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PREFACE

The knowledge-based expert system outlined in this thesis might seem redundant for a
developed country like Australia. However, such a system is an essential requirement for
developing countries. This expert system was conceived with the needs of Indian farmers in
mind, who often do not have access to expert knowledge and advice in agriculture. The expert
system is intended to give customized expert advice, anytime and anywhere. Due to the non-
availability of geographic data from India, restricted time and financial resources, a study area
in South Australia was chosen for conducting the research. The system uses knowledge-bases
pertaining to South Australian agriculture, land use practices and crops. The expert system
should ideally work for any geographic datasets with necessary changes applied to the
knowledge-bases. The Department of Water, Land and Biodiversity Conservation (DWLBC),
South Australia has supplied the essential data used for the development of this expert system,
which is also beneficial to DWLBC, as the current thesis explores a knowledge-based approach
and builds on the existing land evaluation computer program used by the DWLBC in evaluating

land and suggesting suitable crops.



ABSTRACT

The research constitutes a knowledge-based approach to land evaluation for selecting
suitable agricultural crops for a land unit. This thesis presents the design, and development
of a prototype Knowledge-based Spatial Decision Support System (KBSDSS) -“Crop Advisor™-
for evaluating land resources and choosing suitable agricultural crops for a farm unit. The
prototype “Crop Advisor” expert system (ES) utilises multiple knowledge rules to determine
Suitable, optimal crops for a farm unit considering the farm unit’s resources. It considers the
land evaluation process as a group-decision making process involving many experts from
diverse scientific domains. The expert system is powered primarily by human knowledge
collected from a land evaluator or a crop expert. The knowledge base consists of
representative rules to reflect physical, economic, environmental and social factors that affect
the choice of land use. The expert system makes use of Geographic Information System (GIS)
tools to manage spatial information that are required for the evaluation process. These
powerful tools (ES and GIS) help in choosing a crop, from a group of crop choices that gives
more economic benefits without compromising environmental values. The expert system model
is tested on the soil and physiographic data provided by Department of Water, Land and
Biodiversity Conservation, South Australia (DWLBC) and Primary Industries and Resources,
South Australia (PIRSA). This knowledge-based approach to land evaluation is built on the land
evaluation framework designed by the United Nations Food and Agriculture Organisation
(FAO). The DWLBC model of land evaluation suggests a strategic land use plan at regional
level considering soil, climate and physiography which eliminates non-feasible land use or crop
choices. The “Crop Advisor’ expert system takes such regional data and suggests, in
consultation with the farmer, a group of suitable crop choices that are best in terms of physical,

economic, social and political factors associated with a farm unit.
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DEFINITION OF TERMS

The following terms and definitions are adapted in the present research thesis.

Land use:
Land use refers to the use of land for raising agricultural crops, dairy and livestock. The current

research deals with land use at farm level, a mapping scale of 1:10,000.

Agricultural land evaluation:
The procedure for surveying and assessing land resources in a farm unit to find its suitability to

grow agricultural crops is known as agricultural land evaluation.

Crop suitability assessment:
Crop suitability assessment is performed based on the results of agricultural land evaluation. It
aims to select an optimal crop that is suitable for growing in a farm unit, based on physical,

economic and socio-political factors associated with the farm unit.

Farm unit:
A farm unit refers to a parcel of land used by a farmer or land owner for agricultural purposes. It

is defined by a field boundary and usually considered as a management unit for cultivation.

Agricultural land use planning:

Agricultural land use planning refers to the combined procedure of land evaluation for
agriculture and crop suitability assessment. In this research, the term “agricultural land use
planning” refers to the farm level assessment of land resources and factors that affect the use

of land and the act of choosing the most feasible crop option for a farm unit.

Strategic land use planning:

The process of land evaluation and land use allocation performed by the government
authorities at regional scale is termed as strategic land use planning. The scale of mapping is
usually between 1:50,000 to 1:1,000,000.

Geographic Information System:

A set of tools for managing geographically referenced data and information for planning and

decision-making purposes.
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Heuristic Knowledge

Heuristic (from the Greek word "heuriskein" meaning "to discover") knowledge pertains to the
process of gaining knowledge through experience, trial by error methods rather than by
following a formal step-by-step process (Roy 2001). For example, heuristic knowledge includes

the knowledge gained from experience, rules of thumb and trial-by-error methods.

Expert

“‘An expert is a person who has a comprehensive and authoritative knowledge of or skill in a
particular area” (Pearsall 1998:647). Experts have prolonged or intense experience, practice or
education in a particular field that goes significantly beyond any general or shallow

appreciation.

Knowledge Base
A collection of rules, assertions and facts about a problem domain represented in a machine-

readable format is termed as a knowledge base.

Expert Systems
An expert system is a program which attempts to emulate the knowledge and reasoning
capabilities of a human expert in order to solve a specific problem. Expert systems derive

knowledge from various sources in the form of rules and assertions.

Knowledge Acquisition
The process of acquiring knowledge from various sources and converting them into a machine-
readable form is referred as knowledge acquisition. The knowledge may come from various

sources such as human minds, books, research findings and other reliable sources.

Knowledge Engineer
Knowledge Engineer is the person responsible for acquiring knowledge and coding it into a

knowledge base in machine-readable form.
User

User is the person who uses the expert system. It is assumed that a typical user is an owner of

a farm who wants to choose an optimal crop for his/her farm unit.
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