Pro |Journal of Discoveries in 2 5 2024
Index | Applied and Natural Science http://journals.proindex.uz

Matthew N. O. Sadiku
Department of Electrical & Computer Engineering, Prairie View A&M University, Prairie View, TX
USA

Uwakwe C. Chukwu
Department of Engineering Technology, South Carolina State University, Orangeburg, SC, USA

Janet O. Sadiku
Juliana King University, Houston, TX, USA

Abstarct: Agriculture is an interdisciplinary field that deals with the behavior of complex
agricultural systems. Better results can be obtained by treating the agricultural operation as a
system. Research has shown that treating production operations holistically provides greater
management flexibility, more environmentally and economically sound practices, and safer and
healthier conditions for workers and farm animals. This paper develops a more holistic perspective
of how agricultural systems provide benefits to society without increasingly use the scarce natural
resources such as land and water.
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INTRODUCTION

It is difficult to exaggerate the role that agriculture plays in human society. From providing
employment for millions of farmers worldwide, agriculture is a fundamental part of almost all
societies and economies. In the 21st century, agriculture remains fundamental to economic growth,
poverty alleviation, and environmental sustainability. Agriculture has been successful in addressing
the food and fiber needs of today's world population. However, sustainability in agriculture has
been a major concern. Many consumers are taking greater interest in where their food comes from
and how it is grown. Public interests have further constrained farmers by an increasing demand for
clean air and water, healthy soils, humane animal treatment, and minimal chemical applications.
This makes it difficult for smaller producers of specialty products to succeed [1].

US farmers are under pressure to satisfy multiple, competing demands, such as to produce more
crops, pollute less, fulfill consumer preferences, pay fair wages, and make a living. They face the
challenge of producing enough food, feed, and fiber to meet increasing demand in conditions of
changing climate and scarce natural resources. At the heart of the goal to meet those multiple
demands is the idea of sustainability in agriculture. Sustainability may be regarded as progress
towards four goals: (1) producing enough to satisfy human needs; (2) enhancing environmental
quality and protecting the natural resource base; (3) being profitable; and (4) increasing the quality
of life for farmers, farm workers, and society as a whole [2]. Research has led to the development
and adoption of many agricultural practices designed to improve various aspects of sustainability.
Rural community vitality and prosperity are closely tied to agricultural sustainability. Figure 1
shows various components of agricultural sustainability [3].
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AGRICULTURAL SYSTEMS

The term ‘“‘agricultural system” refers broadly to any system that produces livestock and crops
(food, feed, fiber and/or energy). The term “system” is often used to help describe broader
considerations related to transportation, water, sewage, and electricity for example. Figure 2 shows
the illustration of a system [4]. An agricultural system is an assemblage of components which are
united by some form of interaction and which operate to achieve a specified agricultural objective.

Agricultural systems have been described in many ways over the years. It has be described as
farming system, cropping system, organic production system, ecologically based system, food
system, conservation system, corn—soybean system, and vegetable or hog production system.
Agricultural systems are open, meaning that energy, nutrients, organisms and information
constantly cross system boundaries [5]. Farming system is a resource management strategy to
achieve economic and sustained agricultural production to meet diverse requirements of farm
livelihood while preserving resource base and maintaining a high level of environment quality.
Figure 3 illustrates the components of a farming system [4], while Figure 4 shows the classification
of farming system [6].

Like other systems, agricultural systems may be categorized as [7]:

» Purposeful or non-purposeful depending on whether or not they can select goals and the means
by which to achieve them.

» Static or dynamic depending on whether or not they change over time in response to internal or
external influences.

» Open or closed depending on whether or not they interact with their environment.
» Abstract or concrete depending on whether or not they are conceptual or physical in nature.

» Deterministic or stochastic depending on whether or not their behavior exhibits randomness
over time, i.e., their future behavior is uncertain.

At its most basic level, a relationship exists between farmers and the land. Farmers use the earth’s
resources to plant and harvest crops, which are also used to feed people and livestock. At its most
complex level, a web of relationships exists between farmers, natural systems such as climate,
geology, soil, air, pests, and water; and human systems involving politics, land-use planning and
infrastructure, law, finances, and marketing [8].

There are six elements of the agricultural system [8]:
1. Farms: Farms of various sizes produce a range of crops, livestock and other goods and services.

2. Natural Environment: Including climate, soil types, and water access, these and other natural
inputs impact agricultural viability but are also impacted by farming activity.

3. Government: Services and programs, policy directives, and regulations from all levels of
government impact production.

4. Agribusiness: Includes the range of wholesale or retail companies who buy, process, package,
store and/or distribute goods or services to or from farms.

5. Technical and Professional Expertise: Farms depend upon labor and the services of various
technical and professional people, including accountants, bankers, lawyers, IT service providers,
crop advisors, electricians, carpenters, plumbers, etc.

6. Non-Profit and Community Sector: This includes research and innovation institutes, farm
associations, advocacy organizations, and community groups. It also includes a broad range of
organizations involved in research, innovation, and knowledge transfer.
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BENEFITS

There are increasing concerns about the economic, environmental, and social costs of agriculture.
Integrated agricultural systems may provide a means to address these concerns while increasing
sustainability. The complexity of today’s agriculture compels farmers to consider making decisions
that meet multiple objectives. Farmers must also consider the social ramifications of their decisions,
not only for their own economic well-being but also on society as a whole [10]. A more thoughtful
and holistic discussion and understanding of the agricultural system can contribute to improved
policy and practices that help to strengthen agriculture. A new global framework for the sustainable
development of agriculture systems is essential to increase food availability and utilization, improve
human health, create more prosperous rural communities, and rejuvenate the environment. One
significant element is shifting toward healthier diets and reducing food waste and loss. While
agricultural production depends on the quality of natural inputs, farms also provide numerous
environmental benefits; the natural heritage system and agricultural system rely on each other in
several ways [10].

CHALLENGES

One-third of Earth’s land is devoted to agriculture, more than any other industry. Yet the agricultural
sector struggles to keep up with a growing global population. Estimates are that we will need to
increase food production by 60-70% by 2050. Agriculture must reduce the pressure placed on the
environment, including land degradation, water depletion, pollution, unbalanced nutrient cycles,
greenhouse gas emissions, and threats to bio-diversity. Maximizing agriculture’s potential to reduce
rural poverty is another challenge, particularly in South Asia and Sub-Saharan Africa. Female
smallholder farmers face barriers to success, despite the fact that they comprise half of smallholder
farmers in East and Southeast Asia and Sub-Saharan Africa. Empowering and encouraging women
is not an opportunity we can afford to miss.

In rich and poor nations, consumption of processed foods is rising, with negative impacts on both
health and resource use. Dietary behaviors need to change to be healthier and more sustainable. As
much as one-third of all food grown may be lost or wasted from farm to fork. Investments in rural
infrastructure, especially roads, electricity, and telecommunications are essential to increase access
to markets, reduce food loss, and improve storage and handling. Good governance is key to
ensuring fair access to resources, markets, and new technologies. Addressing these challenges
requires Sustainable Intensification of Agriculture (SIA) around the world. STA aims to reduce the
environmental footprint of agriculture while meeting all its other social and economic goals. It
requires tailored strategies and transformation changes in all nations [9]. The transformative
approach seeks to design agricultural systems that balance the four goals of sustainability from the
outset. The agricultural land base is a precious resource and prized possession that cannot be
moved; it is finite in size and the location is fixed.

CONCLUSION

Agricultural activity has evolved over the years from being a simple production activity to a multi-
functional sector. Agriculture is an information-intensive industry where there is a continual need
for updated information about the agricultural inputs, market information, and logistics. Farmers
need updated and accurate information to make informed decisions that can enhance their
agricultural productivity.

The concept of an agriculture system is an important component of land use planning. It is in direct
contrast to the treatment of natural heritage. The agricultural system is connected to numerous other
systems, such as natural systems and human systems. Ensuring a strong agriculture system is
important for ensuring a healthy source of local food and strong rural economies. Agricultural
information systems can help in disseminating information to farmers to enable them make better
decisions and leverage market opportunities. More information about agricultural systems can be
found in the books in [11-30] and the following related journals:

v’ Agricultural Systems
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V' Renewable Agriculture and Food Systems
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Figure 1. Various components of agricultural sustainability [3].
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Figure 2. General illustration of a system [4].

{‘fﬁ& [ Farming System-Components ]

Water Crops

10

Figure 3. The components of a farming system [4].

27



Journal of Discoveries in Applied and Natural Science

| Farming System

Traditional } ‘
System | |

Shifting Cultivation & related

bush fallow system
Nomadic herding

Cropping
System
Rice based
Root crop based
Grain legume based

Mixed
System

e Agrisilvicultural systems
e Silvopastoral systems
e Agrosilvopastoral systems

Volume: 2 Issue: 5 Year: 2024

| Commercial
| System

i Y

Perennial

‘ Livestock
Crops ‘

e Plantations ® Ranching
e Agroforestry

Figure 4. Classification of farming system [6].
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