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Local knowledge and knowledge–based systems approach

There is general consensus among development people about the recognition and use of local knowledge and practices in development initiatives aimed at technology development by and for rural farming communities. Interest amongst research, education and development institutions to investigate and document local knowledge has grown significantly over the last few years.

The University of Wales, Bangor is a leading institution in the development of a knowledge-based systems (KBS) methodology to acquire and use local knowledge in research and development. The university spearheaded the development of this novel approach to acquire, store and use local ecological knowledge about agro-ecosystems in collaboration with various national and international research institutions in Asia, Africa and Latin America. It promotes systematic collection and collation of ecological knowledge from farmers and development professionals. The Agro-ecological Knowledge Toolkit (AKT) is a tailor-made computer software that enables representation of statements of knowledge in a computer readable form which allows exploration of local ecological knowledge using computer based search and reasoning facilities.

Work so far has revealed that farmers in general have sophisticated knowledge of ecological processes occurring in the farming systems and that the local knowledge is largely complementary to scientific knowledge, but is not taken into account when planning research. While knowledge differs to some extent between communities, a common framework and terminology occur across large distances.

1 The Agro-ecological Knowledge Toolkit (AKT5)

1.1 What is AKT?

AKT is a methodology and software that enables the user to create a knowledge base about a chosen topic e.g. soil fertility management or vegetable pests by collating knowledge from a variety of sources (generally farmers, scientists, extension workers and scientific literature). So far, it has been used primarily as an analytical research tool. However knowledge stored in this way can also be consulted by natural resource scientists and development workers.

For more information on the methodology for eliciting knowledge from stratified sectors of the population using iterative semi-structured interviews see Dixon et al., 2001; Sinclair and Walker, 1998 and Walker and Sinclair, 1998)

1.2 What is a knowledge base?

A knowledge base is a store of knowledge. It consists, fundamentally, of a collection of statements. Each statement is tagged (referenced) with the source of the knowledge (which is generally either a person or a document). 

Knowledge that is stored in this way is organised according to a number of principles:

· Topics arrange knowledge around specific subject areas e.g. ‘weed management’, ‘soil fertility indicators’. Topic hierarchies gather similar topics under broader areas e.g. ‘weed management’ and ‘grass weeds’ both fall under the more general topic of ‘weeds’.

· Object hierarchies organize knowledge about specific objects (material or conceptual things) under more generic terms e.g. Triplochiton scleroxylon, Milicia excelsa and Ceiba pentandra are all types of tree and would therefore fall under the more general object ‘trees’. 

2 Consulting knowledge bases

Local knowledge can help researchers and development workers to explain the rationale behind farmers’ actions and can contribute to making more effective decisions developing appropriate solutions to development problems. Knowledge bases can be consulted in 5 main ways:

· by viewing sets of statements that fall under specific topics

· by performing a search for particular terms (words)

· by representing statements on a diagram and using these to investigate causal processes

· by using customized tools (small sub-routines supplied with AKT that interrogate and reason with the knowledge base)

3 The context: coffee based agroforestry system in sumberjaya, west lampung

Farmers in Sumberjaya village are well aware of the forest clearance and they relate this to the on-going problems of soil erosion and decline in water quality and quantity. Farmers practice some conservation techniques such as bench terraces and sediment pits in their coffee gardens and paddy fields. These conservation practices are understood by farmers to reduce soil degradation and improve overall soil productivity. A range of farmer innovations can be encountered in the coffee system in Sumberjaya (Agus et al., 2002) with different degrees of efficiency. While development and adaptation of these innovations, it is reasonable to assume that farmers have gathered knowledge and underlying principles related to soil and water conservation.

Exploration and documentation of LEK among farmers in Sumberjaya were conducted in two phases. The KBS approach for acquiring and representing LEK, developed by the University of Wales, Bangor (Dixon et al., 2001) was adopted. The first phase, conducted by a pair of students (Mike and Risdiayanto) explored farmers’ LEK about soil erosion and associated issues at the plot level. This was then used as a basis for extending (by Wim and Endy) to look at the landscape level understanding of farmers in Sumberjaya. The two knowledge bases developed previously were recently combined to form a more comprehensive knowledge base (sumber.kb).

The combined knowledge base contains over 800 knowledge statements that may be grouped under various topics:

· Forest function and the effect from land using change and land clearing

· Cultivation methods 

· Concept of soil was used by farmer

· Flooding and erosion potential

· Tree species and the function

· Water quality

4 HOW TO ACCESS INFORMATION IN THE KNOWLEDGE BASE

The following section is a guide to help a user explore the content of the knowledge base – sumber.kb. 

4.1 A sight-seeing tour of sumber.kb

Getting started:

· If not already done, install AKT5 software in computer. Please note memory requirements.

· Load the AKT5 software in the computer through the automatically created short-cut (link) under the “Programs” or “Program Files” menu in windows with default memory parameters.

· Load the sumber.kb by selecting KB from menu at the top left hand side of the page and choosing Open KB.

Some basic information about the knowledge base is provided in the ‘Welcome’ window. ‘Further details’ button leads to additional information. Pictures or diagrams associated with the knowledge base can also be viewed. 

4.1.1 Welcome Dialog Box

Read the Welcome dialog box, to get an idea of what the knowledge base is about. Press Further Details to find out more about where, when and how the knowledge base was made. Click on Picture/Diagrams. Read the text at the top and then view each picture by selecting it from the list, and then clicking on Select. When you have finished with each picture or diagram click on the X at the top right to close it. Click on Close to return to the welcome screen. 

Then, click the Topics button.

4.1.2 Topic hierarchies

Topics reflect the subject areas of knowledge in the knowledge base and how the information may be organised. An example of a topic is ‘cultivation method’. 

In topic hierarchies information about specific subject areas e.g.  ‘furrow in coffee garden’ and ‘terracing’, are arranged under a more general subject area e.g. ‘cultivation method’.

On the left you can see a list of the topic hierarchies in the knowledge base. Highlight ‘forest’. On the right you will see a column containing a list of all the topics in this topic hierarchy, to the right of this you will see ‘forest’ highlighted in blue and immediately below all the subtopics under it. Click on View Tree and scroll down the page. This shows you the full topic hierarchy. Click on Close.

Press Close in both dialog boxes to return to the Welcome Memo and close again to arrive at the main menu. 

4.1.2.1 Sources

Go to the main menu (top left) and select KB     Sources…
Sources tell you the source of information represented in a unitary statement. Every statement must be associated with at least one source. The source can be either a person (e.g. farmer or researcher interviewed or consulted) any document (e.g. a journal article). In the sumber.kb knowledge base, knowledge from farmers are represented.

On the left is a list of all sources recorded in the knowledge base. Let us look at one source more closely. Highlight the name ‘Pak Aki Ili Simpang Sari 2002a’ and press Details. A dialog box appears giving you the short and full names gender of the interviewee, date of interview and name of interviewer. Pressing Memo will show further details of the interviewee. Press Close on all three sub-windows. 

4.1.2.2 Topics

From the main menu and select KB    Topics…
This shows a list of all topics in the knowledge base. Highlight ‘All about soils’ and press Details/Edit button. Below the name of the topic are the key words used to define the topic - 'Black soil' or 'Loose soils' or 'Red soil' or 'Soil reduction in paddy field' or structure or consistency or texture or 'Sticky or hard soils' or 'Swamp soils' or 'Yellow soil'. Click on Show use in statements at the bottom of dialog box and a list of all statements in the knowledge base associated with these topics will show. 

Most knowledge in the knowledge base are represented as single statements of fact – these are the basic units of the knowledge base and are referred to as Unitary Statements. There are four possible types of unitary statement. Attribute statements tell about the properties (attributes) of some object or process or action – they are descriptive. Causal statements represent information about cause-effect relationships. Comparison statements compare the properties of two things. Link statements represent knowledge of relationship between two objects other than causal. 

4.1.2.3 Object Hierarchies

From the main menu select KB   Object Hierarchies…

Objects are either physical materials (insect, tree, pesticide) or conceptual items (e.g. system, policy and household). An object hierarchy is an organised list of items reflecting …is a type of… relationship. For example, avocado, duku, banana are all types of ‘fruit_tree’ and can be organised to appear under the object ‘fruit_tree’. In this case avocado, duku and banana are called sub-objects of the object ‘fruit_tree’. Any item above an object such as ‘tree’ (above ‘fruit_tree’) is referred to as a super-object.

The list on the left is the list of object hierarchies in the knowledge base. Highlight ‘trees’. The middle field on the right shows the highlighted object, the top field contains all super-objects and the bottom field contains all sub-objects of the highlighted object. 

Click in View Tree  and scroll down the page if necessary. This shows you the hierarchy in a pictorial form. Click on Close. Select ‘dadap’ in the Objects in Hierarchy list. You will see that it now appears in the object box with ‘tree’ specified as the super-object above it and a list of trees as subobjects below it. Now close all dialog boxes.

4.1.2.4 Formal Terms

Go to the main menu and select KB    Formal Terms…

Formal terms are the basic elements or terms for building unitary statements. They can be of five types:

Objects (physical or conceptual items) – e.g. tree, mango, household, policy

Processes – natural events – e.g. erosion, germination, growth

Actions – human interventions – e.g. harvesting, planting, weeding

Attributes – property terms – e.g. colour, height, speed, weight 

Values – measures of attribute terms – e.g. red, tall, high, low, increase, decrease, ‘5_kg’

Press downward arrow on ‘Type’ next to the word ‘all’ to see the different types of formal terms. Select Objects. All in the objects in the knowledge base are now listed. Scroll down to get an idea of the objects in the knowledge base. Highlight ‘sonokeling’ and press Details. This tells you what sonokeling – Dalbergia spp.

Press Show use in hierarchies. You will see that sonokeling appears in one hierarchy – tree. Press OK.
Press Show use in statements to see the relevant statements. 

4.1.2.5 Boolean Search

Go to the main menu (top left). Select KB    Boolean Search…

Go to Display KB terms of type and click on the pull down menu to select ‘attribute’. Select ‘availability’. Press Details to see the terms details and then press close in the Formal Term Details dialog box.

Now press select and ‘availability’ will appear in the Boolean Search String at the bottom of the dialog box. Then press the AND button. Highlight ‘water’ and press Select once more. Press Search. Statements containing both availability and water will appear. The Boolean operators ‘and’, ‘or’, ‘not’ can combined to restrict or expand the search.

4.1.2.6 Introduction to diagrams

From the Boolean search window, select ‘forest’ (or type ‘forest’ in the space under ‘Boolean Search String’) and click Search. When you get a list of statements, click ‘All Statements’ at the bottom to produce a diagram of the statements.

Diagrams are a way of representing statements. However, only causal and link statements can be represented on a diagram. One statement is represented by two nodes (a rectangular or oval box) connected by an arrow. The boxes are colour coded – yellow rectangle for object, blue rectangle with round corners for action, green oval for process, and black rectangle for all attributes of object, process or action.

Press the Label Mode button twice. This gives you the statements written on the diagram in full. You can make the statements more legible by dragging the nodes across the screen to separate them out. Alternatively, you can drag the statements themselves around the screen. 

Turn the label mode off by clicking once more on Label Mode. Click the Navigate button on the right once and then click the node, ‘soil fertility’. This should add more nodes and links associated with the soil fertility node. [The overlapping nodes need to be moved to make the diagram readable.] ‘Soil fertility’ node will be highlighted in green and some additional nodes will appear connected to it. Carefully drag sideways all new nodes to reveal any further nodes underneath (by pressing the left hand mouse button over the node and dragging the node away). Click the Navigate button again and click in one of the new nodes.

Go to the main menu (top left hand corner) and select Diagram        Hide Diagrams
4.1.2.7 Tools for automated reasoning tasks

The ‘tools’ are instructions written in AKT5 language and when implemented these perform one or a series of tasks. ‘Tools’ in AKT5 are analogous to macros in word processors or spreadsheet applications or subroutines for various tests in statistics applications. Although many useful tools called System Tools come with AKT5, a knowledge base developer and users with some experience can develop their own User Tools. These tools are implemented to process, analyse, and compare knowledge statements in a knowledge base in a much powerful manner than otherwise possible using simple Boolean search operation. This feature allows the use of exploration of the content of a knowledge base using the artificial intelligence features in computer technology.

Tools that come with the software are stored with the application while those developed by users are stored in separate files. From the Tools menu, select Tools   Load Tool File and select example.mcr from the list. A list of tools available in the file will show up. Highlighting a tool and clicking Description button will show what the description of the tool.

Just to illustrate the tools feature, let us compare knowledge between groups of people from different locations. Select the tool group_comparison_lj from the list and Run it. Select location  as the criterion for grouping sources for comparison and click OK. Select Rigis Jaya and then Simpang Sari (these are names of villages from where the key informants come). Shortly after, a list of formal phrases that are commonly found between the two groups (villages in this example) should appear. In other words, the commands in the tool collect knowledge from different groups and simply compares common and unique knowledge statements. It requires some practice to understand the mechanics of developing and running tools as well as to interpret the output. So do not worry if the tools feature does not make much sense at this preliminary stage.

5 HIGHLIGHTS OF SUMBER.KB KNOWLEDGE BASE 

5.1 Forest: Forest Clearing and Forest Function

Land use change from dense forest to agricultural systems (coffee gardens or irrigated paddy fields) is seen by farmers as the main cause of soil erosion problems and the landslides. Residues of applied agrochemicals from cultivated land leach into the river water. This coupled with the increased turbidity of river water decreased the quality of water making it less suitable for drinking and washing. Although farmers are aware of the causal factors of forest clearance, the activity continues. This is partly due to an increasing demand for land for growing coffee and paddy in the area. Farmers are in general aware of the importance of forests for soil conservation.

Let us explore the knowledge base to see what farmers know about forest. Using the Boolean search feature, perform a search on forest. Statements such as shown below are produced:

20:  the possibility of land_use_change forest kebun is high if irrigation system is good

132: land gradient is more_than_70_degree causes  the possibility of land_use_change forest kebun is high

230: clearing of forest causes  the organic_content of soil is high

231: burning of forest causes  the organic_content of soil is high

232: land_use_change forest land causes  the fertility of soil is high if time moment is less_than_three_years_after_exchange

242: land_use_change forest kebun causes tree presence is no if time moment is right_after_change

295:  a decrease in availability of land causes  an increase in amount of land_use_change forest kebun

340: land_use_change forest kebun causes  an increase in turbidity of water

367: land_use_change forest kebun causes  the organic_content of soil is high

473: forest location is on_riverbanks causes  an increase in amount of infiltration of rainwater

492: land_use_change forest kebun causes  an increase in pesticide_content of river_water

562: forest location is on_riverbanks causes  the amount of erosion of riverbanks is low

578: land_use_change forest kebun causes  the fertility of soil is high if time moment is less_than_three_years_after_exchange

579: land_use_change forest kebun causes  an increase in fertility of soil

581: forest location is on_riverbanks causes  a decrease in occurence of landslide

582: forest location is on_riverbanks causes  an increase in supply of river_water

693: forest location is on_riverbanks causes  the turbidity of river_water is low

699: land_use_change forest kebun causes  a decrease in presence of forest_cover

759:  an increase in amount of clearing of forest causes  a decrease in presence of forest_cover

5.2 Cultivation Methods

Farmers developed a wide range of cultivation methods in order to reduce loss of soil and avoid decreasing soil fertility as an output from erosion and thus to maintain high production. Soil erosion can be reduced by conservation practices. Impact of raindrops on soil, rainwater infiltration and balance between sub-soil water flow and surface runoff, the ‘dissolving’ of soil particles and the retention of water and soil are articulated by farmers. Farmers distinguish terracing, planting shade tree or cover crops, constructing furrows, ridges (gulud) and composting holes (lubang angin), weeding action, as good ways to reduce surface erosion. 

Try extracting information using key words that may be appropriate for the purpose.

5.3 Terracing

Terrace presence in coffee gardens, paddy field or vegetable gardens can reduce soil erosion particularly on steep slopes. The role of terraces in reducing soil erosion and stabilising coffee plants is common knowledge in the district. Simple terraces between rows of coffee are the most common in the area. Terraces derived from converted paddy fields, bench terraces (terrace bangku), natural vegetative strip terraces are widely practised.

The following is tabulated information contained in the knowledge about terraces.

	Terrace Type
	Typology and Function

	Bench Terrace (Teras Bangku)
	Horizontal

Converted rice terrace

Height of bank between 50 cm – 1 m 

	Terrace (Teras)
	Platform running along contour between rows of coffee

	Strip weed terrace (Teras berumput)
	Strip of weeds left on terrace face to stabilize soil during terrace construction. 

Weed strip function is also to filter water runoff.

	Drain Terrace (Siring)
	Trench dug on edge of terrace.

Reducing rate of runoff water

Trench can trap organic matter.

	Ridge (Gulud)
	Low ridges constructed along contour between rows of coffee

Restrain organic matter 

Decreasing rate of runoff of water

Can be a place for planting chilly and other vegetables between rows of coffee.


5.4 Soil Types

Farmers use different criteria to distinguish between soil types in terms of suitability for crops and potential for productivity. Concept of ‘cool’ soil and ‘hot’ soil is widespread. Cool soil is more fertile with higher humid content and can retain more water and therefore considered better compared to hot soils. 

Following are statements in the knowledge base about cold soil:

157:  the temperature of topsoil is high causes cold_soil presence is yes if  the temperature of subsoil is low

161:  the humidity of topsoil is low causes cold_soil presence is yes if  the humidity of subsoil is high

162: cold_soil presence is yes causes  the amount of retention of water is high

261: cold_soil presence is yes causes  the fertility of soil is high

Colour and structure of soil were used as the main criteria to classify soils -  black soil, yellow soil, and white soil. Texture and consistency of soil indicates the soil structure. Farmers usually uses soil attributes – such as gembur (loose), lembut (soft), keras (hard), lengket (sticky), liat (clayey) and padat (compact) to describe their soil.

Table of Farmers’ knowledge about soil types and the suitability for cropping

Type of Soil
Black Soil
Red Soil
Yellow Soil

Colour
Black
Red/Yellowish
Yellow

Organic matter content
High
Average
Low

Nutrient content
High
Average
Low

Iron content
Low
High
High

Fertility
High
Average
Low

Location
Surface (top soil)
Second layer (sub soil)
Sub soil

Another example of farmer knowledge about black soil and red soil related to suitability for their crops is tabulated below.
	Type of soil
	Structure
	Suitability for coffee
	Suitability for paddy
	Paddy Rice taste
	Erodibility
	Fertilizer requirement

	Black Soil
	Loose
	***
	***
	**
	***
	*

	
	Sandy
	**
	**
	
	*
	**

	
	Hard or sticky
	*
	*
	
	*
	**

	Red Soil
	Loose
	**
	***
	***
	***
	**

	
	Sandy
	*
	**
	
	**
	**

	
	Sticky/hard
	*
	*
	
	*
	***


Note: *** high, ** medium and *low.

Statements related:

125: red_soil texture is sandy causes red_soil erodibility is medium

131: red_soil structure is sticky causes  the suitability_for_coffee of red_soil is low

133: red_soil structure is sticky causes  the suitability_for_sawah of red_soil is low

146: red_soil structure is sticky causes  the erodibility of red_soil is low

147: red_soil structure is loose causes  the erodibility of red_soil is high

163: red_soil structure is loose causes  the suitability_for_coffee of red_soil is high

165: red_soil structure is loose causes  the suitability_for_sawah of red_soil is high

175: black_soil structure is hard causes  the suitability_for_coffee of black_soil is low

177: black_soil texture is sandy causes black_soil suitability_for_sawah is medium

178: black_soil texture is sandy causes black_soil suitability_for_coffee is medium

179: black_soil structure is loose causes  the suitability_for_sawah of black_soil is high

228: red_soil structure is soft causes shrub presence is yes

266: red_soil structure is sandy causes red_soil suitability_for_sawah is medium

316: black_soil structure is loose causes  the erodibility of black_soil is high

317: black_soil texture is sandy causes  the erodibility of black_soil is low

318: black_soil structure is hard causes  the fertility of black_soil is low

415: black_soil structure is loose causes  the suitability_for_sawah of black_soil is high

506: black_soil structure is loose causes  the suitability_for_coffee of black_soil is high

533: black_soil texture is sandy causes coffee taste is less_good if black_soil location is in_kebun

534: red_soil structure is loose causes coffee taste is good if red_soil location is in_kebun

535: red_soil structure is loose causes  an increase in size of coffee bean  if red_soil location is in_kebun

536: black_soil structure is loose causes paddy taste is less_good if black_soil location is in_sawah

537: red_soil structure is loose causes paddy taste is good if red_soil location is in_sawah

798: red_soil structure is sticky causes  an increase in requirement of fertilizer

799: application dolomite red_soil causes red_soil structure is loose

5.5 Flooding and Erosion

According to farmers, floods increase with intense rainfall in absence of mountain cover, and increase a direct and fast flow of rainwater into the paddy fields or small rivers that are incapable of transporting this abundance of water in a short time. Heavy rains and the enormous flow of water in the floods carry a lot of soil particles, sand grains and even stones. Water turbidity is very high during floods. 

The following diagram is a representation of farmers’ understanding of river flooding.
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Erosion mostly occurs on steep slopes and its intensity increases with steepness. Land covered with vegetation is less prone to erosion as rainwater does not directly hit the soil. Rainwater is intercepted by the vegetation and this protects soil from being taken away by the rainwater. Intensity of soil erosion is also higher if soil is loose. Water easily infiltrates into loose soil and easily takes soil particles away. Compact (hard) soil is less porous and both erosion and leaching is less in such soils.

The following diagram represents farmer understanding of erosion process and factors that determine intensity of erosion.
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5.6 Multi-strata coffee system 

Trees in coffee gardens are seen as ‘protectors’ of soil from erosion, producers of organic matter (humus), pumps for transporting nutrients from deep soil to the surface, agents for water preservation while retarding weed growth. Example species in the multi-strata coffee gardens are given in the table below.

Species of tree cultivated in coffee garden

	Type of tree
	Tree 
	Species name
	Other functions

	Fruit Tree
	Avocado
	Persea americana
	

	
	Banana
	Musa Paradisiaca
	

	
	Duku
	Lansium domesticum
	

	
	Durian
	Durio zibethinus
	

	
	Jengkol
	Archidendron pauciflorum
	

	
	Mangga
	Mengifera spp.
	

	
	Rambutan
	Nephelium lappaceum
	

	
	Nangka
	Artocarpus heterophyllus
	

	Shade tree
	Dadap
	Erythrina spp
	Pepper trellis

	
	Kayu hujan
	Gliricida sepium
	Pepper trellis

	
	Sengon laut
	Paraserianthes falcataria
	

	
	Kapuk
	Ceiba pentandra
	

	
	Petai cina, lamtoro
	Leucaena leucocephala
	Pepper trellis

	Timber and firewood tree
	Sonokeling
	Dalbergia spp
	

	
	Mahogany
	Swietenia mahogani
	

	
	Damar 
	Shorea javanica
	Resin 

	
	Jati/Teak
	Tectona grandis
	

	
	Pohon Afrika
	Maesopsis eminii
	


Good shade trees are characterized by their density crown that provides good shade to coffee plants. Besides this, root characteristics and leaf litter produced are considered important for the overall production of coffee. Nitrogen fixing, non-competitive roots are perceived as beneficial for surrounding coffee plants. Retention of leaves during the dry season is also an important characteristic as shading during this period is considered crucial than in the wet season.

322: shade_tree presence is no causes coffee leaf  colour is yellow if time season is dry

323: shade_tree presence is yes causes coffee fruit  size is big

354: shade_tree presence is no causes coffee leaf  colour is red if time season is dry

553:  the competitiveness of shade_tree is high causes  a decrease in rate of growth of coffee if shade_tree location is in_kebun

717: shade_tree presence is yes causes coffee leaf  colour is green if time season is dry

769:  a decrease in presence of shade_tree causes  a decrease in amount of coffee fruit  if time season is dry

Shade tress have a role in reducing soil erosion:

206: shade_tree presence is on_bare_soil causes  a decrease in amount of erosion of soil

226: shade_tree presence is in_kebun causes  a decrease in amount of erosion of soil

496:  rain  causes  an increase in amount of erosion of soil if shade_tree presence is no and land gradient is steep
5.7 Quality of Water

The most widely recognized aspect of water quality problem is its turbidity. Water is turbid if it contains suspended soil particles such as organic matter, garbage, litter, mud and dirt. However, people also report on the residues of pesticides from coffee gardens or paddy fields in the river water. The effect of this is the death of fish in the river. 

Water turbidity may be reduced by sedimentation in some places while such turbid water can also be ‘filtered’ by shrubs, bushes and vegetation. Turbid water is considered unsuitable drinking and in some cases also not suitable for washing. 

Diagram showing aspects of water quality.
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A comprehensive knowledge base on water quality has been developed based on interviews with farmers in Sumberjaya. This will be available soon.
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