity, and market
value. Furthermore, the off-farm merits and public
advantages of agricultural biodiversity are rarely
analyses. Not only
governments but also markets, fail to recognize the

reflected in economic
societal benefits of biodiversity on a large scale.
These considerations and the extensive reliance on
economic implements and decision-makers have
little incentive to deliberate agrobiodiversity gains
and losses (Kuchibhotla and Chakrabortty, 2022).
Some studies suggest that biodiversity can be
estimated based on non-use valuations of various
threats (Nobel ef al., 2020). To avoid anthropogenic
effects, the of biodiversity
conservation studies that account for a diverse

non-use values
variety of biodiversity risks are important.
Sustaining Agrobiodiversity and Its Multiple
Functions
Increase knowledge on agrobiodiversity
conservation:

Agrobiodiversity refers to the diversity and
variability of animals, plants, and microorganisms
on the planet that are used directly or indirectly for
food, fodder, building, fuel, and other goods and
The interaction of the environment,

genetic resources, and management systems used by

services.

culturally diverse peoples results in different ways
of using natural resources for production as well as
traditional benefits (Kantanen et al., 2015).
Agrobiodiversity non-harvested
species that support
microorganisms, predators, and pollinators, and
those in the larger environment that support agro-

also includes

the production of soil

ecosystems such as agriculture, pastoral, forest, and
aquatic diversity (Duruigbo et al., 2013).

Human activity has been causing the loss of
plants and animals for many years; nevertheless, we
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have only lately started to comprehend the effects of
this loss on the composition and functionality of
ecological systems at the biome scale (Murray et al.,
2020). The importance of restoring and conserving
entire systems was recognized by relevant
biodiversity conservation factors, but their priorities
and interventions are still centered on scales too
small to address the functions of the biome as a
whole. There is a persistent debate over the
necessity of a fresh worldwide endeavor to tackle
the historical and present-day depletion of plants,
animals, and their functional units.
Increase the effective use of agrobiodiversity
Indigenous peoples create and maintain
agricultural biodiversity, which is used in the food
chain and contributes significantly to global food
security. Despite the large population growth over
the last 150 years, agrobiodiversity alteration has
resulted in enormous nutritional and health benefits,
notably through agricultural intensification. Healthy
human nutrition is best achieved through an
agrobiodiversity approach that ensures a diverse
food supply while remaining environmentally
sustainable. This technique is excellent in theory,
but data availability is limited due to the multiple
variables that contribute to the eco-nutrition model.
Agrobiodiversity food-based approaches should
have been used to boost agricultural production,
stress-resistant
address
nutritional agriculture issues (Ayyam et al., 2019).
The
successfully domesticated plant species was an
important aspect of the agrobiodiversity movement.

produce disease- and

nutritionally enrich crops,

crops,
and other

comparatively modest number of

Even a smaller number of species were chosen over
time due to their relative ease of cultivation,
dependability, ability to grow in a variety of
settings, and nutritional content. It arose as a result
of the long-term utilization of natural capital, such
crop
breeding, and the development of agronomic skills.
Our forefathers' hunter-gatherer diets depended on

as wild plant and animal biodiversity,

local wild plant and animal species for food, as well
as resources for shelter, fiber, fire, and medicine all
across the world. The transition from hunting and
gathering to agriculture began many years ago when
a small number of wild plant species were
domesticated, resulting in an agricultural revolution
that provided humans with a relatively secure
source of food (Gowdy, 2020).

Support the local adaptive management systems

The wvariability = within and  between
agroecosystems is tremendous. The structural
changes in agro-biodiversity can be seen on a daily,
monthly, and long-term basis, from the broad
landscape level to individual farmed plots.
Uncertainty, regional variability, non-equilibrium
conditions, and nonlinear
highlight the importance of viable adaptive
management of resources, with native agricultural

ecosystem changes

biodiversity users playing major roles in analysis,
planning, and negotiations. This necessitates a
considerably higher appreciation for local farmers
and the expertise employed by rural communities to
manage agro-biodiversity. Improving agricultural
biodiversity management requires close
coordination among farmers, officials, conservation
experts, and policymakers (Maas et al., 2021).
Administrative activities, land use planning, and
agricultural research and development operations
carried out at the level of actual resource users or
beneficiaries are compatible with efficiency and
accountability.

Agrobiodiversity ~ management

involves strengthening local communities and

organizations by decentralizing and

reducing legal barriers to local planning and

resources

management.
Increase the participation of the community in
planning and management

Most experts are inclined to put their particular
suggestions upon locals and landscape management
approaches. In actuality, their perspectives on the
poor's realities and what might be done have
typically been formed from a distance. Adaptive
management is an interdisciplinary  and
collaborative approach to ecosystem governance
that tests and revises institutional arrangements and
ecological knowledge through a dynamic, ongoing,
and self-organized process of Ilearning from
(Mas-Tur et al, 2021).
livelihood policies frequently include different

members in a variety of activities and sources of

experience Family

assistance throughout the year.

Agrobiodiversity improvement and landscape
planning and management should begin with
empowering native residents, particularly farmers,
to perform their analyses and priorities. Joint
management approaches are the main long-term
local involvement method that extends beyond the
initial assessment and planning to monitoring and
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evaluation. This entails using a learning process
approach to manage agricultural biodiversity. It also
advocates expertise that incorporates new ideas,
participative procedures, and conduct (Hughes and
Hughes, 2013). Ensure that farmers, herders,
fishermen, and forest dwellers participate in the
creation of land use and agricultural policies, as
well as the generation of technology. Encourage the
use of gender-disaggregated, socially differentiated
local indicators for monitoring and assessment,
which will guide further technical assistance and the
distribution of limited resources for biodiversity
conservation.

Strengthen local rights and tenure property

Landscapes are reinterpreted as the output of
social, economic, and environmental histories,
which highlights the legitimacy of rural people's
claims to tenure and rights to agrobiodiversity.
These findings support a rights-based approach to
participatory biodiversity management, which is
critical for food security, agriculture, and
livelihoods. Furthermore, they have significant
consequences for countrywide strategies governing
the distribution of functions gained from the
utilization of lands, agrobiodiversity, and products
and services. In this regard, ensuring farmers' rights
to conserve and use resources is critical (Tsioumani,
2014).

Modification of rules and regulations helps to
govern the rights to use and manage natural
resources like trees, water, and inherited resources
to preserve farmers' rights as a foundation for fair
benefit share agreements. Property rights over
genetic resources are now being renegotiated under
the World Trade
2015).
compromise the preservation and sustainability
goals established by the Convention on Biological
and the Food
Organizations.

Organization’s
However, it

agreement

(Sundaram, does not

Diversity and  Agricultural

CONCLUSION
Agrobiodiversity refers to all aspects of

biological diversity associated with food and
agriculture, including agricultural landscapes. It
contributes significantly to the long-term growth of
agricultural systems that provide food, fiber, fuel,
fodder, medicines, and other necessities. Watershed
functions, nitrogen cycling, soil health, and
pollination all rely on agricultural biodiversity

management. Agricultural biodiversity helps to
food security and  environmental
sustainability ~while also

livelihoods and improving them.

ensure
diversifying  rural

Communities have had a profound impact on
the diversity and function of wildlife all across the
planet. Plant and animal variety, both wild and
domesticated, is often the foundation of flexible and
dynamic rural livelihoods. These valuable
agroecosystems are under threat and are losing
function due to a range of factors, including land-
use change and habitat conversion, pollution,
unsustainable resource use, climate change,
invasive alien species, and intensive agriculture.
Some methods have been proposed to protect
critical agrobiodiversity for human subsistence,
such as effective resource utilization, increasing
local  participatory =~ management, tightening
regulations, and strong laws on access rights.

Traditionally, local knowledge and skills have
been essential in promoting cooperative action and
coordinated management of agrobiodiversity across
various geographical ranges, but disregarding native
knowledge  has  implications.
indigenous knowledge has major

managing, protecting, and sustaining agricultural

Considering
value in
biodiversity, equitable tenure, control
resources, and access rights to resources are

over

significant in increasing resource conservation and
local livelihood security. Increasing awareness and
understanding of the dynamics of agricultural
biodiversity, as well as supporting local adaptive
management of agrobiodiversity, is critical for
agricultural biodiversity conservation.
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