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ABSTRACT

Developing fertilizer recommendations based on the results of soil analysis is

recognized as a standard practice in horticultural crops. Tile manual process requires expert

lmowledge and can be tedious and time consuming. This t11esis reports the results of research

undertaken to develop an expert system for making fertilizer recommendations. Study

objectives were to explore and describe methods for the in1plementation of the interpretation

model and the generation of fertilizer recommendations using a user interface that is higilly

interactive and effective as well as demonstrating the commercial feasibility of such a system.

Incremental prototype development occurred both in the DOS and Windows environment, with

the Windows version being more commercially acceptable and maintainable than the DOS

versio11. The review of the prototypes by a small team of domain experts proved to be a

successful method for iterating through the prototype development system life cycle. At the core

of the system is a knowledge base maintained in tabular format and a linear model whicl1

resolves an optimum fertilizer recommendation solution that meets certain goals while

satisfying a set of constraints. The provision of mixed initiative dialogues that support user

exploration of the solution space using the results from the linear model is also reported. Pilot

conlll1ercialization through a jointly funded project by the co-operating fertilizer company,

Incitec and tIle Horticultural Research and Development Corporation was successfully

llndertaken and full commercialization is being ftlnded fully by Incitec. Results from this stlldy

indicated that the system developed was commercially acceptable as a delivery platform for

fertilizer recommendations.
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CHAPTER 1

1. INTRODUCTION

Chemical soil allalysis has been available as a tool in crop agronomy for SaIne years.

Soil samples are taken in the appropriate manner and tin1e, then dispatclled to a commercial

laboratory for chemical analysis. The results indicate the level of a range ofplant nutrients in tIle

soil as well as several other soil physical factors which affect plant nutrition. While some of this

information is directly useful to a grower, a complete understanding of the implications of t11e

various results, their relative importance and their interactions require detailed knovvledge of

soil science and pla11t nutrition.

To provide a meaningful service to growers, it is necessary for the analysis results to be

interpreted by plant nutritionists who prepare fertilizer reconunendations based upon their

interpretation.

To do this the plant nutritionist assesses the analysis data by comparing it with standards vvhich

indicate the relative levels of plant nutrients in the analysis. Further, the plant nutritionist must

assess the influence of other factors such as soil pH, electrical conductivity and buffering

capacity, and account for complex interactions which occur bet\veen plant nutrients and be

aware of the effects of various fertilizers on these plant nlltrient interactions.
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The task is complex and to be done reliably requires a significant llnderstanding of plant

nutrition and soil cllenlistry. Despite this the standards and nutritional knowledge are well

documented and the nutritionist does not have to rely on intllition. The process is a perfect

candidate to be handled by a computerized advisory or expert system.

Expert systems are a branch of artificial intelligence; allowing knowledge to be applied to

situations with either deep or broad reasoning requirements. Witll the widespread use of

personal computers they provide an efficient means of commercial knowledge delivery not

equaled in history. This field of computer science is relatively new and still developing.

Published efforts have shown that it is possible to produce agricultural expert systelTIS that can

be used in real situations.

The objective of th.e study described in this paper was to investigate issues associated with the

building of a commercial agricultural expert system for the development of fertilizer

recommendations based on soil analysis. In particular it was iI1tended to develop a systen1 that

allowed tIle user considerable flexibility in the way the knowledge was applied to the problem

at hand.

Various areas of interest addressed in the study are as follows.

There are examples of very narrow domain agricultural expert systems in the literatllre and

semi-commercial use but few fully commercial examples. The question arises as to why t11is is

so. How hard is it to satisfy the 'knowledge / decision making' needs of agricultural decision
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makers? Are the cOllstraints in knowledge description, situation description (data elltry), user

interface or the narrowness of the domain being too restrictive in the applied context?

Of particular interest in tllis study is the construction and delivery of a systenl broad enough to

deliver knowledge on all plant nutrients commercially tested - that is the breadth of domain in

this study must at least equal that of the commercial soil testing services. A system that only

made recolnmendations all part of the soil aJ.lalysis, while being useful, would not totally fllifill

a clients needs. Is this objective vvithin the reach of current expert systems teclmology and if 110t

where are the constraints?

Additionally, viewing plant nutritionists undertaking the process of making fertilizer

recommendation from soil analyses using the Cllrrent manual method, shows that tilere is no one

correct final outcome or for that matter, a single correct route tlrrough tIle exploration space of

the domain. Several correct alternatives exist at several key points tlrrougil the process. Can tIle

proposed system in this study cope with SUCll flexibility and how might the model of variable

domain navigation be implemented? \Vhat controls must the system have in place to allow the

user such a degree of freedom of navigation in the system but maintaining an acceptable level of

precision in the final fertilizer recommendation.?

The concerns listed above suggest that nvo key points in the construction of the system will be

efficient knowledge structures that not only model the basic crop nutrition knowledge but also

model broader domain interactions, and an acceptable user i11terface that allows tIle llser to

navigate the domain exploration space in a controlled but flexible manner while providing non

aggressive feedback on the progress tovvards a fertilizer recommendation.
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Finally, the manual process is computationally intensive. Many calculations are l11ade and

compromises on final outcomes are balanced off against one and otller to arrive at a fertilizer

recommendation t11at is suited to the sitllation. Will expert systelTIS tecru1010gy be able to

implement the multitude of calculations and algoritluns as efficiently as more traditional

computer languages more tuned to the task? Expert system developn1ent environments appear

to be adept at handling heuristic knowledge and generic domain rules but will they be capable

of intensive mathematical modeling as well?

The chapters that follow contain a revievv of relevant research, tIle objectives of the research

project, a description of tIle development of tIle conunercial system and its underlying design

and implementation, aJ.ld the conclusions that can be drawn from this research. Appendix 1 is all

overview of the process of making fertilizer reconunendations based on soil analysis results;

Appendix 2 is an extract from Incitec's "Soil Analysis Guide"; Appendix 3 is an extract frolll

Incitec's "Fertilizer Choice Guide"; Appendix 4 is an extract from Incitec's "Fertilizer

Reconunendations Guide"; Appendix 5 is a collection of screen captures from a sample session

in the DOS prototype; Appendix 6 is a collection of screen captures from a sample session in

the Windows prototype; and Appendix 7 is a copy of the successful proposal for funding of the

commercialisation of SADr to the HRDC and Incitec.

Previous publications arising from this research are Fullelove (1990); Fullelove (1991);

Fullelove and Smith (1992); Fullelove and Smith (1993); Fullelove (1993) and Fullelove

(1993a).
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CHAPTER 2

2. LITERATURE REVIEW - Knowledge Based Systems in Agriculture

2.1 Summary

TIle essential elements of expert systems and tl1eir potential applications in agricultllre,

particularly in fertilizer management, are explored. Suitable candidate areas identified are pest,

weed and disease identification and management, crop selection and rotation, fertilizer program

selection, irrigation scheduling, machinery management and selection, and integrated crop

managelnent. Some of the major constraints in expert system development are discussed.

Constraints of finding practical ways of factoring into a fertilizer decision the subjective

parameters of risk, timeliness, efficiency, weather, and adaptability are difficult to resolve.

Tools for building expert systems are becoming more available, especially for personal

computer based systems. This will encourage agricl11turists to explore expert syste111S for

technology transfer, information dissemination and training purposes. The process of bllilding

an agricultural expert system can itself serve as a powerful analytical tool which helps workers

to identify gaps in infonnation and ways to resolve problems.

2.2 Introduction

The reality of agricultural production is of managers making decisions. Managers mllst

decide what to do once a particular question or problem has been defined. This might involve

determining what options are available and then integrating the available and relevant
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knowledge and information to evaluate likely outcomes of tIle options. Tl1e option best meeting

the needs of the decision-nlaker is then implemented. This process of Inaking decisions may be

conducted formally or informally and with varying degrees of rigor, depending on tIle tinle

available and other factors including the personal style of the decision-111al(er.

Computer technology is undergoing a revolution. A generation of systems that can mimic the

decision-making powers of human beings, grollped under tIle banner of artificial

intelligence (AI), offers new and exciting possibilities in many areas of science, bllsiness alld

management. III agriculture, computers are rapidly becoming integrated components in

production systems. A great deal of compllter llse now concentrates on automating data

collection and analysis, map drawing, irrigation control, agricultural information systems,

database management and research.

From an historical view point, agricultural entomologists began using cOlnpllters as early as tIle

1960's for spray schedllling (Watt, 1961), population modeling (\Vatt, 1962; Ruesink, 1976),

exploring control strategies (Shoemaker, 1973; Conway eta!., 1975). More recently, in the same

agricultural discipline, computers are being utilized in pest management delivery systems

(Welch, 1984) and decision support systems (DSS) (Rykiel et.a!. , 1984) designed to enhance

decision making. Although DSS have the advantage of allowing decision makers to utilize data

and n10dels to solve problems, the output of these systems still requires interpretation by the

user (Coulson and Saunders, 1987). Such is the case in Fenster et.a!' (1973) where a

computerized soil test report (see figure 2.1) details the elemental nutrient requirements of a

corn crop, but still requires the reader/grower to convert these figures into a fertilizer progran1.
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Sofuvare systems that can mimic human reasoning in interpreting data are called expert systems

and offer ne\v frontiers to many areas of agricultllral research, including formulating fertilizer

recommendations.

In this revie\v the author examines material relevant to the development of an expert system for

making fertilizer recommendations based on soil analysis dar::L Development teclmiques,

kno\vledge representation, user interface design and system dialogues in particular are explored.
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Software systems that can mimic human reasoning in interpreting data are called expert systems

and offer new frontiers to many areas of agricultural research, including formulating fertilizer

recommendations.

In this review the author examines material relevant to the development of an expert system for

making fertilizer recommendations based on soil analysis data. Development techniques,

knowledge representation, user interface design and system dialogues in particular are explored.
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2.3 Expert Systems in Agriculture

2.3.1 Overview

AgriclI1ture is an area of great potential for applications involving knowledge based

systems. Expert systems are a valuable tool to handle practical problen1s affecting agricultllre.

Several authors expounded the virtues and uses that could be made of expert systems i11

agriculture (Gaultney, 1985; McKinion and Lemmon, 1985; Huggins et.aI., 1986) before many

examples became available. The range of uses that Gaultney (1985) foreshadowed are listed in

Table 2.1. Note that soil test interpretation falls into the "interpretation" category while fertilizer

program selection falls into the "multiple or combined" category.
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Table 2.1 Possible applicatioll areas for expert systems in agriculture
(from: Gaultney, 1985).
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Problem Type Possible Application for Expert Systems in Area

Interpretation insect pest identification
broadleaf weed identi fication
crop nutrient deficiency identification
tree identification
grass identification
soil test interpretation
grain quality assessment
crop marketing analysis

Diagnosis crop disease identification
animal disease diagnosis
farm equipment troubleshooting
electrical system troubleshooting
crop drying system troubleshooting
machinery system assessment
hydraulic system troubleshooting
chemical toxicity identification in plants
chemical toxicity identification in animals

Synthesis machinery selection and matching
mach inery scheduling
grain marketing planning
fannstead facilities layout
crop selection (type and variety)
irrigation scheduling
harvest scheduling
grain drying system configuration
anin1al feed allocation
design of waste management systems
animal housing design
pest control strategies

Multiple or Combined problem Type herbicide selection
fertilizer program selection
herbicide application (rates, timing, etc.)
specialty crop production
automatic feeder control
crop production tutorials
short-term weather prediction
combine performance monitoring
runoff and flood prediction
hydraulic system repair
monitoring feed processing systems
snow and wind load prediction
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McKilmion and Lemmon (1985, p.31) went a step further and reported:

"The prime targets for tIle development of expert systems applications in

agriculture are the narro\vly defined subject areas which have experts available

for solving problems. All commercial crop prodllction systelTIS i11 existence

today are potential candidates for expert systems. These expert systems WOllld

take the form of integrated crop management decision aids which would

encompass irrigation, nutritional problems and fertilization, weed control

cultivation and herbicide application, and insect control and insecticide and/or

nematicide application. Additional subject areas of potential are plant pathology,

salinity management, crop breeding, animal pathology, and animal herd

management. "

Huggins et.a!' (1986, p.21) reported:

"The unique strength of expert systems is their ability to effectively integrate

numeric, judgmental or preferential, and uncertain information in rational ways.

Such power is important to provide the level of sophistication reqllired by the

biologically based, weather influenced systems which typify agriculture.

The first fann applications for expert systelTIS will be as decision SlIpport

systems. Initial systems will deal with narrow domains. Examples include

diagnosing plant or animal diseases and helping to develop complex marketing

strategies. Future systems will enable more 'integrated' n1anagement for pests,

animal production and crop production."
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Both groups of opinion have been proven correct with examples of narrow-dolnain expert

systems and broad-domaill crop integration expert systems being published. Table 2.2 lists

examples of narrow-domain agricultural expert systems.

Table 2.2 Examples of narro\v-domain agricltltural expert systems.

Product / Status Implementation / Area of Expertise Reference
Architecture

PEST (prototype) Rule-based. Provides advice about the Pasqual, G.M. and
Implemented in LPA identification and control of Mansfield, J. (1988)
MacProlog using the insect pests of field crops in
University of Edinburgh Western Australia.
standard on a Macintosh
Plus microcomputer.

GypsEX Simulation model as well as Provides knowledge-based Foster, M.A. et.a!. (1991)
(prototype) rule-based. decision support for two

hnplemented in PennShelI aspects of aerial application
on a Macintosh of pesticides against gypsy
microcomputer. moth: calibration and spray

timing.

CHES Table driven. Aids the appropriate Coulston, E. et.a!' (1991)
(commercial) Implemented in LPA selection of herbicides for

Prolog on a PC weed control in sugar cane
microcomputer. in Australia.

LUPEST Rule-based. A pest management system Bishop, A. et.a!. (1992)
(prototype) Implemented in the for lucerne in New South

Advisor-2 consultation Wales.
shell on a PC
microcomputer.

LUCVAR Rule-based. Helps determine the Lodge, G.M. and
(prototype) Implemented in the ESP appropriate lucerne variety Frecker, T.e. (1989)

Advisor shell on a PC or varieties for a given
microcomputer. situation in New South

Wales.

SOYHERB Data base system. Developed to assist people Renner, K.A. and
(commercial) Implemented in Turbo in detennining herbicide Black, lR.(1991)

Pascal 5.0 on a PC options for soybean
microcomputer. production.
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Table 2.2 continued...

Sprout-Doctor Rule-based. AiIns to diagnose all Parker, C. and Scaife, A.
(Prototype) IInplemented in Crystal disorders, pests, and (1990)

shell on a PC diseases of Brussels Sprouts
microcomputer which occur in the U.K.

CROPLOT Rule-based. A system for determining Nevo, A. and An1ir, 1.
(prototype) Implemented in Rabbi shell the suitability of crops to (1991)

on a PC microcOlnputer given plots in the process of
plot allocation when
planning the production of
field crops on an individual
farm.

HERBASYS COlnbination rule-based Predicts the potential effects Gottesburen, B. et.a!'
(prototype) and mathematical model. of residual herbicides in soil (1990).

Implemented in Prolog and on succeeding crops.
FORTRAN on a PC
microcomputer.

GOATS Rule-based. Aims to diagnose the Roberts, T. (1990a).
(prototype) Implemented in the EXSYS diseases in fibre and dairy

shell on a PC goats.
microcomputer.

unnamed Object-oriented An expert system for the Guay, R. and Gauthier, L.
(prototype) implementation of the diagnosis of tomato (1991)

"generalized set covering" disorders.
model using the Smalltalk
language. Unspecified
hardware platfonn.

Table 2.3 lists examples of broad-domain agricultural expert systems where complete crop

management rather than an individual facet of crop production is targeted.
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Table 2.3 Exan1ples of broad-domain expert systen1s.
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Product / Status Implementation / Area of Expertise Reference
Architecture

COMAX (colnmercial) Inference engine in LISP Acts as an expert in Lemmon, H. (1986).
and crop growth model in cotton crop management.
FORTRAN. Implemented
on a PC microcomputer
but initially developed on
a VAX 750.

CALEXlCotton Rule-based modules that Helps manage cotton crop Goodell, P.B. et.a!.
(commercial) interact via a production or predict the (1990).

"blackboard". No effect of one decision on
implementation data subsequent events.
supplied.

POMME (prototype) Frame-based with a A system to help farmers Roach, lW. et.a!. (1985).
mathematical model of manage apple orchards
disease development. with specific advice on
Implemented in Virginia pest management,
Tech ProloglLisp on a treatment of winter
VAX 11/780. injuries, drought control,

and general pesticide
selection.

Penn State Apple Frame-based. Provides apple growers Travis, 1.W. et.a!. (1992).
Orchard Consultant Developed \vith Pennshell 'vvith the day-ta-day
(commercial) and C programming support needed for crop

language on Macintosh production.
microcomputer. Sold in
both Macintosh and PC
formats.

unnamed (prototype) Integrated knowledge A management expert Sullivan, G.H. et.a!.
processing system system that enables (1989)
implemented in GURU producers to fully assess
on a PC microcomputer. the integrated resource Sullivan, G.H. et.al.

requirements, (1992)
management risks, and
profit potential for the
strategic and tactical
decisions in muskmelon
production.

A third area of application not hinted at by McKinnion and Lemmon (1985) or Huggi11S et.al.

(1986) was the use of expert systems to operate more traditional crop simulation models. 111 t11is

type of application, the expert system calls as a sub-process the crop grovvth simulation n10del

to test out management options for the crop in order to optimize crop inputs and yields.
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Up until the mid eighties, the scientific mathematical model and tlle expert system had been

seen as two distinct entities. This is illustrated by Davis (1986), WI10 in contrasting symbolic

reasoning based expert systems \vitIl the characteristics of process models typically drawn up by

scientists notes that process models are typically expressed as a set of mathematical equations.

The assumption behind the application of such a model is that a proper understanding of

underlying processes allows the 011e model to be applied to a wide variety of occurrences of a

phenomenon. He further notes that answers can be obtained rapidly from such mathematical

models since computers and computer languages are designed to solve equations efficiently.

Alternatively, he suggests that expert systenls must constnlct a "model" of the phellomenon for

eacll case from the symbolic rules stored in the knowledge base. Conseqllently, allswers can

only be obtained for the range of phenomena described ip the kno\vledge base. 011 the other

hand, the knowledge contained in an expert system is easily modified as more understanding is

gained, and during a consultation the system can be easily interrogated about the knowledge

upon which the decision is based. The last feature is difficult to incorporate in a process model,

since there is little distinction between the knowledge upon which the decision is based and t11e

means of applying that knowledge.

Davis (1986) compared the relative advantages of each approach to decision making and this is

summarized in Table 2.4
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Table 2.4. Comparison between process models and inference-based expert systems.
(from: Davis, 1986).

15

Process model Expert system

Mechanism Algorithm Inferencing
Knowledge Process understanding Rules
Domain Broad Narro\v
User interaction Low High
Language Procedural Declarative

(FORTRAN, BASIC) (PROLOG, LISP)
Speed High Low

Jones (1985) published a discussion of relationships between the "new" technology of expert

systems as it might be applied to agriculture with more traditional modeling and computer

simulation approaches. Jones' goals in this discussion were:

1. To further develop an overall systematic frame\vorl( for interdisciplinary

research, extension and technology transfer.

2. To further enhance the usability of models in a decision making fran1ework in

agriculture.

3. To systematize applications for which mathematical problems are unsuitable.

Jones (1985) described six ways that expert system concepts may help facilitate the llse of

models:

1. Estimate model parameters

2. Provide input for models

3. Restrict scenarios for model analysis

Table 2.4. Comparison between process models and inference-based expert systems.
(from: Davis, 1986).

15

Process model Expert system

Mechanism Algorithm Inferencing
Knowledge Process understanding Rules
Domain Broad Narro\v
User interaction Low High
Language Procedural Declarative

(FORTRAN, BASIC) (PROLOG, LISP)
Speed High Low

Jones (1985) published a discussion of relationships between the "new" technology of expert

systems as it might be applied to agriculture with more traditional modeling and computer

simulation approaches. Jones' goals in this discussion were:

1. To further develop an overall systematic frame\vorl( for interdisciplinary

research, extension and technology transfer.

2. To further enhance the usability of models in a decision making fran1ework in

agriculture.

3. To systematize applications for which mathematical problems are unsuitable.

Jones (1985) described six ways that expert system concepts may help facilitate the llse of

models:

1. Estimate model parameters

2. Provide input for models

3. Restrict scenarios for model analysis



16

4. Interpret model results

5. Study t11e sensitivity of model parameters

6. Develop and test a knowledge base.

Lemmon (1986) reported the first integration of an expert system with a simulation model for

daily use in farm management. He reported an expert system, Comax (COtton MA11agement

eXpert, see table 2.3) that advises cotton growers on crop management at the farn1 level. It is a

rule based expert system that operates the cotton simulation model, Gossym, the way a human

expert would to determine three factors: irrigation schedules, nitrogen reqllirelnents, and crop

maturity date.

The software components of Comax are the inference engine and Gossym. The inference engine

is written in LISP, and Gossym is written in FORTRAN.

In the period from 1986 to 1992, the literature abounds with examples of narrovv domain

agricultural expert systems for the delivery of infonnation and decision support to the nlral

community. This flurry of activity by scientists to attempt to deliver their work as an expert

system to a large degree has not been followed by commercialization of these systems. In

reviewing two of the commercial crop management systems, CALEXlCotlon and Penn State

Apple Orchard Consultant (PSAOC) (see table 2.3) the common factor that appears to have

helped in their successful adoption by growers has been the invol"vement of the end-user in the

systems development, and some general instnlctional training in the use of the soft\vare.

(Travis, J.W. et.aI., 1992; Goodell, P.B. et.aI., 1990). Harnnler and White (1992, p.36)
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expressed this view clearly when, in a review of how computer models are used in agriculture,

they stated:

"Some researchers realized that the ability to predict productio11 system responses could

be used to provide decision-support for decision-n1akers other than researchers.

However, the move towards real world decision-support was slow. This was related to

lack of understanding of the needs of decision makers and the process of decision

making by most researchers. Adding decision-support algoritluTIs to complex computer

models resulted in cumbersome products requiring centralized computer systelTIs. They

remained remote from the decision-maker.

By considering the decision-making needs of tIle decision-maker, some recent

efforts have been more sllccessful. This has involved undertaking developlnent activity

collaboratively with decision-makers and their advisors. For many applications,

simulation models did not need to be embedded in decision-support systems. TIle output

from simulation studies could be used as a form of expert knowledge. In addition,

simpler mechanistic models allowing ease of understanding and use have now been

developed. The simpler models encapsulate the essence of our understanding of a

production system and often predict its performance as "veIl as more complicated

models..... rt.

Recently, Carrascal and Pau (1992) undertook a survey of expert systems in agricultllre and

food processing.
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They grouped the 110 applications covered in the survey as follows:

* vegetable production: crops 35 %

* vegetable production: planning 7

* vegetable production: soil 6

* animal production: animals 3

* anilnal production: planning 7

* animal production: feed 2

* food processing 21

* agricultural equipn1ent maintenance 6

* agricultural econoll1ics and financing 9

* regulations 2

* environment 2

Of the eight systems surveyed in the category "vegetable production: soil", four dealt wit11

fertilization. The survey results for these systems are listed in Table 2.5. Carrascal and Pau

(1992) noted in their survey that \vhile most of the agricultural expert systems developed to date

deal with narrow or restricted domains, they have been able to achieve useful results, either by

eliciting, for the first time, heuristic knowledge about the domain in a structured way alld/or

delivering outputs at skill levels equal to or higher than those of the user.

It may be concluded from the range of examples in Table 2.5 that the use of expert systems as a

delivery tool of agricultural knowledge in the form of decision support packages is a viable

alternative to more traditional knowledge delivery systems. Moreover, the use of expert systems

to front-end a mathematical model appears to have broad general support within the literatltre.

The use of expert systems to deliver fertilizer recommendations is also considered viable

judging by the prototyping of such systems overseas.
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Product Implementation/ User / Developer Goal Reference
Architecture

prototype Frame-based -/Unisys Provides the famler Armoni, A. et.aI.,
knowledge ECAI with a complete (1988)
representation, with Prointec. SP. knowledge base about
hierarchy and the best fertilizer to use
attributed inheritance. on his fields including
Object oriented the quantity, product
programming. type, method and
Graphic package for schedule of applications
building user while maintaining
interface. economical and

pragmatic feasibility.

prototype Ru le-based expert -lLaboratoire Soil analysis and advice Brutus, P. and
system. Developed in d'Inforrnatique. Caen. on production plans. Julien, J.L. (1988)
TURBO-PASCAL on Chambre
a PC microcomputer. d'Agriculture de

l'Orne. F.

FSA Developed using -/(Dept. of Computer Provides expert Evans, M. et.aI.,
prototype Exper-Common Lisp Science. recon1mendations (1990)

on a MacIntosh - Faculty of enabling the farmers in
microcomputer. Agriculture), Manitoba to obtain the
Currently being University of best return on all their
converted to an IBM Manitoba, Manitoba, crop fertilizer
platform using C and Canada. investInent.
C++.

prototype Developed using -/(Dept. of Determines the best Goodrich, P.R. and
Personal Consultant Agricultural manure application Kalkar, S.N. (1988)
Plus shell. Runs on a Engineering) systeln and the ideal
microcomputer. University of application rate,

Minnesota, 81. Paul, proposes solutions that
USA optimize the use of

nutrients and protect the
environment.
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2.3.2 Systen'ls Review

To gain an insight into tl1e development methodologies, user-interface, knowledge

representation tecl1l1iques, and system dialogues, four narrow dOlnain agricultural expert

systems are reviewed in detail.

PEST (Pasqual, G.M. and Mansfield, J. 1988) is a rule-based expert system that was developed

to evaluate how knowledge engineering techniques may be used to provide insect identification

and control advice to farmers and extension workers in Western Australia. The system was

developed in LPA MacPROLOG (Logic Programming Associates Ltd.) using t11e University of

Edinburgh standard on a Macintosh Plus. Construction was essentially an explorative process

that was perfomled in incremental steps beginning wit11 the acquisition of knowledge from the

dOluain expert. Pasqual & Mansfield found it desirable for the knowledge engineers,

(themselves), to become familiar with the domain they were working in. Knowledge acqllisition

was from printed text as fonnalized statements in a binary key fonnat that cOllld be easily

translated into facts and rules. Interaction vvith experts was used to resolve questions not

answered in the text and to check that tile questions used in the consultation and the form of

advice were correct. Shallow knowledge representation was used in PEST since its domain

expertise was largely based on empirical association. Basic concepts and relations derived from

the texts were easily mapped into a formal rule-based representation suggested by the Prolog

language. The knowledge base consisted of 38 rules. Facts \vere represented in terms of

attribute-value pairs where attributes are properties associated with objects, and values specify

the nature of the attribute in a particular situation. The developers used a mixed strategy of

forward and backward chaining in the inference mechanism. They also realized the llser-
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interface needs to be of a high quality because of the high degree of interaction between the

system and the user. The user friendly features of the PEST user-interface include the use of

menus, the mouse and icons~ and pop-up dialogue boxes. An explanation facility \vas

considered premature for the system at its reported developn1ent stage. Figure 2.2

diagrammatically s110\vS the nav'igation of the kno\vledge base during a consultation \vith PEST.

Goal

....rule 38

I
....rule 34

pe't_cenlrol_recom mendalion

I

I I
rule 17....

I I I
rule 35 rule 36....

I
In"ect identification

I

Question 3
"Insect description ("

I
Da.mage :symptom,

~'--r"l--r--,.--.---.,---ro--,
rule 1..... ....rule 16

I
Question 2
"Damage symptoms?"

J

erep Id e0 tificalion

I
Question 1

·'Crop type?"'

Figure 2.2 Tree diagram for PEST sho\ving the sequence of rules used during a consultation
(from: Pasqual, G.M. and Mansfield, J. 1988).

GOATS (Roberts, T.S., 1990a) is an expert system for diagnosis of diseases in fibre and dairy

goats. The system \vas developed using the shell EXSYS (Exs~ys Inc.) on a PC, after an

extensive survey of 39 system development tools. Kno\vledge representation \vas in the scheme

used by EXSYS. Prototyping \vas used as ~he development methodology and \vas reported by

the author to enable the system to prove its potential at an early stage by allo\ving the expert to

use and appreciate the system ,-,,·hen the nlle-base \vas still very small. The version of the system

reported contained information on 221 diseases; had 474 rules; ar:d included 281 questions that

might be asked. Roberts reported th~ selection of a single eXFcrt proved highly beneticiaL
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Multiple experts, even if in total agreement, would have created additional overheads in tern1S

of botl1 time and resources. The use of pre-existing text proved essential, without which the

development tin1e would 11ave been slowed enormously.

The SUGAR BEET HERBICIDE SYSTEM (SBHS) (Edward-Jones, G. et.a!' 1992), is a

computer-based decision support system that provides i11formation and assistance in givi11g

recommendations to sugar beet advisers on appropriate herbicides, mixtures and sequences for

the range of sugar beet weed problems in the United Kingdom. The system was developed in

the shell, KnowledgePro (Knovvledge Gardel1 Inc.) on a PC. The shell stores information and

rules with a structure and syntax very similar to its parent language, Pascal. The program was

built and runs on a modular basis. The modules are initially called from the main progran1, and

subsequently call each other as required. The entire system is menu driven with a hypertext

facility that allows users to explore selected topics freely within the system without affecting the

outcome of the decision. A system of rapid prototyping was used as tIle development

methodology. The authors report that rapid prototyping motivated the experts enthusiasm for

the project, demonstrated the limitations of the teclmology and ensured tl1at developlnent

focused on important aspects of the domain. Knowledge acquisition was by multiple interviews

with multiple experts. Conflict between the experts was resolved during workshops by a

combination of discussion and consensus decision making. No tin1e figures were presented to

judge the efficiency of time use this method produced. No field testing of the system was

reported. Figure 2.3 shows the conceptual program structure of SBHS.
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Figure 2.3 Structure of the Sugar Beet Herbicide Systen1 (/ron1: Ed\vard-Jones, G. et.aI.,
1992)

LUCVAR (Lodge, G.M. and Frecker, T.C., 1989) provides advice on tIle best lucerne varieties

for a farmer to grow in Ne\v South Wales. It was designed to be used by agricultural advisers,

on a PC microcomputer, \vhen being consulted by farmers. The system contains 268 parameters

which fonn the rule-base structure of the program and 142 individual pieces of advice in text

fonn. Overall 560 rules are used. LUCVAR was developed using ESP Advisor (Expert Systems

International). Using ESP Advisor a LUCVAR consultation takes the form of an interactive

dialogue between the user and the compiled knowledge base. Questions are asked of the user

who supplies yes/no answers, chooses an option from a menu screen, or enters a numerical

value or text plrrase. The consultation shell evalllates the value of the relevant rules and then

displays only relevant advice or recommendations. Only a limited facility for a Llser directed

navigation of the kno\vledge base exists. Knowledge acquisition was from a number of

published sources and refined with expert opinion. The development n1ethodology \vas a
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LUCVAR (Lodge, G.M. and Frecker, T.e., 1989) provides advice on the best lucerne varieties

for a farmer to grow in New South Wales. It was designed to be used by agricultural advisers,

on a PC microcomputer, when being consulted by farmers. The system contains 268 parameters

which form the rule-base structure of the program and 142 individual pieces of advice in text

form. Overall 560 rules are used. LUCVAR was developed using ESP Advisor (Expert Systems

International). Using ESP Advisor a LUCVAR consultation takes the form of an interactive

dialogue between the user and the compiled knowledge base. Questions are asked of the user

who supplies yes/no answers, chooses an option from a menu screen, or enters a numerical

value or text phrase. The consultation shell evaluates the value of the relevant rules and then

displays only relevant advice or recommendations. Only a limited facility for a user directed

navigation of the knowledge base exists. Knowledge acquisition was from a number of

published sources and refined with expert opinion. The development methodology was a
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prototyping scheme witll the authors referring to it as a series of build-test-n10dify cycles. They

also report that upgrading to Prolog is planned to allow the use of knowledge structures not

supported by the s11ell. Figure 2.4 shows t11e conceptllal structure of the LUCVAR expe11

systen1.
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I SELECTVARIETY
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ADVISE SUITABLE VARIETIES
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. I HELP MENU
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Figure 2.4 Structure ofLUCVAR (from: Lodge, G.M. and Frecker, T.e., 1989)
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2.4 System Development Methodologies

As this current study was to investigate tIle development of an expert systenl based upon

linear models, it is of interest to review work on tIle nlethodology used by other authors in

developing expert systems especially those that may deal with the implementation of linear

models in the knowledge base.

Overviews of broad expert systenl development gllidelines are given in Luger and Stubblefield

(1989), Bielawski and Lewand (1988), Alty and Coonlbs (1984), Bellchimol et.a!. (1987) and

Hayes-Roth et.a!. (1983).

These texts delve into what appears to be the main subsets of expert system development cycles.

These are problem description, knowledge acquisition, knowledge representation, inference

engine design, user interface design/explanations and system testing/validation. These general

texts deal with knowledge representation and inference engine design considerations in depth.

Few if any hints as to when design principles ShOllld be applied and in wllat situations are given.

Wilson et.al.(1989) in revievving the current state of the "life cycle" approach to software

engineering and knowledge base system development observes that there is no consensus in

industrial practice on a development method for knowledge based systems. Further he notes that

there is no fonnalized method in use to select techniques appropriate to particular problem and

knowledge types. Longwood(1990) in describing a generic expert systems development

methodology used by Fujitsu also observes that "There are many expert systems being
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developed in Australia based on rapid forn1 prototyping following 'intuitive' development

methodologies" .

Longwood(1990) brings to light the subject of rapid prototyping, a methodology recently

regarded as an in1portant phase in tIle systems life cycle.

2.4.1 Problem Description / Kll0w[ec!ge Acquisition

One key aspect of expert systems is the high level of uncertainty involved in both the

applicability of expert systems technology and the potential scale of the development resources

necessary to build such a systenl (Longwood 1990). This is often the case because of poor

problem definition, incomplete specifications for both inputs and outplltS, and the lacl< of well

fou11ded expectations ofwhat an expert system can provide (Weitzel811d Kerschberg 1989).

A systems development methodology that can cope with such poor specifications and

uncertainty needs to be used.

Prototyping has emerged as the preferred methodology for developing expert systems (Weitzel

and Kerschberg 1989, LongwQod 1990, Roberts 1990a, Luger and Stubblefield 1989, Lodge

1990, Wilson et.al. 1989, and Morris 1990).

Weitzel and Kerschberg (1989) present a prototyping methodology (Fig 2.5) that has four basic

self explanatory steps.
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Many authors have presented variations on t11is theme but the overall thrust of teclmique

remains the same.

STEP 1
IDENTIFY USER'S BASIC

INFORMATION REQUIREMENTS
problelTI recognition, identification, definition

solution definition, systems analysis
logical system design

STEP 2
DEVELOP INITIAL PROTOTYPE SYSTEM

solution definition, systems analysis
physical systen1 design

program and procedure design
program coding

STEP 3
USE PROTOTYPE SYSTEM

TO REFINE REQUIREMENTS
problem identification, definition

solution definition, systems analysis
logical and physical system design

program and integrated testing

STEP 4
REVISE PROTOTYPE

solution definition, system analysis
physical system design

program and procedure design
program coding

DO SOMETHING WITH PROTOTYPE

Figure 2.5 A prototyping methodology as described by Weitzel and Kerschberg (1989)
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Morris(1990, p. 116) reported that prototyping l1ad several benefits:

"It reduces development time, eases maintenance, aids user interface design, promotes

conununication with users but, most ilnportant of all, it call be used as a vel1icle for

eliciting correct and complete specifications of reqllirements."

Knowledge acquisition is not a clear stage, but a crucial one, since it is involved in the problem

requirement description and continues through later stages (Wilson et.a!. 1989). Wilson et.a!'

(1989, p. 191) cites a definition of knowledge acquisition as:

"Knowledge acquisition consists of the elicitation and interpretation of data on tlle

functioning of expertise in some domain, in order to design, build, extend, adapt, or

modify a knowledge based system. In this view, lmowledge acquisition is a pem1anent

and cnlcial activity throughout all stages of designing, ilnplen1enting and mail1taining an

expert system."

Hayes-Roth et.a!. (1983, p. 82) defines lmowledge acquisition as:

"..eliciting, analyzing, and interpreting the knowledge that human experts llse when

solving a particular problem, and then transfonning this lmowledge into a suitable

machine representation."

These definitions support the stages of knowledge acquisition as cited by Nevo and Amir

(1990, p. 54):
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expert system."

Hayes-Roth et.a!. (1983, p. 82) defines lmowledge acquisition as:
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solving a particular problem, and then transfonning this lmowledge into a suitable
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"1. Elnploy teclmiques to elicit knowledge [roll1 the expert.

2. Interpret this knowledge in order to infer w11at are the experts underlying

reasonIng processes.

3. Using this interpretation, construct some model (lnaybe a prototype) that

describes the experts Imowledge and performallce. H

There are many teclmiques available for knowledge acquisition including: interviews, case

description, critical incident description, perfonnance analysis, protocol analysis, twenty

questions, laddered grid, card sorting and multidimensional scaling Wilson et.a!. (1989).

Neale(1988) has recently reviewed this subject in detail. From t11is it is clear tllat in cases \vhere

the lmowledge can be described (as in this study), intervievvs are tIle most commonly llsed

technique for knowledge acquisition. The acquisition of knowledge in this stlldy will be eased

further by tIle "expert" having also published his knowledge in \vritten fonn as a compa11y

teclmical field nlanuaL

It would appear for this study that problem description, applicability of tools to the task and

knowledge validation can be handled by the iterative development of prototype systems that call

be incrementally judged at all project stages by the end-users and knowledge expert for

accuracy and usability. This assumption is supported by the work of Berry and Hart (1990) who

reported a trend towards a more thorough integration between design and evaluation, with an

appreciation that evaluation should occur thrOUghOllt the development process.
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2.4.2 Knowlellge Represefltatio/l

Waterman( 1986) observed that it was not until the late 1970's that artificial intelligence

scientists realized that the problem solving power of a conlputer program comes frOITI tl1e

knowledge it possess, not the algorithms or i11ference schemes it employs. Thus tIle

representation of knowledge in a system became an important consideration in building expert

systems.

Benchimol et.aI., (1987) in discussing knowledge representation techniques describe many

methods. They suggest that the aim of all of them is to improve tIle efficiency of inference

engines during the RESTRICTION-FILTERlNG-SELECTION phases. The author would arg-ue

that some weight should also be given to readability and ease of maintenance in a lillowledge

representation. They conclude t11ere is no way of saying whether one metll0d is better thal1

another as this depends to a considerable extent on the nature of the problem posed. TIle

suggestion is made that selection of a technique "has to be based on intuition".

Waterrnan(1986) provides more light on the subject by suggesting that there is a standard set of

knowledge representation techniques, any of which can be llsed alone or in conjllnction with

others to build expert systems. Each technique, he arglles, provides the programmer with certain

benefits such as efficiency, ease of understanding and ease of maintenance. Waterman(1986)

observed that there are three vvidely used techniques in representing knowledge in expert

systems - rules, semantic nets and frames. Frost(1986) reduces this to two distinct general

fonnalizations - rules and slot and filler systems, the latter inclllding frames, nets, conceptual

dependency stnlctures and scripts.
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Rule based knowledge representations centre on the llse of IF-THEN constructs. TIle matching

of the nIle's IF portions to the facts can produce inferel1ce chains through a body of

knowledge/data (Waterman 1986). In problems driven by data, where branching is tIle nOlm

rather than the exception, rules offer the opportunity to examine the state of the world (domain)

at each step and react accordingly.

Pasqual and Mansfield(1988) in developing PEST observed that most of the current generation

expert systems llse shallow representation of knowledge which are often empirical associations

in the fonn of rules. Such systems are unable to explain the basis for its reasoning beyond

repeating the association. The approach chosen for building tIle PEST system was shallow

representation of knowledge since its domain expertise was largely based on en1pirical

association. This was best satisfied by a rule-based system.

Frost(1986) in reviewing the adV811tages that have been claimed for nde based lmowledge

representation lists the following:

a) The modular stylized structure of production rules allows such rules to be easily

coded and added to the production system.

b) Encoding knowledge as a set of production rules \vould appear to be a natural

and appropriate method for many problem domains.

c) Uncertain knowledge may be accommodated as rll1es.
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d) Explanation facilities may be added to rule based systen1s.

The main disadvantage of using rules to represent knowledge cited in t11e literature is their

inadequacy in capturing the conceptual knowledge structure or taxonomy of tIle domain

(Johnson and Keravnou 1985, Watennan 1986, Pasqual and Mansfield 1988).

Semantic nets, frames and slot and filler representations on the other hand can all be considered

together as being representations that use a network of nodes COlmected by relations a11d

organized into a hierarchy (Waterman 1986). Alty and Coombs (1984) report tIle popularity of

this method in tIle early 1980's arose from the processing power provided by the "is-a" linl< to

build up hierarchies of concepts. These "is-a" links built up strong inlleritance within tIle

representations whicl1 provided an effective way of simplifying and reducing the information

required to be stored at any particular node. This considerably speeded up processing of the

knowledge.

Johnson and Keravnou (1985) observed that while frames and associative network schemes

capture the given conceptual knowledge structure adequately, a scheme of rules does not

adequately capture the given conceptual knowledge structure. As an example they show that the

taxonomy of a disease is not explicitly represented through rules; it is implicitly represented by

repeating the same conditions in the antecedents of rules and by including clauses that restrict

competing hypotheses.
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Guay and Gauthier(1991) in work on knowledge representations in a tOlnato disorder diagnosis

system reported that rule based systems are poorly suited to problelTIs requiring tIle

identification of multiple simultaneous disorders. Adding frames to the basic rule based

representation allowed the creation of complex selnantic networks and the use of generic

pattern-matching rlIles.

Frost(1986, p. 41) summed up tIle differences between the two approaclles simplistically by

observing:

"that tlle languages of formal logic and rules in production systems allow us to

represent various aspects of the universe. However they do not, in general, allow us to

structure this knowledge to reflect the 'structure' of that part of the universe whicll is to

be represented.

Slot and filler representations, on the other hand, include facilities for representing

structure. Slot and filler fonnalisms include 'frames', 'nets', 'conceptual dependency

structures', and 'scripts'."

.It could be inferred from the lack of its consideration in the literature, that natural language is

still not considered a reasonable representation of knowledge in expert systems. Frost(1986)

observes that natural languages such as English is not used for the representation of knowledge

in a knowledge based system because they are not fonnallanguages. By "formal" Frost means

that a langllage is well defined in the sense that (a) nlles exist for the construction of legal
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expressions and (b) rules exist such that tIle Ineaning of legally forn1ed expressions can be

derived fronl the nlealling of the components of t110se expressions. Frost(1986) points out that

no one has yet beell able to identify all the rules which determine the structure and meaning of

"legal" sentences in any l1aturallanguage.

In attempting to reach some common ground between established theories and teclmiques used

in database teclmology to manage large collections of data and kno\vledge bases, Frost(1986)

suggests that k110wledge which is stored in some standard canonical form would be of IllOst

utility. As the above discourse shows, there are many different ways in which a collection of

knowledge can be associated to fonn a knowledge base. Martil1(1977) in discussing data base

design pri11ciples describes a technique that gives a near optimal grollping of data. The reSlllting

minimal structure of the data is referred to as a canonical schema. Martin(1977) defines a

canonical schema as "a model of data which represents the inherent stnlcture of that data and

hence is independent of individual applications of the data and also of the software or hardware

mechanisms which are employed in representing and using the data". Martin(1977) defines a

canonical record structure as one which is in third normal form. Third normal form is the result

of applying the techniques of "nonnalization" (designed and advocated by E.F. Codd(referenced

from Martin 1977)) to data. Normalization is a step-by-step process for replacing associations

between data with associations in a two-dimensional tabular fonn. The table is referred to as a

relation. The relation or table, is a set of tuples. If there are n-tuples (ie. tIle table has n

columns), the relation is said to be of degree n. Relations of degree 2 are called binary, degree 3

are called ternary, and degree n are n-ary.
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A relational data base is tllUS one constructed from this "flat" two-din1ensional arrangement of

data items. The author argues that this concept should equally apply to the arrangen1ent of itenls

of knowledge in a knowledge base. This argument is Sllpported by Debenha111( 1985) and

Frost(1986).

Debenham(1985) in describing a method for knowledge base design argues the need for tl1e

establishment of design and nlaintenance techniques for knowledge bases in which tlle

formalism for the knowledge component embraces the expressive po\ver of Horn clause logic at

least. He further observes that such design and maintenance techniques should be capable of

modeling the knowledge, of producing a good logic implementation of it, and of maintaining

the knowledge effectively; that is, with a level of sophistication \vhic11 compares with current

infonnation analysis, implementation and maintenance methods.

In Debenham's method for developing a logic data base, rules are represented, where possible as

Horn clauses. These clauses are expressed in tenus of predicates which are often relations.

These relations may be thought of as containing infonnation represented as tuples. In a sense

the predicates constitute the vocabulary in terms of which the knowledge itself can be

expressed. Thus, before the knowledge itself can be expressed, this vocabulary must be

detennined. Debenham(1985) observes that this process may be achieved by conventional

information analysis. He used a version of "Binary Relationship" modeling to analyze and

represent those features of the data \vhich could not be expressed as Horn clause logic.

Frost(1986) in developing the argument for the use of a relational approach to Imowledge

representation observes that if the relational approacll is restricted to binary relations (rather
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than relations of any degree in t11ird normal form), a method called the "Binary Relational"

approach is obtained. In essence, tIle same method used by Debenham( 1985).

Frost(1986, p. 24) lists various advantages derived from adopting the "Binary Relational"

approach:

"a) The uniformity of the knowledge representation results in simplified storage and

n1anipulation of knowledge.

b) Many-ta-many relations can be represented with no replication of knowledge.

c) It is even easier than in the relational approach to add new knowledge to the

knowledge base.

d) Iftuples are labeled, it is possible to represent higher-order relationships."

The disadvantages of such an approach as listed by Frost(1986, p. 24-25) are mainly ones of

implementation and are listed below:

"a) A large amount of storage space is llsllally required. Although knowledge is not

replicated, since all representations are explicit, the knowledge base will be

considerably larger than if conventional files were used.

36

than relations of any degree in t11ird normal form), a method called the "Binary Relational"

approach is obtained. In essence, tIle same method used by Debenham( 1985).

Frost(1986, p. 24) lists various advantages derived from adopting the "Binary Relational"

approach:

"a) The uniformity of the knowledge representation results in simplified storage and

n1anipulation of knowledge.

b) Many-ta-many relations can be represented with no replication of knowledge.

c) It is even easier than in the relational approach to add new knowledge to the

knowledge base.

d) Iftuples are labeled, it is possible to represent higher-order relationships."

The disadvantages of such an approach as listed by Frost(1986, p. 24-25) are mainly ones of

implementation and are listed below:

"a) A large amount of storage space is llsllally required. Although knowledge is not

replicated, since all representations are explicit, the knowledge base will be

considerably larger than if conventional files were used.



37

b) Since related tuples (Le. tuples which have a field in C01111TIOn) cannot always be

stored in physical proximity, tIle retrieval of collections of related knowledge

can take more effort than if conventional files were used. ... .In a conventional

file system, the contents of a record are generally chosen to comprise a

collection of kno\vledge which is generally required to be retrieved at the same

tilne."

Jansen(1987), ill discussing a data dictionary approach to the software engineering of rule based

expert systems, states that a knowledge dictionary developed for a system can support any

relational cross product between the relations in the schema. Jansen(1987, p. 115) observes:

"This opens the way for a relational view of k.110wledge, where different users may see

the sarne knowledge in a different context or perspective....The relational view method

may be a way of hiding the implementation isslles from the expert, thus expressing the

knowledge closer to their understanding" .

Jansen(1987, p. 115-116) concludes from his work on the SIRATAC PLUS redevelopment

project that:

"...expert systems should be viewed in the same light as commercial software systems.

for design and implementation. When expert systems penetrate the commercial market,

most expert systems development will be seen as an adjunct to conventional systems,

interfaced with the conventional database systems and acting as a component in a larger

information system. This integration with existing database systems implies that expert
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systems development should utilize the tools already available for database systems, in

the form of modeling fonnalisms, data dictionaries, and eventually expert system

application generators".

Thus from the literature, knowledge representation for this project, where empirical associations

are used to interpret data, may be best served by a rule-based schema. Because of the minimal

number of user views to be supported by the systen1 and constraints imposed by the intended

hardware platform, a standard relational rather than a binary relational record structure is

indicated.
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2.5 User Interface Design and Explanation Facilities

These two topics have been grouped togetller l1ere for discussion as much of tlle

literature now considers both tIle physical operations and visual displays involved in

comnlunicating task orientated information to tIle user and the more cerebral task of l1andling

conceptual sub-goals witllin the task as a continuum ofa single concept - the user interface.

The emphasis given to the design and implementatioll of the user interface has changed rapidly

over the past decade. Early text books on expert systems delve deeply into the realms of

knowledge representation and inference engine design and mention in passing the need of sonle

type of usable interface vvith the user. For example Bielawski and Le\vand (1988) in tIle second

chapter of their book which outlines expert systems concepts, devote seven pages to describing

inference engines and one page to the user interface.

Current literature reports a much heavier emphasis both on the design and implementation of

the user interface. Berry and Broadbent(1987) report two studies wI1ere the coding of the expert

system was dissected out into the various system components. One study reported 8% of tIle

code was inference engine, 22% was knowledge base, and 44% was involved in user input and

output. The other study claimed about 30% of effort went into the reasoning part of the system

compared with about 70% on the user interface.

One of the clearest lessons learned from the early pioneering expert systems is that excellent

decision making perfonnance by itself will not bring with it user acceptance, confidence or

continued use. The user interface needs to be considered fronl a very early stage of systelTI
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development. Failure to recognize the user interface needs of expert system users has been

reported as the biggest reason for the disparity between developed systems and systems h1

everyday use (Kidd 1985, Berry aIld Broadbent 1987).

Complete discussions of researcll results and their implications on tlSer interface design are

found in Rubin (1988) and Shneiderman (1987). Thollgh not reviewed in deptll in this study,

underlying features of the user interface that affect its mechanical delivery are screen design,

color and windows all of which tIle above mentioned authors provide functional descriptions.

Guidelines that are emerging from this research suggest t11at the user interface must:

a) Be consistent in fonn and action. This is tIle corner stone of the notion that users

generalize about the user interface in order to navigate through it when they have

no concrete kno\vledge of that navigation path.

Lewis(1986) while noting that learning to control a cOmptlter seemed to require

constructing a mental model adequate to indicate the causal connections between

user actions, system response, and user goals, he \vent further and proposed that

four simple lovv-Ievel heuristics were adequate to interpret common computer

interaction patterns.

His four heuristics were: a)Identity heuristic (separate occurrences of a thing are

not coincidental); b) Loose-ends heuristic (if you are showing me how to do

something I am entitled to assume that everything you do contributes to t11e goal
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whose accolnplislu1lent you are demonstrating); c) Previous action heuristic (if

all event follows an action immediately it is plausible that the action caused the

event); d) Prerequisite relations (I need to note that the display of the word CUT

by the system is a prerequisite of your being able to release the mouse button on

it. This permits me to link your action in pressing EDIT to the overall goal: yOll

pressed EDIT to get the system to display CUT so that you could signify

deletion by releasing the mouse pointer on it).

Lewis(1986) suggested that designing interactions so that they fall within the

scope of these four heuristics may lead to easier mastery of a system by learners.

Three years later, Lewis et.al (1989) proposed a theory relating consistency of

tIle interface directly to the generalization process it is intended to Sllpport. The

authors related causal connections obtained in llsing a system to generalizations

about other parts of a system that led to its successful use. They devised a

framework of eight heuristics (rather than ~he previous four) concerning the

design and implementation of consistency in an interface such that actions based

on generalizations will always be successful.

As a simple example of this concept, consider tl1e use of the F 1 key in most PC

based systems. One has a fair chance of getting on-line help by pressing Fl.

Similarly by pressing ESC in a menu system one has a more than even chance of

regressing back to the previous menu. In a well designed system tllis is always

true.
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Thus we can set ourselves a design goal; consistency of task commands should

be such that it supports user generalization of tile user interface.

b) Be tailored to the l1eeds of the user. Berry and Broadbent (1987) report that a

Inajor factor which can affect tlle ease with which people use an expert system is

tIle ability of the system to tailor its behavior to the specific need of an

individual user. In a narrow dOlllained expert system tllis is relatively easy since

the system is expected to only perfonn a set of sub-tasks in order to fulfill a

single major task - in this project make a fertilizer recoil1ll1endation. III a broader

based expert system say of plant nutrition, the user could well expect several

diverse outcomes from a consultation; a fertilizer recommendation, a deficiency

symptom diagnosis, or a discourse on nitrogen requirements of plants.

To tailor the system to an individllals needs, many researchers have looked at tIle

variolls ways of implementing a user interface sensitive to various models of

users. Berry and Broadbent (1987) report tllat many of the early expert systelTIS

were only designed for one type of user. They required the llser to be familiar

with the concepts and terms of tIle domain. It was originally thought that it

would be easy to transform the systems so that they· would be suitable for more

novice users. It is now realized, however, that communicating with unknown

users, unfamiliar with a domain, is a major obstacle in the construction of an

expert system. Moreover, where systems are transformed so they are usable by
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domain novices, they often become obsolete as far as the more expert users are

concerned. Hence tlle need for some type of adaptability on the systems behalf.

The need for an adaptive interface is questioned however where the system will

be implemented in a narrow domain or with a narrow spectrum of user class.

An interesting dichotomy arises w11en one studies the logistics of ilnplementing

an adaptive user model for user interfacing within a system. As well as tIle

system having a model of the "user, from previous argument we can assume that

the user will have a model of the system, and in some cases these will interact.

The user's model of the system guides actions and helps in the interpretation of

the system's behavior. If, however, the system is changing its behavior to fit the

user this can lead to 'inconsistency' difficulties.

Another facet of the user interface is raised at this point. That is tIle area of

'mixed' dialogues. While we might not see the need for an adaptive interface in

an expert system used by a narrow spectrum of users, there is argument for the

user to have some facility to guide the consultation \vith the system rather t11an

the consultation being totally led by the expert system. This consideration is of

particular importance in this study where there are many 'correct' channels of

navigation tmough the system. Kidd(1985) raised the issue that expert systems

must be good consultants as well as good problem solvers. When developing an

expert system, designers need to ensure that the dialogue facilities of the system
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match the communication needs of the users and the constraints of the task

environment.

In the current project, in making a fertilizer recommendation, a user Inay want to

provide the system with a recommendation of their own, rather t11an let the

system optimize tI1e available fertilizers against the reqllirement c011straints. A

facility should therefore exist whereby a) the user can volunteer a fertilizer

recommendation and b) the system can expertly judge or corroborate the

relevance of this recommendation within the current context.

The explanation facility of the user illterface shollld also be capable of reflecting

tIle various degrees of lISer competency. This is possibly easier to make adaptive

due the consistency in the interface not varying, ratller only its content. TI1e

expansiveness of the explanation facility is arguably a candidate for the user

selection of the level of explanation rather than induction from a user model.

c) Be user or task orientated rather than method orientated. This principle of user

interface design is discussed by Sommerville (1989) and embodies the notion

that the interface should reflect and support the goals of the user rather tl1an

present the mechanics of the methodology employed. Mehlenbacher et.a!' (1989)

observes that the user's understanding of tIle task based on computer concepts

could be very different from the understanding of the task based on lIser goal
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concepts. They suggest that tIle user interface design should accon11nodate the

user's problem/goal representation and the knowledge base the user is bringing

to the interaction. Chignell and Waterworth (1991) rei11force this concept in their

stlldy of the relationship bet\veen t11e pllysical and cognitive interface. They

argue that the goal of users is to carry out tasks, and we assume by definition

that the physical operations and visual responses required in satisfying the goal

are handled through an interface. However, detailed physical actions will be

carried out in order to achieve task oriented conceptual goals. But the users are

not seeking (primarily) to select cursor positions, load files, or open and close

windows per se, but through these actions tlley operate on the system's Inodel of

the task in such a way as to achieve their goal. Thus the need for the cognitive

and the physical interface to be closely associated. Chignell and Waterworth

(1991, p. 19) affirm that "This is acllieved by moving beyond the display level,

and beyond presentation management to sequences or stnlchlres of interaction

that achieve functions in relation to user's tasks.".

There were five main styles ofuser interfaces found in the literature.

a) Menu selection: Users are presented with a brief list of items using fan1iliar

tenninology. They can conveniently choose the most appropriate item by

pointing, typing, or scrolling on the list. It is argued that this structured approach

enables users to accomplish their tasl<s with little or no training (Rubin 1988,

Slmeiderman 1987). One could say t11at currently l11enu-driven interfaces are tIle

standard for facilitating human-computer interaction. The goal in the design of
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any menu should be to facilitate the user's ability to 111ake a choice quickly and

accurately.

WIMP (Windows, Icons, Menus, Pointers) style interfaces can also be

considered as a version of this main category though as t11ey nlature some

elements of direct manipulation are being incorporated into theln. Slu1eidennan

(1987) in reviewing work on screen design notes that vvhile 'windows' provide

visually appealing possibilities and intriguing opportunities for designers, their

advantages and disadvantages are still poorly understood.

Melllenbacher et.a!. (1989) reports two prImary iSSlles as most relevallt to

achieving this goal: the hierarchical organization of menus and the organization

of items on anyone menu.

The major emphasis for hierarchical organization is on the proper balance of

menu breadth (the number of items one must scan 011 a given menu) and menu

depth (the number of menus one must pass tlrrough to achieve the desired goal)

because they affect search time and selection accuracy. There appears to be three

variables most relevant to determining the proper balance of depth and breadth:

. the number of items a user must scan, the number of choices a user must TIlake,

and the system response time to those choices (Shneidennan 1987).

The emphasis for individual menu organization is on the arrangement of nlenu

items. The issue is identifying the most effective organization of the itelTIS for
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the population of users. The two Inain options usually considered are either

semantic (functional) ordering or alphabetic ordering of items in a n1enu list.

For full discussio11S of both these topics refer to Mehlenbacher et.aL (1989) and

Shneidennan (1987). Although there are conflicting results about item layout

within a menu, for t11is study tI1e guidelines of Shneiderman (1987) will be used

which recommend the use of "task semantics to organize menu structure".

b) Fonn fill-in: When data entry is the primary goal, fann fill-in systems offer a

familiar context for entry of data with only modest training. Issues affecting this

style of interaction as identified by Shneiderman (1987) are the importance of

screen layout parameters such as grouping related items, use of 11ig11lighting

techniques, alignment (left or right justification of labels aJ.1d values),

consistency across screens, and multi-screen versus single screen layouts.

It is anticipated in this project that manual data entry will be facilitated for the

soil analysis data. Again, the guidelines as presented in Slmeiderman (1987) will

be adopted.

c) Command languages: These are attractive when sufficient learning time is

available and frequent use is anticipated. Ot11er conditions reported for

appropriate use of command languages are when users are knowledgeable about

the task domain and computer concepts, screen space is at a premium, response

47

the population of users. The two Inain options usually considered are either

semantic (functional) ordering or alphabetic ordering of items in a n1enu list.

For full discussio11S of both these topics refer to Mehlenbacher et.aL (1989) and

Shneidennan (1987). Although there are conflicting results about item layout

within a menu, for t11is study tI1e guidelines of Shneiderman (1987) will be used

which recommend the use of "task semantics to organize menu structure".

b) Fonn fill-in: When data entry is the primary goal, fann fill-in systems offer a

familiar context for entry of data with only modest training. Issues affecting this

style of interaction as identified by Shneiderman (1987) are the importance of

screen layout parameters such as grouping related items, use of 11ig11lighting

techniques, alignment (left or right justification of labels aJ.1d values),

consistency across screens, and multi-screen versus single screen layouts.

It is anticipated in this project that manual data entry will be facilitated for the

soil analysis data. Again, the guidelines as presented in Slmeiderman (1987) will

be adopted.

c) Command languages: These are attractive when sufficient learning time is

available and frequent use is anticipated. Ot11er conditions reported for

appropriate use of command languages are when users are knowledgeable about

the task domain and computer concepts, screen space is at a premium, response



48

tilne and display rates are slow, nun1erous actions can be combined in many

ways, and macro definition is desired (Slmeiderman 1987).

cl) Natural language: Interaction by natural la11guage dialogue is see11 as the

"ultimately desirable" style by mallY researchers. However, Berry and Broadbent

(1987) argue that natural language is not likely to be suitable for all applicatio11s.

Some applications such as this project, rely heavily on numerical or graphical

data. Additionally, a natural lallguage interface in the short to medium ternl

future will continue to demand a certain degree of keyboard competency.

The incorporation of natural language into the interface of this project was

considered beyond the scope of this project. Further, it could not be

demonstrated that a natural langllage interface would more efficiently allovv a

lISer to accomplish the goal of making a fertilizer recommendation.

e) Direct manipulation: The central isslles of tllis style of interaction seem to be

visibility of the objects and actions of interest, rapid reversible incremental

actions, and the replacement of complex commaJ.1d language syntax by direct

manipulation of the object of interest - hence, the term direct manipulation. The

interface taps the user's knowledge and analogical reasoning skills with tasks

generally being accomplished by pointing and moving instead of typing.

Having reviewed the objectives and styling of the 1Iser interface, the remaining topic of its

content or 'system messages' needs to be addressed.
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Slmeiderman (1987) report~ that u&er experiences with computer systenl prompts, explanations,

error messages, and warnings play a critical role ill influencing acceptance of a systeln.

Shneiderman (1987) gives seven guidelines for developing system messages and these are

detailed below.

a) Be as specific and precise as possible. This guideline implies a contextllal

knowledge of the users situation within an application by the system and a

response based on that context Context sensitive help facilities available In

some applications is an example of this.

b) Be constructive - indicate what needs to be done using a positive tone rather than

cOlldemnation. Rather than condemnillg users for what they have done wrol1g,

system messages should be positive and indicate \vhat they need to do to set

things right. Writing positive messages can be easily achieved. TIle harder task

ill fulfilling this guideline is in offering advice as to what the user should have

done. This requires on the systems part some estinlation of what it was the user

was attempting to do: a situation whicll may not always be possible.

Approaches to this problem have been to inform the user of the possible

alternatives and let the user decide. Shneiderman suggests tllat preventing -errors

from occurring should be the preferred strategy.

c) Choose user-centered phrasing. This guideline points the developer towards

system messages that suggest to tIle user's that they are in control of the system -
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the system is subservient to the user. Tllis is contrast to systenl messages that

portray tlle systenl as being in control of the dialogue.

cl) Consider multiple levels of messages. Again the user should be allowed to

control the kind of information provided by system nlessages and explanations.

Verbose explanations at every request will be off puttillg to practiced users as

well as being time consuming. Standard and extended on-line help facilities,

summary or full explanations are examples of how this guideline can be

implemented.

e) Use appropriate and consistent form. Consistency of grammatical form,

terminology, abbreviations, visual fonnat and placement of system nlessages

and explanations all reinforce the users conceptllal model of \-vhat responses call

be expected from a system. This helps users to beconle familiar with such things

as where to look for messages, prompts or explanations, when to look for them

and how to respond to them.

It is interesting to note how similar the guidelines for prodllcing good system message and

explanations are to the requirements of the user interface.

50

the system is subservient to the user. Tllis is contrast to systenl messages that

portray tlle systenl as being in control of the dialogue.

cl) Consider multiple levels of messages. Again the user should be allowed to

control the kind of information provided by system nlessages and explanations.

Verbose explanations at every request will be off puttillg to practiced users as

well as being time consuming. Standard and extended on-line help facilities,

summary or full explanations are examples of how this guideline can be

implemented.

e) Use appropriate and consistent form. Consistency of grammatical form,

terminology, abbreviations, visual fonnat and placement of system nlessages

and explanations all reinforce the users conceptllal model of \-vhat responses call

be expected from a system. This helps users to beconle familiar with such things

as where to look for messages, prompts or explanations, when to look for them

and how to respond to them.

It is interesting to note how similar the guidelines for prodllcing good system message and

explanations are to the requirements of the user interface.



51

2.6 Development Tool Selection

As previous sections have elucidated, the selection of a development tool greatly

impacts upon the knowledge representation tecluliques and the illference engine design

employed in a project. Further considerations of tool selection need to account for portability,

maintainability, software distribution, file transfer and external connectivity, and tIle

effectiveness of the user interface.

Some authors, for example Hayes-Roth et.al. (1983), have conducted reviews of expert system

tools without making any apparent attempt to develop (or divulge) their methodology for review

or evaluation in a practical fannat. Other authors defille to various degrees their method for

evaluating expert system tools.

Bielawski and Lewand (1988) provide a useful chapter on tool selection. They higll1ight the

need for an expert systems development tool to fit five criteria tlley have developed to aid tool

selection. These criteria were:

a) Fit the tool to the problem.

b) Effectiveness of the developer interface.

c) Effectiveness and friendliness of the llser interface.

d) Integration capability with existing programs and databases.

e) Run-time licensing for delivered systems.
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Carrascal and Pau (1992) observed that expert systems applications in agricultllre are more

complex than most of those currently in use or under developme11t in other fields. They

concluded that nlany currently used knowledge engineering tools (s11ells) are inadequate for

developing agricultural expert systems becallse they restrict applications to narrow domains,

and observed t11at most of the agricultural expert systems presently in use or under development

are able to solve only limited problems and do not cover the wide environment oftlle farm.

Roberts (1990a) reports 39 different tools were evaltlated before the expert system shell EXSYS

was selected to develop GOATS. In a separate report (Roberts 199Gb) he details the process that

led to the selection of this tooL The criteria, listed below, seemed to be a more practical sllperset

of the criteria listed by Bielawski and Lewand (1988). Roberts' (199Gb) criteria were in order of

importance:

a) Tool availability

b) Machine requirements

c) Rule capacity (possible size of knowledge base)

d) Cost

e) Form of knowledge representation

f) Inference mechanisms

g) User interface

h) Explanatory facilities

i) Developer interface

j) Ease of maintenance

k) Vendor support facilities
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Roberts (199Gb) found t11at by the time the fOllrth criteria (cost) had been applied to the original

set of 39 developlnent tools, only 9 tools remained ullder consideration. The remaining tools

were then examined in some detail using as a [OClIS the last seven criteria, and ranked in order of

preference for the project.

Lodge (1990) set Ollt 10 criteria by which his group judged developn1ent tools. Tllis criteria led

to the selection of tIle expert system shell ESP Advisor/ADVISOR 2. Five other shells vvere

evaluated (inclllding EXSYS) but the initial selection remained their developlnent platfoffil.

Though slightly different from those criteria used by Roberts (199Gb), Lodge's criteria were ill

the same vain though some difference in importance of various criteria was evident.

Outside of the agricultural arena, Bodkin and Gra11am (1989) reported on the desiderata used for

selecting between two expert system shells used in the ARIES (Alvey Research into InSllrance

Expert Systems) project. (again, only shells were considered), and Gevarter (1987) compared

expert system building tools.

The similarity between Robert' $, Lodge's, and Bodl<in and Graham's set of criteria is 110t

surprising. The latter both listed as their first criteria the effecti"veness of the user interface.

Other similarities were the broad spectrum of inference mechanisms supported by a shell, the

cost of the product, 'how' and 'why' facilities, separate run-tinle versions or compilation to

protect the knowledge base, and allow interfacing to other programs. Bodkin and Graham's list

included two criteria not mentioned in Lodge's or Robert's set; tllat of uncertainty managen1ent

and debugging and testing aids such as execution tracing and rule/object browsing.
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It can be inferred from the similarity in needs from these two diverse application areas that in

judging expert system shells, a base set of criteria as gained from tIle literature and outlined

above, coupled witl1 some project dependent criteria, should be adeqllate to gllide the selection

of a shell based development tool.

Table 2.2 demonstrates that a vast array of software development tools can and have been used

to develop expert systems in the agricultural arena. Few authors give any indication ofvvhy a

specific tool was used over another.

Zahedi (1990) presents an attempt to introduce a fonnal decisio11 anal~lsis methodology into the

arena of evalllating expert systems software prodllctS. The author identified a hierarchical

structure for expert system products (Fig 2.6).

Expert System

Knowledge
Representation

Inference
Engine

Knowledge
Management

Outside
Hooks
and
Integration

Figure 2.6 Components of an Expert System Product that can be Qllantitatively Evaluated
(from: Zahedi (1990)) .

The evaluation process then consisted of four steps:

a) Identification of the expert system tools' functional structure.
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b) Quantification of tile relative weights of tile fllnctional elelnents of the expert

system tools.

c) Comparison of the products for the functional elements.

d) Aggregation of the product scores for each element alld the relative weights of

elements to arrive at a single score for each product.

This whole process depends on tIle development of the relative weigllts in the second step. The

flexibility of this approach is that as development requirements change for each project, these

changed requirements are reflected in differing relative weights of the product components

leading to variable scores for products depending on the problem at haIld.

By far the majority of systems have been developed with the use of shells. However tlley have

their limitations. Lodge (1990) reports that whe11 his group evolved into developing larger, nlore

complex knowledge bases, considerable external PROLOG programming had to be llndertaken

to build flexible menuing and database systems. Similarly for problems that involved tIle

linking together of several kno\vledge bases, programs had to be developed to handle file

transfer and interfacing mechanisms. Srinivasan and Engel (1991) in reporting their "Expert

System for Irrigation Management" also found limitations in the expert systems shell EXSYS

used in their project. They svvitched development el1vironments to another shell, but still

required the use of programs vvritten in QUICK BASIC for menuing and progranl integration.

Few such limitations have been reported in systems developed using 'languages' as opposed to

expert system shells.
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Guay and Gauthier (1991) developed a tomato disorder diagnosis system using the

SmalltalkJV286 (Digitalk Inc.) envirorunent. Extellsive use of windows by this environment

facilitated the developnlent of all elegant but fllnctional user interface. They report the

implementation in an object-oriented environment as being "quite straightforward" since their

model solution was based on the use of sets which correspollded closely to the notion of classes.

Davis et.a!' (1989) also used Smalltalk to develop the prototype of a decision support system for

evaluating catclunent policies. This group reported that Smalltalk was chosen as the language

for the prototype partly because of tIle speed witll wl1ich prototypes can be developed and partly

because its capabilities matched some of the characteristics of the problem - again their solution

model mapped neatly onto the language data structures.

The use of more standard expert system languages 8l1Ch as the declarative languages LISP and

PROLOG to develop agricultural expert systems has been reported. Roach et.a!' (1985) used

PROLOG to develop the apple orchard management system PO:LvlME. Pasqual and Mansfield

(1988) also used PROLOG to develop a prototype expert system for the identification and

control of insect pests. Lemmon (1986) reported the use ofLISP to write the inference engine of

COMAX, an expert system for cotton crop management.

Of particular interest to this project was the work of Gottesburell et.al. (1990) whose team

developed an expert system to offer prognoses of the persistence of herbicides and their effects

on succeeding crops using PROLOG. The similarities of this work to the current project were

the integration of numerical data into near linear models of crop response, the functional

windowed user interface, and the optional explanation component of the system.
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LISP has been widely used in the USA as an expert systems language (Walker et.a!' 1987). It is

designed for symbol manipulation, but is a functional rather than a relational language with

various operatio11s for logic, such as unification and search needing to be programlued in LISP

as required. PROLOG on the other hand, is a programming language centered around a small

set of basic mechanisms, including pattern matching, tree-based data structures and alltomatic

backtracking (Bratko 1987). It is relational in nature and has a certain 'hybrid vigor' in that it

contains declarative features from computational n1athen1atical logic and some procedural

aspects from conventional programming (Walker et. al. 1987).

Very few publications about the use of programmable spreadsheet programs such as ExcelS for

the development and delivery of expert systems were identified. Costello et.aL (1991) reports

the use of Lotus 1-2-3 version 2.01 to provide a user interface for data entry into a rice crop

simulation program. While execution speeds were slow due the hardware used (8088

CPU @ 8MHz) and the macro language of that version not being as developed as later

spreadsheet macro languages, the authors still were able to report that t11e systen1 performed

well, providing interactive creation of input files prior to simulation and then displayed model

predictions in tabular and graphical fonnats. The authors indicate that spreadsheet software was

utilized because of its inherent advantages in viewing and modifying tabular data and in

displaying graphics.

The literature suggests therefore that expert systems developed using shells may at some stage

during their life cycle need upgrading using facilities not available in the shell. Though shells

may offer developers an easier entry point to the technology of expert systems, the use of a

language supported by an adequate development envirorunent offers a more stable

57

LISP has been widely used in the USA as an expert systems language (Walker et.a!' 1987). It is

designed for symbol manipulation, but is a functional rather than a relational language with

various operatio11s for logic, such as unification and search needing to be programlued in LISP

as required. PROLOG on the other hand, is a programming language centered around a small

set of basic mechanisms, including pattern matching, tree-based data structures and alltomatic

backtracking (Bratko 1987). It is relational in nature and has a certain 'hybrid vigor' in that it

contains declarative features from computational n1athen1atical logic and some procedural

aspects from conventional programming (Walker et. al. 1987).

Very few publications about the use of programmable spreadsheet programs such as ExcelS for

the development and delivery of expert systems were identified. Costello et.aL (1991) reports

the use of Lotus 1-2-3 version 2.01 to provide a user interface for data entry into a rice crop

simulation program. While execution speeds were slow due the hardware used (8088

CPU @ 8MHz) and the macro language of that version not being as developed as later

spreadsheet macro languages, the authors still were able to report that t11e systen1 performed

well, providing interactive creation of input files prior to simulation and then displayed model

predictions in tabular and graphical fonnats. The authors indicate that spreadsheet software was

utilized because of its inherent advantages in viewing and modifying tabular data and in

displaying graphics.

The literature suggests therefore that expert systems developed using shells may at some stage

during their life cycle need upgrading using facilities not available in the shell. Though shells

may offer developers an easier entry point to the technology of expert systems, the use of a

language supported by an adequate development envirorunent offers a more stable



58

development, delivery and maintenance platform. Both Prolog 11 for a DOS enVir0111nent and

Excel 5 in the Windows environnlent meet this criteria.

2.7 Summary

Examples of narrow domain expert system prototypes abound in the literature but few

if any have taken the next step of commercialisation. Further, a broad range of knowledge

representations, inference engine styles, and development environmellts seem to 11ave been

successfully used to develop these prototypes. This plethora of approaches to expert system

development offers little in the way of gauging one development methodology against

another. What does come thrOUgll in the literature very strongly ho\vever, is that no matter

what development tools, knowledge structures and inference engines are used, an iterative

prototyping development life cycle has many positive attributes in expert systems

construction. How this is reconciled with project management requirements of budgetary and

time scale milestones does not seem to have been fully analysed in the literature.

The literature review also indicated the importance of the user interface to the user

acceptability and use of an expert system. Expert system examples in the literature show no

difference in user interface design principles than that found in more conventional computer

programs. It is therefore reasonable to assume that guidelines used by software engineers for

the development of more conventional computer programs can be used. This is supported by

the design of the user interface reported in the small number of conunercialized expert

systems.
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Research into expert systems and their commercialisation appears to be still in an exploratory

stage with few clearly defined metll0dologies being published and much researc11 being

qllalitative as opposed to quantitative in nature.
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CHAPTER 3

3. RESEARCH OBJECTIVES AND HYPOTHESES

Fertilizer selection is an important decision for horticultural producers. Fertilizer n1ay

represent 10-20% of the pre-harvest variable costs of a crop so judicious selection of fertilizer

can have a significant impact on tlle farm's economic performance.

Soil analysis provides a sound basis for mal<ing fertilizer recommendations. The process

involves agronomists assessing the analysis data by con1paring it with published standards

which indicate the level of fertilizer to be applied to optimize yield. Further, the agro11omist

must assess the influence of other factors such as soil pH, conductivity and buffering capacity.

Account must also be taken of complex interactions which occur between plant ntltrients a11d

the effects ofvarious fertilizers on these nutrient interactions.

The task is complex and requires some level of expertise by the agronomist in soil science and

plant nutrition. Despite this, the standards and nutritional knowledge are well documented and

the agronomist does not have to rely upon intuition. The vast range of fertilizers available to

growers have active constituents mixed in a multitude of combinations to meet virtually every

nutritional need of a crop.

A solution space therefore exists for each combination of crop and soil analysis. The fact that

this solution space exists is demonstrated by the credibility given to the current mantlal (and

time consuming) process of developing fertilizer recommendations from soil analyses.
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The task therefore seems appropriate to mechanize as a computer based expert systenl.

Luger and Stubblefield (1989) report guidelines for determining whether a problem is

appropriate for expert system sollltion. It would therefore be prudent to judge tllis project

against these criteria and be guided by the outcome.

These guidelines are:

1) The need for the solution justifies tIle cost and effort of building an expert

system.

In this case a solution would provide a three fold benefit; a) provision of timely,

accurate and consistent delivery of fertilizer recommendations to horticultural

producers; b) the capture and storage of expertise in a fonn available for broader

use and long tenn archiving; c) a consultative/explanatory facility to increase the

user's understanding of the problem solution.

The literature review suggests that a lack of consultative and flexible

explanatory facilities may account for the failure of many expert systems to

provide effective decision support in field operations.

An objective of this project is to investigate issues associated with the provision

of dialogues which support a range of user queries. The author proposes that the
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provision of a dialogue which allows the user to take an active role in the

problem solving process (in tllis project the generatio11 of fertilizer

recommendations) may be both acceptable to the user and practical to

implement. Implen1entation of this facility in tIle expert system will be explored

and described.

2) Human expertise is not available in all situations where it is needed.

Few growers who avail themselves of the soil analysis service offered by

fertilizer companies have the necessary knowledge to relate soil analysis results

to crop requirements in most situations. The fertilizer company representatives,

to complete the service to the growers, must therefore provide this interpretation

for them. This necessitates that the representatives be trained to a competel1t

level of familiarity with the task of making fertilizer recommendations before

being allowed to make fertilizer recommendations. This level of compete11ce is

not adequate in all situations (combi11ations of soil analysis and crop) and

frequently an expert plant nutritionist employed by tIle fertilizer company or tIle

Department of Primary Industries must be called upon.

Furthennore, in the time context of this project, the fertilizer company

representatives role is being redefilled so that interpretations and fertilizer

recommendations will not be regularly made by them. Instead, the fertilizer

reseller (usually independent local distributors of rural products including

fertilizers) is being asked to tmdertake the role of mak.ing fertilizer
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reC0111111endations from soil analyses. Tllese resellers 11ave even less l<nowledge

and expertise in tllis role and will therefore be heavily dependent 011 backup

expertise from the fertilizer company. A cOlnputerized expert systelTI to be used

by resellers to nlake fertilizer recommendations is tllerefore seen as a viable

alternative to providing human expertise backup services to the resellers.

The ultimate end-user of the commercial system is therefore seen as the fertilizer

reseller's staff. BlIt because few, if any, currently have the computer facilities or

skills to test and use the proposed system they will not be targeted in this stlldy

as the end-user. Also, the aim of this study is not to produce the final

conlll1ercial system but to prove the concept through development of a pilot

commercial system or prototype.

Therefore, this study will use as its end-user the fertilizer company staff whose

job it is currently to provide the knowledge support and training to fertilizer

resellers. The small team within the fertilizer company see it as part of their

training role to support adoption of the proposed system once it is proven to

themselves and the fertilizer resellers have the competence and computer

equipment to use the system. It is the role of tbis team within the fertilizer

company to deliver to the fertilizer resellers, the training, commercial tools

(including this system), and the teclmical support of their companies analytical

services that back up and add vallle to their core business of fertilizer

manufacture and distribution.
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3) The problem may be solved using symbolic reasoning techniques.

In contrasting symbolic reasoning based expert systen1S with the characteristics

of process models typically drawn up by scientists, Davis (1986) notes that

process models are typically expressed as a set of matllematical equations. TIle

assumption behind the application of such a model is tllat a proper understanding

of underlying processes allows tIle one model to be applied to a wide variety of

occurrences of a pllenomenon. He further notes that answers can be obtai11ed

rapidly from such mathematical models since computers and computer

languages are desig11ed to solve equations efficiently.

Alternatively, he suggests that expert systems must construct a "model" of the

phenomenon for eacll case from tIle symbolic rules stored in the knowledge

base. Consequently, answers can only be obtained for the range of p11enomena

described in the knowledge base. On the ot11er h811d, the knowledge contained in

an expert system is easily modified as more llnderstanding is gained, and during

a consultation the system can be easily interrogated about the knowledge tlpOn

which the decision is based. The last feature is difficult to incorporate in a

process model, since there is little distinction betvveen the knowledge upon

which the decision is based and the means of applying that knowledge.

Alty and Coombs (1984) support the view that expert systems require an

alternative computer representation than traditional process models. T11ey argue

that traditional computer languages such as BASIC, COBOL and PASCAL,
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although capable of representing knowledge and Imowledge processing

procedures, are cUll1bersome.The representation is to closely cOlUlected witl1 tIle

way in which a C011lputer operates. Alty and Coombs (1984) suggest a far better

approach to representing classes and relations as reqllired in l1lany expert

systems can be achieved through the use of predicate calculus notation. This

notation when reduced to clausal form has been in1plemented witl1 a single

control structure as the computer language PROLOG.

Davis (1986) summarized the relative advantages of each approacll to decision

Inaking in Table 2.4

The problem of nlaking fertilizer recommendations fronl soil analyses call be

visllalized as fillding solutions to many linear models using con1binations of

inputs bound by constraints of closeness of fit of the recommendation to the

modeled requirement. In terms of the problelTIs that can be characterized as

expert tasks as set out by Hayes-Roth et.a!' (1983) and Watennan (1986) this can

be visualized as a two phase expert task; firstly interpretation (analysis of data to

determine its meaning; forming high level conclusions from collections of raw

data) and secondly design (making a specification to create objects that satisfy

particular requirements; determining a configuration of system cOlnponents that

meets certain performance goals while satisfying a set of constraints).
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For example, nutritional standards for tomatoes on sandy soils n1ay model

nitrogen requirement for a crop from a minimum of 60 kg/ha for a soil nitrate

level of 40 mg/kg and above, to a nlaximum of 180 kglha for a soil l1itrate level

of 5 mg/kg and below. Similar standards exist for phosphorus a11d potassiunl.

Using tI1ese standards an agronomist can determine from tIle soil analysis data

the amounts of nitrogen, phosphorus and potassium that need to be applied to

the soil by fertilizer to achieve an optimum yield. This is known as the

interpretive phase of the solution.

Consider from the above case that a nitrogen reqllirement of 90 l<g/ha, a

phosphorus requirement of 55 kg/ha and a potassium requirement of 80 kg/ha is

interpreted from the linear models.

The next phase in the solution is the fitting to these requirements of a fertilizer or

a range of fertilizers that supply the required amount of nlltrients; that is,

designing a fertilizer recommendation. Meeting the requirements exactly is not

necessary and a five percent variation either way from the requirement is

acceptable in practical terms. The constraints in this phase of the solution space

are therefore not crisp.

Product A may consist of 46% nitrogen only, product B may consist of

9% phosphorus only, product C may consist of 50% potassium only, product D

may consist of 9% nitrogen, 50/0 phosphorus and 7.5% potassium and finally

product E may consist of9% nitrogen, 2% phosphonls and 8% potassium.
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Several solutions 111ay be:

1) 195 kg/ha of A plus 610 kg/ha ofB plus 160 kg/l1a ofC

2) 1000 kglha ofD

3) 1000 kglha ofE plus 390 kglha ofB

Solution 1 is a perfect fit to the requirement but involves the application of three

separate products. Solution 2 is a close but not perfect fit but only involves the

application of a single product. While sollltion 3 is a closer fit and involves tIle

application of two products. Note that 1000 kg/ha of product E alone would not

constitute an acceptable recommendation as the phosphorus recolllinendation is

outside an acceptable deviation from the requiren1ent.

The author proposes that an acceptable expert system can be developed llsing

symbolic reasoning techniques to implement nlltritional and heuristic knowledge

that:

a) implements the interpretive model using rules

b) generates solutions from a constrained solution space using rules

c) communicates with the user in a higWy interactive and effective

manner.
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This proposal covers two fundamental objectives. One of investigating and

in1plementing metl10ds of expert system development and one of investigating

and implementing user interface design principles.

Methods leading to the achievement of these proposed objectives will be

described.

4) The problem dOll1ain is well struchlred and does not require commonsense

reasoning.

As stated earlier, although the task is complex, the standards and nutritional

knowledge are vvell documented and the agronomist does not have to rely on

intuition. The solution process is regularly practiced by experts giving sonle

insight into the process of navigating througll the solution space. Further, these

experts also train other agronomists in the task illdicating that tIle task is well

studied and formalized, terms are well defined alld the domain is clear with a

specific conceptual model.

5) The problem may not be solved using traditional computing models.

The process of making fertilizer recommendations based on soil analysis has

been practiced for over 50 years (Malsted and Peck, 1973). In that time few, if

any, computer based fertilizer recommendation programs have appeared. This

may be due to the failure of mathematical models to accurately account for tIle
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variation tllat naturally occurs in a complex biological system SUCll as the

soil/plant nutritional relationship. Any conlputer solution mllst be flexible

enough to allow for this variability as well as additional constraints tllat nlay be

overlaid 011 the problem by the user such as a preference for one group of

fertilizers or the inclusion of some over-riding provisos such as salinity hazards.

This is wllere the nutritionist brings to bear the wealth of defined and well

understood heuristics on the problem.

The nature of expert systems in allowing the use of SllCh heuristics to Inodel the

solution process nlllst therefore ptlt such COlnptlter programs at a vast advantage

to more traditional data processing techniques.

6) Cooperative and articulate experts exist.

The primary expert in this case is a plant nutritionist enlployed by a leading

fertilizer company that carries out several thousand soil analyses and

interpretations each year. The expert has help developed the cOlnpanies manllal

on soil test interpretation for making fertilizer recommendations and nU1S

numerous training courses for the companies sales agronomists aIll1tlally. It has

therefore been demonstrated that the expert is willing and able to share t11at

knowledge. Further, the company management has shown its support for the

proj ect by providing funds to assist in its pilot development and evaluation.
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7) The problem is of proper size and scope.

It is inlportant that the problem not exceed the capabilities of current technology.

Although a large problem may not be amenable to expert system solution, it may

be possible to break it into smaller, independent subproblems tllat are.

This was done successfully in the creation of XCON: initially tIle program was

designed only to configure VAX 780 computers; later it was expanded to

include the full product set of Digital (Barker and O'Connor 1989).

A similar situation presents itself in this project. One could aspire to capturing

the total plant nutritional knowledge fOUIld in the literature. Such a project would

be beyond tlle scope of this study wllere the objecti"ve is more one of proof of

technique and methodology and the pilot commercialization of tile prototype.

Therefore, one of the objectives of this project is to demonstrate the llse of

expert systems teclmology in the domain of making fertilizer recommendations

based on soil analyses by developing techniques and methodologies that prove

commercially acceptable in a pilot study.

It would therefore appear from the above discourse that this problem is appropriate for expert

system solution.
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Given this conclusion, the objectives outlined can be syntllesized into project aims of:

a) explore and describe methods that implement the interpretation n10del using

symbolic reasoning techniques.

b) explore and describe methods that can generate fertilizer recommendations from

a constrained solution space using symbolic reasoning teclmiques.

c) explore and describe methods for the production of a user interface tl1at is highly

interactive and effective providing dialogues that allow the user to tal<e an active

role in the problem solving process. The proposed users of this pilot systenl were

fertilizer company agronomists 8l1d once ftllly COffilllercialized, tIle fertilizer

reseller staff.. The fertilizer company currently has a well docunlented nlallual

process in place for making fertilizer recolnmendations based on soil analysis

results and runs accreditation short courses to train and maintain conlpetence of

fertilizer reseller staff in the task. However, many situations arise where thrOllgh

either time constraints, lack of knowledge, or poor training, fertilizer company

experts are called in to make recommendations or adjust erroneOllS

recommendations. The long-term corrunercial aims of this system were tllerefore

to reduce the reliance on company experts and reduce (hopefully elimillate)

erroneous recommendations. The system was not intended for use by growers.

d) demonstrate the commercial feasibility of SllCh a project by constructing a

commercially acceptable prototype system.
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CHAPTER 4

4. RESEARCH METHODS, TOOLS AND DEVELOPMENT HISTORY

4.1 Introduction

Having establislled from the literature review that tIle develop11lent of an expert systel11

for making fertilizer recommendations based on soil analyses should be feasible, research was

then planned to explore this hypothesis using the aims as focus points. Qualitative alld

quantitative data was obtained from interviews, presentations, test sce11arios, and records of tlle

development process. The data gathered was analysed in relationship to the project aims stated

in the previous chapter. The development cycle of the project, tIle methods and tools used, and

the justification for these decisions are presented in detail in this chapter.

4.2 Expert Selection

The selection of experts was straight forward. The author had in depth professional

experience in making fertilizer recommendations based on soil analysis having carried out the

process regularly in his employment. The author was therefore well situated in considering the

balance of theoretical processes and their practical application in the domain. TIle fertilizer

company's expert was willing to assist in the provision of expert knowledge and vetting its

application. The Department of Primary Industries horticultural crops nutritional expert was

willing to review both the knowledge and the dialogues used in the system.
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4.3 End-User Involvement

•

As described in chapter 3, tIle target end-user in this study was the small teanl of staff

members within the fertilizer conlpany whose job was currently to provide the kl10wledge

support and training to fertilizer resellers. This small team within the fertilizer company see it as

part of their training role to support adoption of the proposed system once it is proven to

themselves and the fertilizer reseUers have the competence and computer equipmel1t to use the

system. It is the role of this team \vithin the fertilizer company to deliver to the fertilizer

resellers, the training, commercial tools (including this system), and the technical support of

their companies analytical services that back up and add value to their core business of fertilizer

manufacture and distriblltion.

No member of this team had any broader computer skills than that of average competency in tIle

use of parts the standard corporate software, that being Microsoft Office™ (Microsoft). This

meant that no team member could specify in computer system tenns before hand wllat tl1ey

required from a computer system that automated the process ofmaking fertilizer

recommendations. A system development process was therefore required that allowed tllis team

to review and suggest further development directions for the system on a regular basis. This

requirement was well suited to the iterative prototype development methodology.

To facilitate end-user involvement, regular communication with tIle team members was

required. To this end, one staff member was designated as "project champion" within the team

and would act as the authors first point of contact to review small illcremental developments, to

gauge the value of various development options, and to clarify gaps or ambiguities within the
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knowledge base. This sort of contact would occur on average about twice per n10nth during

development work and consisted of either personal visitation, telephone, or facsin1ile contact.

When larger development increments had been made, a meeting of all the tealTI took place to

review the work to date and give direction on future areas to explore 8l1d develop. The outcomes

of these meetings were recorded as minutes and distributed to all team n1embers. The points

requiring action had the name of the team member put against it so the rest of the team were

clear on who was expected to do \vhat. Appendix 8 is a copy of one such set of mi11utes.

This process of continual end-user involvement gave the team a broad and detailed synopsis of

the progress of the project. The process allowed them to:

• keep abreast of the progress towards project milestones

• use the current prototype version as the underlying specification for the next version

• be exposed to the power and vveaknesses of the system

• use the prototype versions to test and train themselves in the systems capabilities

• come to terms with the technology

• provide detailed reviews of the system to the author

4.4 Tool Selection

A major decision was the selection of a development tool that would see the project

through to, at the very least, the end of the prodllction of the prototype system. Requirements of

the development platform would be wide and varied.
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Firstly it had to support incremental development. Much of the researcll would be on small scale

test nl0dules of code rather than a complete system. This requirement hinted at an interpreted

environment where facts, objects, and rules could be altered on the roll rather than having to go

through tedious compilation cycles to test various options. This requirement also pointed

towards good support of execution tracing/debugging. To follow the execution process in

refining both tIle correctness and efficiency of the code, stepwise execution and tracing wOlI1d

be important.

Secondly, because a wide range of implementation isslles such as user interface, dialogues,

explanations, inference Inethods, knowledge representation, and report generation were going to

be explored, tIle development environment would need to be flexible enollgh to allovv full

exploration of these issues. This requirement pointed to the use of a language based

environment rather than a shell \vhose features maybe more fixed.

For the purpose of this project, the PROLOG-2 (trademark of Expert Systems International)

implementation of the PROLOG language was chosen as the initial development tool. Reasons

for this selection were:

a) Availability and past experience of other staff members in using this prodllct.

b) The use of a language rather than a s11ell would lead to fewer restrictions in the

software implementation.
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c) PROLOG-2™ uses the Edinbllrgh PROLOG syntax but comes Witll a library

that implements the DEC-l 0 PROLOG syntax at the same tilne.

cl) A windowing/menu development library is also supplied with the lallguage. This

greatly eased the production of a user il1terface that met the design goals.

e) The package had an excellent debuggillg facility tllat ilnplemented tile PROLOG

execution tracing "box model" presented by Clocksin and Mellish (1981) in their

text on PROLOG programming. Readers are referred to the Prolog-2 Language

Reference Manual (1986) for a detailed description of how this is inlplemented.

f) The package allowed the incremental development of a system by its strong

SllppOrt ofmodules and code libraries.

g) The pacl(age acts as a PROLOG interpreter allowing quick and easy exploration

of design theories. Additionally, the package allowed conversion of tIle

interpreted code to a stand alone .EXE file for final distribution.

h) Built-in predicates of PROLOG-2™ allowed the design and implementation of

an event driven user interface that also supported a mouse.

i) The PROLOG-2™ package functioned effectively across a broad range of

hardware configurations. Most of the initial testing was done on a IBM XT

compatible with twin floppy drives. The final demonstration systenl was
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finalized on a IBM compatible '386 machine with a hard disk drive. Execution

times were useable across all platforms with, thoug11 as expected the '386

hardware gave superior performance.

Krause (1990) presents a thorough review of the PROLOG-2™ development package al1d

readers are referred to this for more details on the package.

The process of tool selection "vas done in 1989, at a time when the Microsoft Windows

environment had not come into common use. The selection of a character based DOS

programming environment was tIle current practice at the time.

However, at the completion of tIle DOS based prototype, Microsoft Windows 3.1 TlVI was fast

becoming the standard platform for personal computer software. The decision was made in

consultation with the projects commercial backers to pursue the development of another

prototype based on the Microsoft Windows™ environment.

Using the experience gained from the development of the DOS based prototype, several

additional requirements were added to the list of selection criteria for a development

environment.

Much of the user interface had evolved into tabular form fill-in style data entry and presentation

dialogues as indicated in figure 4.1.
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Figure 4.1 Example of tabular data entry and presentation developed in the DOS version of
SADI.

There was a need to deliver the Windo\vs based prototype in as short a time as possible

indicating a very sl10rt learning curve for the product selected. User interface response ti111es in

tIle DOS based prototype was slowest in the part of the system t11at carried out inte11sive

calculations and a system more tuned to these demaJ.lds may overCOlne possible bottlenecks in

the user interface.

After considering LPA 386-PROLOG (trademark of Logic Programming Associates Ltd.,

England), ExcelS (trademark of Microsoft Corporation, USA) was chosen as the developlnent

environmen~for the Windows based prototype.

No Windo\vs based product would convert the user interface systen1 designed in tIle DOS based

prototype to a \Vindows user interface. A direct port was impossible - recoding froill scratch

was the only option.
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LPA 386-PROLOGTM offered few high level Windovvs API functions. Considerable ti111e

would need to be spent on learni11g and coding the windowing systen1.

Excel5™ on the otl1er hand was very 'Visual' in its user interface design. New Wi11dows a11d

components were simply created by "dropping" tl1em from a toolbar or menu, placing and

sizing them using drag and drop mOlIse actions as s110wn in figure 4.2.

Figure 4.2 A button component in Excel5T l't1 that has been dropped from the toolbar a11d is
highlighted ready to be sized and placed using drag and drop mouse actions.

All user interface components such as sheets, buttons and graphics were handled in t11is way -

simply selected from a toolbar and dragged and dropped into place on the window without allY

code or screen co-ordinates having to be considered.
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Exce15™, being a spreadsheet e11vironment, handled multiple calculations well witl1 the flow

and triggering of re-calculation being easily manipulated.

Other positive considerations for using Excel5™ were that it came \vith two programming or

macro languages (Exce14™ function language or Visual Basic for Applications™), supported

the design and implementation of Windows dialogues, had an excellent debugging module, a

very quick learning curve, good user security tl1rough the use of passwords at the application

and window level, and fully supported incremental development. Although not a compiled

environment, the commercial partners in this project had selected Microsoft Office (which

includes Exce15™) as their corporate software platform thus ensuring portability across all

personal computers in the COmpaI1Y.

The fact that Excel5™ was not an expert system shell as such required even closer scrutiny of

its capabilities for the task at hand before making the final decision to use it as the systen1s

development and delivery platform.

Excel5™ provided in some form many of the operationally functional components found in

expert system shells. It supported the separation of the knowledge base from other system

components either by allowing the knovvledge bases to be stored in separate worksheets

within a workbook file or allowing more than one workbook file to be opened and operated

upon at one time. It supported various forms of knowledge representation through tIle use of

lookup tables arranged either horizontally or vertically, a complete set of Boolean functions, a

toolset for the definition of user-defined nlnctions, a toolset for the definition of user-defined

macros, a toolset to read ASCII data files, a tooIset to interrogate external databases using
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SQL constructs, OLE C0111pliance for cross application data sharing, strong logical and

looping function support, and data typing functions to test for and COl1vert various data types

automatically.

Excel5™ could also have its calculation model customized manually or programatically

allowing full control over when calculation would occur, what order it would occur in, how

many iterations of goal seeking or scenario testing would be r1ln, what level of acc1lracy was

required when goal seeking, and whether external links were to be updated. Progran1

execution could also be easily controlled through the use of nested command macros that

could be triggered by user commands from the user interface using screen components such

as buttons and menu items, data input, keyboard or mouse activity, or internal system events

(demons).

The above properties of Exce15T~1 indicated that it \vas a feasible option for constructi11g an

expert system when compared to other expert system shells available for the Windows™

environment. Production rules could easily be formulated into IF-THEN constructs or look

up table structures, knowledge could be asserted or cleared either by programatically updating

a knowledge structure or keeping a "blackboard" of dynamic knowledge in a worksheet, the

construction of a standard Windows™ user-interface was supported, testing of "wI1at-if'

scenarios was naturally supported since this is what spreadsheets vvere originally designed

for, and pattern matching functions are part of the programming language. While an inherent

explanation facility is not present in Exce15™ this did not detract from the platforms utility in

this study since an explanation facility was a very low priority in this case and the
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programming lallguage of the package would allow the constrtlction of such a facility if it

were required.

4.5 Problem Dissection / Provision of User Dialogues

The task at arriving at a fertilizer recommendation based on soil analysis can be

dissected into several sub-tasks. An examination of the manual process provides a good insigllt

to what these sub-tasks may be. Also, designing the system model to be equivalent to the

current manual model will help users more quickly grasp t11e context in which they are

operating within the system.

Dialogue provision refers to the \vay in which the system and tl1e user interact. A COlnn10n form

of dialogue in expert systems is a rigid style of consultation wit11 an exhaustive set of yes/no or

menu style questions initiated by the system. (Berry & Broadbent 1987). Both Kidd (1985) and

Berry & Broadbent (1987) argue that this rigid fonn of system-oriented dialogtle is restrictive

by limiting the options the user has in directing the session. As derived in the literature review,

dialogue facilities of the system need to match the communication needs of the user and tIle

constraints ofthe task environment.

So what are the tasks in the process of making a fertilizer recommendation and where might the

user wish to take initiatives or short-cuts? A metll0do1ogy that was successfully applied for the

provision of dialogues in this project is described below.

The process of Inaking fertilizer recommendations involves five main tasks. These are:
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a) Be presented with the results of soil analysis.

b) Select an il1terpretation chart.

c) Determine elemental requirements.

d) Select a range of fertilizer products.

e) Match fertilizer products to the elemental reqllirements to form a fertilizer

recommendation.

This dissection then points to various system design options.

The system can be constructed of modules, each handling the sub-tasks of data entry (entering

the soil analysis results into the system); chart selection (choose a knowledge base);

interpretation (apply the knowledge to the data to arrive at target amounts of nutrients); select a

set of fertilizer products (restrict the size of the solution space to reduce calculation load);

recommendation (calculate the rate/s of productls that best fit the solution criteria, that is the

target amount of nutrients, without contravening other nutritional requirements).

Step A requires the results of the soil analysis to be entered into tIle system. Soil analysis data is

presented as a printed report in tabular fonnat. This suggests that a form fill-in style of data

entry may be acceptable if fonn design can imitate that of the printed report. This step has no

prerequisite step. Use of two input modes was considered in this study; manual keyboard entry

and disk file access.

Manual keyboard entry was done using two screen forms that conformed to a user-interface

standard as described in the user-interface section. By selecting fann fill-in as the method for
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manual data entry, much control and therefore dialogue initiative \vas passed to the user. No

ordering of data entry was enforced, the user could enter soil analysis data at random. All

related data was displayed on the screen, keeping the user in context. Filling in all the form was

not enforced thus allowing the tlSer to back Ollt of the task and re-enter it at will.

Alternatives to this method of manual data entry were to ask for eacll data item illdividually.

While this method of dialogue control may l1ave been easier to code (sequentially display a

number of questions on the screen and wait for inpl.lt to each), the utility of such a system was

considered less flexible than the form fill-in method (Shneiderman 1987, P 73). Ordering of data

entry is enforced if no question switching mechanism is provided. Screen layout can become

cumbersome if each qtlestion is asked in a verbose fashion. Re-entry into the data entry session

was from the first question cascading through to the end. This involved having to step tl1rougll

each answered question before arriving at the previous data entry point.

Example Prolog code from the final prototype for data entry is s110wn in figure 4.3. Note the use

of indirection to ease maintenance and increase modularity in the menu system implementation.
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1 data menu :-
2 create_stream(d_menu,readwrite,byte,window(2,50,white on black)),
3 open (d_menu,readwrite),
4 screen(d menu,create(5,15,d menu,O,O,O,all,white on
5 - black, 2, 50, hidden) ),
6 repeat,
7 menu heading(data menu,Heading),
8 menu-list (data menu,Menu list),
9 menu-start item(data menu, Start item),
10 window(actIon,clear)~ -
11 req action (data menu),
12 menu(d menu, -
13 Heading,
14 Menu list,
15 Selected,
16 Start item),
17 update stait item(data rnenu,Selected),
18 window(actioD,clear), -
19 (Selected = esc i (call (Selected) , fail)),
20 close(d menu),
21 delete stream(d menu), !.

Figure 4.3 The main piece ofcode that controls data entry in the Prolog DOS prototype.

Chart selection suggests a menu or list of charts that tIle user can choose froill may be

appropriate. In tIle manual system, all the charts are arranged numerically in a book indexed by

chart number and name. Using the same indexing and naming system as the Dlanual systelTI

would promote quick familiarity of the compllter system by the user.

Chart selection has no prerequisite step. A chart contains all the knowledge for a particular

crop/soil combination. Published interpretation. charts are numbered, vvith chart 97 for example

being for tomatoes and capsicum grown on sandy soils. There is very little room for flexibility

in dialogue in this facet of the process. The user must simply choose an appropriate chart for the

situation at hand. Standard menu selection techniques adopted for this p~oject and described in

chapter two were used to achieve a selection.
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Two refinements to this step were suggested by the other experts. One was for the automatic

selection of a subset of fertilizer products upon selecti11g a particular chart. This had a two fold

effect for the user. It made the need to do step D unnecessary if the user was l1appy to accept the

fertilizer product subset of the c11art. This provided a Sllort-cut for all experienced user. It also

indicated to the user the standard fertilizers usually considered for use ill that particular crop/soil

combination. This gave the system a small educational/familiarization role. The system still

retains flexibility for the user to take the initiative in selecting fertilizer products. External to tl1e

system, a chart may be edited to vary which fertilizer products it brings in as the defaults, if any

at all. In the system, step D allows a user to remove or add fertilizer products to the subset

selected. Thus the user has complete control over which fertilizer products are to be considered

in the final step of making a recommendation. This refinement \-vas incorporated into the

prototype system.

The other refinement was for the system to provide an alternative n1ethod for selecting a chart.

Rather than the user directly specifying which chart was required, the user could specify a crop

and soil type to the system and the system would itself select the most suitable chart. This

makes chart selection easier for users unfamiliar with the chart numbering used in the n1anual

system. However it would slow the selection of a chart down since it involves two selections

and an indexing back to a chart compared to the original scheme vvhich directly loads a selected

chart number. This refinement was not incorporated into any conunercial pilot version of the

system.

Interpretation is an intensive matching process that once started \vould need little if any user

interaction. This suggests that the system needs to display some milestone messages to keep the
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user informed of tl1e systems progress. Without tllese messages the user may feel isolated or

wait in fear ofhaving done something wrong.

This interpretation sub-task is \vhere the basic l1utritional interpretation occurs. This step

requires tllat step A and step B be completed. This step involves the system applying t11e

knowledge in the chart to the soil analysis data to arrive at the elelnental requirelnents alld

associated explanations that the system then displays to the user. Where invalid data from step

A has been found, a message is presented in the interpretation report making the user aware of

the lack of validity of the data. The user has the flexibility to go back to step A, edit tIle

erroneous data and proceed directly to step C again. Only when step C has been completed

successfully, is the user given access to step E. This is an exanlple of what Berry & Broadbent

(1987) described as mixed initiative dialogues. That is where the system still retains some

control over the direction of the consultation for reasons of safety or validity. In the context of

this project, it would be careless, if not professionally negligent, to Inake a fertilizer

recommendation based on the interpretation of erroneous data. The system must take control of

the session and direct the user back to correcting tIle data.

Selecting a set of fertilizer products (step D) suggests a complete list of fertilizer products being

presented from which multiple selections can be made. If such a sub-set were to be considered

standard, the list could be presented with the sub-set selected as the default starting set-up for

the list. Fertilizer companies list their products by name and nutrient content on handy product

guides and a similar layout would streamline user acceptance of this step.
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This step is optional if step B has already created a subset upon selection of an interpretation

chart. Step D I1as no prerequisites.

The inclusion of this step rather tllan letting the system go off and consider all fertilizer products

has several advantages. It lets tl1e user direct the recommendation process (step E) towards a

preconceived outcome. For exalnple, if the client wished to use "straights" (single element

fertilizer products), the user would select only this fonn of product in step D. This would force

the process in step E to only consider these products and thus generate a recommendation in lil1e

with tIle users wishes. The system does not override the llser and suggest alternatives outside the

users wishes. Similarly, if low chloride products are required because of a salinity hazard, the

user would select only this fOIm of product in step D and step E would generate

recommendations accordingly.

This step also provides an avenue for the nutrient contents of the fertilizer products to be

displayed to the user. This acts as a ready reference for the user rather than having to refer to

external product guides for this information.

Finally, by restricting the size of the fertilizer product subset, the optimization routines

underlying parts of step E perform much faster. Additionally, the display of a subset rather than

the full set gives a much tidier screen display in a non graphic (DOS) user interface.

Making a recommendation is conceptually and computationally the most complex part of the

overall task. As seen from chapter three, tIle process involves matching elemental nutrient

applications resulting from certain rates of fertilizer application to target elemental
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requirements. Many ot11er factors such as availability, grower preference, number of products,

and fertilizer forn1 must be considered as well as closeness of fit to the elen1ental nutrient

requirelnents. Tllis suggests a user interface that allows the user to direct the dialoglle to some

degree, front-ending powerful C0111putational algoritl1ffis that can solve several linear 1110dels on

a time scale that make the real-tinle user interface acceptable to use. Such design criteria Inay be

met by presenting the user with a 'live' table of results along witll menus for the user to select or

direct the navigation of the solution space.

This step has the prerequisites of there being a current interpretation (step C) and a selection of

fertilizer products being available (step D). This step 11as four subprocesses; making a liming

recommendation, making a basal (pre-plant) fertilizer recommendation, ma!<iI1g a side-dressing

recommendation, and writing the recommendations report.

The first alld last subprocesses are closed processes, that is tllere is no user dialogue sUPPolied.

You select either task and are presented with the end result; either a liming recommendation or

a recommendations report. The two processes of makillg a basal and side-dressing

recommendation are where the major dialogues ofthe system occur.

In the basal recommendations the user can select to either let the systenl find the fertilizer

product that best fits the requirements or do the fitting manually. The user needs to know what

the requirements are; what rate of fertilizer has been applied; what the difference is between the

requirements and the amounts applied (this indicates the shortfall or SUrplllS supplied by the

amount of fertilizer being recommended); and sonle opinion advanced by the system on the

consequences of accepting the fertilizer recommendation in its current state. The latter piece of
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dialogue introduces a consultative process illto the dialogue as eluded to by Kidd (1985) as

being a requirement in duplicating the human consultation process. Further, to enhance the

utility of opinions advanced by the system, two forms of opinion, sUlnmarized and fully

explained, can be offered to best suit two user models - tIle novice and experienced user.

Failure to offer two forms of opinion either make the consultation process long winded for

experienced users or too shallow for novice users. The fonn of opinion must be user selectable

since the one user may assume the two user models at different times during the one session. An

experienced tomato agronomist may have to resort to full version opinions on his fertilizer

recommendations for zucchini.

Once a fertilizer rate has been developed either manllally or automatically by the system, tIle

user should be allowed to experiment on this recommendation. This process of experimentation

on the initial recommendation allows the user to refine tIle recommendation, probe the

sensitivity of the rate recommended, drastically alter the recommendation, or check the

recommendation against alternative recommendations that can be developed. TIle user lTIUst be

given full initiative over the process so that the final recolTIlnendation is acceptable and

understood.

Even after a best fit has been arrived at automatically, the user then has the option to manually

alter this to further refine it or try alternatives. During the process of manually arriving at a best

fit the system offers an automatic single element optimizing rOlltine that takes tIle guess work

out of fitting fertilizers to requirements.
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A similar process is gone throug11 for making side-dressing recommendations since the

processes involved are essentially the same; fitting fertilizer products to requirelnents.

In both the basal and side-dressing recommendation slIb-processes, the user can take the

initiative by stating rates of products, optimizing rates of products for certain elements or

selecting a new group of products to explore recommendations.

The results of tllis problem dissection apart from giving an indication of the sub-tasks required

in the system also suggests the content of a main system menu - that being the five main sub

tasks of soil analysis data entry, chart selection, interpretation, fertilizer selection, and

recommendation.

4.6 DOS Prototpye

Initial development of the DOS prototype was done on 8.11 IBM compatible 8086

machine using the Sidekick (trademark of Starfish Software) editor. This allowed the Prolog

2™ system to be running continuously vvhile being able to jump in and out of the text editor at

will, allowing for rapid prototyping of small code modules. Final refinement alld commercial

presentation of the prototype was done on a Toshiba 80386 laptop using the editor ofXtreeGold

(trademark of Executive Systems Inc.) file management program. The added speed of the

Toshiba allowed a larger text editor to be used and the Prolog-2™ interpreter only started when

code testing was required.
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Prolog-2™ proved a satisfactory platfonn for the implementation of the methods developed.

The implementation of tIle knowledge base, inference algorithms, alld report generation were

relatively straight forward. However, as predicted from the literature review, the largest amount

of code in the system was devoted to the user interface. The llser interface also proved the most

difficult to implement and control. The project was developed as an event driven system and

this proved easy to implement.

While Prolog-2™ came with an extensive library of predicates for a windowing and Inenu

system, the conte11t of these structures was based on indexed lists of text. Since much of the

content of the menus and list boxes was not constant, ffillCh coding \vas needed to refresh and

control these user interface items.

It was t11e excessive work required to further refine t11e user i11terface in Prolog-2Tl'v1 duri11g tl1e

beginning ofthe commercialization process that tipped the scales to\v"ards changing tl1e soft\vare

development platform.

4.7 'Vindolvs Prototype

The Windows prototype "vas begun in Excelt: Tr{ running in N1icrosoft Windows 3.0 011

the Toshiba laptop used to finalize the DOS prototype Soon aftenv-ards the final developlnent

was done on a 80486 based IBM compatible per~:'0nal computer in ExcelS™ running in

Microsoft Windows 3.11. This latter machine proved to be a very acceptable development tool.
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Exce15™ was a totally self-contained software development environment providing all the tools

needed to develop and deliver a commercial prototype system.

In1ple11lentation of tlle knowledge base, inference engine and algoritluns proved to be straigllt

forward and while syntactically different, it was relatively similar ill principle to the Prolog

based system.

The vast improvement of tllis system over the DOS based system was the user interface. Much

of the lIser interface was bllilt by direct manipulation reqlliring no code to support it. MenllS and

dialogs were easily built and maintained. Event driven processing \v11ile also implemented in

the DOS system, was fully supported in Exce15TlVt and used extensively. The ability to display

various fonts of different calor and graphics also streamlilled the user interface.

Software security was also supported by Exce15™, password protection at the individual screen

level as well as at the full application level. This became an important consideration in tIle

commercialization process to protect the companies investment from other fertilizer companies.

4.8 Commercialization

The commercialization process followed in this project \vas one of collaborative

development with the cooperating fertilizer company (Incitec), funded by a grant from the

fertilizer company matched equally by the Horticultural Research and Developlnent

Corporation (HRDC), a federal government agency.
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Several presentations to company representatives were made to gauge tIle llsefulness of the

DOS prototype in helping their dealers deliver fertilizer reco111mendatians. Following positive

feedback from both their technical and marketing staff, the allthor in consultation with the

project supervisor and a fertilizer company representative, developed a project proposal that not

only mapped out t11e planned course of action for commercialization but also included

budgetary considerations to fund tIle process. Appendix 7 is a copy oftI1e successful proposal.

The funding allowed the purchase of the Toshiba 386 laptop calnputer, software, and travel for

project team members to meet at regular intervals for milestone reports and project reviews.

At the completion of the funded project and proof of the value of the full prototype system, the

fertilizer company employed the services of a software consultant to expand the k110wledge base

to include many more charts than had been included in the prototype system. The consultant

was also involved in user training, system maintenance, and system upgrading as the company's

plans for the system evolved.
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CHAPTER 5

5. IMPLEMENTATION AND SYSTEM OVERVIEW

This c11apter describes how the principles formulated in tIle previous chapter were

implemented. Exan1ples of code, screen dumps and system statistics are presel1ted. Design

features that led to the achievement of the project aims are highlighted and reasons for their

success are discussed.

5.1 System design and overview

The proposed llsers of the systenl were fertilizer company agronomists and fertilizer

reseller staff. The fertilizer company currently has a well documented manLlal process in place

for making fertilizer recommendations based on soil analysis results and runs accreditation short

courses to train and maintain competence of fertilizer reseller staff in the task. However, many

situations arise where through either time constraints, lack of knowledge, or poor training,

fertilizer company experts are called in to make recommendations or adjust erroneous

recommendations. The commercial aims of this system were therefore to reduce the reliance on

company experts and reduce (hopefully eliminate) erroneous reconunendations. The system was

not intended for use by growers.

Within these commercial aims the system would have to run on a standard IBM compatible

hardware platform, be useable by fertilizer dealer staff who are not fully cOmptlter literate,

provide a fertilizer recommendation tailored to user requirements as well as the nutritional
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restraints indicated in the soil analysis results in real-time, and provide some facility to print a

hard copy report of the recommendation.

Botll prototypes and tIle commercial pilot system arising OlIt of the Windows prototype met

these requirements. SADI (Soil Analysis Data Interpreter) was chosen as the systenl nanle and

is used in this thesis to name the system through its stages of developlnent aIld

commercialization.

5.2 DOS prototype

The Prolog-2™ source code of SADI consists of 2352 lines of code packaged as a 220k

.exe file and three overlay files totaling 55k.

SADI is a menu/event driven system. It is made up of five sub-systems each accessed from tIle

main menu which allows the user to:

(1) Select a soil analysis data file or type in soil analysis data

(2) Select an interpretation chart

(3) Carry out an interpretation

(4) Select a range offertilizer products from tIle full product list

(5) Make a fertilizer reconunendation

Figure 5.1 shows the screen design of the main menu. System messages along the lower edge of

the screen keep the user informed of the current system status while some control is exercised
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over the user navigation of the system by restricting access to t11e interpretation 1110dule

(bracketed menu itenl is not selectable) until soil analysis data is entered and a chart selected.

MS-DOS Prompt !
" SOIL AHALVSlS DATA INTERPRETER 6/2/1996'

Figure 5.1 The main menu screen used in tIle SADI DOS prototype.

An exalnple of code used to drive the event driven processing of the Prolog system is S110\Vl1 in

figure 5.2. The numbers in the select_action/I relation represent unique keyboard codes. Only

the ending key (usually escape) does not fail, allowing the progranl to proceed out of that event

capture routine back to a higher level event captllre rOlltine SllCh as a menu.
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put arrow /* repaints menu items to show highlight */
pos(New,Old), /* instantiate current values in 'pos' */
New pos is New + 2, 1* change highlight co-ordinates */
Old=pos is Old + 2,
get prod names (New,New name,Old,Old name),
window (tIle, cursor address (Old pos,I)),
window(tile,text(OId name)), -
window(tile,cursor address (New pos,I)),
window(tile,attribute(white on-black)), /* unhighlight old */
window(tile, text (New name)),
window(tile,attribute(black on white)), /* highlight new */
! .

/* predicate 'pas' instantiateed */

/* initialize highlight placement */
/* will succeed on bracktracking */
/* instantiate X to keyboard code */
/* do action based on X */

get_key_press(Press)
repeat,
get key(Press),!.

ESC, do not fail so drop thru */

/* instantiate Press to keyboard code*/

/* assert new selection position */
/* repaint menu items */
/* fail and loop back to update-rate */

/* check for valid move */

/* 18432 = uparrow */

/* invalid when at last item */
/* fail and loop back to update-rate */

/* 20480 = downarrow */
/* count of menu items calulated */

/* assert new selection position */
/* repaint menu items */
/* fail and loop back to update-rate */

/* check for valid move */

/* 20480 = downarrow */
/* count of menu items calulated */

/* 283

update_rate :
put_arrow,
repeat,
get key press(X) I

select action(X) I

! .

select action(18432)
pos(X, ),
X > 0,-
Y is X-I,
retractall(pos/2),
assert(pos(Y,X)) ,
put arrow,
!, fail.

select action(20480)
number of products (Size) ,
Size_1-is-Size - I,
pas (X, ),
X =:= Size 1,
!, fail. -

select action(20480) .
number of products(Size),
Size_l-is-Size - 1,
pos (X, ),
X < Size 1,
Y is X +-1,
retractall(pos/2),
assert(pos(Y,X)) ,
put arrow,
!, fail.

select_action(283)
! .

assert(pos(Y,X) ),1
2
3
4
5
6
7
8
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put arrow /* repaints menu items to show highlight */
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! .
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As in many other reported systems, the user-interface of SADI formed a large part of the code.

In designing the interface, standardization on key-press/action response was strongly enforced

and this was backed up by systen1 messages reinforcing tIle system prompts. Extensive use has

been made of menu boxes, inverse video highlights and keyboard function keys.

The infonnation for SADI's knowledge bases resides in three disk files together with tIle

knowledge generated by tIle third main menu selection - carry out an interpretation. The soil

analysis data as typed in by the user or decoded from fertilizer company files is stored in one

file. The fertilizer product infonnation is stored in a file and loaded automatically at system

start-up. This allows changes to the product range to be easily edited into the file without the

need to recornpile the code. It also offers some degree of security over the integrity of tIle

infonnation as tIle file cannot be directly accessed by the llser from within SADI. Lastly, all the

nutritional standards, linear model constraints, summary and explanatory text are stored in a file

known as the interpretation chart. The infonnation for this part of the knowledge base vvas

gathered from the fertilizer company's published interpretation charts and t11eir plant nutrition

expert. Since this knowledge is specific to any particlllar crop/soil combination, a multitude of

these charts may exist. This explains the need for the second option in the mai11 menl1.

Entering soil analysis data into SADI can be achieved by form fill..in or providing the nan1e of a

file that SADI can decode. Two file fonnats are' supported; Incitec's (fertilizer company) and

SADI's. The soil analysis data decoded form a file is presented in form fill-in fonnat for

editing/viewing the same as manually entered data.
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Selecting an interpretation chart presents the user wit11 a menu box where a file nunle

representing a chart can be entered or selected from a list of files. Selecting a tile "reconsults"

all the predicates frol11 the file into SADI's knowledge base. The chart when loaded also selects

a small range of fertilizer products that are known to be in common use ill the crop/soil situation

to which it's knowledge pertains. An interesting poil1t here is that by using Prolog-2 which

supports virtual memory nlodules, the predicates are not physically moved into RAM frOlTI disk

until they are called by the inference engine in later logic. Restrictions on knowledge base size,

familiar in other development environments, have not been encountered in this prototype.

Carrying Ollf an interpretation applies the nutritional standards in the chart to the soil analysis

data to generate the intem1ediate lmowledge - elemental requirenlents. The i11terpretation

session generates an on-screen report as well as writing a report to a disk file. The interpretation

process is where the bulk of the nutritional lalowledge base is used. The nutritional standards

are matched against the entered soil analysis data to give the interpreted elemelltal requirenlents.

Knowledge base design consisted of Prolog rules abollt each elenlent. Each rule is a mlltually

exclusive subset of the values a soil test result may take. 011ly the rule matching tIle CUITellt

value fires and thus asserts its interpretation values and related text into the knowledge base to

be used by the following tasks in the process of making fertilizer recommendations. Figure 5.3

shows an example ofthe knowledge structures used.
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1* TOMAT091.CHT

Tomato interpretation chart incorporating data abstraction
*/
cht ([crop, "Tomatoes"]). /* declares chart name *J

initial_products([8,30,37,46,48,54]). 1* sets selected products */

interpret list([ph,c,n,s,p,k,ca,mg,na,cl,con,cu,zn,rnn,fe,b,al,mo])
/* list of atoms to interpret */

ph(Ph,Sph) .- result([ph, , , , ,Sph]), number(Ph,Sph).
bph(Bph,Sbph) .- result([bph~ ~ ~~ ,Sbph]), number (Bph,Sbph) .
c(C,Sc) .- result([c, ,-,-,-,Sc]), number(C,Sc).
n(N,Sn) result([n,-,-,-,-,Sn]), number(N,Sn).

cht([n,"Nitrogen ",Sn,"Deficient ","180 kg/ha N
" Timing of applications:",
" 60kg at planting",
" 60kg at early flowering",
" 60kg three weeks later"])

n(N,Sn), /* instaniate N result */
o =< N , N < 5 , /* if N level between 0 & 5 */
assert(req t(n,180»), /* assert total requirement as 180 kg/ha */
assert(req=b(n,60," 60"»), J* basal requirement as 60 kg/ha */
! .

cht([n,"Nitrogen ",Sn,"Very Low ","165 kg/ha N
" Timing of applications:",
" 55kg at planting",
rr 55kg at early flowering",
rr 55kg three weeks later"])

n(N,Sn) ,
5 =< N , N < 10 ,
assert(req t(n,165),
assert(req=b(n,55," 55")),
! .

cht ( [n, "Nitrogen ", Sn, "Low ", "130 kg/ha N
" Timing of applications:",
" 40kg at planting",
" 45kg at early flowering",
" 45kg three weeks later"]) -

n(N,Sn) ,
10 =< N , N < 15 ,
assert(req t(n,130),
assert(req=b(n,40," 40"),
! .

/* if no previous rule satisfied drop thru to this message */

cht([n, "Nitrogen ",Sn/" ","DATA OUT OF RANGE "J):-
n(N,Sn) ,
assert( dangerC

" Data out of range limits for nitrogen. Please check data for
validity.") ),

! .

Figure 5.3 An example ofknowledge base design used in the DOS prototype.
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Line 7 is the default list of products asserted into tIle current sessions knowledge base when this

particular chart is selected. The numbers are the index nUl1lber of products in a list held in the

products file. This structure is not as easily Inaintainable as other nlore cOl1lplex structures

because, if the index of a product changes in the product file, all c11arts must be updated to

account for this. One alternative is to list the products by nalne in the knowledge base, then

match the names to their index at run time and use the calculated indices to build tIle list box

displayed to the user with check marks besides those default products. However tIle validity

checking required to match product names (misspelling, case sensitivity, space sensitivity) and

other "house-keeping" code was considered beyond the scope of this prototype where only a

small number of Cllarts were to be developed to prove the underlying principles.

Line 9 provides a list of elements this chart is capable of interpreting. The inference engine can

call this complete list or a sub-set of it, tllUS providing the inference engine with some

independence to the knowledge base structure. This independence of knowledge structures is

again provided in the example lines 12 to 15 where the soil data is abstracted so that the rules

need not change in syntax to account for any change in the way the soil data is recorded. For

example the n(N,Sn) predicate is true (and thus its variables instantiated to the relevant values)

when the result for n is instantiated to Sn (a string structure) and Sn is then converted to the

equivalent number structure by proving the nZlmber/2 predicate. Then throughout tIle rules for 11

the nl2 predicate is called to provide the number N and the string Sll for the rules to operate on.

If the structure of the reSlllt/i predicate changed, only a small change needs to be made to the

code and not every place where the values of that soil data are required.
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Lines 17 to 26 is an exatnple of how a rule is structured that asserts atld supplies knowledge to

the current session. The cl1t/l predicate instantiates many text values within itself as well as

physically asserting a total elemental requirement (req_t/2) and a basal requirement (req_b/2)

based on the criteria of the N value being between 0 and 5. Line 22 is wl1ere the data is supplied

through the abstraction predicates and line 23 is where this data is tested for tnltll. Lines 50 to

55 is the catch-all predicate where if any of the previous rules have not been satisfied it supplies

back to the inference engil1e the text to display in the interpretation report as well as asserting

the (langer/l predicate into the knowledge base as a trigger for further navigation restrictions on

the user.

Selecting a range of fertilizer products allows the user to restrict the solution space of tIle linear

model used by the recommendation module by reducing the number of fertilizer prodllcts to be

tested for fit to the requirements. Usually, less than ten products from the full range is ample

latitude. The tlser can toggle fertilizer product selections on or off, including those selected

automatically by the chart, with a single key press.

Finally comes tIle recommendation task. The user is presented with a sub-nlenu which allows

for a soil acidity management recommendation, a basal fertilizer recommendation (fertilizer

applied just before planting), and a side-dressings recommendation (fertilizer applied wllile tl1e

crop is growing).

The process of developing fertilizer recommendations, has been discussed in detail in previous

chapters and needs no further elaboration. The short example presented in previous chapters

illustrates the numerous permutations that can be generated as valid solutions from a small set
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of available fertilizer products. TIle manual task of testing for fit and judging the acceptability

of the fit, for the 120 fertilizer mixtllres and blends available to growers in Queensland is rather

tedious.

The recommendation task of SADI must therefore provide the user with:

a method of determining a product and its rate that best meets a set of requirellle11ts

(a linear model).

a method of informing a user when a solution IS within tIle constraints and tIle

consequence of deviation.

a method of taking the initiative and entering a solution to be tested by the system.

a method for calculating rates ofproducts to meet requirelnents.

a method of reviewing the current state of a solution under development.

Methodologies to meet these goals of knowledge application were developed and implemented

using Prolog by the author and are described below.

In the recommendation phase, the linear model was considered the pivot around which all other

design goals would depend. The optimum fertilizer recomme11dation could be defined as a

choice of fertilizer and application rate which provides a level of nutrients tllat vary the least

from the interpreted nutrient requirements. A two step algorithm \vas used.

The first step calculates a rate for each fertilizer at which the variation from the nitrogen (N),

phosphorous (P), and potassium (K) requirement (asserted by the interpretation p11ase as req_t/2
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and req_b/2) is minilnized. The optimizing procedure used is a least squares fit Classical

linear programming was not appropriate. The constraints are not crisp. A modest (50/0) shortfall

or surplus in one application is ofno practical consequence.

Assume the nutrient content of a fertilizer product is Np, Pp, Kp, representing the kilograms of

nitrogen, phosphorus=, and potassium per kilogram of fertilizer; and tIle nutriel1t requirement of

the crop is Nr, Pr, Kr, representing the kilogranls per hectare required for each element.

Equation (1) represents the model used,

I (x.y)

Rate =

(1.)

wllere x is the nutrient content of the fertilizer and y is the nutrient requirement. In the context

of this project t11e model becomes Equation (2). This eqllation gives a rate of application of each

product.

Rate =

(Np. Nx + Pp. Pr + Kp.Kx)

(Np.Np + Pp. Pp + Kp.Kp) (2)

The second step selects the fertilizer with the minimum variation from the requirelllent. So that

the variation was weighted symmetrically, a sum of the squared differences (SSD) was used to

express the variation. The fertilizer product with the lowest sum of squared difference would be

selected as the product to reconunend.
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Equation (3) shows tIle model used in this step,

ASD= E{x.rate - y)2

(3)

where rate is tIle rate generated from equation (2). In t11e context of this project the model

became Equation (4).

ASD = {Np. rate-Nr) 2-+ (Pp. rate-Pr) 2+ (Kp.rate-Kr) 2

(4)

For each fertilizer tested for closeness of fit using Equation (2), its SSD was compared with the

lowest SSD of previous fertilizers. Where the new SSD was fOUIld to be lower than the

previous lowest SSD, the new SSD was taken as the lowest SSD and tllat particular fertilizer

was taken as the current recommendation. At the end of the cycle the fertilizer product and its

rate with t11e lowest SSD is reported as the closest fitti11g recommendation to the requirements.

The numerical differences were then compared with standards of fit in the knowledge base and

an expert opinion generated for each element as to its validity. This Opillion was expressed both

in summary form (notes) and in a full explanation form. When the recommendation is outside

the constraint set a warning message to this effect is displayed in the summary screen with a full

discourse in the full explanation screen as to why it breaches the constraints.

Implementation of the model in Prolog proved relatively simple. Figure 5..4 presents the code.

The ratio/3 relation is the NPK requirements from the interpretation phase. The prolLbll

relation is the details of fertilizer products including its name (Aton1) and nutrient content

(Np, Pp, Kp).
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Implementation of the model in Prolog proved relatively simple. Figure 5..4 presents the code.

The ratio/3 relation is the NPK requirements from the interpretation phase. The prolLbll

relation is the details of fertilizer products including its name (Aton1) and nutrient content

(Np, Pp, Kp).
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1 optimise :-
2 (
3 ratio(N,P,K), 1* instantiate the required NPK ratio */
4 prod_b( [_,Atom, , , ,Np,Pp,Kp, , , , , ]),
5 Factor is (Np*N-+-Pp*P + Kp*K) 7 (Np*Np + Pp*Pp + Kp*KP),
6 fit_prod (Atom, Factor) , /* calculate closeness of fit */
7 fail
8 )
9
10 (
11 be~t_fit(Name,Mult,_), /* with best fitting product */
12 Extra rate is fix(Mult*100),
13 retract (prod_b ( [A, Name, E, C, Old_rate, E, F, G, H, I, J, K1, L] ) ) I

14 New rate is Old rate + Extra rate, /* calc rate */
15 assert (prod b([A,Name,B,C,New rate,E,F,G,H,I,J,K1,L])),
16 I - -

17 ) .
18
19 fit prod(Prod,Fact) :-
20 best fit( , ,CoefO),
21 ratio(N,P~K),
22 prod b([ {Prod, , , ,Np,Pp,Kp, , , , , J),
23 Coefl is- (Np*Fact - N)* (Np*Fact- --N) +
24 (Pp*Fact - P)*(Pp*Fact - P) + .
25 (Kp*Fact - K)*(Kp*Fact - K),' /* calc closeness of fit */
26 Coefl < CoefO, /* if best one */
27 retractall(best fit/3),
28 assert(best_fitTProd,Fact,Coef1)), /* assert as best */
29 ! .

Figure 5.4 The Prolog implementation of the optimization model.

Line 5 is the implementation of equation (2) and lines 23 to 25 is the implementation of

equation (4). Lines 3 to 6 will cycle on failure through all prod_hA relations in tile knowledge

base. Each cycle determines a rate and then tests its closeness of fit by attempting the jltyro{1/2

clause which asserts the name and rate of the product with the minimum variation as the

bestJitl3 relation. Lines 11 to 15 then assert the best fit recommendation back into the

knowledge base for the user interface and dialogue generator to use. Note how in lines 13 al1d

14 a product's rate need not start from zero. The user is allowed to apply a minimllrn rate of a

product and then optimize on the residual requirements. This is an example of the flexibility

built into the dialogue system to maintain user confidence.
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The difference belvvcen the total nutrient requiren1cnts of the crop and those supplied by the

basal recomn1endation becolnes the side-dressing requiren1ents. This knowledge is generated at

the end of n1uking a basal recomn1endation and 11lade avp.ilable to the next sub-task 0 f 111aking a

side-dressing recon1111endation. The processes and 1110dels use for 111uking side-dressing

reC01111nendations are alnlost identical to those enlployed in making the basal reco1111nel1dations.

Figure 5.5 s110ws the user interface to implenlent this task.

Figure 5.5 Screen design used to implenlent the linear nlodel to 111al<e fertilizer
recommendations.

At any point 111 the basal or side-dressing sub-tasks the lIser can call IIp on-screen the

interpretation report, the complete product list, detailed explarlatory text offering SADI's

opinion of tIle current solution and an optinlizer tllat detennines tIle rate of a specified product

to meet a particular elemental requirenlent, as the systenl1nessage along t11e screen's lOvver edge

indicates. Figure 5.6 shows t11e nutrient balance screen with expert Opil1io11S (Notes) sllggesting
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possible user actions. Also at any point the user can return to the fourtll ll1ain n1cnLl task and re

select a different range of fertilizer products to be considered in the fertilizer reCOll1111endation.

Figure 5.6 The screen design used to display t11e expert opinions (notes) to the user..

The final part in the recommendations phase is to vvrite a reC01111nelldation report wllen the llser

is satisfied with tl1e recommendation generated. SADI, as in the interpretation phase, writes the

report to screen as well as disk file. In generating the report, SADI tidies IIp loose ends in the

recommendation by making micro-nutrient recomlnendatiol1s of foliar sprays for elelllents such

as copper, zinc, and boron. The advantage of savi11g all reports (i11terpretatio11 and

recommendations) to disk is the user can incorporate tl1ern in a personalized report/letter via a

work processor.

On returning to the main menu, any c0111binatio11 of tasks can be performed eitller on the curre11t

data and knowledge or by loading in ne\v soil analysis data or intelpretatio11 cl'lart.
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The implementation of mixed initiative dialogues using event driven coding also proved a

relatively easy task using Prolog. The user can select a range of from a single screen by

pressing one key - the need for the user to answer a list of questions t11at restricted the context

the user could t11ell work in, was done away with.

The implementation of mixed dialogues using event driven code, the provision of the linear

model as a tool for optimizing fertilizer rates and user messages generated from the knowledge

base meets the design goals of the project. This approach appears to be appropriate in domains

where the synt11esis of solutions vvithin certain constraints is required. The consultative role of

the systenl and its exploratory tools make the user, expert or novice, more aware of the valid

combinations that can be generated. Prolog proved to be a higll1y satisfactory platform.

A User's Guide vvas published for this system and is presented in the collectioll of publications

arising from this study.

At tIle conclusion of the development of SADI, as 'Windows' was starting to appear, a brief

attempt was made to give SADr a Windows look and feel. This sub-project was called 'Fertex'

and the user interface is shown in figure 5.7.
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Figure 5.7 The main screen in the disco11tinued second DOS verSIon of SADI named
FERTEX.

The underlying inferellce models, kno'Vvledge bases and files 'Vvould renlain the san1e but tIle

user interface would be re-designed to give a horizontalllpper screen edge nlailllne11u vvitll drop

down sub-menus. Status bars and system messages would appear along the lower edge of t11e

screen.

This sub-project was halted before completion with t11e decision to re-develop SADI in tIle

Windows enviroIunent.

5.3 Windo,vs Prototype

Development of this prototype began in response to user testing where a strong

preference was sl10wn for a \'/indows based system. The underlying operation principles of
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the DOS based system were in general not questioned. User testing had sllown opportunities

to add additional functions to the system. The aim of this part of the project was then to

transfer the methods and techniques developed in the DOS prototype of SADI to a Windows

environment.

In the process several user suggestions were added to the system along with underlying

efficiencies the allthor had planned for any upgrades.

Because applications are built directly in Exce15™, lines of code do not truly reflect systen1

statistics. The Windows prototype of SADI consists of one main vvorkbook of318k in size, a

graphic banner of 11Ok in size and a small start-up script of 12k in size. The external

knowledge bases are themselves Exce15™ workbooks of 63k in size. The main worlcbook

contains eight worksheets, (seven spreadsheets and one macro sheet). Four of the

spreadsheets are made visible to the user during a session thus forming part of the user

interface. All other user interaction is carried out thrOllgh Windo\v's dialogue boxes or

menus. The success of this project would dispel tIle notion that expert systems need to be

developed in so called expert system shells or languages and that main stream developmerlt

software is capable of delivering symbolic reasoning in certain situations for reasons detailed

in Chapter Four.

Figure 5.8 shows the main menu screen of SADI. Figure 5.9 sho"\vs the use of a Windows

dialogue box in the system.
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Analysis Systems - SADI -INCITEC - People with answers 11
Cha rt Inte rpret Recommend Optio ns Exit

INCITEe - People with answers

_________Analysis
ystems

Figure 5.8 The n1ain menu screen of the Windows prototype of SADI.

Note how the general structure of the Windovvs implelnelltation has not cllanged. TIle 111aill

tasks are still in the main menu.

Interpretation Chart Selection

Figure 5.9 Example of a dialog box used in SADI
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The only 0 bvious change has bee11 that of data entry. Instead of entering data onto a data fOflTI

and then copying tllis across onto tile interpretation report after an interpretation tasl< is

requested, this prototype allows tIle user to ellter the data directly onto t11e report. UpOll eacll

entry the systen1 immediately carries out an interpretation of t11at nutrient t1111S presenting the

user with immediate feedback on tile data. Response tin1e for t11is is virtually imlnediate.

Figure 5.10 shows the user interface of this section.

Phosphorus(Olsen)

Phosphorus (Lactate)

110 kgiha All at plantingLow0.12

Le....el Status Apply Q)mments OKPd

8 Alkaline F~e1er to Iiming requirements

8 Alkaline Refer to Iirning requirements

5 Mocierate tl,l1aintain organic matter levels

10 Low 110 kgkla 1 f3 at planting, 113 at flowering, 1/3 3 weeks later

34 High

12 LO"N 90 kglha ..0..11 at plarding

Potassium (Nitric)

Potassium (Skene)

Potassium (Amrn. ac)

P-Sorption

Phosphorus (Colvvell)

Phosphorus(BSES)

Sulfur (HCL)

Nitrate Nitrogen

Org. Carbon

Sulfur (Phos)

IIlterpretation Repolt

Nanle / Location: GanyFullelov8
Ord er No. / Bag ~o. 13/34

Ch:artlCrop: 92 - Tot'(lato c~ Capsicum: ft..1I cCli~s1i~1 soils (except sands anj sendyloarns) SE QLD .:},
r',Jthr',JS\N

Block: Bottom farm

pH (Ca Cl)

Buffer pH

pH (1 :5)

Figure 5.10 Implementation of data entry and interpretation tasks in SADI.

The COlllffillS to the right of the data entry are editable by the user allowing system generated

text to be modified by the user should they feel additional or alternative comments need to be

made. Before the recommendation tasks can be undertaken, the user must OK the
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interpretation so that they accept responsibility of tl1e systems results. This is made easy by

simply double-clicking in the cell in the OK column Of once in the cell pressillg t11e space bar

(the largest keyboard target).

The event driven code that responds to data entry and carries out an interpretation is shown in

figure 5.11. Line 6 captures the space key and handles the 0 K colum11 entry. Line 7 captllres

the DEL key and ha11dles undoing an interpretation. Line 8 captures tl1e data entry event and

calls the interpretation task.

1 int edit
2 =update menu(3)
3 =ACTIVATE ( " [sadi5. xIs] REPORT-I")
4 =FORMULA.GOTO(SADI5.XLS!report i home/TRUE)
5 =FORMULA.GOTO(report i enter screen,TRUE)
6 =ON.KEY(" ", "int check-box toggle")
7 =ON.KEY("{DEL}","int clear"")
8 =ON.ENTRY(/int do) -
9 =UNHIDE ("sadiS-:-xls")
10 =WINDOW.TITLE ("INTERPRETATION")
11 =PROTECT. DOCUMENT (TRUE,TRUE)
12 =CALCULATION(3)
13 =ENTER.DATA(2)
14 =RETURN()

Figure 5.11 Macro code that captures data entry and invokes the interpretation task

Windows removes the task of application developers to code in printer support due to the

print management function within Windows itself. For this reaSOD, the reports in SADI can be

printed out from the application rather than an ASCII file as in the DOS prototype.
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Knowledge base design was similar in principle to the Prolog rules but in1plemented as a

"look-up table'" in the ExcelS1M function lallguage. Figure 5.12 sho\vs the structure of the

look-up table for Nitrogen (N).

Level
",··.."··· ·· ·..""···..·····""···"·1,,,,···,·,,..·..,,..··,, ::,.,,, , ,, ,,,,, ,..", " ,,, ,, j, ,,,, ,'.. ,, " " " :" " , , ! "." ,." : """ " " " ,.. "." "" .. ,,,."','
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Comments

Figure 5.12 Example of the lookup table used in Exce15"TM for the structllre of the knowledge
base

Row 30 is the levels of nitrogen that the table can relate elemental reqllirements to. As ill the

Prolog version the last value is a catch all that indicates that tile v"alue is out of range. The

lookup table function finds a column in the table (A30 to K44) vvith the largest value in the

level row (row 30) that is less than tile lookup_value; in this case the value entered by the user

as a soil analysis. All data in the column found is then returned by the function. In this

contex.t all the knowledge related to a certain level of soil analysis is stored in the relevant
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Row 30 is the levels of nitrogen that the table can relate elemental requirements to. As in the
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lookup table function finds a column in the table CA30 to K44) vvith the largest value in the

level row (row 30) that is less than the lookup_value; in this case the value entered by the user

as a soil analysis. All data in the column found is then returned by the function. In this

context all the knowledge related to a certain level of soil analysis is stored in the relevant
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column and accessed when the level indicates that colulnn fits the criteria. In tllis way text

and numeric values are passed to the system based on the soil analysis results just as text and

numeric values were instantiated alld asserted by the Prolog rules when they were fired.

In relation to figure 5.12; if the value ofnitrogen elltered by tIle user is 6.8, the lool<-up table

selects the second column of the table (column C) as being the appropriate level and thtlS

returns stattlS text as "Low"; reqIlirements as 140; the Lll'zits of that value as "kg/ha";

comments begiruling with the text" 1/3 at pIa..."; 00/0 applied pre-plalzt; 34% applied at

planting; 330/0 applied at top-dressing-l; 33% applied at top-llressiJ'zg2; and 0% for the

remaining top-l[ressirzgs.

An argument for this strl.lcture over the Prolog rules is that the tabular layout of the

knowledge is far easier to comprehend and therefore maintain than the verbose rule layout.

An argument against the tabular layout is the table look-lIP fl.1l1ction can only consider one

factor (in this case the soil analysis data level) as its indexing criteria. If, in tIie fllture the

nitrogen interpretation needed to consider another variable as well as the soil level, t11e table

model would need to be greatly modified. Rules on the other l1and could silnply have another

rule inserted to operate in conjunction with the initial rule without a great deal of

modification.

As in the DOS system, user na-vigation tluough the system is controlled or managed fer

integrity, by enabling or disabling the n1enu options as system milestones are passed. In the

DOS system menu items were disabled and brackets appeared arollnd the disabled option. In
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Windows, menu options are grayed out when disabled and passed milestones call be cllecked

with a tick mark beside thelTI. Figure 5.13 shows an example of this.

nswersPlanting recommendations

Top-dressing recommendation-1
Top-dressing recommendation - 2

Top-dressing recommendation - 3 I ·
~:::::::::~: :::::::~:::::~ =~ I: .y.....·515
Mfop-dressing recommendation - '7 t

__~_T_o_p_~_re_s_~s_i_ng_._re_c_~_m_m_e_n_d_a_ti_o_n_-_8~'.'.', :,.:.,·e.m·.. ·s·... ·
Edi1/View recommendations

Figure 5.13 An example of menu cues managing t11e navigatio11 of tIle system by t11e lJSer.

The linear model used in the recommendation module of the DOS system is implemen.ted in a

very similar fashion in the Windows system. The algorithms are the same, Ollly the langllage

syntax has changed.

However the user interface and options available to tIle llser to explore the solution space are

greatly expanded in the Windows prototype. Becallse of the vastly improved calculation

power of the software and hardware platform, the solution space did not need to be redllced
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by selecting a sub-set of the fertilizer products to consider, the whole product range is 110W

available to the user to produce a solution fronl. Additionally, extra optin1izatiol1 tools are

presented to the user through 'buttons' so nl0re varied exploration call be undertaken. Thougll

not shown in t11is publication calor is used extensively to convey system status a11d editable

areas of the screen. For example, recommendations that do not supply enough of a particular

nutrient generate a negative 'balance' figure. This negative nlul1ber is displayed in a red

colored font. The calor will change depending on the systen1s opinioll of the 'nutrient

balance'. Figure 5. 14 shows the screen design of this part of t11e systell1.

PRODUCT N% P% K% S% Ca% CI%

39 46 32 62 33
.,............• , " _ " - ' .
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.~.~....................................... .. ~:.~. . _~:_!.. ..~?:.?. .. 9.:.~. .. -... .. .
~~..S~.(~~ ..~..:!L ?.:§. _.~.:~ ~.?:9. !..:? ..
.~.~.~.~~............................... . §:.~. . !.:.§. ..~~:g. ..~:.!.. .. .
50/50 23.4 23.5

Chart Interpret

Figure 5.14 T11e recommendation screen of tIle Willdows protot~ype
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Figure 5.14 The recommendation screen of the Windows prototype
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Further flexibility was built into tIle Windows prototype by allowing the user and/or the

system to define the balance of nutrients that were to be applied at various stages during the

crop cycle. The DOS prototype simply enforced a basic model of having the interpretation

process assert the systems knowledge on the timing ofnlltrient application without allowing

any user intervention. The user could over ride this in the recommendation pllase but was not

presented with any n1etIl0d to specify exactly tIle new tin1ing. Figure 5.15 shows tile user

interface that implements this part of the Windows system.

11 Analysis Systems - SADI - NPK STRATEGY all
Chart Interpret Recommend Options Exit
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Figure 5.15 User interface implementing the fertilizer strategy in the Windows prototype

Again color is used to cue the user on the closeness of the total to the target. Also llpon user

request in prototype testing, (see Appendix 8, item 7) the ability to either enter a kg/l1a
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Again color is used to cue the user on the closeness of the total to the target. Also upon user

request in prototype testing, (see Appendix 8, item 7) the ability to either enter a kg/ha
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amount or a relative percentage was developed. During testing it was found t11at tlle fertilizer

company representatives were qllite often converting the percentage splits i11tO absolute kg/ha

amounts to validate them. The ability to enter either t11e relative percelltage or absolLlte kg/ha

rate and get imll1ediate feedback of that entry on tl1e alternative units ofll1easure greatly

removed the need for human calculation and thllS errors.

This part of the system was implemented using event driven code that responded accordingly

depending on which cell an entry was made. This also allowed a top down integrity n10del to

be implemented where-by the user had to define t11e fertilizer strategy ill a chronological

order. This prevented the loss of integrity where the user may have entered data in t11e pre

plant, planting and top-dressing 1 rows and then entered an a1110unt in the top-dressing three

row leaving a blank top-dressing two amount. A zero entry in the top-dressing two amount

would be a valid entry before progressing onto top-dressing three, but a blank entry in top

dressing two would not allow an entry in top-dressing three.

To further help the user, a button that automatically set the table to the figures the systenl

calculated as being relevant was provided. An initial alternative to this was for the systelTI

figures to be loaded into the table upon entry into the screen. This had several drawbacks; it

erased any previous user data that was being revisited for editing; and it necessitated the user

leaving the screen and re-entering it simply to reload the system's calculated amOllnts. By

providing a button to load the system's calculations, the user took control of wllen this event

occurred. However the system maintained an integrity check in t11at the targets had to be met

before the dialogue could be successfully completed (see Appendix 8, item 7). Figure 5.16

shows the system dialogue displayed when the integrity test failed upon exiting tIle screen.
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Figure 5.16 System dialog displayed when integrity test failed

In general, the Windows prototype fulfilled many more user expectations and allowed far

more flexibility in upgrading t11an the DOS prototype. This was in part d'Lle to the direct

manipulation of the user interface design being far quicker to edit tl1an hard code in tIle DOS

prototype, and also due to the d.eveIopment environment language \vhere much higher level

data constructs were supplied.

The prototyping cycle of development and 'user testing proved to be very acceptable to tIle

end-llsers as their testing also provided them with hands-on milestone reports as it were. They
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In general, the Windows prototype fulfilled many more user expectations and allowed far

more flexibility in upgrading than the DOS prototype. This was in part due to the direct

manipulation of the user interface design being far quicker to edit than hard code in the DOS

prototype, and also due to the development environment language where much higher level

data constructs were supplied.

The prototyping cycle of development and user testing proved to be very acceptable to the

end-users as their testing also provided them with hands-on milestone reports as it were. They
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could physically see and use the achievements made on the system sillce last they saw it

instead of trying to imagine the system as explained in some milestolle report.

One drawback the author found ill using this development methodology was that whell the

users tested the systenl they often dreamed up additional items they wanted added to the

system. This made it hard to put an exact time scale on system development and eventually

led to a blowout in the Windows prototype development cycle. Thoug11 tllis was 110t critical,

since it was at the users direction, a more commercially orientated project would have to

make allowances for this 'exploration of added possibilities' users SeelTI to go througll when

presented with prototypes.

Several authors hinted at such tvvists when using a prototyping development nletllodology.

Morris (1990, p.116) in portraying prototyping as part of the system's life cycle reported,

amongst otller t11ings, " ... that prototyping aids user interface design, promotes

communications with users but, most important of all, it can be used as a vehicle for eliciting

correct and complete specifications of requirements."

Wilson et.aL (1989, p.190) in reviewing life cycles in software and knowledge engineering,

reported that "... the traditional life cycle model used in software engineering has provided

some benefits to knowledge based systems development, although it has been shown not to

apply to all styles of product development; particularly where program requirements are

initially ill-specified." Such was the case in this sttldy, wllere the beginning and end POil1tS

were known, but as it turned out, the process of navigating from beginning to end \-vas only
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specified at a macro level and maI1Y micro level specifications were developed and

implemellted during tIle prototype iterations.

Weitzel and Kerscllberg (1989, p.483) noted " ... that users often can110t detern1ine if farInal

specifications satisfy their requirements. For the user, the best way to do this is llSi11g the

system. Prototyping facilitates this." As was also the case in tllis study, Weitzel and

Kerschberg (1989) reported that the prototype could either be kept as the prodllction system

or used as the design specification for a standard implementation of t11e prodllction system.
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Chapter 6

6. RESUL TS AND DISCUSSION

FrOll1 a very early stage in this project, the pilot commercialization of the prototype

became one of the main goals upon which all work was to be judged. System perfonnance

acceptable to the conunercial sponsors was the criteria used to refine tIle prototype during the

many iterations of the 'Prototyping' development cycle (described in Chapter 2).

This chapter discusses tl1e results of the work described in the previolls chapter vvit11 regar.d to

the project objectives arising from the hypothesis Pllt fonvard.

6.1 Evaluation Procedures

The process of iterative prototype review by the end-user team "vas used ill this study as

the evaluation process. Since the end-users of the system developed in this project were tIle staff

team from the fertilizer company, their subjective review of each major prototype iteration

starting at the beginning of the project and continuing to the end of the pilot commercial system

was seen as an effective evaluation and end-user communication process. Additionally, by

having the staff team consisting of both domain experts and the manager of the Analytical

Services section, a cross section of views could be generated on botll a correctness and

completeness basis as well as a usability basis.
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starting at the beginning of the project and continuing to the end of the pilot commercial system

was seen as an effective evaluation and end-user communication process. Additionally, by
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completeness basis as well as a usability basis.
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No formal evaluation criteria were developed by which to judge the prototypes. T11is was a

deliberate decision as no team menlber had any finn idea as to what a system sllould 1001< lil<e

and they were happy to subjectively test the prototypes as they were developed using their

domain knowledge and training background to gauge the systelTIS effectiveness ill n1eeting tIle

demands placed upon it. Feedback to the author occllrred either immediately at a tealTI nleeting

or informally during the next development cycle. Two way communication was always

supported and often lengthy discussions between the author tealn menlbers tool< place exploring

various alternatives in system design and function. On some major issues, the alltl10r could

present the team with several prototype options as possible solutions, and after review the team

would recommend the direction the next prototyping cycle should follow.

Only once did tIle review team deem it necessary to refer to the ultimate end-user of the

proposed commercial system, the fertilizer resellers, to come to a decision for the prototype

system. This was the decision of \vhich operating system platfonn to develop the systenl for 

the choice being to say with aDOS platform used by tIle original prototype or upgrade to a

Microsoft Windows ™ (Microsoft) platform. The feedback confirmed the teams own opinion

and the decision was taken by the team to upgrade the prototype at that stage to a Microsoft

Windows™ (Microsoft) platform.

Examples of the major design directions influenced by the iterative review~ of the prototype by

the team are:

• use form fill-in for data entry rather than ordered prompts

• automatic re-calculation of nutrient reqllirements in tIle interpretation phase ratller thall at t11e

users commend
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• automatic selection ofa subset of fertilizer products upon selection of a particlllar chart

• the provision of dialogues that allowed either a kg/ha amount or a percentage of the total

requirement to be specified wllell defining the NPK strategy.

• the provision of more tools to explore the solution space in the reco111mendation p11ase

• the provision of a filtering system on the type of products considered in the recomnlendatioll

phase

• the ability to prillt out system reports only when several cross-checks had been undertaken

within the system by the user.

The cycle of iterative prototype development and testillg proved to be very acceptable to the

end-users of this pilot system as t11eir testing provided them with not only a hands-on

milestone report but also with a \vay of expanding their own ideas on what such a systeln \vas

capable of doing. One drawback the author found in using this development metllodology

was that when the users tested the system they often dreamed up additional items they vvanted

added to the system. This made it hard to put an exact time scale on system development and

eventually led to a blowout in the Windows prototype developnlent cycle. Though tllis \vas

not critical, since it was at the end-users direction, a more commercially orientated project

would have to make allowances for this 'exploration of added possibilities' users seem to go

through when presented with prototypes.

Though the action of not having any published evaluation criteria for the prototype systen1

may go against the views of some authors found in the literature (Berry and Hart, 1990), tIle

notion was held by the fertilizer company team tllat tllis was explorative work to test tIle

technology for developing and delivering fertilizer recommendations and they would jlldge it
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by their own intuitive and professional competency as to whetl1er the system was nleetillg the

goals they clarified over time.

6.2 Interpretation Model

The requirement of this project task was to derive elell1ental nutrient requirements a11d

supporting textllal explanations and directives from soil analysis data. The model used vvas a

non-functional implementation of a crops sigmoidal response curve to increasing nutriellt

availability in the soil (Johnson 1991). This curve is not linear and an exact inpllt I response

relationship is not required in this instance. Therefore the construction of salnpling windows

along the response curves and representation of tIle input / response relation as discrete levels or

steps was acceptable.

This was in line with the fertilizer companies own pllblished manuals on the subject as sl~own in

figure 6.1.
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Interpretation
Chart No": 91
Effective April 1996

11
SOIL

GENERALLY NO
ACTION REQUIRED

Value 4 5 6 7 8 9
pH VERY STRO NGLY STRONGLY STRONGLY
(1:5 water) ACIDIC ACIDIC ACIDIC NEUTRAL ALKALINE ALKALINERating

lOPTIMUM I
ORGANIC % w/vC a.5 0 3.0 5.0

CARBON Rating VEAYLO\N I LOW I MEDIUM I HIGH

mg/kg N 5 10 15 20 25 30 4{) 50 60+
NITRATE

Fertilizer
16

°1 I I I I
NITROGEN N kg/ha 165 130 100 BO 60 MINIMUM

Figure 6.1 An extract from tIle published interpretation charts used by Incitec s110wing tIle
non-linear representation of a crops fertilizer response curve.

Incitec supported the representation of this part of the knowledge base in a 11on-linear for111.

Ease of visualization of and maintenance of the values was high on their priority list for

knowledge representation in this phase. Ease of codil1g the published knowledge into the systeln

was enhanced by the system having a similar style of knowledge representation. The expert

could also validate the knowledge base by viewing it directly as \vell as testing its application

through running the prototype.

Implementation as either rules or tables proved successful. Tabular representation with tl1e

added ease of layout and understanding was the preferred metll0d. Excel 5 also gave the added

advantage of being able to have large amounts of text in a cell \\ithout necessarily making all

the text visible - thus allowing an even better layout to enhance ·visualization. In the fertilizer
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companies published manuals this text was always left to tIle user to Sllpply and generally not

presented in their tabular layout.

This non-function based kno\vledge representation proved acceptable to the expert alld

commercialization consultant.

A requirement by Incitec for the user to accept respo11sibility of the illterpretation results before

being able to print them out vvas met in tIle Windows prototype by implementing a 'check

column' in the interpretation report as described in Chapter 5. To allow users who have poor

keyboard skills to not get bogged down in 'OK -ing' many rows of interpretatio11 results, two

short-cuts were implemented to assist completion of the task. The most accessible key on tIle

keyboard (space bar) was chosen as a hot-key to insert the clleck mark (in this case 'OK') into

the column or a simple double mouse click in the clleck cell achieved the same thing. TIle

typing in the check cell of 'OK' \vas kept as tIle base metll0d to check/validate the results.

A user message 11ighlighting the need for result checking/validation \vas displayed on the screell

if an attempt was made to print the interpretation report before checkillg/validation had been

accomplished. Graying out of the 'Print' button would have been the preferred method of

infonning the user of this requirement, however this hUlction was not available ill the macro

function language used for the prototype. This is a cllange the commercialization consllltant

may implement using the VBA language also supplied with Excel 5.

The immediate feedback provided by the Windows prototype doing the interpretation as the soil

analysis data was entered was an improvement the Incitec review team viewed favorably. In tIle
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DOS prototype, the user entered tIle soil analysis data, exited out of that module aIld then ran

the interpretation module to create an interpretation report to see the results of the interpretation.

Tllis proved to be usable but improvable when tIle interpretation report showed illvalid data had

been entered and tIle user l1ad to exit the interpretation module, run the soil analysis data modLlle

and edit the errant data, exit this module and run th.e interpretation module (re-interprets all

data) again to see the results of the interpretation.

In the Windows prototype, the in1TI1ediate feedback of the interpretation result by the data entry

triggered interpretation oftllat particular element proved to be far more acceptable to tIle review

team.

Apart frOlTI providing this immediate feedback it also supported anot11er use of the syste11l tllat

the DOS prototype provided but did not truly support it1 acceptable user respOllse time. The

ability of the user to enter fictitiollS soil analysis data and imnlediately view tIle illterpretation

results enabled the user to explore the solution space of this part of the knowledge base for what

ever purpose they intended. This flexibility in use of tIle system enhanced the utility of tile

system for the review team. This shows tllat while both prototypes could apply the same

knowledge and arrive at the same results - the method of delivering that ability to tIle user

changed the utility of the underlying knovvledge aJ.1d inference engine.

The ability of the user to alter either by changing or adding to the interpretation report was seen

as a necessary ability by the review team. This was to allow tIle user to express knovvledge tlley

brought to the consultation session not present in the knowledge base. Such knowledge was an

awareness of local conditions such as weather, grower management skills, and yield goals that
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would have taken many question/answer it~rations to determine from the user if t11e knowledge

base was to be aware of them. Because not all of t11is extra knowledge was required at eac11

consultation of the system, it would have been a burden for t11e user to enter tl1is IG1owledge,

knowing that it would have no be11efit to the outcolne. To overcome tl1is problelTI, t11e systelTI

would have had to be given some knowledge as to w11en it needed this extra knowledge - a

never ending cycle that could only be resolved by making assumptions that were not valid for

every consultation in any case. It was seen as far more desirable to have the systen1 present the

results of its knowledge application to the situation at hand and allo\v the user to jtIdge the need

for and then directly apply, any extra knowledge required for, what that user considers, is a full

and complete answer.

This highlights several areas in the way expert systems can be used that was considered during

this study and relates to ways a set of user models are incorporated into the system and ways t11e

system outputs are malleable by the user. Many systems give the tlSer a feeli11g of bei11g

hemmed in - that is of being forced to navigate the knowledge base in a fixed way by a very

fixed method and then have the results delivered in a fixed manner. The author suggests that

these systems have low user utility, not only because of their narrO\\Jness of knowledge but also

because of their narrowness in its application and delivery. By providing the user with a broader

range of knowledge application methods and an ability to custo111ize the resulting output, the

author feels that the utility of that same knowledge is greatly enhanced. Commercial acceptance

of these principles in this project would suggest that such a claim is \vell founded.

The system critical values that the user knowledge could impact upon were the rates and tin1il1g

of nutrient application. The rates could be edited directly in the interpretation report and editing
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of the timing of nutrient applicatio11s was allowed for in the Nitrogen (N), Phosphorus (P), and

Potassium (K) strategy options.

The NPK strategy was il1itially ilnplemented as a table filled with tIle systen1 defalllt settings

generated from t11e interpretation process. The user could then edit these figures quoted as

kilograms per hectare if there was a need for change. During prototypil1g, it became evident that

some users think about and express this knowledge in kilogralTIS per hectare and otllers thil1}<

about and express the timing of nutrients as a percentage of the total requirement. The final

version supported both user views in tabular form where a percentage or ,a rate per hectare could

be entered and the alternative figure was calculated automatically and displayed in a colun1l1

alongside the edited value. If the user wanted to rettlm to the systen1 defaults a button was on

the dialog to enable this.

Thus in one simple form, multiple ways for the tlSer to interact\vith tIle syste11l alld underlying

knowledge base were presented, substantially increasing tIle utility of the system without allY

addition to the knowledge base.

It has been shown through the acceptability of the system to the review team that the

interpretation model can be implemented llsing symbolic reasoni11g techniques.
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6.2 Fertilizer recommendations

TIle requirement of this project task was to arrive at a combination of fertilizer products

and rates that met, witllin pre-defilled constants, the elemental nutrient requirements determined

in the interpretation phase. The 1110del used was not a linear progralllming solution but a two

step minimization of a sum of squares differences as described ill Chapter 5. TIle sanle

algorithm was llsed in both the DOS and Windows prototype. However its application to tIle

problem was different in each prototype. In the DOS prototype the algoritlml vvas used to

calculate tIle rate of a product from the user-defined sub-set of products based upon its closeness

of fit to the Nitrogen (N), Phosphorus (P), and Potassium (K) requirenlents. While tIlis was very

useful, the review team saw the need for additional filtering and/or refinement in tIle way the

algorithm was applied to the problem. Such scenarios as determilling the rate of a prodllct whicll

best fits only the Nitrogen and Potassium requirements, reducing tIle solution space to only

soluble fertilizer products, and finding a product and its rate which best fits 01lly the nitrogen

requirement were additional tasks thought likely to be llseful to exploring the solutioll space.

The DOS prototype was capable of this but in an indirect fashion. Because it worl<ed entirely 011

a sub-set of fertilizer products, the filtering or refinement was done by alteril1g tIle composition

of the product sub-set. For instance, if the best soluble product was required the user exited the

recommendation module, entered the product selection module and choose only soluble

products before re-entering the recommendation modllle and triggering the best-fit algorithtn.

This was overcome in the Windows prototype by presenting the user witll a group of buttons

that triggered a range of alternative refinements to the general algorithm as ShovVll in
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figure 5.14. Note how the task of selecting a product and detennini11g its rate is separated as

well where as in the DOS prototype this was all one process. The separation allows tIle llser to

find what the systenl calculates as the best NPK fitting product but tllen calclllate a rate that

optimizes any combillation of nutrients.

Again the principle of giving the user varied ways of navigating the solution space was tIle

commercially preferred method of delivering this knowledge.

Of salience in this module, as in the interpretation module, is tIle imnlediate feedbacl< given by

the system to the user of any actions taken. The nutrient balance sheet presented on the right of

the screen (the nutrient analysis of each product is presented on the left of the screen) and tIle

recommendation balances presented in tIle top rigllt of the screell in figure 5.14 llpdate

immediately after a rate of a product is entered either by the system or manually by the tlSer.

Use of colored response text acts as an extra vistlal trigger to the user of system message status.

As in the interpretation module, editing of the recommendation report to the tlSers acceptance

was required by the review team. The reasons for this were the same as given for the same

requirement of the interpretation report.

It has been shown through the comn1ercial acceptability of the system that valid fertilizer

recommendations can be developed and delivered to users of the system using symbolic

reasoning teclmiques.
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It has been shown through the comn1ercial acceptability of the system that valid fertilizer

recommendations can be developed and delivered to users of the system using symbolic

reasoning teclmiques.
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6.3 User Interface

It was a design goal of this project to explore and describe metll0ds for the prodllction of

a user interface that is highly interactive and effective. To this end a l11ellU based, event drivell

interface was developed and tested in the DOS prototype. TIle Windows envirolUllent is by

default all event driven graphic user interface cOlnprising windows, mellUS, dialog boxes alld

graphic event triggers directed by either keyboard or mouse entries. The Windows prototype

extended the scope of the user interface study by researching the constnlction and delivery of

solution space exploration tools.

In the DOS prototype, the menu system came as a library of Wi11dow and menu predicates witll

the Prolog-2 package. This library enabled the creation of Willdo\ved screen areas. Tllese areas

could be overlapping, bordered, calared, arranged in display priority and hidden. A Inenu in tllis

system was a special case of a windowed screen area.

The provision of an interface using menus then became a task of passing argumellts to tllese

library predicates that determined the size, layout and contents of the menu and what Sl10l11d be

done upon a selection within the menu. This made the process of building indirection into tIle

system for maintenance purposes relatively straightforward. It \vas possible therefore to

implement menus whose contents were unknown at the time of filnning the system and were

dynamically created depending on data in the system. An example of this is in t11e product

selection menu and the product rate menu of the recommendations module. Such dynamic user

interface components were \vell accepted by t11e review team and considered essential in

developing a context sensitive user interface. This concept differs from tllat discussed in chapter
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two where an adaptive user interface was explored. In t11at argllment the user interface c11anged

its basic behavior in response to a perceived user modeL In this example only the content of the

user interface not its underlying design changes in response to system events.

Indirection was seen as an important programming concept to overcome the need to constantly

edit logic code during development Indirection supplies pointers to data from withi11 a body of

code rather than needing the data to be placed in the code. This concept of removi11g data fro111

the code and replacing it with pointers to the data was used heavily i11 the menu a11d message

modules of the DOS prototype. An example of the use of indirection is in the message module

where the predicate is called with the name of the message to be displayed instantiated. The

contents of tllat message may alter during refil1ement of the prototype but the editing of the

message contents takes place in t11e message file not in the system code.

The delivery of the system in the Microsoft Windows envirorunentwas more acceptable to

users than a semi graphic platfonn used in the DOS version. The direct building nattlre of t11e

user interface in Excel 5 rather than coding as in tIle DOS prototype, greatly enhanced tl1e

iterative prototyping methodology used in system development.

The principles of giving the user varied methods of applying tIle knowledge andnavigatillg the

solution space coupled with immediate feedback of the result of this domain navigation were'

proven commercially acceptable in this project. System utility and user acceptance were

enhanced when these principles were enacted in the system and gave further fOllndation to tIle

notion put forward by Waterman(1986) that the problem solving po\ver of a computer program

comes from the knowledge it possess, not the algorithms or inference schemes it employs. The
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results of this study also support the notion expounded by both Kidd (1985) and Berry &

Broadbent (1987) that rigid fornls of system-oriented dialogue are restrictive by limiting the

options the user has in directing the session. This suggests that solution space exploration tools,

as distinct fronl algoritlmls and inference schemes, further enl1ance the problen1 solvillg power

of a knowledge based computer program.

6.4 Commercialization

The process of contractil1g a software consultant already being used by Incitec to

implement office software customization proved successful. The consultant was very familiar

with customizil1g the Microsoft Office suite of software, of which Excel 5 was an integral

part, into other parts of Incitec's business. This experience of the software platform, an

already established professional relationship with Incitec, and a constant daily contact with

tIle review tealn has seen the commercialization process proceed to the point where most of

the interpretation charts have been entered in to the knowledge base and system release to

fertilizer resellers is planned for mid 1996.
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Chapter 7

7. CONCLUSIONS

TIle aim of this study was to develop an expert systelTI t11at ll1akes fertilizer

recommendations based on soil a11alysis data with the purpose of investigating issues

associated witll symbolic reasoning techniques to implement tIle interpretation and

recommendation models, user-interface design, and the commercialization of tile prototype.

Findings indicate that it is possible to develop a prototype expert system for tIle stated

purpose as well as up-scaling this prototype into a comlnercially acceptable production

system. In this study, development was accomplished by a small team using iterative

prototyping. While from the literature, there is no consenSllS in industrial practice on a

development method for knowledge based systems, the llse of methods and guidelines for

more conventional software design and developnlent, especially the user-interface design,

modular code design, and normalized relational data structures, proved successfuL

Iterative prototype cycles did produce the benefits found reported in the literature.

Specifically these were ease of maintenance, aids user-interface design, promotes

communication with users, and provided a vehicle for eliciting correct and complete

specifications of requirements.
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Questions raised in the introduction as to the likeli1100d of success in this proj ect, specifically

in the areas of commercialization, domain size, user-interface design to facilitate flexibility of

solution space navigation, and tIle combination of intensive calculations and sy111bolic

reasoning techniques, have largely been answered.

Much effort was expended on developing a synergy between the syn1bolic reasoning reqllired

of the system and the intensive calculations required to Sllpport the task at hand. The result is

a system composed of a maintainable knowledge base due to its simple tabular layout, a task

orientated graphical user-interface that supports mixed initiative dialogues, and an extremely

efficient inference and computational engine that provides feedback within acceptable time

limits for a real-time system. Sonle of this success stems from t11e software platform llsed to

deliver the system. Excel 5 being a powerful, Windows based spreadsheet environment is

itself optimized to intensive computational work. This feature in conjunction with. its

underlying programming languages and direct build user interface components provided the

capacity to deliver symbolic reasoning capabilities to the task at hand. The speed and ease of

which user suggestions could be incorporated and tested into the system enhanced the

prototyping development methodology used in the study.

Examples with the computational complexity and Sllpport of multiple navigation routes

through the solution space were not found in the literature suggesting that this system had

gone beyond tIle limits ofother published agricultural expert systems. Furthermore, the use of

spreadsheet based development environments was rarely mentio11ed in t11e literature. The

success of this project would dispel the notion that expert systems need to be developed in so
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called expert system sllells or languages and that main streanl developlnent software is

capable of delivering symbolic reasoning in certain situations.

In designing the user-interface, concepts from traditional software engineering were

integrated into the system with the principle that user-interface should be llser or tasl<

centered (Sommerville 1989) being adopted. Various researchers discussed tIle concept of

tlSer lTIodeling within a system for purposes of user-interface refinenlent where tIle system

responses vary according to a model of the user. No SllCh user modeling was incorporated

within the prototypes developed in this study. The author's view is that providing all arsenal

of tools by which the solution space can be navigated in many combinations and

permutations, accommodates not only multiple user models but different goals that any

particular user may bring to the system on different occasions. This approac11 offers the user

more flexibility, a chance to explore the solution space without being directed imlnediately to

an end result, and the ability to take control of tIle session as opposed to rigid 'q1lestion

answer - result' style dialogues. The user acceptability of the system developed in this study

would suggest that this view is valid.

The development of an acceptable prototype, that covered the entire domain of Incitec's soil

testing service provided an ideal starting point for tIle commercialization process. Proof of tIle

technology, continual user review, and delivery of a usable prototype system illdicated that

commercialization should succeed and has been initiated with the hiring of a software

consultant to expand the kno\vledge base of the system and explore software security isslles

as much proprietary knowledge and competitive advantage exists \vithin the system. The

work presented llere supports tIle notion that the final prototype can be used as either the
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production systenl specification or as the productioll system itself. The snlall UlTIOunt of

literature describing the commercialization process of expert systems suggests that user

involvelnent from an early stage in system development is a major factor in the successful

adoption of the system. This study supports that suggestioll and the author notes tllat by using

an iterative prototyping developnlent methodology where users test tIle various versions, user

involvement is hard to avoid.

The findings of this study indicate further areas where research may be warranted. TIle

knowledge base for the system relied upon the value of one variable to index and retrieve the

knowledge that pertained to the situation at hand. It would be of interest to investigate

metIlods where multiple variables were used to interrogate thekno\vledge base al1d "vhat

inference mechanisms proved efficient for such interrogation. Considerations of variable

weiglltings (that is how important one variable's value is compared to another's), system

integrity with nlissing data (that is how does the system respond if only three out of four

variables have been given a value), and default starting values would need to be addressed.

The provision of higher level expert opinions by the system as compared to the current single

word 'status' messages could be investigated. In tIle DOS prototype, very little use was made

of the expanded explanation facility, thus leading to its demise in the Windows prototype.

Do users require an explanation style facility in the system and if so how best can it be

implemented? Are system messages warning users of the approach of solution space

constraints or boundaries sufficient or are more educational 'Ho\v' and 'Why" messages

required?
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Comparative studies with differe11t methods of presenting the vast array of nUluerical data

generated in the system would yield information on how the system I11ay be able to cater for

numerically challenged users. In particular, t11e llse of grap11ics to represent numerical

proportions witl1in the system and mouse activated gauges verses keyboard data entry would

be worthy of investigation.

With regard to the use of an expert system to cOlnmercially deliver fertilizer

recommendations, the value of this current stlldy lies in its attempt to show, through the

system development and commercialization, that computationally intensive tasks and

symbolic reasoning can be combined within a standard software platform. The lack of

publislled findings in this arena should not prollibit the investigation of the issues in

providing such a combination in an expert system. The cOlnmercial interest ill t11is project

would suggest that aims of the project have been in most parts successflllly addressed and

that further investigations of the areas described above is warranted.
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GLOSSARY

Algorithm An effective procedure for solving a particlllar nlathenlatical problen1 ill a

finite number of steps.

Artificial Intelligence The subfield of computer sciel1ce tat is concerned with

symbolic reasoning and problem solving.

ASCII American Standard Code for Information Interchange. This is a table tllat

assigns integers from 0 to 127 to characters and certain other non-printing outplltS.

Assertion The database or fact part of the kllowledge base. It includes rules that are

known to be true or false and any otller associated information.

Atom A named symbolic entity in the PROLOG langllage.

Backtracking A technique used in tree searches. The process of working baclcward

from a failed objective or an incorrect result to examine unexplored alternatives.

Backward Chaining A search techniques used ill prodllction ("if-tllen" rule) systems that

begins with the action clause of a rule and vvorks backwards through a chain of rules in

an attempt to find a verifiable set of condition clauses.

Blackboard A globally accessible database used in expert systems for recording

intermediate, partial results of problem solving.

Database The organizing of data into tables and/or files of related units that are tllen

viewed as a single storage concept.

Decision Support System Computer based information systenl that combines models and

data in an attempt to solve non-structured problems with extensive user involvement.

Declarative Language A style of computer language used to specify only tile desired

results rather than the detailed steps ofhow to arrive at thenl.



Demon A procedure that is automatically activated if a specific predefined state is
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recognized.

Development Life-Cycle Tl1e processes involved in designing, C011structi11g a11d testing a

The hard\vare and software that provide the user illterface for DSS. It

computer syste111. Parts of the life...cycle can include iterative developments of a

prototype.

Dialog System

also includes the ease-of-use~ accessibility and human-machine interface.

Domain An area of knowledge or expertise

Domain Expert

being developed

Expert System

A person with expertise in the domain in which the expert system is

A computer system that applies reasoning methodologies on

knowledge in a specific donlain in order to rel1der advice or recommendations nluch

like a humal1 expert.

Explanation Facility The component of an expert system that can explain the systelTI' s

reasoning and justify its conelusions.

Firing a Rule Obtaining information on either the IF or THEN part of a rllle w11ich

makes this rule an assertion.

Frames A knowledge representation scheme that associates one or more features with

an object in terms of various slots and particular slot values.

Goal -seeking The capability of asking the compllter what values certain variables

must have in order to attain a desired goal.

Heuristics The informal, judgmental knowledge of an application area that constitlltes the

rules of good judgment in the don1ain and the problem solv"ing process.

Icon A visual, graphic representation of an object, word, or concept.



IF-THEN

satisfied.

Inference

146

A conditional rule h1 which certain action is taken only if some condition is

The process of drawing a conclusioll from given evidence.

That part of an expert system that actually performs the reasoningInference Engine

function.

Instantiation The process of assigning a specific value to a variable object.

Interface The portion of a computer system that the user interacts with.

Iterative Process A systematic process for system development \vhere multiple versions

of a prototype are refined towards the final productioll system.

Knowledge Ul1derstanding, a\vareness, or familiarity acquired through education or

experIence,

Knowledge Acquisition The extraction and formulation of k.no~vledgederived from

various sources including domain experts.

Knowledge Base A collection of facts, rules, and procedures organized into sc11ema.

Knowledge Engineer An artificial intelligence specialist responsible for the technical

side of developing expert systems.

Knowledge Representation A formalism for representillg in the computer facts and rules

about a domain.

Linear Programming A mathematical model for optimal solution of constrained

resource allocation type problems.

Matching The process ofpattern recognition.

Natural Language A language spoken by humans on a daily basis such as Englisll.

Normalization Process of reducing a data base structllre do\vn to a set of non-

redundant field and table specifications.



Optimization Identification of the best possibIe solution.
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Pattern Recognition The technique of matching an external pattern to one stored witllin a

computer's memory and often used in inference engines.

Predicat~ Calculus A logical system for reasoning used in artificial i11telligellce programs

to indicate relationships anl0ng data items. The basis for the computer lang1.1age

PROLOG.

Procedural Language A style of computer language used to specify the detailed steps

that should be followed in arriving at a result.

Production Rules A knowledge representation method in which knowledge is formalized

into rules containing an IF part and a THEN part.

PROLOG A high level computer language designed around the concepts of predicate

calculus.

Prototyping A strategy in system development in which a scaled dOWll systern or portion of

a system is constructed in a short time, tested ,evalllated and in1proved in several

iterations.

Relational Database A database whose records are organized into tables that can be

processed by either relational algebra or relational calculus.

Rule A formal way of specifying a recommendation, directive, or strategy, expressed as IF

premise THEN conclusion.

Scenario A statement of assumptions and configurations concemin'g the operating

environment of a particular system at a particular time.

Schema A data structure for knovvledge representation such as rules or frames.

S~nsitivity Analysis A study of the effect of a change in one or n1.ore input variables on a

proposed solution..
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Shell A kind of expert system development tool llsLlally consisting of at least two

cOlnponents: a rule manager and an inference engine witll explanation facilities and

report generators as bundled extras.

Spreadsheet (C0111puter) C0111puter technology that is silnilar to coluffins-and-rows

worksheets llsed by accountants but with far greater computational power and

flexibility.

Symbolic Processing Use of symbols, rather than nllmbers, combined wit1111euristics,

in order to process information and solve problems.

System Development Life Cycle The processes involved in designing, constrLlcting and

testing a computer system. Parts of the life-cycle can include iterative developlnents of

a prototype.

"What If' Analysis The capability of"asking~' the computer what the effect will be of

changing some of the input data.
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APPENDIX ONE

This appendix gives a broad overview of tIle process of making a fertilizer reconllnendatio11

for a crop based on the results of soil testing. TIle overview puts this study in perspective and

highlights the intellectual environment in which the results of this study will be used.

Soil testing as a means of managillg the fertilizer illPllts into a croppillg enterprise is practiced

in nearly all parts of the world vvith some degree of success. In a broad sense, soil testing is

any chemical or physical measurement that is made on a soil. BlIt through commOll llsage the

term "soil testing" has been given both a more restricted and a much broader meaniI1g. The

term is restricted in the sense that it has come to nlean rapid chemical analyses to assess tIle

available nutrient status of the soil, and broadened to include interpretations, evaluations and

fertilizer recommendations based on results of chenlical analyses and on several other

considerations.

There are some 16 elements known to be essential for crop grovvtll. Three of tllese elenlel1ts 

nitrogen, phosphorus and potassium - are widely deficient in the soil. Soil pH also is a

common limitation to plant growth. Secondary and micronutrient deficiencies are found in

some soils, witl1 sulfur, zinc, and boron being the most common, but these are llsually

restricted to spe"cial soil areas. Soil testing therefore, predominantly involves nitrogen,

phosphorus, potassium and pH with secondary and micronutrient analyses varying widely on

a regional basis.
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The soil testing process starts witll the collection of a soil sanlple, or samples 1'ro111 a field.

The analytical results are expected to be representative for the entire field. TIle first basic

principle of the soil testing process is that a field can be sUlnpled in sllell a way that chemical

analyses of collected samples will accurately reflect the field's true nutrient statllS.

Once the soil sample has been collected and prepared its level of available nutrients must be

determined. By available nutrient one usually means the chelnical [orIn or forms of an

essential plant nutrient in the soil whose variation in amOl111t is reflected in variations in plaI1t

growth and yield. It is a basic principle of soil testing that simple rapid chemical analytical

procedures can be designed to accurately measure, or be a measure of, the level of available

soil11utriellts. MallY chemical metllods have beell suggested, and are being llsed, for the

measurement of essential available plant nutrients. Actllally the chelnical metl10d llsed is

important only to the extent that it must aCCllrately measure the available form or [ornls of the

particular soil nutrient. A sample report of analytical results used in this study from a

commercial laboratory is shown in figure A 1.1.

It is these soil test values, highlighted by a black border on the right hand side of the report

that are the input data for the system developed in this study. The additional data of crop, soil

type and sometimes geographic location are implicitly entered wl1en an interpretation table

(also know as an interpretation chart or simply a c11art) is selected. Other secondary factors

SllCh as field slope, weather patterns and climate are much harder to quantify and as in tile

manual process are left as value judgnlents by tIle user as to whether any slight adjustment

need be made to the calculated restllts. Given the inherent variability and risk in allY
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agricultural enterprise, these judglnents are very subjective and will vary between individuals

even for the sanle situation.

Analytical results obtai11ed from c11emical analyses of soils n1ust be interpreted mea11illgfully

and is the first major computatiollal module in this study following data entry of the

analytical results. This is usually accomplished throllgh some type of a previollsly determined

correlation between soil test results and known field crop responses. T11erefore, SOU11d

correlation studies must precede intelligent interpretatiol1s of soil test values. A basic

principle of soil testing is that a soil test value can, under most circumstances, be treated and

related as an independent variable to the percent yield and response obtained for a specific

crop. Tl1ese correlation's have been developed and published by the co-operating fertilizer

company, Incitec, and an example of one of their interpretation tables is shown in figure

A 1.2. As can be seen from this figure, the interpretation table exists of a front page of scales

for determining required nutrient rates and a back page of fertilizer timing and placement

information, botll pages being for that specific crop / soil combination.

This step, in the current manual process of providing a fertilizer recommendation by the

fertilizer company is for its agronomists to compare the soil test values for each element with

values on the interpretation table to arrive at a elemental nutrient requirement that ill the

general situation will optimize crop yield against the cost of fertilizer inpllt.

For example, in figure AI.3, a phosphorus soil test value of 43 nlg/kg P would correlate to an

elemental phosphorus requirement of30 kg/ha P. As discussed above, the direct relations11ip

between soil test value and crop nutrient requirement is modeled in these tables. In addition
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to this rate, the second page indicates that that the recommended phosphorus rates are for

band application at planting. Where soil levels exceed 501ng/kg, phosphorus may be

broadcast, but at rates 20% greater than recommendations.

The final step in the manual process is to then meet the elemental nutrient requirelnents

generated in the interpretation stage by calculating what rate of a particular fertilizer or

practical combination of fertilizers best supply t110se elemental nutrient requirements. Give11 a

list of available fertilizer products, (see figure A 1.3) this process becomes one of

mathematical optimization with non-distinct (fuzzy) boundaries (refer to page 9.81 section

9.6 of Appendix 2 and page 10.14 section 4 of Appendix 3).

In the manual process this is usually done by eye using the ratios of nitrogen, phosphorlls,

and potassium in a product versus the crop requirement. Once several close fitting fertilizer

products have been identified, more detailed calculations are performed to determine wl1ich

may best supply the nutrient requirements. Several different fertilizer programs may be

arrived at, each quite valid, with the final choice up to the end user. In most horticultural

situations, fertilizer cost is a secondary issue, with yield optimization through an accurate and

practical fertilizer program being the most common goal. If several fertilizer programs can be

calculated for a given scenario, several considerations such as product availability,

application machinery, irrigation method, personal [avor, as well as cost fillSt be tal<en into

account before choosing a program.

In this study, all environment was developed that enabled the user to quickly explore and

generate various scenarios of fertilizer products and rates, that guided the user towards an
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optimal solution. The system ho\vever left the final choice of wllich scenario to accept up to

the user as it was beyond the goals of this project to attempt to model and incorporate into t11e

optimization process the n1yriad of external pressures and preferences a user is i11fluenced by

in accepting a fertilizer recommendation.
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Figure AI.I. Sample "Soil Analysis Reports" detailing the soil test values detertnined for tllUt
sample and corresponding "Soil Interpretation alld Recommendations Reports"
(following).
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Incltec Lld
Au-stra"an Company Number 010767263

Paringa Road. Gibson Island, Murarrie
P.C. Box 140. Morningside, Old 4170
Tel: (07) 867 9300

SOIL ANALYSIS REPORT

Analysis
~~Systems
From ~ nCltec People with answerso

Results of Analysis
PADDOC~ NAME NCH
ORDER NUMBER 5435
PROOUCT Hort and Full Ronge Sot l

SAMPLE BAG NUMBER SURFACE 1889

CORRESPONDING DEEP SOIL BAG No
DATE OF SAMPLING 10/03/92
DATE RECEIVED 12/03/92
DATE OF REPORT :-.: .0':

m
,. Determine fertilizer needs

2. Monitoring soil fertility

ccs Cl

.(~~L SAMPLE A~D SITE INFORMATION:
.....'".~ '~l ing depth(cn) 0-10 Surface
··~~l ing depthCcm) Deep

Fax
Postcode 4352
Direction to Town E

Average Annual Rainfall

BLack
Clay
8.5
1.3
5.0
4

200"'"

39
1.40
33.79
27.42
2.40
3S
1.1
2.1

Soil colour (Munsell)
So i l texture
pH(l:S Yater)
Organic Carbon XC
Nitrate Nitrogen mg/kg
SUl fur mg/kg

PhOspOOiUS(BSES) mg/kg

Phosphorus(Colwell) ms/kg
Potassium meq/100g
Calcium meq/100g
Magnesium meq/100g
SodiLlTl meq!100g
Chloride mg/kg

Copper ms/kg
Zinc mg/Kg

._---~_._--~.~----_. __ ._._-_._--_..-.-..-...-

1
55 yrs

Months of Fallow
Age of cultivation
Drainage

Stti::Ole/1'rash
Tillage

Irrigation

haPaddock area
So; l type

Slope
So i l profi le depth
Reasons for sampling

L
Phone
Nearest Town BrooKstead
Distance to Town 17.0
Australian Map Grid Ref

~RODUCTION INFORMATION:
Main species to be fertilized ~eat

Variety
Previous best yield
Yield last year
Vi gour of growth
Row/tree.spacing(Hort) m X
Row spaclng(Grain/Cotton)

,~~:~teriOW treatment
~:·;·~··~·~;:~jge in Crop Cyc le(Sugar Cane)
\'- .
~ethod of fertilizer placement:
1. Banded with seed 2.

m

yrs mths
Age established
Root stocKCHort)

Plant population ha
Canopy r&diusCHort) m
Grain protein
Legune content
Stock type

Stock nuri:>er:-

3.

-------.-------- Calculations -----------_ •.
cation Exch. Capacity meql100g 65.02
Calcium/Hagnesium Ratio 1.23
SodiumX of cations(ESP) 3.69
Etec. Conductivity Cs.e.) dS/rn 0.8

Kethods, Calculations outl ined overpage.

===--===--===== =----====

FERTILIZER HISTORY:

Most Recent Crop
SorghLlTl

Fertilizers

HAP [Starterfos]

Application Units
Rate

50.0 kg/ha.

Date App tied
Year Month

===--===
9109

FOR INTERPRETATION OF THESE RESULTS,
PLEASE CONTACT YOOR DEALER:

BACCCUHT
GI BSON I SlAHD LAB

OR YOOR INCITEC AREA MANAGER
Previous Crop

Previous Crop

eglstered Signatory

Samples are analysed as received

Other Relevant Comments Report ., 24896

Form No. 804 (Rev' )
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Incltee Lld
Austt'ahan Company Number 010 767 263

Paringa Road. Gibson Island. Murarrie
p.a. Box 140. Morningside. Qld 4170
Tel: (07) 8679300

SOIL ANALYSIS REPORT

Analysis
~~Systems
From ~ nCltec People with answers.

Results of Analysis
PADDOO: NAME NCH
ORDER NlJ4BER
PRODUCT Hort and Full
SAMPLE BAG NUMBER SURFACE
CORRESPONDING DEEP SOIL BAG
DATE OF SAMPLING
DATE RECEIVED
DATE OF REPORT

-~---.-------------------------_ .._---------
CCS CZ

L

m
1. Determine fertilizer needs
2. Monitoring soil fertility

Phone
Nearest Town Brookstead
Distance to Town 17.0
Australian Map Grid Ref

Black
Clay
8.5
1.3
5.0
4
200+
39
1.40
33.79
27.42
2.40
35
1.1
2.1

so il CO lour (Hu'lsell)
soil texture
pH(1:5 Uater)
Organic Carbon XC
Nitrate Nitrogen mg/kg
SUl fur mg/kg
Phosphorus(BSES) mg/kg
Phosphorus(Colwell) mg/kg
Potassium meq/100g
Calcium meq/100g
Magnesium meqj100g
SodilJ1l 1Ileq/1 OOg
Chloride mg/kg
COpper mg/kg
Zinc mg/kg

1
55 yrs

Fax
Postcode 4352
Direction to Town E
Average Annual Rainfall

Months of Fallow
Age of cultivation
Drainage
St1.bOle/1rash
Tillage
Irrigation

ha

INFORMATION:
0-10 surface

Deep

Paddock area
Soil type

Slope
So il prof ile depth
Reasons for sampling

1~~L SAMPLE AND SITE
~..:" 'Jll ing depth(cn)
"~~l ing depth(cn)

~RODUCTION INFORMATION:
Main species to be fertilized ~eat

Variety
Previous best yield
Yield last year
Vigour of growth
Row/tree.spacing(Hort) m X
Row spaclng(Grain/Cotton)

.~~1~~errow treatment.....-....,
·';:.','::)ge in Crop Cycle(SUgar Cane),,-- ~

~ethod of fertilizer placement:
1. Banded with seed 2.

m

yrs mths
Age established
Root stoc!c(Hort)
Plant population ha
Canopy radius(Hort) m
Grain protein
Legt.llle conten t

Stock type
Stock ntlTber

3.

-------.-------- Calculations --------.--- •.
cation Exch. Capacity meql100g 65.02
Calcil.Jll/!'lagnesiun Ratio 1.23
Sodiurnx of cations(ESP) 3.69
£lec. CondJctivity (s.e.) dS/m 0.8

Methods, Calculations outl ined overpage.

FERTILIZER HISTORY: Fertil izers Appl ication Units Date App lied
Rate Year Month

Most Recent Crop =-- - ==--== --- ==--==
SorghlJ1l MAP [Starterfos] 50.0 kg/ha. 9109

FOR INTERPRETATION OF THESE RESULTS,
PLEASE CONTACT YOOR DEALER:

BACCooNT
GIBSON ISLAND LAB

OR yooR INCITEC AREA MANAGER
Previous Crop

l
Previous crop

eglstered Signatory

Samples are analysed as received

Other Relevant Comments Report tI 24896

Form No 804 (Rev 1 )

169

......:-....:;
(

Incltee Lld
Austt'ahan Company Number 010 767 263

Paringa Road. Gibson Island. Murarrie
p.a. Box 140. Morningside. Qld 4170
Tel: (07) 8679300

SOIL ANALYSIS REPORT

Analysis
~~Systems
From ~ nCltec People with answers.

Results of Analysis
PADDOO: NAME NCH
ORDER NlJ4BER
PRODUCT Hort and Full
SAMPLE BAG NUMBER SURFACE
CORRESPONDING DEEP SOIL BAG
DATE OF SAMPLING
DATE RECEIVED
DATE OF REPORT

-~---.-------------------------_ .._---------
CCS CZ

L

m
1. Determine fertilizer needs
2. Monitoring soil fertility

Phone
Nearest Town Brookstead
Distance to Town 17.0
Australian Map Grid Ref

Black
Clay
8.5
1.3
5.0
4
200+
39
1.40
33.79
27.42
2.40
35
1.1
2.1

so il CO lour (Hu'lsell)
soil texture
pH(1:5 Uater)
Organic Carbon XC
Nitrate Nitrogen mg/kg
SUl fur mg/kg
Phosphorus(BSES) mg/kg
Phosphorus(Colwell) mg/kg
Potassium meq/100g
Calcium meq/100g
Magnesium meqj100g
SodilJ1l 1Ileq/1 OOg
Chloride mg/kg
COpper mg/kg
Zinc mg/kg

1
55 yrs

Fax
Postcode 4352
Direction to Town E
Average Annual Rainfall

Months of Fallow
Age of cultivation
Drainage
St1.bOle/1rash
Tillage
Irrigation

ha

INFORMATION:
0-10 surface

Deep

Paddock area
Soil type

Slope
So il prof ile depth
Reasons for sampling

1~~L SAMPLE AND SITE
~..:" 'Jll ing depth(cn)
"~~l ing depth(cn)

~RODUCTION INFORMATION:
Main species to be fertilized ~eat

Variety
Previous best yield
Yield last year
Vigour of growth
Row/tree.spacing(Hort) m X
Row spaclng(Grain/Cotton)

.~~1~~errow treatment.....-....,
·';:.','::)ge in Crop Cycle(SUgar Cane),,-- ~

~ethod of fertilizer placement:
1. Banded with seed 2.

m

yrs mths
Age established
Root stoc!c(Hort)
Plant population ha
Canopy radius(Hort) m
Grain protein
Legt.llle conten t

Stock type
Stock ntlTber

3.

-------.-------- Calculations --------.--- •.
cation Exch. Capacity meql100g 65.02
Calcil.Jll/!'lagnesiun Ratio 1.23
Sodiurnx of cations(ESP) 3.69
£lec. CondJctivity (s.e.) dS/m 0.8

Methods, Calculations outl ined overpage.

FERTILIZER HISTORY: Fertil izers Appl ication Units Date App lied
Rate Year Month

Most Recent Crop =-- - ==--== --- ==--==
SorghlJ1l MAP [Starterfos] 50.0 kg/ha. 9109

FOR INTERPRETATION OF THESE RESULTS,
PLEASE CONTACT YOOR DEALER:

BACCooNT
GIBSON ISLAND LAB

OR yooR INCITEC AREA MANAGER
Previous Crop

l
Previous crop

eglstered Signatory

Samples are analysed as received

Other Relevant Comments Report tI 24896

Form No 804 (Rev 1 )
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Soil Interpretation (l
and Recommendations

·r
t

~.

i

(
\"

l>,,I4t.~ D-,O /,(JI"'O
l..~ (.4.1"" ~ UJc.. ,....,le.

Te. )oLt"l.. c../'-T'

Order No. j,+ JS- Sample No. 111::1-
Paddock Name 11 <:... t-{-----------/
Crop uL... ,cd:

Order No•.

Paddock Name

Sample No..

Nutrient
Requirement

CommentsSoil
Analysis

Nutrient
Requirement

H,:" t-; /1

CommentsSoil
Analysis

NutrientITest

Sulfate Sulfur

Phosphorus BSES. Bicarb. Bray

Nitrate Nitrogen

Organic Carbon

Liming Estimate (Buffer pH)

pH

Potassium

Calcium I J1.7'1 I-I
Magnesium

Aluminium/Aluminium Sat'n ~~

Sodium/Sodium %

Chloride

Electrical conductivity

Copper

I ~ o~l
L / Of:- I

o k. I
o I~

Zinc 2, " 0/<.
Manganese

Iron

Boron

Cation exchange capacity

SUGGESTED FERTILIZER &SOIL PROGRAMME:

~--'.!2..- )c? . k..J r1 A C ~ ~\-J... S' L( ut

---- ----------.----------------------_._----t 1J~~-~ OM ~ ?Iq. (13
._.__ .__.-.__ .•---------------------------_._--------

De~erRepre~ntat~e AreaManager_~~~~~~~~_~~~~~~~~~

Note: Interpretations and recommendatioNS given here are a guide only, and depend upon proper and representative samples being
analysed, additionally environmental and managerial factors Influence production. therefore IncJtee Lld and Incltec dealers do
not accept any liability whatsoever arising out of these Interpretations and recommendations for any damage loss or Injury of
any nature and the user lakes these Interpretations and recommendations on these terms. This recommendation Is made In
good faith, based on the best technlcallnformatJon available.

Form No 390 IRev 5) Stock Coo~ 00:3.012,056
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170

Soil Interpretation (2
and Recommendations

(
'- Client ~-...::C~c.'-$~-c. ~=----------Location _~~~~~o~kC!.:~::..~..::~~::::!~~__ Date 10· ] - j L

'~l...... ~ 1?'c....I~ Order No. Sample No. ( Order No•. Sample No..

Te. ,..Lt"L. Paddock Name #<:"'1-{ Paddock Name(.'", Crop uL..cJ Crop_

Nutrienifrest Soil Comments Nutrient Soil Comments Nutrient
Analysis Requirement Analysis Requirement

pH J.S;R.,/ ~. AJ/c..
Uming Estimate (Buffer pH)

Organic Carbon I.) Low • r!,:'" t-; /1
Nitrate Nitrogen r /t1'r Lew• ~S-J.S- J:.< tU
Sullate Sulfur 4-IF '-/M • Uo-q,t a ..J-,V
Phosphorus BSES, Bicarb. Bray 11~J> ~ C•.,J." skiLl'-
Potassium

\'l.,.. H
Calcium 17 / )].70, (./
Magnesium

. '-- 1.7·~1. f-t I
Aluminium/Aluminium Sat'n % - I
Sodium/Sodium % ~~~.~ I M okl....
Chloride JS'/I~r" L / Pf..
Electrical conductivity .r--},.o Ok. I
Copper lo{ O/<.,

Zinc 2. " 0/<.
Manganese

Iron

Boron

Cation exchange capacity .r:Ol-. 1-/1 ~L,

".

I

I-

f

I

I
[

f

l
I

SUGGESTED FERTILIZER & SOIL PROGRAMME:

~.-JJ2.,-)O k..J rt 4 C kJ ~+-\. \ I.t er!

~) 1J~~-~·-..!!-O-I"1-...-U-+---,.--f)-§---------------

._,-----_._.._----------------------------

Dealer Representative Area Manager _

Note: Interpretations and recommendallons given here are a guide only, and depend upon proper and representative samples being
analysed. additionally environmental and manageriallactors Influence production. therelore Incltec Ltd and Incltec dealers do
not accept any liability whatsoever arising out of these Interpretations and recommendations lor any damage loss or Injury 01
any nature and the user takes these InterpretaUona and recommendations on these tennL This recommendation Is made In
good lalth, based on the best technical Inlormatlon available.

Form No 390 IR"" 5} SlocJ< Coo",033.012056
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Soil Interpretation (2
and Recommendations

(
'- Client ~-...::C~c.'-$~-c. ~=----------Location _~~~~~o~kC!.:~::..~..::~~::::!~~__ Date 10· ] - j L

'~l...... ~ 1?'c....I~ Order No. Sample No. ( Order No•. Sample No..

Te. ,..Lt"L. Paddock Name #<:"'1-{ Paddock Name(.'", Crop uL..cJ Crop_

Nutrienifrest Soil Comments Nutrient Soil Comments Nutrient
Analysis Requirement Analysis Requirement

pH J.S;R.,/ ~. AJ/c..
Uming Estimate (Buffer pH)

Organic Carbon I.) Low • r!,:'" t-; /1
Nitrate Nitrogen r /t1'r Lew• ~S-J.S- J:.< tU
Sullate Sulfur 4-IF '-/M • Uo-q,t a ..J-,V
Phosphorus BSES, Bicarb. Bray 11~J> ~ C•.,J." skiLl'-
Potassium

\'l.,.. H
Calcium 17 / )].70, (./
Magnesium

. '-- 1.7·~1. f-t I
Aluminium/Aluminium Sat'n % - I
Sodium/Sodium % ~~~.~ I M okl....
Chloride JS'/I~r" L / Pf..
Electrical conductivity .r--},.o Ok. I
Copper lo{ O/<.,

Zinc 2. " 0/<.
Manganese

Iron

Boron

Cation exchange capacity .r:Ol-. 1-/1 ~L,

".

I

I-

f

I

I
[

f

l
I

SUGGESTED FERTILIZER & SOIL PROGRAMME:

~.-JJ2.,-)O k..J rt 4 C kJ ~+-\. \ I.t er!

~) 1J~~-~·-..!!-O-I"1-...-U-+---,.--f)-§---------------

._,-----_._.._----------------------------

Dealer Representative Area Manager _

Note: Interpretations and recommendallons given here are a guide only, and depend upon proper and representative samples being
analysed. additionally environmental and manageriallactors Influence production. therelore Incltec Ltd and Incltec dealers do
not accept any liability whatsoever arising out of these Interpretations and recommendations lor any damage loss or Injury 01
any nature and the user takes these InterpretaUona and recommendations on these tennL This recommendation Is made In
good lalth, based on the best technical Inlormatlon available.

Form No 390 IR"" 5} SlocJ< Coo",033.012056
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10/11/91
18/11/91

03/08/92

;

Incitec Lld
AU$lrall.n Company Numoer 010767253

Paringa Road. Gibson Island. Murarrie
p.a. Box' 40. Morningside. Old 4170
Tel: (07) 867 9300

SOIL ANALYSIS REPORT

Analysis
~Systems
From ~ ncltee People with answers.

Results of Analysis
PADDOCK NAME Block One
ORDER NUMBER

PRODUCT Sugar Cane
SAMPLE BAG NUMBER SURFACE
CORRESPONDING DEEP SOIL BAG No
DATE OF SAJotPLING
DATE RECEIVED
DATE OF REPORT

017651

4189

Brown
Clay Loam

7.0
'6.6

61

135

0.36

12.22
5.27
0.01
1_58

0.42
5.8

Soil colour (Munsell)
Soil texture
pHC1:5 '..later)
Buffer pH
Su l fur mg/leg

Phosphorus(BSES) mg/kg
Potassium meq/100g
Calciun meq/100g
Magnesium meq/100g
Aluminium meq./100g
Sodiun meq/100g

Electrical Conductivity dS/m
Potassium(Nitric Acid)meq/100g

nm

yrs
Good

Conventional
Flood

Fax

Postcode 4807
Direction to Town
Average Annual Rainfatl

Months of FaLlow
Age.of cult ivation
Drainage
Stubble/Trash
Tillage

Irrigation

4.0 ha
Si l ty Loam

Slight
1.0 m

1. Determine fertilizer needs
2. ~ing for top yields

-------------------------------------------------------_._--._----------------

NORTH C2

L
Phone

Nearest Town Ayr
Distance to Town
Australian Map Grid Ref

Paddock area
Soi l type
Slope

Soil profile depth
Reasons for sampling

:L SAMPLE AND SITE INFORMATION:
~ampling depthCcm) 0-25 Surface
Sampling depth(cm) Deep

._--_._-- .. _._._~_._-----_..-.. _ -.. _._ _._ .. - - ---._- ...••••... -

==================== =========== ~---- ============

yrs mths (

Methods, Calculations outlined overpage.

FOR INTERPRETATION OF THESE RESULTS,
PLEASE CONTACT YOUR DEALER:

BACCOONT

GI8S0N ISLAND LAB

~-- •. ---._----_. Calculations .-------.- •
\ Cation Exch. Capacity meq/10Dg 19.44
\Calcium/Magnesium Ratio 2.32
~tuminium Saturation X 0.1
hodiumX of cat;ons(ESP) 8.13

----- .. -------._--_.------..._----- ... _- .. -- f
i
J
1
)

ha

m

9009

Date AppL ied
Year Month

700.0 Kg/ha.

3.

Age estab l i shed
Root stocKCHort)
Ptant population
Canopy radiusCHort)
Grain protein
Legune content
Stock type

Stocle nt.rnber
replant

~pplication Units
Rate

Grocan .3 DO

Fertilizers

Most Recent Crop

FERTILIZER HISTORY:

PRODUCTION INFORMATION:

Main species to be fertilized Sugarcane
Variety Q117
Previous best yield
Yield last year
Vigour of growth Fair
Row/tree spac;ngCHort) m X m
n~w spacingCGrain/Cotton)

';errow treatment

~cage in Crop Cycle(Sugar Cane) Ploughed-out
Method of fertilizer placement:
1. Banded away from seed 2.

Previous Crop OR YOUR INCITEC AREA MANAGER

Previous Crop

Other Relevant Comments
Report 11 10612

171

10/11/91
18/11/91
03/08/92

E

Incitee Lld
AUSU.lhan ComNny Numbe( 010767263

Paringa Road. Gibson Island. Murarrie
p.a. Box 140. Morningside. Old 4170
Tel: (07) 867 9300

SOIL ANALYSIS REPORT

Analysis
~Systems
From ~ ncHec People with answers.

Results of Analysis
PADDOCK NAME Block One
ORDER NUMBER
PRODUCT Sugar Cane
SAMPLE BAG NUMBER SURFACE
CORRESPONDING DEEP SOIL BAG No
DATE OF SAMPLING
DATE RECEIVED
DATE OF REPORT

017651

4189

NORTH C2

L

Brown
Clay Loam

7.0
6.6
61
135
0.36
12.22
5.27
0.01
1.58
0.42
5.8

Soil colour (Munsell)
So it texture
pH(1:5 ~ater)

Buffer pH
Sul fur mg/kg
Phosphorus(BSES) mg/kg
Potassium meq/100g
Calcium meq/100g
Magnesium meq/100g
Aluminium meq./100g
Sodium meq/100g
Electrical Conductivity dS/m
PotassiumCNitric Acid)meq/100g

rrm

yrs
Good

Flood
Convent iona l

Fax
Postcode 4807
Direction to Town
Average Annual Rainfall

Months of Fallow
Age..of cultivation
Drainage
Stubble/Trash
Tit lage
Irrigation

Determine fertilizer needs
~ing for top yields

4.0 ha
Silty Loam
Sl i ght
1.0 m

1.

2.

INFORMATION:
0-25 Surface

Deep

Phone
Nearest Town Ayr
Distance to Town
Australian Map Grid Ref

Paddock area
Soi l type
Slope
Soil profile depth
Reasons for sampling

'L SAMPLE AND SITE
~ampl ing depth(cm)
S~l ing depth(cm)

==================== =========== ----- ============

3.

(

RESULTS,FOR INTERPRETATION OF THESE
PL~SE CONTACT YOUR DEALER:

BACCOUNT
GIBSON ISLAND LAB

Methods, Calculations outlined overpage.
. _-------- .._-._-- _---_ .........• ~

~
I
1
~

; .••....•....••. Calculations •..•...•• _•..•

\ Cation Exch. Capacity meq/100g 19.44
\Calcium/Magnesium Ratio 2.32
~luminium Saturation % 0.1
~Odiumr. of cations(ESP) 8.13

9009

Date Appl ied
Year Month

700.0 kg/ha.

yrs mths
Age estab ti shed
Root stockCHort)
Plant population ha
Canopy radius(Hort) m
Grain protein
Lesune content
Stock type

Stock nunber
replant

~plication Units
Rate

Fertil izers

Grocan .300

Most Recent Crop

PRODUCTION INFORMATION:
Main species to be fertilized Sugarcane
Var iety Q117
Previous best yield
Yield last year
Vigour of growth Fair
Row/tree spacingCHort) m X m
n~w spacing(Grain/Cotton)

':errow treatment

vcage in Crop Cycle(Sugar Cane) Ploughed'out
Method of fertilizer placement:
1. Sanded away from seed 2.

FERTILIZER HISTORY:

Previous Crop OR YOUR INCITEC AREA MANAGER

Previous Crop

Other Relevant Comments
Report 11 10612

171

10/11/91
18/11/91
03/08/92

E

Incitee Lld
AUSU.lhan ComNny Numbe( 010767263

Paringa Road. Gibson Island. Murarrie
p.a. Box 140. Morningside. Old 4170
Tel: (07) 867 9300

SOIL ANALYSIS REPORT

Analysis
~Systems
From ~ ncHec People with answers.

Results of Analysis
PADDOCK NAME Block One
ORDER NUMBER
PRODUCT Sugar Cane
SAMPLE BAG NUMBER SURFACE
CORRESPONDING DEEP SOIL BAG No
DATE OF SAMPLING
DATE RECEIVED
DATE OF REPORT

017651

4189

NORTH C2

L

Brown
Clay Loam

7.0
6.6
61
135
0.36
12.22
5.27
0.01
1.58
0.42
5.8

Soil colour (Munsell)
So it texture
pH(1:5 ~ater)

Buffer pH
Sul fur mg/kg
Phosphorus(BSES) mg/kg
Potassium meq/100g
Calcium meq/100g
Magnesium meq/100g
Aluminium meq./100g
Sodium meq/100g
Electrical Conductivity dS/m
PotassiumCNitric Acid)meq/100g

rrm

yrs
Good

Flood
Convent iona l

Fax
Postcode 4807
Direction to Town
Average Annual Rainfall

Months of Fallow
Age..of cultivation
Drainage
Stubble/Trash
Tit lage
Irrigation

Determine fertilizer needs
~ing for top yields

4.0 ha
Silty Loam
Sl i ght
1.0 m

1.

2.

INFORMATION:
0-25 Surface

Deep

Phone
Nearest Town Ayr
Distance to Town
Australian Map Grid Ref

Paddock area
Soi l type
Slope
Soil profile depth
Reasons for sampling

'L SAMPLE AND SITE
~ampl ing depth(cm)
S~l ing depth(cm)

==================== =========== ----- ============

3.

(

RESULTS,FOR INTERPRETATION OF THESE
PL~SE CONTACT YOUR DEALER:

BACCOUNT
GIBSON ISLAND LAB

Methods, Calculations outlined overpage.
. _-------- .._-._-- _---_ .........• ~

~
I
1
~

; .••....•....••. Calculations •..•...•• _•..•

\ Cation Exch. Capacity meq/100g 19.44
\Calcium/Magnesium Ratio 2.32
~luminium Saturation % 0.1
~Odiumr. of cations(ESP) 8.13

9009

Date Appl ied
Year Month

700.0 kg/ha.

yrs mths
Age estab ti shed
Root stockCHort)
Plant population ha
Canopy radius(Hort) m
Grain protein
Lesune content
Stock type

Stock nunber
replant

~plication Units
Rate

Fertil izers

Grocan .300

Most Recent Crop

PRODUCTION INFORMATION:
Main species to be fertilized Sugarcane
Var iety Q117
Previous best yield
Yield last year
Vigour of growth Fair
Row/tree spacingCHort) m X m
n~w spacing(Grain/Cotton)

':errow treatment

vcage in Crop Cycle(Sugar Cane) Ploughed'out
Method of fertilizer placement:
1. Sanded away from seed 2.

FERTILIZER HISTORY:

Previous Crop OR YOUR INCITEC AREA MANAGER

Previous Crop

Other Relevant Comments
Report 11 10612
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Soil Interpretation
and Recommendations

(

Order No. () /] ~ f [ Sample No. =t1 r1 Order No. Sample No. _

Paddock Name l3 I 0 vx... 0 ;V /:- Paddock Name

Crop 5 Ct 6.11"1.... c..1trl.It: p!Ou,r tc7r...#.. 7Crop ----------
c.. '- A..., I LJ A'"'IV) -= "- -+"'TOO N

Nutrientrrest Soil
Analysis

Comments Nutrient
Requirement

Soil
Analysis

Comments Nutrient
Requirement

pH I
IOPT17·0

Liming Estimate (Buffer pH) I \

Organic Carbon I I I
Nitrate Nitrogen I I 1200 I
Sulfate Sulfur !hl IffrG tf I I \ .. I
Phosphorus 8SES.~.~ \IJ:;- Ilf-f6.H \- I I
Potassium to-Job l.f~ 1fr1~/(,If1 I - I I
Calcium \12·21.. I fr( 6 H- I I I
Magnesium IS-27 \~(6"H I I I
AluminiurrJAluminium Sat'n ~o 1 I I \ I
Sodium/Sodium 0/0 IJ-)~ (~·{31Y }f-( 411 Iq'115C/ M 5t/~\ I
Chloride I I 1 I 1
Electrical conductivity cC 5 <:. :

I

hA.et,\/AlI9i: \ t3·7 ~-t,t.~

Copper I I I t

Zinc l I I t

t
I

IManganese I
Iron I I 1 I
Boron

t I I I
Cation exchange capacity l/Q.4'f \6"oD \ I

------,------------------,-----' _ .•_------------------
Dea~rRepresen~tive Area~anager~~~-~-~~~-~-~~~~-~

Note: Interpretations and recommendations given here are a guide only. and depend upon f?roper and representative samples
being analysed. additionally environmental and managerial factors influence product!on, therefore Incitec Ltd does not
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Figure A1.2. The "interpretation table" for beans to be grown on alluvial soils in Queensland
as published by Incitec (following).
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CHAR1 88 - BEANS - ALLUVIAL SOILS - QUEENSLAND.

The recommendations from this chart give best results where weeds, insect pests and diseases are controlled
and ample water is available throughout the life of the crop.

NITROGEN - Recommended rates meet total crop requirement.

Apply half at planting, away from the seed, and the balance at the early flowering stage.

In all situations the MINIMUM TOTAL DRESSING is 100-120 kg NJha. Beans tend to do better with some
ammonium nitrogen, as well as some nitrate nitrogen.

At Bowen, beans grown as s~ed crops have higher N requirements..

PHOSPHORUS - Recommended rates are for band application at planting. Where soil levels exceed 50 mg/kg,
phosphorous may be broadcast, but at rates 20% greater than recommendations ..

SODIUM - Where soil crusting occurs and/or germination is markedly reduced, and Nao/o of cations is >5%,
GYPSUM at 2.5 t/ha should be recommended. If Nao/o of cations is >10°(0, soil is very likely to be responsive to
GYPSUM at 4.0 tlha.

Application of Gypsum to soils with Nao/o >5% and low to moderate conductivity will improve soil structure.

On medium conductivity (1:5) soils (0.2 - 0.4 dS/m) with Na%>S%, the addition of high rates (up to 7.5Vha) of
Gypsum will improve seedling survival during periods of natural rai nfall. This beneficial effect will be short-lived
«2 yrs) where poor quality irrigation water high in Mg ll Na and/or Cl is used.

On high conductivity (1:5) soils (>{).4 dS/m) application of Gypsum may be detrimental to seedling
establishment as a direct result of increasing conductivity. Do not apply Gypsum even if Na% >5. Leach with
good quality irrigation water to reduce conductivity. Gypsum may be applied to these soils once conductivity is
below 0.3 dS/m ..

'CHLORIDE AND CONDUCTIVITY - Where chloride and conductivity levels are borderline and potassium is
required, Sulfate of Potash should be recommended. The threshold for ECse is 1..0 dS/m, above which a yield
decrease may be expected.

MICRONUTRIENTS - Absorption of nutrient improves by addition of 4.5 kg Urea to 1000 L of spray solution..
Apply in 450 L of water total volume/ha. If nutrient is deficient, 3 - 4 spray applications may be needed. Foliar
sprays should be applied at 2 week intervals for 6 - 8 weeks.

Zinc: Soil applications of zinc sulfate monohydrate at 20 - 30 kg/ha can be applied well before' planting. Zinc
sulfate heptahydrate may be sprayed onto the soil at 40 kg/ha, or sprayed onto the foliage at
1 kg/450 L of waterJha in the early stages of growth.

Avoid foliar sprays on very hot days or during the middle of the day.

Where zinc deficiency is suspected, irrespective of the soil analysis value, zinc sprays should be applied.

If conditions are very wet, weekly sprays may be required ..

Boron: If boron deficiency is suspected, use plant tissue analysis, or apply Solubor at 1 kg/450 Uha of spray
solution to the foliage. For more severe deficiencies, apply Soluborto the soil through a boom spray at a rate of
2..5 kg/ha with 1000 L of water. Sprays containing boron are not compatible with sulfates of Zn, Cu, or Mn ..

RESAMPLING - Follow the practice of resampling before planting each crop, for at least 3 years ..

Use in conjunction with Plant Tissue Analysis.
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Avoid foliar sprays on very hot days or during the middle of the day.

Where zinc deficiency is suspected, irrespective of the soil analysis value, zinc sprays should be applied.

If conditions are very wet, weekly sprays may be required ..

Boron: If boron deficiency is suspected, use plant tissue analysis, or apply Solubor at 1 kg/450 Uha of spray
solution to the foliage. For more severe deficiencies, apply Soluborto the soil through a boom spray at a rate of
2..5 kg/ha with 1000 L of water. Sprays containing boron are not compatible with sulfates of Zn, Cu, or Mn ..

RESAMPLING - Follow the practice of resampling before planting each crop, for at least 3 years ..

Use in conjunction with Plant Tissue Analysis.

Copyright<9 1992 - All rights reserved. Copying or reproduction in whole or in part is strictly prohibited.

~ncltec Ltd P.C. 140, Morningside, Cid. 4170
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Figure A1.3. The fertilizer product guide detailing Incitec's fertilizer product range
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APPENDIX TWO

Incitec's "Soil Analysis Guide" detailing the steps to be used in undertaking t11e interpretation

phase of developing a fertilizer recommendation from pages 7.7 to 7.18 of the guide

(following).
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Analysis
~~Systems

1. PURPOSE:

180

Accreditation Course
SOIL ANALYSIS

The reasons \'vhy soil samples are analysed for an assessment of important fertility factors
are:-

(i) to help diagnose reasons for poor growth in one area compared to another ie.
trouble-shooting;

(ii) to monitor soil fertility on a regular basis to check for changes in pH, nutrient
content, salinity status and potential toxicities;

(iii) to help fine-tune fertilizer programs to economic optima (where such infonnation is
available);

(iv) to assess general soil fertility status and its suitability for growing different crops;

Cv) to cOlnplelnent plant tissue and water analyses;

The end result, and perhaps prime objective, is to arrive at a fertilizer product, rate, time

and placelnent recorrunendation best suited to each situation.

2. FIELD SAMPLING:

The key element in soil sampling is to take a representative sample ie one that represent)

the area of interest or concern, and which relates to the sampling procedure used in the
research which supports the interpretation chart Other important factors which help

detenninehow to take the sample properly are:-

the type of pasture or crop;

whether a crop is growing or to be grown;

the soil t)rpe and its variability;

the depth of soil and sub-surface characteristics;

the depth to which sample for calibration refers;

slope, aspect, erosion potential;

soil surface condition, including stubble, trash and tiIth.

2.1 PITFALLS:

There are several situations under which sampling is not advisable, unless the reason
for sampling includes the need for an assessment, under such conditions. Some of

these are:-

during extremes of climate e.g. drought, flood, water logging;

within three months after a lime application;
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within two 11lonths aft~r Cl fertilizer apptication~

close to fence lines, boundaries or trees other than those in'/olved:

obvious atypical are:.l eg. eroded areas, near streams, in odd poor patches (unless

trouble shooting), near \vatering points in grazing paddocks.etc.

2.2 SArvlPLIN( ~ DEPTHS:

The recorrunended sarllpling depths are:-

Pastures - Ne'vv South \\'ales

Pastures - Queensland

Horticultural crops

iv10st field crops

Cereals - for deep nitrate

Sugar cane

Cotton - Queensland

Cotton - Ne\v SOUL1 \\.'2.~es

to 7.5 cm

to 10 cm

to 15 ClTI

to 10 cm

to 60 CITI or 90 ern or to the cepth of \vetting front.

to 25 cm or to the depth of plough layer.

to 15 cm and 15-60 CIn

to 30 cm

As the sanlple being collected represents a very small part c: :he root zone of t.he
crop or species, it is necessary to take a nUluber of sub-sarr.Fles of the volume of
soil concerned. In pr2.c~ic2.1 terrr:.s, th.is means adequately cc',:enng the area of the

soil type, collecting 15 cr more cores, with the sampling ttlce. For deep samples,
\Xy·here the sub-soil is usually' less variable, fewer cores are re~:.:i.red; 8-10 are
sufficient.

The salnpling pattern can toe in a zig zag, circle or on a grid 5ys~em, ta.tdng into

account the principles ITlentioned above. The pattern used shcL;ld be uniform fiorn

one sit~ to another.

2.4 \\'Hr:~ ~r() SA:\lPI.. r:?

.., -_.:;,

For the s~mple and the resL:lts of its analysis to be useful, e:-::,:.::-e enough time is

allowed to have the san~~Fle analysed, results returned and ir::e~reted and for
delivery of the fertilizer products required. This \\"ill ta...~e f:-2i71 1-4 weeks.

H'{(;rE~E:

Cleanliness and hygie:1e Q:e 1110St lInportant. Because of t~e :i:nall sarnple size, any
cont~lIninJnt containin~ the elerncnts tested can adverselY affe('t the resultS ..- ~

Therefore, all c4ui pment used for sa.mpling should be kept c:~:..tn.. Use a clean

pli..lstic bucket or bag to collect cor~s, ensure sampling tuces:l:~ cleaned before

s:.lInpling a new paddo<.:k er soil type and if the (;ores are brck~n up by hand .. ensure
th~ hands are clean. Keep away froln galvanised iron (wire C'r sheds) and avoid
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2.4 \\'Hr:~ ~r() SA:\lPI.. r:?

.., -_.:;,
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allowed to have the san~~Fle analysed, results returned and ir::e~reted and for
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H'{(;rE~E:
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excessive hancil:ng as w~t, sweaty hands (salt) n1ay increase sodium, potassium and
chloride levels in the soil sample.

2.6 I-I()iVI0GE\EOUS SAMPLE:

After collection make sure the cores are mix.ed into an homogeneous sample. Any

obvious orgaric matter, (roots, stems or leaves) and stones should be removed from
the sample. T'~'enty-fiYe cores of surface soil usually \~;eighs 1.5-2.0 kg, so mixing

cores and sub-sarnpling in the field may be necessary. if the sample is too large to
send to the labcratory, mix the sample ')/ell and ta...k:e a sufficiently representative
sub-sample. T:1e laboratory needs 400-500· g of soiL Fill the bag up to the
indicated level and seal securely.

One accepted r7'.etl-)od of sub-sampling after mixing is u~e quartering or three

quartering tel:h:-~ique. Spread the soil out on a cle~'1 plastic sheet or bag (not a
fertilizer bag). Eft corners from side to side so the s2.:Tlple is thro\vn back and forLh to
mix v..;ell, then divide the pile into four and remove cne quarter from the sheet.

Then mix the remainder as before, divide into qu~e:-s and remove one quarter, then
mix the remai-:~"1g soil etc. until a sample of the appropriate size remains.. Place this

sample in !tle r::.::nbered plastic bag.

2.7 FIELD ~tOR:\l.~TION/ORDERFORIYlS:

One Field Infor:nationlOrder (FI/O) fonn shoUld be ruled in for each sample.
However, if m::ch of the information "is the same for more than one sample, t~ere is a
facility to have t1e information lifted from the frrs: fonn to subsequent forms by

recording the order num'cer of the rust fonn on t~e s'Jbsequent fOTITIs ..

The infortnation requeste"d on this form is essential fer the most reliable
interpretation ef L~e results.. The first page is to allc\.v the product to be charged to
the correct account as \Y\'ell as giving a lead as to \\.~y and when the sample was
taken, and the fa.-m location (as distinct from the c::ent.'s postal address). Toe second
page is the dealer copy or page 1.

The w1ud page asks for the site history details, ferr::"::::er history and the intended crop
or use of the paddock. Provide as much appropri2.:e information as possible. Don't
forget to write L~e sample bag number on the Field I::formation/Order form to ensure
a quick rerum of results. Insert the folded FIlO fC:-:7l 111 the pocket at the back of the
soil salnple bag.

3. SAMPLE HANDLING AND TRANSPORT:

Once a sample is collected, L~e main objective is to desp:lt\.:h it to the laboratory as
quickly as pos~ible\ so it re=.lches the laboratory in a L:o~c:tion as close as possible to that

when it was <.:ollected.
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Soil san1ples are best kept in plastic bags, but because 1110St samples contain ITIoisture.,
Il1icrobial activity will continue \vhile suitable temperatures prevail. Therefore, it is
recolnlnended that bagged soil samples be transferred to an esky or cool box, containing
cooler bricks or dry ice, as soon after sampling as possible. Samples can be transferred to
a refrigerator or freezer for storage overnight or until ready to despatch.

This procedure is especially necessary where nitrate-nitrogen and sulfate-sulfur tests are
required.

Salnples should never be left in their bags in the sun or in the back of a ute or hot car or
other silnilar places for extended periods. The chances of biologically induced changes
to the chelnical properties of the soil are reduced if this advice is heeded.

An alternative to cooling is to air dry the soil, so moisture is removed sufficiently to

prevent rnicrobial activity. The sample can be spread out on a clean plastic sheet or bag
in direct sunlight, away from any likely contamination. In cool climates in winter, this
tnay not be possible or necessary.

A special arrangelnent has been negotiated with Australian Air Express to ensure that
ITIOst sUlnples reach the laboratories either overnight or on the follo\ving day.

When ready to despatch, place the samples with their Field lnfonnation/Order fOrITIS into
the Australian Air Express postpak. Fill in the consignment note and hand over the
counter at the nearest convenient Post Office.

Send salnples on the day or morning after their collection. Don't delay postage by
collecting sUlnples over a number of days, to send as a batch. If this is done, ensure the

salnples are treated properly (dried and/or refrigerated). Don't post smnples late on a
Friday. Bear in Inind that the postal service and laboratories do not work over the
weekend, and the salnples will be better off refrigerated over the \veekend and posted

early on Monday.

4. LABORATORY ANALYSIS:

On arrival at the laboratory, each sample is given a unique identification number,
assessed for colour and texture, then placed in a forced-air drying oven at 40°C. After
saInples are dried, they are removed from the oven. The sample preparation process
consists of crushing (at Port Kembla only), mechanical or manual removal of stones and
organic Inatter, Inixing and then fine grinding the sample, so that it is fine enough to pass

a 2InIn sieve.

The slllnples are stored at room temperature, 21-25°C, in nurnbered polystyrene, capped
t:ups. SUInple residues are retained for 2 months (minimum) to allow any repeat analyses
which rnay be requested froln the field.
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Samples are compiled into batches for analysis. Every tenth saInple in a batch is a
"standard" sample, the analysis of which is known, so the accuracy of the extraction ancV
or the measurelnent of the nutrient can be checked.

Laboratory methods and hygiene are kept at a high standard to avoid contamination and
maintain accuracy and reproducibility. All the analytical methods are well-known and
documented and have been chosen for usefulness, safety and robustness.

4.1 TESTS CO~1)UCTEDAT BOTH LABORATORIES

* 1:5 soil:v.:ater - for pH, electrical conductivity, nitrate-nitrogen and chloride.

* Buffer pH test.
* Sulfuric acid digest - for organic carbon, as a percentage of dry soil.
* Calcium phosphate - for sulfate-sulfur, as mg/kg.
* Sodium bicarbonate (Colwell) - for phosphorus, as mg/kg.
* DTPA and other chemicals - for copper, zinc, manganese and iron, as mg/kg.

4.2 TESTS CONDUCTED AT GIBSON ISLA..~TIONLY

At the Gibson Island laboratory, the following tests are also conducted:-

* Dilute sulfuric acid (BSES) - for phosphorus, as mg/kg for sugar cane and some

other situations.
* Anunonium acetate - for potassium, calcium, magnesium and sodium, as

meq/lOO g.
* Potassium chloride - for aluminium, as meq/lOO g.
* Calcium chloride - mannitol- for boron, as mglkg.
* Nitric acid (BSES) - for potassium.
* Hydrochloric acid (BSES) - for zinc.

4.3 TESTS CO~DUCTED4~T PORT KEMBL.~Ol\LY

At the Port Kembla laboratory, the following test~ are also conducted:

* 1:5 soil:calcium chloride - for pH.
* Ammonium fluoride (Bray 1) - for phosphorus, as Inglkg.

* Barium chloride - for potassium, calcium, magnesium, sodium and aluminium, as

meq/100 g.
* Hot water - for boron, as mg/kg..

* 1M KCl at 40uC - for available sulfur as mg/kg.

For details of tests performed for each crop situation. refer to the product brochures.

4.4 REPORT F()R1'rl:

The report form includes a copy of the field information provided by the farmer and

the results of the analyses.

Analysis
~~Systems

184

Accreditation Course
SOIL ANALYSIS

Samples are compiled into batches for analysis. Every tenth saInple in a batch is a
"standard" sample, the analysis of which is known, so the accuracy of the extraction ancV
or the measurelnent of the nutrient can be checked.

Laboratory methods and hygiene are kept at a high standard to avoid contamination and
maintain accuracy and reproducibility. All the analytical methods are well-known and
documented and have been chosen for usefulness, safety and robustness.

4.1 TESTS CO~1)UCTEDAT BOTH LABORATORIES

* 1:5 soil:v.:ater - for pH, electrical conductivity, nitrate-nitrogen and chloride.

* Buffer pH test.
* Sulfuric acid digest - for organic carbon, as a percentage of dry soil.
* Calcium phosphate - for sulfate-sulfur, as mg/kg.
* Sodium bicarbonate (Colwell) - for phosphorus, as mg/kg.
* DTPA and other chemicals - for copper, zinc, manganese and iron, as mg/kg.

4.2 TESTS CONDUCTED AT GIBSON ISLA..~TIONLY

At the Gibson Island laboratory, the following tests are also conducted:-

* Dilute sulfuric acid (BSES) - for phosphorus, as mg/kg for sugar cane and some

other situations.
* Anunonium acetate - for potassium, calcium, magnesium and sodium, as

meq/lOO g.
* Potassium chloride - for aluminium, as meq/lOO g.
* Calcium chloride - mannitol- for boron, as mglkg.
* Nitric acid (BSES) - for potassium.
* Hydrochloric acid (BSES) - for zinc.

4.3 TESTS CO~DUCTED4~T PORT KEMBL.~Ol\LY

At the Port Kembla laboratory, the following test~ are also conducted:

* 1:5 soil:calcium chloride - for pH.
* Ammonium fluoride (Bray 1) - for phosphorus, as Inglkg.

* Barium chloride - for potassium, calcium, magnesium, sodium and aluminium, as

meq/100 g.
* Hot water - for boron, as mg/kg..

* 1M KCl at 40uC - for available sulfur as mg/kg.

For details of tests performed for each crop situation. refer to the product brochures.

4.4 REPORT F()R1'rl:

The report form includes a copy of the field information provided by the farmer and

the results of the analyses.



(~alculatjons for lin1ing estiInates, exchangeable sodium 9(. of cations (ESP),
alulniniuln saturation and effective cation exchange capacity (CEC) are reported
beneath the results to assist with the interpretation of results.

4.5 ~rURN-AR()UND ~rIMES

Both laboratories have turn-around time goals of five (5) working days froIn receipt
of salnple. Most results are despatched within 4-6 days of receipt.

5. INTERPRETATION OF RESULTS:

5.1 ()BJ~:C1-'IVE

The objective of the interpretation process is to provide the fanner/client with the

Inost appropriate course of action for his situation, taking into aCCQunt:-

(i) the field infonnation, including previous yields, and/or yield goals, previous

fertilizer history and the reasons for sampling~

(i i) the analytical resul:s from the laboratory;

(iii) local knov·;ledge and experience of how the crop or plant performs in the

district, as influenced by soil types and clilnatic conditions; and

(iv) specific kno\vledge of the client's manageIl1ent practices .. constraints and

goals.

5.2 "rH~= INTt:RPRETATI()N PROCESS

Prior to conducting the interpretation, it is advisable to review the operations

preceding the receipt of results.

FIELD SITUATION:

Is it a specific sailor crop problem? How Inany sites are involved?
Is the client lTIonitoring pH or fertility changes over time?

Is the client fine-tuning a fertilize~ program?

DECISION:

- Decide answers to above.

- Are soil, plant tissue or water tests required?

Refer to sUlnpling instructions for answer to hhow to salnple?"

How Inany sites are to be saInpled?
What depth of soil/plant part'! refer instructions.
I-Iow Inany cores/plants, trees or leaves'!
What sanlpling pattern, whereto take samples?

When is preferred tilne, growth stage, age~ - tnonth .. day of week, tiIne of

day'!
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ACTION: - Collect samples (store if necessary in cool place).
- Fill in FIIO formes).
- Send to appropriate laboratory by Australia Post Express Courier.

AT LAB: - Analyses conducted as requested.
- Results reported to client, dealer and Area Manager.

6. KEY TO INTERPRETATION OF SOIL ANALYSIS RESULTS:

6.1 PROCESS

The most convenient steps to progress through the assessment and interpretation of
soil analysis results are :

READ the Field Infonnation section of the report fonn.

CHECK information on date sampled, crop location, soil type, reasons for sampling,
past fertilizer use, to obtain a grasp of what crop/soil situation is being assessed.

RECORD the relevant infonnation at the top of the Interpretation and
Recommendation fann.

FIND the correct Interpretation Chart in the Manual by referring to the index
(section 3.2). If no chart available, see 6.3 below.

REFER to any other infonnation likely to be relevant e.g. crop nutrition guides, local
knowledge check lists, other soil analysis results from the same area, any associated
plant tissue analysis results.

COMPLETE the Soil Status colunm, indicating beside each value a rating, or
recommended use, from the chart.

USE the key below to assess each value and determine courses of action.

RECORD appropriate comments on the Interpretation & Recommendations form.

6.2 THE KEY TO SOIL ANALYSIS ThTTERPRETATIONS WITH A CHART

Start with Question 1 (pH) and proceed through Question 17 (Boron). Generally a
YES answer results in progression directly to the next element.

QUESTION 1 :

pH

1.1 Is the pH value in the OPTIMUM range'!

YES- No action needed if Ca, Mg, Al and Na values are in shaded

(satisfactory) portions of chart. Check pH within 3 years if liming program in
operation.
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1··lowever:

If Ca is low - consider use of gypSUIl1 (See 7.4-7.7).
If Mg is 10\\' - consider magnesiUITI use (See X.3-8.6).

If Al saturation (iC is high - consider use of lilne (See Y.l).

If Mn is high - consider use of lime (See 15.5).

If NacKI of cations is high (>7.5o/c) and/or Mg >25CJc in clay soils, consider
gypsum use (See 10.2).

If Cl is high - drainage may be necessary (See 11.2).
If EC is high - corrective action required (see 12.2).

Refer to calculation of CEC and relate to texture (refer to manual notes pages
2.57 and 2.5X).

After considering these points~ return to Question 2.

NO - Go to 1.2.

1.2 Is the pH value BELOW the optiIl1Ull1 range?

YES- Corrective action likely to be needed, depending on other soil

characteristics. Check buffer pH and liming estimate calculation. Compare
with interpretation chart estimates for quantity needed to reach OPTIMUM pH

range. Consider all factors listed in 1.1.

For crops sensitive to Mo deficiency (legumes, lettuce, crucifers, etc.), Mo

lTIUy be needed~ vlith or without pH adjustlnent.

NO - Gb to 1.3.

1.3 Is the pI-f value ABOVE the optimU111 range?

YES- Corrective action lnay be warranted.. especially v/here Nu, Mg, Cl and

EC are high. If lilne has been applied recently, do not reapply until further test.

Ignore buffer pH value and liming estilnate.
If Nu% of cations is high, consider use of Gypsum (see 10.2).

If Mgc,iC, of cations is high (>25%) consider use of gypsum (see 10.2).

If Cl and EC are high - drainage and leaching of salts may be necessary before
gypSUITI is beneficial (see 11.2 and 12.2).
Micronutrients (eu, Zn, Fe, Tv1n) availability Inay be reduced at high pH values
(> X.O).
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2.1 Is the organic carbon % value MEDIUM or HIGH?

YES- No action generally required.

NO - If VERY LOW or LOW, suggest ways to avoid further decline and/

or to build organic matter level with green manure crops, stubble retention,

trash blanketing, pastures in rotation, incorporation of mill mud, farm
tnanures, composts, etc.

QUESTION 3:

NITRATE - NITROGEN (N)

3.1 Is a DEEP or PROFILE sample result available?

YES- Calculate weighted mean (see back of chart) and note required N rate;

adjust for stubble, moisture and grain protein level as indicated (for cereals).

NO - Go to 3.2.

3.2 Is a RA.TE of N use specified?

YES- Adopt recommended rate, allowing for timing of application where

specified. Adjust for stubble, moisture and grain protein levels as indicated.

NO - Consider N use as indicated on back of chart \\There higher rate of

use is not specified, maintain the rate at current levels for high N-using crops.

If relevant, refer to BSES recommendations for sugar cane N rate.

QUESTION 4:

SULFATE - SULFUR (S)

4.1 Is the Sulfur value in the MODERATE or MEDIUM range?

YES- No action usually required; maintain existing rates of S application.

NO - Go to 4.2.

4.2 Is the value in the HIGH range?

YES- No additional S is required; consider use of products containing

lower S content.

NO - Go to 4.3.
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4.3 Is a rate of S use specitied, or a test strip reCOlTIIllended .. \lw/here the value is
LOW?

YES- Deterlnine suitable product to apply and rate to be used for trial
purposes, if recommended to do so.

NO - If LO\\f or VERY LOW, apply S in fertilizer or test strip. If gypsum
is being recolrunended, additional S is unlikely to be required as well. Check
back of the chart for any further infonnation.

QU}1:s~rI()N 5 :

PHOSPHORUS (P)

5.1 Does the P value fall in the SHADED (high) portion of the chart?

YES- Additional P probably not required. Check notes on back, particularly
if soil has high P fixing capacity and for crops which have a tninilTIUITI basal P
rate.

NO - Go to 5.2.

5.2 Is a T'EST STRIP recornmended?

YES- Detennine suitable product and rate of usage. Check notes for
broadcast or band application.

NO - Go to 5.3.

5.3 Is a RATE of P usage specified?

YES- Apply IninirnUITI rate if stated. Note situations \vhere rate is to be
split between planting and sidedressings. Adjust for high P fixing soils, VAM
and fal Iow length. Check \vhether banded or broadcast application required.

NO - Refer to back of chart for any further infonnation on P use.'

QUJ1:SrfI()N 6 :

POTASSIUM (K)

(). i Does the K value fall in the SHADED (high) portion of the chart?

YES- Additional K probably not required. Check not~s on back for
situations where tnaintenance rate needed for high K use or high value crop.

NO - Go to 0.2.

().2 Is a TEST STRIP reCOnlIl1ended?

YES- Detennine suitable product and rate of usage. Check notes for
broadcast or band application and pla<.:ement relative to seed.

N() - Go to ().3.
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6.3 Is a R.L\TE of K usage specified?

YES- Apply minimum rate if stated. Check whether for broadcast or band
application and for placement relative to seed. Check whether rate is to be split
bet\Veen planting and side dressings. Extra Kmay be needed if Na or Mg
dominates cation exchange complex.

QUESTION 7:

CALCIUM (Ca)

7.1 Does the Ca value fall in the SHADED (adequate - high) portion of the chart'?

YES- Calcium deficiency rarely occurs. Check notes on back for where
situations requiring attention do occur.

NO - Go to 7.2.

7.2 Is Ca or lime noted as likely to be required or BENEFICIAL?

YES- Consult notes on back re strawberries, beans, peas, asparagus,
vegetables.

NO - Go to 7.3.

7.3 Are LDv1E RESPONSES VARlABLE at this test level?

YES- Consult agronomist, as advised, for pastures advice.

NO - Go to 7.4.

7.4 Is a particular situation for GYPSUM use specified?

YES - Apply gypsum to cotton soils or to peanuts at reconunended rates.
See notes on back.

NO - Go to 7.5.

7.5 Is a particular situation for LIME use specified?

YES- Apply lime as required for soybeans where low pH and high
manganese occur.

NO - Go to 7.6.

7.0 Is a TEST STRIP of lime or gypsum recommended']

YES- i\pply at recommended rates after checking need for magnesiuln.
See notes.

NO - Go to 7.7.
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7.7 Is LIME or G)~PSU~'l reconunended'!

YES- Apply at recommended rates. Check for need for Inagnesium and
effect of pH as indicated on back of chart. Check that recommended rate does

not cause pH to rise above optimum range.

NO - In SOIlle situations, a foliar spray containing calcium lnight be a short-
tefIll reInedy. If calciutn is critical for yield and quality, and a deficiency is

still likely to occur even where soil test levels appear adequate, or soil

treatlnents have been applied - apply foliar sprays of CalCiUl11 (eg for blosSOIll

end rot in tOlnatoes, bitter pit in apples).

QU~~STI()N 8 :

MAGNESIUM (Mg)
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X.l Does the Mg value fall in the SHADED (adequate - high) portion of the chart'?

YES- MagnesiulTI deficiency rarely occurs. Check notes on back, for where

situations requiring attention do occur. Check Mg% of cations - if >25o/c~ also
<.:heck Na9c of <.:arions (ESP), soil structure, crusting, ete .. \vith a view to

deterlnin ing a gypSUlTI need .. refer to 1.3 and 10.2.

NO - Go to X.2.

X.2 Is dololnite noted as likely to be BENEFICIAL'!

YES- Check notes re use of dolomite and Mg sprays on strawberries.

NO - Go to X.3.

X.3 Are Inagnesiuln RESPONSES VARl..~BLE at this test lever!

YES- Consult agronolnist, as advised\ for pastures advice.

X.4 Is a TEST STRIP of dololnite, Gran0111ag or Magnesium Sulfate

reconunended'!

YES- Apply at recommended rates after checking vl./hich product is

preferred. See notes on back for specific situations.

NO - Go to X.5.

X.5 Is a Inagnesium sulfate FOLIAR SPRAY recorrunended?

YES- Apply sprays as recomlnended for beetroots, L:~rrots, tOlnatoes and

potatoes.

NO - Go to X.A.
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X.6 Is the USE of Inagnesium sulfate, magnesium oxide, Granomag or dolomite
recolrunended·?

YES- Apply preferred product to soil as indicated, prior to or at planting.
See notes on back for specific situations related to pH, Mn and alternative use
of foliar sprays.

QUESTION 9 :

ALUMI1'41UM CA.I)

Refer to i\J.uminium saturation calculation as shown on bottom of soil analysis
report

9.1 Does the Al saturation % value fall in the SHADED (low) portion of the
chart?

YES- No action required.

NO - Al tolerance of many crops is indicated on the charts, in the range
highly sensitive, sensitive, moderately (or marginally) tolerant~ tolerant or
highly tolerant. Consult Soillntepretation Manual Qld (2.36) or NSW (2.41)
for further information on amount of liming material needed to reduce AI to
various levels. Species and cultivar differences occur in tolerance to high Al
levels. Refer also to pH section of this key.

QUESTION 10:

SODIUN1 (Na)

10.1 Does the Na value fall in the LOW range?

YES- No action required.

NO - Go to 10.2.

10.2 Is the Na value in the MODERATE to HIGH range·?

YES- Refer to calculations of exchangable sodium percentage at bottom of
report:

a) If Low « 50/c), no action required.

b) If Medium (5 - 15 0/0), apply gypsum at recommended rate, depending on
whether the value is above or below 1O~.

c) If High (> 150/0), refer to lnfonnation Bulletin on Soil Salinity for method
of soil treatment.

Cd) Chet;k Mg% of cations - if Mg >250/0 and ESP >50/0 check soil structure,
surface crusting and cloddiness with a view to recommending gypSUITI to
ameliorate the~ conditions.

Analysis
~~Systems

192

Accreditation Course
SOIL ANALYSIS

X.6 Is the USE of Inagnesium sulfate, magnesium oxide, Granomag or dolomite
recolrunended·?

YES- Apply preferred product to soil as indicated, prior to or at planting.
See notes on back for specific situations related to pH, Mn and alternative use
of foliar sprays.

QUESTION 9 :

ALUMI1'41UM CA.I)

Refer to i\J.uminium saturation calculation as shown on bottom of soil analysis
report

9.1 Does the Al saturation % value fall in the SHADED (low) portion of the
chart?

YES- No action required.

NO - Al tolerance of many crops is indicated on the charts, in the range
highly sensitive, sensitive, moderately (or marginally) tolerant~ tolerant or
highly tolerant. Consult Soillntepretation Manual Qld (2.36) or NSW (2.41)
for further information on amount of liming material needed to reduce AI to
various levels. Species and cultivar differences occur in tolerance to high Al
levels. Refer also to pH section of this key.

QUESTION 10:

SODIUN1 (Na)

10.1 Does the Na value fall in the LOW range?

YES- No action required.

NO - Go to 10.2.

10.2 Is the Na value in the MODERATE to HIGH range·?

YES- Refer to calculations of exchangable sodium percentage at bottom of
report:

a) If Low « 50/c), no action required.

b) If Medium (5 - 15 0/0), apply gypsum at recommended rate, depending on
whether the value is above or below 1O~.

c) If High (> 150/0), refer to lnfonnation Bulletin on Soil Salinity for method
of soil treatment.

Cd) Chet;k Mg% of cations - if Mg >250/0 and ESP >50/0 check soil structure,
surface crusting and cloddiness with a view to recommending gypSUITI to
ameliorate the~ conditions.



193

<1 UJ1:S'fI ()N 11 :

CHLORIDE (Cl)

11.1 Does the Cl value fall in the SATISFACfORY range"!

YES- No action required. Check deep profile sample result if available, for
confirlnation.

NO - Go to 11.2.

11.2 Is the Cl value LIKELY TO LIMIT GROWTH?

YES- Check profile levels where available.
Consider suIfate fonn of potash if K needed.
Check water quality and drainage if crop to be irrigated.
Check tissue levels in pasture plants.
Check whether fertilizer containing Muriate of Potash \vas recently
applied.

NO - Go to 11.3.

11.3 Is the Cl value HIGH or VERY HIGH'?

YES- Consult agronomist as indicated. Refer to Soil Manual Qld (2.40) or
NSW (2.46) for further information and Water Analysis Interpretation Manual
for list of tolerant and susceptible plants. Check drainage, and if necessary
advise ilnprovement needed before payable responses to fertilizer may be

expected.

Qu~~S~rI()N 12 :

ELECfRICAL CONDUCTIVITY (EC)

Refer to Calculation of EC se.

12.1 Is the rating Si\TISFACTORY?

YES- No action required. Check deep profile sample results if available, for

confirn1ution.

NO - Go to 12.2.

12.2 Is the rating above the level indicating a yield depression of S() or 750/0 of

111axinluIl1 yield'!

YES- Check deep profile sample result~. If available, for confirn1ation
consult agronolnist. Refer to Soil Manual Qld (2.40) or NSW (2.47) for

infortnation on use of gypsuln and irrigation \l,'uter.
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NO - Bet\veen 50 and 900/0 of maximum yield is indicated at this rating.
Yields are likely to be improved by earl)-' corrective action, especially gypsum
and leaching of soluble salts, and use of less saline inigation water. Refer also
to pH section of this key.

QUESTION 13 :

COPPER (eu)

13.1 Does the eu value fall in the SHADED (satisfactory) portion of the chart?

YES- No action usually required, unless levels are marginal (towards
deficiency or toxicity), and local experience suggests remedial action may be

necessary.

NO - Go to 13.2.

13.2 Is TEST STRIP recommended as a spray or soil application?

YES- Apply required product to the sailor growing crop as recommended.

NO - Go to 13.3.

13.3 Is a COPPER APPLICATION recommended, as a eu fungicide, routine spray
or early gro\vth stage spray?

YES- Apply as directed. Do no exceed strength of foliar spray or number of
sprays.

NO - Go to 13.4.

13.4 Is a SOIL APPLICATION recommended?

YES- Apply as directed.

NO - Go to 13.5.

13.5 Does the value fall in the range where copper accumulation may be
HARMFUL or TOXIC or where a eu toxicity may be expec~ed?

YES- Do not apply copper to soil. Apply lime to reduce eu availability, as
directed. Until lime has taken effect on pH, use an alternative to eu fungicide
for application to foliage. Avoid use of copper sprays whenever possible.
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QUf:s"rI()N 14 :

ZINC (Zn)

14. I Does the Zn value fall in the SHADED (adequate - satisfactory) portion of the
chart'!

YES- No action usually required, unless levels are marginal (towards
deficiency or toxicity), and local experience suggests remedial action may be
necessary.

NO - Go to 14.2

14.2 Is a TEST STRIP recoffirnended as a spray or soil application?

YES- Apply required product to the soil or gro\ving crop as recommended.
Do no exceed spray strength or number of sprays to be applied to foliage ..

NO - Go to 14.3.

14.3 Is a SOIL APPLICAnON recolnmended?

YES- Apply as directed. Note that some Crop King fertilizer blends
containing zinc are available.

NO - Go to 14.4.

14.4 Is a SPRAY APPLIC~-\TION to seedlings or plants recolnmended, either as a
routine spray or specifically where zinc value is low?

YES- Apply as directed. Do not exceed spray strength.

NO - Go to 14.5.

14.5 Does the value fall in the range where zinc acculTIulation may be HAR.MFUL?

YES- Do not apply zinc to crops or soil.

NO - Go to 14.6.

14.n Does the value fall in the range where zinc may be TOXIC?

YES- Apply lilne as directed to increase pH value and reduce zin<.:
availability.. SytnptolTIS of zinc toxicity not yet reported, but high Zn l:ould
reduce uptake of eu, Mn or Fe.
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QUESTION 15:

MANGANESE (Mn)

15.1 Does the Mn value fall in the SH~AJ)ED (adequate - satisfactory) portion of the
chart?

YES- No action usually required.

NO - Go to 15.2.

15.2 Is a TEST STRIP recommended as a spray or soil application?

YES- Apply to soil or crop as directed. See notes.

NO - Go to 15.3.

15.3 Is a SOIL APPLICATION recommended?

YES- Apply as directed.

NO - Go to 15.4.

15.4 Is a SPAAY APPLICAnON recommended?

YES- Apply at rates and times specified. Routine fungicide sprays
containing Mn may assist to reduce deficiency.

NO - Go to 15.5.

15.5 Does the value fall in the range where Mn may be TOXIC or HARMFUL?

YES- Apply lune to increase pH as recommended to reduce Mn
availability. Modify fertilizer placement as directed under Calcium,
Magnesium, pH, Manganese heading on the bat:k of the chart.

NO - Disregard Mn test for sugar cane soils. For pineapples, see notes
under Micronutrients on the back of the chart.

QUESTION 16 :

IRON (Fe)

16.1 Does the Fe value fall in the SHADED (adequate - satisfactory) portion of the
chart?

YES- No action required. Iron deficiency is rare in acid soils.

NO - Go to 16.2.

16.2 Is a TEST STRIP of iron chelate or iron sulfate recommended?

YES- Apply to foliage as directed. Do not exceed spray strength.

NO - Go to 16.3.
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under Micronutrients on the back of the chart.

QUESTION 16 :

IRON (Fe)

16.1 Does the Fe value fall in the SHADED (adequate - satisfactory) portion of the
chart?

YES- No action required. Iron deficiency is rare in acid soils.

NO - Go to 16.2.

16.2 Is a TEST STRIP of iron chelate or iron sulfate recommended?

YES- Apply to foliage as directed. Do not exceed spray strength.

NO - Go to 16.3.



16.3 Is a SPRA Y APPLIC.~TION of iron chelate or iron sulfate recolrunended'!

YES- Apply as directed, at correct strength, rate and timing.

NO - Disregard Fe test for sugar cane soils. If value is above 100 mg}k.g,
111ay be high P-fixing soil. See notes on phosphorus.

QU~:Sl~I()N 17 :

BORON CB)

17.1 Does the B value fall in the MEDIUM range of the chart?

YES- No action required. See notes.

NO - Go to 17.2.

17.2 Does the B value fall in the HIGH range?

YES- Do not use \\!ood shavings or sawdust containing boron. Check with
~ ~

leaf analysis for B-sensitive crops. Obtain advice on ways to reduce level in
soil.

NO - Go to 17.3.

17.3 Does the B val ue fall in the LOW range?

YES - Apply B product as directed, either to soil or as foliar spray. Some
Crop King Inixtures containing B are available. Check \\~ith plant tissue

analysis.

6.3 rrH~: K~:Y rf() S()!L ANALYSIS INTERPRETATIONS ".rITHOUT A
CHAR'r

REFER to any relevant inforlnation from QDPI or NSW Agri<:ulture booklets<t

Agfacts, Agnotes, crop production notes or tnanuals.

If no publication is available, refer to inforlnation for a related crop, including any

interpretation chart for this crop.

QU~:S'T'I()N I:

Is an optilnuln pH range quoted (refer to Figure 1.3 {p 2.4} of Manual also), and if

so, is the pH value within this range?

YES No action required.

NO Determine whether amendlnents might be needed by reference to the

pH requirelnents of similar <.:rops on siInilar soils. Check Ca, rv1g, Nu, Al saturation ..

Mn. See also Questions 1.2 and 1.3 of key section n.2.

Refer to Soil Manual notes Qld p 2.57 and 2.5X or NSW p 2.67 and 2.6X for
COIll111cnts on fertilizer use and lin1ing relative to texture class.
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)

Are Ca and Mg lower than adequate for this crop or for other crops in the same
group'?

YES Lime or dolomite may be necessary.

NO Maintain current program, unless very high, when applications may

be reduced.

CALCULATE the clients' nutrient (NPKS) application rates and compare these to
the recommended rates for this crop or related crop in the district..

QUESTIO~ 3:

Is usage similar, but soil test values low or high?

YES Increase or reduce rate of application as indicated by the soil test.

QUESTION 4:

Is usage LO\VER than recommended ;\NO soil test value LOW?

YES Increase nutrient application rate.

QUESTIONS:

Is usage LOWER than recommended AND soil test value HIGH?

YES Iv1aintain current rates or reduce and recheck by monitoring soil
fertility. Use plant tissue monitoring if interpretation data are available.

QUESTION 6:

Is usage HIGHER than recorrunended AND soil test value LOW?

YES rvlaintain rates, monitor soil fertility status. Use plant tissue
monitoring if appropriate.

QUESTI()N 7:

Is usage HlGHER than recorrunended AND soil test value HIGH?

YES Reduce rates appropriately.

QUESTION 8:

Are any of the MICRONUTRIENT values LOW, as indicated by soil test values for
silnilar crops?

YES Apply products and rates as suggested~ either to the soil or to the crop
or appIy as a test strip.
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7. PRODUCT RECOMMENDATIONS:

The above process provides recommendations for the use of specific rates of nutrients and
products to correct nutrient deficiencies, prevent ilnbalances or remedy soil conditions
detritnental to plant grov;th.

Details as to product choice, timing of application, placement and particular points to
consider are outlined on the back of the chart where appropriate. Refer to the manual

section on Fertilizer Recolnrnendations and to the Fertilizer Choice Guide for further
details.

Local knowledge and experience may result in ITIodification of the recorrunendations.
This applies put1icularly to situations where certain soil types and conditions have an

infl uence on fertilizer and ameliorant usage. Heed the warnings on fertilizer bags and in

crop nutrition guides relating to the possible effects of local soil, climatic and other
conditions on crop responses to fertilizer application.

8. REVIEW OF THE PROGRA.M

Consider the total progralTI. Does it look sensible, i.e. reasonably typical for the crop, soil

type and district? If not, seek further advice to verify. In discussions with the client,

ensure the recolnlnendations being made can be followed, including attending to the cost

of any products, their application and other tnanagelnent aspect\ essential to the success

of the progrUITI. Modify as appropriate to allow for the resources of the client Where a

progrUlTI over a longer period of illlplelnentation is required, e.g. in counteracting salinity
or a soil structure probleITI, plan priorities for action in the best order possible to achieve

the highest productivity over the course of the program.

9. BENEFITS

i) Soil analysis by Analysis SysteITIS provides the most appropriate assessment of soil

fertility and other soil properties for crop production.

ii) Interpretation procedures are standardised, using infom1ation froln credible

published sources, local resources and demonstrations and practical experience.

iii) Product recolTIInendations based on scientific knowledge and local experiences are

Inade, taking into account the client's requirements and mano.gerial skills.

iv) The recolnlnended progra.rn is tailored to the resources and c~pabilities of the client,
including any changes to c;urrent farIning practices.

v) The dealer is provided with opportunities to influence local farming practices,

pr0J11ote a preferred range of products and to provide quality service to clients.
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vi) The use of Analysis Systems for soil analysis provides dealers with additional

opportunities for continuing sales in soil fertility monitoring programs and for the
use of plant tissue and water analysis.

10. PRACTICAL EXERCISES

Exercises to practise interpreting soil analysis results will involve the use of case studies.
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APPENDIX THREE 

Extracts from Incitec's "Fertilizer Choice Guide" detailing some considerations to be Llsed in 

developing fertilizer programs (following). 
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FERTILIZER CHOICE GUIDE 

1.17 HOW CAN FERTllJZERRATES BE CALCULATED FROM NUTRIENT 
RATES? 

. Required fertilizer rate = Required Nutrient rate x I QQ 

Fertilizer Analysis (%) 

e.g. to apply 75 kglha of nitrogen as urea (46%N), the fertilizer rate will be: 

75 x 100 = 163 kg/ha 
46 

. . 
The recorrurended rate to apply should be rounded, eg to ISO or 175 kg/ha. 

I.IX HOW CAN NU1RIENTRATES BE CALCULATED FROM FERTILIZER 
RATES'! 

Nutrient rate = Fertilizer Rate x Analvsis (%) 

100 
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FERTILIZER CHOICE GUIDE 

9.5 .WHY ARE BLENDED FERTIUZERS USED? 

Blended fertilizers are used in place of strdights bet:ause of the convenience they 
provide, in avoiding the need for separate applications of single nument or straight 
fertilizers. 

Blends are not only convenient for the grower, but they can give lncitec dealers a 
competitive advantage in the market place. Not all fertilizer suppliers will have access 
to blending facilities, or the same range of blend ingredients. 

9.6 WHAT SHOULD BE RECOMMENDED IF A FERTILIZER IS NOT 
A V AILABLE WITH TIrE DESIRED PROPORTIONS OF NUTRIENTS? 

If there is no product available which exact1 y meets the grower's requirements, 
remember that:-

(a) The grower may not want the inconvenience of making up the rate with a 

straight(s). 

(b) Soil and plant analysis i.nterpretations and the recommended rates of nutrient 

derived from them are not absolutely requireD. 

(c) The difference in yield or perfonnance of the crop may not be significantly 

different if a slightly lower or higher rate is used. 

"Near enough is good enough" is usually a satisfactory compromise. If it comes down 
to a choice tetween over-supplying one nutrient and under-supplying another, it will 

normally be best to err on the high side in high value horticulnrral crops, unless there is 
a risk of excessive application affecting yield or quality. This can apply to nitrogen 
where excess N may depress yield (fruit set) by stimulating vegetative growth, or 

produce over-sized soft fruit 

The relative cost of the nutrients has to be considered, phosphorus costing more per kg 

than nitrogen or potassium However, the relative response from a kilogram of each 
nutrient is the deciding factor. 

As a rule, get the phosphorus right in the planting mix. An excess or deficiency of N or 

K in the planting mix can usually be allowed for in the choice, rate, and timing of pre

plant or sidedress fertilizer, if this is the practice. 

9.7 SHOULD PRESCRIPTION BLENDS BE PROMOTED? 

Incite<.: can provide preSL.Ti.ption blends (custom or special mixtures) on request The 
extent to whi<.;h dealers will want to utilize this facility will depend on the individual. 
Some will elect not to promote them at all. 

203 

Analysis 
~~Systems Accreditation Course 

FERTILIZER CHOICE GUIDE 

9.5 .WHY ARE BLENDED FERTIUZERS USED? 

Blended fertilizers are used in place of strd.ights because of the convenience they 
provide, in avoiding the need for separate applications of single nuoient or straight 
fertilizers. 

Blends are not only convenient for the grower, but they can give Incitec dealers a 
competitive advantage in the market place. Not all fertilizer suppliers will have access 
to blending facilities, or the same range of blend ingredients. 

9.6 WHAT SHOULD BE RECOMMENDED IF A FERTILIZER IS NOT 
A V AILABLE WITH TIIE DESIRED PROPORTIONS OF NUTRIENTS? 

If there is no product available which exactly meets the grower's requirements, 
remember that:-

(a) The grower may not want the i.nconvenience of making up the rate with a 

straight(s). 

(b) Soil and plant analysis interpretations and the recommended rates of nutrient 
derived from them are not absolutely required. 

(c) The difference in yield or peIfonnance of the crop may not be significantly 
different if a slightly lower or higher rate is used. 

"Near enough is good. enough" is usually a satisfactory compromise. If it comes down 
to a choice between over-supplying one nutrient and under-supplying another, it will 
normally be best to err on the high side in high value horticultural crops, unless there is 
a risk of excessive application affecting yield or quality. This can apply to nitrogen 
where excess N may depress yield (fruit set) by stimulating vegetative growth, or 
produce over-sized soft fruit 

The relative cost of the nutrients has to be considered, phosphorus costing more per kg 
than nitrogen or potassium However, the relative response from a kilogram of each 
nutrient is the deciding factor. 

As a rule, get the phosphorus right in the planting mix. An excess or deficiency of N Of 

K in the planting mix can usually be allowed for in the choice, rdte, and timing of pre
plant or sidedress fertilizer, if this is the practice. 

9.7 SHOULD PRESCR£PTlON BLENDS BE PROMOTED? 

lndtec can provide preSl.nption blends (custom or special mixtures) on request The 
extent to which dealers v.rill want to utilize this facility will depend on the individual. 
Some will elect not to promote them at all. 

203 



204 

APPENDIX FOUR 

Incitec's "Fertilizer Recommendations Guide" detailing the considerations to be used when 

making a fertilizer recommendation based on a soil test (following). 
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FERTILIZER RECOMMENDATIONS 

4. FERTILIZER RECOMMENDATIONS: 

Fertilizer recommendations need to be specific, covering the key points as detailed in the 
cue-word CRAFf. 

Choice of product(s). 

Rates of application. 

A pplication method and placement. 

Frequency of application. 

Timing of application. 

When muking a product recommendation for nitrogen, phosphorus. or potassium, round 
off the rate to tl)e nearest 5. I U or 25 kg!ha or give a range. To recommend to the nearest 
kg implies that very precise recommendations can be derived from soil and plant 
analyses, whereas differences in soils, seasons and management ma.1.ce it impossible to 
predict exactly how much fertilizer is required. Application equipment cannot be 
calibr<.tted to this accuracy and the flow rate of the fertilizer can vary with the product, 
batch and the weather, even throughout the day. 

More precise recommendations are usually required for the rnicronutrients or trace 
elements which are applied at lower rates. 

5. EXAMPLES OF FERTILlZER PROGRAMS: 

There are no firm rules to be followed in detennining a fertilizer program. In arriving at 
a recommendation, the keys outlined in section 3 illustrate the thought processes which 
help make this task easier. 

Four (4) eX:.lmples <lre shown herein (NPK only), to illustrate how recommend<.ttions for 
nutrients L:UI1 be converted to a product recommendation. 

The analyses of fertilizer:; referred to in this section are detailed in the appendix. 
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Crup: 
District: 

\\'heat 

Muree 

Nutrient Requirements: 

FERTILIZER RECOMMENDATIONS 

EXAMPLE 1 

N 50 kglha 

P 10 kglha 

Should these ~utrients be Applied in a Single Application? 

No, unless provision is available to apply the nitrogen separately from the phosphorus 

and place it away from the seed (i.e. a separate fenilizer box and delivery hoses). 

Otherwise, t\','o fertilizer applications will be necessary. This rate of nitrogen is excessive 

in clirect contact with u1e seed. 

When and Huw can the Phosphorus be Applied? 

Phosphorus is best applied at planting \vith the seed either as Crop King DAP, 

Starterfos or Trifos: or Greenleaf Super. 

Farmers will probably opt for the convenience and economy of a fully granulated high 

analysis product.. At !\'10ree this will most likely be Stc.rterfos (lOCJe N, 21.9CJe P) due to 

its good physical Llu;J,lity and agronomic suitability on neutral and alkaline soil types. 

Greenleaf Super is not suited to application through equipment such as air-seeders, 

Required Rate uf Starterfus: (to apply I () kg/h:l of Pl 

~gJna 

(J,21LJ 

= 4A kg/ha (round off to 45 kg/ha, or closest calibration available on eLluipment) . 

Nitrugen Applied in Starterfus: 0.1 () x 45 = 5 kg 

;\iitrogen to be Applied Separately: 5() - 5 kg ~ =.:1.5 kg ~ 

\Vhen Should the Extra ~itrugen be Applied? 

At Moree, pre-plant. Responses to topdressed nitrogen are less cenain as rainfall in the 

spring (to carry the fertilizer into the soil and the root zone) is unreliable. 

Huw Can the ]\;itrogen be Applied? 

As Crop King Big ~. Urea, Greenleaf 0:itram or Crop King Gran-am. The two most 
economical sources of N are Big N and- Urea. If solid and applied pre-plant. the fertilizer 

should be incorporated in the soil, rather than left on the surface. 

In this eX:.llnplc:, assuming the grower docs not ha\'e an:ess to, or the necessary equipment 

to apply Big N, Urea is usee!. 
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Crup: 

District: 

Wheat 

1\luree 

Nutrient Requirements: 

FERTILIZER RECOMMENDATIONS 

EXAMPLE 1 

N 50 kg/hJ 

P 10 kg/ha 

Should these :'\utrients be Applied in a Single Application? 

No, unless provision is available to apply the nitrogen separately from the phosphorus 

and pbce it away from the seed (i.e. a separate fertilizer box and delivery hoses). 

Otherwise, (\I/O fertilizer applications will be necessary. This rate of nitrogen is excessive 

in direct contact \\'ith the seed. 

When and Hu'w can the Phusphurus be Applied? 

Phosphorus is best applied at planting with the seed either as Crop King DAP. 
Starterfos or Trifos: or Greenleaf Super. 

Farmers will probubly opt for the convenience and economy of a fully granulated high 

analysis product.. At :,'10ree this will most likely be Starterfos (l09c N, 21.99c P) due to 

its good physical limlity and agronomic suitability on neutral and alkaline soil types. 

Greenleaf Super is not suited to application through equipment such as air-seeders. 

Required Rate uf St:lrterfus: (to apply 1 () kg/ha of Pl 

1 () kglha 

0.21 Y 

= 40 kg/ha (round off to 45 kglha. or closest l":J.[ibration available on equipment) -

Nitrugen Applied in Starterfos: 0.1 () x 45 = 5 kg 

Nitr()gen to be Applied Separately: 50 - 5 kg :\ = 4) kg :'..J 

\Vhen Should the Extra :Sitrogen be Applied? 

At i'v10ree, pre-plant. Responses to topdressed nitrogen ure less certain as rainfall in the 

spring (to carry the fertiliz.er into the soil and the root zone) is unreliable. 

Huw Can the ]\;itrogen be Applied? 

As Crop King Big ~, Urea, Greenleaf f\;itr:.J.In or Crop King Gr~n-am. The two most 

economical sources of N are Big N and' Urea. If solid and applied pre-plant. the fertilizer 

should be incorporated in the soil, rather than left on the surface. 

In this ex:.lInple. assuming the grower docs not have :.lccess to. or the necessary etjuipll1ent 

to apply Big N. Urea is used. 
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Crup: 
District: 

Putatues 
Dorrigo 

Nutrient Requirements: 

FERTILIZER RECOMMENDATIONS 

EXAMPLE 2 

N 160 kglha (maximum of XO at'planting) 

P 75 kg/ha (minimum rate on krasnozem) 
K 70 kg/ha 

Nutrient Requirements at Planting: N . up to 80 kg/ha 
P 75 or more kg/ha 
K 70 kg/ha 

Planting Fertilizer: 

A product is required with approximately equal levels of N, P and K. 

Ex Newcastle Crop King G5 (5.0-5.9-4.2) and Grower 11 (Y.4-1.f.2-9.31 have the 
closest NPK ratios. 

Ex Brisbane, Crop King Q5 (S.1-5.7-4.9), S (7.7-Y.1-7.X) and 55 (13.2-14.7-11.3) are 
available. 

The lower analysis products, GS and QS, both of which contain dried single 
superphosphate as the phosphorus source, are nonnally preferred on these red volcanic 
soils. 

At Donigo, product is most commonly drawn from ~ewcastle. 

Crop King GS is therefore chosen in this example. 

Crup King G5 Application Rate: 

Crop KingG5 to apply required rate of P 75 kg/ha (minimum) 
0.059 
= 1271 kg:'ha (min) 

Crop King G5 to apply required rate of K 70 kg/ha 
0.042 
= 1667 kg.,ha 

Crop King G5, if applied at 1667kglha, will supply X3kg/ha of N (0.05x 1 (67), slightly 
more than the recommendation to apply up to XOkgfha. but this small excess is not a 

worry. 

The balance of the nitrogen not applied at planting L:an be sidedressed. 

Required Rate uf Crup l(jng GS: 1270 - 1 {)70 kg/ha 

Choose an intermediate rate of 150(l kgiha 

) 
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Crup: 
District: 

Putatues 
Darrigo 

Nutrient Requirements: 

FERTILIZER RECOMMENDATIONS 

EXAMPLE 2 

N 160 kg/ha (maximum of XO atplanting) 
P 75 kglha (minimum rate on krasnozem) 
K 70 kglha 

lSutrient Requirements at Planting: N up to 80 kgfha 
P 75 or more kgJha 

K 70 kg/ha 

Planting Fertilizer: 

A product is required with approximately equal levels of"N, P and K. 

Ex Newcastle Crop King G5 (5.0-5.9-4.2) and Gro\,·;er 11 (<:i.4-14.2-9.3) have the 

closest NPK ratios. 

Ex Brisbane, Crop King Q5 (5.1-5.7-4.9),5 (7.7-<:i.1-7.X) and 55 (13.2-14.7-12.3) are 
available. 

The lower analysis products, GS and Q5, both of whil:h contain dried single 

superphosphate as the phosphorus source, are normally preferred on these red volcanic 

soils. 

At Dorrigo, product is most commonly drawn from ?\ewca.<;;tle. 

Crop King 05 is therefore chosen in this example. 

Crup King (;5 Application Rate: 

Crop KingOS to apply required rate of P 75 kg/ha (minimum) 
O.05l) 

= 1271 kg:'ha (min) 

Crop King 05 to apply required rate of K 70 kg/ha 
O.1l42 

= Ion7 kg.ha 

Crop King GS, if applied at 1667kg/ha, will supply X3kg./ha of N (0.05x 1 007), slightly 
more thun the recommendation to apply up to XOkgJh3.. but this small excess is not a 

worry. 

The balun\.:e of the nitrogen not applied at pla.nting can ~ sidedressed. 

Hcqui red Rate uf Crop King GS: 1270 - 1 fi711 kgftl a 

Choose an intermediate rate of 15(Xl kglha 



'. 

At 15()() kg/ha. Crop King GS supplies (;l'\ kg/ha of P and 03 kg.ifla of K. 

This supplies 17(1<: more phosphorus than the minimum indicated as necessary by soil 
analysis ;.lI1c1local experience but on this soil type, ~his may be advantJ,geous. Potatoes 
ar~ (j high v:.Jlue crop and the extra investment could be easily recouped. 
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Thl: potassium re4uiremem of 70 kgfha is not quite met (shortfall is 7 kg/ha or 10%). but 
the grower is unlikely to want to sidedress or apply additional potassium to meet this 
deficit. 

N applied in Crop King GS at I 500 kg/ha = 0.05 x 1500 kg/ha = 75 kglha 

l'\ute: Up to XO kg/ha of:'; can be recommended for application at planting, so this is 
safe. 

Balance uf N tu be Tupdressed: 160 - 75 
= 85 kglha 

How Can the extra ?\itrogen be Applied? 

As Crop King Urea or Greenleaf Kitram. Urea will usually be preferred on account of its 
lower unit nitrogen cost. 

Urea rate: 

Recummendation: 

~5 kg/ha 
(lAo 

= 11\5 kg/ho. (round off to 200 kg/ha) 

Plant with Crup King G5 at a minimum rate of 1500 kg/ha. 
(Up tu 1600 kg/ha, supplying 80 kg/ha of nitrogen at planting~ can be considered) 

Sidedress with Crop King Crea at 200 kg/ha within 3 wet:ks of emergence. 

". 

At 15()() kg/ha. Crop King G5 supplies xx kg/ha of P and 63 kg/ha of K. 

This supplies 17clc more phosphorus than the minimum indicated as necessary by soil 
an~dysis anci local experience but on this soil type, ~his may be advant:1geous. Potatoes 
arc u high value crop and the extra investment could be easily recouped. 
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lh: pot,lssiul11 relluiremem of 70 kglha is not quite met (shortfall is 7 kg/ha or 10%), but 
the grower is unlikely to w:mt to sidedress or apply additional potassium to meet this 
c!efi cit. 

N applied in Crop King G5 at 1 500 kgJha = 0.05 x 1500 kg/ha = 75 kg/ha 

~ute: Up to X{) kg/ha of:-; can be recommended for application at planting, so this is 
safe. 

Balance ofN to be Topdressed: 160 - 75 

= 85 kg/ha 

How Can the extra ?\itrugen be Applied? 

As Crop King Urea or Greenleaf Nitram. Urea will usually be pieferred on account of its 
lower unit nitrogen cost. 

Urea rate: 

Recummendation: 

~5 kg/ha 
ClAn 

= 1?15 kg/ha (round off to 200 kglha) 

Plant with Crop King G5 at a minimum rate of 1500 kg/ha. 

(Up to 1600 kg/ha, supplying 80 kg/ha of nitrogen at planting~ can be considered) 

Sidedress with Crop King Crea at 200 kg/ha within 3 wet:ks of emergence. 
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FERTILIZER RECOMMENDATIONS 

EXAl'vlPLE 3 

Crop: Tumatoes 

District: Bundaberg (sandy soil) 

Nutrient Requirement: N 165 kgfha (total) 

Calculatiuns: 

(i) Planting 

Product Choice 

1/3 at planting (55 kg/ha) (min of 40 kg/ha) 
1/3 at early flowering 
1/3 three weeks later 

P 55 kg/ha at planting 
K 90 kg/ha 

1/2 at planting, (min of 40 kg/ha) 
1/2 at early flowering 

40-55 N, 55 p, 40-45 K 

Of the high analysis blends available, Crop King 55 (13.:2-

14.7-12.3) has the most suitable i\"PK analysis and would 
nonnally be used. Crop King 5 and Q5 have similar 
proportions of N :P: K and could also be considered, and may be 
preferred by some growers. 

Application Rate of Crop King 55: 

As some Nand K are to be sidedressed, Crop King 55 should be applied at a rate 
which supplies the recommended rate of P. 

Crop King 55 needed to supply required rate of P 

55 kyha 

0.1.+7 

= 374 kg/ha (round off to 375 kg/ha) 

Nand K supplied at this rate N 
K 

0.132 x 375 = 50 kg/ha 
0.123 x 3/5 = 46 kgJha 

(iiJ First Sidedressing 

At the first sidedressin~, the balance of the K and half the remainin!!. N should be 
~ ~ 

applied. 
IriS-50 

') 

= SX kglha 

K LJO-4fJ 

= 44 kg.:ha 

Required N:K ratio = Sri: ~ = 1.3 : 1 (approx) 
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Accreditation Course 
FERTILIZER RECOMMENDATIONS 

EXA!'vlPLE 3 

Crop: Tumatoes 
District: Bundaberg (sandy soil) 

Nutrient Requirement: N 165 kglha (total) 

Calculatiuns: 

(i) Planting 

Product Choice 

1/3 at planting (55 kgJha) (min of 40 kgJha) 
1/3 at early flowering 
1/3 three weeks later 

P 55 kgfha at planting 
K 90 kgfha 

1/2 at planting, (min of 40 kgJha) 
1/2 at early flowering 

40-55 N, 55 p, 40-45 K 

Of the high analysis blends available, Crop King 55 (13.2-
14.7-12.3) has the most suitable l';l'K analysis and would 
nonnally be used. Crop King 5 and Q5 have similar 
proponions of N:P:K and could also be considered, and may be 
preferred by some growers. 

Application Rate of Crop King 55: 

As some Nand K are to be sidedressed, Crop King 55 should be applied at a rate 
whit:h supplies the recorrunended. rate of P. 

Crop King 55 needed to supply required rate of P 

0.147 
= 374 kg/ha (round off to 375 kg/ha) 

Nand K supplied at this rate N 
K 

0.132 x 375 = 50 kg;11a 
0.123 x 3,5 = 46 kgfha 

(ii) First Sidedressing 

At the first sidedressin~, the balant:e of the K and half the remaining N should be 
~ ~ 

applied. 
Ins - 50 

2 
= 5X kg/ha 

K ':>0-40 

= 44 kg./ha 

Required N:K f<lUO = 51'<: 4-l = 1.3: 1 (approx) 



Product Choi\.'~ Crop King 14{) (24.5-2.5-1 X.6) or 
Crop King Nitra- K (2X.2-U-1 XA) 

~:P:K ratios of these products are 
Crop King 12() 1.3 : 0.13 : 1 
Crop King Nitra K 1.4 : 0 : 1 

As there is no necessity to sidedress additional P, Crop King Nitra-K is 
chosen. 

As there is no need to apply additional K in later sidedressings, and a third 
application of ~ is to be recommended, the rate of Crop King Nitra-K is 

determined by the potassium requirement. 

Crop King :\itr::!.-K to supply required rate of K 

-+4 kg/ha 

0. 1 X-+ 
= 239kglha (round off to 200-250 kgJha) 

N applied in Crop King Nitra-K at 

225 kg/ha (mid\\'ay between 200-2.50) 

= ().2~2 x 225 

= CS3 kg/ha 

(iii) Final Sidedressing 

Nitrogen re4uiremenr is 165 kg/ha, less that applied at planting and in the 

first sidedressing. 

105 - 50 - CS3 kg/hu 

= 52 kg!ha 
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Product Choice Crop King Ure3. (40'7c 0:) or Greenleaf Nitram (34% N) 

Urea chosen in this example. as it costs less per kg or~. and is to be watered 

in after application. 

Urea rate 

Recommendation: 

52 kg/ha 

OAf> 
= 113 kg/ha (round off to 1 ()O-125 kg/hu) 

Plant with Crup King 55 at 375 kglha. 

At early fluwering, apply Crop King Nitra-K at 200-250 kg/ha. 

Three w('''eks later apply Crup King Urea at 100-125 kg/ha. 

Product Choil'~ Crop King 140 (24.5-2.5-1 r\.6j or 
Crop King Nitra-K (2X.2-0-1XA) 

!'l:P:K ratios of these products are 
Crop King ]20 1.3 : 0.13 : 1 

Crop King Nitra K 1.4:0: I 

As there is no necessity to sidedress additional P, Crop King Nitra-K is 
chosen. 

As there is no need to apply additional K in later sidedressings, and a third 
application of:'; is to be recommended, the rate of Crop King Nitra-K is 
determined by the potassium requirement. 

Crop King !,itrc.-K to supply required rate of K 

44 kg/ha 
0.1 X4 

= 239kg/ha (round off to 200-250 kg/h:J.) 

N applied in Crop King i\itra-K at 

225 kg/ha (midway betv:een 200-250) 

= O.2~2 x 225 
= ~3 kg/ha 

(iii) Final Sidedressing 

Nitrogen reyuirement is 165 kg/ha, less that applied at planting and in the 

first sidedressing. 

165 - 50 - ~3 kg/hu 
= 52 kg/ha 
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Product Choice Crop King Urea (4f,c!c 0:) or Greenleaf Nitrarn (34% N) 

Urea chosen in this eX:llnple. as it costs less per kg or 0:. and is to be watered 

in ufter application. 

Urea rate 

Recommendation: 

52 kg/ha 
OA6 
= I 13 kg/hu (round off to 1 ()()-125 kg/ha) 

Plant with Crop King 55 at 375 kg/ha. 

At early flowering, apply Crop King Nitra-K at 200-250 kgiha. 

Three weeks later apply Crop King Urea at 1(){)·125 kgiha. 
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FERTILIZER RECOMMENDATIONS 

EXAMPLE 4 

Crop: 
District: 

Ratoon Sugar Cane 
:Ylackay 

Nutrient Requirement: N 200-250 kg/ha 

P 20 kg;11a 
K 100 kg;11a 

Fertilizer Programs: Fanner has requested two programs, one for a l';'PK mixture 

plus Urea; the other for a single application Urea blend. 

Calculations: 

(i) NPK Mixture plus Urea 

As N is to be applied as urea in addition to the :\PK mixture, a product is required 

which supplies some 0), and the re(juired amounts of P and K. 

Desired P: K ratio 20: I ()() 
1 :5 

Product Choice: 

Crop King Mixture and .!l.nalysis P:K ratio. 

Grocane 44 (S.2-9.1-26.2) 1:3 
Grocane 33 (fi.O-fl.6-32.5) 1:5 

Grocane 22 (4.3-4.7-37.1) I:X 

Grocane 33 has a P: K ratio meeting re(juirements. 

To apply required rate of P 

To apply re(juired rate of K 

N applied in Grocane 33 at 310 kg;11a 

Balanlt: of i'i to be applied as Urea 

20 

O.OAA 

= 303 kgf~:l 

100 
0.325 
= 307 kg/ha 

0.06 x 310 
= 19 kg;h:i 

COO-19) to (250-19) 

1 XU to 23(J kg./ha 

I X(J to 2?>() kg/ha - --. (JA6 (JAn 

= 3l)()-5()() kg/ha 
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FERTILIZER RECOMMENDATIONS 

EXAMPLE 4 

Crop: 
District: 

Ratoon Sugar Cane 
:Ylackay 

Nutrient Requirement: N 200-250 kg/ha 

P 20 kg;11a 
K 100 kg;11a 

Fertilizer Programs: Fanner has requested two programs, one for a l';'PK mixture 

plus Urea; the other for a single application Urea blend. 

Calculations: 

(i) NPK Mixture plus Urea 

As N is to be applied as urea in addition to the :\PK mixture, a product is required 

which supplies some 0), and the re(juired amounts of P and K. 

Desired P: K ratio 20: I ()() 
1 :5 

Product Choice: 

Crop King Mixture and .!l.nalysis P:K ratio. 

Grocane 44 (S.2-9.1-26.2) 1:3 
Grocane 33 (fi.O-fl.6-32.5) 1:5 

Grocane 22 (4.3-4.7-37.1) I:X 

Grocane 33 has a P: K ratio meeting re(juirements. 

To apply required rate of P 

To apply re(juired rate of K 

N applied in Grocane 33 at 310 kg;11a 

B<.tlance of i'i to be applied as Urea 

20 
O.OAA 

= 303 kgf~:l 

100 
0.325 
= 307 kg/ha 

0.06 x 310 
= 19 kg/h:i 

COO-19) to (250-1 Y) 
ll-\() to 23(] kgJha 

1 X() to 2?>O kgJha - --. (JAn (JAn 

= 3l)()-5()() kg/ha 



Fina I Rec()m men da tion: 

(ii) Urea Blend: 

Desired 0::P:K Ratio 

Crop King (]rucane 33 at 300-325 kglha 

Crop King Urea at 400-500 kg!ha 

10: 1:5 to 12: 1:5 

212 

Crop KingProduct Choice (N:P:K Ratios) as derived from product amlyses:-

Preferred Prorluct: 

L?O 5: 1:3 
Grocane 140 10: 1:7 
GroCaTIe 160 10: 1: 6 
Grocane 300 11: 1 :5 

Grocane 300 (of products available, most closely 

approximates desired :\:P:K ratio). 

Amlysis of GroL:ane JUO: 29.1 :2.7: 13.2 

To apply reyuired K 200 to 250 -- --
0.291 0.2<:11 
= fi90 to 860 kg!ha 

To apply reljuire:d P: 20 
0.027 

=740 kglna 

To apply required K: 100 

D,13:? 

=7fiO kg/ha 

Final Recommendation: Crop King Grocane 300 at 750-800 kgfha 

Apply 850 kgJha if grO'r"er \-"ants tu use higher N rate. 

Nl)te: Where additional S is required, Crop King Grocane 33 (S) plus urea. or 
Grocune 30() (S) can be used, the rates being ::.djusted to allow for the overall lower 

P Clnd K (;ontent. 

Final Rec()mrnendation: 

(ii) Urea Blend: 

Desired 0::P:K Ratio 

Crup King (;rucane 33 at 300-325 kglha 
Crup King Urea at 400-5(}{) kg/ha 

W:l:5 to 12:1:5 
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Crop KingProdul:t Choke (N:P:K Ratios) as derived from product amlyses:-

Preferred Prociuct: 

120 5: 1:3 
Grocane 140 10: 1: 7 

Grocane 160 10: 1:6 

Grocane 300 11:1 :5 

Grocane 300 (of products available, most closely 
approximates desired ~:P:K ratio). 

Amlysis ofGrocane JOO: 29.1 :2.7: 13.2 

To <lpply reLJ.uired K 200 to 250 -- --
0.291 0.2<;)1 

= fi90 to 860 kglha 

To apply rCLJ.uired P: 20 

0.027 
=740 kglna 

To apply required K: 100 
0.132 

=7fiO kg/ha 

Final R.ecommendation: Crop King Grocane 300 at 750-800 kg!ha 
Apply 850 kg/ha if gro';ver ,;"ants tu use higher N rate. 

Nl>te: Where additional S is required, Crop King Grocane 33 (S) plus urea. or 
GraC<.lne 30() (S) can be used, the rates being adjusted to allow for the overall lower 
P Clnd K content. 
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FERTILIZER RECOMMENDATIONS 

APPENDIX 

FERTILIZER ANALYSES 

PRODUCT ANALYSIS (9c) 

N P K S 

Greenleaf Super 0 8.8 0 11.0 
Crop King Trifos 0 20.7 0 1.3 

Crop King Starterfos 10.0 21.9 0 2.3 

Crop King DAP 18.0 20.0 0 2.0 

Crop King Gran-am 20.2 24-

Greenleaf ;\irram 34-

Crop King Urea 46 

Crop King Big N 82 

Crop King Q5 5.1 5.7 4.9 13.0 

Crop King G5 5.0 5.9 4.2 12.3 

Crop King 5 7.7 9.1 7.8 9.7 

Crop King Grower 11 9.4 14.2 9.3 5.0 

Crop King 55 13.2 14.7 12.3 1.5 

Crop King 22 4.3 4.7 37.1 0.5 

Crop King 33 6.0 6.6 32.5 0.7 

Crop King 33(S) Y.3 5.9 24.5 5.3 

Crop King 44 K2 9.1 26.2 0.9 

Crop King 120 25.0 5.0 14.1 0.5 

Crop King 140 24.5 2.5 18.6 0.3 

Crop King Grocane 140 24.5 } -_.J 18.6 0.3 

Crop King Grocane 160 26.9 2.11 15.9 0.3 

Crop King Grocane 300 29.1 } -_.1 13.2 0.3 
Crop King Grocane 300 (S) 28.3 2.0 12.0 3.0 

Crop King Nirra-K 28.2 0 18.4 0 
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FERTILIZER RECOMMENDATIONS 

APPENDIX 

FERTILIZER ANALYSES 

PRODUCT ANALYSIS ('7c) 

N P K S 

Greenleaf Super 0 8.8 0 11.0 
Crop King Trifos 0 20.7 0 1.3 

Crop King Stanerfos 10.0 21.9 0 2.3 

Crop King DAP 18.0 20.0 0 2.0 

Crop King Gran-am 20.2 24 

Greenleaf i':irram 34 

Crop King Urea 40 

Crop King Big N 82 

Crop King Q5 5.1 5.7 4.9 13.0 

Crop King G5 5.0 5.9 4.2 12.3 

Crop King 5 7.7 9.1 7.8 9.7 

Crop King Grower 11 9.4 14.2 9.3 5.0 

Crop King 55 13.2 14.7 12.3 1.5 

Crop King 22 4.3 4.7 37.1 0.5 

Crop King 33 6.0 6.6 32.5 0.7 

Crop King 33(S) 9.3 5.9 24.5 5.3 

Crop King 44 K2 9.1 26.2 0.9 

Crop King 120 25.0 5.0 14.1 0.5 

Crop King 140 24.5 7 -_.) 18.6 0.3 

Crop King Grocane 140 24.5 ') -_.) 18.6 0.3 

Crop King Grocane 160 26.9 2.0 15.9 0.3 

Crop King Grocane 300 29.1 ') -_. / 13.2 0.3 
Crop King Grocane 300 (S) n.3 2.0 12.0 3.0 

Crop King Nirra-K 28.2 0 1 R.4 0 
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APPENDIX FIVE 

This appendix shows screen captures from a sample session with the DOS prototype. 

Data used in this session is real data from a soil test done for P.& A. & D. Vincenzotti of 

Bundaberg in July 1988 wishing to develop a fertilizer program for tomatoes to be grown on 

a loamy sand soil. 

Clients name: 
Location: 
Laboratory date: 
Laboratory number: 
Paddock name: 
Soil texture: 
pH (1:5 water): 
Buffer pH: 
Conductivity: 
Organic carbon %w/v 
Nitrate nitrogen mg/kg 
Sulfur (Phos extrac.) Ilg/cm3 
Phosphorus BSES fig/kg 
Phosphorus Bicarb mg/kg 
Potassium meqll OOg 
Calcium meqll OOg 
Magnesium meqll OOg 
Sodium meq/1 OOg 
Chloride mg/kg 
Copper mg/kg 
Zinc mg/kg 
Manganese mg/kg 
Iron mg/kg 
Boron mg/kg 
Aluminium mg/kg 
Molybdenum mg/kg 

P .&A.&D. Vincenzotti 
Bundaberg 
880715 
012 
Elliot River 
Loamy sand 
6.50 
6.10 
0.02 
1.30 
0.70 
7.10 
130.00 
56.00 
0.22 
2.72 
0.15 
0.04 
5.00 
1.80 
0.50 
1.00 
81.00 
0.05 
0.00 
0.00 

Use chart number 91 which is for "Tomatoes and Capsicums - Sands and Sandy Loam Soils". 
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APPENDIX FIVE 

This appendix shows screen captures from a sample session with the DOS prototype. 

Data used in this session is real data from a soil test done for P.& A. & D. Vincenzotti of 

Bundaberg in July 1988 wishing to develop a fertilizer program for tomatoes to be grown on 

a loamy sand soil. 

Clients name: 
Location: 
Laboratory date: 
Laboratory number: 
Paddock name: 
Soil texture: 
pH (1:5 water): 
Buffer pH: 
Conducti vity: 
Organic carbon %w/v 
Nitrate nitrogen mg/kg 
Sulfur (Phos extrac.) ~g/cm3 
Phosphorus BSES mg/kg 
Phosphorus Bicarb mg/kg 
Potassium meq/1 OOg 
Calcium meqllOOg 
Magnesium meq/l OOg 
Sodium meq/l OOg 
Chloride mg/kg 
Copper mg/kg 
Zinc mg/kg 
Manganese mg/kg 
Iron mg/kg 
Boron mg/kg 
Aluminium mg/kg 
Molybdenum mg/kg 

P.&A.&D. Vincenzotti 
Bundaberg 
880715 
012 
Elliot River 
Loamy sand 
6.50 
6.10 
0.02 
1.30 
0.70 
7.10 
130.00 
56.00 
0.22 
2.72 
0.l5 
0.04 
5.00 
1.80 
0.50 
1.00 
81.00 
0.05 
0.00 
0.00 

Use chart number 91 which is for "Tomatoes and Capsicums - Sands and Sandy Loam Soils". 
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SOIL ANALYSIS DATA INTERPRETER 30/7/1996 

l~ 5 talt I ;"'w'inPoplJD I = t,1aii· [I "box] I ,2.;) E,plollng . C: ... , ~Micro"oft 'w'o!. .. 11 ~ SAD I 

Figure AS.1 First of three introductory screens \\hen SAD I is first started. 

SOIL ANALYSIS DATA INTERPRETER 30/7/1996 

i~Sta,t' ;"VIi"Popup I =Mail·[lr,box] I '},JEsploring.c: ... j :tgl~icrcsolt\ilor. .. 

Figure AS.2 Second of three introductory screens when SAD I is first started. 
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SOIL ANALYSIS DATA INTERPRETER 30/7/1996 

l~ 5 talt I ;"'w'inPoplJD I = t,1aii· [I"box] I ,2.;) E,p\Qllng • C: ... , ~Micro"oft 'w'o!. .. 11 ~ SAD I 

Figure AS.l First of three introductory screens \\hen SAD I is first started. 

SOIL ANALYSIS DATA INTERPRETER 30/7/1996 

i~Sta,tl i-Wi"Popup I =Mai\·[lhbo"J I :~E,ploring·c:···1 ~1~icrasoltWo!.··I~SADI 
Figure AS.2 Second oftluee introductory screens when SAD I is first started. 



PRESS ENTER TO CONTINUE 

:~5tartl'~Wi"P"PIJP I =Mail·[lnboxJ I 'lJE"plaring.C: ... , ~Mic·rosofl\l/o'··'I~SADI 

Figure A5.3 Third of three introductory screens when SADI is first started. 

i~Startl ;"WinPOPliP .. ' I =MaHnb~'J I til Exploring·C: ... , ~1"'lk'ro'''ftWor·II~SADI 
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Figure A5.4 The SADI main menu. Note how the "Interpret" and "Recommend" options are 
unavailable since no products, data, or chart haye been selected as soon near 
bottom of screen. 

PRESS ENTER TO CONTINUE 

:~ Start I ';,WinPoPIJP I = Mail:[lnb~xJ •• iJE";laring.C:··I~MicroSQfI\l/o ... 11 ~SADI 

Figure A5.3 Third of three introductory screens when SADI is first started. 

"itll Start I ~0,nf,OPliP .. ' I =Mdll- Qnb~'J . I Ci.l·E'PIOri~g. c:··l··~hlbo'''ft War·11 /l; SADI 
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Figure A5.4 The SADI main menu. Note how the "Interpret" and ;'Recommend" options are 
unavailable since no products, data, or chart ha\'e been selected as soon near 
bottom of screen. 



ENTER ,A. DA.TA",FILE NA!!E(DE,FAT]LT"EXTENSIO~r IS ; RSl) -OR- F2 F<)R A 

~ Start I';" 'H:inPop~p I = MOll: n~b~xlll"2:JE"~loring. C:···l ~ l~icr~s~l~tv6r .. ,1! ~ SAD! 

Figure A5.5 Menu list of data files available to use or a new file could have been created. 

SOIL ANALYSIS DATA INTERPRETER 30/7/1996 

1111 Startl;':"';i~P~~~P I =M~·H~b~'l '". r~E~ploring .c:·,·1 ~~i~lDs;ft~.i~r,·1 
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Figure A5.6 Having selected a data tIle as shown in lower screen. user now given option to 
view/edit the data. 
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Figure AS.S Menu list of data tiles available to use or a new file could have been created. 
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Figure AS.6 Having selected a data file as shown in lower screen, user now given option to 
view/edit the data. 
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Figure AS.7 Viewing/editing the physical soil data 
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Figure AS.8 Escape takes the user back to the view/edit option of the chemical data. 
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Figure AS.7 Viewing/editing the physical soil data 
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Figure AS.8 Escape takes the user back to the view/edit option of the chemical data. 
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Figure A5.9 Viewing/editing the chemical soil data. 
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Figure A5.l0 Escape takes the user back to the main menu to sekct an "Interpretation Chart". 
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Figure A5.9 Viewing/editing the chemical soil data. 
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Figure AS.1 0 Escape takes the user back to the main menu to select an "Interpretation Chart". 
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Figure AS.ll As vvith the soil data files, a menu list of available char1s is provided for the user 

to choose from. 
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Figure AS .12 With soil data loaded and a chart selected the "Interpret" option is now available 
to be undertaken as the next step in the process, 
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Figure AS ,II As with the soil da.ta files, a menu list of available charts is provided for the user 

to choose from. 
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Figure AS.I2 With soil data loaded and a chart selected the "Interpret" option is now available 
to be undertaken as the next step in the process. 
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Figure A5.l3 The first screen (top of report) of the interpretation report. Note how the 

interpretation process also automatically selected 6 fertilizer products. 
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Figure AS.14 The body of the interpretation report showing the nutrient, its soil test level, a 
comment on that level (status) and the interpreted elemental requirement with 
timing of application infonnation. 
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Figure A5.l3 The first screen (top of report) of the interpretation report. Note how the 

interpretation process also automatically selected 6 fertilizer products. 
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Figure AS.14 The body of the interpretation report showing the nutrient, its soil test level, a 

comment on that level (status) and the interpreted. elemental requirement with 
timing of application infonnation. 
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Figure AS.IS Following the interpretation phase the user can now select / unselect a range of 

fertilizer products. Because 6 have been selected already the "Recommend" task 
is now available on the main menu. 
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Figure AS .16 Product names and their nutrient contents are listed in a drop down menu for 
users to select from. Selected products are indicated by a tick on the right margin 
of the menu box. for example "55". 
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Figure AS.IS Following the interpretation phase the user can now select / unselect a range of 
fertilizer products. Because 6 have been selected already the "Recommend" task 
is now available on the main menu. 
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Figure AS .16 Product names and their nutrient contents are listed in a drop down menu for 

users to select from. Selected products are indicated by a tick on the right margin 
of the menu box. for example "55". 
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Figure AS.I7 To select a product, the keyboard arrow keys move the highlight bar to the 
product and pressing the enter key ticks it as being selected. 
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Figure AS.I8 Now with 7 products selected, the recommendation phase can be undertaken. 
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Figure AS.l7 To select a product, the keyboard arrow keys move the highlight bar to the 
product and pressing the enter key ticks it as being selected. 
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Figure AS.I8 Now with 7 products selected, the recommendation phase can be undertaken. 
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Figure A5.19 The recommendmion menu with the "side-dressing" option unavailable since a 

basal recommendation has not yet been made. 
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Figure AS.20 The results of the first recommendation task, a lime recommendation showing 
the basis of the recommendation and the recommendmion itself. 
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Figure AS.19 The recommendation menu with the "side-dressing" option unavailable since a 
basal recommendation has not yet been made. 
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Figure AS.20 The results of the first recommendation task, a lime recommendation showing 
the basis of the recommendation and the recommendation itself. 
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i~ Start I #-\:,IinPo~up I = ~l~:[l~boxl 13;JE~pl~'ir,g.C:., I ~tv1ibIO,oftWo~·,,111I; SAD I 

Figure A5.21 Selecting the "automatic basal" option will generate a best fit recommendation 
using one product from the range selected using the underlying linear model to 
optimize the recommendation. 

SOIL ANALYSIS DATA INTER~RETER 30/7/1996 
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nutrient balance sheet as a result of generating a basal recommendation 
automatically. The notes column is a summary of more in depth advice found by 
pressing F6. 
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I =~lai1:[l~boxl 13;JE~pl~'ir,g.C:., I ~tv1iblo,oftWo~·"IIII';SADl 
Figure A5.21 Selecting the "automatic basal" option will generate a best fit recommendation 

using one product from the range selected using the underlying linear model to 
optimize the recommendation. 
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Figure AS.22 The nutrient balance sheet as a result of generating a basal recommendation 
automatically. The notes column is a summary of more in depth advice found by 
pressing F6. 
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Figure AS.23 Pressing enter displays the fertilizer product menu and the rates used. In this case 
the automatic optimization found 364 kg/ha of the product called "55" best met 
the requirements of the 7 products selected. 
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Figure AS.24 Manual directing of the optimization can be done by pressing F5 to bring up a 
list of nutrients to optimize. 
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Figure AS.23 Pressing enter displays the fertilizer product menu and the rates used. In this case 
the automatic optimization found 364 kg/ha of the product called "55" best met 
the requirements of the 7 products selected. 
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Figure AS.24 Manual directing of the optimization can be done by pressing F5 to bring up a 

list of nutrients to optimize. 
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Figure A5.25 Pressing F6 from the nutrient balance sheet screen giyes expanded advice on the 

notes regarding the validity of the recommendation. 
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Figure A5.26 Having made a basal recommendation the side-dressing option is now available. 

227 

VIEw. ADVICE; SCR0LL)I.RR01JS INlHC.ll.TE POSITION .• IN wINDOw, ESC TOr 

!~ Start I ~\\liriPODI.IP [ = M~"[I~bo"lllllf~PIOring. C: .. : I J.[f.),1i~ro~~ft"'!or.··11 ~ SADI 

Figure A5.25 Pressing F6 from the nutrient balance sheet screen giyes expanded advice on the 
notes regarding the validity of the recommendation. 
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Figure A5.26 Having made a basal recommendation the side-dressing option is now available. 
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Figure AS.27 The side-dressing recommendation screen opens with the nutrient balances left 
over from the basal recommendation. 
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Figure A5.28 Pressing enter brings up the product range to work \\'ith. 
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Figure AS.27 The side-dressing recommendation screen opens with the nutrient balances left 
over from the basal recommendation. 
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Figure A5.28 Pressing enter brings up the product range to work \\'ith. 
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Figure AS.29 Select using the keyboard arrow keys the product you wish to use. Pressing F3 
will show the interpretation repoli, pressing F4 will show the nutrient contents 
of the products. 
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Figure AS.30 Pressing FS brings up the nutrient list to optimize on. Use the keyboard arrow 
keys to select the nutrient to optimize ( find the rme of the product which meets 
the required amount). 
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Figure AS.29 Select using the keyboard arrow keys the product you wish to use. Pressing F3 

will show the interpretation report, pressing F4 will show the nutrient contents 
of the products. 
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Figure AS.30 Pressing FS brings up the nutrient list to optimize on. Use the keyboard arrow 
keys to select the nutrient to optimize ( find the rate of the product which meets 
the required amount). 
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Figure AS.31 Having selected potassium to optimize the linear model calculates that 117 kg/ha 
of the fertilizer product potassium nitrate applies the 45 kg/ha of potassium 
required stilllea\'ing 114 kg/ha of nitrogen to be applied. 
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Figure A5.32 Using the same principle as for potassium, press enter to open the products list 

and select the product you wish to use - in this case urea. 
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Figure AS.31 Having selected potassium to optimize the linear model calculates that 117 kglha 
of the fertilizer product potassium nitrate applies the 45 kg/ha of potassium 
required stilllea\·ing 114 kg/ha of nitrogen to be applied. 
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Figure A5.32 Using the same principle as for potassium, press enter to open the products list 
and select the product you wish to use - in this case urea. 
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Figure AS.33 Press FS to open the nutrient list to optimize and select nitrogen. 
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Figure A5.34 On pressing enter, the linear model calculates that 248 kg/ha of Urea meets the 
requirement of 129 kg/1m of nitrogen. 
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Figure AS.33 Press FS to open the nutrient list to optimize and select nitrogen. 
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Figure A5.34 On pressing enter, the linear model calculates that 2-1-8 kg/ha of Urea meets the 

requirement of 129 kg/1m of nitrogen. 
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Figure A5.35 The tinal nutrient balance sheet for the side-dressing recommendations. It is up 
to the user to accept or reject the recommendation - the system helps malce the 
decision with ad\'ice in the notes and more in depth advice available by pressing 
F6. 
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Figure A5.36 Having accepted the recommendation, the recommendation report can now be 
generated and viewed. 
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Figure A5.35 The tinal nutrient balance sheet for the side-dressing recommendations. It is up 
to the user to accept or reject the recommendation - the system helps make the 
decision with ad\'ice in the notes and more in depth advice available by pressing 
F6. 
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Figure A5.36 Having accepted the recommendation, the recommendation report can now be 
generated and viewed. 
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Figure AS.37 The top portion ofthe recommendations report. 
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Figure AS.37 The top portion of the recommendations report. 



SOIL ANALYSIS DATA INTERPRETER 
============================== 

INTERPRETATION RESULTS 

Client: P & A & D VICENZOTTI Date: 30/7/1996 

Location: BUNDABERG 

Laboratory Date: 880715 

Laboratory Number: 012 

NUTRIENT 

pH 
Organic Carbon 
Nitrogen 

Sulfur 

Phosphorous 

Potassium 

Calcium 
Magnesium 
Sodium 
Chloride 
Conductivity 
Copper 
Zinc 

Manganese 

Iron 
Boron 

Aluminium 
Molybdenum 

LEVEL 

6.50 
1. 30 
0.70 

7.10 

56.00 

0.22 

2.72 
0.15 
0.04 
5.00 
0.02 
1. 80 
0.50 

1.00 

81.00 
0.05 

0.00 
0.00 

Paddock: ELLIOT RIVER 

Crop: 

I FERTILITY STATUS I 

Optimum 
Low 
Deficient 

Moderate 

High 

Low 

~loderate 

Low 
Very Low 
Very Low 
Very Low 
Moderate 
Low 

Very Low 

Moderate 
Very Low 

Tomatoes 

NUTRIENT REQUIREMENT 

Neutral 

180 kg/ha N 
Timing of applications: 
60kg at planting 
60kg at early flowering 
60kg three weeks later 

A response to sulfur 
may be likely 
45 kg/ha P 

Timing of application: 
45kg at planting 

90 kg/ha K 
Timing of applications: 
45kg at planting 
45kg at early flowering 

See liming requirements 
See liming requirements 
No action required 
No action required 
No action required 
No action required 
See recommendations 

Soil applications of zinc 
are most effective. 
Apply pre-planting 

See recommendations 
Foliar spray of manganese 
is required 

No action required 
See recommendations 
Foliar sprays of boron 
are most effective. 
Apply just before 
flowering commences. 

No action required 
See recommendations 
Foliar sprays of molybdenum 
in the seedling stage 
are most effective. 

Figure A5.38 A print-out of the Interpretation Report. 
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SOIL ANALYSIS D;'.TA INTERPRETER 
============================== 

RECOMMENDATIONS REPORT 

Client: P & A & D VICENZOTTI Date: 30/7/1996 

Location: BUNDABERG 

Laboratory Date: 880715 Paddock: ELLIOT RIVER 

Laboratory Number: 012 Crop: Tomatoes 

LIMING REQUIREMENTS: Soil pH is above 5.9 and 
Calcium level is between 2.0 & 3.0 meq/100g and 
Magnesium level is less than 0.4 meq/100g. 

Therefore there is no need to change the pH but soil calcium and 
magnesium levels should be increased. 

==> Apply 1 t/ha Gypsum plus 200kg/ha Magnesium Sulfate 
just prior to planting. 

PRE-PLANT RECOMMENDATIONS: Apply the following fertilizers 
before planting the crop. 

55 364 kg/ha 

SIDE-DRESSING RECOMMENDATIONS: Apply the following fertilizers 
after planting the crop. Time of 
application as per Interpretation 
Report. 

Urea 
Potassium Nitrate 

248 kg/ha 
117 kg/ha 

MICRO-NUTRIENT RECOMMENDATIONS: 

Zinc: No zinc has been applied to meet the requirement. 
Therefore suggest a soil applied zinc treatment. 

==> Zinc Sulfate Monohydrate at 20 kg/ha should 
be applied before planting. 

Alternatively - Zinc Sulfate Heptahydrate may be 
sprayed onto the soil at 40 kg/ha 
OR sprayed onto the foliage before 
flowering at 1 kg/450 L/ha of spray 
solution. 

WARNING: Avoid foliar sprays on very hot days or 
during the middle of the day. 

Copper: No extra applications needed. 
Boron: No extra applications needed. 
Manganese: No extra applications needed. 
Iron: No extra applications needed. 
Molybdenum: Some. molybdenum should be applied. 

Therefore suggest a foliar applied molybdenum treatment. 

==> Apply Sodium Molybdate at 60g/l00 L of 
spray solution, once before transplanting and 
again two weeks after transplanting. 

Figure A5.39 A print-out of the Recommendations Report. 
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APPENDIX SIX 

This appendix shows screen captures from a sample session with the Windows prototype. 

Data used in this session is fictitious but represents what could be a standard scenario. 
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APPENDIX SIX 

This appendix shows screen captures from a sample session with the Windows prototype. 

Data used in this session is fictitious but represents what could be a standard scenario. 
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Figure A6. The introductory screen of SAD!. 

~ Analysis Systems· Fedea ·INOIEC· People with answers 1!!Ir:J13 

Figure A6.2 

Analysis 
~~5·ystems 

The main menu screen of SAD I. 
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fI AnaJ,lil SlIdema . Felle. ·INDTEC . PeopIlt with _wet_ I!!I~ 13 

Figure A6.3 

Figure A6.4 

Analysis 
~~Systems 

Select the chart menu option to select an interpretation chart. 

A list of charts to choose from with the cunently 
highlighted option. 

chart as the 
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~ Anal,lil S,Ileml • Felle. ·INOTEe • People wilh anIwa" 1!!!Ir;) EJ 

Figure A6.5 

Analysis 
~~Systems 

With a chart selected, soil data can be directly entered onto the interpretation 
report. 

~ AnalJ1$i2 SJlslems • Fellea • INTERPRETATION 1!Ir;) t3 

Interpretation Report 

Name / Location: Garry Fullelove 
Order No. / Bag No. 1313~ 

Chart/Crop: 92· Tomato a Capsicum: All coastal sails (except sands and sandy :03ms) SE QLD & 
r,tth NSW 

B lock: Sottom iarm 

Nutri ... t L ••• 1 Status Apply Ctmu"ents 
pH (1:5) 8 Alkaline Reter to liming requirements 

pH (Ca CI) 

8utfer pH 5.6 Acidic Reier to liming requirements 

Org, Carbon 5 Moderate Maintain organic: matter levels 

Nnrat. Nnrogen 10 Low 110 kgih. 113 at planting, 113 at flowering, 1133 weeks later 

Sultur (Phos) 34 High 

Sulfur (KCL) 

Phosphorus(8SES) 

Phosphon;s (Colwell) 12 Low 90 kgiha All at planting 

Phosphorus (Lactate) 

Phosphorus(Olsen) 

P-Sorption 

Potassium (Amm. ac) 0,12 Low 110 kgiha All at planting 

potassiuaf~~L§ ,":6~~~!'~"':""<Ht 

.~~ali·'. '~Stall 
, . ..-. .- . 

OK'd ~ 
i~ 

~ 
I 
~ 
I~ 

I I 
~. 
l~ 
i.l 

Figure A6.6 The interpretation report where data and interpretation results can be 
entered! editedJviewed. 

Analysis 
~~Systems 
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Figure A6.5 With a chart selected, soil data can be directly entered onto the interpretation 
report. 

i.',!! Analysilt Systems - Feltes - INTERPRET AlION IB~ 13 

Intell)retation Report 

Name I Location: Garry Fullelove 
Order No.1 Bag No. 13/34 

Chart/Crop: 92 - Tomato 8. Capsicum: All coastal soils (except sands and sandy :oams) SE QLD 8. 
NlhNSW 

Block: Bottomiarm 

Figure A6.6 The interpretation report where data and interpretation results can be 
entered/edited/viewed. 



~ Anal,l.i. SJ/ltema • Felle •• INTERPRETATION I!!I~ £t 
Chart In.t~!!?(~.t .,"~~:?!!l~~.,~PP~.:.. ~~it • .::,; •• :",,, ••... 

Inteq)retation Repolt 

Name I Location: Garr; Fullelove 
Order No.1 Bag No. 13n~ 

Id~:fl 
l~ 

Chart/Crop: 82· Torr",to & Cap~i'-';m: All coa"al soils (."cept sands ami sMdy loam.'J SE ':lLD & 
NthNSW 

Block: 8ottom (arm 

:::~ 

,J 
t~ f}l 
~ 
~ 

l\'uiri •• 1/ L ••• I Slatus Apply Camm.nls OK'd :$'Z 
pH (1-5) Alkaline Refer to liming requirements OK r~ 
~~~ R 
8ufler pH 0.6 Acidic Reier to liming requirements OK ~ 
Org. Carbon Moderate Maintain organic matter levels OK ~ 
N<rate Ndrogen 10 Low 110 kg,ha 113 at planting, 113 at flowenng, 1 i3 3 weeks later ~ 

Sulfur (Phos) 34 High ~ 

~~ . 
~~~ d 
Phosphorus (Colwell) 12 Low 90 kgJha All at planting I~ 
Phosphorus (Lactate) ,v,* 
Phosphorus(Olsen) ~ 
P·Sorption I~ ~~ 
Potassium (Amm. ee) 0.12 Low 110 kgJha All at planting ml 
Pot8ssiutT\(Ske~e) ... . . .:::.J 
i~ Slart I' ;;: Wi~Po;p ~l ~ Ma' • uili:···I·~ E;IJrh,~·· .. ·1 ~ Chris By .. :: I ~ f,iicro~olt .. ·114l AnaIY'i...I~t·.11E~~! 

Figure A6.7 Interpretation results must be OK'd before printing of the report is allowed. 

~ AnalJIi$ SJalelDS • Ferlex· INOTEC • Poopfe with __ era BOD 

DefineJEdit NPK straleg! 

Analysis 
~~gystems 

~~~J,!~~~;J::~~~j~~~~j~~~~I~~~::.:JI~~~IY~.:::}!~I"lr;§] 
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Figure A6.8 With the interpretation complete, the user can now define/edit and NPK strategy_ 

r,!! AnalYlis SlIsteml . Felte • . INTERPRETATION II!!I~ 13 
.Sl)art.l~.t~.!E!~~:~:B.~RT~:pp.~~E.\taJ:1~:::~:~;..;:;,~ .... ' .~.; .. 

Interpretation RepOit 

Name I Location: Gar~1 Fullelove 
Order No.1 Bag No. 13(34 

Chart/Crop: 92· TOMO & Cap~iC1Jm: All co.&1al soils (except sands and sandy lo~m~) SE QLD & 
NlhNSW 

Block: 8ottom tsrm 

L.yel Status A.pply eo",,,,.,,/s 
pH (1:5) a Alkaline Refer to liming requirements 

pH (C. CI) 

8utfer pH 5.S Acidic Refer to liming requirements 

Org.Carbon Moderate Maintain organic mertler levels 

Nftrate N4rogen 10 Low 110 kg,h. 113 at pl.nting, 1 f.3 at tlowering, 1/33 weeks I.ler 

Sulfur (Phos) 34 High 

Sulfur (KCL) 

Phosphorus(8SES) 

Phosphorus (Colwell) 12 Low 90 kg,h. All at planting 

Phosphorus (Lactate) 

Phosphorus(Olsen) 

P.Sorption 

OK'd 
OK 

OK 
OK 

~ AnaI,Isi~ S,l~eDlS • FCltex· INOTEC . People with am",els II[,J 13 

Delone.lEdit NPK slralegv 

Analysis 
~~Kystems 
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Figure A6.8 With the interpretation complete, the user can now define/edit and NPK strategy. 



tl!' Anal,.i. S,alema • Ferlex • NPK STRATEGY Rr:J m 

l~nfi:L,,~1 . Usel;\rategy front! 
Interpn3tatlon chart 

NPK Fertilizer Application Strategy 

Nltroqen Phas ,horus Pota.ssium Comments S timing notes 
kgma % 0 f tctal kgma % of tot.1 

....... _ .. _ ... !:r.~:p!~:.!t.;.;; ____ "'1_. _____ ........ ___ . __ ......... _ ..... _._ ............. _ ............. __ . __ ... _._ ....... _ .. _ ... _._ ... _._ ..... ____ ... __ ..... __ ... ___ ... _ .... . 
PI.,nting .. 

... !~f?:~.!:!::?~!~!~ .. ~.:: .......... _ .... ~.~ ... _ ... , ___ ..... ~ .... _ .. __ ............... " .. _" .. _ ... _ ......... __ ... __ "._ .. __ ........................ , ........... _"._ ........ _ .... _ ..... _ ....... _ ... 
... !g,e;:EE.~.~:.~.r:!.9. .. 3 .. : ... _ .... __ ... _____ .. __ ............ __ ..... _ ... _._ ... __ ............ __ ... __ .. ____ ... _ ...... _ .... _ ...... __ .. __ . __ .......... _ ................ _ .... _ .. 
... I.~p_~?!:~~E!:~ .. ~:.: ....... _ ........ " ... _ ... ___ ..... _ ... ____ .... _ ... _ .................... _ ........ "M ••• _ • ___ ••• _ ................................ ____ • __ ••••• _.,,_ ...... _ •••• ,,_ •• 

... !g.r:!.7.~.!.~.~~.~.i.r::.~ .. : .. ~: ........... _ ......... " ... __ ..... ___ .... _ .... _ ... _ ............ _ ...................... _ ......... _ ...... _ ... _ ............ _ .......... _ ....... __ .. __ ... _ ............ _ ........ __ ...... _ ... _ . 
... I~p.:.~~!::::~::!:.!~ .. §.:.: ....... __ ... _ ............. _._._ .... _ ... _ ...... _ ........... _ .............. , ....................... _ ..... _ ... _" ................................. _ ... _ ... __ ........................ _ . 
... ~.~~p..7.£~.~E.~.r::.~.~_~: .... _ ...... _ ... _ .... _ ... _ ............. ____ ... _._ ...... _ ... _ ..... " ......... _ .... _ .. ____ ...... _ ._ ................ __ ........... _ .. _ .............. _ ............... .. 
.. _~9.p. .. ~:~~!::~.::!!J~ .. ~: ..... ". __ ........ _ .. _,, __ ...... _ .. _ .. _ ... _ ... _ .. _ ............. _ ............... _ ... _ _._ .. _ ...................... _ .... ". __ ~_M_ ..... __ ... M .. _ ... __ ... _ .. 

Top-dressing 3 .. 

Tcrtal.. 

Target.. 110 100 90 100 110 100 , .... .. ..,. 

[T~rgi~T:~w:~~~$J'~tA~a1~tq!6J~;~~~]r5:8~1~i~2'I~Sit:1.l12r~~~~Illj~;I:'i~iffi, ~2:W~1 
Figure A6.9 The define/edit NPK strategy screen. 

tlAnaI,. Spslem.· Ferte.· NPK STRATEGY I!!IDm 

l~nfi:L,,~1 Usestr~iegyyon1 
,. interprlltatiorichart·· 

, " , 
I}O~<I :: ..•.••. ' .•..•............... 

NPK Fertilizer Application Strategy 

NitfCigen Phosphorus PotassitJm Comment!: 8: titT'iing notes 

..... £'!.~:.E~ .. :.~.::.,_~_"'I 
Planting.. 37 ?,.! 90 100 110 100 Best applied in a narrow band 

._I.:~p':~r_e.~~~~...!_:: .. _ .... _3.~. __ .. _ .. ~ ....... ____ .. _ ...... _._ .. _._ ........ __ .... __ .. _ ..... _ ... _._ ... _ '-'p.!"IY...~~.~~~~~~i~fL ................... . 
... !."'.\).:.d..r~..!!Ei!.)l1 .. ?:.: .. _._3.~ ... _ .... __ ~._.. _____ ._ ... ___ ._ .. __ ._ .... _ ......... __ .... __ __ ... __ ._ ..... ~.e.el.y. .. ~ .. ~.".~~~~_ ... __ ._ ..... _ .. __ . __ ._ .. 
... I.9.p.:~r!~~1~~L~,:: ....... _ .. " .. _ ... _ ... __ ........ ___ ... __ ....... _ .. __ .......... _ ... _ ...... _ ..... _ ... __ .................... _.M ... ____ ... _,,_. __ .... _ ... __ ... 

.. .Ig.P..7.~.~~~£~.~~I.@ .. ~:.: .... __ " .... _ .... _. ___ ... _ ...... _ .. _ ... "._". __ ,,_,,_ ........... __ ..... _ .. _,, ___ .,,_ .. __ .... _ ..... _ .. ____ .. _. __ .... _ ... __ ... _ 
... I.9.p._~?::~~~!~~ ... ?:: .. _ ...... _ ... _._ .... _ ... __ ............ ___ ........ __ ....... _ ..... , ....... _ .... _ ...... _ .... _ ..... __ ........ _ ... _ ....... _ .. ____ .. _ ......... _ ..... _ ............ ___ .. 
... I2.e.:.~~·.~_~~.i.:!\l.~.;: ... _. __ ._ ............ _____ ,,_._,,_. __ ... __ .... _ .. _ ..... __ ............ _ .. _. __ .... __ ... _" ... _ .......... _____ ... __ ... __ ... _ ... " .. 
_~:?p.:~~~;:>sir:~ .. I:.: _._ ... __ .. , ... __ ........ __ ... __ .. ..~._ ....... _ ... __ ... _ .. _ .......... __ .... _ ....... _ .. __ ... __ ... ___ ._ ..... __ ... 

TClp-dreseing 8 .. 

Total.. ·110 ·I,}O 90 100 ·110 ·100 .,'.,' .... 

Target .. 110 100 90 100 110 100 ,.,' ........ 

.. ............... _--- ...... " .. 

r;"i:::q:.~W~~~~1;t;~~'~ie~l~f~~~~:'I"il~~;~~~~~ti;;~;1S.DOC . 
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Figure A6.1 0 The NPK strategy screen after the strategy from the interpretation has been used 
by pressing the on-screen button. 

t'\l!! Analllsi. S,Ialem.- Fellex· NPK STRATEGY Bf:JEi 

Figure A6.9 

l~n~mr.~1 Useirtra ttigy from' 
Interpretation chart 

NPK Fertilizer Application Strategy 

Nitroqen Phosphorus PotassilJm Comments ~ timing note:s 
kg1l1a % of tctal kgma % of total kg,tJa % 'of total 

....... - ........ f.'.~:EI~~.::.o,. __ .,..;; ...... __ ............. _ .. __ ................ __ ............................. _ .. _ ..... _ ................................... _ .. _ .............. _ ... _ ...... __ .. 
P!>:Inting .. 

. NI~p.~~~:.~:.~~~~_:..::, ., ..... ___ M ••• _ ••••• _ ...... _ •••••••••• __ • __ ........ , ••• _ ..................... _ ............... __ ._ ................................... , __ •••• _ ••• _ •••••••• _ •• " .... " ••• " ..... ___ •••• 

.. ,!:~.e.:.~!!..~.~.i:.:.~,.~.;,: ". __ .",, __ ... ,, ___ ... __ ............. ___ .... _ ... " ........ " ... H._ •.. __ , .• "._ .. __ . __ " .•. ___ ............. _ ........... _ ...... _ ....... , .• __ ......................... . 
... I£P_~~!~_~.~E!!~.~.::. .. .. _ ..... _.. ..._._ ......... ___ , _ .... _ .......... , ..... M ... _ .............. __ ... _.'_M_ ............... ",,, ....... ,, __ ,, ___ ,_ .............. __ .... __ ,,, 
".!,'?.P.,:9..~.'::>_~,iD,~ .. ~,:: ...... " ..... _ ...... _ .. """-'''-- ....... " .. _- ......... "-"",.,, ................... " .. __ ... __ .. _ .... " .. " , ....... "" ... " ........... "-, .. _ ......... " ......... ,.--' ....... ,, .. ,--
".I9.!~::~!:~~:!0.~ .. ~::. _", .. __ .... ",_ ... _ .... _._._ ....... " .. __ ",_ ..... " ......... " ...... "" .......... _ ...... _ ..... . 

,,_~£p.~ .. ~!!::~:!!~_?,:: ... __ , ___ ... _".... ., ... __ .......... _._". _,,, __ ,,,,,,,,,_, ...... _" ..... "_._,, ___ "' __ "'_" _ .. "M_ ... m ........ __ • ____ • ____ .. __..,_" ..... _ .. . 

T op-dress:ing 3 .. 

Tatal .. ... ' .. ~ .. 
Target.. 110 100 90 100 110 100 " 

:ri~iF~€ 
The define/edit NPK strategy screen. 

~ AnaI,1. SlIIlems - Fe/lex· NPK STRATEGY 1!If:J Ei 

I~n~:t.'ll . Usestfl!~e~yfrom 
• interpH~tation:chart 

NPK Fertilizer Application Strategy 

~Jitroc·en P'hosphorus Potassium Cmnmants 8: timIng notes 

kglhe % of :ctal kg;\;8 % altotsl kglha % of total 

................ £'.~:e~5.:.!!::.;--....... .,..;;-.. __ -.... _____ ........ _............. ....................... . .. _ ..... _ ............. _ .......... _ .. _ .. _ .... _ ..... _ ...... _ .......... _ .. 
Planting.. 37 3~ 90 100 110 100 Best applied in a narrow band 

_,I.:?!?~~~~~:?:!!'2~LL ... _. __ ~~_._" .. _, .. _.¥_ ... ,_""_, ___ ,, ..... " .. _" .. _~."" '"'''_''''''''_''' ",,_ ... , __ ... _ ~eP.!X~!.~.2.~I'y t!ow~:.!!:!~ __ ,,, .... ,,,, .... ,,_ .. 
. .I.9.r.=E.!~..!'.~i!2~ .. 6.:.: .... _.~2_ ... _ ... _~_ .. __ .. ___ .. __ .......................... _ ....... __ .. __ ... _ ..... ~.ep.I.y..} .. ~.~!' l<d~ ... _ ...... _ ................. . 
. ,,!~.P.:~:!!::~~!~~,,~.::, ._ ... __ ..... _ ... _ ... __ ..... _.,,_ .. _ .... ,,,,,_,,_,_,,,,,,, ....... __ ..... ,_ ..... _ .. ____ ........... '_ ............. _, ___ .... " ...... __ ." ...... _ ... _ ... , 
... I.?.P.,:,~~·.~£.~,~I2@ .. ~:.: " ___ ._ .. " .. _,, ,, _____ .. __ ..... _,, __ ,. __ ...... _ ........... _ .. ,.",_ .... _. ' __ ''' __ ''''_' .......... " ........ __ " __ , __ ,, .. ,_ ... __ .... __ ..... .. 
.. _~9.P_~~:.~~~!~~L~:.: .. _ .... ~. ___ " ... _." __ .. ,, __ ,_ ... _ ... , .... , __ , .... ""._ ...... _ .. ,_ ............ , ___ .. , ........ _ ... _._ .. , ___ .. _", __ ... " .. _.,,_ ... __ . ., 
"Ig'p'.:~,£~~ .. ~,~:'~~.§,,:: ... _ .. _,_"._. ,,_,, __ ,_, "._". __ . __ .. _ ...... ,_, .. ,_ "_,,, ... ~, .. ,,._,, , __ ,, __ .. _ ........... ,,,, __ .. ______ ............. _.,, ... __ .... _ 
_ IE:!?:0!~~~£1_!..:.: .. "."_,, .. __ ... . .. __ ......... _~ .. _ .......... __ ... ___ .". _ .................. _. __ , __ ._,,,,, .. , .................... __ . __ .. , ... ___ . __ ' .. _._ ... _ ... 
T QP-dreseing 8 .. 

Tot~l.. '110 90 100 '110 ·100 . .... , .,. 

Target.. 110 100 90 100 110 100 .......•.. 

Figure A6.10 
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nalysis 
stems 

Figure A6.11 The recommendation drop-down menu. 

Figure A6.12 The lime recommendation. 
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~ Analylis SYllems • Ferle. -.MOfEe . People with IInlwe'. 1!Ir:J El 

nalysis 
stems 

Figure A6.11 The recommendation drop-down menu. 

Figure A6.12 The lime recommendation. 
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l'! Anal,sis S,stema- Fertell - Planting RecDIIIRlendationa BI'£JEi 

Apply b~'d, tl~~ 
.:.' -rate -:<,:.:c~}-~: 

Sol II a b I eS()I~abie 'Mt/SOIICf ,. '" " - " '~' ;.,.,~" " 

l~n~:ti.~1 

!il.PP!Ybest tir'.rt~J,) !< cle.r;"I!;i;fi~'OI(J~;1 
!'APplybe~frat~!II·c'ear.ul!canceil 

N K s c. CI 

,)7." .... §9 .... 110 

~p.p.!!~~"" ...... _"".", ... ",., ..... , .. _ ....... '''' ......... , ........ " .... _, .... _ .... , 
Di1ference .. .37 .. 90 .. 110 0 0 0 

Comment LOW LOW LOW OK OK OK 

Ferti lizer Range 
Rate 

recommendation. 

t! AnalJpais Systesn - Feslea .. Planting Recoramendalions I!Ir;:JEi 

a 

Sfsia;i t ; •• IL~;~~l;ii:~, __ -' 
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planting 

Figure A6.l4 Pressing the "Goto best NPK mixture" button invokes the linear model and the 
fertilizer product which best meets the requirements is selected. 
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~ Analysis Sysleml- Ferle. - Planting RecOIIIIIlendalionl BI'i:J£i 

N K s Co C1 

~~g,:,!'.~9. ..... "..... . .. ..3..1. ....... §.9.... 11 0 

~p.p.!!~~..................... . ................ -..... .. .. -.................... - ..... _ .... . 
·.J7 ·90 .. 110 0 0 a 

OK 01( l~n5mr~1 Difference 

Comment LOW LOW LOW OK 

Ferti lizer Range 

a planting 
recommendation. 

II.! Analysis s~ -Fetla - Planting Recc.uaendalions Rril m 
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~Anaillais SlIslems· Ferle.· PI.1nting Recommendations 1!Ir;J13 

I Apply best II nita ! I Clear II < 0 K·g:1 
~==~==::; I Apply best Prate II Clear .1111 Cancel I 

;:::====:::::::~=.....:.::;;.;:..,o"""..J I Apply best K r~te II SummaI)' I 
N p K s Ca (:1 

o 

.~~g~!:.=.~ ......... . 
~p'p'~~!'. .... .. 

37 90 110 ." ....... , ......... .. 

l~n~:!.t~1 
47 88 104 45 80 ..................................................... 
10 ~ ~ 45 30 Difference 

Comment IllGH OK OK HIGH HIGH OK 

Rate Nutrient a plication (kqiha) ~ 
&~ 

Ferti tizer Range 
PRODUCT N% P% K% S% Ca'j?, CI% kg;l1a N P K S Ca CI m-. 

--~I~~I~~~~~~.£~~-.... -..... -..... -..... + .. ~.~.~~ .. !~ ... ~ .. ,"~~~~ ... ~ .. ~~~~~~ .... ~.9.:7~r._= .. ~ ..... r ... ~ .... _~ .. t. ~~rl-.... ~ ..... -..... r .... ~ ..... -..... r ... ~ ..... ~ ..... + ... ~ ...... ~ .... ~ ... ~ ..... = .. _~.-=~--------~~ 
I:I.§\IY..~~.!?~D.".~ ............. 3.§.:~ ..... y .. ....I.:~ .. ...... 9.:3. .... _. ............. . ..................................................... _.. __ .... ~ 
Cucurbd Special 5.3 10.0 11.7 5.0 9.0 881 I ... £ ....... ~@ ..... ).~.:: ..... Y:; ..... 39_ ..... __ ~ 

~~~:~·~~~e~T: .. ·-.... ::.:; -.. -~.:::.:~:.~.:~-.... - ............. I 
To;,:;;;;i·O'·TE-.... · .. _ .... ·· ................. -.--..................... --... -.... .. ......................... -......... ............. I~ 

(i:!.' .. ~:8.2 .............. _ ........... ..7..:9.. ... 1 .. Q.:?' .. .2Qg .. _ ... 8..:?-....... ~!. ...... _...... ... _........... ............. ............. ~ 

Banana Mix 104 ... 0:6 22012:3. ........ ... ............... ..... ..... . ........... ...... ... .... ........... ....... ..... ................. ..... . '.. . ........... ...... .. . ..... [f) 
''';:;:'':':-C-J "':;' ___ ~:':-...J" ···~·M:.i -p;,b:il·@JE1Q6ri~~:,,:I···~ch;ifR~~:····I··ii~ii~oi6i;::.·11~.~~~!i.~h~",,!~l~.;l}:~%jJ 

Figure A6.15 Pressing the "Apply best NPK rate" button invokes the linear model 
calculates the rate the of fertilizer product which best meets the requirements. 

II AnaI}llis Sl/Ilems - Fertes • IMClEC • People with answe~ 1!Ir:J a 

alysis 
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and 

Figure A6.l6 Because there was an excess of nitrogen in the planting recommendation, the 
planting recommendation option is not ticked. 
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and 

Figure A6.l6 Because there was an excess of nitrogen in the planting recommendation, the 
planting recommendation option is not ticked. 
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Figure A6.18 The balance sheet now shows the NPK recommendations are "OK". 
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Figure A6.l9 The "Summary" button shows which products and their rates that have been 
used in reaching a valid planting recommendation. 
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Figure A6.20 The planting recommendation option is now ticked as being done. 
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Figure A6.19 The "Summary" button shows which products and their rates that have been 
used in reaching a valid planting recommendation. 
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===~.stems 

Figure A6.20 The planting recommendation option is now ticked as being done. 
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Figure A6.21 A similar process is followed for the two side-dressing recommendations. 
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Figure A6.22 When all recommendation options are ticked, the report option becomes 
available. 
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Figure A6.22 When all recommendation options are ticked, the report option becomes 
available. 



l'l! Analllsis S,Istems· Fertel . Recommendation Report Rr;}13 

Name I location: Garry Fullelove 
Order No. I Bag No. 13/34 

Chart/Crop: 92 - Tomato & Capsicum: All 00.$1.1 soils (except sands .n~ s.n'Jy lo.ms) SE QLD 1'. Mh 
I0.!5W 

Block: Bottom tarm 

Soil 
Amendments: 

- pH, Hg 

nil. 

ply Dolomite at 3.5 t!ha OR Lime at 3.5 t!ha plus 

~OO kg!ha. 

Pre-plant: 

months 
n before next c 

Figure A6.23 The top part of the recommendation report. 

Name I location: Gany Fullelov8 
Order No.1 Bag No. 13/3~ 

Chart/Crop: 92 - Tomato & Capsicum: All 00.$1.1 soils (except sands and sandy loems) SE QLD & l-lth 
NS,'V 

Block: Bottom farm 

Planting: 472 kg/ha ..... ~4 

500 kg/ha ..... Super 

Best applied in a narrow band 

Top-Dressing: 1 78 kg/ha .....• Prilled Urea 
Apply at early flowering 

Top-Dressing: 2 44 kg/ha ...•.. Big 1'1 

Apply 3 weeks later 

Copper may be toxic - see liming requlre.",ent 

Apply ZnS04 mono 30kg/ha to soil preplant 

Figure A6.24 A portion of the body of the recommendation report. 
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Chail 

Recommendation lIeport 13 
Rec()mmendatiol1s Repolt 

Name I Location: Garry Fullelove 
Order No.! Bag No. 13(34 

CIl art/Cra p: 92 • Tomato 8, Cap,ICl.Jm: All coastal soils (except sands and ,and'l looms) SE QLD 8, ~tth 

~,IS"'V 

Microsoft Excel II 

;·~:~·~·HtJ~rl1!;~~ii~:~~riil~~tiJ~:&·~ti~riis oft or 
t------:'m 

i~: 
i~ ve not'OI('.~th,t;i,!lterll~e~~tion results' 

;;',i,i(;<~( 

I a p.D ressin 

lop.Dressing: Z 41 kg/ha ., .. ,.Big N 

J.pp l:r 3 weeks later 

i~ 
:~: 

:~ 
i~. 
~ 
i~ '9).' 
!~ 
i~; 
:~?; ®: 
:~ Copper (OTPA): Copper may be toxic - see liming requirement !~: 

Zinc (OTPA): App 1y ZnS01 roo no 30kg/ha to soil pre~ lam; l~ 

Man!1anese (OT,PA): Follar!1nS041g/L.aton.e.week ....:~ 
.~ Stal;'l iTW;~;;;;;;;; ., ~ Ma~ . [Jili~ I eIE;iOfi~;:·:I '0 Cn~ R~~: .. I':i M-;'osoft .. ·II~.~~a.~~L~:" t.gJf.~}2r]. 

Figure A6.25 Reports cannot be printed out until all validity checks are completed. 

~AnallI'sis SplelDs" Fellell·INClTEC· People with _VleIS' !10m 

Systems 

Figure A6.26 Validity checks can be toggled but they also toggle the print option. 
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Name I location: GarryFulielove 
o rd er No. I Bag No.1 3f34 

Chart/Crop: 92· Tomato & Capsicum: All coastal soils (except sands and sandy looms) SE QLD & ~tth 
HSl/V 

Microsoft ("el E3 

Top.Dressing: 2 '14 kg/ha ...... Big N 

ApplV 3 veek3 la~er 

Copper may be eoxic - see liming requirement 
App 1". ZnS04 Ulono 30kg/ha eo soil preplanc 

Reports cannot be printed out until all validity checks are completed. 

Analysis 
~~Systems 

Validity checks can be toggled but they also toggle the print option. 
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Interpretation Report 

Name I Location: Garry Fullelove 
Order No. I Bag No. 13/34 

Chart/Crop: 52 - Tomato e. Capsicum: All coastal soils (exce~t sands and sandy loams) SE OLD & Nth 
NS'/'1 

Block: Bettcm farm 

Nutrient 
pH (1:5) 

pH (Ca CI) 

Buffer pH 

Org. Carbon 

Nitrate Nitrcgen 

Sulfur (Phos) 

Sulfur (KCL) 

Phosphorus(SSES) 

Phosphorus (Colwell) 

Phosphorus (lactate) 

Phosphorus(Olsen) 

P-Sorption 

Potassium (Amm. ae) 

Potassium (Skene) 

Potassium (Nitric) 

Calcium (Amm. ae) 

Calcium (Ba CI) 

Magnesium (Amm. ae) 

Magnesium (Ba CI) 

Aluminium (KCI) -
Aluminium % sat'n 

Sodium (Amm. ae) 

Sodium (Sa CI) 

Sodium % of cations 

Chloride 

Elee. Condo (Sat Ext.) 

Copper (OTPA) 

Zinc (OTPA) 

Zinc (SSES) 

Manganese (OTPA) 

Iron (OTPA) 

Soron (Ca CI) 

Boron (Hot Water) 

Cation Exch. Cap. 

Ca:Mg Ratio 

Slaking (1, 2, 3) 

Clay Dispersion Index 

Micronutrients -

Level Stutus Apply Comments 

I 
I 
I 
I 

I 

I 

I 

a Alkaline Refer to liming requirements 

5.6 Acidic Refer to liming requirements 

5 Mcderate Maintain organic matter levels 

10 Lew 110 kglha 113 at planting, 113 at flowering, 1133 weeks later 

34 High 

12 Lew 90 kgJha All at planting 

0.12 Low 110 kg/ha All at plantlr.g 

5 I-:igh I See liming reccmmencaticns. 

0.1 Lew I ISee liming reccmmenC:atier.s. 

I 
3 I Refer to AI % sat'n 

3 lew INa acticn 

3 Mederate See liming reo::;t.:irement 

3 I Low No action 

50 Lew No action 

2 lew No action 

23 V. high Copper may ::e ~oxie - see liming requirement 

1 lew I Apply ZnSO~ meno 3Ck~"ha to soil preplant 

1 lew Foliar MnSC~ ~:;, L at cr.e week 

1 I lew Test foliar F: Cr:e!ate iGiL at one week 

0.01 I Lew I 2-3 fcliar Selt.:::er at 1 gil starting at one week 

I I 
1 V.low See limir.g r=~1.:ir=rnent 

1 lew See liming r=c;dr=mer.t 

I 

Abscrption of nutrient improves with the addition of 
2 kg Urea to 450L of spray solution per hectare 

Additional sprays at 2 week intervals may be necessary 

Figure A6.27 Print-out of the interpretation report (Windows version). 
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Recommendations Report 

Name I Location: Garry Fu\lelo'le 
Order No. / Bag No. 13/34 
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Chart/Crop: 92· Temato & Capsicum: All coastal soils (except sands and sandy loams) SE QLD & Nth NSW 

Block: Bottem farm 

Soil 
Amendments: 

Pre-plant: 

Planting: 

LO',1 - pH, Hg 
Mod -
Hig:: - Ca 
Eaza=ds - nil. 

;'.~ply Dolomite at 3.5 t/ha OR Li:ne at 3.5 t/ha plus 
Gra~~mag at 400 kg/ha. 

Inc~=porate into the top lOem of soil, 3 months before 
pla~ting. Check again before next crop. 

472 kg/ha ..... 44 
500 kg/ha ..... Super 

Ee~t applied in a narrow bane 

Top-Dressing: 1 44 k;-/ha ...... Big N 
Apply at early flowe=ing 

Top-Dressing: 2 44 kg/ha ...... Big N 

Copper (DTPA): 
Zinc (DTPA): 

Manganese (DTPA): 
Iron (DTPA): 

Boron (CaCl): 

Extra Comments: 

Apply 3 weeks late= 

Ccp~e= may be toxic - see lirrC~; requirement 
Apply ZnS04 mono 30kg/ha to seil preplant 
Fclia= vmS04 19/L at one week 
Test foliar Fe Chelate 19/L at o~e week 
2-3 foliar Solubor at 19/L starting at one week 

Figure A6.28 Print-out of the Recommendation Report (Windows version). 



252 

APPENDIX SEVEN 

The successful proposal for the commercialization of SADI as submitted to the HRDC and 

Incitec (following). 
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APPENDIX SEVEN 

The successful proposal for the commercialization of SADI as submitted to the HRDC and 

Incitec (following). 
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HORTICULTURAL RESEARCH AND DEVELOPMENT CORPORATION 

Project title: 

Organisation: 

Admin contact: 

A Pilot Study into the Commercialisation of a Computer 
Expert System for Recommending Fertilisers m 
Horticultural Crops 

Queensland Department of Primary Industries 
GPO Box 46 Brisbane 4001 

-:vir. K. Jorgensen 
Deputy Director of Horticulture 
Phone (07) 2393319 
Fax (07) 2393379 

Project chief investigator: ::vir. G. Fullelove 
P.O. Box 1143 
Bundaberg 4670 

Address: 

Location of research: 

Phone 
Fax 

(071) 538111 
(071) 512320 

Burdekin/Bov-;en, Bundaberg, Lock")ler Valley, Tweed 
River areas. 

Name of additional researchers: 
Mr. G. Price, Incitec Ltd 
Mr. J.D. Smith, University College of Central 

Qu.eensland 
Mr. C.R. McMahon, QDPI 

4. Commencement cate: 1 July 1991 
Anticipated completion date: 31 December 1991 

5. Total Project cost in 1991/1992: 510 000 

6. Synopsis 

'Chemical soil analysis has been available as a tool in vegetable agronomy for 
some years. Interpretations of soil analysis data and the ensuring fertiliser 
recommendations for small crops are generally prepared by fertiliser company 
field staff. This process has many real advantages but can be time consuming for 
the staff involved. There is also the verY real danger of inconsistency and 
oversights particularly considering the num~rous interr~lations of soils, nutrients 
and crop sensitivity. A prototy-pe computer expert system has been developed as 
part of masters course to automate the process of making fertiliser 
recommendations from soil analvses. The advanta!2:es of this are a more timely, . ~ 

accurate and consistent delivery of fertiliser recomIi1endations to small crop 
grQ\vers. This project seeks to develop and field test a pilot system based upon the 
prototype in conjunction with the fertiliser company Incitec and the UCCQ. 
Positive results from the evaluation of the pilot system may lead to full 
commercialisation of the system to the benefit of horticultural producers. 
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field staff. This process has many real advantages but can be time consuming for 
the staff involved. There is also the verY real danger of inconsistency and 
oversights particularly considering the num~rous interr~lations of soils, nutrients 
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part of masters course to automate the process of making fertiliser 
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7. Brief statement of objectives for each year of the project: 

Year 1. 

a) To develop computerised interpretation charts for the expert system about 
tomatoes and cucurbits based on current Incitec nutritional standards. 

b) To enhance the user-interface of the prototype expert system to better 
reflect the processes that a user would be comfortable with. 

c) To train Incitec representatives and product distributors in the use of the 
system in selected centres in Queensland and :t\orthern New South Wales. 

d) To run a field test program in the selected centres of the system to gain 
insights into the full potential and use of the system. 

e) To evaluate the system against set criteria in terms of costs and benefits 
in an attempt judge whether further full commercialisation of the system 
is warranted. 
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e) To evaluate the system against set criteria in terms of costs and benefits 
in an attempt judge whether further full commercialisation of the system 
is warranted. 
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Project Schedule of Oper~tions 

Task Task Description 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr 

l. Create standard computerised X 
interpretation chan format. 

.., 
Complete charts for tomatoes X 
and cucurbits. 

3. Code these charts into the X 
e)...-pert system. 

4. Test charts for validity. X 

5. Develop a traif1ing package. X 

6. Train a subset of company X 
representa tives and fertiliser 
distributors. Evaluate training 
package. 

7. Develop a full training package. X 

8. Train all representatives and X 
distributors involved in pilot 
study in Bundaberg. 

9. Incitec representatives train X 
distributors in other regions. 

10. Conduct full field test of pilot X 
expert system. 

11. Evaluate results of full field test X 
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8. Industry Financial Support 

Support for this project is available from the major manufacturer and wholesaler 
of fertilisers in Queensland, Incitec. 

Industry Contributor: 

Contact Person: 
Address: 
Phone: 
Fax: 

Incitec Ltd. 

Garry Kuhn, Technical Services Manager 
P.O. Box 140, Mornin£side, Qld, 4170 - , 

(07) 390 9466 
(07) 390 9434 

Funds to be pro\'ided: 

Year Incitec 
Funds 

S 

91/92 5 000 

HRDC 
Funds 

S 

5 000 

Project 
Income 

S 

Total 

s 

10 000 

A signed statement from the industry contributors is attached to this application. 
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9. Detailed Budget 

Item Budget 
1991/92 

Salaries & \Vages 

TOT AL Salaries NIL 

Travelling Costs 
Fares 800 
Allowances/ Accommodation 800 
Vehicle costs 2000 

TOTAL Travel 3 600 

Operating Costs 
Updating of computer 4000 
facilities to project 
requirements. 

Computer consumables 1 000 
Training materials 660 

TOTAL Operating 5660 

Capital Costs 

TOT.I\L Capital NIL 

TOTAL PROJECT 9260 
HRDC AD::v1I!'. CHARGE 740 

TOTAL COST 10000 
INDUSTRY CO~TRIBUTIO~ 5 000 

Date of compilation of budget data: May 1991 
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II. DESCRIPTIO~ OF THE PROJECT 

i) General Obj ectives 

a) To deliver to horticultural producers, more timely, accurate and consistent 
fertiliser recommendations. 

b) To establish a complete and standard method for the expression of plant 
nutritional knowledge relating soil analysis results to fertiliser 
requirements. 

c) To test the feasibility of delivering this knov,'ledge via a computerised 
expert system. 

ii) The Problem/Opportunity 

Chemical soil analYsis has been available as a tool in veQ:etable aQ:ronomv for 
., ...... 10.00 ., 

many years. Soil samples are taken in the appropriate manner and time, then 
despatched to a commercial laboratory for chemical anal)'sis. The results indicate 
the level of a range of plant nutrients in the soil as well as several other factors 
affecting plant nutrition. \Vbile some of this information is directly useful to the 
grower, a complete understanding of the implications of the various results, their 
relative importance and their interactions require detailed knowledge of soil 
science and plant nutrition. 

To provide a meaningful service to the gro\\'er, it is necessary for the analysis 
results to be interpreted by staff skilled in plant nutrition who prepare fertiliser 
recommendations based upon their interpretation. 

To do this the plant nutritionist assess the analysis data by comparing it with 
standards which indicate whether the levels in the analysis are low, average, high 
etc. Further, the person must assess the influence of other factors such as soil pH, 
conductivity and buffering capacity. The person must account for complex 
interactions which occur betv;een plant nutrients and beware of the effects of 
various fertilisers on these plant nutrient interactions. 

The task is complex. Despite this the standards and nutritional knowledge are 
well documented and the nutritionist does not have to rely upon intuition. 

A prototype computerised expert system has been developed at UCCQ to do this 
task. In order to better serve small crop growers, the fertiliser company Incitec 
sees merit in commercialising the system. To justify such a large project, this pilot 
proj ect is being undertaken to test the technological and social feasibility of such 
a system. 
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iii) Procedure 

The specific objectives of the project will be addressed by staff from QDPI, 
UCC;<:2 and Incitec. These staff are recognised sources of expertise in plant 
nutrltlon, fertiliser use and computer systems design and implementation. 

Nutritional standards for tomatoes and cucurbits currentlv held bv Incitec will be 
furth.er refined to compile a complete knowledge 'base o~ the fertiliser 
reqUlrements of these crops. These will be computerised to provide the knowledge 
for the computer system to make fertiliser recoIlli"1lendations. 

An appropriate user-interface and training package will enable a field test in 
several sites of the system by company representatives and fertiliser distributors. 

Evaluation of the system will seek to identify \\'hether a better cost effective 
method of delivering more accurate, timely and consistent fertiliser 
recommendations to horticultural producers has been achieved. 

iv) Chances of Success 

A manual. system of interpreting soil analysis data and· making fertiliser 
recommendations for horticultural producers has been used by Incitec 
representatives for some years now. The technology exists and the quality of 
fertiliser recommendation depends mainly on the skill of the practitioner in 
applying that technology. 

Expert systems have sho\!.tTI themselves in other fields such as medical diagnosis, 
geological studies, molecular chemistry and process comrol to be effective tools 
for the storage and delivery of knowledge. This particular application of expert 
systems technology to a well defined and structured problem must be looked upon 
as having a good chance of success. The system prototype gives some indication 
of this likelihood of success. 

v) Extension 

Very little if any extension of the results of this project will occur to the final 
benefactors of this project, horticultural producers, apart from some company 
promotion of the system should it become commerciaL Training of company staff 
and fertiliser distributors in the svstems use so as horticultural producers may gain 
its maximum benefit will be undertaken. 
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vi) Associated Research 

This pil.ot study \\i11 extend the work already done as a masters program in 
developmg the protOtype system. The emphasis of the pilot study will switch from 
the computer research based work of the masters program to more commercially 
base~ research into the application of the technology and its evaluation in 
meetmg both the service suppliers (Incitec) and the service recipients 
(horticultural producers) needs. 

vii) Other Granting Bodies 

No other funding bodies have been approached. Each cooperator will supply 
salaries for project staff and the capital infrastructure of staff accommodation and 
administrative backup to implement the research. 

viii) Investigation Team 

This project is seen as a joint project between the fertiliser company Incitec Ltd., 
Maths and Computing Department (UCCQ) and Horticulture Branch (QDPI). 

Chief Investigator: Mr. G.D. Fullelove 

Position in Organisation: Extension Horticulturist 

Postal Address: P.O. Box 1143 
Bundaberg 4670 

Telephone Number: 

Facsimile Number: 

Research Experience: 

Other Projects: 

(071) 538111 

(071) 512320 

Mr. Fullelove has had extensive experience in plant 
nutrition and makin£ fertiliser recommendations in 
his position of Exten~ion Horticulturist in the QDPI 
over the last eight years. He has also worked 
considerably in the area of computer applications f~r 
assisting horticultural producers, more notably m 
tutoring on the subject and in publis~ing economic 
crop models for small crop producers m the LoCkyer 
Valley and Coastal Burnett regions of Queensland. 

Mr. Fullelove is also supervising a tomato 
manacrement systems project aimed at identifying and 
produ~ing decision aids for the critical s~rategic ~nd 
tactical decisions producers make In growmg 
tomatoes. 
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ix) Co-ordination with others: 
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Mr. G. Price, Incitec Ltd. 

Mr. Price has been responsible for the establishment 
and maintenance of the nutritional interpretation 
charts used by Incitec representatives to manually 
produce fertiliser recommendations. 

Mr J.D. Smith, UCCQ. 

Mr. Smith is head of the Maths and Computing 
Department at UCCQ and is currently overseeing the 
research and commercialisation of several other 
expert systems into industry. 

Mr. C.R. McMahon, QDPI. 

Mr. McMahon is the Research Horticulturist based 
at Gatton, Qld. He has v,ide experience in small crop 
nutrition and has cooDerated '\1,<ith Incitec over manv 
years In the deveiopment of crop nutrition~l 
standards. 

Research results and expertise in the area of this project from v,.ithin all three co
operating groups of this project will be used to enhance this project. Co
ordination of this integration will be possible through the' formal corporate 
structures that exist in each of the three cooperating groups. 

x) Facilities/Staff 

Incitec Ltd. has many staff skilled in the provision of nutritional information to 
horticultural producers. Many of these staff have now been issued with laptop 
computers to enhance the services provided to their clients. Mr. Price is based 
with this company. 

UCCQ has developed through applied research and commercialisation of research 
a strong expertise in the provision of expert systems to industry. Mr. Smith heads 
this team at UCCQ. 

QDPI has extensive contact with horticultural producers and is endeavouring to 
provide them with superior knowledge and expertise to sustain the long term 
viability of this industry. Mr. Fullelove has worked in this area for nine years and 
has extensive experience in developing information packages, both written and 
computerised for the horticultural sector. 
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xi) Special Features 

a) Expert systems represents an exciting new innovation in the delivery of 
knowledge to the rural sector. 

b) The establishment of this joint project between a private sector company, 
an educational institution and a go\"ernment department represents the 
broad interest in the success of this project. 
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III. ECONOMIC A.."\.-li YSIS I Ii'DUSTRY SIGNIFICA .. '\'CE 

i) Industry to benefit: 

Through the provision of more timely, accurate and consistent fertiliser 
recommendations the horticultural industry as a whole will receive the primary 
benefit of this project. 

ii) Benefits likely to accrue to the industry: 

Better fertiliser recommendations based on sound scientific principles and 
management guidelines \\111 result in benefits to the horticultural industry in 
several ways; 

more efficient use of fertilisers leading to reduced input 
costs for crops. 
more accurate fertiliser recommendations leading to higher 
yields andlor less crop failures. 
better understanding and documentation of crop nutritional 
standards in various situations. 

iii) Consequences of not doing the proposed project: 

The results of this project will show whether the full commercialisation of the 
expert system is justified. Without this project, the decision to proceed with 
commercialisation may be ill founded and may cost the industry, through a large 
project failure, many fold more than this small expense. 
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IV. FINA~CIAL I!'FORMA TIO:\ 

i) Justification of Information in the Budget Table: 

a) Salaries and Wages - 1\IL. 

b) Travel - :Y1eetings of the research team is an integral part of this project. 
Tasks 1, 4. 5, 6, 8, 10 and 11 involve more than one researcher being 
present during that phase of the project. It is necessary for the project 
leader to liaise v.ith field testing personnel to provide positive feed back 
to the team during that phase of the project. On some occasions, travel 
will involve considerable usage of government vehicles hence the provision 
for vehicle allo\\:ance and maintenance costs. 

c) Operating - These expenses are necessary to upgrade and maintain project 
equipment and materials. Upgrading of computing facilities available to 
the project leader is necessary to enable the development, implementation 
and staff training necessary in this project. The development and provision 
of a training package which includes a user guide and tutorials is seen as 
a necessary part of transferring this technology to end users. 

d) Capital Items - KIL. 

ii) HRDC Payments: 

As the bulk of the project work will be carried out in the first half of the year of 
funding, a request is made for all funds to be made available in the first 
instalment. 

iii) Other Funds: 

There are no other external funds for this project. 

***** 
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APPENDIX EIGHT 

A copy of the minutes from a end-user team meeting with the author held on the 3rd of April 

1995, indicating the detail and outcomes of such meetings (following). 
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PRESENT 

ACTIONS ARISING 

Incitec Ltd 

MINUTES 

SADI PREVIEW MEETING 

G. Fullelov8. G. Kuhn. G. Price, A. Hilt. 

1. Change METRIX Report to include method specified immediately after 
analyte, to ensure that interpreter puts data in the corrcet row of SAD!. 
Action A.Hill 

2. Set tolerances of 15% for the acceptance of .an Applied NPK vs Target 
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in the Recommendations section. Apply a weighting to P. five times that of N 
or K. in the calculation of best NPK solution in Recommendations section. 
Action G.Fulielove 

3. Locate SADI support staff within ITG to learn the system, and start inputting 
other charts. Time with GF best on rvlondays or Wednesdays. Investigate 
security with Dongles or equivalent ... 
Action A.HiII 

4, Provide liming recommendations guidelines. additional rules on Ca:Mg etc 
Action G.Price to provide to GF 

5. Add Solubles VS Solids selection buttons to pre-select the appropriate sub 
set of potential products on which to work the recommendations section. 
Action G. Fullslove 

6. Provide notes for Cu. Zn, Mn, Fe, B. Mo for use in transferring to ti,e 
recommendations repon. 

Also provide notes for placement instructions for NPK, which will be used 
in transferring this detail fronl Interpretation chart to Recommendations. on a 
chart-specific basis. 
Action G.Prlce to provide to GF. 

7. As a future enhancement ..... include kg/ha as wefl as % in determin;ng the 
split between PRE. PL, PLANTING, POST PL. in Nitrogen and Potassium 
strategies ..... together with a WARNING if the maximum rate at any stage, 
specified on the chart, is exceeded. 

A. Hill also to co ordir)ate training with Area Managc;r group as soon as: 
They have 486 pe·s .... 
ITG support member is well under.vay with inputting charts. 
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