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Introduction 

1.1. Introduction 

Tea is a gift of nature and has become the most gracious of temperance drinks and is 

one of the chief joys of life. In the long history of human civilization, man has selected 
and improved three important non-alcoholic beverages from nature's rich storehouse of 
plant resources - the extract of tea-leaves, the extract of coffee-beans and the extract 
of cocoa-beans. Of the three beverages, tea is the oldest known and is now the most 
popular beverage. It leads the other two in the total amount of beverage consumed and 

it is less expensive compared to coffee and cocoa. 

Initially, in China the tea was manufactured from the leaves of the wild bushes through 
domestic process. But the worldwide demand of this health drink has forced to shape 
the domestic process to an organized industry. Different techniques for processing 
coupled with consumer acceptance have led to the development of a wide variety of tea 
which varies in appearance, colour, briskness, aroma etc. to satisfy every consumer 
taste within and outside the country of origin. 

The introduction of tea cultivation in India was initiated through seeds obtained from 

China, although the tea plants were found wild in India. The native Indian population 
seems to have known tea from time immemorial. The investigation of Dr. Nathaniel 
Wallich at the Botanical Garden, Calcutta for identifying tea plants from different parts 

of India were fairly well documented [1 ]. 

The saga of commercial development of tea in India is both aweinspring and 

fascinating. The plantation on a large scale was introduced in 1788 by Sir Joseph 
Banks, the English Botanist. He recommended Bihar, Rangpur in Assam and Coach 

Behar as the localities in which cultivation was most likely to be successful. 

In 1823, Major Robert Bruce discovered tea plants in upper Assam. This discovery 
virtually laid the foundation of the tea industry in India. The first experimental 
plantations were established on the Gabroo Hills in Assam in 1835 [2]. With the 
emphasis on indigenous tea in Assam, the first commercial effort in organized tea 

growing was started by the Assam Tea Company in 1839. 
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The pioneering efforts to manufacture tea were made by George Williamson. He 

literally gave the first direction in the development of tea technology in India. By 1856, 

major production centres bigan in Darjeeling and Cachar, in the Terai in 1862 and in 

Dooars in 1874. There was followed by rapid growth in the Nilgiries, Travancore

Wynnad and the Annamalais of South India. There are also some cultivation in 
Himachal Pradesh in North India. 

Tea, whether it is 'Black" or 'Green", is made from tender shoots of the plant, 

botanically known as Came/io Sinensis (L) 0. Kurtze, a species which includes three 
widely different varieties, namely Assam, China and Combod. From the top of the bush 

the tender shoots, consisting usually of two leaves and a bud are plucked at regular 

intervals of about a week. The plucked shoots may be processed in several ways in tea 

factories to produce 'Black" or "Green" teas. 

Tea is a multidisciplinary field with wide and diverse concepts. Since the introduction of 
tea for commercial cultivation in India, it has spread over a large area (about 437867 
hectares ) from Darjeeling Himalayas to the Assam Valley along with the South India, 
with significant growth in production. 

The cultivation, maintenance, harvesting and processing of tea are labour-intensive and 

provide a direct and regular employment to millions of people and unlike other 
agricultural crops, tea provides the highest employment per unit of arable land. It 
provides the largest quantum of jobs to rural people, people in the weaker sections of 
society and women. Many more are employed by sectors related to tea such as tea 
machinery, packing, agricultural chemicals, transportation, etc. throughout the country. 
More than 70 per cent of the country's population comes in contact with tea in one way 
or another, including tea drinking, thus rendering tea to play a key role in India's 
economy and society, both directly and indirectly. Tea industry is one among the top 
ten foreign exchange earners for India. 

Tea is nutritive and provides carbohydrates, proteins and several Vitamins. The 
carbohydrate content of unprocessed Assam tea is 30% (dry weight), mostly 

contributed by crude fibre, sugars, starch, pectins and pentosans. But only 4-5% of the 
solids are extracted by hot water allowing tea to be used in low-caloric diets. Proteins 
constitute about 20% of the dry weight of black tea but less than 2% is in soluble form. 
With a daily intake of 5-6 cups of tea, the protein may exceed 70 mg/day. Tea is fairly 

rich in some of the B-group Vitamins. The leaf contains carotene, nicotinic acid, 

pantothenic acid and ascorbic acid. The quantity of riboflavin is appreciable. However 
the riboflavin is significantly lowered during processing. Green tea in general contains a 
higher amount of riboflavin than black tea. One cup of tea per day can contribute 1% of 
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an individual's daily requirement of niacia. The folic acid and the pantothenic acid are in 
higher quantities in Darjeeling black teas than in green tea. Indian green tea contains 
0.07 mg Vitamin-C (ascorbic acid) per gram of tea, though it is significantly reduced 
during manufacture of black tea. Vitamin-E (a -tocophenol) and Vitamin-K occur in the 
lipids of black tea. It occurs at a level of 300-500 IU/gram. j3-carotene (precursor of 
Vitamin-A) content is comparable to that of carrot, spinach and cabbage. Tea contains 
traces of various inorganic constituents like copper, fluorine and manganese. 

Besides the economic and nutritional contributions, tea has some therapeutic values. 
The fresh tea leaves contain the well-known stimulant, caffeine. The low sodium 
content in tea infusion makes it an ideal drink {.or patients of hypertension. In addition to 
these, the tea leaves contain fluoride and a number of poly-phenols, especially 
Epigallo-Catechin-Gallate, which have many beneficial effects on human body. Regular 
use of tea improves hypertension and the effect is mediated through lowering of serum 

Angie-tension Converting Enzyme (ACE). Green tea reduces serum cholesterol, 
elevates High Density Lipoproteins (HDL), decreases platelet aggregation and reduces 
plaque formation in blood vessels. It is also likely to have an anti-obesity effect and may 
play a significant role in prevention of coronary heart diseases. Studies carried out in 
Japan indicates that the use of green tea after meals bring down the fasting blood 
sugar levels and glycosylated hemoglobin values of diabetic patients [3]. It also takes a 
vital role in the conservation of nature in an indirect way. 

The bi-products of tea are also very important. During black tea manufacture 2-4% of 
waste is produced which cannot be processed for human consumption. The quantity of 
waste is about 10,000 tones per year in India. It includes micro-fine tea dust, floor 
sweepings, stalks, fibres and others. The tea waste contains caffeine (1.5-3.5%), pectin 
(5%) and cellulose (20%) and can be used as raw material for their extraction. 
Polyphenols and pigments of waste mainly comprise theaflavins, thearubigins and 
catechins and these constitute about 10-15% of the extractives. The waste contains 
29.3% crude protein, Vitamins and minerals. Thus it has been found to be a potential 
feed source for livestock. The waste contains a significant quantity of n-triacontanol, a 
plant growth regulator. The Central Food Technological Research Institute, Mysore, 
India has developed a technology for the extraction of triacontanol from tea-wastes at a 
cost substantially lower than the international price. Its trials in tea field have shown that 
the harvested yield can be increased by 25-30%. The waste can be used as a cultural 
medium for industrial purpose of various fungi such as Penicillium Aspergillus. Tea 
waste is also useful as a constituent of fertilizer composts. 

The twin objectives of the tea industry are to achieve a high productivity besides 
maintaining a good quality. There is an interplay of a number of factors affecting both 
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the yield and quality. A thorough understanding of the crop plant such as its range of 
adaptability, selection of site, genetic potentials of the bush, appropriate methods of 
propagation, training of plants, management of cultural inputs to achieve optimum 
results, maintenance of bush, plucking techniques and processing is imperative for 
successful tea growing and manufacturing. It is the industry in which the productivity 
depends on the proper management of agriculture, technology and human resource. 

The production of tea should continue with a steady progress in order to keep pace with 
raising domestic demand (fig. 1.1) as well as earning foreign capita. From fig. 1.2, one 
can find export picture of tea from India. Total productivity should meet up both 
domestic and export quantities. Although the tea industry of India had targeted its 
annual production of 1000 million Kgs made tea by 2000 AD [4] but the actual 
production lagged far behind the target. The total yearly production of tea in India is 
presented in fig. 1.3. The yield (production/hectare) is shown in fig. 1.4. 
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It is evident from the above four figures figs. (1.1-1.4), that if the production of tea 
continues to decline further then the total tea produced will be consumed in domestic 

market and ultimately export will be ceased. 

On the other hand, the major Asian competitors of India in production of tea are 
gradually improving their productions as shown in figs (1.5- 1.8). 
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Several factors such as soil , water, human resource, pruning , shade, insect pests , 

diseases , age of the bushes , and natural calamities are responsible for such decline of 

production as shown in fig . 1.3. Two of the major factors responsible for crop loss are 

insect pests and diseases throughout the year [6] . 

Appropriate measures are to be taken to improve the discouraging scenario shown in 

figs. (1.2.-1.4). The management practices need to be improved to tackle the situation. 

The next section presents the current management practices in tea at least in Indian 

environment. 

1.2. Management practices in tea 

The productivity, quality and the development of this industry depend on the proper 

management of agriculture , technology and human resources . Like all other agricultural 

fields , the parameters like soil texture, rainfall , temperature, sunlight, humidity etc. are 

very vital to increase the quantity and quality of tea . The field conditions are not static 

parameters . So to proceed with the sustained productivity even with odd and fluctuating 

climatic conditions , some instant and prolonged management practices are found to be 

very essential for better productivity. 

To obtain desired productivity and profitability, two types of approaches are effective (i) 

upliftment of harvested crop by judicious blending of field practices and (ii) protection of 

harvested crop , mainly from insect pests and diseases. The present field management 

practices in tea cultivation can be classified as: (i) crop production management and 

(ii ) crop protection management. The componer .ts of crop production and protection 

management are presented in a block diagram in fig. 1.9. 
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resumed only after removal of limitation imposed by restricted supply of particular 
nutrient(s), while the 2nd defines that response in turn of economic yield decreases 
with increasing level of supply of nutrients and beyond a certain point the overall 
situation is also influenced by climatic changes, bush management practices as well as 
factors like soil type, planting material, irrigation and possibly the age of the bushes. 

There are two ways to predict fertilizer needs, deductive and inductive approach. These 
two approaches essentially differ in that the former attempts at averaging the results 
under application while the later seeks site specific information and extends it to similar 
situations. It may be possible to determine potential deficiencies before they occur to 
take remedial measures preventing acute deficiency and cause seasons short fall in 
yield. So for a sustained and good productivity, a long-term master management policy 
is very essential. 

1.2.2. Water management (Irrigation & Drainage) 

Roots absorb water and plant nutrients from the soil. When the leaves loss turgidity due 
to insufficient moisture, the stomata are usually closed and transpiration rate 
decreases, which affects production of tender shoots. 

The other factor affecting the transpiration rate is the climate, which includes sunlight, 
temperature, humidity and wind. The amount of intensity of sunlight is most important. 
In general, high temperature increases transpiration very markedly if accompanied by 
low air humidity. On a calm day transpiration may be lesser than that on a windy day. 

The water is absorbed by plant roots and must be periodically supplied by rain or 
irrigation for the sustained production of crop. On the other hand, the heavy 
concentration of rain fall during monsoon months combined with high seepage water 
causes the water table to rise enough and requires an adequate drainage system with 
proper outlet and maintenance at proper time. 

Distribution of rainfall in North-East India is slightly uneven. During the period from 

October to February rainfall is saintly and it mainly varies from 5 to 10% of the average 
evaporation exceeds average precipitation by 8 to 357 mm. So conservation and 
supplementation of soil moisture by irrigation becomes necessary during this period of 
moisture stress. That is why a good water management is useful. 
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1.2.3. Human resource management 

Human resource management is one of the most vital issues in tea industry. The 

industry deals with a large number of workers having various types of work skill. So it is 

very vital to optimise the distribution of the particular type of workers in the appropriate 
nature of work. Not only the type of workers but the selection of number of workers 
depending upon the volume of work is also very vital. Along with the above, the 
seasonal work distribution should be kept in mind. For example, a large number of 

workers are required in the peak season of plucking but there is no scope to provide 

workers for pruning, because pruning and plucking are not the simultaneous events. So 
pruning workers can then be shifted for plucking to meet up the demand but the same 

is not true for the factory workers. Likewise, a plucking worker can not be shifted to 

nursery. Most of the works in the tea industry are seasonal. The type of work, volume of 
work and the urgency of the work largely depend on the agro-climatic conditions of the 

cultivation. So unskilled planning may lead to an overall deterioration to the quality and 

quantity of the made tea which is a common fact in most of the tea cultivations. An 
overall planning is very essential for sustained productivity. An optimisation between 

the human resource and the specific work can lead to an industry for better productivity. 

Human resource management deals with the better implementation of human skill. 

1.2.4. Pruning management· 

Commercial tea production needs tender shoots. Hence a tea bush needs to be 
maintained continuously in its vegetative phase of growth. Pruning is a cut made by a 
saw or knife and is an essential requirement for it. With increase in years away from 
pruning, growing apices of the tea bushes gradually loss vigour and finally reach to a 
stage when they loss the capacity to produce sufficient quantity of tender shoots. After 
certain years of cultivation, severe pruning may be necessary to reduce the bad or 

unproductive wood and also to eliminate the disease and pest ridden branches from 
the bushes. Though the pruning results in the loss of crop in the pruned year but there 
is a steady increase in productivity afterwards. 

Time of pruning not only affects the total yield but also influences the distribution of the 
crop. In general the optimum time of the year to prune I skiff is when the plant is 

dormant or its growth rate is low and carbohydrate reserves are high. The exact time of 
pruning depends on the local climate, crop and quality requirement, seasonal crop 

distribution, susceptibility to pest and disease etc. 

An analysis of the above factors may help the management greatly in making a round 
pruning program for the industry. Pruning and skiffing can be profitably utilized to obtain 
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increased crop from the existing field. By careful logical admixture of various forms of 
prunes and skiffs in any tea estate, it is possible to increase yields and even out the 
crop distribution. Pruning management is a prolonged practice in tea cultivation. 

1.2.5. Shade management 

Importance of shade in tea was realized long ago and its organ_ized planting in tea 
started from the very beginning of plantation. The primary function of a shade tree is 
merely to prevent excessive heating up of tea leaves by trapping some of the heating 
infrared rays from the sun before they reach the tea bushes. 

Photosynthetic activity in tea declines rapidly above 35° C leaf temperature and 
between 39° C to 40° C, there is no net photo-synthesis. The respiration continues up 
to 48° C and leaf temperature above 48° C damages leaf tissues. So provision of some 
form of shade by planting shade trees is a must in the plains of North-East India and 
as well as in South India. 

The main reason why exposed leaves in North-East India become excessively hot is 
that in general the wind speed are very low during the hottest times of the year. Wind 
is very effective in removing excess heat. There are no hard and fa~t rules about 
species, spacing or admixture of the shade trees, as growth of the same species in 
different areas can vary considerably. Good management practices will decide the 
species best suited to the estate conditions and the most suitable spacing likely to 
provide as near optimum shade as possible at maturity. The only guide, therefore, for 
the optimum spacing of different species is local agro-climatic experience combined 
with the complete knowledge of various species of shade trees. So the shade 
management is in practice. 

1.2.6. Insect pest management 

Insect pest management is a challenging problem for the experts associated with the 
cultivation of tea. Tea is a perennial plantation crop spread over a large area under 
varying climatic conditions. So it provides a favourable breeding ground for a variety of 
insect pests. Several species of insect pests attack both young and matured tea plants 
and often cause considerable damage in localized area within a short time. Loss of 
crop due to the damage by the pests varies according to the severity of attack(s). A 
loss of 10% due to the overall pest attack is a generally observed figure though it could 
be 40% in devastating attacks by the defoliators [7]. 
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Insect pests are common and vital problem of all the tea gardens. It is one of the 
productivity barriers which require a systematic, intense and experienced management. 
Insect pest management deals with the identification and control of insect pests in tea. 
In present practice, the identification of insect pests and any decision regarding their 
control measures are taken primarily by the human experts. 

1.2.7. Disease management 

The diseases of tea plant have been found from the very beginning of plantation for 
over 150 years [8]. The tea plant is susceptible to attacks by diseases under varying 
climatic ·and soil conditions. For a mono-culture, abundance of disease is not 
uncommon but diseases of tea are rather numerous. The diseases attack different 
parts of the plant such as leaves, stems and roots and ultimately cause a major crop 
loss. 

Primary root diseases cause extensive damage to tea, resulting not only an immediate 
crop loss but functional physiology of the bushes is also affected [7]. Seedlings in the 
nurseries are also being affected by the diseases. Loss of crop from section damaged 
by diseases varies according to the severity of attack. Some diseases persist in the 
same area for years if not controlled properly, causing gradual deterioration in the 
health of the tea plants and causes loss in crop. 

Disease of tea plant is another major productivity barrier which demands a 
considerable attention and an adequate management practice for protection of crop. 
There are evidences that in many tea gardens managers are paying bitterly for the 
neglect of root diseases by past management. For an example, a garden which 
adopted incorrect method in the past, lost 20 to 30 thousand bushes, representing 
between 7 to 10 acres of cultivation per annum [9]. Disease management is concerned 

with the identification and control of tea diseases. 

In tea cultivation, the insect pests and diseases are being controlled mostly by the use 
of chemical pesticides and fungicides respectively. To reduce the crop loss by the 

insect pest and disease, application of some chemicals play a vital role undoubtedly. 
But their application invariably leaves toxic residues in made tea. Too much 
dependence on chemicals and their indiscriminate use lead to high deposition of toxic 
residues beyond the permissible Maximum Residual Limits (MRL) fixed by various 

international agencies like EPA, EEC, Codex, WHO etc. 

In the recent years, there has been a greater dependence on the use of chemicals with 
little importance laid on the hazards of chemicals. The change in ecosystem 



13 

contributing towards increased pests and diseases incidence has resulted in excessive 

load of chemicals on tea bushes [1 0]. Proper identification of pests and disease is also 
very essential because application of any chemical against non-target may have an 

adverse effect. In some cases, application of some chemicals tend to increase insect 
pests by affecting the natural parasites and predators of the pests and thus causing 

their resurgence [11]. 

So, it is evident that crop production management is concerned with identification and 

betterment of parameters such as soil , irrigation, drainage, pruning etc. to increase 
yield growth. It is a long-term practice and requires master planning for years even for 
decades. On the other hand, crop protection management is concerned with the 

identification and control of factors causing major damage to the harvested crop, mainly 

insect pests and diseases. Insect pests and diseases are the problems in tea cultivation 
throughout the year and throughout the cultivation irrespective of their geographical 

locations . The protection management should have the ability to suggest the prompt 

and rational actions to be taken for crop protection. This work mainly concentrates on 

the second issue i.e., protection management. This is usually done by human experts. 

But, however, they are really a scarce commodity at per the requirements of this wide
spread industry. To cover the complexity of the domain as well as mitigating the 
scarcity of domain experts one may consider an automated consultation system in an 
AI and ES framework as an alternative. 

A good number of attempts (chapter 3) have been made to develop such expert 
systems I knowledge based consultation systems in agriculture with their relative 
success and failure . But, however, to the best of our knowledge not so much of the 
issues relating to tea garden problems, at least in Indian environment, have been 

addressed in th is context. In this work an attempt have been made towards the 
development of a consultation system for the domain in an AI and ES framework to 
meet up the requ irements , at least partially, of the domain. Attempts have also been 
made for the development of novel Al-based technological artifacts suitable for the 
domain. 

1.3. Usage and benefits 

For successful implementation of an expert system , the issues related to its usage and 
benefits should be considered before the development starts. Various aspects of the 
usage issues are particularly important such as (i) benefits of usage of the system to 
different potential users; (ii) who will use it and how; (iii) what problems users might 

face and how to overcome or minimise such problems and (iv) how the question
answer sequence should be tailored . 
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1.3.1. Levels of usage of a technical artifact 

There are three levels of usage of a technological artifact as discerned by Hart [12]. 
The first level, the lowest level ·is concerned with technological features, the 
components that do not stand alone. The design of such features or components is 
concerned at this level. The middle level is concerned with whole entities rather than 
components and the actions or tasks they carry out. At the third level, the top level, we 
are concerned with the role of the entities rather than their actions or tasks. Tasks are 
reasonably well defined, even though there may be variants among the components of 
which they are made. They have little meaning in themselves and are carried out in 
fulfilment of rules, which give them their meaning. Hart characterised the difference 
between tasks and role by starting that tasks could be entered in a diary while roles (he 

gave the example 'Love thy neighbour') could not. Hart pointed out that the three levels 
are irreducible to each other. 

On the other hand, Gillies [13, 14] suggests that there are three levels of human 
computer interaction: physical, task, and organisational. The physical level concerns 
the user interface. The task level, the business tasks that the primary user undertakes 
while at the user interface. The organisational level concerns the organisational 
purpose of the tasks. This suggests that benefits which stem from such interaction can 

also be separated into three types, corresponding to three levels. Thus, for instance, 

speedier obtaining of a budget estimate would be a benefit at the task level; and 
speedier completion of the project proposal, of which a budget estimate is one part, 
would be a benefit at the organisational level. 

The similarities between Hart's and Gillies' levels should be obvious, especially at the 
task level, but the differences are important. Hart's lowest level concerns any 

component of the whole entity and in the case of software, this means not just the user 
interface but also other features and facilities. While Gillies' highest level is 
differentiated from the task level by moving from the single user to the organisation, 
Hart's is differentiated by the addition of meaning or purpose. While it is often the case 
that the organisation does supply the purpose of tasks so that there is indeed a strong 
correlation between the two top levels, Hart's top level is not restricted to consideration 
of organisations. Hart's taxonomy seems more exhaustive and contains less ambiguity. 

1.3.2. Usage of expert systems 

The use of an expert system can be better understood by using Hart's taxonomy. At the 
lowest level, the modules such as answering questions, using the explanation facility or 
using the help facility are concerned. It is at this level that discussion of the features of 

. 
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an expert system becomes important- what type of explanation it gives, which types of 
reasoning it employs, etc. 

The middle level is concerned with the expert system as a whole, rather than its 
components and features. We are concerned with the individual users and which takes 
the expert system supports. The classification of expert tasks by Stefik et al. [15] such 
as prediction, diagnosis, planning etc. are largely relevant at this level, while 
consideration of features is largely technology concerned or involves only the primary 
user's actions at the user interface and consideration of tasks involves the primary 
user's actions within their immediate organisation. 

The top level is concerned with the role of the users play in, making use of the expert 
system and the purpose for which they carry out the tasks that are supported by it. 
Basden [16] proposed a list of roles such as consistency, checklist, program, 
communication, knowledge refinement, training and demonstration which the expert 
systems might fulfil regarding their applications. But, one can observe that this list was 
ill formed and is confusing, since it focuses on the roles the software plays rather than 
the roles of the human actors. Some of the list are true roles, if translated to the 
perspective of the human user. For example, by 'communication' it was meant for the 
clarification and spreading of expertise; and by 'consultancy' it was meant for enabling 
a person to solve a problem by the provision of expert advice. Both these are examples 
of roles. But by 'program' it was meant that the expert system shell could be used 
simply as a language in which to write programs arid this is not the role: writing a 
program is a task. 

It is a fact that an automated knowledge-based consultation system should be useful 
for improved protection of tea crop. It might not be feasible to provide an entomologist I 
plant pathologist for each tea garden whereas the proposed system can be operated 
by the general tea garden workers. This happens to be the primary benefit of such a 
system expected to mitigate such expertise. Worthwhile to note here that tea 
management trainees work with the expert guidance at training centres, this system 
should certainly work as a companion of theirs. Even, the system may be used by a 

management personnel for a second opinion. The overloading problem of an expert is 
expected to be relieved to some extent by the use of this system. It may also be used 
by the tea management trainees as 'training kit'. 

From the above discussions, it is evident that the common users of the system will be 
the general workers of the tea gardens who may not have the exposure to AI and 
expert systems technology. Even, they may not have any basic training of computers. 
However, such types of introductory ideas on computers are now being introduced in 
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school levels in different institutes. Possibly, the by-product of the above situations· is 
the lack of motivation and/or a kind of inertia to maintain the traditional systems. The 
situation should certainly be improved by the co-ordinated efforts from the tea garden 
authorities and the Tea Board of India. One-week intensive course would be adequate. 
In the initial phase of such use, an easy developer-user interaction should certainly be 
encouraging to minimise such problems. 

The question-answer sequence should be tailored: (i) to the needs of the region and (ii) 
to the users' level. As the users are the field supervisors or the common workers of the 
tea garden, obviously, question-answer sequence should not have any knowledge from 
the intimate area of entomology or plant pathology. It should only be concerned with 
the associated terms of usual cultivation field. 

1.3.3. Benefits 

If there are three levels at which usage of an expert system can be discussed then it is 
not surprising if there are three levels of benefits, each pertaining to a different usage 
level. Basden [16] proposed three levels at which benefits accrue: (i) feature benefits, 
(ii) task benefits and (iii) role benefits. 

Feature benefits are those advantages that arise from technological features of 
functionality and user interface. Ease of manipulation can arise, for instance, from 
graphical user interfaces. An example found in DTI [17] is 'critical items are highlighted'. 
Task benefits are those which arise from using the expert system to support a task. 
Examples in DTI [17] include 'fewer changes to schedule' and 'improved visibility of 
requirements'. Role benefits arise from the effect the expert system has on the roles 
the user fulfils by carrying out the supported task, such as 'improved supplier relations', 
which in DTI [17] is seen to arise from the two task benefits above. 

While it is useful to be able to classify benefits into three sets, there is indication of 
some form of causal, or at least enabling, link between them. Feature benefits can lead 
to task level benefits, which can in turn lead to role level benefits as shown in fig. 1.1 0. 
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It is role benefits, rather than feature and task benefits, that are a determiner of the 
success or failure of a system since, as discussed above, tasks and features find their 
meaning only in the context of a role. It is now easy to view the expected benefits of the 
proposed system at per the tripartite division: feature benefits, task benefits and role 
benefits as shown in fig. 1.11. 
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From the above fig. 1.11, it is seen that the links are many-to-many rather than one-to
one. Thus, a feature benefit can enhance a number of tasks and a given task may 
require several feature benefits. Moreover, though there is some causality of the links, 
while others are merely enabling. Further, there are other factors which influence the 
operation of each link, such as working practices, organisational norms and attitudes of 
users or others around them. 
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1.4. Aim of the work 

The aim of the present work is to apply AI techniques in tea garden management. This 

we intend to do in steps. We initially have tried to explore the present status of the 
domain which helped us in understanding the needs of the domain. This work 
considers two management issues: Insect pest management; and Disease 

management. To meet up the needs of the tea domain, at least partially, an attempt 
has been made to develop expert systems or knowledge based consultation systems. 
Emphasis has been given on different potential issues concerned with an expert 
system development. Potential issues such as (i) required expert system architecture, 
(ii) knowledge acquisition and representation, (iii) uncertainty management, (iv) expert 
system tool selection, (v) user interface I usage issues, (vi) performance evaluation etc. 
have been considered. 

Initially, we have developed the conventional expert systems for tea insect pest and 
disease management on the single user (PC based) platform. They produced 
impressive results when compared with that of the human experts. Being inspired with 
the performance and to solve the problems such as (i) availability, (ii) software 
distribution and (iii) communication, associated with the conventional expert systems 
[18], we have extended our efforts to develop Web-based versions of these expert 

systems so that they can be globally accessible. 

The process of building an expert system is inherently experimental [19]. The 
applicability of different potential issues pointed out above has been studied in different 
steps of the development. Moreover, expert system development is the first and 
foremost software engineering [20] and therefore, there has been an attempt in the 
study to consider some software engineering issues. 

Lastly, in this study, an attempt has been made to design and implementation of an 
alternative approach for classification type of problems using cas~-based model. This 

model is then tested for insect pest management for tea gardens. As a method of 
building intelligent reasoning systems, case-based reasoning has appeal because it 
seems relatively simple and natural. A big. problem in reasoning in expert domain is the 
high degree of uncertainty and incompleteness of knowledge involved. Case-based 
reasoning addresses those problems by having the reasoner rely on what has worked 
in the past. Case-based systems also provide efficiency. 
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1.5. Summary of the work 

The scheme of the presentation is as follows: 

Chapter 2 of this thesis contains a brief survey on major insect pests and diseases 
active in tea cultivation. The symptoms of damage observed on tea plants and the 
morphological characteristics of insect pests have been studied. The identification 
symptoms of diseases are also studied in details. Moreover, an attempt has been made 
to give an account of loss due to pest and disease infestation in different gardens of 
Dooars region, India. 

Chapter 3 contains· two important issues: (i) why it is an expert system domain; and (ii) 
what requirements the domain lays on an expert system. This chapter initially 
discusses, in brief, what is artificial intelligence and expert systems, categories and 
application areas of expert systems, components of a typical expert system, general 
desirable features of an expert system, different stages of an expert system 
development, rule based vs. model based systems etc. and lastly, the above mentioned 
two important issues (i) and (ii) have been presented. 

In chapter 4, we have presented the issue of knowledge engineering with two aspects: 
(i) knowledge acquisition and (ii) knowledge representation. Under the first issue, levels 
of knowledge and knowledge categories have been discussed. Next, we have explored 
different issues of knowledge acquisition - their merits and demerits. Here we have 
also pointed out the prime sources of knowledge acquisition used in the current 
research. Under the second issue, we have discussed different schemes for knowledge 
representation - their merits and demerits. We have also discussed the relative 

suitability of the methods in context to the present problem domain. 

Chapter 5 deals with the issue of selection of an appropriate expert system tool. A 
detailed study has been provided here among three types of tools:· Al-languages, tool 

kits and shells. 

Chapter 6 deals with the issue of uncertainty management. The sources and nature of 
inexactness have been identified and discussed with examples. A suitable analysis of 
different methods of handling inexactness which seem(s) to be most sympathetic to the 

problem domain at our hand have been provided. 

In chapter 7, we have presented TEAPEST: a rule-based object-oriented expert system 
for insect pest management in tea. The issues of knowledge engineering, GUI, system 
design, implementation and performance evaluation have been presented. 
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Chapter 8 presents TEAD/SEASE: a rule based object-oriented expert system for 
disease management in tea.· The issues of knowledge engineering, GUI, system 
design, implementation and performance evaluation have been presented. 

Chapter 9 presents the Web-accessible consultation systems of TEAPEST and 
TEADISEASE namely TEAPEST/ WWW and TEADISEASE/ WWW. Initially, the 
benefits of using expert systems through the Internet have been discussed. Next, the 
technological artifacts for transference of stand-alone PC-based consultation systems 
to Web-accessible consultation systems have been discussed. The implementation 
details arid the performance evaluation have been placed. One can visit the Web-site: 
http://samanta_rk.tripod.com/homepage.html for accessing our systems. 

In chapter 10, we present a model for case-based learning as an useful technique for 
deve_loping knowledge-based systems. This model is then tested for insect pest 
management for tea gardens. 

Chapter 11 presents the design and implementation of a case-based classifier 

approach. Performance evaluation has been presented taking cases from tea gardens. 
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Chapter 2 

Tea Insect Pests and Diseases 

2.1. Introduction 

Tea is one of the major crops of India and the demand of tea is gradually increasing. 
But the land under cultivation is not increasing significantly to keep peace with the 
raising demand of productivity. For India, to retain its major share in the world market 
as well as to meet up its domestic demand, efforts are to be made to find out the 
productivity barriers. Undoubtedly, insect pests and diseases are identified as two 
prime productivity barriers which demand a continuous attention throughout the year. 

As a long-lived woody perennial and monoculture, tea provides a stable microclimate 
and continuous supply of food for rapid build up of phytophagous species that include 
mites, insects and eelworms. This accumulation takes place rather rapidly, enabling the 
phytophages to reach an asymptote level within a perceptibly shorter time [1 ]. There is 
also simultaneous presence of different species of mites and insects, each with their 
characteristic mode of feeding, diverse habitat and seasonal cycles. Information on tea 
pest biology in North-East India can be obtained from Das [2] and Banerjee [3] and that 
of South India by Muraleedharan [4, 5] and Cranham [6]. 

The tea plant like any other living plant is susceptible to attacks by diseases as it has 
been forced to grow under varying climatic and soil conditions remote from its natural 
environment. As tea is a perennial crop of pure stand extending over a period of about 
40 to 100 years and over a vast area, it affords a happy hunting ground for diseases of 
different types. Vegetable organisms responsible for the disease of higher plants are (i) 
fungi (ii) algae and (iii) bacteria. Of these, the first two are known to cause diseases on 
tea while the third (bacteria) is so far unknown to do so. All the recognised tea diseases 
are caused by fungi except Red Rust of which the cause agent is an alga. 

To reduce the crop loss by the insect pests and diseases, application of some 
chemicals (pesticide and fungicide) plays a vital role. Pesticides and fungicides are 
xenobiotic substances which are used in crop for the control of insect pests and 
diseases. The application of pesticides and fungicides to field crop like tea implies 
emission to the environmental components to air and soil. However, there are immense 
differences in the degree to which chemicals are mobile and biologically active in the 
environment. In the recent years, there has been a greater dependence on the use of 
chemicals with little importance laid on the hazards of chemicals. The application of 



~· 

24 

chemicals also invariably leaves toxic residues in made tea. Indiscriminate use of 
chemicals may lead to high deposition of toxic residues . beyond the permissible 
Maximum Residual Limits (MRL) fixed by various international agencies like EPA, EEC, 
WHO etc. So use of approved pesticides and .fungicides are very essential. Under 
Pesticide Act of Govt. of India, the Tea Research Association of India has approved 
some chemicals to be used in tea as pesticides and fungicides. 

It is evident that to control the diseases of tea, not only the chemical measures but 
some cultural practices have positive contributions. A suitable blending of chemical 
fungicides and adequate cultural practices is more effective. Cultural practices 
subsequently reduces chemical hazards in an indirect way. 

In the next section, the major insect pests of tea, their classification, morphology and 
characteristics of damages have been discussed. Section 2.3 contains the major 
diseases of tea and their damage symptoms. In section 2.4, an account of damage 
caused by insect pests and diseases of some tea gardens in India are presented. In the 
next section, we present the chemicals approved and recommended by Tea Research 
Association for tea, their technical names, types, toxicity, persistence and the MRL 
values fixed by various agencies. At last in section 2.6, some cultural practices in tea 
have been discussed. 

2.2. Major insect pests of tea 

The phytophagous species that cause damage to tea include insects, mites and 
eelworms. These phytophagous species are quite numerous, more than 300 species of 
insects, mites and eelworms are active in tea areas, though not all at the same time [3]. 
Some of them are region specific. The species who make a considerable damage 
above the economic threshold level have been considered in our work and classified 
under five groups (i) mites (ii) sap sucking insects (iii) leaf eaters (iv) stem insects and 
(v) other pests. The classification is shown in fig. 2.1. 
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Fig. 2.1. Classification of major tea insect pests. 

2.2.1. Mites 
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Out of 12 species recorded [7], 4 species (red spider, scarlet mite, pink mite and purple 
mite) are very common and present on tea at varying density almost throughout the 
year. They start increasing in numbers from March and their population peaks between 
April and July. A second but small peak may develop during October-November. Each 
species produces their own characteristic symptoms of damage without overlaps. 
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2.2.1.1. Red spider (0/igonychus coffeae (Nietner)) 

Amongst the major pests of tea in North-East India, the red spider is the most widely 
distributed and responsible for a considerable loss of crop. Even in the earliest days of 
cultivation, it was regarded as one of the major pests. 

Immediately after hatching, the six legged larva is almost round yellowish orange but 
the colour subsequently turns to pale orange. After the first mould the larva becomes a 
protonymph which has four pairs of legs as in the deutonymph and the adult. The body 
is somewhat oval, the anterior part being pale crimson and the abdomen deep reddish 
brown. The adult female is elliptical, the posterior end of the abdomen being broadly 
rounded and dark purplish brown in colour. The male is smaller and has a slimmer 
body, the abdomen being much narrower almost tapering to a point. 

The red spider normally attacks the upper surface of mature leaves but in severe 
attack, young leaves are also attacked and the mites then spread to undersurface. The 
damage is characterised by reddish brown spots but as a result of repeated sucking, 
brown patches are formed and ultimately the whole upper surface turns brown and 
bronze. The badly damaged leaves may dry up and fall off. The growth of the affected 
bushes is retarded. In case of severe infestation, the bushes may be completely 
defoliated leading to a considerable loss of crops. 

The development rate and normal biological performance of red spider depends on 
various climatic conditions like temperature, humidity, light intensity, NPK status of soil 
etc. Microclimatic conditions, particularly light perforation within tea shade canopy 
regulates the distribution of red spider mite. The growth and development cycle of the 
mite also changes with cultivation characteristics which include the morphological and 
biochemical attributes of Assam and China varieties of tea. The mite shows a marked 
preference for erect leaves in China varieties of tea [8]. 

2.2.1.2. Scarlet mite (Brevipa/pus phoenicis (Geijskes)) 

Though the scarlet mite was initially found in Dooars and Darjeeling but now it has 
been spread to all over India and demands a considerable attention. The freshly 
hatched larva is dull red and has three pairs of legs. After a few hours of feeding, black 
markings appear on the dorsal surface of body. After the first mould it becomes a 
protonymph which has four pairs of legs as in deutonumphs and adults. The adult male 
is flat, somewhat elongated oval, scarlet in colour, with black markings on the dorsal 
aspect. The males are scarlet. 

It inhabits the undersurfaces of the leaves and sucks leaf sap and ultimately prevents 
the flow of nutrients into the leaf lamina. This mite causes a chronic and insidious 
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damage characterized by a general yellowing of the leaves and brownish discoloration 
of the mid-rib along the under surface. Occasionally in case of severe infestation, the 
underside of the affected petiole splits and dries up causing premature leaf fall and the 
bushes might be completely defoliated. Although differing in taxonomic details, 
similarities exist in the biology and behavior of three species of scarlet mites [9]. 

2.2.1.3. Pink mite (Acaphyl/a theae (Watt) Keifer) 

The pink mite is one of the vital members of the mite family. It is widely distributed in all 
tea cultivation and is responsible for heavier crop losses [1 0]. The nymph is elliptical in 
shape, white at first, gradually becoming orange. It has two pairs of legs directed 
forwards. The adult female is carrot shaped and orange in colour. 

It prefers both surfaces of the leaves but is usually more numerous on the 
undersurface. Affected leaves turn pale yellowish, assume a dry and leathery texture 
and ultimately become crinkled. The mite could become a serious problem on young 
tea during cold weather. The bushes present a sickly appearance with stunted growth. 

2.2.1.4. Purple mite (Ca/acarus carinatus (Green)) 

The purple mite is the serious pest both in South and North-East India [11]. The young 
nymph is pear shaped tapering posteriorly and is cream coloured gradually turning 
purple. It has two pairs of legs placed anteriorly. The adult is deep purple, spindle 
shaped with five prominent white waxy ridges on the dorsal aspect of the abdomen. It 
has two pairs of legs. 

The mites prefer the upper surface of the leaves. Older leaves are preferred but in 
heavy attacks young leaves are also equally infested. The characteristic damage 
symptom of purple mite is copperish bronze discolouration on leaf surface which is 
more marked at the margins, particularly on the upper surface. The affected leaves 
eventually dry up and fall off. The badly infested leaves, when examined with a hand 
lens, are found to be dusted with white particles. 

The distribution and abundance of the mites have been related to climatic factors like 
ambient temperature, rainfall, shade and cultural practices. Though it is not clear which 
one is most important, indeed the relative contribution of each of these factors in 
regulating the peaks and troughs in mite population is not known. 
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2.2.2. Sap sucking insects 

Some hemipterous insects continuously suck the leaf sap making the young shoots 
completely unproductive. The major sucking insects which demand continuous 
attention are Helopeltis, Jussid, Thrips and Aphid. 

2.2.2.1. Helopeltis (He/ope/tis theivora Waterh.) 

Helopeltis is a serious pest throughout India. It is popularly known as "Tea Mosquito". 
This was a destructive pest of tea even in 1865 in Cachar and a company lost about 
22,727 Kg of crop for which a Commission was appointed by the Govt. in 1885 and 
1887 to look into the problem [12]. Watt and Mann [13] mentioned that the bug was 
recorded in the South and North Bank of the Brahmaputra, Cachar, Terai, Dooars and 
Darjeeling to cause damage to tea. 

A severe outbreak of the pest occurred in the Dooars, partially in the Nagrakata Sub
District in 1958. The loss incurred by eleven gardens in the Nagrakata Sub-District was 
estimated to be about 7,50,000 Kg of made tea [12]. From early eighties, built-up of 
Helopeltis was recorded again in the Eastern, Central as well as Western Dooars, Terai 
and Darjeeling and considerable damage to crop was reported. Many gardens list 
about 40-45 thousand Kgs of made tea in the Dooars. 

The freshly hatched nymph is dirty yellow with bright pink antennae and eyes. The 
nymph undergoes four moults before becoming an adult. The general colour of the first 
and second instar nymphs is greenish yellow, but it becomes green in the late instars. 
The adult is a tiny insect with head black or olive green, thorax pale yellow and black 
and the abdomen yellowish and greenish black. The antennae are long and the horn is 
strongly recuNed to the rear and terminated by a large knob. 

The nymphs and adults of Helopeltis suck the sap of the young leaves, bud and tender 
stems and inject toxic saliva which causes the breakdown of tissues surrounding the 
puncture. Within 2-3 hours of sucking a circular spot is formed around the sucking point 
and in 24 hours the inside portion of the ring becomes translucent, light brownish and 
within a few days the spots appear as dark brown sunken spots which subsequently dry 
up. The badly affected leaves become deformed and even curl up. Near the apex, the 
tissues of the tender stems turn dark brown and the shoot die back. In a severe attack, 
bushes virtually cease to form shoots and affected area may not flush for weeks 
together. 
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2.2.2.2. Jussid (Amrasca (Empoasca) flavescens Fab.) 

Jussid is one of the major sap feeder for several cultivated crops and also for tea [14]. It 
is commonly known as the 'Green Fly' and widely distributed in all the tea growing 
districts of North-East India and Darjeeling. The newly hatched nymph is a colourless 
small insect with pink eyes but soon after feeding it becomes slightly yellowish green in 
colour. The adult is a small yellowish green insect, the forewing being pale yellow; 

The insects suck the sap of young leaves and growing shoots of tea and makes a 
considerable damage. The damage is caused by both adults and nymphs which suck 
the sap of young leaves and occasionally tender stems but the nymphs are responsible 
for greater damage than the adults. The affected leaves become uneven and the 
leaves usually curl downwards, the margins become re-curved and subsequently turn 
brown and dry up. This particular characteristic symptom is known as the 'rim blight'. 
Normally the attack is confined to the undersurface of young leaves. The mid-rib and 
veins of the affected leaves may also show somewhat brownish discolouration. There is 
hardly any sign of puncture marks but occasionally faint brownish speakes can be seen 
later at the site of feeding when examined under a microscope. Pruned tea is prone to 
Jussids, particularly during drought. Damage during this period prevents shoot growth 
causing the leaves to remain shunted and eventually these leaves dry up and fall off. 

2.2.2.3. Thrips (Taeniothrips setiventris Bagnall.) 

This insect is a major problem in Darjeeling when new shoots start coming up after the 
cold weather and causes a considerable damage. Several species of thrips infest tea 
recovering from pruning and older tea under plucking [3]. The nymphs are pale yellow. 
The adult female is a minute yellowish brown insect with a dark brown abdomen and 
two pairs of brownish wings fringed on both margins with long hairs. The male is slightly 
smaller than the female and is golden yellow except for the hind end of the abdomen 
which is brown. 

Damage is caused by adults and nymphs mostly to the buds and young leaves, though 
occasionally petioles are also affected. The adults and nymphs live inside unopened 
buds and partially opened buds and on young leaves. The initial symptom of attack is 
light brownish discolouration of tip and basal part of leaf. The badly affected leaf 
presents a roughened appearance and becomes deformed and may curl up. While 
feeding, they make small spots on the leaf surface in scattered patches or in 
continuous lines. This typical symptom of continuous lines on the under surface of the 
leaves are called "sand papery" lines. 
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2.2.2.4. Aphid (Toxoptera aurantii Boyr de Fons.) 

The tea aphid is one of the most common pests in India. It was first observed in 1873 
on tea in Jorhat then in Kumaon in 1885 and shortly afterwards in Darjeeling [12] . 
Pruned sections suffer more from worst attack of aphids because during that period 
migration of winged aphid starts and they settle on almost all the new growths of buds 
and shoots . It is a small insect with greenish colour. The adults and nymphs of aphids 
are found on tender stems, buds, petioles and lower surface of tender leaves along the 
mid-rib. They suck the plant sap and as a result leaves crinkle and curl inwards. 

2.2.3. Leaf eaters 

The caterpillars are the major leaf eaters and are the most destructive pests in tea . In 
both young and late instars, caterpillars completely eat both old and young foliage 
leaving out only the skeleton. In severe attacks, the bushes are often completely 
stripped of their leaves. There are various types of caterpillars active in tea. 

2.2.3.1 . Looper caterpillar (Buzura (Biston) suppressaria Guen.) 

The looper caterpillar is a destructive pest which demands constant attention . In recent 
years it's activities have greatly increased and has become endemic to many gardens 
where it was unknown in the past. Though it was first reported in 1890 but around 1900 
it caused considerable damage to tea in Dooars and Cachar [15] and since then it has 
occurred from time to time and has been responsible for considerable losses in tea in 
Upper Assam, North Bank and Dooars. 

The young caterpillar is dark brown with greenish white lines along the back side and 
has a brownish head. The body colour soon turns to light green and with edge, it 
acquires a brownish tinge and ultimately attains brownish grey colour. The caterpillar 
has in addition to three pairs of tiloracic legs, a pair of prolegs on the sixth abdominal 
segment and a pair of claspers at the hind end of the body. 

The young caterpillars at first eat out very small holes along the margins of young 
leaves and then bite of small pieces at the margins. As they grow in size the leaves are 
more or less completely eaten away. The bushes are often completely stripped of their 
leaves. 

2.2.3.2. Bunch caterpillar (Andraca bipunctata Wlk.) 

The bunch caterpillar was reported as a very widely distributed pest occurring over 
almost all the districts in North-East India [13] . They defoliates the bushes virtually 
within hours. The freshly hatched caterpillar is light yellow with the head and first 
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thoracic segment blackish brown. The body is covered with long, stiff, white hairs. The 
full grown caterpillar is about 65 mm long. Head and thoracic segments are brownish 
black and the body is covered with fine hairs. It is tawny yellow with a reddish tinge and 
broad blackish brown transverse bands running on each body segment crossed by a 
number of yellowish longitudinal lines. In addition to three thoracic pairs of legs, there 
are four pairs of pro legs and a pair of claspers at hind end of the body. 

From the third instar, the caterpillars stay in close physical aggregation and form typical 
clusters on the branches during the day, but at night these aggregations break up and 
they start feeding voraciously. The branches on which they form clusters are 
completely stripped of their leaves. The caterpillars become full-grown after ravaging a 
few more bushes. 

2.2.3.3. Red slug caterpillar (Eterusia magnifica Butl.) 

The red slug caterpillar is one of the major pests of tea in North_East India. During 
nineteen fifties and sixties, they appeared and disappeared suddenly after causing 
severe damage within a short period but now they occur almost regularly every year 
beginning from early part of the season [12]. 

The freshly hatched caterpillar has a dirty white colour with two sub-dorsal strips 
running almost parallel from the third thoracic to the eighth abdominal segment. There 
are three rows of small round hair-bearing tubercles on each side of the body. The full 

,grown larva is slug like, about 25 mm long, brownish red to brick red with a brown 
head. In addition to three pairs of thoracic legs, it has five pairs of prolegs, the anal pair 
being the largest. 

The caterpillars at first eat out holes and bites off edges and when they grow in size the 
whole of the leaf is damaged. The caterpillar prefers mature leaves but if matured 
leaves are not sufficiently available like in pruned tea, they might attack the bark of one 
or two year old stems. In severe infestation, the bushes may be completely stripped of 
their leaves and even the bark of older stems are not spared. · 

2.2.3.4. Lobster caterpillar (Stauropus alternus Wlk.) 

Being localised and confined to a few scattered bushes the lobster caterpillars are not 
causing serious damage to tea over a wide area. The full grown caterpillar is 40 to 50 
mm long and has large brown head. The body colour is variable, brownish tinged with 
green or grayish black with black patches or mottled light and dark brown, speckled 
finely with white dots. The last three abdominal segments are dilated at the sides into a 
flange. In general appearance the larva resembles a dry crumpled leaf. 
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The attacked bushes may be completely stripped of leaves within few days. It eats 
away all the leaves of the branch on which it is present and then moves to another 
branch. Their migration from one bush to another is very limited and occurs only when 
the bush on which they are active has been completely defoliated. 

2.2.3.5. Orygia (Orygia sp.) 

This caterpillar was recorded by Das and Roy in 1982 [12 ] to be occurring in a number 
of tea bushes of Central and Western Dooars and Darjeeling. The full grown caterpillar 
measures about 30 mm in length. The general body colour. is blackish. The head is 
reddish. On the dorsal surface of the last abdominal segment, there is a thick bunch of 
brownish hairs directed posteriorly. 

In first instar they feed on the epidermal tissue of the lower surface of matured leaves. 
As a result of damage small holes are formed on the leaf surface. Caterpillars on the 
other instars feeding from the margin of the tea leaf and in bad infestations the bushes 
may be severally defoliated. 

2.2.3.6. Euproctis (Euproctis subnotata Wlk.) 

This caterpillar was first recorded by Das and Goswami [16] in Upper Assam to cause 
serious damage to mature teas. Th~ caterpillar appears in March-April and June-July 
and then the population gradually declines. The full grown caterpillar is about 20 mm in 
length. The body is pale yellow with greenish tinge and head pale brown. Black spots 
are present on the upper surface of abdominal segments. 

The early instar caterpillars feed on the epidermal tissue and skeletonise the leaves but 
the grown up caterpillars feed from the margin of the leaves and in severe infestation 
the mature bushes are badly defoliated, even the tender shoots are not spared. 

2.2.4. Stem insects 

2.2.4.1. Common red borer and Large stem borer (Zeuzera coffeae Nietner. & 
Casmara patron a Meyr.) 

The common red borer is widely distributed as a pest of tea and has been reported to 
cause severe damage to nursery plants. The full grown larva is pinkish to purplish 
brown in colour with a brown head. The ninth and tenth abdominal segments are 
reddish brown. 

The larva bores into the tea stem and as a result the leaves of the branches eventually 
die. Thick branches may not die back immediately but they remain unproductive and 
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liable to break off easily. The attack can be very serious in case of nursery seedlings 
and young plants since the main stem is affected. 

The mode of attack and nature of damage of large stem borer are similar to that of the 
common red borer but the tunneling is more extensive and the thicker stems are also 
affected. 

2.2.4.2. Shot hole borer ( Xyleborous fomicatus Eichh.) 

Das in 1965 [17] recorded the attack of the shot hole borer on healthy young tea over 
an area of 1.5 hectares in an estate near Jorhat, Assam. The damage symptoms are 
die-back of the shoots, yellowing of the leaves and subsequent defoliation. The 
affected branches break off at the slightest disturbance. The adults construct irregular 
galleries in the stems and pin head like holes are formed on the surface of the stems 
and collar region which are the exit holes of the adults. The borers show preference for 

·the nodes and much of the die back is caused due to damage after pruning. 

2.2.4.3. Bark eating borer (lnderbela theivora Hamps and lnderbe/a quadrinotata 
Wlk.) 

The bark eating borer is usually found on scattered bushes in almost all gardens in the 
plains but in unhealthy tea, it often occurs in a severe form and may cause 
considerable damage to bushes. The full grown larva is about 25 mm long with a dark 
brown head and dark patches on the body segments. The prolegs are present on 3rd to 
61

h abdominal segments and daspers on the anal segment. 

The larva bores a small hole in the stem, specially in pruning cuts, snag or knot for 
retreat. It spins a spiral run round the stem which is composed of fragments of bark and 
excreta bound together with silk. In addition to damage caused to the bushes, the hole 
in which the larva takes shelter provides a suitable place for the entry of fungal 
parasites such as Poria sp. 

2.2.4.4. Gazipore bark eating caterpillar (Ptochoryctis simo/enta Meyr.) 

The full grown caterpillar is about 13 mm long, dark red brown with a black head. This 
bark eating caterpillar does not bore into the wood but builds a raised thin case at some 
convenient places on the bush and feeds on the bark under this case. Another similar 
bark eating caterpillar is the yellow bark eating caterpillar (Comocritis pieria Meyr) 
which is very common in all tea estates and often occurs in a serious proportion, 
particularly in the Dooars and Darjeeling. 
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2.2.5. Other pests 

Other than the above specified groups, there are various pests active in tea which 
requires some attention. 

2.2.5.1. Termites ( Microtermes sp., Microcerotermes spp., etc.) 

There ten different species of termites both live wood eating, scavenging and mound 
builder were recorded from tea in North-East India and both are responsible for 
considerable damage to young and mature teas. At least 15 per cent of total crop is 
annually lost due to the attack of termites [18]. Termites are highly organised social 
insects living in colonies and this social organisation is said to prolong the period of 
immaturity and increases their destructive potentialities. 

Termites first attack the dead wood resulting from borer or fungal attacks, branch 
canker, pruning cuts etc. Fine channels are then excavated along the heart of the wood 
and these are progressively enlarged and eventually the stems· are hollowed out 
leaving a thin layer of wood and the bark. The attack gradually spreads to other 
branches causing destruction of the frame and main stem and ultimately resulting in 
death of bush. 

2.2.5.2. Flush worm (Laspeyresia Leucostoma Mayer.) 

It is the larva of a moth which attacks a few top leaves tying them together. The first 
severe outbreak of this pest was occurred in Cachar and Darjeeling in 1956 and 
subsequently spread to other districts causing considerable damage to tea for two to 
three years. The full-grown larva is 9 to 10 mm in length and is greenish or brownish. 
The head is yellowish or brownish. There are four pairs of prolegs and a pair of 
claspers. 

The larva normally attacks the young shoots. The young larva feeds by scraping off the 
tissues of the epical portion of the bud. The leaf becomes rough; thick and brittle in 
texture with brownish discolouration of damaged surface. The quality of tea is also 
being hampered by the flush worm attack and the infusion prepared from damaged 
shoots is so 'flat' that it is virtually undrinkable. 

2.2.5.3. Scale insects (Eriochiton theae (Green), Pinnaspis theae (Maskell) etc.) 

Scale insects are one of the important pests which attack the foliage and stems of tea. 
So far 44 species of scale insects have been recorded from tea in North-East India. 
They basically suck the sap from leaves and stems. Badly damaged leaves turn yellow 
and fall off. In some cases the damaged parts of the leaves show brownish 
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discolouration, leaves crinkle and curl inwards and leaf surface presents .a rough and 
wavy appearance. Badly infested shoots show symptoms of die-back and become 
unproductive, occasionally swelling at the site of infestation, die-back of main stem of 
young plants are also observed and defoliation also takes place. Young colonel plants 
and seedlings are occasionally in poor growth. 

2.2.5.4. Tea tortrix (Homona coffearia Nietner.) 

It was first recorded by Watt & Mann [13] but was not considered to be a serious pest. 
Although it was not considered as a major pest, it had on occasions been found to 
cause considerable damage to tea seedlings in nurseries. The larva is about 23 mm 
long. The body is green, the head and the pro-thoracic plate are shiny black. There are 
four pairs of prolegs on the 3rd to 61

h abdominal segments and a pair of claspers on the 
last segment. 

The larva ties up margins of a young leaf usually the first leaf, often enclosing the bud 
and feeds at the margins. It also often fastens two leaves one above the other and 
being stationed inside feeds upon the edges and epical portions. 

2.2.5.6. Tea leaf roller (Gracilaria theivora Walsm.) 

The tea leaf roller is known from the early days of tea. Watt & Mann [13] considered it 
as a serious pest. However during 1988 the intensity of attack of this insect was quite 
high in Jorhat circle where 40 to 60 % of the shoots and matured tea were badly 
affected [12]. The larva is about 8 to 10 mm in length. The head is black and the body 
is pale yellow in colour. The larva in the first instar is a leaf roller but subsequently it 
rolls up the leaf from the apex downwards and feeds inside. As feeding proceeds, the 
leaf is further rolled up until about a half of it is eaten away and then it migrates to 
another leaf. It usually attacks the second and fourth leaves and if an outbreak occurs, 
the damage thus caused may be serious. 

2.2.5.7. Sandwich caterpillar (Agriophora rhombata Mayer.) 

Occasionally it appears in a severe form and causes considerable damage to matured 
leaves of pruned tea during the winter. There are reports of outbreaks of this pest in a 
few gardens of Jorhat circle in recent times. The body colour of the larva is dirty brown 
with a pale yellow band running along the mid-dorsal line, the underside being orange. 
The head and the last abdominal segment are dark brown. There are four pairs of 
prolegs and the claspers on the last segment. 

The larva draws a few mature leaves and places them one above another and feeds 
there. The excreta and unconsumed pieces of leaf tend to decompose the damaged 
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leaves. In an epidemic outbreak after pruning and during the early part of the flushing 
season can greatly affect the production and growth of shoots with the consequent loss 
of crop. The larvae after damaging the few old leaves left on the bushes, attack the 
bark causing die-back of young stems. 

2.3. Diseases of tea 

Fungal diseases of tea plants have been reported from the very beginning of planting 
for over 150 years [19]. The diseases of tea are rather numerous and they specialise 
on attacking different parts of the plants, such as leaves, stems and roots. It is fairly 
known today that about 385 species of fungi occur on tea world over, of which just 
about half occur on tea in north-east India [20]. The nursery plants are not being 
spared. Collar rot and Dumping off diseases cause death to the young vegitatively 
propagated tea plants in nurseries. A detailed study of tea diseases can be found in 
[21]. 

This section describes the characteristics of some diseases which cause considerable 
damage to the nursery as well as productive tea plants. Depending upon the site on 
attack, the diseases of tea are classified in four groups: (i) nursery diseases (ii) root 
diseases (iii) stem diseases and (iv) leaf diseases are presented in fig. 2.2. 

2.3.1. Nursery diseases 

There are two diseases which are responsible to cause severe damage to the nursery 
plants, collar rot and dumping off. 

2.3.1.1. Collar rot (Phomopsis sp.) 

This fungus is common in tea nurseries throughout the tea growing region of North
East India and is known to occur in tea nurseries where the. soil is sticky, tending to 
form a crust on the surface after heavy rains or where the soil remains unduly wet for 
long periods. The fungus attacks young seedlings at their collar region, encircling the 
main stem in a ring and extending over a region of 1 to 2 inches above· and about 0.5 
inch below the soil level. The affected portion of the stem is usually smaller in girth than 
the adjoining unaffected portions on either sides. The upper edge of the diseased area 
is marked by a ring of callus growth which pushes the bark up. Affected seedlings 
suddenly wilt and die when a hot sunny period prevails towards the end of the rainy 
season. Deaths occur either in groups or in a scattered manner. 
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2.3.1.2. Dumping off (Pythium sp.) 

This soil fungus occurs in tea nurseries in the plains of North-East India under the 
similar soil condition for which the collar rot appears. The fungus attacks the main stem 
of young seedlings near the soil surface. The stem is affected all round to about an inch 
above and the root to about 2 inch or more below the soil level. The bark of the affected 
re-gion becomes very soft so that it crumbles away when rubbed with the fingers. 
Diseased seedlings look yellowish and unhealthy during the rainy period and suddenly 
wilt and die when a period of hot, dry weather prevails towards the end of it. The 
disease does not produce any other external symptoms. 

2.3.2. Root diseases 

There are various soil-borne fungal pathogens causing root diseases to" the tea plants. 
Some of them which make considerable damage to the tea plants are discussed below. 

2.3.2.1. Brown root rot (Fornes /amaoensis (Murr.) Sacc. and Trott.) 

This disease i~ more common on sandy soils and usually occurs on tea plants from 
about 3 years upwards but younger plants may easily be attacked and killed in a few 
months if their roots happen to come in direct contact with diseased material in the soil. 
Diseased plants die suddenly and their leaves remain attached for sometime. Roots of 
affected bushes are encrusted with soil, sand and stone particles firmly by a brown 
mycelium, which sometimes forms sheets with a blackish surface on the main stem, 
often as a felt, extending to a few inches above the soil surface. In an advanced stage 
of infection, brownish mycelia are found beneath the bark of the affected wood and the 
soft wood inside these rings decays giving a honey comb structure. 

2.3.2.2. Charcoal stump rot (Ustulina zonata (Lev.) Sacc.) 

Charcoal stump rot is probably the commonest of all the root diseases of tea in North
East India and generally attacks tea from about 3 years upwards. Infected young 
bushes die rather suddenly but their withered leaves remain attached to the main plant. 
Sometimes only a part of a mature bush dies while the other remains absolutely 
functional [22], often creating an impression that all is well with the plant. The fungus 
develops a characteristic fructification at first white changing to charcoal-like black, 
brittle encrustation which is wavy on the surface. It appears on the bark and exposed 
wood at the collar region or on exposed roots. The infected roots usually show small, 
black or white cushion-like growth, fan shaped and dull white silky mycelia growth on 
diseased wood underneath the bark. Colour of the wood is dull white, almost normal 
with black bands or lines. 
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2.3.2.3. Red root rot (Poria hypo/ateritia (Berk.) Coock.) 

It attacks all tea from about 3 years upward. Diseased plants die suddenly and their 
withered leaves remain attached for sometimes. In the early stages of attack, the roots 
bear white threads or cords of mycelium on the surface. At a later stage of growth, the 
mycelial cords fuse with one another to form a chocolate red to black sheet. The 
infected roots encrusted with soil particles, often present a mottled appearance which 
may be red or black. A thin film of white mycelium may develop on the surface of 
diseased wood underneath the bark. Colour of the wood is normal except in very 
advanced cases when it becomes soft and soden. 

2.3.2.4. Black root rot (Rosel/inia arcuata (Petch.)) 

This disease is found in all tea districts but it is more common in the hills than in the 
plains. Diseased bushes die suddenly and the withered leaves remain attached for 
sometimes. It produces a characteristic black, irregular, almost cob-webby mycelial 
growth on root surface, accompanied by stellate markings with numerous black dots 
and dashes on wood surface underneath the bark. Sometime, the stem consists of 
black, spherical bodies which look like grains of shot, growing side by side to form a 
crust. 

2.3.2.5. Tarry root rot (Hypoxy/on asarcodes (Theiss.) Mill.) 

In all instances the disease has been found to occur on mature tea bushes only. 
Affected bushes die suddenly and the withered leaves remain attached for sometimes. 
The fungus does not produce any external symptom on the affected roots. Instead, a 
smooth black encrustation which is smooth, hard, effused and adherent like dried 
wound paint, develops on the stem a few centimeter above the ground. In advanced 
stage, the infection produces dark black lines, closely similar to those produced by 
charcoal stump root on root surface. 

2.3.2.6. Purple root rot ( Helicobasidium compactum Boedijn.) 

Purple root rot is not very common but is pathogenic enough even to kill old matured 
I 

bushes. This disease is found on all soils. Affected roots produce numerous round 
purplish mycelial cords which extend right up to the collar region. A thick and velvety 
and purplish mycelium pad often develops around the collar. Colour of the affected 
wood is pinkish. Affected plants die suddenly and their withered leaves remain attached 
for sometimes. 
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2.3.2.7. Violet root rot (Sphaerostilbe repens B. & Br.) 

It is more common on stiff, clayey ones and attacks all tea from about 1 year upwards 
but the characteristic symptoms are produced on plants of about 2 years and above. 
Diseased plants die gradually, leaves turn yellowish, drop and become flaccid and often 
drop off while still green. Roots with enlarged lenticels are the main target of infection. 
The affected roots turn light violet colour and when the surface is peeled off, thick violet 
irregular purplish strands of mycelial growth becomes visible. 

2.3.2.8. Diplodia (Botryodiplodia theobromae Pat.) 

It is probably the commonest of all the fungi recorded on tea in North-East India. It can 
attack any part of the tea plant, young or old, only when the plant is debilitated by other 
causes. It does not produce any external symptoms by which it can be easily 
recognised. Affected roots usually look normal except in very advanced stage where 
the surface is covered with small, isolated or groups of grayish-black to coal-black, 
hairy cushions giving a sooty appearance. These are sometimes produced also at the 
collar region. The wood when sliced often shows an even blu.ish-black discolouration. 

2.3.2.9. Poria I Branch canker (Poria hypobrunnea Petch.) 

It is a stem-cum-root disease of tea and is extremely common on matured tea 
throughout the whole of North-East India. The affected bushed die gradually. Thin films 
and small cushions of yellowish-brown mycelium are produced on the root surface as 
well as on the wood, beneath the bark. Wood is yellowish, soft and decayed, marked 
with thin, irregular, light-brown lines and permeated with thin sheets of yellowish-brown 
mycelium. This is also the most widely prevalent stem disease of tea and affects nearly 
70% of existing tea bushes in one way or other [23]. This disease debilitates and kills 
the bushes extremely slowly taking nearly 10 to 15 years for mature bushes and two to 
three years for young plants. It causes the affected wood to turn yellowish, soft and 
gray. Thin, irregular, brown lines are formed in the wood. It produces a yellowish to 
fawn coloured, later dull gray, corky encrustation on the underside of big branches at 
their base or at the collar region. 

2.3.3. Stem diseases 

Some diseases which cause damage to the stem of the tea plants can be assigned in 
this group. Some of them draw a considerable attention to be controlled to minimise 
the crop loss. 
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2.3.3.1. Nectria (N. cinnebarina ( Tode ex Fr.) Fr. Ar)d Nectria sp.) 

Nectrias are wound parasites. They usually attack mature tea. Young tea below 5 years 

is very rarely affected. Nectria affected branches die back from the seat of infection but 

it is only the weak, unhealthy tea which suffers the most [21]. Small pinkish, soft 
pinhead-like cushions are found on the affected stem. 

2.3.3.2. Thread blight (Marasmius pulcher (B. & Br.) Petch.) 

The disease is prevalent throughout the whole of North-East India [24]. It attacks all 
teas, from about 3 years upwards, growing in heavily shaded, damp, cool places. It 
occurs year after year on the same bushes if not controlled. The fungus produces 

chalky-white, branching threads or strands on the stems. These threads grow upwards 
along the stem to the undersurface of the green leaves where they spread out fan-wise. 
The dead leaves remain hanging on the stems being held by the white threads. · 

2.3.3.3. Pink disease (Pel/icu/aria sa/monica/or B. & Br. Rogers and Corticium 
sa/monica/or B. & Br.) 

This fungus is closely allied to the Black rot fungi of tea. It produces a thin film of silky
white mycelium on the stem which penetrates into live tissues [22]. The affected plant 
wilts and dies. It is very uncommon on tea elsewhere in North-East India. 

2.3.3.4. Thorny blight (Aglaospora sp.) 

This disease is very common in Darjeeling and the effect is more pronounced. It is a 
disease of week bushes. It goes downwards slowly, killing the branches one by one 
until it reaches the collar and finally the roots when the bush is completely killed. The 

fungus does not produce any external mycelium. Fructifications appear on the bark as 
small swelling with a black, pointed, thorn-like projection. Wood of the stem is marked 
with blackish patches and black lines. Small dull white strands are sometimes seen on 
the wood surface when the bark is peeled off. 

2.3.3.5. Macrophoma (Physa/ospora neg/ecta Petch.) 

This disease is prevalent mostly on tea in drought susceptible areas in the plains where 

the soil is light or stony. Diseased patches on the branches appear as slightly sunken 
lesions surrounded by a ring of callus growth. Sometimes the callus ring is killed by the 
fungus. Affected bushes are killed slowly at first branch by branch until the disease 
reaches the collar when the whole of the upper portion dies. 
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2.3.3.6. Aschersonia (Aschersonia Sp.) 

It is common on all teas throughout the whole of North-East India. It produces red 
isolated, yellowish-red, orange-red or pinkish-red lumps on green or old living stems 
and occasionally on the undersurface of green leaves. These lumps are sometimes 
confused with the fructifications of Nectris. 

2.3.4. Leaf diseases 

Diseases under this group affect the leaves of the tea plant and make a considerable 
loss in the industry. Since green leaves are the only raw material of the industry, so the 
leaf diseases are one of the major constraints of the productivity. 

2.3.4.1. Black rot (Corticium invisum Petch. and C. theae Bernard.) 

Black rot disease is caused by the two fungi noted above. The disease is very common 
in the plains and it is rare in the hills. The disease persists in the same areas for years, 
if not controlled, causing gradual deterioration in the health of the tea bushes and loss 
in crop. It produces irregular patches with a slightly raised wavy margin on the leaves. 
These patches are often accompanied by many small, grayish-white, more or less 
circular spots. Colour of the large patches is a mixture of brown, yellowish to chocolate 
brown and gray on the upper surface, the undersurface is evenly brown or gray. 
Diseased parches and young affected leaves look black and slimy when wet. Diseased 
leaves often remain attached to other leaves and stems, held together by small 
cushions or films of pinkish-white or cream coloured mycelium. 

2.3.4.2. Blister blight (Exobasidium vexans Massee.) 

This disease is prevalent throughout the whole of North-east India and severe 
outbreaks may, however, take place when favoured by climatic conditions [25]. The 
disease attacks young succulent growth on all teas including young seedlings 
especially under heavy shade and in areas where the air is moist and cool. The fungus 
produces on the first three leaves pale yellowish, circular spots which are glistering and 
concave on the upper surface and white or pink, powdery and convex on the 
underside. On the succulent stem, the diseased patches are white and powdery. The 
fungus thrives on wild tea in the Himalayan foot hills and outbreaks occurring from such 
sources are usually of an epidemic nature, so it is evidently not possible to avoid Blister 
blight epidemics. 
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2.3.4.3. Grey blight (Pestalozzia theae Sawada.) 

It is the commonest of all leaf blights of tea. The diseased patches on the leaves turn 
light to dark brown, with a grayish centre on the upper surface, circular or oval in 
outline, characterised by concentric zonations from the centre to the edge. Black 
pustules somewhat bigger than those of Brown blight are produced in concentric lines 
on the upper surface. The diseased patches may occur at the margin or in the middle of 
the leaf. 

2.3.4.4. Brown blight (Col/ectotrichum camel/iae Mass.) 

This· disease is extremely common and prevalent throughout the whole of North-east 
India. The diseased patches usually start at the margin of the leaves and spread 
inwards. When two or more patches occur side by side the whole leaf may be affected. 
The colour of the upper surface is yellowish to chocolate brown at first, gradually 
changing to gray from centre outwards. Minute black, scattered dots appear on both 
sides of the diseased patch. 

2.3.4.5. Sooty moulds (Limacinula theae Syd. & Bult., Capnodium sp., Meliola sp., 
etc.) 

It is found everywhere in North-East India. The fungus produces an entirely superficial 
coating on the upper surface of the tea leaves which is either a thin film or a wooly 
powdery growth, soot-like appearance. The film peels off in flakes when dry. They 
interfere the normal functions of the tea leaves by obstructing the light with their 
compact, black covering. 

2.3.4.6. Red rust (Cepha/euros parasiticus Karst) 

This disease is caused by an alga. Red rust causes severe damage especially to young 
tea by attacking and killing stem in patches. Its wide spread occurrence symptoms of 
infection and economic significance were reported by Watt [26]. This disease is 
common everywhere in the plains and it attacks all kinds of tea both young and old 
when vitality is impaired by adverse conditions like odd soil, climate etc. Red rust 
lesions on the stem can be recognised by their circular to oval shape, purplish-black 
colour and longitudinal cracks on the surface. The leaves produced above the affected 
region become variegated with yellow patches. As a result severely affected stems on 
weak bushes die back. 

This disease is fairly common on the older tea leaves. Affected spots are more or less 
circular, with a slightly swollen appearance on the upper surface, the margin is purplish 
in colour. Sometimes a watery green ring of tissues surrounds the diseased spots. 
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2.4. Damage accounts due to insect pests and diseases 

In this section we present our study on the damages due to insect pests and diseases 
of different tea gardens in Dooars region of West Bengal, India. As illustrative cases, 
we present here the accounts of five tea estates namely, Radharani T.E., Mechpara 
T.E., Madhu T.E., Kalchini T.E. and Majherdabri T.E. 

Crop production of Radharani T. E. 
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Fig. 2.8. Pest and disease infestation in Madhu T.E [30]. 
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I Crop production of Majherdabri T.E. 
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From the figs. 2.3- 2.12, it is observed that the production decreases as the number of 
insect pest and disease infestation increases. For example, let us consider the figs. 2.3 
and 2.4. In the year 1998, the number of infestations was 10 compared to 15 in the 
year 2001. The production, obviously, was high in the year 1998 compared to the year 
2001. 

2.5. Approved chemicals in tea 

For chemical control of insect pests and diseases, the Tea Research Association of 
India has approved some chemicals to be used as pesticides or fungicides in tea [33]. 
Depending upon the target pests and diseases, the recommended chemicals for insect 
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pest and disease control in tea can be classified as (i) miticides (ii) pesticides and (iii) 
fungicides. Miticides are those chemicals (a sub-group of pesticides) which show an 
effective result only against mites. The term 'Pesticide" is used here in conventional 
sense. Pesticides are used against sap sucking insects, leaf eaters, etc. other than 
mites. Fungicides include the chemicals effective against fungi and algae, responsible 
for various diseases. The miticides, pesticides and fungicides, approved and suggested 
by the Tea Research Association of India, are presented in tables 2.1, 2.2 and 2.3 
respectively. 

Table 2.1. Approved miticides for tea. 

51. Common Technical name Type 
No. name 

1. Neem product Extract of Neem tree Contact & 
repellent 

2. Sulphur --- Contact 

3. Dicofol 4,4 dichloroalpha-trichloromethyl Contact & ovicidal 
benzhydrol 

4. Ethion 0,0,0,0-Tetraethyi-S,S,methylenebis Contact & ovicidal 
(Dithiophosphate) 

5. Thiometron 0, 0-Dimethyl-5-(2-ethyl-mercapto Systemic 
ethyl) dithiophosphate 

6. Dimethoate 0, 0-dimethyi-S-(Nmethyl Carbamoyl Systemic & 
methy_l) dithiophos_phate contact 
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Table 2.2. Approved pesticides for tea. 

51. Common Technical name Type 

No. name 

1. Endosulfan 6. 7.8.9.1.0,1 0-hexachloro- Contact & 
1,5,5a,6,9,9a-hexahydro-6,9 stomach 
methano-2,4,3-benzodi oxathiepin-30 
oxide 

2. Phosalone 0, 0-Dimethyi-S-(6 chloreben-zolinyl- Contact 
3-methyl) dithiophosphate 

3. Malathion 0,0-0iethyi-S-1,2-Dicarboethoxy Contact 
ethyl-dithiophosphate 

4. Monocrotophos Dimethyl phosphate of 3 hydroxy-N- Systemic & 
methyl-ciscrotonamide contact 

5. Fenitrothion 0,0-dimethyl 0,4 nitrol- 3 Contact 
methylphenyl thiophosphate 

6. Chlorpyriphos 0, 0-Diethyl-0-3,55,6-trichloropyri dyl Contact 
thio_phosphate 

7. Quinalphos 0, 0-Diethyl-0-quinoxalin 2-yl Contact 
phosphorothioate 

8. Synthetic Cypermethrin, Deltamethrin, 

pyrithroid 
Fenvelerate, Fluvalinate, Contact 
Alphamethrin, Fenpropathion 

9. Phosphamidon 0,0-Diethyl-0 2-chloro-N,N diethyl Systemic 
carbamyl methyl vinyl phodphate 

10. Formothion 0, 0-Dimethyi-S-(N-methyi-N- Systemic 
formylcarbon methyl) dithiophosphate 

11. Acephate O,S-Dimethyl acetyl- Systemic & 
Phosphoramidothioate contact 

12. Thiometron 0, 0-Dimethyl-5-(2-ethyl-mercapto Systemic 
ethyl) dithiophosphate 

13. Ethofenprox --------------- Contact 

14. Carbofuran 2,3-Dihydro-2,2-dimethyl 7- systemic 
benzofuranyl methyj carbamate 

15. Cartap HCL Cartap hydrocloride Systemic, 
stomach 
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Table 2.3. Approved fungicides for tea. 

Sl. No. Common name Technical name Type 

1. Copper fungicide Copper oxychloride Contact 

2. Carbendazim Methyl bezimdazol 2- Systemic 
yalcarbamate 

3. Carboxin 2,3-Dihydro-6-mwtazl-5- Systemic 
phenylcarbamozl-1 ,4-oxatin 

4. Tridemorph 2,6-Dimethyl-4- Systemic 
tridecylmorpholine 

2.5.1. Toxicity of chemicals 

Toxicity is one of the vital issues to select the pesticide or fungicides. As per the 
Pesticide Act of Government of India [33], the chemicals have been put into four 
categories depending on the toxicity ( LD 50 mg/kg of the body weight of test animal 
(Oral route)), as shown in table 2.4. Higher the value of LD 50 mg/kg, safer the 
chemicals to be used. 

Table 2.4. Toxicity of chemicals. 

Toxicity of LD 50 mg/kg of the body LD 50 mg/kg of the body 
pesticides weight of test animals weight of test animals 

( Oral route) ( Dermal routej_ 

Extremely toxic 1-50 1-200 

Highly toxic 51-500 201-2000 

Moderately toxic 5001-5000 2001-20000 

Slightly toxic More than 5000 More than 20000 

On the basis of the above criteria, the toxicity of miticides, pesticides and fungicides 
used in tea are presented in tables 2.5, 2.6 and 2. 7 respectively. 
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T bl 2 5 T . ·t f a e .. OXICitY 0 T "d f t some m1 1c1 es or ea. 

Sl. No. Miticides Toxicity 
1. Neem product Slightly toxic 

2. Sulphur Slightly_ toxic 

3. Dicofol Moderate toxic 

4. Ethion Highly toxic 

5. Thiometron Highly toxic 

6. Dimethoate Highly toxic 

T bl 2 6 T . . f a e .. OXICity 0 . "d f some pest1c1 es or tea. 
Sl. No. Pesticides Toxicity 

1. Endosulfan Highly_ toxic 

2. Phosalone Highly toxic 

3. Malathion Moderately toxic 

4. Monocrotophos Extremely toxic 

5. Fenitrothion Highly toxic 

6. Chlorpyriphos Highly_ toxic 

7. Quinalphos Highly toxic 

8. Synthetic pyrithroid Highly toxic 

9. Phosphamidon Extremely toxic 

10. Formothion Highly toxic 

11. Acephate Moderately toxic 

12. Thiometron Highly toxic 

13. Ethofenprox Extremely toxic 

14. Carbofuran Extremely toxic 

15. Cartap HCL Highly toxic 

Table 2.7. Toxicity of some fungicides for tea. 

Sl. No. Fungicides Toxicity 

1. Copper fungicide Moderately toxic 

2. Carbendazim Slightly toxic 

3. Carboxin Moderately toxic 

4. Tridemorph Moderately toxic 
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2.5.2. Decomposition of chemicals after application on foliage 

Chemicals applied on tea are degraded and further diluted by rain and dew, 
evaporation, photolysis through sunlight and bio-degradation. Synthetic pyrethroids and 
organochlorines are lipophilic and they get bound to cuticle. Some of the 
organophosphatic compounds penetrate the leaf and this depends on the type of polar 
solvents that are used in the formulation. The available average half-life of the 
chemicals are presented in table 2.8. 

Table 2.8. Half-life of some chemicals used in tea. 

Sl. No. Chemicals Half-life (days) 
1. Neem product --
2. Sulphur --
3. Dicofol 3.9 
4. Ethion 3.4 
5. Thiometron ---
6. Endosulfan 3.2 
7. Phosalone ---
8. Malathion 0.50 
9. Monocrotophos 2.1 
10. Fenitrothion 1.3 
11. Chlorpyriphos 1.4 
12. Quinalphos 1.2 
13. Synthetic pyrithroid 2.5 
14. Phosphamidon 2.0 
15. Formothion ---
16. Acephate ---
17. Thiometron 0.9 
18. Ethofenprox 1.5 
19. Carbofuran 3.1 
20. Cartap HCL ---
6. Dimethoate 0.96 

2.5.3. Maximum Residue Limits (MRL) of some chemicals 

The problem of pesticide residues in made tea has become a cause of serious concern 
for all of us. In view of enormity of chemical residue problem in made tea, various 
international agencies have fixed the Maximum Residue Limits (MRL) [33] of some 
chemicals are presented in table 2.9. 
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Table 2.9. MRL values of some chemicals used in tea. 

Maximum Residual Limits (in ppm) 

51. No. Chemicals EPA CPDEX EEC WHO 
(USA) (UK) (German) 

1. Dicofol 45.0 8.0 20.0 5.0 

2. Ethion 10.0 5.0 2.0 7.0 

3. Endosulfan 24.0 30.0 30.0 30.0 

4. Phosalone 8.0 --- 0.5 --
5. Deltamethrin --- 10.0 5.0 10.0 

6. Synthetic pyrithroid --- 20.0 0.5 20.0 

7. Chlorpyriphos --- --- 0.1 ---
8. Dimethoate --- --- 0.2 ---
9. Cartap HCL --- --- 20.0 ---
10. Malathion --- --- 0.5 ---
11. Monocrotophos --- --- 0.5 ---
12. Formothion --- --- --- 2.0 
13. Fenitrothion --- --- --- 0.5 

2.6. Cultural practices in tea 

Other than chemical applications, some cultural practices are very effective particularly 
to suppress the diseases of tea [22]. The cultural practices adopted in tea are 
discussed below. 

2.6.1. Soil rehabilitation 

Improve of soil productivity plays a vital role to resist some diseases. Correction of NPK 
ratio and pH level is very effective. Efforts must be made to provid~ balanced nutrition 
which improves vigour of the plant and help to withstand pest and disease attack. 
Improvement of soil structure and nutrition by proper rehabilitation is advisable. This 
helps the bush to improve its natural immunity against various diseases. 

2.6.2. Disnagging 

Practices like knife cleaning of the diseased and dead branches from the bushes help 
to resist the spreading of diseases and to eliminate some pests in addition to improving 
bush hygiene. 



54 

2.6.3. Weed control 

Weed free cultivation of tea is emphasized strongly because weeds compete for 
nutrition and soil water. Some weeds smother the plucking surface. They also harbour 
a number of pests and diseases. All the vacant areas should be consolidated by infilling 
to obtain full ground cover to shade out the weeds. 

2.6.4. Shade management 

For tea cultivation shade is an essential criteria. The lack of shade is as bad as over 
shaded condition. So efforts are to be to maintain a good balance shade canopy. 
Shade species should be carefully selected as some of the shade trees are as known 
alternate host of pest and disease. 

2.6.5. Other practices 

Certain practices like forking of soil around the collar of tea bush, ground leveling, filling 
up the collar depressions, alkaline wash of bush frames, bitumen paint on cut surfaces 
have positive contribution towards reduction of diseases. 
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Artificial Intelligence, Expert Systems and the Domain 

3.1. Introduction 

Artificial Intelligence (AI) is a sub field of computer science concerned with the study 
and creation of computer systems that exhibit some form of intelligence. Several 
computer systems have been built over the past few decades that can perform tasks 
which are comparable to many human mental activities, such as writing computer 
programs, doing some mathematics or engaging in common sense reasoning or 
understanding natural languages or even driving automobile. There are also computer 
systems that can diagnose diseases, plan the synthesis of organic chemical 
compounds, solve differential equations in symbolic form, understand limited amounts 
of human speech and natural language text, analyse electronic circuits or write small 
computer programs to meet some formal specifications - we shall say that such 
systems possess some degree of artificial intelligence. AI systems are developed, 
undergo experimentation, and are improved. A second motivation for AI research is a 
large scientific goal of constructing an information processing theory of intelligence. 

One area of AI that can claim a large measure of responsibility for the current AI 
awareness in the world is expert systems technology which are computer software that 
embody human expertise. The scarcity of human expertise exists in almost all fields, 
such as diagnosis, planning, repairing automobiles, drilling for oil, managing a stock 
portfolio, or analysing chemicals. In all these and in many other cases there are times 
when access to the knowledge, experience, and judgement of an expert is an 
invaluable asset. One solution to the dilemma is the expert systems technology, which 
can help with new approaches to organisation, productivity, expertise, knowledge, 
competence, and smart automatic equipment that can act as intelligent assistance to 
human experts as well as assisting people who otherwise might .not have access to 
expertise. 

Expert Systems (ES) are knowledge intensive programs that solve problems in a 
domain that requires considerable amount of technical expertise. A desired additional 
characteristic which many would regard fundamental, is the capacity of the system on 
demand to justify its own line of reasoning in a manner directly intelligible to the 
inquirer. ES is a computer program that encodes the knowledge and reasoning of 
expert(s) in a given area and applies this knowledge and reasoning to derive problem
solving interfaces for the user of the system. To solve a given particular problem, the 
ES examines facts about the problem supplied by the user. The facts are interpreted in 
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terms of the system's search of its knowledge base and processed through its built-in 
reasoning procedures to find a solution. 

The process of building an ES is inherently experimental. In order to have successful 
development of an ES in a domain, different potential issues have to be fixed up which 
demands a thorough analysis. This chapter is meant for fixing up two potential issues, 
namely (i) why it is an expert system domain, and (ii) what requirements the domain 
lays on an expert system. These two potential issues should unfold some important 
matters relating to design and implementation. 

In the next section, some potential issues such as categories and application areas, 
desirable features, life cycles, typical architecture, and types of expert systems have 
been discussed. In section 3.3, an attempt has been made to explain why the present 
problem domain may be considered suitable for an expert system domain. In section 
3.4, we have tried to find out what requirements the domain lays on an expert 
system. A discussion has been provided at the end. 

3.2. Expert systems technology 

3.2.1. Categories and application areas of expert systems 

We have mentioned that expert systems may be applied to any situation that normally 
requires human expertise. One can divide typical expert system applications into 
thirteen functional categories [1 ,2] shown in table 3.1. In table 3.2, we indicate 
application areas for which some expert system has been developed [2,3]. 

In Aerospace, we may cite here REX as an example of expert system shell. REX [4] is 
an object-oriented, asynchronous real-time expert system shell to meet the challenges 
of the dynamic aerospace environment. 

In Agriculture, different expert systems have been reported which have been discussed 

in the section 3.2.2. 

In Business, we may cite here SUTA as an example of expert system. SUTA [5], an 
expert system called Soviet Union Trade Advisor (SUTA) was developed by Deloitte 
and Touche, a large management consulting (and CPA) company. The major objective 
of the system is to provide advice on trade opportunities and licensing requirements for 

medium to high-technology products. 



Table 3.1. Generic categories of expert system applications. 

Category 

Control 

Debugging 

Design 

Diagnosis 

Instruction 

Interpretation 

Planning 

Prediction 

Prescription 

Monitoring 

Repair 

Selection 

Simulation 

Problem addressed and application types 

Governing overall system behavior for - air traffic control 
and battle management. 

Prescribing remedies for malfunctions for computer software. 

Configuring objects under constraints for circuit layout and 
CAD. 

Inferring system malfunctions from observable for medical 
and electronic fields. 

Diagnosing, debugging and repairing student behaviour. 

Inferring situation descriptions from sensor data for speech 
and image analysis and surveillance. 

Designing actions - automatic programming and military 
planning. 

Inferring likely consequences of given situations for weather 
forecasting and crop estimation. 

Recommending solutions to system malfunctions. 

Comparing observations to expected outcomes - for power 
plant and fiscal management. 

Executing plans to administer prescribed remedies for 
automobiles I computers. 

Identifying the best choice from a list of possibilities. 

Modeling the interaction between system components. 
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In Chemistry, different expert systems have been reported such as DENDRAL, 

CONGEN, CRYSALIS, C-13, GA1, META-DENDRAL, MOLGEN, OCSS, SECS, SEQ, SPEX, 

SYNCHEM, SYNCHEM2, TQMSTUNE. DENDRAL [6], for example, infers the molecular 
structure of unknown compounds from mass spectral and nuclear magnetic response 
data. Knowledge in DENDRAL is represented as procedural code for the molecular 
structure generator and as rules for the data-driven component and evaluator. 

In Communications, we may cite here COMPASS as an example of expert system. 
COMPASS [7] (Central Office Maintenance Printout Analysis and Suggestion System) 
analyzes maintenance printouts of telephone company control switching equipment 
and suggests maintenance actions to be performed. 
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Table 3. 2. Application areas of expert systems. 

Aerospace Law 

Agriculture Manufacturing 

Business Mathematics 

Chemistry Medicine 

Communications Meteorology 

Computer System Military Science 

Education Mining 

Electronics Physics 

Engineering Process Control 

Environment Power Systems 

Geology Science 

Image processing Space Technology 

Information Management Transportation 

In Computer Systems, different expert systems have been reported such as DART, 

CRIB, IDT, ISA, MIXER, R1-SOAR, TIMM I TUNER, XCON, XSEL, YES/MVS. DART [8], for 
example, assists in diagnosing faults in computer hardware systems using information 
about the design of the device being diagnosed. 

In Education, we may cite here MIKE as an example of expert system. MIKE [9], 
developed by the Mandell Institute, is the automated admissions representative of 
Brandeis University. Built to expand the pool of high-quality applicants for the school, 
the system is designed to be used by high school seniors who are narrowing their 
choice of colleges. MIKE explains all the academic and extracurricular programs in 
which the prospective applicant has an interest. 

In Electronics, different expert systems have been reported such as SYN, ACE, BDS, 

CADHELP, COMPASS, CRITTER, DAA, OFT, EL, EURISKO, FG502-TASP, FOREST, IN
ATE, MESSAGE TRACE ANALYZER, NOS, PALLADIO, PEACE, REDESIGN, SADD, 

SOPHIE, TALIS, TRANSISTOR SIZING SYSTEM. SYN [1 0], for example, assists engineers 
in synthesizing electrical circuits. 
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In Engineering, different expert systems have been reported such as SACON, 
CONPHYDE, DELTA, NPPC, REACTOR, SPERIL-1, SPERIL-11, STEAMER. SACON [11], for 
example, helps engineers determine analysis strategies for particular structural analysis 
problems. SACON is a backward chaining, rule-based system implemented in EMYCIN. 

In Environment, we may cite here DustPro, an expert system for controlling 
environment in mines. This has already been discussed in the mining application. 

In Geology, different expert systems have been reported such as PROSPECTOR, 
DIPMETER ADVISOR, DRILLING ADVISOR, ELAS, HYDRO, LITHO, MUD. PROSPECTOR 
[12], for example, acts as a consultant to aid exploration geologists in their search for 
ore deposits. Given field data about a geological region, it estimates the likelihood of 
finding particular types of mineral deposits there. PROSPECTOR uses a combination of 
rule-based and semantic net formalism to encode its knowledge and bases its 
inferences on the use of certainty factors and the propagation of probabilities 
associated with the data. 

In Image processing, we may cite here 3DPO [13] as an example of expert system. 
Image understanding is the process of establishing an interpretation of a scene based 
on one or more images of that particular scene. 

In Information Management, different expert systems have been reported such as 
GCA, CARGUIDE, CODES, EDAAS, FOLIO, IR-NLI, PROJCON, RABBIT, RESEDA. GCA 
[14], for example, helps graduate students plan their computer science curriculum. The 
system gathers information about a student's academic history and interests and then 
acts as a faculty adviser by suggesting a schedule of courses for the student. 

In Law, different expert systems have been reported such as LRS, AUDITOR, DSCAS, 
JUDITH, LOS, LEGAL ANALYSIS SYSTEM, LRS, SAL, SARA, TAXADVISOR, TAXMAN. LRS 
[15], for example, helps lawyers retrieve inf~rmation about court decisions and 
legislation in the domain of negotiable instrument law, an area of commercial law that 
deals with checks and promissory notes. 

In Manufacturing, different expert systems have been reported such as ISIS, IMACS, 
PTRANS. ISIS [16], for example, constructs factory job shop schedules. The system 
selects a sequence of operations needed to complete an order, determines start and 
end times, and assigns resources to each operation. ISIS uses a frame-based 
knowledge representation scheme together with rules for resolving conflicting 
constraints. 

In Mathematics, different expert systems have been reported such as MACSYMA, 
MATHLAB 68, ADVISOR. MACSYMA [17], for example, performs symbolic manipulation 
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of algebraic expressions and handles problems involving limit calculations , symbolic 

integration, solution of equations, canonical simplification, and pattern matching. The 

system uses mathematical expertise organized as individual knowledge sources and 

chosen for a particular problem by sophisticated pattern-matching routines. MACSYMA 
achieves very high quality and efficient performance on the mathematical problems 
within its scope. 

In Medicine, different expert systems have been reported such as BABY, AI/COAG, 
AI /MM, AI/RHEUM, ABEL, ANGY, ANNA, ARAMIS , ATTENDING, BLUE BOX, 
CASNET/GLAUCOMA, CENTAUR, CLOT, DIAGNOSER, DIALYSIS THERAPY ADVISOR, 
DIGITALIS ADVISOR, DRUG INTERACTION CRITIC, EEG ANALYSIS SYSTEM , EMERGE, 
EXAMINER, GALEN, GUIDON, HDDSS, HEADMED, HEART IMAGE INTERPRETER, HEME, 
HT-ATTENDING, INTERNIST-1/CADUCEUS, IRIS, MDX, MECS-AI, MEDICO, MED1 , Ml , 
MODIS, MYCIN, NEOMYCIN, NEUREX, NEUROLOGIST-I , OCULAR HERPES MODEL, 
ONCOCIN , PATHFINDER, PARTEC, PEC, PIP, PUFF, RADEX, RX, SPE, SYSTEM D, 
THYROID MODEL, VM, WHEEZE. BABY [18], for example, aids clinicians by monitoring 
patients in a newborn intensive care unit (NICU) . BABY contains neonatology medical 

expertise for interpreting the clinical and demographic data. BABY is a forward chaining , 
rule-based system that uses rules embedded in a PROSPECTOR-like network. The 
system handles certainty by using a Bayesian probabilistic method similar to that used 
in PROSPECTOR. MYCIN [19] assists physicians in the selection of appropriate anti
microbial therapy for hospital patients with bacteremia, meningitis and cystitis 
infections. The system recommends drug treatment (type and dosage) according to 
procedures followed by physicians experienced in infectious disease therapy. MYCIN is 
a rule-based system employing a backward chaining control scheme. It includes 
mechanisms for performing certainty calculations and providing explanations of the 

system 's reasoning process . 

In Meteorology, we may cite here WILLARD as an example of expert system. WILLARD 
[20] helps meteorologists forecast the likelihood of severe thunderstorms occurring in 

the central United States. The user may specify a particular geographical area for 
WILLARD to consider. The system characterizes the certainty of severe thunderstorm 
occurrence as "none", "approaching", "slight", "moderate", or "high", and each is given a 
numerical probability range. WILLARD's expertise is represented as rules generated 

automatically from examples of expert forecasting . 

In Military Science, different expert systems have been reported such as MES, ACES, 
ADEPT, AI RID , AIRPLAN, AMUID, ANALYST, ASTA, ATR, BATTLE, DART, EPES, EXPERT 
NAVIGATOR, HANNIBAL, KNOBS, OCEAN SURVEILLANCE, RTC, RUBRIC, SCENARIO
AGENT, SlAP, SPAM , SWIRL, TATR and TWIRL. MES [21], for example, helps aircraft 
technicians diagnose aircraft problems. MES is a forward chaining , rule-based system . 
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In Mining, we may cite here DustPro as an example of expert system. DustPro [22] is a 
small rule-based system developed by the U.S. Bureau of Mines. It includes about 200 
rules and was developed with a LevelS shell on a micro-computer. The system is now 
in operation in more than 200 mines. DustPro advises in three areas : control of 
methane gas emission, ventilation in continuous operations, and dust control for the 
mine's machines. 

In Physics, different expert systems have been reported such as MECHO and GAMMA. 
GAMMA [23], for example, helps nuclear physicists identify the composition of unknown 
substances by interpreting gamma-ray activation spectra produced when the substance 
is bombarded with neutrons. 

In Process Control, different expert systems have been reported such as FALCON and 
PDS. FALCON [24], for example, identifies probable causes of process disturbances in a 
chemical process plant by interpreting data consisting of numerical values from gauges 
and the status of alarms and switches. Knowledge is represented in two ways - as a set 
of rules controlled by forward chaining and as a causal model in network form. 

In Power systems, we may cite here ENERGY MANAGEMENT as an instance of expert 
system. ENERGY MANAGEMENT [25] provides the utility needed a real-time ES 
integrated with a signaling system as well as with existing databases in hydroelectric 
plant. System capabilities include (1) detecting a disturbance when it happens, (2) 
locating the element of the fault, (3) tracking the location of the disturbance, and (4) 
recommending repairs (and justifying them). 

In Science, different expert systems have been reported such as DENDRAL, MOLGEN. 
DENDRAL [6] for example, provides a rule-based program for identifying chemical 
compounds from laboratory data and performs this task better than chemists because it 
tirelessly considers all possible candidates - even those that a human expert might 
initially rule out as unlikely. Developed by Stanford University in the late 60's, DENDRAL 
is now widely used by industrial and academic researchers. Another Stanford program 
(MOLGEN) plans experiments for determining the coding sequences of DNA molecules. 
Its knowledge base encodes the DNA synthesis and analysis procedures of some of the 
world's leading genetic engineers. 

In Space Technology, different expert systems have been reported such as ECESIS, 
FAITH, KNEECAP, LES, NAVEX, RBMS and RPMS. ECESIS [26], for example, provides 
autonomous control of an environmental control I life support sub-system (EC/LSS) for 
use aboard a manned space station. The system decides how to shift the modes of the 
various EC/LSS sub-systems during the transition from shadow to sun. It also monitors 
the EC/LSS, triggering actions in response to various events. Although ECESIS is 
intended to operate autonomously, it has a simple explanation capability to facilitate 
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system demonstration. ECESIS has a hybrid architecture involving both rule-based and 
semantic net formalisms, and it uses the Bayesian scoring model developed for 
PROSPECTOR to handle uncertainty. 

In Transportation, we may cite here CARGEX as an example of expert system. CARGEX 

[27] is an expert system constructed to assist in making loading decisions. The system 
contains approximately 300 rules that are described in about 6,000 lines of code. The 
basic goal of the application of CARGEX is increased productivity of the consolidation 
system. 

The predominant role of expert systems has been the diagnosis. One reason for the 
result is- that this is the role most experts play. Fields s.uch as medicine, engineering, 
agriculture, and manufacturing have many individuals who help diagnose problems. 
Another reason for the large percentage of diagnostic systems is their relative ease of 
development. Most diagnostic problems have a finite list of possible solutions and a 
limited amount of information needed to reach a solution. These bounds provide an 
environment that is conducive to effective system design. 

The drop-off from the large number of diagnostic applications to that of some other 
problem types is dramatic. Two reasons help explain this result. First, tasks such as 
design and planning are difficult to implement in an expert system framework because 
their steps vary greatly between application areas and it is often hard to precisely 
define these steps. Second, tasks such as instruction, control, and simulation, although 
they are excellent areas for expert system applications, are relatively new ventures [2]. 

3.2.2. Expert systems in agriculture 

Advance in ES technology and its application to agriculture problems suggested that an 
ES approach might provide farm managers, extension workers and farmers with ready 
access for problems related to agriculture such as crop selection/management, weed 
management, irrigation and drainage management, soil conservation, insect pest and 
disease management, agricultural machineries, and more. A detailed review on ES in 
agriculture management can be seen in Peart et al. [28]; Lambert and Wood [29]; 
Jones [30]; Barret et al. [31]; Carrascal and Pau [32]; Edward-Jones [33]; Mohan and 
Arumugam [34] and recently in 1999, Kumar and Mohanti [35] have made a remarkable 

review. 

Many ES and oss found their application only in the later part of the last decade. The 
development of ES and oss applications and their continuous improvement has 
resulted in their expansion and application in the different domains of agriculture. 
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• Crop selection /management 

COMAX (COtton MAnagement eXpert), was developed to advise cotton growers on 
crop management at farm level by Lemmon [36]. It was developed to determine three 
factors: nitrogen requirements, irrigation schedules and the crop maturity date. This is 
the first integration of an expert system with a simulation model for daily use in farm 
management. Palmer [37] reported a soybean variety selection expert system for 
selection of crop varieties. The field characteristics, water availability and prevalence of 
disease were considered to recommend a variety of soybean to plant. Expert Systems 
for crop planning and farm management have also been developed. 

CROPLOT developed by Neva and Amir [38] is intended for determining the suitability of 
crop to given plot. It was made as a decision aid to plan the production of field crops 
such as cotton, corn and wheat on farm under uncertain conditions. Morgan et al. [39] 
also described an ES for crop variety selection. The developed system was designed to 
consider the soil characteristics. Halterman et al. [40] presented double cropping expert 
system. Plant [41] described an integrated expert decision support system for 
agricultural management. Stone and Toman [42] described an ES called COTFLEX to 
assist cotton producers in Texas, USA This ES is linked to a large database and 
models for effective decision making for cotton production. Another ES, 'Soybean 
Management Alternatives using Real-time Simulation of Yield' {SMARTSOY) was 
developed by Batchelor et al. [43] in 1989 to cover all aspects of soybean crop 
management. McGregor and Thornton [44] developed a variety selection ES for winter 
wheat. King et al. [45] developed an ES for malting barley management (MKBS). 

CROPS, a whole-farm crop rotation planning system to implement sustainable 
agriculture, has been developed by Buick et al. [46]. The ES developed by Neva et al. 
[47] was based on the LP technique for optimal crop planning. This ES is strongly 
integrated with the LP algorithm in a modular format in such a way that the LP output is 
evaluated and refined by the ES. 

Mohan and Arumugam [48] presented an ES for selecting among multiple crop types in 
a large region in South India. Availability of water and other resources, climate, soil 
characteristics and farmers-related factors were comprehensively entailed in 

representing the domain knowledge. 

• Weed management 

In weed control management, ES can assist the farmer/farm managers for better 
strategies. Edward-Jones et al. [49] developed an ES to provide information and assist 
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in giving recommendations to sugar beet advisors an appropriate herbicides, mixtures 

and sequences for the range of sugar beet weed problems in UK. The system was 

developed using Knowledge Pro (Knowledge Garden Inc., Nassau, NV). Another ES, 
"Weed Advisor" was designed by Pasqua! [50] to identify and control common weeds in 
crops of wheat, trilicale, barley and oat. It was developed using expert system shell 
Personal Consultant TM Plus (by Texas Instruments). It assists in identifying weeds, 
offers alternative control measures (if any), indicates what treatments should not be 
used and provides additional herbicide information. Weed Advisor also makes users 
more aware of the factors that need to be considered when selecting weed control 
strategies and can educate users by explaining the reasoning behind the conclusion or 
advice. 

• Irrigation and drainage 

An ES that deal with irrigation scheduling primarily use soil moisture and climatic data. 
An irrigation strategy depends on the crop, soil and climate as well as the irrigation 
system, application rates and the scheduling mechanism. 

In 1986, Thompson and Peart [51] developed an ES for irrigation scheduling based on 
only soil moisture data. McClendon et al. [52] presented an integrated simulation-expert 
system approach (SMARTSOYIRRIG) for center pivot irrigation management for 
soybean. 

Doraisamy [53] presented an integrated expert decision support system for irrigation 
scheduling. ETES, an itegrated front-end ES, was developed by Mohan and Arumugam 
[54] to select suitable evapo-transpiration estimation methods under South Indian 

climatic conditions. In 1996, Thomson [55] reported an irrigation scheduling decision 
tool. 

An ES for real-time operation of reservoir system was first discussed by Floris et al. 

[56]. This ES utilizes real time hydro-meteorological inputs and applies heuristics to 
produce real time reservoir operational guidelines. Hershaeur et al. [57] developed an 

ES for irrigation water distribution through a canal system. This system incorporated 
devise operational rules for irrigation water distribution without optimization model. 

Srinivasan et al. [58] made an attempt to link the reservoir operation with the operation 
of canals and distributors through an ES (ESIM) in a multiphase manner. The ES 
considered on farm and main system irrigation management together and addresses 
the issues related to water requirements and water availability for each system element 
(branch canal, distributary, etc.). Kumar et al. [59] developed an ES (KBS) which was 
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intended for the site suitability assessment of sprinkler irrigation type including 

economic evaluation . 

Stone and Toman [60] described an ES called COTFLEX. This ES has an irrigation 
component among the farm management activities . Similar to COMAX system , it also 
combines both heuristic and algorithm components to make decision on irrigation 

application. 

IRRIGATOR, developed by Clarke et al. [61] was designed to provide decisions on 

supplemental irrigation schedules for fruits and vegetables in Ontario, Canada. Plant et 

al. [62] described an ES called CALEX/Cotton designed for scheduling irrigation for 

crops in the San Joaquin Valley, California. 

Bhatty [63] presented an ES for optimal operation of a reservoir system in Pakistan. 

This ES includes the cognitive and computational component involved in the reservoir 

operation. An important feature of this ES is that a dynamic programming (DP) 
algorithm was integrated with the ES to provide optimal operational knowledge in 

addition to judgmental and procedural knowledge base. 

Goroth and Macvicer [64] proposed an ES, called OASIS (Operations Assistant and 

Simulated Intelligent System) , designed to coordinate the operation of over 200 water 

control structures. It provides real-time display of important meteorological data and 

system status and generates various alternative water control pol icies. 

In 1995, Arumugam [65] developed an ES called TANKES which covered optimal 

operation of a tank irrigation system using dynamic programming model to derive 

optimal weekly irrigation release to be provided to the optimal crop areas resulting from 

a LP model. Lilburne et al. [66] described a DSS to evaluate irrigation management plan 

(IMP) . This integrated a simulation model SWIM, a decision tree and scientific soil 

hydraulic data. The simulation model is used to estimate the likely water requirement of 

the grower under IMP. The decision tree represents expert heuristics on the effect of 
the various irrigation strategies. The soil hydraulic data provides soil hydraulic 

properties to SWIM and to the decision tree. Local authorities and the likely 

environmental impact and water requirements of each grower. 

There are application of the ES techniques in the selection , design and evaluation of 
irrigation system also. Bennett and Sneed [67] developed an ES for planning and 
design of irrigation systems. This ES does not evaluate the economic feasibility of 
irrigation systems. Hart et al. [68] addressed the problem of irrigation system selection 

through two expert systems. The first ES employs user input to rate irrigation system 
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from most to least favourable. The second ES recommends the most appropriate 
system. However, these expert systems do not provide any design or economic 
evaluation. 

Haie and Irwin [69] developed an ES called EXSYS for use in land drainage decisions. 
It was designed to diagnose the causes of the drainage problem in the command area 
of an irrigation system. Factors such as water regime in the soil profile, presence of a 
cultivation pan or an impermeable layer below the top soil, etc. were considered. 

• Soil conservation 

The selection of appropriate practices for typical soil conservation plan is based on 
factors such as land use, topography and soil types, as well as economic and social 
factors. Experienced soil conservation engineers are, however, scarce and 
consequently there is a need for computer-based tools that permit engineers and 

planners to asses land use, perform erosion analysis and develop appropriate 
conservation plans with greater use and reliability. 

The selection of appropriate practices in soil conservation is based on factors such as 
land use, topography and soil types, as well as economic and social factors. Expert 
systems, geographical information systems (GIS), hydrology and erosion process 
models can be integrated in the framework of an ES in such a way that it can provide 
combined capabilities [70]. Integrating expert systems with moder'n soil erosion, 
prediction simulation has been reported by Meyer [71]. Beckdash et al. [72] presented a 
DSS for agriculture and water quality management. Their approach involves a 
simulation model (Creams, a field-scale model for chemical runoff, and erosion from 
agricultural watersheds), databases, GIS and ES techniques. The databases includes 
climatic, geographic and soil data. The GIS linked to the DSS to provide topographic 
information. 

Montas and Madramootoo [73] described a DSS for the planning of soil conservation 
system on a watershed scale and applied to an agricultural watershed in South Eestern 
Qubec, Canada. In 1994, an ES called ETCON by Amha et al. [74] was developed to 
make recommendation for land use planning and land utilization type requirements for 
a specified farm input level and management practice. ETCON makes an assessment 
of four land utilization types at three levels of measurable diagnostic parameters (land 
characteristics). 
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• Insect pest and disease management 

There is no agricultural crop which becomes unaffected by insect pest and disease. 
Insect pest and disease are important factors to be controlled because of the loss they 
cause. If not controlled properly, they can make a considerable damage. ES and DSS 
can play a significant role in identification of insect pest and diagnosis of disease along 
with the control measures. 

Roach et al. [75] developed an ES for insect identification in apple orchard. The system 
was developed using prolog. Knight and Gammell [76] described a DSS for forecasting 
Aphis fabae outbreaks in fields of spring-sown beans. This system was an integral part 
of FL YPLAST [77]. 

In between 1985 to 1994, a significant number of ES and DSS have been developed 
and used for insect pest management which include Stone et al. [78]; Coulson and 
Saunders [79]; Cervo et al. [80]; Pasqua! and Mansfield [81]; Hoshi and Kozai [82]; 
Batchelor et al. [43]; Beck et al. [83]; Heong [84]; Foster et al. [85]; Kundu [86]; Olson 
and Wagner [87]; and Sing [88]. 

A prototype ES for diagnosis of potato disease based on various symptoms was 

developed by Boyd and Sun [89]. This ES was developed with the shell, PC Expert 
Professional (Software Artistry Inc.). Yialouris and Siderisdis [90] presented an expert 
system for tomato diseases identification. Many other ES and DSS for disease 
diagnosis have already been developed which include [80,86,88,91-94]. 

• Agricultural machineries 

The agricultural sector is facing a severe shortage of labour and the available labour is 
becoming more expensive day by day because of the rapid industrial growth has 
caused a major shift of labour force from agriculture to industry. These changing 
circumstances have necessitated a speed-up in mechanization. However, in order for a 
farm to operate efficiently, the size or capacity and number of agricultural equipments 
should mach the optimum power required by various sequences of cropping operations 
that must be performed within specific time periods. Larger machinery helps to reduce 
labour cost as well as timelines cost. For smooth running and perfect operation of these 
machines the owner of the machine should take proper care, should be familiar with the 
preventive maintenance and should have knowledge of common troubles, causes and 
remedies. So, usually, a qualified mechanic is required to solve the problem during 
breakdown which occurs repeatedly on the farm. Therefore, in such situation, ES/DSS 
approach can play a significant role. 
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Gaultney et al. [95] developed an ES for trouble-shooting tractor hydraulic systems. PC 

plus shell has been used to develop this ES. Bardale and Leong [96] developed an ES 

called , TRAPERT, which is able to diagnose most of the major failures in agricultural 

tractors and provide suggested remedy to the user. 

Expert systems have been developed for selection of agricultural equipments . The 

PLANTING model was developed by Morrison et al. [97] to select planting machines for 
given soil properties and field conditions. Another tillage practice system was 

developed for southwestern Ontario by Clark et al in 1990 [98]. Hasbini et al. [99] 

described an ES which covers the domains of pump selection and operation of certre 

pivot system. This ES was developed as a practical decision aid for operational 

procedures for unskilled operators. 

The TESTOP model was developed by Meyer et al. [1 00] to select a tillage system 

primarily based on crop yields. A DSS was developed by Butani and Singh [1 01] for 
optimization of farm machinery system with the flexibility to incorporate regional 
variations in crops and cropping practices, farm characteristics, sizes of farm 
equipment and costs of the resources and outputs. This DSS was developed using MS 

Quick BASIC and presents the optimum power solution for mobile and stationary 
operations, and select the optimum power sources and the matching equipment. 

Singh and Pathak [1 02] described a DSS for mechanical harvesting and transportation 
of sugarcane in Thailand . This DSS aids in decision making in management of a 
chopper harvesting system for sugarcane. It also simulates the harvesting and 

transportation operation and determines the optimum number of trucks for a given set 

of transportation conditions . A DSS called PARMS (Planting and Residue Management 

System) was developed by Smith et al. [103] . The primary use anticipated for PARMS 

are the evaluation of methods of managing crop residue and planters for conservation 

tillage . The system was developed in C ++ rather than an ES shell, because the 

complexity of the problem required more flexibility than shell allowed. 

• Storage, marketing and transportation 

To enable farmers to get higher returns from their produce, it is inevitable to know 

about marketing patterns, storage of farm produce and its transportation. Serious 

losses occur due to the infestation caused by the storage pests. 

Denne [104] developed an ES for stored grain pest management. A DSS for the 
provision of planting plans has been developed by Hamer [1 05] . The major objectives 

for development of this DSS was to market a steady supply of produce over along 
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period. In this system, a model was used to simulate the yield and timing of 
development of marketable buttons. The effects of time of sowing and/or transplanting 
were simulated. The model makes use of the NIAB (National Institute of Botany) 
recommended lists to simulate the varietal differences in growth patterns. A method for 
eliminating varieties which have poor sprout or plant characteristics have been 
presented. An LP model selects varieties and provides a planting schedule which 
satisfies the market demand and maximizes profit. 

• Other ES and DSS related to agriculture 

Besides the above mentioned ESs and DSSs, there are other ES and DSS developed 
for crop research facil!ty, financial analysis, agricultural extension etc. [1 06-11 0]. In 
1998, ECOZONE II, a DSS for aiding environmental impact assessment in agriculture 
and rural development projects in developing countries has also been developed and 
implemented [111 ]. 

3.2.3. Typical features of an expert system 

lnspite of the fact that each ES is unique in some sense, certain features are desirable 
for any ES. As knowledge intensive programs, the features of an ES are as follows 
[112]: 

• An ES should solve difficult programs in a domain as good as or better than human 
experts. This is a fundamental criterion. 

• Such a system should process vast quantities of domain-specific knowledge to the 
minute details. These are pieces of knowledge a human expert acquires after long 
years of professional experience in a field. These private pieces of knowledge being 
termed as 'heuristics' need to be incorporated into the system along with the 
conventional knowledge acquired from various sources. 

• An ES permits the use of heuristic search process. An ES provides facilities for 
incorporating these heuristic search procedures. 

• The system explains why they ask a question and justifies its conclusions. 
Explanation facilities enhance the credibility of the system in the mind of humans. 

• An ES accepts advice, modifies, updates and expands. These characteristics, in a 
nutshell, form the basis for learning. 

• The system deals with uncertain and irrelevant data. Like human experts, ES also 
have to deal with a lot of uncertain and irrelevant data. 
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• The system communicates with the users in their own natural language. This is a 
characteristic that everybody is looking for. However, a few primitive natural 
language front end systems have developed which one can hook up with the ES. 

• An ES possesses the capacity to cater to the individual's desire. By this we mean 
that an ES can be used in different modes of operation. 

• The system provides extensive facilities for symbolic processing rather than numeric 
processing. Symbolic processing is the core of any AI program and hence an ES 
should provide facilities for doing so. 

• A final characteristic is from the point of economists and financial people. ES need 
heavy investment and there should be considerable Return-on-Investment (ROI). 

3.2.4. Life cycle of an expert system 

There are five major stages in the development of an ES [112]. Each stage has its own 
unique features and a correlation with other stages shown in fig. 3.1. 

Stage 1 : Identification of the problem. In this stage, the expert and the knowledge 
engineer interact to identify the problem. The major points discussed before for the 
characteristics of the problem are studied. The scope and the extent are analysed. The 
resources and finance are identified and estimated. The return-on-investment analysis 
is done. 

Stage 2 : Decision about the mode of development. Once the problem is identified, 
the immediate step would be to decide about the vehicle for development. The 
knowledge engineer can develop the system from scratch using a AI language like 
PROLOG or LISP or any conventional language or adopt a shell for development. In this 
stage, various shells and tools are identified and analysed for their suitability. Those 
tools whose features fit the characteristics of the problem domain are analysed in 
details. 

Stage 3 : Development of prototype. Decision on concepts needed to produce the 
solution is very important. One important factor to be decided here is the level of 
knowledge. Starting with coarse granularity, the system development proceeds towards 
high granularity. In this stage, the task of knowledge acquisition begins. The knowledge 
engineer and the domain expert interact frequently and the domain-specific knowledge 
is extracted. Once the knowledge is acquired, the knowledge engineer decides on the 
method of knowledge representation. When the knowledge representation scheme and 
the knowledge is available, a prototype is constructed_. This prototype undergoes the 
process of testing for various problems and revision of the prototype takes place. 
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Stage 4 : Planning for a full-scale system. The success of the prototype provides 
the needed impetus for the full-scale system. In prototype construction, the area in the 
problem that can be implemented with relative ease is first chosen. In the full-scale 
implementation, interactions with additional experts take place. Extensive planning is 
done. 

I User II Expert II Knowledge engineer I 

~~ / Study characteristics of the 
problem, scope and extent of 

Problem identification .. the problem, amount of 
resource needed, ROI 

analysis, and problem area 
identification. 

,,.. 
Selection language or shell or 

Decide on the vehicle for -... toolkit, characteristics of the 
development ..... ~ selected tool. 

,,.. 
Concept needed for solution, 

Prototype development task of knowledge acquisition, 
.... method of knowledge ..... 

representation and testing of 
the system. 

~ Additional interaction between 
Plan for full scale system ... multiple experts, heavy ... 

planning takes place and ..... ... implementation scheme takes 
form . 

.. Basic resource requirement at 
Imp lamentation, site fulfilled, parallel 

maintenance, and ... conversion and tasting, 

evaluation of the full 
..... maintenance of knowledge 

system. base and historical database 
and security of various 

subsystems. 

Fig. 3.1. Expert system life cycle. 

Stage 5 : Final implementation, maintenance and evaluation. This is the final life 
cycle stage of an ES. The full scale system developed is implemented at the site. The 
basic resource requirements at the site are fulfilled and parallel conversion and testing 
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techniques are adopted. The final system undergoes rigorous testing and later it is 
handed over to the user. 

Maintenance of the system implies tuning of the knowledge base because knowledge, 
the environment and types of problems that arrive are never static. 

Evaluation is a difficult task for any AI program. Solutions for AI problems are only 
satisfactory. Since the yardstick for evaluation is not available, evaluation becomes 
difficult. However, what one can do utmost is to supply a set of problems to the system 
and a human expert and compare the results. 

3.2.5. Components of an expert system 

Although at present there is no such thing as a standard expert system, but, however, 
most expert systems have a knowledge base and inference engine and a user 
interface. AI environments for expert system development are shown in block diagrams 
(fig. 3.2 and fig. 3.3) which are more or less self explanatory. The component of the 
expert system that contains collection of the domain knowledge for the system is called 
its knowledge base. This element of the system is so critical to the way most expert 
systems are constructed that they are also popularly known as knowledge based 
system. The knowledge base of an expert system contains both declarative (facts 
about objects, events and situations) and procedural (information about courses of 
action) knowledge depending on the form of knowledge representation chosen that two 
types of knowledge may be separate or integrated. There are several knowledge 
representation schemes such as Logic, Semantic Networks, Frames, Rules etc. which 
will be discussed in chapter 4. 

Data, Problems, Questions Formalized 
Structured 

l Knowledge l Domain Expert I Knowledge Engineer Jl---------i 
I _lj\ 

Knowledge, Concepts, Solutions 

USER r ~ Inference Engine I:: r---~~~;le~~:----1 

:: :: ::· ::0;~!~~;:;:::: :-: j =~~~~::~·~::.. J ~ 
Fig. 3.2. An architecture of a typical expert system. 
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Fig. 3.3. A block diagram indicating ES-development environment [113]. 

Simply having lot of knowledge does not make one an expert. The system must know 
how and when to apply the appropriate knowledge. So having a knowledge base itself 
does not make an expert system intelligent. The component that is responsible to direct 
the implementation of the knowledge is known variously as the control structure, the 
rule interpreter, or the inference engine. The inference engine defines which heuristic 
search techniques are used to determine how the rules in the knowledge base are to 
be applied to the problem. As a matter of fact the inference engine runs an expert 
system determining which rules are to be invoked accessing the appropriate rules in 
the knowledge base executing the rules and determining when an acceptable solution 
has been found. The knowledge in an expert system is not intertwined with the control 
structure. As a result of which an inference engine that works well in one expert system 
may work just as well with a different knowledge base. For example, the inference 
engine of one of the most famous medical expert system MYCIN is available separately 



76 

as EMYCIN (essential MYCIN). EMYCIN can be used with a different knowledge base to 
create a new knowledge system eliminating need to develop a new inference engine. 
Next impo.rtant component is the user interface that enables user to communicate with 
an expert system. The communication performed by a user interface is bi-directional. At 
the simplest level the user must be able to describe his problem to the expert system 
and the system must be able to respond with its recommendations. The user may also 
ask the system to explain its reasoning or the user may ask the system for additional 
information about the problem. The system may also ask the user for additional 
information about the problem. In fig. 3.3 different features that are desirable for the 
end-user interface is described. As a matter of fact the capabilities of using speech, 
natural language, pictures and graphics are the most important features of the fifth 
generation systems also. 

3.2.6. Classifications of expert systems 

3.2.6.1. Based on reasoning 

• Rule-based reasoning 

A type of knowledge representation in which the knowledge about a domain is 
expressed in rules that define relationships between facts. Rules provide a formal way 
of representing recommendations, directives or strategies. They are often appropriate 
when the domain knowledge results from empirical associations developed through 
years of experience solving problems in an area. 

• Case-based reasoning 

A knowledge base for case-based reasoning [114] is a set of relevant examples rather 
than general rules. These cases are applied to new problems by an analogical 
reasoning process. This is another response to the complexities encountered in trying 
to handcraft a knowledge base of general rules that will cover all situations. Proponents 
of case-based reasoning argue that this is closer to human reasoning. Case-based 
approaches have played an important role in expert programs in law and medicine. A 
comparison of rule-based reasoning vs. case-based reasoning has been shown in table 
3.3. In the recent years case-based approaches are gaining momentum in different 
domains. 
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Table 3.3. Comparison of Rule-based and Case-based reasoning [115]. 

Criterion 

Knowledge unit 

Granularity 

Knowledge acquisition units 

Explanation mechanism 

Characteristic output 

Knowledge transfer across 
problems 

Speed as a function of 
knowledge base size 

Domain requirements 

good 

Advantages 

Disadvantages 

Rule-based reasoning 

Rule 

Fine 

Rules, hierarchies 

Backtrace of rule firings 

Answer, plus confidence measure 

High, if backtracking 
Low, if deterministic 

Exponential, if backtracking; 
Linear, if deterministic 

Domain vocabulary 
Good set of inference rules 
Either few rules or 

Rules apply sequentially 

Domain mostly obeys rules 

Flexible use of knowledge 
Potentially optimal answers 

Computationally expensive 
Long development time 
Black-box answers 

• Frame-based reasoning 

Case-based reasoning 

Case 

Coarse 

Cases, hierarchies 

Precedent cases 

Answer, plus precedent 
cases 

Low 

Logarithmic, if index tree 
balanced 

Domain vocabulary 
Database of example cases 
Stability - a modified good 

solution is probably still 

Many exception to rules 

Rapid response 
Rapid knowledge acquisition 
Explanation by examples 

Sub-optimal solutions 
Redundant knowledge base 

Reasoning with frames is much more complicated than reasoning with rules. The slot 
provides a mechanism for a kind of reasoning called expectation-driven processing. 
Empty slots (i.e. unconfirmed expectations) can be filled, subject to certain conditioning, 
with data that confirm the expectations. Thus, frame-based reasoning looks for 
confirmation of expectations and often just involves filling in slot values. 

Perhaps the simplest way to specify slot values is by default. The default value is 
attached loosely to the slot so as to be easily displayed by a value that meets the 
assignment condition. In the absence of information, however, the default value 
remains attached and expressed. 
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The reasoning process that takes place with frames is essentially the seeking of 
confirmation of various expectations. This amounts to filling in the slots and verifying 
that they match the current situation. With frames, it is easy to make inferences about 
new objects, events, or situations because the frames provide a base of knowledge 
drawn from previous experience. 

The reasoning in frames can be executed in different ways. Two most common ways 
are using rules and employing hierarchical reasoning. 

In frame-based system, it is always easy to see the order and relationship of the 
elements. Frame-based systems assume that the hierarchical relationship of the 
objects is relatively static. If the order is dynamic, using a frame-based system 
becomes difficult. 

Frame-based systems are most applicable to biological classification systems, and 
similar types of systems, in which a static hierarchical classification is a part of the 
knowledge. 

• Model-based reasoning 

Model-based reasoning is based on knowledge of the structure and behavior of the 
devices the system is designed to understand. Model-based systems are especially 
useful in diagnosing equipment problems. The systems include a model of the device to 
be diagnosed that is then used to identify the caus~(s) of the equipment's failure. 
Because they draw conclusions directly from knowledge of a device's structure and 
behavior, model-based expert systems are said to reason from "first principles". 

Unlike rule-based expert systems which are based on human expertise, the model
based ones are based on knowledge of the structure and behaviour of the devices they 
are designed to understand. 

3.2.6.2. Based on other technical issues 

Mentioning two major problems in building expert systems: (i) constructing and 
debugging knowledge base, and (ii) management of uncertainties might be relevant 
here. In the recent years, different ideas, concepts, methodologies have been 
introduced in circumventing the above and allied problems in building knowledge-based 
expert systems and I or in improving the performance in decision making systems. The 
resulting basic modules of various expert systems [116] are shown in fig. 3.4. 

Artificial neural networks [117-120] can be formally defined as massively parallel 
interconnections of processing elements that interact with objects of the real world in a 
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manner similar to biological systems. All information is stored distributed among the 
various connection weights. The networks can be trained by examples and sometimes 
they generalize well for unknown test cases. 

Fuzzy logic is based on the theory of fuzzy sets and, unlike classical logic, it aims at 
modeling the imprecise (or inexact) modes of reasoning and thought processes (with 
linguistic variables) that play an essential role in the remarkable human ability to make 
rational decisions in an environment of uncertainty and imprecision. This ability 
depends, in turn, on our ability to infer an approximate answers to a question based on 
a store of knowledge that is inexact, incomplete, or not totally reliable. 

We see that fuzzy set theoretic models [121,122] try to mimic human reasoning and the 
capability of handling uncertainty, whereas the neural network models attempt to 
emulate the architecture and information representation schemes of the human brain. 
Integration of the merits of fuzzy set theory and neural network theory therefore 
promises to provide more intelligent systems to handle real life recognition I decision 
making problems. For the last five to seven years, there have been several attempts 
[123-126] by researchers over the world in making a fusion of the merits of these 
theories under the heading 'neuro-fuzzy computing' for improving the performance in 
deCision making systems. 

As the knowledge base of an expert system is a repository of human knowledge and 
since some of these may be imprecise in nature, often, this may result in a collection of 
rules and facts which for the most part are neither totally certain nor totally consistent. 
The expert system is also likely to be required to infer from premises that are imprecise, 
incomplete or not totally reliable. The uncertainty of information in the knowledge base 
of the question-answering system thus induces some uncertainty in the validity of its 
conclusions [127]. Hence a basic problem in the design of expert systems is the 
analysis of the transmitted uncertainty from the premises to the conclusion and the 
association of a certainty factor [128]. Fuzzy expert systems [128, 129], incorporating 
the concept of fuzzy sets at various stages, help to a reasonable extent in the 
management of uncertainty in such situations. 

Neural networks are also used in designing expert systems. Such models are called 
connectionist expert systems [130], and they use the set of connection weights of a 
trained neural net for encoding the knowledge base for the problem under 
consideration. 

The block diagram of the basic modules of an expert system, fuzzy expert system, 
fuzzy neural net, connectionist expert system, neuro-fuzzy expert system and 
knowledge-based connectionist expert system have been provided in fig. 3.4. As stated 
above, a fuzzy neural net constitutes the knowledge base of a neuro-fuzzy expert 
system. While the rules are collected by knowledge engineers for designing the 
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knowledge base of a traditional expert system or fuzzy expert system, the connectionist 
models use the trained link weights of the neural net I fuzzy neural net to automatically 
generate the rules, either for later use in a traditional version or for providing 
justification in the case of an inferred decision. This automates and also speeds up the 
knowledge acquisition process. The use of fuzzy neural nets helps in the handling of 
uncertainty at various levels (e.g. input, output, learning and neuronal) and generates 
fuzzy rules capable of more realistically representing real-life situations. The 
knowledge-based connectionist expert systems, on the other hand, initially encode 
crude domain knowledge among the connection weights of the neural net, thereby 
speeding up the training phase and generating better performance. Refined rules are 
later extracted from the less redundant trained network. 

A comparative analysis of the basic features of these models with those of the 
traditional and connectionist (non-f.uzzy) versions is provided in table 3.4. 

Table 3.4. Comparative study of various expert systems. 

Knowledge-based 

Expert system Connectionist Neuro-fuzzy connectionist I 
expert system expert system Neuro-fuzzy 

expert system 

Knowledge Knowledge acquisition Connection weights Connection weights Connection weight of 
base and representation in of trained neural net of trained fuzzy trained nonfuzzy I 

the form of rules, that were initialised neural net that fuzzy neural net that 
frames, semantic nets with small random were initialised with were initialised with 
or belief networks values small random crude domain 

values knowledge in rule 
form with binary link 
weights a prior class 
information and 
distribution of pattern 
points 

Knowledge Addition of new Empirical addition of Empirical addition Network optimization 

refinement knowledge (say, as hidden nodes/links of hidden using growing and 
new rules) nodes/links pruning of 

nodes/links, based on 
training data and 
additional knowledge 

lnferencing Matching facts with the Presentation of crisp Presentation of Presentation of input, 
existing knowledge input, forward pass fuzzy input, forward forward pass and 
base and generation of pass and generation of output 

crisp output generation of fuzzy 
output 

Rule 
Crisp rules obtained Fuzzy rules Rules obtained during 
during backward pass obtained during backward pass; 

generation using changes in backward pass negative rules also 
levels of input and using node possible 
output units, activation and link 
magnitude of weights 
connection weights 
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3.3. Why it is an expert system domain 

There are two distinct parts under this aspect : (i) why does the domain demand 
ES-technology ? and (ii) why does the ES-technology suit the domain ? Let us 
consider the first issue, the foundation of which can be found in chapter 1 and chapter 
2. Proper and prompt identification and control of tea insect pests and diseases are 
highly required. As an ideal case, at least one entomologist I plant pathologist should 
be placed at each tea garden. But, as the tea cultivation is spread over a wide area, 
human experts are really a scarce commodity. To mitigate such needed expertise, an 
automated knowledge-based consultation system would be helpful. Let us now 
examine how the ES-technology suits the problem domain. The key attributes of a 
domain, to be a good candidate for expert system domain, are neither all absolute nor 
limited to the following [131-133]: 

• The Knowledge associated with the domain must be bounded; 
• Non-algorithmic approach is more useful than conventional algorithmic approach; 
• Human experts or literature should be available or some prior case studies should 

be conducted to gather knowledge where human experts knowledge is neither 
adequate nor any literature is available; 

• There should be some advantage to using computers with a significant payoff; 
• The complete logic is not known in advance; 
• Primarily it requires symbolic reasoning; 
• There may be use of heuristics by the expert(s). Problems require multi-criteria 

decision making (MCDM) [134] or use of incomplete or uncertain information; 
• The domain is fairly stable or at least slowly changing; 
• No alternative solution to the problem is being pursued or is expected to be 

pursued. The present solution under investigation for the domain problem will be 
used for quite sometime. 

The knowledge associated with the domain is large and varied. Reaching a conclusion 
with such unbounded knowledge may not be possible. Therefore, experts somehow 
confine their knowledge while handling any problem. We confine ourselves within such 
expertise knowledge during the knowledge acquisition process. It may be stated as a 
fact that the plant insect and plant disease interactions do not obey any particular 
algorithm or a particular set of algorithms. So, it is better to use here a non-algorithmic 
approach. Multiple experts of the domain are available here. We have no doubt to 
state that a significant pay off from the completed system will be achieved. This pay off 

may be in terms of tangible benefits or may be in terms of social values. Knowledge of 
this problem domain is vast and varied and hence complete and sound knowledge may 
not be available in advance. This requires the use of expert systems technology where 
one may expect the ease of updating and maintainability of knowledge base. Primarily, 
the domain requires to deal with some symptoms (some symbols) like "deformed" or 
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"stunted" or "defoliated" (Appendix A). So, symbolic reasoning is the primary 
component here. It is such a domain where the use of heuristics by the experts gained 
in a number of years of practice will be useful. Multiple criteria decision making and 
incomplete or uncertain information processing are also the characteristics of the 
domain. The characteristics of the domain under consideration are of fairly stable 
nature. It is unlikely that the characteristics of this region will change abruptly in near 
future. From the economic point of view, no better solution, seems feasible. It may not 
be possible to appoint even one human expert on insect pest and disease per tea 
garden. The needs of the domain may be fulfilled, at least partially, by the present 
system under investigation. It is expected that the full system once achieved will 
partially; be used as long-term basis, an important pay off. 

3.4. What requirements the domain lays on an expert system 

With the above justifications of using expert systems technology for the domain, let us 
now investigate the requirements the domain lays on an expert system. 

• Portability 

To have its increased usage an expert system is expected to be portable. This 
essentially means that the system can be run on different types of target machines 
which can be procured at low cost and can be transported easily to different remote 
tea gardens. Moreover, the recurring expenditure should be low in terms of power 
consumption, maintenance etc. During the system development, one has to select a 
software development tool to satisfy the said purpose. For example, one may suitably 
select PROLOG I LISP or an ES-shell or a tool-kit based on PC running under MS
DOS/Windows. Summarily, a low cost and easily manageable by the end users PC
based system is being proposed here. This portability feature should certainly 
encourage the usage issue discussed in chapter 1. It should be easier then for tea 
garden workers who already have hardware with them to procure this system. This 
may require a small upgradation rather than procuring specialised LISP-based 
machines or AI workstations. 

• Modifiability 

The domain knowledge in knowledge base may have to be enhanced owing to different 
reasons. Three specific reasons may here be noted. First, when complete and sound 
knowledge may not be available in advance, a fact for the present domain, existing 
system should easily and quickly incorporate the required changes, specially bearing in 
mind the state-of-the-art knowledge of the domain. Secondly, the complete and 
sound knowledge may not be possible to acquire in the initial stage of the knowledge 
acquisition process. At the later stage of the development, further enhancement would 
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be required. Third, for its survival, a system should be of open type. This essentially 
means that the system should cope with the changing environment, obviously small, 
suggesting the modifiability feature to incorporate in the system. A closed system 
should eventually die. In a system, the modifiability has to be taken care of at two 
levels: i) at the design level, and ii) at the implementation level. 

• Dealing with inexact information 

In real world, we have the experience that sometimes either we have no knowledge 
about an object or we have some incomplete, fuzzy or uncertain knowledge about the 
object. But, one has to reason in this situation and has to reach a decision. For a 
agricultural domain this is more critical. An expert system should be capable of 
handling these inexact situations. 

• Transparency 

For firm identification and diagnosis as well as for further course of action(s), an 
expert may not be satisfied with the decision only offered by an expert system. He I 
she may demand the total reasoning path traversed by the system, for their mental 
satisfaction. Generally, 'HOW' and 'WHAT IF' types of transparency are expected. So, an 
explanation tracing procedure should be there, as a module, with the system. The most 
of the users of the system would be the general tea garden workers and management 
trainees who are not experts in entomology or plant pathology. This particular feature 
should assist them to view the chain of reasoning leading to a conclusion. This 
chain of reasoning should certainly assist a worker for further analysis and control 
planning. This chain of reasoning should also be useful to non-monotonic reasoning 
issue. 

• Learning facility with a dynamic knowledge base 

It may be useful to remember the results or facts of at least one previous 
consultation session for better comparison, especially for the agricultural field. It is 
true that the deficiency in growth and development should be estimated in 
comparison with a set standard i.e. milestones what are stored in static part of 
knowledge base. But, however, it should also be useful to estimate the increment I 
decrement of growth parameters in comparison with the previous consultation session. 
This should give us an idea about the parameters which need more attention. This 
is essentially a learning facility with the system. This facility may be achieved with a 
dynamic knowledge base. We call this dynamic portion of knowledge base as short
term knowledge base (STKB). This STKB inay also help to achieve 'improved 
backtracking' compared to 'blind or chronological backtracking'. This STKB, we 
observe, may also play an active role on non-monotonic reasoning. 
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• Structured and modular data structure 

Let us now identify some key requirements of the domain in connection with its 
knowledge representation where structuredness and modularity are demanded for : 

Managing a large and varied knowledge base 

The domain knowledge size is significantly large and varied. In this situation, the 
knowledge can become unmanageable. To make it manageable, it will be worthwhile 
to use structured and modular data structure for knowledge representation. 

Avoiding redundancy and thereby removing inconsistency 

Any component of knowledge is expected not to be duplicated in a knowledge base 
either in the design phase or in the implementation phase. This redundant 
information requires more space and also leads to inconsistency problem during 
upgradation of knowledge. Using a structured and modular data structure one can 
avoid this redundancy problem. 

High level of abstraction 

An abstraction is a way of representing a group of related things by a single thing 
which expresses their similarities and suppresses their differences. For the 
present domain, the level of abstraction is expected to be high for the ease of 
proper identification and diagnosis from a large and varied knowledge base. A high 
level of abstraction may be achieved using an equally highly structured and modular 
data structure for knowledge representation. 

In chapter 4, a detail discussion has been provided on the knowledge representations 
schemes along with their relative merits and demerits. 

3.5. Discussions 

After a brief introduction to AI and expert systems technology, categories and 
application areas of expert systems with some examples have been provided. 
Components of a typical expert system, typical features of an expert system, major 
stages of expert system development have been provided in brief. Then we have 
discussed the types of expert systems with a note on the recent trends of the 
technology. 

One can observe that recently case-based and/or model-based reasoning are preferred 
by some researchers in some domains (e.g. medical, agricultural etc.). For the 
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generation of more intelligent decision making systems some researchers propose 
fuzzy systems, some propose neuro-fuzzy models, some propose knowledge-based 
networks model and some propose connectionist model. They have their relative merits 
and demerits. A comparative study of the various methodologies has been provided in 
tabular form. 

In our present study we have explored the development of a rule based object-oriented 
knowledge based system for the insect pest and disease domain and as well as case
based reasoning for the development of our models for case-based learning and case
based classifier approach. 
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Chapter 4 

Knowledge Engineering 

4.1. Introduction 

Human knowledge and reasoning are symbol-dependent. Their expression and use are 

possible only through symbols . Computers are now capable of representing , 

processing and using human knowledge for reasoning and problem-solving . Creation of 

an ensemble of knowledge handling capabilities for problem-solving through computers 

is referred to as Knowledge Engineering (KE) . KE is the process of acquiring , 

representing , organising , encoding , storing, processing and applying knowledge 

through computers. Its purpose is knowledge-based problem-solving in specified 

domains. Expert Systems (ES) require the use of domain related 'expert ' knowledge for 

their solution. The expert knowledge may be in the form of facts , relationships, 

procedures , heuristics, beliefs , experience and insights. It may variously be formal and 

categorical , quantitative and qualitative, incomplete and imprecise, uncertain and 
judgmental. Knowledge may be collected from many sources . A representative list of 
sources includes domain experts, books, computer databases, maps, flow diagrams, 

pictures, web-sites etc. These sources can be categorised into two types : documented 
and undocumented sources. 

Domain experts are generally considered as the primary sources of knowledge for an 
expert system development. Experts should have developed domain expertise by task 
performance over a long period of time. One of the objectives of the knowledge 
acquisition is to find the experts' heuristics related to the task. Project experts should 
have enough experience to have been able to develop the domain insights that result in 
these heuristics. 

Experts should be capable of communicating their knowledge, judgement, and 
experience and the methods they use to apply these to the particular task. Experts ' 
temperament, co-operativeness, and working relation with the project team can have a 
major impact on the success and the speed of the knowledge acquisition. 

After the knowledge acquisition, this knowledge has to be put into an objective form for 
the knowledge base. The proper selection and design of a suitable knowledge 
representation scheme should be in tune with the requirements of the application 
domain. In addition , the proper selection should also depend on certa in important 
properties of a scheme like expressive power and adequacy in context to the 
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application domain. In this chapter, we have tried to analyse some of these issues from 
the viewpoint of an expert system designer. 

Section 4.2 contains the description of levels of knowledge. Knowledge categories are 
presented in section 4.3. In section 4.4, we describe the knowledge acquisition. 
Methods of knowledge acquisition are presented in section 4.5. Knowledge acquisition 
problems and possible ways of overcoming them are discussed in section 4.6. Section 
4.7 contains the knowledge acquisition in the context of present work. Section 4.8 will 
be devoted to describe some knowledge representation schemes from the literature. 
Section 4. 9 contains the object-oriented presentation in expert systems. In section 4.1 0, 
we analysed the relative suitability of such schemes as described in section 4.8. 
Finally, we end up with some discussion. 

4.2. Levels of knowledge 

Knowledge can be represented at different levels, of which two extremes are - shallow 
knowledge and deep knowledge. Shallow knowledges are the surface level information, 
that can be used to deal with very specific situations. Deep knowledge refers to the 
internal and casual structure of a system and considers the interactions among the 
system components. Deep knowledge can be applied to different tasks and different 
situations. It is based on a completely integrated, cohesive body of human 
consciousness that includes emotions, common sense, intuition etc. 

4.3. Knowledge categories 

Knowledge can be differentiated into various categories - such as declarative 
knowledge, procedural knowledge, semantic knowledge, episodic knowledge and 
meta-knowledge. 

4.3.1. Declarative knowledge 

Descriptive representation of knowledge is a declarative knowledge. It is expressed in 
a factual statement. Declarative knowledge is especially important in the initial stage of 
knowledge acquisition. 

4.3.2. Procedural knowledge 

It includes step-by-step sequences and how-to types of instructions, it may also include 
explanations. 

4.3.3. Semantic knowledge 

Semantic knowledge reflects cognitive structure that involves the use of the long term 
memory. 
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4.3.4. Episodic knowledge 

Episodic knowledge is autobiographical, experimental information organized as a case 
or an episode. 

4.3.5. Meta-knowledge 

Meta-knowledge means knowledge about knowledge. In AI, meta-knowledge refers to 
the knowledge about the operation of knowledge based systems i. e., about its 
reasoning capabilities. 

4.4. Knowledge acquisition 

Knowledge acquisition is the process by which expert system developers find the 
knowledge that domain experts use to perform the task of interest. This knowledge is 
then implemented to form the ES programs. Therefore, once the domain has been 
selected, knowledge acquisition is very likely the most important task in an ES 
development. Acquisition of domain knowledge is a crucial phase of any knowledge 
engineering application and its weakness or failure can decisively block any future 
progress toward building an ES. Knowledge acquisition has to be systematic and 
comprehensive. To be useful, the knowledge must be accurate, presented at the right 
level for encoding, complete in the sense that all essential facts and rules are included, 
free of inconsistencies and so on. 

4.4.1. Sources of knowledge 

From many sources knowledge can be collected. We may classify them into two broad 
categories: (i) classical sources, and (ii) more recently available web-based sources. 

4.4.1.1. Classical sources 

A representative list of classical sources includes (i) domain experts, (ii) books and 
literature, films, computer databases, pictures, maps, flow diagram, etc. and (iii) real 
field case studies. Furthermore, these sources can be divided into two types: 
documented and undocumented knowledge. Undocumented knowledge resides in 
people's mind. Worthwhile to mention that in agriculture domain there are scopes of 
accumulating undocumented knowledge as gathered by field experts during their visit 
to the field. In this respect, domain experts might be considered as a good source of 
knowledge. Although there is a need for better methods of knowledge acquisition, 
including techniques to automate the process, but for the foreseeable future, most of 
the knowledge for any practical expert system in a complex domain will be obtained 
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through the interaction of knowledge engineers and domain experts [1 ]. Recently 
Internet and WWW can be used as another source of knowledge. 

4.4.1.2. Web-based sources 

With the introduction of Internet and World-Wide-Web (WWW} knowledge acquisition 
has got a new dimension. WWW has not only revolutionized the dissemination process 
of information but also it has created novel opportunities for sharing literal knowledge 
via Internet. Peoples are now getting acquaintance with web-based computer 
technologies. Knowledge engineers, working in their fields of interest can search and 
access the relevant web documents as a source of knowledge. 

4.5. Methods of knowledge acquisition 

Once the problem domain has been selected, knowledge acquisition is very likely the 
most important task in an expert system development. The elicitation of knowledge 
from the expert can be done by various ways. We may classify the methods of 
knowledge acquisition in three categories: manual, semiautomatic and automatic. 

4.5.1. Manual methods 

Manual methods are basically structured around some kind of interview. The 
knowledge engineer elicits ·knowledge from the domain expert and I or other sources 
and then codes it in the knowledge base. The three major manual methods are 
interviewing (structured, unstructured, semi-structured), tracking the reasoning process, 
and observing. 

4.5.1.1. Interviewing 

4.5.1.1.1. Structured interview 

Systematic goal-oriented interview is a structured interview. It establishes an organized 
communication between the expert and the knowledge engineer. It allows the 
knowledge engineer to prevent the distortion caused by subjectivity of the domain 
expert and structured interview reduces the interpretation problem inherent in 
unstructured interview. Attention to a number of procedural issues are necessary for 
structuring an interview. To identify major demarcation of the relevant knowledge, the 
knowledge engineer should study available material(s) on the domain. During the 
knowledge acquisition session he I she should identify target question to be asked. 
Sample question, questioning techniques, question(s) type and level should be written 
prior to structured interview. Knowledge engineer should follow the guide lines for 
conducting interviews. During the interview the knowledge engineer uses directional 
control to retain the structure of interview. 
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4.5.1.1.2. Unstructured interview 

As a starting point, informal interviews are conducted for many knowledge acquisition 
requirements. It helps to get quickly to the basic structure of the domain and saves 
time. According to McGraw and Harbeson-Briggs [2], unstructured interviewing seldom 
provides complete or well organized descriptions of cognitive processes. Firstly, they 
observed that the expert system domains are generally complex; thus, the knowledge 
engineer and the expert must actively prepare for interview situations. Unstructured 
interviews generally lack the organization that would allow this preparation to transfer 
effectively to the interview itself. Second, domain expert usually find it very difficult to 
express some of the more important elements to their knowledge. Third, domain expert 
may interpret the lack of structure as requiring little preparation on their part prior to the 
interview. Fourth, data acquired from an unstructured interview are often unrelated, 
exist at varying levels of complexity, and are difficult for the knowledge engineer to 
review, interpret, and integrate. A fifth problem cited by McGraw and Harbison-Briggs 
concerns training. Because of a lack of training and experience, few knowledge 
engineers can conduct an efficient unstructured interview. Thus, knowledge engineers 
appear disorganized and may unwittingly allow the expert to have low confidence in the 
knowledge engineer. This may decrease the rapport needed to work together on a 
large scale development effort. Finally and most importantly, unstructured situations 
generally do not facilitate the acquisition of specific information for experts. 

4.5.1.1.3. Semi-structured interview 

Semi-structured interviews are obviously a compromise between structured approach 
and unstructured approach. This approach is required when complete unfolding of the 
complexity of the problem domain is not possible. 

4.5.1.2. Tracking the reasoning process 

Tracking the reasoning process refers to a set of techniques that attempts to track the 
reasoning process of an expert. Cognitive psychologists use this technique in 
discovering the expert's "train of thought" while he I she reaches a conclusion. 

4.5.1.3. Observations 

Sometimes, it may be possible to observe the expert at work and thereby one can 
acquire knowledge. 
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4.5.2. Semi-automatic methods 

Methods intended to help the knowledge engineers by allowing them to e~ecute the 
necessary tasks in a more efficient and I or effective manner and also intended to 
support the experts by allowing them to build knowledge bases with little or no help 
from knowledge engineers are semiautomatic methods. 

4.5.3. Automatic methods 

In this method the role of the expert is minimal (limited to validation) and there is no 
need for a knowledge engineer. For example, the induction method can be 
administered by any builder (e.g., a system analyst). 

4.6. Problems in knowledge acquisition 

There are a number of problems with knowledge acquisition [3] mainly concentrating on 
two aspects : (i) availability of source(s) and (ii) transferring knowledge. To overcome 
these problems many efforts have been made [4]. For example, researches on 
knowledge acquisition tools are going on [5] to focus on ways to decrease the 
representation mismatch between the human expert and the program under 
development. Several expert system development software packages such as EXSYS, 
LevelS and VP expert greatly simplify the syntax of the rules (in a rule-based system) to 
make them easier for an expert system builder to create and understand without 
special training. Also, a natural language processor can be used to translate 
knowledge. 

In case of web based acquisition, any search engine results a large number of 
directories. It is reported that the number of web sites is increasing 10% in every 
month. It is sometimes very difficult to have a comprehensive list of the proper web 
sites of domain interest. Although one may get some good starting places. Some 
problems associated with web based knowledge acquisition are: 

1. Lack of quality control at stage of production, leading more easily to lack of reliability 
and ultimately leading to a wrong concept. 

2. It is possible to read a web page without having seen context pages or the cover 
page containing disclaimers, warnings etc. 

3. Authors of web pages, news articles, e-m ails, etc., sometimes remain unidentified. 
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4.7. Knowledge acquisition in the context of present work 

Books, manuals or other written materials discussing the domain can form the basis of 
an initial but secondary sources of knowledge base. In such written material, an expert 
has already extracted and organized some of the domain expertise. As the problem 
domain is concerned with the insect pests and diseases of tea, so at the very initial 
stage of this work, the knowledge of domain parameters was elicited from various 
books on the subject, workshop reports and published papers on pests and diseases of 
tea as mentioned in Chapter 2. As Tea Research Association of India (TRA) has long 
years of experience and contribution in providing the research and development in tea 
domain, so a major part of the documents were collected from TRA. 

The domain terminology, categories and jargon were extracted from the above said 
literatures and a glossary of pertinent domain terms was prepared. It provided a benefit 
on the subsequent steps of knowledge engineering. 

The insect pests and diseases causing major damages were identified on the basis of 
estimated crop loss and previous reports of incidence. The possible .set of damaged 
symptoms were recorded against each insect pest and diseases which in later stage 
were verified by the domain experts. The morphological characteristics of pests were 
studied from text books and publications of entomology. Various relevant photographs 
were collected from TRA and as well as from domain experts. 

Domain experts are the primary sources of knowledge for an ES. Knowledge 
acquisition primarily refers to the process of eliciting the needed knowledge from 
domain experts. Knowledge acquisition is concerned with eliciting the facts, rules, 
patterns, heuristics, and operations used by experts to solve problems in a particular 
domain. In the present work, as the primary source of knowledge, four domain experts 
having 15 to 25 years of experience had been consulted through structured interviews. 
Forms were prepared to record the knowledge extracted from those experts. The 
experts were requested to give their judgement for different set of possible 
observations. The representative sources of domain experts used in this work are: 

(i) Mr. R. Sinha, Senior Executive, Radharani T. E., West Bengal, India. 
(ii) Dr. S. Sanigrahi, Advisor, Tea Research Association, Nagrakata, West 

Bengal, India. 
(iii) Mr. D. Guha, Manager, Madhu T. E., West Bengal, India. 
(iv) Mr. P. Aditya, Asstt. Manager, Mornai T. E., Assam, India. 

As a third source of knowledge, regular visits were conducted to the pest and disease 
affected sections of various tea gardens of North Bengal districts of West Bengal, India 
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in different seasons. All physical observations were incorporated in the knowledge base 
of the present system. 

4.8. Knowledge representation methods 

A knowledge representation method is the way a knowledge engineer models the facts 
and relationships of the domain knowledge. The two types of knowledge that need to 
be represented in a computer are declarative knowledge and procedural knowledge. 
Declarative knowledge signifies facts about objects, events, and about how they relate 
to each other and procedural knowledge signifies the way to use the declarative 
knowledge. 

In the present state-of-the-art of the subject there is no best theory of knowledge 
representation and so there is no best way to represent knowledge. Each method has 
its own advantages and disadvantages. 

Several common knowledge representation schemes have been discussed in the 
literature [3, 6-1 0] including logic, semantic networks, production rules, frames, scripts, 
and OAV-triplets as classical methods; and the relatively new paradigm: object-oriented 
(0-0) approach. 

4.8.1. Knowledge representation using logic 

The application of logic as a practical means of representing and manipulating 
knowledge in a computer was not demonstrated until the early 1960s [11 ]. Since that 
time, numerous systems have been implemented with varying degrees of success. 
Logic is a formal method for reasoning. Many concepts which can be verbalized, can 
be translated into symbolic representation which closely approximate the meaning of 
these concepts. These symbolic structures can then be manipulated in programs to 
deduce various facts to carry out a form of automated reasoning. The logic process 
takes in some information called premises and produces some outputs called 
conclusions. Logic is basically classified into two categories: propositional logic and 
predicate logic (first order predicate logic). 

Propositional logic (PL) is the simplest form of logic. Here all statements made are 
called propositions. A proposition in propositional logic takes only two values i.e. either 
the proposition is 'TRUE' or it is 'FALSE'. Consider the following statements: 

Statement 1 : Rubber is a good conductor of electricity 

Statement 2 : Diamond is a hard material 
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Both these statements are propositions, with the former having a value of FALSE and 

the later having a value of TRUE. 

Valid statements or sentences in PL are determined according to the rules of 
propositional syntax. This syntax governs the combination of basic building blocks such 
as propositions and logical connectives. There are two kinds of propositions: atomic 
propositions (simple propositions) and molecular propositions (compound propositions). 
Molecular propositions are formed by combining two or more atomic propositions using 
a set of logical connectives 'not', 'and', 'or', 'if', 'then', and 'if and only if'. 

For example, the following are compound formulas: 

It is raining and the wind is blowing 
If you study hard you will be rewarded 
The sum of 10 and 20 is not 50. 

The syntax of PL is defined recursively as follows: 

P and Q are formulas. 

If P and Q are formulas, the following are formulas: 

(-P) 
(P & Q) 
(P V Q) 
(P ~ Q) 

(P ~ Q) 

All formulas are generated from a finite number of the above operations. 

An example of a compound formula is 

(( P & (-Q V R) ~ (Q ~S)) 

The inference rules of PL provide the means to perform logical proofs or deductions. A 
key inference rule in PL is modus ponens. 

Modus ponens: From P and P~ Q infer Q 

or P 

For example, 

P~Q 

Q 



given: 

and 
conclude: 

(joe is a father) 
(joe is a father) ---7 ( joe has a child) 

(joe has a child). 
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PL works well in situations where the result is either TRUE or FALSE, but not both. 

However, there are many real life situations that can not be treated this way. 

First Order Predicate Logic (FOPL) or predicate calculus has assumed one of the most 
important roles in AI for the representation of knowledge. In FOPL, statements from a 
natural language like English are translated into symbolic structures comprised of 

predicates, functions, variables, constants, qualifiers, and logical connectives. The 

symbols form the basic building blocks for the knowledge and their combination into 
valid structures are accomplished using the syntax for FOPL. Once the structures have 

been created to represent basic facts or procedures or other types of knowledge, 
inference rules may then be applied to compare, combine, and transform these 
'assumed' structures into new 'deduced' structures. This is how automated reasoning 
or inferencing is performed. 

For example, the statement "All employees of the AI Software Company are 

programmers" can be written in FOPL as 

(\tx) ((AI-SOFTWARE-CO-EMP(x) ---7 PROGRAMMER(x)) 

where x is a variable which can assume a person's name. 

Now if Jim is an employee of AI Software Company, i.e. AI-SOFTWARE-CO-EMPUim), 

then the conclusion is "Jim is a programmer" i.e. PROGRAMMERUim). 

The above suggests how knowledge in the form of English sentences can be translated 

into FOPL sentences. Once translated, such statements can be typed into a knowledge 

base and subsequently used in a program to perform inferencing. 

Like PL, a key inference rule in FOPL is modus ponens. From the assertion "Leo is a 
lion" and the implication "all lions are ferocious" we can conclude that "Leo is ferocious". 

Assertion : LION(Ieo) 
Implication: \tx LION(x) ---7 FEROCIOUS(x) 

Conclusion: FEROCIOUS(Ieo). 
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In general, if 'a' has property P and all objects that have property P also have property 

Q, then the conclusion is a has property Q. 

Modus ponens: P(a) 
Vx P(x) ~ Q(x) 

Q(a) 

4.8.2. Knowledge representation using semantic networks 

A semantic networks or semantic net is a structure for representing knowledge as a 

pattern of interconnected nodes and arcs. It was introduced by Quillian [12] to model 

the semantics of English sentences and words. Semantic nets provide a more natural 
way to map to and from natural language than do other representation schemes. 
Network representations give a pictorial representation of objects, their attributes and 
the relationship that exist between them and other entities. Semantic nets are directed 
graphs with labeled modes and arcs or arrows. The language used in constructing a 
network is based on selected domain primitives for objects and relations as well as 
some general primitives. The following rules about nodes and arcs generally apply to 
most of the semantic nets: 

1. Nodes in the net represent either entities or attributes or states or events. 

2. Arcs in the net give the relationship between the nodes and labels on the arc 

specify what type of relationship actually exists. 

For example, a class of objects known as 'Bird' is depicted in fig. 4.1. The class has 
some properties and a specific number of class named 'Tweety' is shown. The colour of 
'Tweety' is seen to be yellow. 

COLOUR 
yellow 

HAS-PARTS 

Fig. 4.1. Fragment of a semantic net. 
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The semantic nets have a certain intuitive appeal in that the related information is 

clustered and bound together through relational links. The task is typically contained 

within a narrow domain or semantic vicinity of the task. The graphical portrayal of 

knowledge can also be somewhat more expensive than other representation schemes. 

4.8.3. Knowledge representation using rules 

Rules provide a formal way of representing recommendations, directives, or strategies; 
they are often appropriate when the domain knowledge results from empirical 
associations developed through years of experience solving problems in an area. A 
rule has two parts. The first part is a premise of conditions connected by logical-AND or 
logical-OR relationships. The second part is a conclusion. When the premise of a rule is 
true, the conclusion of the rule will become true. In some systems rules may be 
implemented by semantic networks or OAV, as in MYCIN [13], the medical diagnostic 
system developed at Stanford University. Alternatively, rules may be represented by 
frames, as in lntelliCorp's knowledge engineering environment [14]. 

In expert systems jargon the term rule has a much narrower meaning than it does in 
ordinary language. It refers to the most popular type of knowledge representation 
technique, the rule-based representation. Rules are expressed as IF-THEN statements, 
as shown below [15]: 

Rule 1. If a flammable liquid was spilled, 
called the fire department. 

Rule 2. If the pH of the spill is less than 6, 
the spill material is an acid. 

Rule 3. If the spill material is an acid, 
and the spill smells like vinegar, 
the spill material is acetic acid. 

These are rules that might exist in a crisis management expert system for containing oil 

and chemical spills. Rules are sometimes written with arrows (---+ ) to indicate the IF 

and THEN portions of the rules. 

Rule 2 in this notation would look like : 

If the pH of the spill ---+ the spill material 
is less than 6 is an acid. 

In a rule-based expert system, the domain knowledge is represented as sets of rules 
that are checked against a collection of facts or knowledge about the current situation. 
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When the IF portion of a rule is satisfied by the facts, the action specified by the THEN 
portion is performed. When this happens, the rule is said to fire or execute. A rule 
interpreter compares the IF portions of rules with facts and executes the rule whose IF 
portion matches the facts, as shown in fig. 4.2. 

FACTS 

DOD 

'fr 'fr 
MATC:H .(l. .(l. EXECUTE 

I[][][ J ----'7 D DO I 
RULES 

Fig. 4.2. The rule interpreter cycles through a match-execute sequence. 

The rule's action may modify the set of facts in the knowledge base, for example, by 
adding a new fact, as shown in fig. 4.3. The new facts added to the knowledge base 
can themselves be used to form matches with the IF portion of rules as illustrated in fig. 
4.4. The action taken when the rule fires may directly affect the real world, as shown in 
fig. 4.5. 

FACTS 

A flammable The pH of 
liquid was the spill 
spilled less than 6 

Spill smells 
like vinegar 

The spill 
material 
is an acid 

MATCH 

1' New fact added 
____ E_X_E_c_u_T_E __ _____.I to knowledqe base 

If the pH of the spill is less than 6, 
the spill material is an acid. 

RULES 

Fig. 4.3. Rule execution can modify the facts in the knowledge base. 



FACTS 

A flammable The pH of The spill The spill 
liquid was the spill Spill smells material material is 
spilled less than 6 like vinegar is an acid acetic acid. 

/ ~ 

if New fact 
MATCH to knowl 

added 
edge 

e .u. 

If the spill material is an acid, EXECUTE 
and the spill smells like vinegar, 
the spill material is acetic acid. 

RULES 

Fig. 4.4. Facts added by rules can match rules. 

A flammable 
liquid was 
spilled 

FACTS 

The pH of 
the spill 
less than 6 

Spill smells 
like vinegar 

EXECUTE 

bas 

MATCH Fire department 
is called 

If a flammable liquid was spilled, 
call the fire department 

I RULES I 
Fig. 4.5. Rule execution can affect the real world. 
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In this matching of rule, IF portions to the facts can produce what are called inference 
chains. The inference chain formed from successive execution of rules as shown in fig. 
4.6. This inference chain indicates how the system used the rules to infer the identify of 
the spill material. An expert system's inference chains can be displayed to the user to 
help explain how the system reached its conclusions. 
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The pH of 
' 

The spill 
the spill / material r----

less than 6 is an acid 
The spill 

" material is 
/ acetic acid 

Spill smells 
like vinegar r---

Fig. 4.6. Inference chain for inferring the spill material. 

There are two important ways in which rules can be used in a rule-based expert 
system: forward chaining and backward chaining. The spill material example just 
presented used forward chaining. 

Forward chaining is a 'data-driven' approach. In this approach one starts from available 
information as it comes in, or from a basic idea, then to draw conclusions. Backward 
chaining is a 'goal-driven' approach in which one starts from an expectation of what is 
to happen (hypothesis), then seek evidence that supports (or contradicts) his/her 
expectation. The inference chain created by backward chaining is identical to the one 
created by forward chaining; but however, the order and actual number of states 
searched can differ. The preferred strategy is determined by the properties of the 
problem itself. These include the complexity of rules, the shape of the state space, and 
the nature and availability of the problem data. All these vary for different problems. 

4.8.4. Knowledge representation using frames 

Minsky [16] introduced the concept of frames as a means of representing knowledge. 
He proposed that knowledge be organised into small packets called frames. Frames 
are general record-like structures which consist of a collection of slots and slot values. 
The slots may be of any size and type. Slots typically have names and values or 
subfields called facets. Facets may also have names and any number of values. A 
general frame template structure is shown in fig. 4.7. 

(<frame name> 
(<slot1 > (<facet1 ><value1 > ..... <valuek1>) 

(<facet2> <value1 > ..... <valuekz>) 

(<slot2> (<facet1 ><value1 > ..... <valuekm>) 

Fig. 4.7. A general frame structure. 
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A frame structure provides facilities for describing objects, facts about situations and 
procedures on what to do when a situation is encountered. The frames are used to 
represent two types of knowledge viz. declarative and procedural. A frame that merely 
contains description about objects is called a declarative or factual or situation frame. 
On the other hand, it is possible to have procedural knowledge represented in a frame. 
If a frame holds knowledge of a procedure, it is termed as a procedural frame. 

For example, the Ford frame illustrated in figure 4.8 has attribute value slots ( 
COLOUR: silver, MODEL: 4-door), a slot which takes default values far GAS-MILEAGE 
and a slot with an attached if-needed procedure. 

(ford ( AKO (VALUE car)) 
(COLOUR (VALUE silver)) 
(MODEL (VALUE 4-door)) 
(GAS-MILEAGE (DEFAULT fget)) 
(RANGE (VALUE if-needed)) 
(WEIGHT (VALUE 2600)) 
(FUEL-CAPACITY (VALUE 18)) 

Fig. 4.8. A Ford frame with various slot types. 

The value fget in the GAS-MILEAGE slot is a function call to fetch a default value from 
another frame such as the general car frame for which Ford is a-kind-of (AKO). When 
the value of this slot is evaluated, the fget function is activated. When fget finds no 
value for gas mileage, it recursively looks for a value from ancestor frames until a value 
is found. 

The if-needed value in the RANGE slot is a procedure name that, when called, 
computes the driving range of the Ford as a function of gas-mileage and fuel-capacity. 
Slots with attached procedures such as fget and if-needed are called procedural 
attachments or demons. They are done automatically when a value is needed but not 
provided for in a slot. Other types of demons include if-added and if-removed 
procedures. Like semantic nets, frames are usually linked together in a network through 
the use of special pointers such as the AKO. 

Frame representations have become popular enough that special high level frame
based representation languages have been developed. Most of the languages use 
LISP as the host language. Several frame languages have now been developed to aid 
in building frame based systems. They include the Frame Representation Language 
(FRL) [17], Knowledge Representation Language (KRL) [18], and KLONE [19]. 
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4.8.5. Knowledge representation using scripts 

In the real world, one encounters typical stereotypic situations such as going to movies, 
shopping in a supermarket, visiting a dentist, or eating in a restaurant. A script is a 
frame-like knowledge representation structure which is intensively used for describing 
such stereotypic sequences of actions. It is a special case of frame structure and is 
intended for capturing situations in which behaviour is very stylised. 

Scripts were proposed by Roger Schank [20] at Yale University. Scripts are composed 
of a series of slots that describe, in sequence, the events that we expect to take place 
in familiar situations. Just as the concept of frames is based on the assumption that we 
have a set of expectations about objects, the use of scripts assumes that we also 
expect certain sequences of events to occur in particular times and places. Visit to a 
restaurant is composed of a series of scenes, for example, an entering scene, a sitting 
scene, an ordering scene, an eating scene, a bill payment scene etc. Fig. 4.9 shows a 
script for entering scene. 

SCRIPT 
SCENE 

: RESTAURANT 
: ENTERING 

GO INTO THE RESTAURANT 
LOOK AT THE TABLES 
DECIDE WHERE TO SIT 
GO TO TABLE 
SIT. 

Fig. 4.9. A script for entering in a restaurant. 

Reasoning in a script begins with the creation of a partially filled script situation to meet 
the current situation. Next a known script which matches the current situation is 
recalled from memory. The script name, pre-conditions or other key words provide 
index values with which to search for the appropriate script. Inference is accomplished 
by filling in slots with inherited and default values that satisfy certain conditions. 

Scripts have now been used in a number of language understanding systems, such as 
SAM, PAM, POLITICS, FRUMP, IPP, BORIS etc. at Yale University by Shank and his 
colleagues. They all used some form of script representation schemes. 

4.8.6. Object-attribute-value triplets as KR scheme 

The object-attribute-value triplets (OAV-triplets) method represent knowledge using 
three tuples : (0, A, V). 0 is the set of objects, which may be physical or conceptual 
entities. A represents the set of attributes characterizing the general properties 
associated with objects. V (values) specify the nature of the attributes. 



115 

The OAV method is actually a special form of semantic network. The relation between 
an object and an attribute is a has-a link, and the relation between an attribute and a 
value is an is-a link. The objects , attributes, and values of OAV are equivalent to the 
nodes in semantic networks. Knowledge can be divided into dynamic and static 
portions. The triplet values are the dynamic portion . These values may change , but the 
static portion (usually facts and rules) remains unchanged for different consultations . 

An expert system stores data about real-world entities . In knowledge representation 
theory, the real-world entities are objects. Each object has one or more attributes or 
properties , and the attributes have values ; for example , 

Object Attribute Value 

Car Colour Black 
Smith Fever High 

The object is Car, the attribute is Colour, and the value is Black. Another example , 
the object is Smith, the attribute is fever, and the value is High . 

OAV is more structured than a semantic network. However, when the number of 
objects increases, an OAV system becomes difficult to manage. 

4.8.7. Object-Oriented approach 

The world consists of different objects . An object is an independent entity represented 
by some data and a set of operations (methods and capabilities) [21] . Therefore, an 
object can be used to represent a variety of knowledge. Knowledge (K) can be formally 
represented by three tuples , K = (C , I, A) . c is a set of classes represented by class 
objects. I is a set of instances represented by instance objects . A is a set of 
attributes possessed by the classes and instances. 

4.8.7.1. Classes 

A class is a description of a group of similar instance objects [21] . It is a mold that 
determines the behavior of its instances. Each class has a unique name and a set of 
attributes that define the properties of the class. A class may be a sub-class of another 
class and may inherit properties from its parent class as discussed in sub-section 
4.8.7.4 . 
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4.8.7.2. Instance objects 

Instance objects are members of classes. Their properties are defined by their parent 
classes. Each instance object consists of three sets of attributes : 

(a) Name- the name of the object, which is unique in the system. It is 
used to identify the object. 

(b) Class- the class that contains the object. 

(c) Instance attributes- attributes belonging to the instance object. Some 
operations may be performed on these attributes. The behaviour of the 
object is determined by the values of these attributes. 

4.8.7.3. Attributes and methods I operations 

The property of an attribute is determined by its type and value. The type of an 
attribute is defined by its class, while the value may be defined in its class or its 
instance object. A set of generic attributes can be associated with the every object in a 
class, say furniture, for example. All furniture have a cost, dimensions, weight, location, 
and colour among many possible attributes. 

Methods are a kind of attribute belonging to objects. They are used to represent 
capabilities, not to store data, and are defined in classes. Methods cannot be modified 

during consultations. 

4.8.7.4. Inheritance 

Properties of a class can be inherited from its parent's class. This feature permits 
factoring knowledge into a class hierarchy. Thus, it encourages modular design of 
knowledge. The system adopts the inheritance rules, which are similar to those in 

smalltalk [22], as follows : 

(a) If class A inherits from class B, then the objects of class A support all 
operations supported by objects of class B. 

(b) If class A inherits from class B, then class A's attributes are a superset of 
class B's attributes. 

For example, Chair is a member of the class furniture. Chair inherits all attributes 
defined for the class. This concept is illustrated schematically in fig. 4.1 0. 



Class : Furniture 

Cost 
Dimensions 
Weight 
Location 
Color 

The object inherits all 
attributes of the class 

Object : Chair 

Cost 
Dimensions 
Weight 
Location 
Color 

Fig. 4.1 0. Inheritance from class to object. 
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Once the class has been defined, the attributes can be reused when new instances of 
the class are created. For example, assume that we were to define a new object called 
table that is a member of the class furniture. Table inherits all of the attributes of 
furniture [22]. 

Every object in the class furniture can be manipulated in a variety of ways. It can be 
bought and sold, physically modified, or moved from one place to another. Each of 
these operations will modify one or more attributes of the object. For example, if the 
attribute location is actually a composite data item defined as: 

Location = building + floor+ room 

Then an operation named move would modify one or more of the data items (building, 
floor, or room) that comprise the attribute location. To do this, move must have 
"knowledge" of these data items. The operation move could be used for a chair or a 
table, as long as both are instances of the class furniture. All valid operations (e.g. buy, 
sell, weigh) for the class furniture are "connected" to the object definition as sho~n in 
fig. 4.11 and are inherited by all instances of the class. 

The object chair (and all objects in general) encapsulates data (the attribute values that 
define the chair), operations (the actions that are applied to change the attributes of 
chair), other objects (composite objects can be defined [23]), constants (set values), 



Class : Furniture 

Cost 
Dimensions 
Weight 
Location 
Color 

Buy 
Sell 
Weigh 
Move 

The object inherits all attributes and 

Dimensions 
Weight 
Location 
Color 

Buy 
Sell 
Weigh 
Move 

operations of the class 

Object : Chair 

Cost 
Dimensions 
Weight 
Location 
Color 

Buy 
Sell 
Weigh 
Move 

Fig. 4.11. Inheritance of operations from class to object. 
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and other related information. Encapsulation means that all of this information is 
packaged under one name and can be reused as one specification or program 

component. 

4.9. AI, expert systems and 0-0 technology 

In recent years, the term or adjective 'object-oriented' has become a popular slogan of 
any kind of systems regardless of its actual qualities. But however, we must admit that 
behind the slogan there must be some interesting ideas and concepts people suggest 
for developing large, integrated systems. Although there is the lack of standard 
definition of what is the 0-0 approach, but however, the properties like encapsulation, 
inheritance, polymorphism are considered useful for 0-0 approach. 0-0 is now being 
exploited for analysis and design, and people are sharing their experiences. 

The ideas behind object oriented programming (OOP) and object oriented technology 
(OOT) date back to the forties [24]. These ideas, however, were not put into practice 
until the introduction of the Simula_67 programming language [25]. Simula, a superset 
of Algol, was designed for describing a wide class of discrete event simulations and 
implementing them for simulations. Simula objects represent data and an operation on 
the data. These objects communicate with each other through messages to determine 
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their next action. Although primitive by today's standards, Simula provided the first 
insight into the value of OOP. 

The form of OOP we are accustomed to seeing took shape in the seventies with the 
development of Smalltalk at the Xerox Palo Alto Research Centre. Although Smalltalk 
is used to develop expert systems, its real value is that it offers a user-friendly 
programming environment. 

What made Smalltalk easy to use and conceptually appealing was the extensive use of 
techniques commonly found today in OOP languages : class I object representations, 
inheritance, message-passing and encapsulation, to name a few. Researchers at 
Xerox Palo Alto Research Centre found that these techniques enabled a programmer 
to easily perceive an object system's structure and operation and to use this 
understanding to efficiently develop an interface, or for that matter, an entire functioning 
program. OOP's intuitive approach was the key to Smalltalk's success. Programming 
solutions frequently followed the methods that humans use to address everyday 
problems. 

Given Smalltalk's intuitive programming environment, coupled with AI researchers' 
interests in computers representing .and reasoning with knowledge similarly to humans, 
it was only natural for these researchers to adopt object-oriented techniques. This trend 
was most noticeable during the eighties. 

One of the most important events during the eighties that spurred the interest in AI was 
the marketing of expert system development shells. Most of the early shells were rule
based. However, given the appeal of object-oriented systems, as demonstrated by 
Smalltalk's success, the demand pushed vendors to offer tools with object-oriented 
techniques. These tools, commonly called frame-based development programs (but 
sometimes called hybrid tools), usually combine object-oriented techniques with rule
based programming. New procedural languages with object-oriented techniques also 
surfaced, such as Objective c, C++, Pascal Object, Modula-2 and Lisp extensions such 
as Scoops, Flavors, Loops and the Common Lisp Object System (CLOS). 

Armed with powerful object-oriented shells and languages, expert system developers 
took aim at problems that were often out of the reach of rule-based approaches. A 
review of systems developed during the later eighties and early nineties clearly shows a 
swing toward object-oriented techniques [26]. This trend was due partly to the 
availability of relatively inexpensive frame-based shells that ran on a variety of 
platforms. Two of the earliest frame-based shells, the knowledge engineering 
environment from lntelliCorp and the automated reasoning tool from inference, offered 
AI researchers powerful tools, but were costly and ran on mainframes or workstations, 
preventing their widespread use. In the mid-eighties, vendors began marketing cheaper 
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object tools, many of which ran on a PC. This situation led to the accelerated 
development of frame-based expert systems. Most important, it opened the door at 
most universities for teaching object-oriented technology (OOT) techniques to the next 
generation of AI researchers. Flourishing development of object-oriented knowledge
based systems continues . Vigorous development of object-oriented knowledge-based 
systems continues . Most corporations - including many in the Fortune 500 - are 
focusing on client-server and object-oriented problems. These organizations have 
come to recognize AI in general and OOT in specific, as a standard way of doing 
business . Whereas many of these companies first ventured into AI by forming a 
dedicated group of AI specialists , most of these specialists now work in the more 
traditional programming departments, where they routinely carry on their trade of 
knowledge-based programming . 

A look at the recent marketing approach of vendors of AI object-oriented tools is also 
revealing . As any good business would do, these vendors have kept a finger in the air 
to sense the direction of their clients interests . They found that although terms such as 
"AI " and "expert systems" might have fallen out of favour in some circles, their clients ' 
still wanted the object-oriented capability of their products . To go with the flow, these 
vendors began to advertise their products as "intel ligent applications tools". AI 
capability was still there , but the idea of AI faded into the background. This presents an 
interesting situation : companies using AI but not promoting it, and vendors marketing 
products with AI capabilities but not advertising it. Although abandoning the AI label , 
both have created a new infrastructure on which to build the knowledge-based 
technology that should flourish in the latter part of the nineties. The irony : even if the 
spotlight is no longer on AI, Al's contributions will continue to positively affect future 
information processing , only under other labels [27]. 

4.1 0. Analysing relative suitability 

The major advantage of semantic networks is flexibility, since new nodes and links can 
be defined as required without restriction . This flexibility also exists in object-oriented 
(0-0) knowledge representations where, by storing the names of their objects as the 
attributes of an instance object, relations between instance objects can be established 
dynamically. These relations have the same power as links in semantic networks; in 
fact, this object-oriented (0-0) construct can be viewed as dynamic semantic network. 
The is-a links of semantic networks can be implemented in object-oriented (0-0) 
representations by relationships between classes and sub-classes or between classes 
and instances. Has-a links can be implemented by the relationships between classes 
and attributes. Therefore , object-oriented knowledge representation has the same 
power as a semantic network but is much more structured. 
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A common disadvantage in semantic networks, rules, and OAV representations is that 
they are not structured enough. A significant increase in the number of objects or rules 
makes the system difficult to manage. This is because the knowledge cannot be 
modularized and interactions among rules and objects become too complex. When the 
value of an object or an attribute is modified, it is difficult to pinpoint the effects on the 
whole system. Therefore, such knowledge representations are difficult to develop and 
maintain, especially for a large knowledge base. The encapsulation property and 
structuredness of object-oriented (0-0) knowledge representations give them a distinct 
edge over these three representations. 

Frames are more structured than semantic networks, rules, and OAV representations, 
since related attributes and rules can be grouped into frames hierarchically. However, 
modularity of knowledge represented in frames cannot be clearly defined, and frame 
representation lacks flexibility. In a frame system, relationships between frames may be 
member or subclass links and thus are not unique. Moreover, in some systems, a rule 
is represented by a frame linked to another frame with a special relationship. These 
factors greatly reduce the structure in a frame system. In object-oriented (0-0) 
knowledge representation, which is quite similar to frames, knowledge can be arranged 
in a hierarchical form using classes. However, a subclass link is the only possible 
relationship between two classes, an is-a link is the only possible relationship between 
a class and an instance object, and rules are defined as methods in classes - clear cut 
distinctions that reduce ambiguity and improve understandability. 

In tune with our identified key requirements the domain lays on an expert system, we 
now analyse the relative suitability of different KR schemes discussed in section 
4.8. When the domain knowledge is vast and varied, the knowledge can become 
unmanageable. To handle a large knowledge base it is suggested [28] that the 
structuredness and modularity is necessary where knowledge is varied. A common 
disadvantage in Semantic Networks, Rules and OAV representations is that they are 
not structured enough [1 0]. It is very difficult to manage a system with these 
representations when the number of objects and rules increases significantly. 
According to some researchers [29], some applications such as engineering 
processes, manufacturing and communications are expected to contain 100,000 rules 
or more. It is then very difficult to pinpoint the effects on the whole system if a value of 
an object or an attribute is modified. 

The major advantage with semantic networks is its flexibility in defining new nodes and 
links as when required. The type of flexibility is also with the 0-0 approach which may 
be viewed as a dynamic semantic networks. The 0-0 knowledge representation has 
the same power as of semantic networks but is much more structured. Frames are 
more structured than Semantic nets, rules and OAV representations, since related 
attributes and rules can be grouped into frames hierarchically. This is a passive 



122 

data structure which lacks flexibility and the relationships within this system are 
not unique. The active data structure, the 0-0 representation of knowledge where 
declarative as well as procedural knowledge can be mixed, is structured and is much 
more meaningful semantically. The 0-0 form of KR encourages modular designs 
supporting the improvement of the efficiency of knowledge acquisition and 
management. The properties like encapsulation and inheritance of 0-0 approach are 
really attractive for large, integrated information systems. The encapsulation property 
prevents object manipulation except by defined operations. Inheritance is a valuable 
mechanism which enhances reusability and maintainability of software. Because this 
approach minimizes object interdependency [30] the knowledge can be structured. 

A common disadvantage in OAV triplets and rules is that there may be some 
redundancy in information which may lead to some inconsistency. There is no such 
redundancy problem with Semantic Networks, frames and 0-0 forms. Moreover, 0-0 
approach to KR supports high level of knowledge abstraction, an important 
advantage over other classical approaches. 

Considering all these factors, we advocate 0-0 representation to improve consistency, 
understandability, maintainability and modifiability of knowledge base. Last, but not 
least, in the evolution of an expert system [15], prototyping may have an adverse 
impact on modifiability and maintainability of knowledge bases since these may be 
patched and modified several times. This may, however, be overcome by the use of 0-

0 approach. As the system grows, the major changes will be with the addition of new 
objects or deletion of old objects rather than modifying the old objects. In this respect 
0-0 approach is considered very useful for rapid prototyping, an added advantage. 

4.11. Some ES and ES development tools using different KR-schemes 

The following table 4.1 represents some expert systems and ES-developmental tools [ 
15, 29,31,32] with the kind of knowledge representation scheme(s) and control for 
knowledge based scanning. 

Table 4.1. Some ES/ES-tools using different KR-schemes. 

ES/ES-tools Representation Control 

ADVISOR II Rule-based Backward chaining 
AI/RHEM Rule-based Forward chaining 
ARBY Rule-based Backward chaining 
ART Rule-based, Frame- Forward and backward chaining 

based 
BABY Rule-based Forward chaining 
CLOT Rule-based Backward chaining 
CODES Rule-based Backward chaining 
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DELTA Rule-based Forward, backward chaining 
DIPMETER Rule-based Forward chaining 
ADVISOR 
DSCAS Rule-based Forward chaining 
DUCK Logic-based, Rule- Forward, backward chaining 

based 
EMYCIN Rule-based Restrictive backward chaining 
ESE Rule-based Backward chaining 
EXPERT Rule-based Forward chaining 
EXSYS Rule-based Backward chaining 
FAITH Frame-based Backward and forward chaining 
FOLIO Rule-based Forward chaining 
GOLDWORKS Rules, Frames, Control over direction 

Objects 
GURU Rule-based Backward chaining, Limited 

forward chaining 
GUSS/1 Rule-based Backward and forward chaining 
IMACS Rule-based Forward chaining 
KES Rule-based, Frame- Backward chaining 

based 
KES II Rule-based, classes Backward chaining, Limited 

forward chaining 
LEONARDO Rules, Frames, Backward and forward chaining 

Procedures 
LEVELS Large-hybrid-object- Forward and backward chaining 
(OBJECT) oriented, Rule-based 
LISP Procedure-oriented, Forward, backward chaining 

functional, symbolic 
expressions 

M. 1 Rule-based Backward chaining 
MEDICO Rule-based Forward chaining 
MES Rule-based Forward chaining 
Ml Rule-based Forward chaining 
MUD Rule-based Forward chaining 
MYCIN Rule-based Backward chaining 
NEURAX Rule-based Forward, backward chaining 
NEXPERT Rule-based Forward, backward chaining 
ONCOCIN Rule-based Forward, backward chaining_ 
OPS5 Rule-based Forward chaining 
PDS Rule-based Forward chaining 
PlanUcd Rule-based Backward chaining 
PROJCON Rule-based Backward chaining 
PROLOG Logic-based Backward chainin_g 
PTRANS Rule-based Forward chaining 
PUFF Rule-based Backward chaining 
RITA Rule-based Forward, backward chaining 
S.1 Rule-based, Frame- Backward chaining 

based 
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SAL Rule-based Forward chainir}g 
SA VOIR Rule-based Backward and forward chaining 
SPE Rule-based Forward chaining 
SPERIL-1 Rule-based Forward chaining 
SPERIL-11 Rule-based Forward and backward chaining 
TALIB Rule-based Forward chaining 
TATR Rule-based Forward chainir}f!_ 
TAXADVISOR Rule-based Backward chainin_g_ 
THYROID Rule-based Forward chaining 
MODEL 
WHEEZE Frame-based Backward and forward chaining 
XCON Rule-based Forward chaining 
XI PLUS Rules, Induction Control over direction 
XSEL Rule-based Forward chaining 
YES/MVS Rule-based Forward chainirJ.g 

4.12. Object-oriented knowledge structure for tea pests and diseases 

This work emphasizes the usefulness of 0-0 knowledge structure to improve 
consistency, understandability, maintainability, and modifiability of knowledge base. As 
an implementation tool, we have chosen object-oriented tool- LevelS Object. One can 
find the knowledge structure of "TEAPEST', - a rule based object-oriented expert 
system for insect pest management in tea (chapter 7) in Appendix A. In Appendix B, 
one can find the knowledge structure of "TEADISEASE", - a rule based object-oriented 
expert system for disease management in tea (chapter 8). 

4.13. Discussions 

In this chapter, we have considered the vital issues of knowledge engineering. Here we 
have tried explore the difficulties associated with knowledge acquisition. Potential 
sources used in this research have been pointed out. We have tried also to analyse the 
relative suitability of different KR schemes from the viewpoint of an expert system 
designer for the tea insect pest and disease domain. Our analysis finds object-oriented 
approach more suitable for the problem domain. 

While above analysis and consequent results might lead one to believe that the object
oriented paradigm is a panacea for all the woes of knowledge engineering/ 
abstraction/representation, the paradigm does have some drawbacks [33]: 

• One of object-oriented technology's disadvantage is its long learning curve. The 
classical developers have to devote several months before they are skilled enough 
to start a project. 
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• Second problem may be that is expected in the initial stages of any relatively new 
technology is the unavailability of robust and reliable tools such as Al-languages or 
a shell. However, at present, there are some ES-shells using 0-0 technology (e.g. 
Level5 Object) are coming into the market. 

• The third problem may come from the very nature of abstraction. The reliability of 
the abstraction layer(s) should be sufficiently high so that there should not be any 
bug with these layer(s). These bugs are rarely trapped by the application layer due 
to the shielding property of abstraction. A careful design is, obviously, required to 
overcome this problem. 

At this stage, there is no doubt that 0-0 technology should certainly assist us : (i) in 
developing a complex system; (ii) in maintaining the system; and (iii) in modifying the 
knowledge base of a system. 
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Selection of an appropriate tool 

5.1. Introduction 

A number of factors are responsible for a successful development of an expert system. 
Selection of an appropriate expert system problem domain, knowledge acquisition and 
formal representation, system construction, validation and testing are typically 
important. Not only the degree of complexity of these tasks are fairly high but also it is 
fairly easy to mismanage. Different expert system tools have been developed to 
improve the situation. More specifically, these tools are used to less the burden on a 
developer and in a more cost-effective way. Although, there are tools to assist in 
different phases of such development, we are confined here to the matter of selection 
of tools during actual system construction process after the selection of a problem 
domain, and the knowledge acquisition and representation methods. 

A large number of expert system building tools have been introduced, both by the 
academic community and industry since the introduction of the first successful expert 
systems in the late 1970s. These tools range from high level programming language to 
intelligent editors to complete shell environment systems. A number of commercial 
products are now available (chapter 4, section 4.11), some are capable of running on 
medium size PCs while other require large systems such as LISP machines, minis, or 
even main frames. 

In the next section, we discuss some points to ponder in selecting a tool for 
implementation during an expert system development. The capabilities of ES-building 
tools are discussed in section 5.3. In section 5.4, we have analysed the features and 
capabilities of an object-oriented hybrid ES tool LevelS Object, at our disposal. Section 
5.5. contains the requirements vs. the capabilities of the selected tool. Lastly, our 
conclusions and discussion are summarised. 

5.2. Points to ponder 

This section presents some potential inconveniences faced by an expert system 
designer and discusses the classification of tools. This section also intends to 
highlight the inconveniences particularly faced by the author in the selection process 
in connection with the present work. 
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5.2.1. No general purpose tool 

The headache of selecting an appropriate tool would have been relieved if we have 
been provided a general purpose tool for our use. Unfortunately, it is not possible to 
construct such a general purpose tool simply because human beings commonly utilise 
a knowledge based approach rather than a general purpose approach for problem 
solving [1]. As a result, a range of tools are provided applicable in a wide variety of 
domains. For a successful development of an expert system, it is essential that an 
appropriate tool is being selected. 

5.2.2. Single or multiple tools 

In a particular situation, a single tool may not be adequate to fulfil the requirements 
the problem domain lays on an expert system. Due to the evolutionary nature of an 
expert system development, one may find it worthwhile to use one tool for prototype 
system and the other for target system. Obviously, this adds one confusion - which 
type(s) of tools would be suitable for prototype development and which would be 
suitable for target system development. It is rather difficult to offer sound guidelines 
here. Two typical approaches may be useful : (i) solving the chicken-egg problem 
[2], and (ii) use one of the large, hybrid object-oriented toolkits [3] throughout the total 
developmental phases. In the first approach, it is assumed that few expert systems 
development efforts are well formulated in advance. The problem domain is complex, 
domain knowledge and expertise are ambiguous and the nature of the problem is 
such that complete unfolding is only possible after considerable exploration and 
experimentation. This is where one has to address the chicken-egg problem. One can 
choose an appropriate tool only after understanding the total requirements the problem 
domain lays on an expert system; but this may only be possible after experimentation 
on building a prototype which requires choosing a tool. This is where two types of tools 
may be considered useful. 

During demonstration I research prototypes, one should use a tool having fast 
prototyping property e.g. Prolog [4]. The second approach assumes that selection of 
such appropriate implementation tool should only be done after complete 
requirement analysis of the problem domain lays on an expert system. In most of the 
situations this may prevail. Even though the total requirement analysis is not complete, 
it might be advantageous to use a comprehensive tool assuming that the simpler rule
based production systems do not qualify; model-based reasoning would be more 
appropriate. Potential difficulties in using multiple tools (discussed below) can be 
reduced here substantially. The objectives of demonstration I research prototypes 
can be fulfilled using the simple structures of the tool. More complex structures of 
the tool can be used for production system. Use of multiple tools may lead to the 
following problems : (i) Financial investment; may not be practical in many cases, 
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(ii) Man-years investment; before using any such tool, one has to be conversant with 
the intricacies of the tool. The amount of man-years would be increased simply by a 
factor of two or three depending on the number of tools used. Moreover, once 
domain experts and knowledge engineers have been trained on a particular system, 
it is not simply feasible to be retrained on another potentially suitable system; (iii) 
Interfacing problem; usually the architectural design and functionality of each tool is 
different, one has to interface such two or more tools. This would require an extra 
degree of expertise involving a fair amount of man-years. The original objectives of 
using tools e.g. less time, less effort are thereby challenged. 

As a worst situation, no such existing higher level tools might be adequate to satisfy 
the requirements of the problem domain. This is where one has to design his I her 
own architecture. Here, one has to fix up his I her mind whether the goal of the system 
development is to develop a system for actual use or to make major advances in the 
state-of-the-art of expert system technology. As observed by Prerau [5], it is not wise 
to attempt to achieve both of these goals simultaneously simply because it is really a 
formidable task. So, a system development for actual use may demand pruning of 
certain characteristics of the problem domain within the confines of current expert 
system technology. 

5.2.3. In search of a bird after constructing a cage 

With the advent of increasing number of higher level tools (e.g. shells or toolkits) one 
can observe an interesting phenomenon [6]. In most cases, peoples are in search of 
birds after the construction of a cage. That is, the members of a project team are 
forced to in search of a problem domain which suits the solution techniques of the tool 
already chosen. This approach, obviously, restricts the natural flow of selection of a 
problem domain of our society. Therefore, the reverse approach, i.e. selecting an 
expert system problem domain and then go for selecting an appropriate tool for 
implementation, is much more natural. Obviously, this may lead to a situation of having 
no higher level tool suitable for the problem domain. 

5.2.4. Exaggerated claims from vendors I agents 

It is rather very difficult for the end users to distinguish between facts and 
hyperbole. Vendor literature, demonstrations and reference manuals are subject to 
exaggerated claims [7]. It may not always be possible to go through the detailed 
experimental verification of these claims before the actual procurement. Even, 
sometimes, agents do suppress the potential demerits of the tools for selling his I 
her product. 



131 

5.2.5. Non-standard terminologies 

Standard terminologies with their standard definitions and actions are really useful 
for a better comparison of tools and thereby ease the process of selection of such 
tools. Unfortunately, some tools do not agree in terminologies. For example, in KEE, 
frames are called units, properties of units are called slots, and properties of slots are 
called facets. But, in S1, frames are called classes, properties of classes are called 
attributes, and properties of attributes are called slots. Similarly, the term rule used in 
ROSIE, ART and RULE MASTER are different in performing actions. So, the 
terminologies with non-standard definitions and actions add an extra degree of 
difficulty, the prospective users face when selecting tools. 

5.2.6. Miscellaneous issues : Price, training and documentation support 

"High price, good quality - more facility" is, however, considered true. But, from 
functionality and performance point of view, price is not necessarily an indicator of 
suitability. A tool costing less may be more suitable at per the requirements of the 
problem domain at hand than a high cost tool. For the ease of use and for the quick 
exploitation of the potential features of the tool, a comprehensive training should be 
considered mandatory. The trainer should be an expert preferably a core member of 
the group responsible for the development of the tool. In different developed countries, 
the source of most advanced tools, this can easily be observed. Most of the vendors 
have their online facilities to support the customers; this facility can easily be enjoyed 
by the customers having advanced communication tools. For us, in India, the situation 
is not so favourable. Usually, the vendors sell their products through agents; the 
agents are not well-equipped with the properly trained experts. Even, the agents are, 
sometimes, reluctant to offer an on-site demonstration. Frequent on-line assistance is 
again a costly affair; may not be feasible for every customer. The situation may be 
improved with good documentation including a user's guide, a reference manual 
and an architecture manual and some demonstration examples with clarification. 

5.2.7. Language, shell or toolkit 

The selection of an appropriate tool should also be dictated by the relative merits and 
demerits of these three classes of tools. Generally speaking, the shells provide the 
upper level of a stratum of tools, the lower level is being provided by the languages and 
the middle level is being provided by the toolkits. 

Languages are applicable quite generally and virtually any type of expert system can 
be designed. Expert system can be constructed with one of many programming 
languages ranging from AI languages to standard procedural languages. Some expert 
system development tools are written in non-AI languages, for example TIMM, 
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INSIGHT 2, EXSYS etc. Some specific expert systems have also been completely 
programmed in such languages. The most likely reason is that no other language is 
available for the hardware on which the expert system is to run. Languages like 
FORTRAN suffer from a disadvantage in that they can manipulate effectively only a 
small range of AI data types. In writing AI, the programmer may need to handle objects 
like rules, semantic nets and explanations. It is sometimes necessary to build and split 
rules or construct nets continuously which ultimately needs a garbage collection 
process to clean the memory filled with intermediate results. 

The AI or symbolic manipulation languages provide an efficient way to present Al-type 
objects. The two major languages are LISP and PROLOG. With these languages, the 
programming and debugging procedures can frequently be done much faster. 

LISP is one of the oldest general purpose languages. It is oriented towards symbolic 
computation and can conveniently manipulate symbols and their relationships. LISP 
allows programmers to represent objects like rules and nets as lists - sequences of 
numbers, character strings, or other lists. It provides them with operations for splitting 
lists apart and for making new lists by joining old ones. LISP programs also have the 
ability to modify themselves. However, the size and multiple nesting of function 
definitions in LISP are barriers to readability. 

PROLOG is another popular AI language. Its basic idea is to express statements of 
logic as statements in programming language. This logic itself could be used directly as 
a programming language. PROLOG is based on subset of first order logic (predicate 
calculus), so one of the techniques of knowledge representation is first-order logic. The 
basis in this logic provides its distinctive flavour. PROLOG program is a series of 
declarative statements in logic which can be understood quite separately from 
considerations of how it will be executed. These declarative statements formulate 
PROLOG programs in smaller units and improve the readability. In addition, the built-in 
pattern-matching capability in PROLOG is an extremely useful device. PROLOG has 
the additional advantage of having a very powerful inference engine. PROLOG does, 
however, have certain deficiencies. For example, the use of built-in input/output 
predicates creates symbols that have no meaning in logic. 

The components of ES like knowledge acquisition subsystem, inference engine, 
explanation facility interface subsystem and knowledge base management facility when 
aggregated, is called an ES shell. The knowledge base is the content of the shell. 
There is no need to program the subsystems of the shell for every application, all one 
has to do is insert the necessary knowledge. 

By using the shell approach, expert systems can be built much faster. A shell can be 
extremely useful in developing expert systems for a specific application, provided it is 
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well chosen. Shells do have limitations and disadvantages. Shells are inflexible and it 
may be difficult to fit them to non-standard problems and tasks [8]. As a result, a builder 
may use several shells and other tools, even in one application. Such proliferation may 
cause problems in training and maintenance. Shells also add an interface layer that 
requires its own resident interpreter. ES shells can be considered as limited 
programming environments. For examples, they may use only rule representation and 
only backward chaining. 

ES development systems and other building aids that support several different ways of 
representing knowledge and handling interfaces are frequently referred to as 
knowledge engineering tools or toolkits. They may use frames, object-oriented 
programming, semantic nets, rules and meta-rules, different types of chaining, 
monotonic reasoning, inheritance techniques and more. The toolkits are normally 
hybrid systems that permit a programming environment to build complex specific 
systems. Toolkits are more specialized than languages. They can increase the 
productivity of system builders. Although toolkits require more programming skills than 
shells, they are more flexible. Toolkits are based on two basic tools: Smalltalk and 
OPS. Working with toolkits makes ES more economically justifiable, especially when 
they are being developed on personal computers [8]. 

The metrics like applicability, abstraction, facilities and costs of hardware, software and 
training may be considered useful in the comparison process [1] as discussed below. 

• Applicability 

Languages are applicable quite generally and virtually any type of expert system 
can be designed. On the other hand, shells are rather specific in this context. The good 
matching of the requirements the domain lays on an expert system and the facilities the 
shell offers is the key to success of the development of an expert system. The toolkits 
should have the generality of the language approach but also contain specific 
representations and control strategies. 

• Abstraction 

The level of abstraction is low in the language approach and medium in the shell 
approach. On the other hand, toolkits provide a rich set of abstraction. 

• Facilities 

In the toolkit, the facilities are most rich. Shells offer medium facilities. In a language 
approach, we get limited facilities but, however, any facility missing in a language may 
be provided by programming. 
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• Costs 

(i) Hardware 

In the case of languages and shells, the costs of hardware are generally quite low 
compared to toolkits. This is simply because toolkits often demand specialised 
hardware whereas languages and shells run on PC or on workstations. Although, 
recent versions of some toolkits run on PC but the memory I backup size is 
reasonably high. 

(ii) Software 

The costs of languages and shells are more or less same. But, toolkits are normally 
more costly than other two. 

(iii) Training 

In general, the shells require a fairly less efforts and short time for learning. But, 
however, languages require more extensive efforts and training period. 

With due consideration of the observations, we summarize that the toolkit approach 
appears to be superior to other two approaches on the consideration of applicability, 
abstraction and facilities offered. But, however, it appears to be inferior to language and 
shell approaches on the consideration of costs of hardware, software and training. 
Moreover, although, a toolkit offers a good number of facilities, these may not fulfil all 
the requirements of the problem domain lays on an expert system. The programming 
facility, if any, of a toolkit is expected to fulfil such requirements. Once again, one has 
to be a master of a language like LISP or PROLOG which is provided by a toolkit. 

At present there is a large number of toolkits available in the market. In such a 
situation, it may be pertinent to ask whether it is practically feasible or not for an end 
user to turn each and every one. This should not be an impossible task but this may 
lead to an unacceptable delay in achieving the ultimate objective of selecting such a 
tool. 

It may not be possible to select the best one but a better one due to the evolutionary 
nature of this potentially active research field. One may find a better tool tomorrow 
satisfying more need of the problem domain. But, to develop a system for practical use 
one has to be confined to the present ES-technology where all the requirements may 
not be satisfied. 
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5.2.8. Left no stone unturned- Is it practically feasible? 

A decade back literature [9] would be adequate to explain the above head line. Bundy 
[9] provides a catalog of over 250 software products and AI techniques. Hopefully, 
this number should be over 500 at the end of 2002. In such a situation, it may be 
pertinent to ask whether it is practically feasible or not for an end user to turn each 
and every stone. This should not be an impossible task but this may lead to an 
unacceptable delay in achieving the ultimate objective of selecting such a tool. 
Obviously, this demands a fast pruning mechanism. 

5.2.9. Potentially active research field 

It may not be possible to select the best one but a better one due to the 
evolutionary nature of this potentially active research field. One may find a better tool 
tomorrow satisfying more need of the problem domain. But, to develop a system for 
practical use one has to be confined to the present ES-technology where all the 
requirements may not be satisfied. 

5.2.1 0. Any unique framework ? 

Because of the so many turbulent features just creating the instability in the 
selection process, the tool evaluation and selection can not entirely be mechanical. 
Here, human expertise and judgement will certainly play a significant role especially 
for the pruning process. But, obviously, this might lead to different solutions of the 
same problem which again demands a more formal mechanism. To what extent this 
formalisation would be achieved ? Answering this question and suggesting a formal 
method are really formidable tasks. It is, rather little bit easier to suggest a 
general framework for the problem. Rothenberg [2] suggests a framework with eight 
fold steps emphasising "matching a tool to its intended use" rather than simply 
"matching a tool to a problem". This framework might be worthwhile in many cases 
but it involves a larger number of criteria, may not lead to a manageable situation. 

For example, 'contexts' dimension might demand five different tools suitable for five 
different contexts such as conceptualization, prototyping, development, fielding and 
operation I maintenance; leading to an unmanageable situation. But, however, 
pruning and prioritizing should make the situation manageable which again may 
depend on individual's experience and judgement. This might suggest another more 
simple framework. However, the matter is yet to be settled. But, it may be of general 
acceptance that such an evaluation and selection should primarily depend on the 
requirements the domain lays on an expert system and on the tool capabilities rather 
than tool features. This demands a thorough analysis of the problem domain, the 
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problem itself and the anticipated project including, even, the potential users of the 
proposed system. 

5.3. ES-building tools' capabilities 

It might be more important to focus on the capabilities of a tool, rather than the specific 
features the tool provides for achieving or supporting those capabilities. Highlighting 
capabilities means highlighting the functionalities of a tool rather the specific 
implementation of a functionality. Users are generally interested in different capabilities 
(and it is also more convenient for less experienced end users) without knowing the 
technical features supporting those capabilities. Some representative potential 
capabilities and the corresponding supporting features are identified here as 
presented in table S.1 which includes the suggestions of Rothenberg [2]. 

Table S.1. Capabilities of tools with supporting features. 

Capability 

Arithmetic processing 
Built-in-functions 
Certainty handling 
Concurrency 
Consistency checking 
Data type handling 
Documenting development 
Explanation 
Inference & control 
Integration 
Internal access 
Knowledge acquisition 
Knowledge-base editing 
Life Cycle 
Menus 
Meta-knowledge 
Optimization 
Presentation (I/0) 
Representation 

Examples of Supporting Features 

Arithmetic operators, extended floating point 
Mathematical, statistical, string, type conversion 
Certainty factors, fuzzy logic 
Distributed processing, parallel processing 
Knowledge base syntax checking 
Numeric, string, time, simple, compound 
Assumption/rationale history, code I data annotation 
Execution trace, knowledge base browsing 
Iteration, forward I backward chaining, inheritance 
Calling other languages, inter-process calls 
Tool parameter setting functions, source code 
Rule induction, model building aids 
Structure editors, graphic rule lattice 
Tool support for target system life cycle support 
Goals, Reasoning, tools 
Rules controlling inference, self-organizing data 
Intelligent look-ahead, caching, rule compilation 
Text, graphics, Windows, forms, mouse, keyboard 
Rules, frames, procedures, objects, simulation 

Let us now consider a large-hybrid-object-oriented toolkit - LevelS Object, as a potential 
tool at our disposal. Obviously, LevelS Object has certain good features and capabilities 
to be selected as an implementation toolkit for present problem domain. Moreover, an 
authorised version of LevelS Object is in use during last few years in the Expert System 
Laboratory of North Bengal University where this present system has been developed. 
LevelS Object is basically an object-oriented environment, so the object-oriented 
knowledge representation format chosen in the present work is strongly supported by it. 
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LevelS Object offers facilities for data abstraction, message sending, object 
classification, built-in user friendly graphic interfaces, rules and rule-groups, bi
directional chaining and many more. Non-monotonic reasoning or truth maintenance is 
also supported by LevelS Object. But however, it is fair to state that it has rudimentary 
capability of handling inexactness. The features and capabilities of LevelS Object are 
discussed in the next section. 

S.4. LevelS Object 

S.4.1. What is LevelS Object ? 

LevelS Object is a software development tool kit from Information Builders, USA. It is 
the application development tool to combine client I server technology, object-oriented 
programming, graphical user interfaces, and knowledge based systems [1 0]. 

LevelS Object is a software development tool kit. Even if one has little programming 
experience, he I she can use it to create complex applications in an easy, consistent, 
and maintainable fashion. 

LevelS Object is an environment. It contains all the tools necessary to solve a very wide 
range of problems. The LevelS Object toolbox contains an integrated set of editors that 
help one rapidly create software solutions. From rapid prototypes to large, mission
critical applications, LevelS Object is a proven winner as demanded by its developer. 

LevelS Object is a development tool and a delivery vehicle. Once an application has 
been created using the Development System, it can be delivered to end-users with the 
Run-Only System. The Run-Only System provides a variety of delivery choices 
emphasizing smaller, faster systems. These systems can be encrypted to provide 
enhanced security. 

LevelS Object uses a high-level language called PRL. PRL is designed to be simple to 
learn and read, and is similar to natural English. Although we rarely see it because of 
the interactive editors, it is there to provide maximum flexibility and accuracy when we 
develop an application. All of the elements of the software we wish to create can be 
expressed in the PRL language. The text of the application can be sent to other 
hardware platforms and operating systems, compiled, and executed. We can therefore 
create our software solutions where it is most convenient and inexpensively deliver 
them to other hardware platforms. 

LevelS Object is well-connected. It contains built-in access to over 60 local and remote 
data-bases and servers, access to all the common local database formats and SQL 



138 

servers, interfaces to external programs, communication P.aradigms, text files, timers, 
and custom interfacing options. 

LevelS Object is an expert system. One can use it to create "smart" systems. It can 
solve real world problems. Using simple rules that can reason or pattern matching 
triggers that can react to situations, LevelS Object can provide consistent, educated 
answers to the people who need it. 

LevelS Object contains the following integrated array of powerful tools : 

• True objects providing the efficiency of object-oriented programming. 

• Graphical User Interface (GUI) development editors, forms and display builders, and 
control over all aspects of the user interface. 

• Complex logic capabilities, business rules, triggers, agendas, procedural and non
procedural modules. 

• Robust and seamless database access, SQL, object-oriented databases, and client 
I server architectures. 

• Complete set of integrated debugging tools, stepping, breakpoints, traces, and 
reasoning. 

• 100% portability to other hardware and operating system platforms. 

• Compiled execution for efficient application speed and size. 

5.4.2. What kinds of problems are best solved with LevelS Object? 

LevelS Object has consistently shown itself to be an effective tool for solving certain 
classes of application problems. Here is a short list of the kinds of problems one can 
solve with LevelS Object. However, because it is a general purpose tool with a broad 
range of capabilities, one may not be limited to this list. 

Scheduling 

These applications solve difficult scheduling problems that exceed the capabilities of 
conventional off-the-shelf solutions. LevelS Object's event-driven architecture allows 
one to create scheduling applications that adjust "on-the-fly" to the changing events of 
our day-to-day business activities. 
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Resource and constraint management 

These applications juggle resources and resource constraints to find a best-fit scenario 
that can mean the business efficiency difference between one and one's competition. 
Modern business is moving to "just-in-time" operations in order to operate with the least 
cost and the highest productivity. Innovative organizations use LevelS Object as the 
critical decision-making link in these resource management applications. 

Regulation compliance and conformance 

Worldwide, government organizations are using LevelS Object to create "smart" forms 
systems that enforce consistent compliance with government regulations and ensure 
higher quality decision making by the work force. By codifying regulations and 
guidelines into business rules and embedding them into automated business process 
applications, many organizations have improved the quality and fairness of the services 
they provide. 

Diagnostics 

LevelS Object has the unique ability to resolve complex diagnostic problems across a 
broad range of industries. LevelS Object has proven itself as the quickest and easiest 
path to a solution, whether one is developing fault detection systems, real-time process 
monitoring and control applications, or business evaluation and decision support 
applications. 

Client I Server 

LevelS Object has built-in interfaces to all the common and important local and remote 
database servers on mainframes and mid-tier systems. Its robust and flexible support 
of the user interface environment on the client side, as well as its ease of use and 
development features, make LevelS. Object an excellent tool to field client I server 
applications and cooperative processing. 

5.4.3. Capabilities of LevelS Object 

Let us now have a look on the capabilities of LevelS Object as follows: 

Arithmetic processing 

LevelS Object provides arithmetic processing to the attributes of numeric type of 
different objects. The types of operators such as assignment, numeric, relational 
along with numeric functions and numeric value editor etc. are used for the purpose. 
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Built-in-fu·nctions 

It provides on-system functions that operate on numeric, string, time, interval 
attributes. The typical functions are: Mathematical, Reference, Statistical, String, Time 
I Interval, Trigonometric, Value type conversion. 

Certainty handling 

Level5 Object provides a way to build reasoning with partial or uncertain information 
into a knowledge base. When confidence prompting is 'on', the user will assign a 
confidence value. In response to customer requests, confidence in Level5 Object can 
be expressed as a numeric value (-2 ... 1 00). -2 indicates 'unknown' and -1 indicates 
'undetermined'. Confidence values can also be assigned from within the rules of a 
knowledge base, which allows developers to quantify the degree to which they are 
confident in the accuracy of a conclusion or the degree of accuracy required to 
make a conclusion. This version supports product space confidence. With this 
technique, confidence is calculated by multiplying the confidence value of the 
antecedent and the value of the conclusion. Confidence management strategies other 
than product space can be developed with the help of confidence function. 

Consistency checking 

Level5 Object closely monitors all respects of knowledge base, it maintains complete 
referential integrity across rule, file and object management. Level5 goes beyond 
monitoring to prevent any attempt by a developer to change or accidentally delete 
classes, data, attributes, rules, instances or demons referenced elsewhere in a 
knowledge base. 

Data type handling 

It describes the type of information represented by an attribute of a class using attribute 
type. The attribute types are: colour, compound, instance reference, interval, multi
compound, numeric, picture, rectangle, simple, string and time. In addition, the attribute 
types may be of single value or an array of different sizes. 

Documenting development 

In Level5 Object, the process of documentation can be achieved using the display 
editor. Named rules and objects facilitate the documentation process in the system. 



141 

Explanation 

The Level5 Object report system is a comprehensive explanation facility that provides 
complete access to the inferential reasoning process while running a knowledge base. 
In the case of the human mind, how a decision is reached is usually as important as 
the determination itself. Similarly, Level5 Object maintains full audit trails of how it 
arrives at its conclusions. Analytical reasoning facilities, such as session monitor, 
historical traces, single-stepping and breakpoint, enables developers and when 
necessary, end users to view all the current states of the inference engine; 
examine and change the state of any fact in a knowledge base; review the 
answers provided to Level5 Object quarries; and follow the line of reasoning being 
pursued. By activating a debug window while running an application, developers can 
observe and trace the reasoning process. In single-step mode, Level5 Object pauses 
after each event the inference engine processes, allowing the developer to view the 
action before resuming the session. 

Inference and control 

Level5 Object can process information in a variety of ways: back chaining, parallel 
inference processing, dynamic agendas, rules, blackboard techniques and object
oriented programming. This versatility gives developers ultimate flexibility over the 
way in which data is presented and processed. It uses rules, demons, methods of 
WHEN NEEDED and WHEN CHANGED styles. These methods may contain some 
repetitive structures like IF ... THEN ..... ELSE; WHILE; DO ... UNTIL and FOR .... TO. In 
addition, LOOP-statement is also available but not applicable to two those methods of 
WHEN NEEDED and WHEN CHANGED styles. 

The class property INHERITS allows one to transfer the structure and behavior of a 
parent class to a child class. Consequently, a child class receives all of the capabilities 
of its parent classes and uses not only the attributes of the parent class, but also its 
methods, rules and demons. Therefore, one can reuse an application's code down the 
class hierarchy, increasing productivity and accuracy. 

In Level5 object, a class can inherit from more than one parent. This feature, called 
'multiple inheritance' allows one to create hierarchical chains of inheritance. 

Integration 

Direct database access enables Level5 Object to read and write to file types directly 
from within the knowledge base. Level5 Object supports dBASE Ill and Ill PLUS, 
Lotus 1-2-3 WKS and WK1, SQL and ASCII file formats. Using object-oriented 
database management techniques, developers build and maintain powerful 
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applications that are able to access large, heterogeneous data structures. By 
committing much of the underlying complexity of data access to system classes, 
developers can limit end-user access to only pertinent data and make the process of 
searching attribute values from databases virtually transparent. In addition, its ODE 
system class provides direct program-to-program communication capabilities. In this 
release Level5 object functions only as a client. 

Internal access 

Level5 Object provides different commands and facets for different parameter values 
at the beginning of a consultant session or when running an application e.g. RESIZE, 
!NIT, REI NIT etc. It also provides the source code of a knowledge base in a language 
what is known as Production Rule Language (PRL). 

Knowledge acquisition 

Level5 Object does not provide any facility for automatic knowledge acquisition for a 
system development. 

Knowledge base editing 

Level5 Object is equipped with five editors such as Objects editor, Database editor, 
Display editor, Methods I Rules I Demons editor and Windows editor. With these 
editors one can edit different parts of the total knowledge base. 

Life cycle 

It is in the nature of systems that share a common life cycle pattern. After a system 
has been in operation for a number of years, it gradually decays and becomes less and 
less affective because of the changing environment to which it has to adapt. For the -
time being it may be possible to overcome problems by amendments and minor 
modifications to the system but eventually it will be necessary to acknowledge the need 
for fundamental changes which demands a new system. 

In Level5 Object, the required minor modifications in knowledge base in terms of 
objects, attributes, rules, methods, demons etc. are possible. It is also possible to 
delete any object or add new objects as when required. The system automatically 
takes care of the validity of any deletion or modification in the knowledge base. 
For a new system development the created objects can be used. This expedites the 
new system development. 
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Menus 

The menu-driven facilities of Level5 Object makes it handy to the system developer as 
well as to the end users. 

Meta-knowledge 

Different facets of Level5 Object tell the inference engine how to process an attribute. 
Facets like BREAKPOINT, EXHAUSTIVE, REINIT etc. as well as Rules I Methods I 
Demons are used to control inference in an application. 

Optimization 

Separate compilation of source knowledge base is not required in Level5 Object. The 
object code is automatically created after addition of source text. It supports compiled 
execution for efficient application speed and size. One can expedite processing using 
the SMARTDrive concept. SMARTDrive is a disk-caching program provided with 
Windows. In addition, writing the software in C increases performance speed. 

Presentation (1/ 0) 

Considering 110 presentation, Level5 Object supports text, graphics, windows, forms, 
mouse and keyboard. Where mouse is not available, it runs fully using a keyboard. 

Representation 

Level5 Object is a fully object-oriented system. The objects are managed using objects 
editor. It also supports rules (single or group), methods (WHEN NEEDED and WHEN 
CHANGED) and demons. 

5.5. Requirements vs. capabilities 

Knowledge bases can be exported to a text file using PRL syntax in Level5 Object. 
PRL (Production Rule Language) is Level5 Object's application development 
language. One can see the underlying PRL structure of his I her application when one 
exports it to a text file. One can edit this file and also send it to Level5 Object running 
on other hardware platforms . and operating systems. This process lets one create 
applications where it is most convenient and deliver them to the platforms one 
wants. But, however, when export of an application to be transported to character
based platforms, such as VAX I VMS or MVS, some elements will import, but will have 
no effect when the application is run. For example, picture-boxes do not appear in 
character-based displays. So, with the PRL structure one can achieve the portability. 
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From the PRL source text, one can have the facility of quick and easy modification of 
existing knowledge base. So, the proper patching work is not difficult here. With the 
different editors one can easily add or delete an object, its attributes, methods and 
the consistency checking is monitored by the LevelS Object itself. 

Probably, one of the limitations of current tools is in their handling of inexactness of 
information. LevelS Object manages only one form of inexactness i.e. uncertainty, in 
the form of certainty factors(-2 .. 100). MYCIN style of approach has been used here. 
However, it is not capable of handling other forms of inexactness as identified for our 
problem domain e.g. fuzzy information, simultaneous occurrence of uncertainty and 
fuzziness, and uncertain-fuzzy. But, however, implementing NMR may be more or 
less easy, although, it is very difficult to pinpoint the objects I attributes I rules I 
methods I demons affecting the absurd conclusion. But, once, they are identified it is 
easy to upgrade the information in knowledge base using different convenient 
editors. 

LevelS Object provides a complete access to the inferential reasoning process 
while running a knowledge base. Its analytical reasoning facilities, such as 
season monitor, historical traces, single-stepping and breakpoint enable developers 
(and when necessary, end users) to view all the current status of the inference 
engine; examine and change the state of any facts in a knowledge base; review the 
answers provided to LevelS Object queries; and follow the line of reasoning being 
pursued. By activating a debug window while running an application, developers 
can observe and trace the reasoning process. In single-step mode, LevelS Object 
pauses after each event the inference engine processes, allowing the developer to 
view the action before resuming the session. So, a comprehensive explanation facility 
is being provided by LevelS Object. 

Although LevelS Object manages objects and attributes from editor's panel which 
essentially freeze the knowledge base before running an application, but, however, 
it can manage instances of an object dynamically i.e. during running an application 
using MAKE and FORGET commands. The system can learn the situations of using 
MAKE and FORGET for the defined rules I methods I demons. The repetitive 
questionnaire of same kind during interrogation with a child and/or with parents I 
guardians can be avoided by suitably navigating the question-answer sequence. One 
can save recommendations of a typical session using an external database 
(typically dBASE Ill +). The required structuredness and modularity are being assured 
by the object-oriented design strategy of LevelS Object. 

LevelS Object supports the development of large applications through the use of 
knowledge-based subroutines that allow knowledge to be grouped modularly or 
chained to knowledge bases. Besides being easier to maintain, subroutines enable a 
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host knowledge base to resume processing where it left off. Developers can navigate 
between modules and even redefine views of the knowledge domains. 

5.6. Conclusions and discussion 

It is important to select a proper tool for the development of an expert system. In this 
chapter we have tried to analyse the potential inconveniences we faced during the 
selection of the tool for the present work. We found LevelS Object: a suitable expert 
system development tool for the development of the present decision support systems 
presented in this work. It is important to consider capabilities of a tool in addition to the 
features of a tool highlighted by the vendor(s). 
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Chapter 6 
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Managing uncertainty 

6.1. Introduction 

In real world, sometimes either we have no knowledge about an object or we have 
some incomplete, vague and imprecise knowledge about an object [1 ,2]. Any tool 
supposed to assist human decision making needs to take into account the inexact 
nature of information expecting to lead to rational decisions. Different forms of 
inexactness may surface for a problem domain. Lacking any unique theory to manage 
all the forms as a whole, different approaches have been proposed with their own zone 
of applicability. Proper design and selection of a suitable scheme should be in tune 
with the requirements of the application domain. Moreover, the proper selection 
should also depend on certain important properties of a scheme like expressive power 
and adequacy in context to the application domain. 

The sources and nature of inexactness have been identified for the present problem 
domain which are presented in section 6.2. We have classified the associated 
inexactness of the domain in the same section. Section 6.3 deals with the 
tools/methods for managing/reducing those inexactness in information. Some common 
approaches of dealing with inexactness in expert systems have been discussed in 
brief. In section 6.4, a suitability analysis has been provided in context to the present 
problem domain. In the last section, our conclusions and discussion have been 
provided. 

6.2. Sources and nature of inexact information 

During the development of an expert system which needs to reason with inexact 
information, one has to identify the sources and nature of inexactness. This is 
required for justifying the relative suitability of any method niechanising the 
process of reasoning with inexactness for the problem domain at hand. 

Let us investigate now the typical physical and logical sources and nature of 
inexactness of information for the tea insect pests and disease domain. In table 6.1, 
the possible physical sources and their nature and explanation have been presented. 
From the table 6.1, one can observe that there are not just one or two sources of 
inexactness, but six major areas, which between them break down into almost, 
fourteen sub-areas. It also indicates the varied nature of inexactness. Combining all 
these possible physical sources, one can identify the following possible logical sources 
of inexactness of information: 



• Lack of adequate data, 
• Inconsistency of data, 
• Inherent human fuzzy concepts, 
• Matching of similar rather that identical situations, 
• Differing (expert) opinions, 
• Ignorance, 
• Imprecision in measurements, 
• Lack of available theory to describe a particular situation. 

In our system, five types of inexactness have been classified as follows: 

• Uncertainty in observation level 

Fumbling answer from an observer with lack of confidence. 

Example: 

Question : Is young leaf the primary site of damage ? 
Answer: Yes I No I not clear. 
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The answer 'not clear' does not offer absolute certainty about the piece of information. 
The degree of (un)certainty is usually represe.nted by a numerical value. In the above 
example, if the answer is 'Yes' or 'No', the certainty factor (CF) is 1. But, if the answer 
is 'not clear' the certainty factor may be in between 0.5 to 0.8 depending upon the 
mode of answer. 

• Fuzzy information 

Fuzziness (sharplessness) occurs when the boundary of a piece of information is 
not clear cut. 

Example: 

The drainage is adequate. 
The attack is severe. 
The humidity is high. 

The linguistic articulations like 'adequate', 'severe', 'high' are fuzzy terms and these 
terms have shades of meaning. 
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• Simultaneous occurrence of uncertainty and fuzziness 

Sometimes, there are situations where uncertainty and fuzziness may occur 
simultaneously. 

Example: 

If the temperature is low and bush is attacked by Red Spider then apply Sulphur (0.85) 

Here, 0.85 is the certainty factor and 'low' is fuzzy term. 

• Uncertain-fuzzy 

There are situations where uncertainty can be fuzzy. 

Example: 

If the temperature of the day is high (around 30° C ) then do not apply Sulphur. 

Here around 30° C is the fuzzy uncertainty and high is fuzzy term. 

• Non-monotonic nature 

Question : Is the section is highly affected by insect pests.? 
Answer : Yes, the section is highly affected by the insect pests. 

With this reply (CF=0.95) the investigator proceeds to other investigations. After a few 
investigations, he/she finds that the pesticides used are not significant. This finding, 
obviously, contradicts the reply from the field workers/managers of the garden whose 
CF may be 0.4 or 0.3. The associated facts and rules have also to be changed with this 
changing CF. This is how the non-monotonic reasoning works to offer a safeguard to 
the subjective reply during a consultation session. 
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Table 6.1. Sources and nature of inexactness 

Sources and Nature Ex_Qianation 

1. Problem domain 1. In this system it is very difficult to design 

a) Lack of precise numeric precise aspiration levels to most of the 

aspiration level; controlling parameters. 

b) Lack of well defined algorithm. No well defined algorithm or logic is present. 

2. Tea bush 2. Both side conversation not possible. Only the 

a) Lack of adequate data; observer/ expert has the full responsibility to 

b) Inconsistency of data; identify the sign and symptoms of the attack. 

c) No language communication; 
d) No information. 

3. Symptoms 3. The symptom of the attack of the same 
insect pest or disease may differ in different 

a) Identical symptoms; 
climatic conditions. The symptom of an 

b) Information hiding. 
attack may be similar with other symptom 
caused by other effects like water login, 
improper application of manure etc. The 
secondary symptom of any attack may be 
appeared as the primary symptom of another 
attack. The same symptom of attack due to 
different insect pest or disease may lead to 
wrong conclusion. Some apparently minute 
but vital symptom may be overlooked by the 
observer. 

-

4. Insects pests/diseases: 
4. The morphology of an insect pest or the 

appearance of the disease may also differ 
a) Lack of adequate data; due to different geographical region and 
b) Inconsistency of data; climatic conditions. 
c) No language communication; It may not be possible to identify the field 
d) No information. physically. 

5. There may be the confusion of the 
5. Observer I Expert: expert/observer to select any one from two 

a) Matching of similar rather than nearly identical observations like "New flush 
identical situation, model, stunted" and "Sick or wilting" of Bush 
inequivalance; Appearance. When colour is one of the vital 

b) Imprecision in observation. issues, the perfection of the colour selection 
depends on the colour secession of the eyes 
of the expert/observer. 

6. Plant pathological test not 6. Laboratory investigations may not be 
available. available due to lack of infrastructure and 

technician. 

At the starting of a typical decision making session, an observer I worker has to 
observe the field from various angles. He may observe the field with his working 
experience and so on. He may face the above forms of inexactness of information 
which may be the result of the combined conspiracy of the above discussed 
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probabilities for all the subsets of H. Support pairs accommodate for the situations 
where the sum of the belief that a hypothesis is true and the belief that the negation 
of the hypothesis is also true, is less than one i.e., 

B(H) + B(H) < 1 

But for B(H) and B(H) to be truth value probabilities, their sum must be equal to 1. 
Since this is not always the case, B(H) is called necessary support, and the 
complement of B(H) is called the possible support. So, 

S = B(H) and U = 1 - B(H) 

Therefore, [S, U] thus defines an evidential interval, where residual inexactness in 
H is given by U - S, which is sometimes referred to as the ignorance of H which is 
represented as lgr(H). This residual inexactness can be reduced upon learning new 
evidence supporting the hypothesis. lgr(H) will become zero having full evidence 
supporting the hypothesis; the evidential interval merges to become a point 
probability, the Bayesian method becomes a special case of the OS 
representation. 

6.3.3. Stanford certainty factor model [1 0] 

If we have a hypothesis h based on an evidence e, then 
assumptions of certainty theory we may define "measure of 
"measure of disbelief (MD)". We write: 

from some simple 
belief (MB)" and 

MB(h 1 e), the measure of belief of a hypothesis h based on an evidence e, and 
MD(h 1 e), the measure of disbelief of a hypothesis h on an evidence e. 

Now, 

While MD(h I e) =0, 
While MB(h I e) =0, 

1>MB(h 1 e)> 0, or 
1>MD(h I e)> 0. 

We combine MB(h 1 e) and MD(h 1 e) to get the certainty factor as 

CF(h I e)= MB(h I e)- MD(h I e). 

As the certainty factor (CF) approaches 1, the evidence(e) is stronger for a 
hypothesis(h); as CF approaches -1, the confidence against the hypothesis gets 
stronger; and CF around 0 indicates that there is little evidence either for or 
against the hypothesis. 
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In a production system, different certainty factors are attached to every premises. 
These certainty factors are combined to get the overall certainty of the inference as 
follows. If p1 and p2 are two premises of an inference, then the combined certainty 
factors are : 

CF(p1 and p2) = min(CF(p1), CF(p2)), and 
CF(p1 or p2) = max(CF(p1), CF(p2)). 

One more measure is required, i.e., how to combine multiple CFs when two or more 
rules support the same result R. Here, CF - theory uses the analogy of the probability 
theory procedure of multiplying ·the probability measures to combine independent 
evidence.· By using this rule repeatedly one can combine the results of any number of 
rules that are used for determining result R. Suppose CF(R 1) is the present certainty 
factor associated with result R, and a previously unused rule produces result R 
(again) with CF(R2); then the new CF of R is calculated by : 

CF(R1) + CF(R2)- CF(R1) * CF(R2) when CF(R1) and CF(R2) are +ve 

CF(R1) + CF(R2) + CF(R1) * CF(R2) when CF(R1) and CF(R2) are -ve 

CF(R1) + CF(R2) 
otherwise 

1 - MIN(ICF(R1)1,1CF(R2)1) 

where lXI is the absolute value of X. 

The combined certainty factor (CF) of the premises obtained from the above 
combining rules is multiplied by the originally assumed CF of the inference to get the 
new CF of the inference. This approach can deal with uncertainty only. 

6.3.4. Fuzzy set theory [11] 

This approach has been used in a commercially notable expert system REVEAL from 
ICL [12] which is essentially a decision support system. A number of commercial 
knowledge based shells have also incorporated fuzzy reasoning [13-17]. As a matter of 
fact, fuzzy logic has previously been used successfully in a number of knowledge 
based systems and the trend is good enough [18-20]. 

The concept of fuzzy set and fuzzy logic were introduced by Zadeh [11]. His 
intention of introducing this fuzzy set theory was to deal with problems involving 
knowledge expressed in vague, linguistic terms. Classically, a set is defined by its 
members. An object may be either a member or a non-member : the characteristic 



156 

of traditional (crisp) set. The connected logical proposition may also be true or 
untrue. This concept of crisp set may be extended to fuzzy set with the introduction of 
the idea of partial truth. Any object may be a member of a set 'to some degree'; 
and a logical proposition may hold true 'to some degree'. Often, we communicate 
with other peoples by making qualitative statements, some of which are vague 
because we simply do not have the precise datum at our disposal e.g., a person is 
tall (we have no exact numerical value at that moment) or because the datum is not 
measurable in any scale e.g., a beautiful girl (for beautiful, no metric exists). Here, tall 
and beautiful are fuzzy sets. So, fuzzy concepts are one of the important channels by 
which we mediate and exchange information, ideas and understanding between 
ourselves. Fuzzy set theory offers a precise mathematical form to describe such 
fuzzy terms such as tall, small, rather tall, very tall, etc. in the form of fuzzy sets 
of a linguistic variable such as height. 

6.3.5. Non-monotonic reasoning 

Most of the available knowledge-based consultation systems I expert systems and 
different ES-shells use monotonic reasoning as their inference strategies which 
essentially assumes that axioms do not change and conclusions drawn from them 
remain true. In contrast to monotonic reasoning, non-monotonic reasoning (NMR) 

proceeds with its reasoning as if the assumptions are true with their possible 
inexactness in the information. With its reasoning it reaches a conclusion. If one 
finds the conclusion absurd, it is demanding at this stage to change an 
assumption and I or to change the associated (un)certainty values. NMR may be 
considered as an important feature of human problem solving and commonsense 
reasoning. 

The information collected by the field observers I managers are subjective sometimes. 
To deal with this subjective information, a kind of inexactness, NMR will be useful. NMR 
is also important and advantageous in connection with modifiability. We expect it useful 
to incorporate in our system as one of the measures of inexactness in information. 

6.3.6. Case-based approach 

As a method of building intelligent reasoning systems, case-based reasoning has 
appeal because it seems relatively simple and natural. Though it is hard to get experts 
to tell you all the. knowledge they use to solve problems, it is easy to get them to 
recount their war stories. In fact, several people building expert systems that know how 
to reason using cases have found it easier to build case-based expert systems than 
traditional ones [21-23 ]. 
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A big problem in reasoning in expert domains is the high degree of uncertainty and 
incompleteness of the knowledge involved . Case-based reason ing addresses those 
problems by having the reasoner rely on what has worked in the past. Case-based 
systems also provide efficiency. While we find first-principles problem-solving systems 
spending large amount of time solving their problems from search , case-based 
systems have been found to be several orders of magnitude faster [24,25]. 

6.4. Suitability analysis 

Let us now investigate the suitability of the above method(s) of handling inexactness in 
information which seem(s) to be most sympathetic to the problem domain at our hand. 

6.4.1. Bayesian probability theory 

This approach works with two major assumptions : (1) All the statistical data on the 
relationships of the evidence with the various hypothesis are known in advance of 
processing starts ; (2) All relationships between evidence and hypothesis are 
independent. Despite the commercial success of PROSPECTOR , the wide 
applicability of this approach is restricted and sometimes infeasible in some problem 
domain [2] . These assumptions are the bottlenecks of using this technique for a 
problem domain of diagnostic nature of insect pest and disease management in tea . In 
such diagnostic problem domain, it is very difficult for the domain experts to collect or 
estimate all prior conditional and joint probabilities. This seems to contradict the 
reasons of using an expert systems framework when and I or where the complete logic 
may not be known in advance. 

For the medical domain , the assumption of independence of relationships between 
evidence and hypothesis cannot rea lly be justified . The last problem arises in 
connection with modifiability, a desirable feature of an ES , of knowledge base. The 
knowledge base may have to be changed or updated due to different reasons . 
Particularly, when complete and sound knowledge may not be available in advance, 
a fact for the present domain, existing system should easily and quickly incorporate 
the required changes . In this situation , there is the need to rebuild all probabil ity 
relationships which seems to be a cumbersome task . Considering all these factors , 
we find hardly any good reason to use th is technique for the present problem 
domain at our hand . 

6.4.2. Dempster I Shafer theory of evidence 

This approach recognizes the distinction between uncertainty and ignorance by 
creating 'belief functions' - measurements of the degree of bel ief. The theory allows the 
decomposition of a set of evidence into separate , unrelated set of evidence. It allows 
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us to use our knowledge to bound the assignment of probabilities to events without 
having to come up with exact probabilities when these may be unavailable; the 
situation where os method may be a good candidate for applications like the 
integration of data from multiple radar sensors [26, 27]. It is concluded by O'Neill [1] 
that OS theory may be considered as a prom1s1ng candidate for managing 
inexactness, as it includes PROSPECTOR's Bayesian belief functions and MYCIN's 
certainty factors as special cases. It also is based on a more mathematical foundation 
than either PROSPECTOR or MYCIN. However, we find to date, no notable expert 
system in the market using this model except some research applications [28]. The 
reason may be due to its involvement of so many numerical computations reducing 
the speed of inferencing and in the case of long inference chain the structure of 
the resulting belief functions would be very complex. One may expect its use where 
the length of inference chain is of low or moderate size. Some studies are reported 
to reduce the computational complexity of the method using local computation 
technique for computing belief functions [29-30] and using some optimizing techniques 
[31]. However, the ways and means of using a simplification scheme seems to depend 
on case specific algorithms which deserves more scrutiny and thereby restricting 
its general use. We find no such commercially successful ES or ES-shell using this 
particular model. The above observations advice us, at present, not to use the 
technique for our present problem domain. 

6.4.3. Stanford certainty factor model 

This is a heuristic approach to the management of uncertainty. It is criticized as an 
ad-hoc technique. In particular, criticism from Adams may be con~idered 

worthwhile. Adams [32] concludes that the empirical success of MYCIN may be due to 
the fact that the chains of reasoning are short and the hypothesis involved are simple; 
this ideal situation may not be true for a complex system. Nevertheless, CF calculus 
finds its foundation among the expert system I expert system shell designers for its 
simplicity of use. The commercial success of MYCIN, EMYCIN, S.1, LEVELS etc. 
encourages people to use this technique for handling uncertainty. We do expect it 
useful for our problem domain to handle inexact information of uncertain nature. 

6.4.4. Fuzzy set theory 

In about 30 years of its existence, fuzzy set theory has been used in many areas 
including engineering, business, mathematics, psychology, management, semiology, 
medicine, image processing and pattern recognition. It may be fair to state that it 
has been used at length in control applications. In Japan alone, it has been reported, 
2000 patents have been issued [33]. However, its applicability and usefulness are 
increasing interestingly in other fields as well [18-20]. In agriculture, the use of fuzzy 
logic is seldom reported in developing knowledge based systems. In connection with 
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the management of inexact information in expert systems, the conventional 
approaches fail in four important respects [34] : 

• They assume that the probabilities can be estimated as crisp numbers; 
• They do not provide the means for dealing with the fuzziness of antecedents and 

consequents; 
• They do not offer a mechanism for inference from rules in which the qualifying 

probabilities are fuzzy ; 
• The rules for composition of probabilities depend on unsupported assumptions 

about some conditional independence. 

Fuzzy logic addresses some, but not al l, of these problems. More specifical ly, fuzzy 
logic allows the antecedents and I or consequents and I or qualifying probabilities to be 
fuzzy . Furthermore, fuzzy logic makes it possible to estimate probabil ities as fuzzy 
rather than crisp number. 

Fuzzy set theory has done quite well as a formal mathematical system. Whether 
its theorems are interesting is a subjective opin ion among mathematicians, but a 
large body of mathematical work exists . Where more work needs to be done is in 
establishing that fuzzy set theory actually captures something rea l in applicative 
fields and can make a pragmatic difference, for the right reasons [35] . 

Although , it might be tempting to use the technique as a measure of fuzzy concepts 
associated with the problem domain , but, however, this aspect has not been 
considered in the present work . This has been left for further work in th is discipline. 

6.4.5. Non-monotonic reasoning 

The information supplied by the field workers I managers are subjective sometimes. To 
deal with this subjective reply , a kind of inexactness , NMR will be useful. NMR is also 
important and advantageous in connection with portability and modifiability. We 
expect it useful to incorporate in our system as one of the measures of inexactness in 
information. 

6.4.6. Case-based approach 

A big problem in reasoning in expert domains is the high degree of uncertainty and 
incompleteness of the knowledge involved . Case-based reasoning addresses those 
problems with rel iance on what has worked in the past. This work proposes one such 
model of case-based learning helps developing more re liable expert systems. These 
issues have been considered in chapter 1 0 and 11. 
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6.5. Conclusions and discussions 

There are situations in real life where one has to reason with vague, insufficient, 
imprecise information to come to a rational decision. Any software I software tool 
developed for assisting peoples in their decision making needs to take into account 
the inexact nature of information. In this chapter, we have identified the potential 
sources and nature of inexactness in information in context to the present problem 
domain. We have also discussed different common approaches for managing 
inexactness in expert systems. There has been an attempt to analyse the relative 
suitability of those methods considering the tea gardens domain. In this thesis, we 
have confined ourselves in considering certainty factor model for managing 
inexactness. Also there has been an attemp to develop a case-based learning system 
leading to reduce uncertainty associated with an application domain. The future trend 
of expert system I expert system shell may probably emphasize more on the capability 
in handling both exact and inexact reasoning. 
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TEAPEST: A rule based object-oriented expert system for insect pest 
management in tea+ 

7.1. Introduction 

Tea is one of the major crops of India and is grown over a large area. The loss of crop 
due to the insect pest is one of the productivity barriers. Insect pest management is a 
challenging problem to the tea cultivators. Proper identification of insect pest, selection 
of chemical pesticides and their discriminate use need human expertise, experience 
and judgment. But, sufficient number of competent human experts are not available to 
cover up the large area. To mitigate the lack of human expertise and to assist the 
existing experts for improved decision making, an expert system for insect pest 
management would be useful. This work presents a rule based object oriented expert 
system for insect pest management in tea. 

Tea is a perennial plantation crop of India and is grown over a large area from North -
East to South providing the employment to a large number of people along with the 
inflow of foreign exchange. The demand of tea is gradually increasing but the land 
under cultivation is not increasing significantly to keep pace with the raising demand of 
productivity. So, it is important to identify the productivity barriers and to adopt 
appropriate and better management practices. 

The loss of crop due to the attack of insect pest is one of the major problems of tea 
production. The crop loss due to pest damage varies according to the severity of 
attack(s). A yield loss of 10% due to overall pest damage is a generally observed figure 
though it could be 40% in devastating attacks by defoliators [1 ]. 

Tea is grown under different agro-climatic conditions. It provides q favorable breeding 
ground for a variety of pests. Several species of pests attack both young and matured 
tea plants and often cause considerable damage in localized areas. 

To reduce the crop loss due to the damage of major pests, application of some 
pesticides plays a vital role. However, too much dependence on chemical pesticides 
and their indiscriminate use lead to high deposition of toxic residues in harvested tea. 
The permissible Maximum Residue Limits (MRL) are fixed by various international 

• This is based on the publication [ Proc. Int. Conf. On Modeling and Simulation (Part-1), 11-14 April, 
2000, Cairo, Egypt, 43-48 and "TEAPEST: An Expert System for Insect Pest Management in Tea". 
(Communicated ).] of the author. 
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agencies like EPA, EEC, Codex, WHO etc. So the use of chemical pesticides is to be 
limited in order to minimize the chemical hazards both to the human health and the 
environment. 

For proper pest management, proper human experts are required. But the human 
experts are a scare commodity in order to cover up the large area. To mitigate the lack 
of human experts and help experts in getting second opinion, an expert system for 
insect pest management would be useful. Two aspects of pest management can be 
addressed: (i) proper identification of insect pests, and (ii) appropriate use of chemical 
pesticides. 

There are some reports of using the ES-technology in pest management for crops like, 
cottons, soybean, beans, tomato, rice etc. [2-16]. To the best of our knowledge, no 
such comprehensive work has been reported in tea at least in Indian environment. So, 
here is an attempt to meet up the requirements in this direction. 

This chapter presents a rule based object oriented expert system for insect pest 
management in tea. In section 7.2, the major insect pests considered in this work are 
mentioned with their taxonomic nomenclature. Section 7.3 describes the knowledge 
engineering. Section 7.4 presents the system design and implementation. In section 
7.5, the performance evaluation is produced. Lastly, conclusions are summarized. 

7.2. Major insect pests of tea 

This paragraph is presented for ready reference. Tea is a perennial plantation crop 
spread over a large area so, it provides favorable conditions for a variety of insect 
pests. Each species produces their own characteristic symptoms of damage without 
overlaps. Some of them are region specific. The species that make major damage have 
been discussed in details in chapter 2. Here a list of major insect pests with their group . 
and taxonomic nomenclature is presented in table 7 .1. 
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Table 7.1. Major insect pests of tea. 

Group Taxonomic Nomenclature Common Names 

0/igonychus coffeae (Nietner) Red Spider 

Mites Brevipa/pus phoenicis (Geijskes) Scarlet Mite 
Acaphylla theae (Watt) Keifer Pink Mite 
Calacarus carinatus (Green) Purple Mite 
He/ope/tis theivora Waterh Helopeltis 
Amrasca (Empoasca) f/avescens Fabr Jussid (Green Fly) 

Sap Sucking Taeniothrips setiventris Bagnall Trips 
Insects Toxoptera aurantii Boyer de Fans. Aphid 

Buzura(Biston) suppressaria Guen Looper caterpillar 
Andraca bipunctata Wlk. Bunch caterpillar 
Eterusia magnifica Butl. Red Slug caterpillar 

Leaf Eater Stauropus altemus Wlk. Lobstar caterpillar 
Orygia sp. Orygia 
Eu_QI'octis subnotata Wlk. Euproctis 
Zeuzera coffeae Nietner Common red borer 

Stem Casmara patrona Meyer. Large stem borer 

Insects Xyleborous fomicatus Eichh Shot hole borer 
Jndarbela theivora Hamps. Bark eating borer 
Ptochoryctis simolenta Meyer. Gazipore bark eating 

caterpillar 
Microtermes sp., Microcerotermes Termites 
spp. Odontotermes assamensis Holm. 

Other Laspeyresia Jeucostoma Meyr. Flush Worm 
Insects Eriochiton theae (Green), Pinnaspis Scale insects 

theae (Maskell), Phenacaspis 
manni (Green) 
Homona coffearia Nietner Tea tortrix 
Gracilaria theivora Walsm Tea leaf roller 
Agriophora rhombata Meyer. Sandwich' caterpillar 

7 .3. Problems of current practices 

In tea industry, the insect pests are being controlled mostly by the use of chemical 
insecticides and any decision and measures regarding the identification of active pests 
and corresponding insecticide application are taken by the human experts. An efficient 
and effective choice of chemicals demands adequate expertise and it is not possible to 
provide such experts to each and every corner of this wide-spread industry. So in a 
large number of cases, non-systematic and indiscriminate use of chemicals are the 
ultimate result. 

In recent years, there has been a greater dependence on the use of pesticides with 
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little importance laid on the hazards of chemicals. Besides, adoption of "unprune" for 
more than one. year in succession and change in the ecosystem contributing towards 
increased pest incidence have resulted in excessive load of pesticides on tea bushes 
[17]. 

At present there is a general trend throughout the world to minimize chemical residue in 
food staff and beverages. Indiscriminate and excessive use of pesticides create bio
amplification of the residue in human system and consequently invites bio-disorderness 
in human health. Made tea with chemical residue exceeding MRL may be rejected and 
refused from world market hampering the inflow of foreign exchange. 

Excessive application of chemical insecticides create environmental pollution to a 
considerable extent. Moreover it increases the production cost of the made tea. 

Application of any pesticide against non-target pests may have an adverse effect. The 
natural parasites and predators of the insect pests may be affected and thus causing 
resurgence of pests. In some cases, nevertheless, there is definite evidence to show 
that certain pesticides tend to increase pests [18]. It was reported earlier that the red 
spider mite, 0/igouychus coffeae (Nietner) increases following DDT application; 
similarly there are reports in other crops also that indiscriminate use of synthetic 
pyrethroids has resulted in resurgence of mites, plant hoppers, white flies etc. It might 
be the case that the alternative choice of chemicals other than DDT or synthetic 
pesticides was more acceptable. So, more judicious application of pesticides is 
required demanding proper expertise. 

7.4. Knowledge engineering 

A vital part of building expert system is to acquire the knowledge needed to achieve a 
desired level of performance. The system's knowledge had been acquired through three 
prime knowledge sources (i) human experts, (ii) published literatures, and (iii) field 
observations. 

As the first source of knowledge, four human experts, having 15-25 years of 
experience, one from Tea Research Association, India and three from three different 
tea gardens had been consulted through structured interviews. Forms were prepared to 
record the knowledge extracted from those experts. The experts were requested to give 
their judgment for different set of possible observations. 

Secondly, knowledge was elicited from various literatures, books on the subject, and 
workshop reports published by Tea Research Association, India [1, 17-25]. 
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For real field study, regular visits were conducted to the pest affected sections of 
various tea estates of North Bengal districts of West Bengal, India in different seasons. 
All physical observations were recorded and incorporated in the knowledge base of the 
system. 

The unstructured knowledge as acquired from the above three sources were structured 
and formalized by the authors, the knowledge engineers. The knowledge is then 
represented in object-oriented form for later implementation as shown in Appendix A. 
Object-oriented approach of Knowledge Representation (KR) scheme is more 
structured than other well known schemes and this is more suitable to improve 
consistency, understandability, maintainability and modifiability of knowledge base [26]. 
The knowledge in the system is stored as group of objects. Each group of objects is 
represented by a class with its attributes. A class defines the general properties and 
structure of a group of objects; attributes describe the object's important characteristics. 
The knowledge library class serve as a database. Various pictures were collected from 
Tea Research Association during field survey and from experts. The linguistic .attribute 
values like "Brownish", "New flush stunted", "Deformed" etc. are very common terms 
used in tea domain. Both the experts as well as workers are well accustomed with 
these terms and observations. So these are incorporated in the system as attribute 
values. 

7.5. Graphical User Interface 

The better acceptance and popularity of a software depend not only on the internal 
technological content of the software but on the user interface to a large extent. A 
"user friendly" system is welcome. An interface may not satisfy all classes of users; this 
depends on the user's level of education, experience and expertise. It may be a 
formidable task to design a system with various levels of interface to satisfy all classes 
of users. But, there may have some common approaches of interface design along with 
some specific strategies for that particular domain and intended users. So, user 
interface design has as much to do with the study of people as it does with technology 
issues [27]. So, one has to fix up primarily the following: (i) who will be the user ? (ii) 
how will they use it ? (iii) how will they learn to interact with the new computer-based 
system ? (iv) what will the user expect of the system ? (v) what the question-answer 
sequence is tailored ? Answering all these questions basically depends on the analysis 
of the problem domain and the requirements of the intended users. However, if a 
designer specifies a human-computer interface (HCI) that makes undue demands on 
STM (short-term memory) and/or L TM (long-term memory) of users, the performance of 
the human element of the system should degrade. 

Four different models come into play when an HCL has to be designed: (i) design 
model, (ii) user model, (iii) system perception, and (iv) system image. A design model 
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of the entire system incorporates data, architectural and procedural representations of 
the software. The user model depicts the profile of the end users of the system. To 
build an effective user interface, "all design should begin with an understanding of the 
intended users, including profiles of their age, sex, physical abilities, education, cultural 
and ethnic background, motivation, goals and personality (28]. 

The system perception is the image of the system that an end user carries in his or her 
head. The system image combines the outward manifestation of the computer-based 
system with all the supporting information that describes system syntax and semantics. 
Each of these models may differ significantly. Reconciliation of these differences should 
be taken into consideration during the interface design. Users generally feel 
comfortable with the use of a system when the system image and system perception 
are coincident. For the purpose, the design model must have been developed to 
accommodate the information contained in the user model and the system image must 
accurately reflect syntactic and semantic information about the interface. In connection 
with the good coincidence of the system image and system perception, graphical user 
interface (GUI) methodologies might be a better choice. Moreover, GUis are widely 
used for interaction with computers because of their transparencies, ease of use, user 
friendliness and robustness as they provide the user to interact with the system by 
manipulating the graphical objects [29, 30]. 

For a diagnostic system where sign and symptom based input is necess~ry, graphical 
objects are highly suitable. In such domains, command driven, menu driven or simple 
textual user interface {TUI) might not be suitable simply because of the non-availability 
of displaying graphic objects/images. For the present application domain GUis are 
highly suitable for better interaction with the user and decision making. 

7.6. System design 

There are two key aspects involved in the process of design an expert system: 
knowledge base(s) and inference engine. The knowledge gathered from domain expert 
is stored in knowledge base. It includes two basic elements (i) facts, such as the 
problem situation and theory of the problem area and (ii) special heuristics or rules that 
direct the use of knowledge of solving specific problems in a particular domain. The 
knowledge base forms the system's source of intelligence and will be used by the 
inference engine to reason and draw conclusions. But, simply having a knowledge 
base itself does not make an expert system intelligent. The component that is 
responsible to direct the implementation of knowledge is known as inference engine. 
The inference engine determines which rules are to be invoked accessing the 
appropriate rules in the knowledge base. It executes the rules and gives advice when 
an acceptable solution has been found. In designing the TEAPEST, the above two 
issues have been considered. GUis are also incorporated in the system for better 
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accessibility. A block diagram for architectural components of the system is shown in 
fig. 7.1. 

I 
User I User interface l Expert 

J I (GUI) 
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Inference Knowledge base 
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Fig. 7.1. A block diagram for architectural components of TEAPEST. 

The system is designed to aid the decision making process for identification of insect 
pest(s) of tea and the control measures (selection of chemical mitecides/pesticides). 
The flow diagram of the system is shown in fig. 7.2. 
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Identification of insect pest is done in two phases, Phase-1 and Phase-11. During the first 
phase, preliminary identification of active insect pest in a field can be done on the basis 
of plant damage symptoms observed in the field. This is further confirmed with the 
knowledge related to the morphological characteristics such as length, body color, body 
shape, special identity etc. which the users should have carefully watched during field 
visits. 

TEAPEST uses domain knowledge in this phase. During this phase, the system asks 
for inputs related to the damage symptoms caused by insect pests to the different parts 
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As inference propagates from damage symptoms (starting with inputs) to the 
identification of insect pests(goals), forward chaining of rules had been found suitable 
[31 ]. Currently, Phase I consists of 182 rules. A threshold value (CF >20) was set for 
meaningful results as suggested by the experts. 

In phase- II, the above inferences are confirmed by displaying the available and 
possible pictures of the identified insect pest(s) and/or the pictures of the damage 
symptoms. After confirmation by the user, CF value is set to 100. In case of non 
availability of the pictures of insect pests, the CF value is fixed from the pictures of the 
damage symptoms. 

After identification of the insect pest(s), in Phase-Ill, the system asks for inputs related 
to the field observations (crop status, weather conditions, previous mitecide/pesticide 
used etc.) and suggests the chemical mitecides and/or pesticides according to the 
priority. The priority has been given first to select the chemicals exempted by various 
international agencies and then at per the higher order of ppm (part per million) values 
of MRL allowed by them. Toxicity and environmental persistence of chemicals have 
also been considered for optimal solution. In case of multiple appearance of the pests, 
the system suggests cocktail application of chemicals. 

Suggesting suitable control measures for insect pests is again a decision activity. 'IF 
{P} AND {F} THEN {C} CF' rules have been used for inferences, where {P} is the 
insect pest, {F} is the field observations and {C} is the chemical mitecide I pesticide. 
Currently, Phase Ill consists of 127 rules. 

Examples of these rules are: 

• RULE Sulphur 6 

IF ( Insect identified IS Red spider AND ((Last Mitecide used IS None 
OR Last Mitecide used IS Neem) AND Day Temperature IS Low AND Humidity 
IS Low AND Crop status IS Non flushing period AND Month IS February 
AND Weed status IS Free AND Shade status IS Adequate AND Drainage IS 
Adequate AND (Pruning status IS Pruned OR Pruning status IS Skiffed) 
AND Nature of attack IS Low)) 
THEN Sulphur CF 95. 
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• RULE Quinalphos 11 

IF ( Insect identified IS Looper AND (Last Pesticide used IS 
Endosulphan AND Day Temperature IS High AND Humidity IS High AND Crop 
status IS Flushing period AND Month IS June AND Weed status IS High 
AND Shade status IS Adequate AND Drainage IS Adequate AND (Pruning 
status IS Pruned OR Pruning status IS Skiffed) AND Nature of attack IS 
Moderate)) 
THEN Quinalphos CF 92. 

and so on. 

7.7. Implementation 

As a developmental tool one can use one of three: Al-language, toolkit and shells. The 
selection of an appropriate tool should depend on the characteristics of the problem 
domain as well as on the architectural approaches with varying functionality and 
performance of candidate tools. 

This selection process should also be governed by the goal of the system development 
is to develop a system for actual use or to make major advances in the state-of-the-art 
of ES-technology. The goal of TEAPEST is to use it for practical situations. For the 
purpose, a large hybrid object-oriented toolkit should be more appropriate as the 
problem is now well understood and formulated. 

As an implementation tool, LevelS Object for Microsoft Windows (release 3.0 or higher) 
by Information Builders Inc, USA has been selected. LEVEL 5 Object is totally an 
object-oriented environment starting with the design of the system itself. 

The editor, visual windowing system, displays, database interfaces, interface engines, 
knowledge bases, devices, files and timers are all built-in objects [32]. It packages 
these objects as system classes that contain a rich array of built-in-logic and object 
tools, which give the developer ultimate control over application design and function. 
But, however, it can manage inexactness of uncertainty type only. 

7.8. A case illustration 

For better understanding of the system's job sequence, a real field case illustration from 
initial stage to final stage is presented here. 
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1. Session for identification of insect pest 

Input 

Primary sign and symptom of the bush: 

1. Bush Appearance : New flush stunted, 
2. Site of damage : Young leaf and bud, 
3. Leaf Eaten : Eaten away partially, 
4. Leaf appearance :Deformed, 
5. Leaf surface affected :Lower, 
6. Mid Rib colour Brownish, 
7. Vein colour : Normal, 
8. Tip colour : Brownish, 
9. Leaf colour turning :Yellow. 

Input 

Morphological findings: 

1. Insect length IS 15 to 20 mm, 
2. Insect covered IS With No hairs, 
3. Body colour IS Light Green, 
4. Special ldentity1 IS Reddish tinge, 
5. Special ldentity2 IS Claspers at hind end. 

Primary output I 

Differential diagnosis by the system: 

1. Looper Caterpillar with Certainty Factor = 80 
2. Thrips with Certainty Factor= 73 
3. Scarlet Mite with Certainty Factor= 52 

Input 

Image Based Confirmation: 

1. Picture of Looper Confirmed (Y/N)? Y 
2. Picture of Thrips Confirmed (Y/N)? Y 
3. Picture of Scarlet Mite Confirmed (Y/N)? N 
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Final output 

Final diagnosis by the system: 

Looper Caterpillar and Thrips are active. 

2. Session for control measures 

Input 

Field status : 

1. Last mitecide used Neem, 

2. Day temperature Normal, 
3. Humidity High, 
4. Last Pesticide used : Phosalone, 
5. Crop status Flushing period, 
6. Shade status Adequate, 

7. Drainage Adequate, 

8. Weed status Weed free, 

9. Pruning status Skiffed, 
10. Month April, 
11. Nature of Attack Medium. 

Output 

Advice: 

1. Endosulfan ( 1st Choice) 
2. Chlorpyriphos ( 2nd Choice) 
3. Quinalphos ( 3rd Choice) 
4. Deltamethrin /Cypermethrin (4th Choice) 

This case illustration with the actual system is shown in Appendix C. 
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7.9. Performance evaluation 

TEAPEST is under field testing since last two years with real field cases of Radharani 
Tea Estate, West Bengal, India. For each case, the system's output has been 
compared with both the expert's judgment and as well as real field observations. It 
produces results of equally good quality and precision as in the case of field experts. 
For better validation of the system, the expert's judgment/field observations versus 
TEAPEST recommendations have been recorded for a large number of real field cases. 
Some randomized examples are being produced in the Appendix E. 

7.10. Conclusion 

TEA PEST is an interactive rule· based object-oriented expert system developed to meet 
up the needs of tea industry. Suitable GUI component incorporated in the system 
provide facility to select and deselect multiple options from a menu. It is a user friendly 
system and needs almost no training for its use. Linguistic variable inputs and outputs 
which are in natural language and commonly used terms add advantages to a lay man 
or a lesser trained person seeking expert guidance for proper insect pest management 
in tea. The prime objectives of our approach are (i) mitigating the lack of proper human 
experts in the domain, (ii) as a part of practicing integrated pest management and (iii) 
ultimately optimize the tea production. We place our system, TEAPEST, using modern 
tools and techniques in the public domain with the hope that the personaJities involved 
in the industry will find its usefulness. In a small periphery, the results obtained by this 
system are equally good as that of the human experts. But tea is a wide spread 
industry under different varying conditions. The system should have some region 
specific adaptability for updation of knowledge base which essentially means that the 
system leaves scope for further refinement. More case studies are planned to validate 
the system more accurately. 
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Chapter 8 

TEADISEASE: A Rule Based Object-Oriented Expert System For 
Disease Management In Tea+ 

8.1. Introduction 

Disease of tea plant is one of the productivity barriers which demands a considerable 
attention throughout the year. Several types of disease attack on both young and 
matured tea plants often cause considerable damage in the localized area. Primary root 
diseases cause extensive damage to tea, resulting not only an immediate crop loss but 
functional physiology of the bushes is also affected [1]. They may kill one to nine 
bushes at a time in any one patch. If they spread from a diseased shade tree or there 
are more than one closely situated centres of infection, even more deaths may occur. 
Young nursery plants may even be killed if the attack is severe. Loss of crop from 
sections damaged by the diseases varies according to the severity of attack. Moreover, 
tea manufactured out of infected leaves becomes flaky [2]. 

Some disease persists in the same areas for years if not controlled, causing gradual 
deterioration in the health of the tea bush and loss in crop. It is neither possible to 
remove the sources of infection outside the tea areas nor can tea be treated in such a 
way as to eradicate the disease permanently. Control operations must start as soon as 
the disease appears [2]. 

To reduce the crop loss due to the diseases, proper diagnosis of the disease and the 
corresponding application of chemical fungicides in a proper dose are very essential. 
In tea industry the diseases are being controlled mostly by the cultural practices along . 
with chemical fungicides. Any practice regarding the diagnosis of the disease and the 
corresponding control measures are taken by the human experts. A proper diagnosis of 
the active disease, effective choice of chemical fungicides and cultural practices 
demand adequate expertise. 

For proper disease management, sufficient human expertise is needed but the experts 
are scarce in order to cover up the large area. So in a large number of cases, 
inadequate practices are the ultimate result leading to crop losses. There are evidences 
that on many estates managers are paying bitterly for the neglect of root disease by 
past management [3]. Thus to mitigate the lack of human expertise, computer-aided 
expert system for disease management would be useful. ES-technologies are already 

+ This is based on the paper [ "TEADISEASE: A Decision Support System for Disease Management in 
tea crop" (Communicated) ] of the author. 
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in application for disease management for some crops [4-11]. But to the best of our 
knowledge, no such work for disease management has been reported in tea, at least in 
Indian environment. 

Two aspects of disease management can be identified; first the proper identification of 
the disease and the weakness of the field status, secondly, the application of proper 
fungicides along with the proper cultural practices to be adopted. 

This work describes an object-oriented expert system for disease management in tea 
crop. This kind of automated system can be easily available and consistent in decision 
making as well as it can be used in a number of sites. 

In section 8.2, the major diseases are mentioned with their taxonomic nomenclature. 
Problems of current practices are discussed in section 8.3. Section 8.4 describes the 
knowledge engineering. Section 8.5 presents the system architecture. System 
implementation is described in section 8.6. In section 8.7, a real field case illustration is 
produced for better understanding of the system. Performance evaluation is discussed 
in section 8.8. Lastly discussion and conclusion are produced in section 8.9. 

8.2. Major diseases of tea 

Fungal diseases of tea plants have been reported from the very beginning of plantation 
for over 150 years [12]. The diseases of tea are rather numerous. They attack different 
parts of the plants such as leaves, stems and roots. It is fairly known today that world 
over about 385 species of fungi occur on tea, of which just about half occur on tea in 
North-East India [13]. 

The nursery pl_ants are not being spared. Collar rot and Dumping off diseases cause 
death to the young vegitatively propagated tea plants in nurseries. Considering the site 
of damages the diseases are classified in four groups as depicted in chapter 2 : (i) 
nursery disease (ii) root disease (iii) stem disease and (iv) leaf1 disease [14]. The 
following diseases causing major damage to the tea plants have been considered in 
the design of the present expert system and are presented in the Table 8.1 as a ready 
reference. 
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Table 8.1. Major diseases of tea . 

Taxonomic Nomenclature Common Name 
Nursery diseases: 
Phomopsis sp. Collar Rot 
Py_thium SQ. Dumping off 
Root diseases: 
Fames /amaoensis (Murr.) Sacc. and Trott. Brown root rot 
Ustu/ina zonata (Lev.) Sacc. Charcoal Stump Rot 
Poria hypolateritia (Berk.) Cooke. Red Root Rot 
Rosellinia arcuata Petch Black Root Rot 
Hypoxylon asarcodes (Theiss.) Mill Tarry Root Rot 
Helicobasidium compactum Boedijn Purple Root Rot 
Sp_haerostilbe repens B. & Br. Violet Root Rot 
Botryodiplodia theobromae Pat. Diplodia 
Poria hypobrunnea Petch Poria I Branch Canker 
Stem Diseases: 
N. cinnebarina (Tode ex Fr.) Fr. and Nectria sp. Nectria 
Marasmius pu/cher, (B. & Br.) Petch Thread Blight 
Pellicularia sa/monica/or B.& Br. Rogers and Pink Disease 
Corticium sa/monica/or B. & Br. 
Aglaospora sp. Thorny Blight 
Physalospora neglecta Petch Macrophoma 
Aschersonia sp. Aschersonia 
Leaf Diseases: 
Corticium invisum Petch and C. theae Bernard Black Rot 
Exobasidium vexams Massee Blister Blight 
Pestalozzia theae Sawada. Grey Blight 
Col/ectotrichum camelliae Mass. Brown Blight 
Limacinu/a theae Syd. & Bult. , Capnodium sp., Sooty Moulds 
Meliola sp. etc. 
Cephaleuros parasiticus Karst Red Rust 

8.3. Current practices and their lacunae 

In tea industry the diseases are being control led mostly by the cultural practices along 
with chemical fungicides . Any practices regarding the identification of the disease and 
the corresponding control measures are taken by the human experts. A proper 
diagnosis of the active disease, effective choice of chemical fungicides and cultural 
practices demand adequate expertise. 

In many cases , it is not possible to provide such experts to each and every corner of 
this wide spread industry. So in a large number of cases, inadequate practices are the 
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ultimate result leading to crop losses. There are evidences that many tea estates are 
loosing crops for the neglect of root disease by the past management [3]. In one 
particular instance a garden which adopted incorrect method in the past, lost 20 to 30 
thousand bushes , representing between 7 and 10 acres of tea, per annum [14]. 
Moreover, sufficient expertise is essential to recognise the differences between the 
symptoms due to the attack of diseases and that of by other causes such as lightning, 
water lagging etc. because in many cases the symptoms are being confused with that 
of the diseases. 

After proper identification of the disease, systematic control measures are also very 
important to increase the productivity; as an example, control of the disease with two 
rounds cif fungicides application over two years resulted. in a net increase of 11% yield 
per year for the next 5 years and ensured better bush health [15]. It is particularly 
important to apply proper control measures in young tea and in good well-filled 
sections, because the losses from root disease, if neglected, are cumulative and the 
number of deaths increasing each year. 

In recent years, the diseases are being controlled by cultural practices along with the 
chemicals with little importance laid on the hazards of the chemicals. Indiscriminate and 
excessive use of chemicals create bio-amplification of the residue in human system 
and consequently invites bio-disorderliness in human health. 

It might be the case that an alternative choice of cultural practices may reduce the use 
of chemicals to control the disease. As an example, bushes suffering from lack of 
aeration of the soil may carry violet root rot in their roots in a mild form for years without 
being killed. On the other hand bushes may be killed off by this disease within a matter 
of weeks if they are subjected to flooding or to accumulation of water around the collar, 
in saucer-like depression, caused by faulty cultivation methods [3]. 

8.4. Knowledge engineering 

The system's knowledge had been acquired from sources. As the first source of 
knowledge, multiple human experts, as in the case of TEAPEST had been consulted 
through structured interviews. Forms were prepared to record the knowledge extracted 
from those experts. The experts were requested to give their judgment for different set 
of possible observations. 

Secondly, knowledge was elicited from various literatures, books on the subject, and 
workshop reports published by Tea Research Association, India [1-3, 12-18]. 

For real field study, regular visits were conducted to the disease affected sections of 
various tea estates of North Bengal districts of West Bengal, India in different seasons. 
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All physical observations were recorded and incorporated in the knowledge base of the 
system. 

The unstructured knowledge as acquired from the above three sources were structured 
and formalized by the authors. The knowledge is then represented in object-oriented 
form for later implementation as shown in Appendix B. Object-oriented approach of 
Knowledge Representation (KR) scheme is more structured than other well known 
schemes and this is more suitable to improve consistency, understandability, 
maintainability and modifiability of knowledge base [19]. The knowledge in the system 
is stored as group of objects. Each group of object is represented by a class with its 
attributes. A class defines the general properties and structure of a group of objects; 
attributes describe the object's important characteristics. The knowledge library class 
serve as a database. The linguistic attribute values like "Curl or bended over", "White 
powdery patches", "Concave oily" etc. are very common terms used in tea domain. 
Both the experts as well as workers are well accustomed with these terms and 
observations. So these are incorporated in the system as attribute values. 

8.5. System architecture 

The system is designed to aid the decision making process for identification of 
disease(s) of tea and the control measures (selection of chemical fungicides and 
cultural practices). The block diagram of the system is shown in fig. 8.1. 
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The system starts with the inputs of various field parameters such as soil condition, rain 
fall, humidity, plantation status etc. along with the apparent appearance of the bushes 
affected by the disease. With these findings, it proceeds for primary selection of the 
disease indicating the specific region such as root, stem or leaves of the bush where 
the disease is most probable to be present. Depending upon the primary selection, the 
system interacts with the user to take specific sign and symptoms in more details to 
diagnose one or more diseases active in the plant. As inference propagates from 
damage symptoms (starting with inputs) to the identification of disease (goals), forward 
chaining of rules had been found suitable in this case [20]. 
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The system has been designed in three phases. In Phase I, the system detects the 
most probable group of the disease(s) which is likely to be present. In Phase II, 
depending upon the primary group selection, the system asks for more specific 
observations and diagnoses the specific disease(s). With the identified disease(s) and 
field parameters, the system suggests control measures in Phase Ill. The flow diagram 
of the system is shown in fig. 8.2. 
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The inference engine contains rules. ' IF {S} THEN {0} CF' rules have been used for 
inferences, where {S} is the plant damage symptoms, {D} is the disease and CF is the 
certainty (confidence) factor associated with the rule. The certainty factor CF attached 
to every rule represents the truth membership (confidence) of that rule. The value 
assigned to CF ranges from 0 to 100. The higher the value of CF, higher is the 
confidence associated with that consequent. For each rule, the value of CF has been 
obtained from multiple experts during knowledge acquisition and finally modified after 
test run with real field data. 

The system displays the result of the diagnosis in two parts, the name of the disease 
and the possibility of appearance of the disease. The possibility of appearance has 
been estimated by certainty factor of a particular set of features and the cases with 
certainty factor > 20 has been considered. Using the certainty factor model, the 
probability of appearance of a particular disease has been classified in three fuzzy 
variables (i) "may be present" (ii) "positive" and (iii) "diagnosed". The certainty factor 
between 20 to 50 leads to the fuzzy variable "may be present", that of having values 
between 51 to 80 leads to "positive" and certainty factor more than 80 leads to 
"diagnosed". 

The format chosen for definition of rules allows flexibility in structuring the knowledge. 
An antecedent of any rule may be a composite of a number of clauses or atomic 
propositions connected via the logical operations .AND. and .OR. This diagnosis phase 
contains 176 rules. Examples of decision making rules used here are: 

• RULE Pry root 8 

IF (Primary findings on collar region IS Mycelium growth OR 
Primary findings on collar region IS Encrustation OR Primary 
findings on collar region IS Bracket like growth OR Primary 
findings on collar region IS Shot or thorn like growth) 
THEN Primary root disease OF Primary goal action data CF 52 

• RULE Blister blight 6 

IF (Leaf appearance IS Curl or bended over AND Primary findings 
on stem IS White powdery patches AND Spot on upper leaf IS 
Concave oily AND (Lower leaf spot IS Convex white and powdery OR 
Lower leaf spot IS Convex pink and powdery)) 
THEN Blister blight OF Secondary goal rule group CF 91 
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• RULE Black root 10 

IF (Bush appearance IS Whole bush dies suddenly AND Collar 
observations IS Black grains of shot AND (Root surface IS Black 
cobwebby cords of mycelium OR Root surface IS Greyish black 
cobwebby cords of mycelium) AND Root bark peeled away IS Black 
star like threads of mycelium) 
THEN Black root rot OF Secondary goal rule group CF 95. 

After completion of the diagnosis, the system proceeds for suggesting control 
measures which is again a decision activity. It is evident that to control the disease, not 
only the chemicals but some cultural practices take vital role [18]. A judicious blending 
of chemical fungicides along with the adequate cultural practices is more appropriate 
for better control of the diseases. In case of chemical selection, the possible 
parameters like age of the bush, nature of the disease, type of the chemicals, their 
toxicity etc. have been considered. 

Cultural practices depend on field parameters like soil status, rain fall, temperature, 
humidity, shade status etc. So the system takes required field parameters as inputs 
along with the sign and symptoms of the diseases and suggests the cultural measures 
to be taken in association with the appropriate chemical fungicides. 

Suggesting suitable control measures for disease is again a decision activity. 'IF ({D} 
AND {F}) THEN ({C} AND {P}) CF' rules have been used for inferences, where {D} is 
the disease, {F} is the field observations, {C} is the chemical fungicide and {P} is the 
cultural practice. All rules have been grouped under various rule-groups depending 
upon the task. If multiple rules have been fired in a group, then the rule with highest 
certainty factor value is trapped for next course of action. Currently control phase 
consists of 64 rules. Examples of these rules are: 

• RULE fumigation 1 

IF (Secondary_cf[ 13] > 20 OR Secondary_cf[ 14] > 20 OR 
Secondary_cf[ 15] > 20 AND Soil status IS Heavy AND Weekly Av 
Temperature IS High AND Average Humidity IS High AND Weekly Av 
rainfall IS Low OR Weekly Av rainfall Is Low) 
THEN Soil fumigation OF Chemical rule group CF 81 
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• RULE trench 1 

IF ((Plantation status IS Old OR Plantation status IS To be 
uprooted} AND (Secondary_cf[ 13] > 20 OR Secondary_cf[ 14] > 20 
OR Secondary_cf[ 15] > 20 OR Secondary_cf[ 16] > 20} AND Soil 
Status IS Heavy AND Weekly Av Temperature IS High AND Weekly Av 
rainfall IS High} 
THEN Trench OF Cultural rule group CF 76 

8.6. Implementation 

The system was implemented in an object oriented environment by using LEVEL 5 
Object for Microsoft Windows (release 3.0 or higher) by Information Builders Inc, USA. 
It is an application development tool to combine client/server technology, object
oriented programming, graphical user interfaces and knowledge-based systems. 
LEVEL 5 Object has an integrated array of powerful tools (GUI development, forms and 
display builders) and has the capability to chain more than one knowledge base 
together. The GUI offers a great flexibility in designing the user interfaces. GUis are 
widely used for interaction with computers because of their transparencies, ease of 
use, user friendliness, and robustness as they provide the user to interact with the 
system by manipulating the graphical objects [21,22]. 

8.7. A case illustration 

For better clarification of the system, a real field case study is being produced here. 

Primary observations : 

1. Plantation status Matured 
2. Soil status Not known 
3. Weekly Av. temperature Moderate ( 25-30° C) 
4. Shade status Adequate 
5. Average humidity Moderate ( 75- 85% ) 
6. Weekly Av. rainfall High 
7. Bush appearance Normal 
8. Leaf appearance Curlorbendedover& 

9. Leaf colour 
Spots I patch on surface 
Normal 

10. Primary findings on stem White powdery patches 
11. Primary finding on Collar Normal 



Primary diagnosis: 

Leaf Disease 

Specific observations: 

1. Spot on upper leaf surface 
2. Colour of the upper patch 
3. Upper patch symptom 
4. Upper leaf film 
5. Lower leaf spot 
6. Film or lumps on lower 

surface 
7. Lower leaf patch 

Final Diagnosis by the system: 

!1. Blister Blight 

positive 

Concave oily 
No patches 
None 
No film 
Convex white and powdery 
No film 

No patch 

diagnosed! 

Control measures suggested by the system : 

A. Chemical fungicides : 

1. Spray 0.25% (i) Copper Oxychloride 50% WP, (ii) Carboxin 75% WP 
or (iii) Carbendazim 50 % WP at an interval of 7 to 10 days. 

B. Cultural practices : 

1. Remove all dead and dying branches with sharp knives. 

2. Skiff or prune the section. 

3. Apply COC and bitumen paint on cut surface. 

4. Trichoderma bioformulation ( 10 % aqua ) is very effective. 

5. Try to protect medium pruned tea from sunscorch. 

6. Protect labour movement from affected area to the unaffected area. 

A case illustration with the actual system is shown in Appendix D. 
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8.8. Performance evaluation 

After fine tuning with real field case observations, it has been installed to work with real 
field cases of Radharani Tea Estate in West Bengal, India since last one and half year. 
For each case, both the suggestions of the human expert(s) and that of the our system 
were recorded independently. The results obtained from the system are as ~cod as in 
the case of human experts. The precision and quality of the result is very appreciable 
and coincides with human experts for more than 90% cases. For better validation of the 
system, some randomized examples of system's suggestion vs. expert's 
recommendation for real field cases are produced in Appendix F. 

8.9. Discussion and conclusion 

In case of test run, TEADISEASE suggested the goal(s) which almost coincides with 
the advice(s) of various field experts. Finally, it has been introduced in Radharani Tea 
Estate, India for actual field case studies. For each case, the system's output has been 
compared with both the expert's opinion and as well as real field observations. It 
produces results of equally good quality and precision as in the case of available expert 
of the above said tea estate. 

It is an object-oriented rule based expert system developed to meet up the needs of tea 
industry, at least partially. The prime objectives of our approach are (i) mitigating the 
lack of proper human experts in the domain, (ii) as a part of practicing integrated 
disease management and (iii) ultimately optimize the tea production. The results 

• obtained by this system are equally good as that of the human experts. But tea is a 
wide spread industry under different varying conditions. The system should have some 
region specific adaptability for updation of knowledge base which essentially means 
that the system leaves scope for further refinement with region specific cases. 
Hopefully this system will contribute to the production of tea. 

References 

1. B. Banerjee. Tea Production and Processing. Oxford & IBH Co. Pvt. Ltd., New 
Delhi, 1960. pp. 250. 

2. K. C. Sarmah and P. M. Glover. Blister Blight. Tea Encyclopedia, Tea Research 
Association, Serial No. 62/3, 1993. 

3. K. C. Sarmah and P. M. Glover. Control of Primary Root Diseases of Tea. Tea 
Encyclopedia, Tea Research Association of India, Serial No. 70/1, 1989. 



192 

4. D. W. Boyd and M. K. Sun. Prototyping an expert system for diagnosis of potato 
diseases. Com put. Electron. Agric . 1 0(3) , 1994. pp. 256-267. 

5. C. P. Yialouris and A. B. Sideridis. An expert system for tomato diseases. Comput. 
Electron. Agric., 14(1), 1996. pp. 61-76. 

6. R. X. Latin , G. E. Miles, and J. C. Rettinger. Expert systems in plant pathology. 
Plant Disease, 71, 1987. pp. 866-872. 

7. R. Cervo, G. Marrachi and F. Miglietta. Diagnosis of diseases and pests in Olives. 
In: Deutsche Landwirtschafts-Gesellschaft (Editor). Proc. Int. Congress for 
Computer Technology-Knowledge Based Systems in Agriculture, Frankfurt am 
Main, June 19-22 , 1988. pp. 473-480. 

8. R. Guay and L. Gauthier. Knowledge representation in a tomato disorder diagnosis 
system. Comput. Electron. Agric ., 6. 1991 . pp. 21-32. 

9. B. Kundu . Prototype diagnostic for rice insect-pest and diseases. M. Sc. C. A. A. 
Thesis, IASRI , New Delhi. 1991 . 

10. J. W. Travis and R. X. Latin. Development, implementation, and adoption of expert 
systems in plant pathology. Annu . Rev. Phytopathol. , 29, 1991 . pp. 343-360. 

11 . Dharambir Sing. Computer-based diagnosis system for important diseases, insect
pests and physiological disorders of mango crop. M. Sc. C.A.A. Thesis, IASRI, New 
Delhi. 1993. 

12.G. Messe. Tea blights. KewBu/1., 1898. pp. 105-112. 

13. A. Agnihothrudu . A world list of fungi reported on tea . J. Madras Univ. Section B, 
35, 1964. pp. 155-171 . 

14. K. C. Sarmah. Diseases of tea and associated crops in India. Indian Tea 
Association of India, Memorandum No. 26. 1960. 

15. Newsletter, "Two & A Bud", Tea Research Association of India, Vol. 22, No. 2, 
1975. pp. 85-87. 

16.1ntegrated Pest and Disease Management in Tea. Workshop Report, Tea Research 
Association of India. 1998. 

17. B. Subramaniam. Tea in India , Associated Publishing Co. , New Delhi. 1995. 



193 

18. K. C. Sarmah and P. M. Glover. Thread Blight. Tea Encyclopedia, Tea Research 
Association, Serial No. 42/2, 1971. pp. 2. 

19. R. K. Samanta. Expert System and Knowledge Representation Schemes. CSI 
Communications, September, 1995. pp. 10-14. 

20. E. Rich and K. Knight. Artificial Intelligence, McGraw Hill Inc., 1991. pp. 621. 

21. G. Lee. GUI application development. Prentice-Hall. 1993. 

22. D. Collins. Designing object-oriented user interfaces. Benjamin Cummings Pub. Co. 
1995. 



Chapter 9 

Web-based pest and disease management in tea+ 

9.1. Introduction 

Starting from the first generation expert systems which include DENDRAL, MYCIN 
etc., several commercial expert systems have been built in different application areas 
including medicine, industry, agriculture, science, military etc. 

Despite the· relative success of these systems, some problems are associated with the 
commercial expert systems [1]. These are (i) availability, (ii) ·software distribution, and 
(iii) communication. The problem associated with availability dictates that one has to 
put the expertise at the place and time Where it is needed. !he second problem is the 
software distribution. As knowledge bas~ and user interface components of stand
alone· applications are updated; those updates must be physically distributed to all 
users, along with necessary documentation and instructions. This can require many 
separate software installations and upgrades over time, often beyond the competence 
of users. Communication is the another problem. A lack.of common protocols for the 
exchange of knowledge among expert systems has discouraged designs involving 
cooperation or dynamic information sharing among applications. The resulting 
isolation is a factor in the brittleness of expert system products, which tend to have a 
tightly circumscribed area of competence. 

In India, tea is one of the major agricultural crops. The crop loss due to the attack of 
insect pests and diseases is a vital problem. For crop protection in tea, expert systems_ 

'for insect pest and disease management is very essential and already we have 
developed and implemented such systems which include TEAPEST [2] for insect pest 
management and TEADISEASE [3] for disease management. Architecturally, all these 
applications in different domains are stand alone systems based on mainframe, 
minicomputer or personal computer platforms or LAN-based distributed applications. 

In case of pest and disease management in tea, the human experts are very scarce 
commodity. Each and every tea gard~n can not provide human experts for pest and 
disease management. Moreover, tea is a wide spread cultivation. Most of the tea 
gardens are situated at remote places from both rural and urban establishments. So, 

+ This is based on the publications [ The Journal of the Computer Society of India, Vol. 32, No. 1, 200~ 
Proc. of the National Seminar on Present impact and future prospects of Internet, 29-30 March, 2001, 
Varanasi, India and The 51

h Int. Conf. (ICSC'2002) on System Simulation and Scientific Computing, 
Shanghai, China, Nov. 3-6, 2002 (accepted for presentation) I of the author. 

,-··· 
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physically a large number of tea gardens are not easily accessible. Particularly, in 
rainy season, some tea gardens remain detached from the rest of the country. 

With the advent of World Wide Web and Internet technology, the above discussed 
problems can be solved and thereby the usage of expert systems can be enhanced as 
it is globally accessible. The Internet can offer a large potential for delivery of various 
information-based services, including the services of intelligent applications. As the 
availability of the Internet through dial-up network has grown in tea areas, it can be 
used as a medium for the delivery of expert systems. User friendly online expert 
systems would be very useful for insect pest and disease management in tea, so that 
one can get assistance from anywhere at any time. Here is an attempt to develop rule
based online expert systems for insect pest and disease management in tea. These 
expert systems can be accessed through URL 
http://samanta_rk. tripod. com/homepage. html. 

In the next section, the benefits of using expert systems through the Internet has been 
discussed. Section 9.3 presents some representative expert systems on the net. 
Section 9.4 presents a discussion on the Web. In the next section ( section 9.5 ) 
solution alternatives for connecting ES to web-sites(s) have been discussed. In 
section 9.6, the issues related to tools and languages available for internet-based 
expert systems have been discussed. A small discussion is provided on Pert in section 
9.7. The interrelations between Pert, CGI, and the web are presented in section 9.8. 
Section 9.9 presents our web-based version of TEAPEST and TEADISEASE. 
Implementation issue has been presented in section 9.1 0. Section 9.11 presents the 
performance evaluation. Lastly, summary and conclusions are presented. 

9.2. Benefits of using expert systems through the Internet 

The number of Internet based expert system applications are gradually increasing due 
to some advantages. There are several factors that combine to make the Internet, by 
contrast to traditional platforms, a more effective base for expert system delivery. The 
Internet provides several advantages for expert system development [1 ]. 

• The Internet is widely accessible. Internet usage continues to grow rapidly with 
varying estimates putting the number of Internet users at around 100 million in the 
USA and 200 million worldwide (NUA Internet Surveys, 2000). Wireless 
communication makes Internet access completely portable as well. Due to the 
ubiquity of the Internet, Internet-based expert systems can be accessed literally 
anywhere in the world, at the precise location at which they are needed. 

• Web-browsers provide a common multimedia interface. HTML-compatible 
browsers are installed on virtually all desktop workstations and personal 
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computers. The common controls and format directed by HTML provide a standard 
user interface platform on which developers can build. The presence of a standard 
user interface framework not only simplifies development efforts but also greatly 
reduces user training and supports requirements for expert system developers. 
Graphics, sound, text, etc. can be easily incorporated into user interfaces based on 
Web browsers when appropriate. 

• Several Internet-compatible tools for expert system development are available. 
There are a variety of expert system development tools with features that facilitate 
Internet-based development, include server components, HTML interface, and 
compatibility with Internet protocols and languages. These include commercial 
development environments and free expert system shells. 

• Internet-based applications are inherently portable. The Internet provides a 
development environment that is platform independent and widely available. For 
Internet-based expert systems, this means that there is no need for special 
distribution and installation of expert system software in advance of its use. Rather, 
applications are provided on demand at the time and place they are needed. 
Applications can easily be relocated , upgraded and modified without affecting 
users directly. 

• Emerging protocols support cooperation among expert systems. Protocols such as 
CORBA, DCOM and Jini provide standard mechanisms for the exchange of 
information and services among applications. Though these protocols support data 
and service sharing through object interactions, they must still be adapted to the 
expert system application level in order to enable cooperation among intelligent 
processes. 

9.3. Expert systems on the net 

The content of this section is based on our web-searching results during 1st week of 
January, 2002 as well as on reference [1 ]. Although the list given here is not 
exhaustive, but readers may have some information on the recent advancements of 
internet based expert systems in different disciplines. 

• In Education and research 

TEST, an expert system for Thermodynamics , developed at San Diego State 
University [4] , assists in solving problems in Thermodynamics. TEST is designed as 
an HTML-based decision tree that incorporates Java applets to perform calculations 
and what-if scenario. 
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• In Business and industry 

The Coating Alternatives Guide [5] and Solvent Alternatives Guide [6] both developed 
at the Research Triangle Institute, have the goal of reducing industrial pollution. Both 
systems are rule-based expert systems, developed in a custom shell written in 
ColdFusion, a web application server framework. 

• In Medicine 

Starting from ~YCIN, a number of expert systems have been developed with their 
relative merits and demerits. However, a list of 65 important medical expert systems 
along with their objectives is available from the reference [7]. But, however, they are 
mostly stand alone systems. We have been able to find out the following web-enabled 
systems. 

HEPAXPERTIWWW is an internet-based interface to an expert system for interpreting 
serological tests for hepatitis infections [8]. Here test results are entered via the web, 
while processing is done off-line and conclusions are a-mailed to the user. 

An internet-based system for intelligent management of the treatment of diabetic 
patients was designed by Riva et al. [9]. This application interacts with both patients 
and doctors as it collects data from patients and makes recommendations to doctors 
about therapy. The design includes fuzzy logic control, a LISP web server and client
side Java and Java Script components for performing calculations. 

A decision support system to support the ear, nose and throat unit of a primary health 
centre is described by af Klercker and Klercker [1 0]. The system is designed as 
decision tree, derived by induction from actual past cases, and is implemented in 
Tripod CGI-PERL modules that dynamically generates HTML. 

9.4. The Web ( WWW ) 

The VWVW or World Wide Web is one of the most popular services provided via the 
Internet. Probably the most appealing aspect of the Web, however, is the fact that it is 
not just for spectators. Once one has some experience with the Web authoring tools, 
he can publish himself and can offer over the Web anything he wants to make 
available. 

The Web is the collection of all browsers, servers, files, and browser-accessible 
services available through the Internet. It was created in 1989 by Tim Berners-Lee. He 
designed the Web in such a way that doquments located on one computer on the 
Internet could provide links to documents located on other computers on the Internet. 
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The most familiar elements of the Web is the browser. A browser is the user's window 
to the Web providing the capability to view Web documents and access Web-based 
services and applications. Today's Web browsers extend Mosaic's GUI features with 
multimedia capabilities and with browser programming languages. These 
programming languages make it possible to develop Web documents that are highly 
interactive. They do more than simple connection to another Web page elsewhere on 
the Internet. Web documents created in association with programming languages run 
entirely within the context of the Web pages that are currently displayed. This is a 
major advancement in Web publishing technology. 

In order to publish a document on the Web, it must be made available to a Web 
server. Web servers retrieve Web documents in response to browser requests and 
forward the documents to the requesting browsers via the Internet. Web servers also 
provide gateways that enable browsers to access Web-related applications. Today's 
servers are designed for higher performance and to facilitate the development of 
complex Web applications. They also support the development of server based 
applications. 

Because the Web uses the Internet as its communication medium, it must follow 
Internet communication protocols. The Internet's Transmission Control Protocol (TCP) 
and Internet Protocol (IP) enable World Wide Web connectivity between browsers and 
servers. In addition to using the TCP/IP protocols for communication across the 
Internet, the Web also uses its own protocol , called the Hyper Text Transfer Protocol 
(HTTP) for exchanges between browsers. 

9.5. Connecting ES to Web-Site 

9.5.1. Solution alternatives 

Two different solutions for transference of system to Web had been conceived as: 

Solution 1 

Validating the existing system for its access through Web by using front-end 
technologies with the GUI truncated part of an existing stand-alone system ( 
knowledge base, Inference engine, and Control strategy ) at the back-end. This 
requires CGI or native interface from C++ ( say) to an internet language. 

The Steps 

1) Truncation of existing GUI component of any existing stand-alone ES. 
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2) CGI interface development and legacy code modification for interface of ES on 
server side. 

3) Web-based client side development for consultation with the server component. 

Solution 2 

This involves code conversion and implementation through the use of Internet 
programming languages and markup technologies. 

The Steps 

1) Database/ knowledge base conversion for Internet server based processing. 
2) Entire code conversion to Internet. 
3) Appropriate client design. 

9.5.2. Technology requirements in transference 

9.5.2.1. Web connectivity 

Web connectivity of software system to make it accessible was prime concern. The 
language chosen needed to be capable to connect the program for access ~hrough 
Web. Interface through popular and standard Web-browsers using GUI capabilities is 
basis for better utility of ES over Web. Also, the system developed required to handle 
multi-user interaction and manage client users. 

9.5.2.2. Database connectivity 

$ince case data, insect images, knowledge base are to be accessed and processed -
in the system, database connectivity is essential. Selection of only relevant part of 
data or KB through database queries is necessary parameter for increased efficiency 
of the ES. 

9.5.2.3. Image processing and GUI 

Some times images are very useful in identification task~ So, a language with image 
processing capability should be useful. Also the GUI is the ideal way to communicate 
with the ES helps avoiding ambiguous dialogue. 

,/ 
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9.5.2.4. Knowledge processing and inference 

This capability is required as no ES based on knowledge base can be built without it. 
But at the same time efficiency of processing is important feature for an Internet based 
system. 

9.5.2.5. Procedural 

Knowledge base needs restructuring for database storage and access. This 
constraints the inference procedure. A convenient algorithm is needed to modify the 
facts and rules and then make inferences in working memory. 

9.5.2.6. Hardware and setup 

It is essential to investigate the hardware, environment and hosting and connectivity 
issues while transference to the Internet based system from an existing stand-alone. 
system. The issues had been classified into hardware setup when deploying on server 
and environment factors when using it on Internet. These are listed in the table 9.1. 

Table 9.1. Stand-alone vs. Web-based ES: Hardware and setup 

Hardware and Setup 
PC based ES Web Based Expert Information System 

(WBEIS) 
Single PC Dedicated Web server or server space 

and hosting. 
Legacy software, C++ runtime, Database Software support I Java virtual 
support machine/Database support 
Operating system Web server I Internet Operating System 

platform 

9.6. Tools and languages available 

Several tools and languages are available for developing Internet based applications. 
In general, these employ traditional expert system techniques and offer, in addition, 
the capacity for Web based development. Some of them are discussed below. 

ExSys by Multilogic is an expert system shell incorporating rule based and fuzzy 
reasoning. An Internet based runtime component supports client-server designs 
through CGI scripts and can integrate other server-side components. Additional 
technical information is available at http://www.multilogic.com/solutions/. 
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Acquire, by Acquired Intelligence Inc., is an expert system shell that also includes a 
knowledge acquisition tool. Acquire's knowledge structures include qualitative 
influence graphs, decision tables and traditional rules. Inference can be both rule 
based and pattern based. The development of Internet based user inferences is 
supported through a client-server development kit that supports Java and ActivX 
controls. Additional information, including demos, is available at http://www.aiinc.ca 

The Java Expert System Shell (Jess) is an expert system shell in Java that processes 
a CLIP-like rule based language. Jess includes backward chaining as well, and has 
many object-oriented features including a direct interface to Java components. Detail 
information is available at http://herzberg.ca.sandia.gov/jess. 

XpertRule KBS is a rule based expert system shell that interfaces over the Web with a 
thin client using Microsoft's Active Server Page technology. Additional information is 
available at http://www.attar.com. 

KB Agent by Explorer Reasoning Systems is an expert system shell based on the 
SOAR system of Allen Newell. It includes a CORBA interface for Internet based 
applications. More information and demos are available at http://www.ers.com 

Perl offers language and scripting facilities. It can be used as programming vehicle to 
develop inference engines. The Web servers can communicate with Perl through CGI. 
The inference engine can be designed and implemented in an Unix/Linux environment 
by using Tripod CGI-Perl Module. Information can be obtained from 
http://www. tripod. com/ 

9.7. Perl 

Perl is a powerful, easy to use and full featured programming language available 
today. Larry Wall, a linguist-turned-programmer built Perl to evolve over time as a 
language does. Traditional programming languages evolve slowly and at some point 
stop changing. Perl like a spoken language, evolves quickly to meet each new 
generation's needs. Perl stands for Practical Extraction and Report Language. 

The distribution of a version of Perl, Perl 5 has always been freely available on the 
Internet and that distribution includes the source code. It helps anyone to modify the 
language to meet individual's needs and goals. Perl attracted attention of Unix system 
administrators who needed a language that was easier to use than the C 
programming language and more powerful than scripting lang.uages such as Bourne 
and C-shell. Originally, most Perl users were Unix system administrators and other 
people with similar needs, who used Perl's text-processing power to generate reports 
and write scripts that aided in the configuration and monitoring of Unix systems. Unix 
programmers snapped up Perl as a tool of choice almost immediately for doing 
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various tasks because one has the ability to call most of the standard Unix system 
services from a Perl script including the internetworking functions. 

Perl was designed to run on any computer, but because it usually ran on a Unix 
computer, it has a decidedly Unix flavor. But in the later half of the 1990's, applications 
and versions of Perl targeted towards Windows programming environments started 
appearing. In 1994, the World Wide Web through the Netscape browser became a 
new and powerful influence on the jobs of Unix system administrators. They turned the 
Perl as their tool to help them with their new World Wide Web tasks. 

A Web page _is a text document that is formatted with a set of commands called the 
Hyper Text Markup Language or HTML. HTML is a markup language, that is, it 
controls the way a document looks. HTML instructions tell a Web browser how it 
should go about displaying the page on screen. But HTML all by itself has practically 
no facilities for making a Web page do things. 

The Perl programming language offers the most popular method of making a Web 
page 'do' something mainly because Perl is freely available and will run on every 
computer platform that can host a Web server [11]. Coupled with the Common 
Gateway Interface (CGI), Perl is used on the vast majority of Web sites to create Web 
pages that have to do more than sit there and look pretty. When new users of the Web 
wanted to create dynamic Web pages through CGI programming, they were generally 
working on a Unix Web server. Perl was freely available on those Unix Web servers 
and users started using Perl for their CGI applications. Because Perl was built to 
process text, and much of the CGI programming is processing user input and 
returning HTML text pages, Perl was a natural fit for this new programming 
environment. It is the de facto programming language for dynamic HTML Web pages. 
It is easy to use and there are thousands of free CGI, system administrative and text 
processing programs written in Perl available on the .Internet. 

Perl 5 is an interpreted language and so program is converted into machine format at 
the moment it runs, that machine format is more likely to be cor!npatible with the 
machine it is running on. Perl programs run on a Unix, Windows, or Macintosh 
operating system with little or no change required to the code written. This feature is 
called portability. This portability is one of the primary features of Perl 5. Though most 
interpreted programs are slower than similar programs that are compiled, but Perl 5 is 
an extremely optimized and fast interpreted language. It is not much slower than 
compiled code. Another benefit of an interpreted language is that coding and testing 
process is much easier and faster. 

Like shell scripts in Unix or batch and command files on MS-DOS and Windows NT, 
Perl programs are just text files that run through an application to process their 
commands. Moreover, Perl 5 runs on all of the brands of Unix such as HP-UX, Sun 
Solaris, Linux, Linux Red Hat etc. without modifications. 
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9.8. Perl , CGI and the Web 

CGI or the Common Gateway Interface is the key to fit Perl programs into the World 
Wide Web. CGI is an interface and has been used for many years as a facility for 
passing information from a Web page to a program that can process the information. 
HT_ML is quite good in describing how a Web page should look in a browser, but the 
language all by itself has virtually no facilities for processing information or even 
making rudimentary decisions. CGI allows a program to take all its input from a page 
on the World Wide Web and do something with that input. 

When a Perl program is requested to run from the command line, generally it takes its 
input from keyboard and sends its output at the screen. CGI reroutes those standard 
conventions. The Perl program's input comes from the Web page and most 
importantly, CGI sends Perl program's output back to the Web server. If the output 
happens to be formatted correctly in HTML, the server will put it out as an HTML 
document to whatever browser is connected to it. This is the foundation of using CGI 
as a pipeline between Perl and the Web. 

A Web page can be created from a Perl program. Because Perl is a fully functional 
programming language, rather than a markup language such as HTML, one can 
decide what to draw within his program based on what has been entered in the page 
and sent to him. Of course, this facility is not limited to PerL Any program written in 
any language can be interfaced with CGI. But, most of what one needs to do can be 
accomplished more easily from a Perl script than from a compiled program. 
Additionally, a Perl program might not have to be rewritten and recompiled when 
moved to another operating system or computer platform. Perl interpreters have been 
written for every popular computer platform, from Sun to Alpha to Apple to Intel and 
more and with very few exceptions the Perl programs should transport unchanged into 
every environment. 

9.9. Web-based version of TEAPEST and TEADISEASE 

Web-based TEAPEST or TEAPEST/WlNliV is a rule based online prototype expert 
system for insect pest management in tea. The system accepts observed damage 
symptoms on the tea bushes caused by various insect pest and the morphological 
findings of the insect pest(s) through HTML page(s). The inputs are then submitted to 
the inference engine in the server side. The inference engine identifies the insect 
pest(s) present in the field and sends output to the user. After submitting the field 
parameters such as humidity, temperature of the day, drainage, shade status, 
pesticides that previously used etc., one can get the control advice online. 

TEADISEASEIWWVV is the Web based implementation of TEADISEASE- a stand 
alone rule based expert system for disease management in tea. It is a prototype online 
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expert system. In real field practices, diseases of tea are mainly identified on the basis 
of damage symptoms they produced on the tea bushes. In TEADISEASE/\.1Vl11/Vv, 

HTML forms are designed to accept such observed damage symptoms as inputs. 
These inputs are then submitted to the inference engine in the server and after 
processing, the advice(s) is/are displayed online. The advice(s) of control measures 
include both chemical and cultural practices. 

9.9.1. Insect pests of tea considered in TEAPESTIWWW 

Tea is a perennial plantation crop spread over a large area. It provides favorable 
conditions for a variety of insect pests. Some of them are region specific. The species 
that make major damage have been discussed in details in chapter 2. In case of 
designing this prototype system, most damaging insect pests have been considered 
and presented with their group and taxonomic nomenclature which can be found in 
table 7.1 (chapter 7 ). 

9.9.2. Diseases considered for TEADISEASEIWWW 

The diseases of tea are rather numerous. They attack different parts of the plants 
such as leaves, stems and roots as described in details in chapter 2. The nursery 
plants are not being spared. To design this prototype expert system, the diseases that 
severely damage the crop have been considered and presented with group and 
names which can be found in table 8.1 ( chapter 8). 

9.9.3. Knowledge engineering 

Acquisition and representation of knowledge are vital tasks of building expert systems. 
The knowledge used to design these two Web based expert systems 
TEAPESTIW\IVW and TEADISEASEIWWW was acquired when their stand alone 
versions were developed. The knowledge had been acquired through different 
sources (i) human experts, (ii) published literatures, and (iii) field data observation and 
collection. As a first source of knowledge, multiple competent and ex'perienced human 
experts, having 15-25 years of experience had been selected. The experts had been 
consulted through structured interviews. Their judgements for different sets of possible 
observations were recorded in structured forms. 

Tea Research Association of India has a long history of research in tea. As a second 
source, various literatures, relevant books and workshop reports published by them 
were used to elicit knowledge [12 -27]. 

For real field study, regular visits were conducted to the pest and disease affected 
sections of various tea estates of North Bengal districts of West Bengal, India in 
different seasons. All real field observations were structured in such a .way that the 
HTML forms for input could be effectively designed. The inference engines in the 
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server side have been designed using Perl programming language, where rule based 
representation is more suitable. So the acquired knowledge is represented in rule 
based form for later implementation. 

9.9.4. Architecture of TEAPESTIWWW 

The system is designed to ~id the decision making process for identification of insect 
pest(s) of tea and the control measures (selection of chemical mitecides/pesticides) 
through \I'M/W. The block diagram of the system is shown in fig.9.1 . 

. ·······································································································································································································-·························· ... 

Phase I 

Inference 
engine 
(insect 

identification) 

Input Output 

Server 

Damage symptoms ( lnsect(s) 
{S}={ S1,S2, .... SN} identification) 

Morphological 
findings 

. .. {M}={ M1,M2,··· .M~-~ ........................................................ 1 CIJent 

Inference 
engine 
(control 

measures) 

Input 
Field status 

{F}={ F1,F2, .... FN} 

Fig. 9.1. Block diagram of TEAPEST/lttiVWv. 

Phase II 

Output 
(Control 

measures) 

During the first phase, preliminary identification of active insect pest in a field can be 
done on the basis of plant damage symptoms observed in the field. This is further 
confirmed with the knowledge related to the morphological characteristics such as 
length, body color, special identity etc which the users should have carefully watched 
during field visit. 

TEAPEST/WliVlN uses domain knowledge in this phase. During this phase, the 
system asks for inputs related to the damage symptoms caused by insect pests to the 
different parts of the plants such as buds, leaves, stems etc and the morphological 
findings of insect (if any), through HTML page(s). The inputs are then coded to 
environmental variables. When submitted, the environmental variables become 
available to the inference engine at server for decision making tasks. 
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In this phase, the production rules of inference are used and a good level of accuracy 
is achieved in results of identification. The reasoning is performed by forward chaining 
with this rule based knowledge. 

' IF {S} THEN {P} CF' rules have been used for inferences, where {S} is the plant 
damage symptoms, {P} is the insect pest a~d CF is the certainty (confidence) factor 
associated with the rule. The certainty factor CF attached to every rule represents the 
truth membership (confidence) of that rule. The value assigned to CF ranges from 0 to 
100. The higher the value of CF, higher is the confidence associated with that 
consequent. For each rule, the value of CF has been obtained from multiple experts 
during knowledge acquisition and finally modified after test run with real field data. 

The format chosen for definition of rules allows flexibility in structuring the knowledge. 
An antecedent of any rule may be a composite of a number of clauses or atomic 
propositions connected via the logical operations .AND. (&&)_and .OR.(II). Examples 
of decision making rules are: 

Rule (rs 5) 

if ($qs{'maturedleaf'} eq "true" && $qs{'leafsurface'} eq "upper" && 
($qs{'leafcolour'} eq "Bronze" I I $qs{'leafcolour'} eq "Brown") && 
($qs{'reddish'} eq "true" I I $qs{'reddots'} eq "true" I I 

$qs { 'redpatch' } eq "true") & & ( $qs { 'dryup' } eq "true" I I 
$qs{'deformed'} eq "true") && ($qs{'sick'} eq "true" I I 
$qs{'defoliation'} eq "true")) 

{ $insect[l] ="Red Spider"; $cf[1]=95; } 

Rule (si 3) 

if ($qs{'maturedleaf'} eq "true" && $qs{'crinckled'} eq "true" && 
($qs{'leafcolour'} eq "Yellow" I 1 $qs{'leafcolour'} eq ~Brown") && 

($qs{'chlorosis'} eq "true" I I $qs{'dieback'} eq "true" I I 

$qs{'newflush'} eq "true" I I $qs{'iick'} eq "true" I I 

$qs{'tendershoot'} eq "true" )) 
{ $insect[22]= "Scale Insects"; $cf[22]=80;} 

and so on. 

As inference propagates from damage symptoms (starting with inputs) to the 
identification of insect pests(goals), forward chaining of rules had been found suitable 
this case [28]. Phase I consists of 111 rules. A threshold value (CF >20) was set for 
meaningful results as suggested by the experts. 

After identification of the insect pest(s), in Phase-11, the system asks for inputs related 
to the field observations (crop status, weather conditions, previous mitecide/pesticide 
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used etc) and suggests the chemical mitecides and/or pesticides according to the 
priority. The priority has been given first to select the chemicals exempted by various 
international agencies and then at per the higher order of ppm (part per million) values 
of MRL allowed by them. Toxicity and environmental persistence of chemicals have 
also been considered for optimal solution. In case of multiple appearance of the pests, 
the system suggests cocktail application of chemicals. 

Suggesting suitable control measures for insect pests is again a decision activity. 'IF 
{P} AND {F} THEN {C} CF' rules have been used for inferences, where {P} is the 
insect pest, {F} is the field observations and {C} is the chemical mitecide I pesticide. 
Phase II contains 63 rules. 

9.9.5. Architecture of TEADISEASEIWWW 

As TEADISEASEIWWW is a Web accessible expert system for disease management 
in tea . Client-server technology has been used in designing the system. The block 
diagram of the system is shown in fig . 9.2. 

Input 

Set of 
damage 

symptoms 

Set of field 
parameters 

r·······-··-·····-···-······-·-··-··-·-·---··-···--··-····-····-·--·····--··--·-····-·-1 
! Inference engine i 
: l 

Part-A : for disease i 
i 

diagnosis 

suggesting 
control measures 

HH HH ••• 1 Server 

Client 

i 
! 
i 

I 
l 
! 

I 
i 
i 
! 
! 

i 
.................... j 

Output 

Active 
disease(s) 

Control measures 
( Chemical + Cultural) 

Fig. 9.2. Block diagram of TEADISEASE!V\I\IVW. 

In real field cases , tea diseases are diagnosed on the basis of observed damage 
symptoms on different parts of the bush, caused by them. Any decision regarding 
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control measures depends on the nature of disease and the field conditions at that 
time. Field conditions include age of the bush, soil conditions, temperature of the day, 
humidity, rainfall etc. Thus two sets of inputs are essential for the system (i) set of 
damage symptoms, and (ii) set of field parameters. To avoid complication and 
interaction time delay, the system has been designed to start with these two sets of 
inputs. Domain knowledge has been used to design the input forms. 

Users are asked to input the damage symptoms and field parameters. The inputs are 
then transformed in codes and submitted to the inference engine in the server. Some 
examples of codes are shown in table 9.2. 

Table 9.2. Examples of codes of the inputs for TEADISEASEIWWW. 

Observations Codes 
Bush appearance: 
1 . A_22_arent!Y_ normal 1. ba1 
2. Completely dead 2. ba2 

• • 0 0 •••••••••• ...... 
. . . . . . . . . . . . . . • 0 •••• 

Leaf appearance: 
1 . Curl or bended over 1. la1 
2. Withered leaves remain attached 2. la2 
3. Green leaves drop 3. la3 

• • • • • 0 •••• ••• ...... 
• 0 • •••••••• 0 •• . ..... 

Observations on upper leaf surface: 
1. Yellowish spots 1. uls1 
2. Yellowish glistering spots 2. uls2 
3. Brown spots 3. uls3 

• • • • • • • • • 0 •••• 0 • •••• 

• • • • • • • • • 0 ••• 0 . ..... 

... and so on 

The inference engine consists of two parts, Part-A and Part-B. Part-A is for diagnosis 
of the disease(s) and Part-S is for suggesting control measures. Initially, depending 
upon the submitted damage symptoms, Part-A diagnoses the active disease(s) in the 
field. Suggesting control measures is also a decision activity performed in Part-B. On 
the basis of identified disease(s) and submitted field observations, Part-S sUggests the 
control measures. The control measures include both chemical and cultural practices. 
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Production rules have been used to design the inference engine. The reasoning is 
performed by forward chaining with rule based knowledge. For each part of the 
inference engine, ' if <antecedent> (then) < consequent> CF' type production rules 

have been used for inferences as in the case of TEAPEST!VVVVW. The certainty factor 

CF attached to every rule represents the truth membership (confidence) of that rule . 
The value assigned to CF ranges from 0 to 100. The higher the value of CF, higher is 
the confidence associated with that consequent. For each rule , the value of CF has 
been obtained from multiple experts during knowledge acquisition and finally modified 
after test run with real field data. The system contains 217 rules. A threshold value 
(CF>20) has been set for meaningful results as suggested by the experts . The 
examples of rules using codes are: 

Rule (Charcoal root rot 2) 

if (($qs{'ba2'} eq "true" II $qs{'ba3'} eq "true") && $qs{'la2'} eq "true" && $qs{'cf12'} eq 
"true" && ($qs{'rf5'} eq "true" II $qs{'rf6'} eq "true") && ($qs{'rbp3'} eq "true" II 
$qs{'rck 1'} eq "true") ) 
{ $disease[11] = "Charcoal root rot"; $cf[11] = 90;} 

Rule ( Black rot 14) 

if (($qs{'la2'} eq "true" II $qs{'la3'} eq "true") && (($qs{'uls5'} eq "true" II $qs{'uls7'} eq 
"true" II $qs{'uls9'} eq "true" II $qs{'uls11 '} eq "true" II $qs{'uls12'} eq "true") && 
($qs{'uls13'} eq "true")) && ($qs{'lls3'} eq "true" II $qs{'lls4'} eq "true" II $qs{'lls5'} eq 
"true") && ($qs{'lls9'} eq "true" II $qs{'lls10'} eq "true" II $qs{'lls11 '} eq "true")) 

{ $disease[1] = "Black Rot" ; $cf[1] = 95; } 

and so on. 

In case of selection of chemicals, as in the case of TEAPESTI\IVWW, priority has been 

given first to select the chemicals exempted by various international agencies and 
then at per the higher order of ppm (part per million) values of MRL allowed by them. 
Toxicity and environmental persistence of chemicals have also been considered for 
optimal solution. Cultural practices are also very effective against diseases, so along 
with the chemical application, the system suggests the proper cultural practices. 
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9.1 0. Implementation 

TEAPESTIWW\IV and TEADISEASEJWWW are both Web based online expert 
systems. To interact with the user, the systems have been designed to use HTML 
pages as user interface. The inputs are accepted through HTML pages as 
environment variables. When submitted, the HTTP request goes to the Web server 
and the variables are made available to the inference engine through CGI. The 
inference engine sends the output back to the Web server and the server sends the 
output back to the user through HTML page(s). To design inference engine, Perl has 
been accepted as the preferred programming vehicle. The inference engines have 
been implemented in an Unix/Linux based environment by using Tripod Perl Module. 
A simple block diagram will be self explanatory as shown in fig. 9.3. 

HTTP request goes 
to the Web server .. 

User ... Web server ... CGI .. 
... ..... 

Server sends 
output to the user 

~" Variables are made 
available throuoh CGI .,, 

Inference 

Inference engine sends 
engine 

back output to the Web Based on Tripod Per1 
server Module 

Fig. 9.3. Block diagram for implementation process of TEAPESTJVVIIVW and 
TEADISEASEIINWW. 

9.11. Performance evaluation 

TEAPESTIWW\IV and TEADISEASEIWWW are under field testing since last one year 
with real field cases of tea estates of North Bengal districts of West Bengal, India. For 
each case, the system's output has been compared with both the project expert's 
judgment and as well as real field observations. It produces results of equally good 
quality and precision as in the case of field experts. For better validation of the system, 
the expert's judgment/field observations versus TEAPEST/WliVliV and 
TEADISEASEIWVVW recommendations have been recorded for a large number of 
real field cases. The agreement is more than 85%. As tea is a wide spread industry, 
the experts from other corners of the country are requested to inform us through e
mail about the cases for which the performance of the system is not satisfactory so 
that the knowledge base can be updated. 
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9.12. Summary and conclusions 

TEAPESTIWWW and TEADISEASEMI\NtiV are the interactive web-based expert 
systems developed to meet up the needs of the tea industry. Suitable GUI 
components incorporated in the input forms through Web pages provide facility to 
select and deselect multiple options from a menu. They are user friendly systems and 
need almost no training for their use. Linguistic variable inputs and outputs which are 
in natural language and commonly used terms add advantages to a layman or a 
lesser trained person seeking expert guidance for proper insect pest and disease 
management practices in tea. TEAPESTIWWW and TEADISEASEIWWW show good 
performance within our periphery. But the input forms are designed on the basis of 
domain knowledge. As tea is an wide spread cultivation in different climatic conditions 
and these systems are accessed globally, the user observations may have to be 
extended beyond the scope of input forms and knowledge bases in any particular 
case. The systems leave scope for further refinement in this direction before launched 
to be full scale systems. 
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Chapter 10 

A Model for Case-Based Learning+ 

10.1. Introduction 

Over the last few years case based reasoning (CBR) is being considered as a 
prominent technique for developing knowledge based systems in different domains like 
business planning , medical systems, design, law, engineering etc. [1-8]. But, however, 
there is no universal CBR method suitable for every domain of application. Most CBR 
systems make use of general domain knowledge in addition to knowledge represented 
by cases. Specifically, developing a knowledge based system using CBR approach, 
selection of effective features having significant contributions and fixation of weights of 
features are important. Moreover, usually a large case base is expected to make the 
system more authentic. Usually, fixation of these issues are done by domain expert(s) . 
In this context, there might have two problems : (i) sometimes, domain experts use 
heuri stics and (ii) time availability constraints of domain expert(s) . As heuristics enter 
into the field , there is scope of uncertainty in such selection and fixation of feature 
weights. A large case base requires large case memory as well as large processing 
time. So the number of retained cases in the case memory should be less as much as 
possible but producing reasonably good results . 

Moreover, a learning mechanism should adhere to the performance criteria such as 
Robustness in learning, Quickness in learning , and Efficiency in learning [9] . The 
method must be robust so as not to have any irrelevant storage. The method must be 
quick in its learning and learn rapidly from only a few examples which essentially 
reduces the number of cases in the case memory as well as reducing processing time. 
The method must be computationally efficient in its learning when provided with finite 
number of training examples [10] . Many studies on machine learning with various 
feature selection algorithms have been reported [11-14) but variants of them might be 
more appropriate for some performance tasks [14) . 

This work suggests a model for selecting prime features as well as fixation of feature 
weights required for developing systems using a CBR approach with category
exemplar type of case representation [15) keeping the performance criteria [9] in mind . 
This also suggests a limit of the number of retained cases in the case memory. 

· This is based on the publications [The Journal of the Computer Society of India, Vol. 30, No. 4, 2000, pp. 9- 14 
and Proc . of the Int. Con f. On Modeling and Simulation in Distri buted Applicat ions, Changsha, China,Sept. 25-27, 
200 I, pp. 345 - 349 ] of the author. 
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It consists of a bi-layer architecture where the base-level is composed of rules 
embodying domain specific knowledge of selecting specific category while the dynamic
level, the second level, is a category-exemplar type [15] of case representation where 
knowledge is represented as cases composed of various concerned features. The 
cases of same category are grouped in a table, called category or case table. The 
uncertainty, if any, entered into the base-level would be reduced in the dynamic level. 
In the dynamic-level the authenticity of the achievement is being estimated from the 
previous cases in the corresponding case table. 

The main theme is that if a definite case has been obtained from the real world and 
incorporated into the case base, then obviously it should have some effect 
(contribution) in considering another new case. 

To develop the system in a numerical frame, it is assumed that the features, cases and 
case tables are associated with some weights which represent the richness of the 
parameters and any decision regarding training is based on those weights. When a 
new case appears, all cases in possible case table are scanned and an evaluation 
process estimates the values of some numerical parameters (weights) associated with 
features, cases and case tables for further judgement. 

In the next section we discuss our methodology. In section 1 0.3, we present two 
examples for validating the model. At last, our concluding remarks are provided. 

1 0.2. Methodology 

1 0.2.1. Definitions 

When a new case appears, the initial weight of an element of feature set is not known. 
So an unbiased weight should be considered. This unbiased weight can be estimated 
by 1/N, where N is the number of elements in the set of features or sub-set of features 
constructing the new case. The feature weight for m-th case should be the product of 
average feature weight (FWav) and the number of occurrences (I) of the feature upto 
m-th retained case in a case table. 

The Feature Weight (FWm) for m-th case : 

FWm = FW(avJ m. I ............... 1 0.1. 

Where FW(av) m =I Fwj/ (N.M) 
J = 1 

and M is the total number of retained cases. 
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Case Weight (CW) : 

It is the sum of the weights of all the possible features constructing the case. For m-th 
case, the Case Weight is 

CWm=L:Fwmi ................... 10.2. 

where i represents the number of features contributing the m-th case. 

Relative Feature Weight (RFW) : 

It is the ratio of the feature weight to the case weight. For m-th case , the relative 
feature weight is 

RFWm = FWm I CWm 
••• •••••• ••• 000 ••• 10.3. 

Saturation : 

It is the measure of whether a new case has to be taken into account or not. We 
consider here a threshold value o for measuring saturation. The relative feature weights 
of a category are tested for saturation with interval of 5 cases. We consider it saturated 
when 

.. .-1 

I RFW m - RFW (m+5) I ~ 0 

for all contributing features of the category. But, however, this interval of 5 cases has 
not been tested for optimality. This interval may be accepted on the argument that on 
the worst case this may increase case memory by 5 cases only. 

1 0.2.2. System Architecture 

Each case is represented with a set of features accepted as case descriptors and are 
useful to match among previous cases and a new case. The initial feature sets that 
should be considered, could be accepted by consultation with the field experts and/or 
non-expert field observers and/or previous case histories. Such suggested features are 
arranged to form the case base. A feature possess some defining parameters like 
name, type, value, weight etc. as per the requirement of the problem domain. The 
possible /observed cases leading to a definite goal (case) are stored sequentially in the 
corresponding case table. Fig. 1 0.1. shows the system architecture. 
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Fig.1 0.1. System architecture. 

At the starting of a new training session the case tables are blank in the case memory. 
The system starts with the input of feature set of a new case. This is passed on to the 
category selector. The category selector puts the new case in most appropriate 
category at per the domain specific knowledge using the reasoning described in the 
subsection 1 0.2.3. The feature weight generator then evaluates the relative feature 
weights by using the method described in section 1 0.2.1. The relative feature weights 
are then considered for saturation testing. A positive result of saturation testing 
indicates that the training is complete and no new case is required; otherwise the 
system seeks for a new case to get it saturated. 

1 0.2.3. Reasoning aspects 

I 

Case table structure in the case library was designed using the category-exemplar 
model of case representation. This essentially means that each case should have a set 
of features as depicted in fig. 1 0.2. As one receives an observed set of features from 
the field that is put to the category selector; the category selector selects one or more 
neighbouring cases using the rule-based approach: 

IF ( feature1 .AND./.OR. feature2 .AND./.OR. feature3 .AND./.OR. ...... featureN) 
THEN ( category1 .AND./.OR. category2 ..... ) 
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Fig.1 0.2. Structure of features, categories and exemplars. 

218 

Neighbouring cases differ from each other in one or small number of features. So from 
a set of observed features, multiple firing of rules may be the result. In that situation, 
the system asks confirmation from the trainer (observer) that which case- is observed. 
Depending upon the feedback from the observer, the system puts the case in the 
corresponding category. 

1 0.3. Validating the model 

For a better understanding and validations of the method, real field problems in tea 
cultivation are being produced here. In tea gardens, tea bushes are often subject to the 
attack of various insect pests throughout the year. When a bush is attacked by a 
particular type of insect pest, some set of signs and symptoms should be observed on 
a specific part of the bush. These set of signs and symptoms (featu~es) lead to proper 
identification of the insect pests active in the field in general. But tea industry is an wide 
spread one where the agro-climatic conditions differ from garden to garden even from 
section to section and thus the set of signs and symptoms become region specific. The 
complete set of features is very rare to be observed. Moreover, among all the features, 
some may have greater significance than the other less important one. So the active 
insect pests are to be identified contributing the major damage. These region specific 
characteristics demand region specific training. 

Here we have considered 8 major insect pests of tea as examples. So the case library 
has been designed to contain 8 categories. Each category is allotted to contain the 
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cases of attack due to a particular insect pest. The selected category against each 
insect pest is presented in table 1 0.1. 

Table 1 0.1. Insect pests and the allotted categories. 

Insect pests Allotted category 
1. Red Spider Category-1 
2. Helopeltis Category-2 
3. Scarlet Mite Category-3 
4. Thrips Category-4 
5. Aphid Category-5 
6. Jussid Category-6 
7. Purple Mite Category-? 
8. Pink Mite Category-8 

31 possible sign and symptoms of attack leading to cover the identification of these 8 
insect pests mentioned above, are identified by using domain knowledge and grouped 
under 11 rubrics as shown in table 1 0.2. This general feature set contains the all 
possible sub sets of features due to the attack of these 8 insect pests. We used coding 
for ease of implementation. 
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Table 1 0.2. Feature set of sign and symptoms for attack of 8 insect pests of tea crop. 

Feature groups Code Description of features 

A1 Young leaf 

1. Site of damage A2 Matured leaf 
A3 Bud & young leaf 
A4 Tender stem 

2. Leaf surface B1 Upper 
B2 Lower 
C1 Dry UQ_ 

C2 Leathery 
3. Leaf appearance C3 Dusted white 

C4 Curved downwards 
C5 Curved upwards 
C6 Crinkled & curled 
C7 Deformed 
C8 Margin recurved & brown 
D1 Copper bronze 

4. Leaf colour D2 Yellow 
D3 Pale 
D4 Purple bronze 
D5 Brown 
E1 Brown ring 

5. Leaf spot E2 Reddish brown _gatch 
E3 Sand papery lines 

6. Mid Rib colour F1 Brownish 
F2 Upper side brownish 

7. Edge colour G1 Brownish 
G2 Pinkish 

8. Tip colour H1 Brownish 
9. Vein colour 11 Brownish 
10. Finaer Tip test J1 Red smear 

11. Bush appearance K1 New flush stunted 
K2 Defoliation 

This general feature set is supplied to the system to sort out the significant features 
and their RWFs corresponding to the attack of each insect pest. 

Observed set of features leading to the definite known cases of attack of these 8 insect 
pests have been supplied to the system sequentially as first cum first server basis to 
train the system. After each entry, an iterative evaluation process as described in 
section 1 0.2.2, starts to generate the value of RFW of each feature corresponding to 
each category. After each entry, the system updates the values of RFWs and tests for 
saturation with 8 - 10 -3

. A positive result of saturation testing indicates the end of 
primary training, that is, no more cases are required to train the system. 
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The features obtained with RFW # 0 are the significant features and that of with RFW = 
0 are the non-significant or noisy features. RFW = 0 indicates that the noisy features 
have no contribution to a particular category. Moreover, it is observed that some 
features are common to different categories but with different values of RFWs. The 
noisy features of each category have been ignored as they have no contribution. 

We now present the results of the case studies of . first two categories ( i.e, Red 
Spider and Helopeltis ) for illustrations. 

1 0.3.1. Case study for Red spider attack diagnosis 

The values of RFWs of significant features (presented in codes) obtained against 
increased number of retained cases for each category are presented in table 10.3 as a 
representative one. 

I 

Table 1 0.3. The significant features and their RFWs for Red Spider attack. 

No of retained Relative Feature Weights of significant features of Red 
cases Spider attack 

A2 05 E2 J1 K1 

1 0.250 0.250 0.250 0.250 0.000 
2 0.286 0.071 0.286 0.286 0.071 
3 0.136 0.158 0.338 0.338 0.034 
4 0.189 0.088 0.352 0.352 0.020 
5 0.204 0.118 0.333 0.333 0.012 
6 0.221 0.083 0.331 0.331 0.033 
7 0.252 0.117 0.353 0.252 0.026 
8 0.259 0.090 0.348 0.259 0.043 
9 0.208 0.117 0.361 0.280 0.035 
10 0.21_5 0.130 0.350 0.278 0.028 
11 0.226 0.145 0.352 0.234 0.042 
12 0.246 0.125 0.367 0.202 0.060 
13 0.212 0.144 0.375 0.218 0.052 
14 0.216 0.152 0.367 0.222 0.044 
15 0.224 0.163 0.365 0.194 0.055 
16 0.235 0.176 0.370 0.171 0.048 
17 0.240 0.156 0.368 0.179 0.057 
18 0.215 0.168 0.373 0.191 0.052 
19 0.225 0.151 0.376 0.201 0.046 
20 0.227 0.157 0.370 0.205 0.041 
21 0.231 0.142 0.367 0.210 0.049 
22 0.240 0.152 0.371 0.192 0.044 
23 0.243 0.139 0.369 0.197 0.051 
24 0.224 0.149 0.374 0.206 0.047 
25 0.226 0.154 0.369 0.208 0.043 
26 0.230 0.159 0.368 0.193 0.049 
27 0.239 0.149 0.374 0.181 0.057 
28 0.223 0.158 0.377 0.189 0.053 
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29 0.225 0.161 0.373 0.192 0.049 
30 0.228 0.166 0.372 0.179 0.055 
31 0.230 0.169 0.368 0.182 0.051 
32 0.232 0.159 0.367 0.186 0.056 
33 0.219 0.166 0.370 0.193 0.053 
34 0.224 0.156 0.371 0.198 0.050 
35 0.226 0.159 0.368 0.200 0.047 
36 0.215 0.152 0.373 0.207 0.053 
37 0.221 0.158 0.375 0.197 0.050 
38 0.223 0.150 0.374 0.200 0.054 
39 0.212 0.155 0.376 0.205 0.052 
40 0.214 0.158 0.373 0.207 0.049 
41 0.216 0.162 0.372 0.197 0.053 
42 0.222 0.155 0.376 0.189 0.058 
43 0.212 . 0.160 0.378 0.194 0.055 
44 0.214 0.163 0.375 0.196 0.052 
45 0.216 0.166 0.375 0.187 0.056 
46 0.217 0.168 0.372 0.189 0.053 
47 0.219 0.161 0.371 0.192 0.057 
48 0.211 0.166 0.373 0.196 0.055 
49 0.213 0.152 0.374 0.208 0.053 
50 0.216 0.161 0.372 0.201 0.050 
51 0.218 0.155 0.371 0.204 0.053 
52 0.221 0.159 0.372 0.196 0.05 1 
53 0.223 0.153 0.371 0.198 0.054 
54 0.215 0.157 0.373 0.202 0.052 
55 0.216 0.159 0.371 0.203 0.050 
56 0.218 0.162 0.370 0.196 0.053 
57 0.220 0.156 0.370 0.198 0.056 
58 0.213 0.160 0.371 0.202 0.054 

59 0.214 0.162 0.369 0.203 0.052 
60 0.208 0.166 0.372 0.198 0.056 

61 0.209 0.168 0.371 0.199 0.054 

62 0.211 0.163 0.370 0.201 0.056 

63 0.204 0.166 0.371 0.204 0.055 

64 0.207 0.161 0.372 0.207 0.053 

65 0.208 0.163 0.370 0.208 0.051 

66 0.210 0.158 0.370 0.209 . 0.054 

67 0.213 0.161 0.371 0.203 0.052 

68 0.214 0.156 0.370 0.205 0.054 

69 0.208 0.159 0.372 0.208 0.053 

70 0.209 0.161 0.370 0.209 0.051 

71 0.211 0.163 0.369 0.203 0.053 

72 0.214 0.159 0.372 0.198 0.056 
73 0.209 0.162 0.373 0.201 0.055 

74 0.211 0.158 0.374 0.204 0.053 
75 0.213 0.160 0.373 0.198 0.056 
76 0.213 0.161 0.372 0.199 0.054 

77 0.215 0.157 0.371 0.201 0.056 
78 0.210 0.160 0.372 0.204 0.055 
79 0.212 0.156 0.373 0.206 0.053 



80 0.213 0.157 0.372 0.207 0.052 
81 0.214 0.153 0.371 0.208 0.054 
82 0.216 0.156 0.372 0.203 0.053 
83 0.217 0.152 0.371 0.204 0.054 
84 0.212 0.155 0.372 0.207 0.053 
85 0.215 0.151 0.373 0.209 0.052 
86 0.216 0.153 0.373 0.204 0.054 
87 0.219 0.150 0.375 0.200 0.056 
88 0.214 0.153 0.376 0.203 0.055 
89 0.216 0.149 0.376 0.205 0.054 
90 0.217 0.151 0.376 0.200 0.056 
91 0.213 0.153 0.377 0.203 0.054 
92 0.215 0.150 0.377 0.205 0.053 
93 0.215 0.151 0.376. 0.205 0.052 
94 0.216 0.148 0.376 0.207 0.054 
95 0.~18 0.150 0.376 0.202 0.053 
96 0.219 0.147 0.376 0.203 0.054 
97 0.215 0.149 0.377 0.206 0.053 
98 0.216 0.151 0.375 0.206 0.052 
99 0.217 0.152 0.375 0.202 0.054 
100 0.218 0.149 0.375 0.203 0.055 
101 0.214 0.151 0.376 0.205 0.054 
102 0.214 0.152 0.374 0.206 0.053 
103 0.211 0.155 0.376 0.203 0.055 
104 0.211 0.156 0.375 0.203 0.054 
105 0.212 0.153 0.375 0.204 0.055 
106 0.209 0.155 0.375 0.206 0.054 
107 0.210 0.152 0.376 0.208 0.053 
108 0.2~ 1 0.153 0.375 0.209 0.052 
109 0.212 0.151 0.374 0.210 0.054 
110 0.214 0.153 0.375 0.206 0.053 
111 0.214 0.150 0.375 0.207 0.054 
112 0.211 0.152 0.375 0.209 0.053 
113 0.211 0.153 0.374 0.209 0.052 
114 0.212 0.154 0.374 0.206 0.054 
115 0.214 0.152 0.375 0.203 0.056 
116 0.211 0.154 0.376 0.204 0.055 
117 0.212 0.151 0.377 0.206 0.054 
118 0.213 0.152 0.376 0.203 0.055 
119 0.214 0.153 0.375 0.203 0.054 
120 0.210 0.155 0.375 0.204 0.055 

The relative feature weights plotted against the number of cases retained (RFW
curve) are shown in the graphs (figs. 10.3- 10. 7). 
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1 0.3.2. Case study for Helopeltis attack diagnosis 

In this case study, we have added a feature 'Perforation of leaf as a non-prime feature 
which is not included in the feature list (table 1 0.2) to test its rejection by the system. 
The relative feature weights plotted against the number of cases retained are shown in 
the graphs (figs.10.8- 10.13). In this case the saturation testing has also been done 
using 8- 10-3

. 
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1 0.3.3. Identified significant features with RFW 

It is evident that the significant features corresponding to each category have been 
identified by the system and the RFWs at saturation have been obtained from the 
presented data or curves. The sorted significant features and RFWs at saturation for 
each category are presented in tables 1 0.4. - 1 0.11. 

Table 1 0.4. Significant features with their code and RFWs (at saturation) for category-1 
(Red Spider). 

Feature Significant features RFW 
Codes (at saturation) 

A2 Site of damage IS Matured leaf 0.213 
D5 Leaf colour IS Brown 0.152 
E2 Leaf spots IS Reddish brown patch 0.374 
J1 Finger tip test IS Red smears 0.208 
K1 Bush appearance IS New flush stunted 0.053 

Table 1 0.5. Significant features with their code and RFWs (at saturation) for category-
2 (Helopeltis). 

Feature Significant features RFW 
Codes (at saturation) 

A3 Site of damage IS Bud & young leaf 0.240 
A4 Site of damage IS Tender stem 0.057 
C7 Leaf appearance IS Deformed 0.260 
E1 Leaf spots IS Brown ring 0.335 
K1 Bush aJ>pearance IS New flush stunted 0.108 

Table1 0.6. Significant features with their code and RFWs (at saturation) for category-3 
(Scarlet Mite). 

Feature Significant features RFW 
Codes (at saturation) 

A1 Site of damage IS Young leaf 0.088 
A2 Site of damage IS Matured leaf 0.109 
B1 LeafsurtaceiSUpper 0.140 
C1 Leaf appearance IS Dry up 0.098 
D2 Leaf colour IS yellow 0.150 
F1 Mid Rib colour IS Brownish 0.040 
F2 Mid Rib colour IS Upper side brownish 0.266 
K2 Bush appearance IS Defoliation 0.108 
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Table 10. 7. Significant features with their code and RFWs (at saturation) for category-
4 (Trips). 

Feature Significant features RFW 
Codes (at saturation) 

A1 Site of damage IS Young leaf 0.270 
A3 Site of damage IS Bud & young leaf 0.092 
C5 Leaf surface .IS Curved upwards 0.091 
C7 Leaf appearance IS Deformed 0.210 
E3 Leaf spots IS Sand papery lines 0.084 
H1 Tip colour IS Brownish 0.107 
K1 Bush appearance IS New flush stunted 0.145 

Table1 0.8. Significant features with their code and RFWs (at saturation) for category-5 
(Aphid). 

Feature Significant features RFW 
Codes (at saturation) 

A1 Site of damag_e IS Youn_g_leaf 0.104 
A3 Site of damage IS Bud & young leaf 0.124 
A4 Site of damage IS Tender stem 0.052 
B2 Leaf surface IS Lower 0.150 
C6 Leaf appearance IS Crinkled & curled 0.341 
D5 Leaf colour IS Brown 0.045 
K1 Bush appearance IS New flush stunted 0.184 

Table 1 0.9. Significant features with their code and RFWs (at saturation) for category-

6 (Jussid). 

Feature Significant features RFW 
Codes (at saturation) 

A1 Site of damage IS Young leaf 0.193 
A4 Site of damage IS Tender stem 0.086 
B2 Leaf surface IS Lower 0.139 
C1 Leaf appearance IS Dry up 0.055 
C4 Leaf appearance IS Curved downwards 0.122 
C8 Leaf appearance IS Margin recurved & brown 0.058 
F1 Mid Rib colour IS Brownish 0.056 
11 Vein colour IS Brownish 0.054 
K1 Bush appearance IS New flush stunted 0.236 



Table 10.1 0. Significant features with their code and RFWs (at saturation) for 
category-? (Purple Mite). 

Feature Significant features RFW 
Codes (at saturation) 

A1 Site of damaqe IS Younq leaf 0.015 
A2 Site of damage IS Matured leaf 0.206 
B1 Leaf surface IS Upper 0.183 
B2 Leaf surface IS Lower 0.035 
C1 Leaf appearance IS Drv up 0.128 
C2 Leaf appearance IS Leathery 0.013 
C3 Leaf appearance IS Dusted white 0.089 
01 Leaf colour IS Copper bronze 0.153 
04 Leaf colour IS Purple bronze 0.020 
G1 Edge colour IS Brownish 0.090 
G2 Edge colour IS Pinkish 0.066 
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Table1 0.11. Significant features with their code and RFWs (at saturation) for category
a (Pink Mite). 

Feature Significant features RFW 
Codes (at saturation) 

A1 Site of damage IS Young leaf 0.217 
A4 Site of damage IS Tender stem 0.045 
B1 Leaf surface IS Upper 0.126 
C2 Leaf appearance IS Leathery 0.102 
C6 Leaf appearance IS Crinkled & curled 0.108 
03 Leaf colour IS Pale 0.116 
G1 Edge colour IS Brownish 0.051 
11 Vein colour IS Brownish 0.064 
K1 Bush appearance IS New flush stunted 0.171 

The primary training of the system is now complete and the primary·~ knowledge base is 
formed. This knowledge base can be utilized to classify the new cases, as discussed in 
the next chapter. 

1 0.4. Discussions 

For both the cases of Red Spider as well as Helopeltis, it is observed that for 6- 10 -3 

the saturation of all the features are attained between 50 to 60 cases in the 
corresponding case tables. But, however, for testing the saturation stability we have 
considered more cases as depicted in the figures. The accuracy level may be fixed 
after consultation with the corresponding domain experts. For the present cases, the 
domain experts do concur with this accuracy level. So for the current problem domain it 
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might be sufficient to have 50 to 60 cases in the corresponding case tables for the 
design of a case-based knowledge system. Now, the relative feature weights can be 
obtained from the saturation point. It can also be observed from fig. 1 0.13. that the non
prime feature 'Perforation on leaf has been ruled out by the system. Similar results 
have been found for other non-significant features. It should also be pointed out that 
similar type of results have been obtained in the study for other categories as the case 
of Red Spider and Helopeltis. 

Our system sorts out the significant features along with their relative feature weights 
and the non-significant features are ruled out after having the field cases during 
training. The learning is robust in the sense that it avoids irrelevant storage. The 
method is computationally efficient in polynomial order in its learning when provided 
with finite number of training examples. This also helps in estimating the number of 
retained cases for a problem domain. This estimate should be useful for the 
development of a case-based knowledge system for the domain of interest. Here it has 
been assumed that the features in the feature set are mutually independent. 

In the next chapter, we have used the relevant features identified by the system for 
each category along with the relative feature weights at saturation (tables 10.4 -
1 0.11) as synapse values for identification of new insect pests using this model. 
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Chapter 11 

Design and implementation of a Case-Based Classifier Approach+ 

11.1. Introduction 

In connection with the development of knowledge based systems, there is no universal 
Case-Based Reasoning (CBR) method suitable for every application domain. Most 
CBR systems make use of general domain knowledge and are able to utilize the 
specific knowledge of previously experienced concrete problem situations (cases) . CBR 
is also an approach to incremental sustained learning, since a new experience is 
retained each time a problem has been solved, making it immediately available for 
future problems. CBR seems to be advantageous for domains such as agriculture, 
medical systems, business planing etc. which are inherently case-based and don't have 
a well defined theory but do have a great abundance of data in the form of cases. But, 
still now the problems associated with CBR are the complexity and the accuracy of the 
retrieval phase. Both flat memory and inductive approaches suffer from serious 
drawbacks. The major pitfall that has been identified in the use of CBR is the inflexibility 
of the knowledge and strategies acquired [1] . 

In recent years, the classification task has been enJoying increasing interest in the 
machine learning community. In this context, several approaches like Artificial Neural 
Networks, Probabi listic Neural Networks, k-Nearest Neighbor approach, Beysian 
classifier, RBF Networks etc. have been reported [2-12] . Classifier uses a multitude of 
techniques to decide whether an unknown instance described by a vector of feature 
values belongs to a certain class . The task of determining which of these features are 
relevant to the classification task is one of the central problems [13]. The computational 
complexity of training algorithm is also a vital problem [14]. Moreover, some works draw 
attention regarding misconceptions of some classifiers [15, 16]. 

Case-Based Reasoning (CBR) means reasoning based on previous experiences [17] . 
CBR favours learning from experience, since it is usually easier to learn by retaining a 
concrete problem solving experience than to generalize from it. Moreover, a very 
important feature of CBR is its coupling to learning. 

Many theories of human concept learning posit that concepts are represented by 
prototypes [18] or exemplars [19]. Prototype models are relatively inflexible, they 
discard a great deal of information that people use during concept learning [20,21,22] . 
On the other hand , exemplar model represents concepts by their individual exemplars . 

· This is based on the paper [ "Design and Implementation of a Context-sensitive Case-Based Classifier 
Approach") of the author. (Communicated) 
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Exemplar representations are far more flexible than prototype representations since 
they retain sensitivity to all of the information [23]. 

The knowledge base of our system is composed of rules embodying domain specific 
knowledge with category-exemplar type of case representation where a set or sub-set 
of features plans for all possible goal(s) (cases) which is/are likely to be achieved [24]. 
Due to the dynamic nature of the problem domain, we argue that the concept 
description cannot be represented only with category exemplars, but also with a set of 
specific weights associated with features and as well as exemplars. The weights 
associated with features must be adaptive to the changing environment in order to 
represent the acceptability of the exemplars (cases). 

It is an attempt to couple a CBR method with classifier approach for learning from 
experience and using it for problem solving. The classifier is designed as a single layer 
neural network. The neural networks usually require a large set of training data and 
computationally complex training algorithm. The problems associated with learning of 
such systems are long computational time, fixation of reasonable starting values, 
guidance during training, non-convergence for some arbitrary data sets, etc. Moreover, 
the training samples are never stored in the network. 

The above discussed problems are bypassed in our system by truncating the learning 
part of such classifiers. The task of learning is done by a CBR method and the classifier 
accepts the prior trained data as inputs. So no further learning of the classifier is 
required. We have proposed a model for case-based learning [25] in Chapter 10. This 
model can be used for selection of features and their relevance related to a context 
description. The system becomes rich with definite known cases obtained from the real 
field and sorts out the significant features for all possible categories and fixes the 
primary weights (Relative Feature Weights) of all features through an evaluation 
process [25]. It also reduces the uncertainty and defines the saturation of primary 
training. The training data is not assigned arbitrarily, but obtained from the region 
specific real field cases cf the problem domain. Thus the learning makes sense within 

I 

the context of the problem domain. So this work suggests a case-based classifier 
approach. 

The features are considered as input values and the Relative Feature Weights as the 
synapse values respectively. The bias values are also obtained from Relative Feature 
Weights. When a set/sub-set of observed features is received, it is then transformed to 
a binary feature vector with elements 1 or 0. The input values thus processed reach to 
the classifier, it fires only when the weighted sum of all the potential values exceeds a 
certain limiting value (bias) of that particular case. The successful (fired) cases, if 
retained in the knowledge base, updates the Relative Feature Weights (synapses) of 
the concerned features. 
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In the next section, we present the theoretical foundations of our approach. In Section 
11.3, we present the system architecture. Section 11.4 contains case illustrations for 
validation of the model. We conclude in section 11.5. 

11.2. Theoretical foundation 

Feature Vector (F) 

Feature Vector (F) is a set of elements transformed from the feature set of all possible 
features in a domain. If N is the total number features in the feature set of a domain 
then the F can be represented as: 

[F] = 
............................................................ 11.1 

F 

where each of the elements F1, F2, .... FN possess a value either 1 or 0 depending 
upon the set of observed features. If for a particular observation, the i-th feature is 
observed, then Fi = 1 otherwise it is 0. 

As an example, if a domain consists of total 6 features and for a particular case, 
features f1, f3 and f5 are observed, then the feature set of this 6 features are 
transformed to a Feature Vector as: 

[F] = 

Bias vector {<I>) 

1 
0 
1 
0 
0 
1 

Bias is a critical barrier of the weighted sum above which a case is considered to be 
fired and the fixation of the bias is a vital task to improve the performance of the 
system. In our system, the bias for cases under a category has been fixed on 'the basis 
of Relative Feature Weights (RFW). We have classified the features of each category in 
3 sub-sets; (i) weekly-relevant (wr), (ii) relevant (r) and (iii) strongly relevant (sr). The 
features having RFW greater than the arithmetic mean (Ma) are labeled as 'strongly
relevant' features. The features having RFW in the range between Ma/2 to Ma is the 
'relevant' one and features those having RFW less than Ma/2 are the 'weekly-relevant'. 
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The rationale for estimation of bias value is based on the theme that at least one 
member of each group should have the contribution and the features with highest RFW 
within each sub-set should have the highest priority to be considered in fixing the bias. 
The bias for i-th category is 

<Pi = [Max( RFWwr) + Max(RFWr) + Max(RFWsr)] i ·················································· 11.2. 

The Bias Vector is a set where the elements represent the biases (case firing 
threshold) of all the possible categories in the domain. If M is the total number of 
categorie.s in a domain, then the Bias Vector (<D) can be represented as: 

[<D] = ·················································· 11.3 

Synapse Matrix (OJ) 

Synapse Matrix (OJ) is a matrix whose elements are the Relative Feature Weights at 
saturation of all the features constructing the possible categories in a domain. After 
training of the system, the significant and non-significant features are identified and the 
corresponding Relative Feature Weights of all the categories are known. These 
Relative Feature Weights corresponding to a category constitutes the row of this 
Synapse Matrix. An element of the row will be considered as 0 (zero) if the 
corresponding feature has no contribution (non-significant feature) to that particular 
category. So OJ is a M x N matrix where M is the number of categories and N is the 
total number of features in a domain. The OJ can represented as: 

OJ11 0J12 OJ13. · 0J1N 

0J21 0J22 0J23 . . 0J2N 

[CD]= ........................................ 11.4 

OJ M2 OJ M3 · · · · · · OJ MN 

Where OJ 11 is the Relative Feature Weight (synapse) of feature-1 of the category-1, OJ12 

is that of feature-2 of the category-1 and so on. 
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Activation Value (X) and the System Output (Y) 

The general model of the classifier consists of a summing part followed by an output 
part. In this case, we have considered the classifier as a single layer neural network of 
McCulloch-Pitts (MP) model of neurons [26]. The number of neurons or nodes in the 
network is equal to the number of possible categories in the problem domain. The 
Activation Value is given by a weighted sum of input values and a bias term. The output 
signal is typically a nonlinear transfer function of the activation value. For present 
problem, if F1, F2, F3 .... FN be the elements of the Feature Vector (F) and roi1· roi2r 

roi3 •..... roiN are the synapse values for i-the node, then the Activation Value (Xi) for i-th 
node can be represented as: 

N 

xi = .2: roij • Fi - cDi 
j~J 

.............................................. 11.5 

where N is the total number of features in the domain. 

Then the output value of the i-th node can be defined by the output function 

Yi = f (Xi) 

The transfer function, that we have used is a binary function, where 

= 0, 
ifx > 0 
if X~ 0 

If f(xi) = 1, the i-th category is considered to be fired; otherwise not considered. 

For present problem, McCulloch-Pitts model for i-th neuron is shown in fig. 11.1. 

Feature Feature cDi as Bias 
Vector Weights 

\ as inputs as synapse 
Activation Output 

F1 
ffii1 

:I 
value Yi =/(Xi) 

ffii2 
N xi ·CD F2 .2: rou. Fi - <t>i ... 
j = 1 

FN Wit>~ 

Summing part Output function f(.) 

Fig.11.1. McCulloch-Pitts model of a neuron for present problem. 
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11.3. System architecture 

In our system each case is represented with a set of features accepted as case 
descriptors and the collection of cases of the same type form a category. In the learning 
phase in Chapter 10, when the system gets trained with observed cases, the Relative 
Feature Weight of each feature approaches to saturation and when 1 COm - CO(m+5J 1 < 8, 
all significant features are obtained. The system is considered to be primarily trained 
and the primary case library is formed. At the end of primary training, the Relative 
Feature Weights of all the features of a category are known. 

For a new case, the system receives the set of observed features and the Feature 
Vector Generator transforms observed feature set to Feature Vector (F). The system 
activates the Synapse Matrix Generator. The Synapse Matrix Generator then scans the 
case library to pick up the Relative Feature Weights of all the features for all categories 
and generates the Synapse Matrix (co) according to equation 11.4. The Bias Vector 
Generator calculates the bias of each category and constructs the Bias Vector (<I>). 

The classifier calculates the activation values (X) of the new case against each 
category and generates the outputs (Y) by using the transformation function. The 
categories for which the output is 1 are the classified category that is, the new case is 
of the type of this category. The block diagram of the system architecture is presented 
in fig. 11.2. 

Start 
Input 

New Case 
(set of observed 

features) 

Feature Vector 
Generator 

Synapse Matrix 
Generator 

Bias Vector 
Generator 

If retained ...................................................................... . Classified 
Case(s) 

Fig. 11.2. Block diagram of the system architecture. 

The classifier is a single layer neural network of McCulloch-Pitts model of neurons. If 
for a particular domain the number of possible categories is M, then the classifier 
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contains M neurons (nodes). Each neuron is responsible to classify a particular 
category. The block diagram of the classifier forM categories is presented in fig. 11 .3. 

Feature 
Vector 

[F] 

Synapse 
matrix 

Feature 
Vector 

[F] 

Synapse 
matri x 

Feature 
Vector 

[F] 

Synapse 
matrix 

Output leading to classify 

category- I. 

y 1 

Output leading to classify 
category-2. 

y2 

Output leading to classify 
category-M. 

Fig . 11.3. The block diagram of the classifier forM categories . 

Each neuron of this neural network accepts Feature Vector and Bias as inputs. The 
synapse values are accepted from the Synapse Matrix. Elements of each row of the 
Synapse Matrix provide the synapses to the corresponding neuron. The neuron then 
generates the Activation Value and gives output by using transfer function. Depending 
upon the output value , the case is considered to be classified. 
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Table 11.1. The allotted categories against 8 insect pests. 

Insect pests Allotted category 
1. Red Spider Cate_g_o__ry-1 
2. Helopeltis Category-2 
3. Scarlet Mite Category-3 
4. Thrips Cate_goiY-4 
5. Aphid Cate_g_o__ry-5 
6. Jussid Category-6 
7. PuJ"Q_Ie Mite Cate_g_o__ry-7 
8. Pink Mite Category-8 

31 possible sign and symptoms of attack leading to cover the identification of these 8 
insect pests mentioned above, are identified by using domain knowledge and grouped 
under 11 rubrics as shown in table 11.2. This general feature set contains the all 
possible sub sets of features due to the attack of these 8 insect pests. 
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Table 11 .2. General feature set of sign and symptoms for attack of 8 insect pests of tea 

crop. 

Feature Groups Serial number Code and Description of features 

l. A I -Young leaf 
l. Si te of damage 2. A2 - Matured leaf 

3. A3 - Bud & young leaf 
4. A4 - Tender stem 

2. Leaf surface 
5. B l- Upper 
6. B2 - Lower 
7. Cl -Dry up 
8. C2 - Leathery 

3. Leaf appearance 9. C3 - Dusted white 
10 . C4 - Curved downwards 
II. C5 - Curved upwards 
12. C6 - Crinkled & curled 
13 . C7 - Deformed 
14. C8 - Margin recurved & brown 
15. D I - Copper bronze 

4. Leaf colour 16. D2- Yellow 
17. D3 - Pale 
18. D4 - Purple bronze 
19. D5 - Brown 
20. E I - Brown ring 

5. Leaf spot 21. E2 - Reddish brown patch 
22. E3 - Sand papery lines 

6. Mid Rib colour 
23 . F I - Brownish 
24 . F2 - Upper side brownish 

7. Edge colour 25 . G 1- Brownish 

26. G2- Pinkish 

8. Tip colour 27 . HI - Brownish 

9. Vein colour 28 . I I - Brownish 

I 0. Finger Tip test 29 . J I - Red smear 

I I . Bush appearance 30. K 1- New flush stunted 
31. K2 - Defoliation 

Observed set of features leading to the definite known cases of attack of these 8 insect 
pests have been supplied to the system sequentially as first cum first server basis to 
tra in the system. After each entry, an iterative evaluation process as described in 
Chapter 10 generates the value of Relative Feature Weight of each featu re 

corresponding to each category. After each entry, the system tests for saturation with 8 
- 10 -3

. A positive result of saturation testing indicates the end of primary training, that 

is , no more cases are required to train the system . 

The features obtained with Relative Feature Weight # 0 are the significant features and 

that of with Relative Feature Weights = 0 are the non-significant or noisy features . 
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Relative Feature Weight = 0 indicates that a noisy feature has no contribution to a 
particular category. Moreover, it is observed that some features are common to 
different categories but with different values of Relative Feature Weights. The noisy 
features of each category have been ignored as they have no contribution. 

The significant features and the Relative Feature Weights (which constitute the non
zero elements of Synapse Matrix) obtained against each category are presented in 
tables 11.3- 11.1 0. 

_Table 11.3. The non-zero elements of Synapse Matrix for Category-1. 

Feature Significant features Non-zero elements of 
Codes Synapse Matrix 

A2 Site of damage IS Matured leaf ffi1 02 = 0.213 
05 Leaf colour IS Brown ffi119 = 0.152 
E2 Leaf spots IS Reddish brown patch ffi1 21 = 0.37 4 
J1 Finger tip test IS Red smears ffi1 29 = 0.208 
K1 Bush appearance IS New flush stunted ffi1 30 = 0.053 

Table 11.4. The non-zero elements of Synapse Matrix for Category-2. 

Feature Significant features Non-zero elements of 
Codes Synapse Matrix 

A3 Site of damage IS Bud & young leaf ffi2 03 = 0.240 
A4 Site of damage IS Tender stem ffi2 04 = 0.057 
C? Leaf appearance IS Deformed ffi2 13 = 0.260 
E1 Leaf spots IS Brown ring ffi2 20 = 0.335 
K1 Bush appearance IS New flush stunted ffi230 = 0.108 

Table 11.5. The non-zero elements of Synapse Matrix for Category-3. 

Feature Significant features Non-zero elements of 
Codes Synapse Matrix 

AI Site of damage IS Young leaf ffi3 01 = 0.088 
A2 Site of damage IS Matured leaf ffi302 = 0.109 
Bl Leaf surface IS Upper ffi3 05 = 0.140 
Cl Leaf appearance IS Dry up ffi3 07 = 0.098 
D2 Leaf colour IS yellow ffi316 = 0,150 
Fl Mid Rib colour IS Brownish ffi3 23 = 0.040 
F2 Mid Rib colour IS Upper side brownish ffi3 24 = 0.266 
K2 Bush appearance IS Defoliation ffi331 = 0.108 
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Table 11.6. The non-zero elements of Synapse Matrix for Category-4. 

Feature Significant features Non-zero elements of 
Codes Synapse Matrix 

A1 Site of damage IS Young leaf C04 01 = 0.270 
A3 Site of damage IS Bud & young leaf C04 03 = 0.092 
C5 Leaf surface IS Curved upwards C0411 = 0.091 
C7 Leaf appearance IS Deformed C0413 = 0.210 
E3 Leaf spots IS Sand papery lines C04 22 = 0.084 
H1 Tip colour IS Brownish C0427 = 0.107 
K1 Bush appearance IS New flush stunted C04 30 = 0.145 

Table 11.7. The non-zero elements of Synapse Matrix for Category-5. 

Feature Significant features . Non-zero elements of 
Codes Synapse Matrix 

A1 Site of damage IS Young leaf cos 01 = 0. 1 04 
A3 Site of damage IS Bud & young leaf cos 03 = 0.124 
A4 Site of damage IS Tender stem cos 04 = 0.052 
B2 Leaf surface IS Lower cos OS= 0.150 
C6 Leaf appearance IS Crinkled & curled C0S12 = 0.341 
D5 Leaf colour IS Brown cos 19 = 0.045 
K1 Bush appearance IS New flush stunted cos 30 = 0.184 

Table 11.8. The non-zero elements of Synapse Matrix for Category-6. 

Feature Significant features Non-zero elements 
Codes of Synapse Matrix 

A1 Site of damage IS Young leaf cos 01 = 0.193 
A4 Site of damage IS Tender stem cos 04 = 0.086 
B2 Leaf surface IS Lower cos os = 0.139 
C1 Leaf appearance IS Dry up cos o7 = 0.055 
C4 Leaf appearance IS Curved downwards COs10 = 0.122 
ca Leaf appearance IS Margin recurved & brown C0s14 = 0.058 
F1 Mid Rib colour IS Brownish cos 23 = 0.056 
11 Vein colour IS Brownish cos 2a = 0.054 
K1 Bush appearance IS New flush stunted cos 30 = 0.236 
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Table 11.9. The non-zero elements of Synapse Matrix for Category-?. 

Feature Significant features Non-zero elements of 
Codes Synapse Matrix 

A1 Site of damage IS Young leaf ffi7 01 = 0.015 
A2 Site of damage IS Matured leaf ffi7 02 = 0.206 
B1 Leaf surface IS Upper ffi705 = 0.183 
B2 Leaf surface IS Lower ffi7 06 = 0.035 
C1 Leaf appearance IS Dry up ffi7 07 = 0.128 
C2 Leaf appearance IS Leathery ffi7 08 = 0.013 
C3 Leaf appearance IS Dusted white ffi7 09 = 0.089 
D1 Leaf colour IS Copper bronze ffi715 = 0.153 
D4 Leaf colour IS Purple bronze ffi718 = 0.020 
G1 Edge colour IS Brownish ffi7 25 = 0.090 
G2 Edge colour IS Pinkish ffi7 26 = 0.066 

Table 11.1 0. The non-zero elements of Synapse Matrix for Category-8. 

Feature Significant features Non-zero elements of 
Codes Synapse Matrix 

A1 Site of damage IS Young leaf ffi801 = 0.217 
A4 Site of damage IS Tender stem ffi8 04 = 0.045 
B1 Leaf surface IS Upper ffi805 = 0.126 
C2 Leaf appearance IS Leathery ffi8 o8 = 0.102 
C6 Leaf appearance IS Crinkled & curled ffi8 12 = 0.108 
D3 Leaf colour IS Pale ffi817=0.116 
G1 Edge colour IS Brownish ffi8 25 = 0.051 
11 Vein colour IS Brownish ffi8 28 = 0.064 
K1 Bush appearance IS New flush stunted ffi8 30 = 0.171 

Now let us proceed to calculate the bias values (elements of Bias Vector) for each 

category. As a primary task to calculate the bias, the type of the features (i.e. strongly 
relevant, relevant or weekly relevant) are to be identified. 

As an example, let us consider category-1. 

The arithmetic mean of the Relative Feature Weights at saturation is Ma = 0.200 
Depending upon the arithmetic mean, the type of the features of category-1 are labeled 
and shown in table 11.11. 



Table 11.11. The type of features identified to calculate bias (<D1) of category-1. 

Feature Significant features RFWs 
Codes (at saturation) 

A2 Site of damage IS Matured leaf 0.213 
05 Leaf colour IS Brown 0.152 
E2 Leaf spots IS Reddish brown patch 0.374 
J1 Finger tip test IS Red smears 0.208 
K1 Bush appearance IS New flush stunted 0.053 

From the equation 11.2, the bias <1>1 for the Category-1 is 

<1>1 = 0.053+0.152+0.374 
= 0. 579 

Type of features 

Strongly relevant 
Relevant 

Strongly relevant 
Strongly relevant 
Weekly relevant 
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Similarly, the bias values for other 7 categories are calculated. The bias values for 8 
categories all together are presented in table 11.12. 

Table 11.12. The calculated bias values of 8 categories. 

Category Insect pests Bias values 
Category-1 Red Spider <!>1 = 0.579 
Category-2 Helopeltis <!>2 = 0.500 
Category-3 Scarlet Mite <!>3 = 0.415 
Category-4 Thrips <!>4 = 0.377 
Category-5 Aphid <I>s = 0.517 
Category-6 Jussid <I>s = 0.376 
Category-? Purple Mite <!>7 = 0.423 
Category-8 Pink Mite <!>6 = 0.376 

Now the system is ready to classify the new cases. 

To test the performance of the system, more than 50 definite and real field cases of the 
problem domain were supplied to the system to classify the cases. The system 
classified all of them very accurately. Four examples are presented h"ere. 

Case example 1. 

The observed set of features and feature codes for Case example 1 are: 

1. Site of damage IS Young leaf (A1) 
2. Leaf appearance IS Leathery (C2) 
3. Leaf appearance IS Crinkled & curled (C6) 
4. Leaf colour IS Pale (03) 
5. Vein colour IS Brownish (11) 
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On the basis of the feature set, the classifier generates the activation values of the 

above case in respect of all categories and uses the transfer function to classify the 

case of specific category. The activation values and the classification of case by the 

system is shown in table 11 .13. The actual observation in the field is also presented in 
the last column of the same table for comparison. 

Table 11 .13. System's output verses actual field observation for Case example 1. 

Categories :Lw.F cD X y Classification Actual field 
by the observation 

system 
1. Red Spider 0.000 0.579 - 0.579 0 
2. Helopelties 0.000 0.500 - 0.500 0 
3. Scarlet Mite 0.088 0.415 - 0.327 0 
4. Thrips 0.270 0.377 - 0.107 0 Pink Mite 
5. Aphid 0.445 0.517 - 0.072 0 
6. Jussid 0.247 0.376 - 0.129 0 
7. Purple Mite 0.028 0.423 - 0.395 0 
8. Pink Mite 0.607 0.376 +0.231 1 Pink Mite 

Case example 2. 

The observed set of features and feature codes for Case example 2 are: 

1. Site of damage IS Young leaf (A 1) 
2. Leaf surface IS Curved upwards (C5) 
3. Leaf appearance IS Deformed (C7) 
4. Tip colour IS Brownish (H1) 

With the above observations, the output of the system is shown in table 11.14. 

Table 11 .14. System 's output verses actual field observation for Case example 2. 

Categories :Lw. F <I> X y Classification Actual field 
by the observation 

system 
1. Red Spider 0.000 0.579 - 0.579 0 
2. Helopelties 0.260 0.500 - 0.240 0 
3. Scarlet Mite 0.088 0.415 - 0.327 0 
4. Thrips 0.678 0.377 +0.301 1 Thrips Thrips 
5. Aphid 0.104 0.517 - 0.413 0 
6. Jussid 0.193 0.376 - 0.183 0 
7. Purple Mite 0.015 0.423 - 0.408 0 
8. Pink Mite 0.217 0.376 - 0.159 0 
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Case example 3. 

The observed set of features and feature codes for Case example 3 are: 

1. Site of damage IS Tender stem (A4) 
2. Leaf appearance IS Deformed (C?) 
3. Leaf spots IS Brown ring (E1) 
4. Bush appearance IS New flush stunted (K1) 

With the _above observations, the output of the system is shown in table 11.15. 

Table 11.15. System's output verses actual field observation for Case example 3. 

Categories I co. F <I> X y Classification Actual field 
by the observation 

system 
1. Red Spider 0.053 0.579 -0.526 0 
2. Helopelties 0.760 0.500 +0.260 1 Helo_2_eltis 
3. Scarlet Mite ·o.ooo 0.415 - 0.415 0 
4. Thrips 0.355 0.377 -0.022 0 Helopeltis 
5. Aphid 0.185 0.517 -0.332 0 
6. Jussid 0.322 0.376 -0.054 0 
7. Purple Mite 0.000 0.423 - 0.423 0 
8. Pink Mite 0.216 0.376 -0.160 0 

Case exam pie 4 

The observed set of features and feature codes for Case example 4 are 

1. Site of damage IS Matured leaf (A2) 
2. Leaf appearance IS Dry up (C1) 
3. Leaf appearance IS Deformed (C7) 
4. Leaf spots IS Reddish brown patch (E2) 
5. Finger tip test IS Red smears (J1) 
6. Bush appearance IS New flush stunted (K1) 

With the above observations, the output of the system is shown in table 11.16. 
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Table 11.16. System's output verses actual field observation for Case example 4. 

Categories L co. F <I> X y Classification Actual field 
by the observation 

system 
1. Red Spider 0.848 0.579 +0.269 1 Red Spider 
2. Helopelties 0.368 0.500 - 0.132 0 
3. Scarlet Mite 0.207 0.415 -0.208 0 
4. Thrips 0.355 0.377 -0.022 0 Red Spider 
5. Aphid 0.184 0.517 - 0.333 0 
6. Jussid 0.281 0.376 -0.095 0 
7. Purple Mite 0.334 0.423 - 0.089 0 
8. Pink Mite 0.171 0.376 -0.205 0 

11.5. Concluding remarks 

From the above examples, it is evident that the proposed approach might be 
considered as a potential approach for classifier type of problems using CBR. In 
classification task, the consistency of training data is a vital problem which is managed 
easily in this system. Our system deals with data obtained from definite real field cases. 
As the system gets trained with real field cases, no heuristics or approximate estimation 
is concerned and thus reducing the uncertainty to a great extent. The only uncertainty 
concerned in our system is the uncertainty related to the real field observations ·for the 
new cases. 

It is a hybrid system of CBR and Classifier concept. CBR eliminates the problems 
concerned with the training of a classifier and classifier removes the problems 
concerned with retrieval and adaptation of CBR. It is an attempt to design such a 
system where the merits of CBR and Classifier are clustered. 
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: .. , 

Knowledge structure of TEAPEST 

CLASS : DOMAIN 

OBJECT : Site of Damage 
ATTRIBUTE: Young leaf 

Matured leaf 
Both leaf 
Bud 
Tender stem 
Stem 

Tend~r stem and buds 
Young leaf and bud 
Not Clear 

OBJECT : Leaf Appearance 
ATTRIBUTE: Dry up 

Leathery 

Dusted as white particles 
Curved downwards 
Curved upwards 
Tied up togather 
Rolled 

Pasted one above another 
Crinkled & curled 
Deformed 
Margin recurved and brown 
Withered 
Normal 

OBJECT : Leaf Colour Turning 
ATTRIBUTE: Copper bronze 

Yellow 
Pale 
Purple bronze 
Bronze 
Brown 
Normal 



OBJECT : Leaf Spot 
ATTRIBUTE: Light brown ring or spot 

Dark brown ring or spot 
Yellow dots 
Reddish brown dot 
Reddish brown patch 
Sand papery lines 
Reddish dots 
Not found 

OBJECT : Leaf Eaten 
ATTRIBUTE: Irregular perforation 

Bites of the edges 
Eaten away from margin 
Epidernal eaten away 
Eaten away partially 
Skeltonized leaves 
No eaten mark 

OBJECT : Mid Rib Colour 
ATTRIBUTE: Normal 

Brownish 
Under side brownish 
Pink 
Not detected 

OBJECT :Edge Colour 
ATTRIBUTE: Normal 

Pinkish 
Brownish 

OBJECT :Tip Colour 
ATTRIBUTE: Normal 

Pink 
Brownish 

OBJECT :Vein Colour 
ATTRIBUTE: Pinkish 

Brownish 
Normal 



OBJECT : Finger Tip Test 
ATTRIBUTE: Green Smears 

Red Smears 
Not tested 

OBJECT : Bush Appearance 
ATTRIBUTE: New flush stunted 

Die back symptom 
Swelling symptom 
Sick or wilting 
Cut off near ground 
Mud runs on frame 
Chlorosis symptom 
Defoliation 
Tender Shoot die back 
None of the above 

OBJECT : Insect under Mag Glass 
ATTRIBUTE: Red and round 

Pink and Carrot like 

OBJECT :Stem with 
ATTRIBUTE: Small hole 

Spiral run 
Bark damage on patches 
Portion covered with silken web 
Pinkish oval pellets on ground 
Pin head holes 
Swelling 
Bark damage with callus growth 
Group of insects on stem 

OBJECT : Root with 
ATTRIBUTE: Swelling or gulls 

Bark damage in collar area 
Callus is found 
Wood below callus exposed 



---------- -- ------ --

OBJECT : Leaf Surface 
ATTRIBUTE: Upper 

Lower 
Both 
Not Relevant 

OBJECT : Insect with 
ATTRIBUTE: Length 12 to 15 mm 

Length 15 to 20 mm 
Length 20 to 25 mm 
Length 15 to 30 mm 
Length 40 to 50 mm 
Length 55 to 65 mm 
Length 70 to 78 mm 
Not measured 

OBJECT :Covered with 
ATTRIBUTE: Hairs 

No hairs 
Not relevant 

OBJECT : Body colour 
ATTRIBUTE: Light yellow 

Twany yellow 
Dirty white 
Brownish or brick red 
Dark brown 
Light green 
Brownish gray 
Blackish brown 
Graysh black 
Mottled light and dark brown 
Pale yellow 



OBJECT : Special identity 1 
ATTRIBUTE: Reddish tinge 

Greenish white lines 
Brownish tinge 
Black patches 
Greenish tinge 
Blackish brown transverse lines 
Yellowish longitudinal lines 
Sub dorsal stripes 
Reddish spots on 6 to 7 abd seg 
Speckled with white dots 
Black spot on abd seg 
Broad white band on 1st tho seg 
Covered with black hairs 
Brownish hairs on last abd seg 
Covered with white hairs 
Under surface orange 

OBJECT : Special identity 2 
ATTRIBUTE: Last 3 abd seg dialated 

End pair prolegs largest 
Claspers at hind end 
Reddish head 
Blackish brown head 
Cluster of pests on branches 
Head pale brown 

OBJECT : Last Attacked by 
ATTRIBUTE: Red Spider 

Scarlet Mite 
Purple Mite 
Pink Mite 
Helopeltis 
Jassid 
Thrips 
Aphid 
Looper 
Red Slug 
Bunch 
Euproctis 

Orygia sp 
Termite 



OBJECT: Current Month 
ATTRIBUTE: January 

February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

OBJECT : Day Temp 
ATTRIBUTE: High 

Normal 
Low 

OBJECT : Drainage 
ATTRIBUTE: Good 

Adequate 
Poor 

OBJECT : Weed Status 
ATTRIBUTE : High 

Present 
Free 

OBJECT : Shade Status 
ATTRIBUTE : Dense 

Adequate 
Poor 

OBJECT : Pruning Status 
ATTRIBUTE: Unpruned 

Skiffed 
Pruned 

OBJECT : Nature of Attack 
ATTRIBUTE: Severe 

Medium 
Low 
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Knowledge structure of TEADISEASE 

CLASS : DOMAIN 

OBJECT: Plantation status 
ATTRIBUTE: Matured 

Young 
Clonal nursery 
Seed nursery 
Old 
To be uprooted 

OBJECT: Soil status 
ATTRIBUTE: Heavy 

Sandy 
Sandy loam 
Others 
Not known 

OBJECT: Shade status 
ATTRIBUTE: Dense 

Adequate 
Thin 

OBJECT: Average humidity 
ATTRIBUTE: High 

Moderate 
Low 

OBJECT: Weekly Av. temperature 
ATTRIBUTE: High 

Moderate 
Low 

OBJECT: Weekly Av. rainfall 
ATTRIBUTE: High 

Medium 
Low 



OBJECT: Bush appearance 
ATTRIBUTE: Sick or wilting 

Whole bush dies suddenly 
Part of bush dies suddenly 
Bush dies gradually 
Part of bush dies gradually 
Normal 

OBJECT: Leaf appearance 
ATTRIBUTE: Curl or bended over 

Withered leaf remain attached 
Top leaves pale yellow 
Green leaves dropping 
Leaves flaccid pale and drops 
Spots and patch on surfaces 
Thread or film or lump on surfaces 
Dropped leaves attached together 
Normal 

OBJECT: Leaf colour 
ATTRIBUTE: Yellowish brown 

Yellowish brown and grey 
Yellowish 
Reddish 
Bright reddish brown 
Green to reddish 
Pale 
Normal 

OBJECT: Primary findings on stem 
ATTRIBUTE: Stem die back 

Stem breaks off 
Threads of mycelium 
White powdery patches 
Lumps or cushions 
Tiny globules 
Smooth velvety felts 
Lesions 
Encrustation 
Ear like bracket 
Normal 



OBJECT: Primary findings on collar region 
ATTRIBUTE: Mycelium growth 

Encrustation 
Bracket like growth 
Shot or thorn like growth 
Normal 

OBJECT: Findings for Nursery plants 
ATTRIBUTE: Rattening of the collar zone 

Black dots over the affected bark 
Leaves' look yellowish 
Plant unhealthy 
Suddenly wilt and die 
Lower leaves drop 
Callus growth on collar zone 
Wood brown or bluish when knife scraped 
Thin black lines on wood when knife scraped 
Black rings when knife scraped 
Normal 

OBJECT: Root surface 
ATTRIBUTE: White cushion or lumps 

Yellowish brown cushions 
Black cushions or lumps 
Greyish black cushions 
Cream to brown mycelium 
Black cobwebby cords of mycelium 
Greyish black cobwebby cords of mycelium 
Purplish brown cords of mycelium 
White to chocolate cords of mycelium 
White to black cords of mycelium 
Orange red pins with white heads 
Hairy soot like appearance 
Normal 



OBJECT: Collar observations 
ATTRIBUTE: Black thorn 

Black grains of shot 
Red to black flask like bodies 
Hairy shoots 
Normal 



OBJECT.: Root bark peeled away 
ATTRIBUTE: White or brown mycelium 

Dull white silky fan like mycelium 
White star like threads of mycelium 
Black star like threads of mycelium 
Purplish black thick threads of mycelium 
White thick threads of mycelium 
Orange thick threads of mycelium 
Irregular dots and dashes 
Black dots on wood 
Yellowish brown film on wood 

. Thin white. film 
Normal 

OBJECT: Root colour 
ATTRIBUTE: Mottled brown and black · 

Mottled red black and white 
Violet 
Ink black 
Not clear 

OBJECT: Knife cut on root 
ATTRIBUTE: Honey_comb structure 

Dark black band with normal wood 
Black dots and dashes 
Dark band and net of light brown lines 
Pink to pinkish brown wood 
Purplish wood 
Inky black wood 
Blue black wood 
Black dots 
Yellowish brown lines 
Yellowish brown mycelium 
Soft and sodden wood 
Normal 



OBJECT: Secondary findings 1 on stem 
ATTRIBUTE: Pinkish lumps or pinhead cushions 

Crimson tiny globules in cracks 
Pinkish lumps with cream or rosy tiny globules 
Yellowish brown cushions 
Brown corky encrustation dotted with pores 
Chalky white twine like branching threads 
Silky white film of mycelium 
Brown soft mycelium 
Rosy pink crust 
Brownish black patches encircled by swollen ring 
Small swelling with thorny black pointed beak 
Longitudinal dead lesions with ring of callus 
Soft flesh coloured gelatinous ear like bracket 
Brick red or orange patch 
Purplish black lesions 
Normal 

OBJECT: Secondary findings 2 on stem 
ATTRIBUTE: White velvety lumps or felts of mycelium 

Yellowish velvety brown lumps or felts of mycelium 
Purplish velvety brown lumps or felts of mycelium 
Grey velvety lumps or felts of mycelium 
Bluish grey lumps or felts of mycelium 
Black wooly covering on stem 
Small isolated yellowish red lumps 
Small isolated orange red lumps 
Small isolated pinkish red lumps 
Normal 

OBJECT: Spot on upper leaf 
ATTRIBUTE : Yellowish 

Greyish 
Greyish white 
Concave oily 
No spots 



OBJECT: Colour of upper patches 
ATTRIBUTE: Brown 

Brown and grey 
Reddish brown 
Light brown 
Chocolate brown 
Black when wet 
Black 
Yellowish 
No patches 

OBJECT: Upper patch symptom 
ATTRIBUTE: Patches with raised wavy margin 

Zonated towards edge with watery ring 
Greyish patch with black dots 
Circular or oval with concentric zonation 
Black pustules in concentric lines 
Patches with greyish centered 
Patch with swollen and purplish margin 
None 

OBJECT: Upper leaf film 
ATTRIBUTE: Black and wooly 

Black and powdery 
Film peels off when dry 
No film 

OBJECT: Lower leaf spot 
ATTRIBUTE: White and powdery 

Convex white and powdery 
Convex pink and powdery 
No spot 



OBJECT: Lower leaf patches 
ATTRIBUTE: Brown 

Reddish brown 
Light brown 
Greyish white 
Grey with black dots 
White and dusted 
Reddish brown with white tufts 
No patch 

OBJECT: Film or lumps on lower surface 
ATTRIBUTE: Wooly and pinkish white 

Wooly and cream 
Wooly and brown 
Fan like film 
Chalk white branching threads 
Yellowish red lumps 
Orange red lumps 
Pinkish red lumps 
No film or lump 

OBJECT: Collar mycelium 
ATTRIBUTE: Velvety purplish brown 

Wooly and greyish 
Soft and brown 
Velvety chocolate 
Greyish cushion 
Black cushions 
No mycelium 

OBJECT: Collar encrustation 
ATTRIBUTE: Dull grey corky 

Greenish grey 
Black 
White 
Yellow corky 
Fawn coloured corky 
Charcoal like black 
Surface undulated 
Surface like black paint 
None 
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~ lea: An Intelligent lea Adviser ' . l!lr.J 13 

This Is an Artifiti11l 
lntellegence based Expert 

System for Integrated Pest 
Manl!gement In Te11 . The 

pests common 11nd c!lus lng 
major damages In tea have 

been considered. 

Gener~l pearance------, 

:X New flush stunted 

Die back symptom 

Swelling symptom 

. Sick or wilting 

; Cut off near ground 

~ Mud runs on 1rllme 

:._=:: Chlorosis symptom 

Defoliation 

Tender Shoot die_back 
r.;- ---- ·----- ···--- ---
!"' . ."ne _of t~_e l!bov~l 

Prlm~ry 

Site of D~mages------, 

Young le~f 

_ Matured leaf 

_: Tender stem nnd bud 

L .. Stem 

~ · Bud 

X Young leaf and bud 

Not Clear 

Both le~f 

Pest alre11dy ldenfled. Just Advice please I 

i!IQ Tea: An Intelligent Tea Adviser l!lr.JI3 

Le11f E~ten--------, 

0 lrre:gul11r pe:rfor~tlon 

0 Bites of the edges 

0 Eaten ~WilY from m~rgin 

0 Eplde:rnel eaten aw11y 

@ Eaten ~way p11rtlelly 

0 Skeltonlzed le:!lves 

0 No e~ten m11rk 

- Next» I 



Leaf Surf11ce 

0 Upper 

®Lower 

0 Both 

0 Not Relev11nt 

Finger Tip Test 

0 Green Smears 

0 Red Smears 

® Not te s ted 

Tip Colour 

0 Normal 

0 Pink 

Vein Colour 

0 Pinkish 

0 Brownish 

® Norm11l 

Edge Colour 

® Normal 

0 Pinkish 

0 Brownish 

Next» 

ililiTea: An lnlelfigenl Tea Advise• '''I ·;: ;· -~131 

4th Input Scre en 

Leal Colour Turning 

0 Copper bronze 

® l~~i i;"'.l 

0 P11le 

0 Purple bronz e 

0 Bronze 

0 Brown 

0 Normal 

« B11ck 

Leal Spot--------, 

0 Light brown ri ng or spot 

0 Da rk brown ring or spot 

0 Yellow dots 

0 Reddish brown dot 

0 Reddish brown patch 

0 S•n d papery lines 

(8J Not found 

0 Reddis h dots 

Next» 

1
~----

I~Tea: An .. . ,taetti«> t t :tJ AM 



I Morpho logica l fi ndi ngs, 1st screen I 
Ins ect with------, 

0 Length 12 to 15 mm 

@ Length 15 to 20 mm 

0 Length 20 to 25 mm 

0 Length 15 to 30 mm 

0 Length 40 to 50 mm 

0 Length 55 to 65 mm 

0 Length 70 to 78 mm 

0 Not measured 

Covered with-----, 

0 Hairs 

@ No ha i rs 

0 Not relevant 

Body col our--------, 

0 Li ght y ell ow 

0 Twnny ye ll ow 

0 Dirty white 

0 B rowni sh or bri ck red 

0 Dark tl rown 

®~tgrce o~ J 

0 Browni sh g reny 

0 Bl l!ckish brown 

0 Gr8y esh bl8ck 

0 Motte led li ght nnd durk tl rowo 

0 Pn le ye ll ow 

IJ @.J E•ploo~ ·I. .. J W" Mictosolt.. J ~LEVELS (R ... IIlll!J Tea: An ... 'j~<PJetic;> 11 :19AM 

' Tea: An Intelligent TeaAdvoser ' l!ll'i.113 

Special identity 1- - ---- ----, 

l8l Redd is h tinge 

0 Greenish white lines 

0 Browni sh tinge 

0 Bll!Ck patches 

0 Greenish tinge 

0 Biacldsh brown trl!nsverse lines 

0 Yellowish longitudinal lines 

0 Sub dorsal stripes 

0 Redd ish spots on 6 to 1 abd seg 

0 Speckled with white dots 

0 Black spot on 11bd seg 

0 Broad white band on 1st tho seg 

0 Covered with black hairs 

0 Brownish hairs on last abd seg 

0 Covered with white hairs 

0 Under surface orange 

Morphological find i ng s, 2nd screen 

Sp ecial Identity 2--------, 

0 Last 3 abd seg dlalated 

0 End pair prolegs largest 

181 jclaspcrs at hind cndJ 

0 Reddish head 

0 Blackish brown head 

0 Head pale brown 

-
~~~<gl~c;> 11:21 AM 



~Tea. An lntelltgent Tea Advise1 l!lr;) EJ 

Stem Symptoms 

Stem Wltli 

0 lsrnallholel 

0 Splrel ;un 

0 Bark damage on p11tches 

0 Portion covered wltll ;lliJken web 

0 Pinkish oval J1elfets on grnuntl 

0 Pin helld holes 

0 Swelling 
' 

0 Bark damage with callus grnwth 

0 Group of insects on stem 

• 0 None of tll,e above 
1 

I« Back I 

From this display you can 
procee~;to A:d-;1ce Le\1el-1 for 

possible Iosee! pest 
Identification. ,, 

«Restart 

~IJ <S ~ Pt ~ l!i1: ~ ~ ~ IJ @J E•piomg ·L. jJWMiaosoltW ... j ~LEVELS!Au ... II~Tca: Ant... ·u~~A.-> 11:35AM 



nfil Tea: An lnlelbgenl Tea Adviser · · , I!!II'.'JI3 

Prim11ry Differential Diagnosis of various Insect Pests 

Mite Group CF Sucking Insect Group CF - -
1. Red Spider [LJ 5. Helopeltis [LJ 

2. Plnk?Mite lLJ1.1 6. Jnssld [] 
3. Purple Mile [LJ 7 . Thrips [IT] 

4. ScarLet Mile 0 1, 8. Aphid ILl 
Leaf Eate r Group CF Stemlnse~~ CF Other Insects: " CF - --
9. loop er lru 15. Comlltan Red Barer [] 20. Termites @:] 

h ID 16. Large Stem Dorer [Q:::J 21. Flush Worms @:] 
11 

lug [LJ 17. Shot Hole Borer ILl 22. Scale Insects 10 I 

10. Bunc 

11 . RedS 

ter [LJ 1 8. 8ftfk f11 tlng Rorer [Q:::J 23. Tea Tortrlx [0 
. ) 

Ia sp. [LJ 1 o. Gazlpore Caterpllh:rO 24. Tea Leal Roller 10 
I 

12. lobs 

13. Oryg 

ctls [LJ 25. Sandwltch [L] 
Caterplller !! 

14. Eupro 

I Do you want Picture Otsplny before AdvfceJ? II 

I« Restart Input ! ~ []i] 

11 ~E•plorng · lndr~l .. ~LEVEL5(R~ .. I£1b!Tea:Anlnteni .•. l!tEJ~«;) 11:30AM 

~Tea Pest Conho1Ad¥Jcesl A pari ol Tea I I!!II'.'JI3 

FINDINl.'S FOR PEST 
CONTROL tnVtCE 

®Normal 

0 low 

0 Exact 

last Pesticide used 

0 Endosulphan 

®fPho!!.alo~~ 
0 Malathion 

0 Monocrotophos 

0 Fcnitrothlon 

0 Chlorpyrlphos 

0 Oulnalphos 

0 Synthetic Pyrlthrold 

0 Phorate 

0 Phosphamldon 

0 Formothlon 

0 Acephate 

0 Neem 

0 Carbofuran 

0 None 

II~··«> 11 :30 AM 



---- ----------------------------

~Tea Pest Conllol Adwices (A pari of Tea l ' ' ',; · '.' \ ~' t' ·' 111313' 

Crop Status Current Month 

0 January 0 High 

® Flushing ,_Period 0 February 0 Pri:s~nt 
0 March 

-, 

®April 

0 May 

0 June 
Shade Status 

0 July 
Pruning Staius 

' 
0 Dense 0 August 0 Unpruned 

®Adequate 0 Septembe ® l~kitt~j) 
0 Poor 

0 October 
0 Pruned 

0 November 

0 December 

0 Januaryr 
N11ture of Att11cl: Orainllge 

0 Good 0 Severe 

®Adequate ® Medium 

0 Poor 0 Low 
Advice» 

~Start II ~~~~ Ui.{ ~ 'ft ~ I l!tfMicrosoltWord-A ... ltJLEVEL5 (Rt.rring) ... , Tea Pe>l Contr. .. ~:.!AI4> 11:32A.M 

i1lg Tea Pesl Conl10l Advicet I A pml ol Tea I l!!lr;] 13 

Advice Window 

[ndo sulphan. 1:200 LV I 1 : ~00 ltv 

Ch lorpyriphos, 1:200 LV I 1 :400HV 

Quinalphos. 1:200 LV/1 :400 HV 

Deltamethrin/Cypermethrin 1:2000 LV 

-
~ Start II e ~ ~~1m~ ~ J> I) @;J Explori1Q ·Indrath ... ~LEVEL5{RLI'llli1Q) ... j]Tea Pert Contr... 

1 1\~'BJA.4> 11:35AM 



i11!l Tea Disea$e Diagnosis & Conllol Svdem • , , · ' · • · ' l!!lfi.IEI 

Tea Is one of the major crops In India. It 
contributes to the national economy and liS 

well os loco! economy to 11 greot extent. 
There are so many factors which 

Cl!ns\ralnts the growth of tea Industry. Tea 
plant diseases are one of them and 
obviously they should be controlled 

' properly. 

I m~~ ?.IJ 

II~•«> 

~ Tea Disease Diagnosis & Cont1ol System lll'il E1 

1 ·.~If.J;u: JIJ·H~'\Ii£"' 1r:J.trnt~~Jit~{~fQJ . 
I• , . " . '". •'· • 

I li'll:JLEVEL5(Runnono)·C:\L5 ... lfi1l2Tee Disease Oiagnos ... 
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1bl! Tea Disease Diagnosis & Conlool Svstem · 1:!11'!'113 

Bush appearance--==:..:.=::..=.::....::::;-

0 Sick or wilting 

0 Whole bush dies suddenly 

0 Pert of bush dies suddenly 

0 Bush dies gradually 

0 Part of bush dies gradually 

®Normal 
' 

Leaf colour---------, 

0 Yellowish brown 

0 Yellowis h brown and grey 

0 Yellowish 

0 Reddish 

0 Bright reddish brown 

0 Green to reddi sh 

0 Pale 

® Normal 
« Bad< I. Next» 

· J LEVEL5 (Rumng) · C:\L5... , Tea Di1ea•e Diagnoc ... 

1lfi1 Tea Diaeaae Diagnosis & Conteol Svstem , ~ .• "}:-/.' ·7 llr;:J£1 

Primary llndlng s on stern

O Stem die back 

0 Stem breaks oH 

0 Threads of mycelium 

I8J While powdery pDtches 

0 Lumps or cushions 

0 Tiny globules 

0 Smooth velvety felt s 

0 Lesions 

0 Encrustation 

0 Ear like bracket 

0 Normal 

I 
Please supply the findings on stem I 

Dnd collar region, 

'· 

Primary finding s on coli Dr region-

0 Mycelium growth 

0 Encrustation 

0 Brt~cketlike growth 

0 Shot or thorn like growth 

« Back J Primary Oingnosis » J 

J ~LEVELS{RlJI'll"ing) -C:\ .. j IDJ'MictosollWOfd ·Apaen. .. II~Ten Di•e••e Diagn. .. J ~J·'9 



Leaf disease ... .... Positive 

Secondttry dlttgnosls » 

~Start iJ gtj ~ ~ ~ ~~ ~ ~ JJo: I EbJLEVELS{Runring) · C:\. .. !WMicto.oltWord· Appen .. ~Tea Diteate Diagn. .. 

¥ Oisplav [dolor · lnslruchon drsplav l!lllgEJ 

Please be careful about the following points 

This system proceeds for Final Di11gnosls for lee!, Stem 11nd Root dlscl!scs 
which requires very cereful observations In the following cases : 

1. in case of leaf. spots. patches. myceliums 11nd lumps In lower and upper 
surfaces ere to be observed. 

2. In cese of Stem. mycellums. lesions. lumps and other observetions are 
to be noted . 

3. Observ11tions on collar region arc also very 1m portent for stem and root 
discttses .. 

4. In case of Root efter primary diagnosis, drug out the bush and observe 
the root surface, wood of the root efter barl: peeled away and l:nlfe cut on 

root. 

«Restart Proceed» 

j Em LEVELS · C:\L503~LEVEL5 · C.\L5030\DISEASE 1KNBi. 



• 
WL -1 Spot on upper leaf'-------, 

0 Yellowish 

0 Greyish 

0 Greyi s h white 

This window [Wl-1] 
accepts Input of the 
observations from 
upper leaf surface. 

Colour of upper patches 

0 Brown 

0 Brown and grey 

0 Reddi s h brown 

0 light brown ® [!:~~cav~ 2:~iY] 
0 No s pots 

There Is another 
window [Wl-2] for 
obs ervations from 
lower leaf surface. 0 Chocolate brown 

0 Black when wet 

0 Black 

0 Zonated towards edge with watery ring 

0 Greyish patch with bh1ck dots 

·0 Circular or oval with concentric zonation . . -
0 Black pustuies In concentric lines 

0 Patches with greylsh' centered 

0 Patch with s wollen end purplish margin 

181 None 

0 Yellowish 

181 No patches 

Upper leaf film---------, 

0 Black and wooly 

0 Black and powdery 

0 Film peels oH when dry 

® No film NeX1 » 1 

IJ !WMiclosoltWord·Appen .. . ~LMLS[Auming) · C:\. .. jlilJTea Oiaeaae Oiagn. .. jjfa:J.«;) 

!tfllT ea Disease Diagnosis r. Control Syslem · \ ; • ; ' ". Rf.'l 13 

lower leaf spot!-------

0 White and powdery 

0 Convex pinlc and powdery 

0 No spot 

lower leaf patches--------, 

0 Brown 

0 Reddish brown 

0 light brown 

0 Greyis h white 

0 Grey with black dots 

0 While and dusted 

0 Reddish brown with white tufts 

® No patch 

WL-2 

This Is the 2nd window for Input 
of the observations found from 

the lower s urface of the leaves. 

«Beck NeX1 » 

I nYM terosoliWord · Appen .. l:i!JLEVEL5(Ruminol · C:\. .. jii!lJTea Oiaca•e Dingn ... ~~ · lnCD 
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j Final Diagnosis : I 

Blister Blight ..... diagnosed 

[5l Restal!] I Control Advlces » 

m Tea Disease Oiagnosos & Conllol Svslem • " . lll'd'JEI 

Chemical and Cultural Advices 

Spray 0.25 "[IJ Copper oxychloride 50% WP or (iii Carboxln 
Advice 

75 "WP or (llij Carbendazim 50" WP or any other, et an Window 
Interval of 7 to 1 0 days. 

Remove all dead and dying branches with sharp knives ..... 

SkiH or prune the section .... This advice 
window suggests 

Apply COC and bitumen paint on cut surface ..... you all possible 
chemical and 

Trichoderma bloformulatlon [1 0" aqua) Is very cultural advlces . 
eHectlve ...... You can follow all 
Try to protect medium pruned tea from sunscorch ..... or some of them. 

Protect illbour movement from aHected area to the unafected 
ere a ... 

PleasefOI}ifWthee~lces w~ii¥C~i: praciic~f~IIC'iiblebtg;-'>.'QI!~ I !« Resj_ru!l I 

IJ 
~LEVEL5 ~). C:\L5030\DISEASE1.KNBl II-"" . . 11111'!'!'• .... illlJLEVE o ,,.,.,. ~ .. I 117 '''"'o''"' wcou """"'' ... lliil Tea D11e11•e Doagn... . 1.0~.111...,... 
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Part I Real field case studies for insect pest identification . 

Cases Damage Symptoms observed Morphological Findings Primary Picture Final Field observation 
Diagnos is status Diagnos is /Expert 's opinion 

Case I I. Bush appearance : New Oush I. Length : 15 to 20 mm 
stunted 2. Body color : Light green Looper Confirmed Looper 

2. Site of damage : Young leaf& 3. Insects with : No ha irs Caterpi li ar Caterpill ar 
bud 4. Spl. Ident ity I : Reddish ( CF = 80) ( CF = 100) 

3. Leaf appearance : Deform ed tinge Looper Caterpillar 
4. Leaf eaten mark : Eaten away 5. Spl. Identity 2 : Claspers & 

parti all y at hund end Thri ps Confi rmed Thri ps Thri ps 
5. Surface affected : Lower ( CF = 73) ( CF = 100) 
6. Mid rib color : Brownish (simu ltaneous attack) 
7. Vein color . Normal 
8. Fi nger tip test : Not tested Scarlet Not 
9. Tip color Brownish Mite Confirmed 
I 0. Edge color : Norma l ( CF= 52) 
I I. Leaf color : Yellow 
12. Leaf spot : Not found 

Case 2 I. Bush appearance : New Oush 
stunted Not ava il able 

2. Si te of damage : Matured leaf 
3. Leaf appearance : Dry up 
4. Leaf eaten mark : Not fou nd 
5. Surface affected : Upper 
6. Mid rib color : Norma l Red Red 
7. Vein color : Norm al Spider Confirmed Spider Red Spider 
8. Fi nger tip test : Red smears (CF= 80) (CF= 100) 
9. Ti p co lor Normal 
I 0. Edge color : Normal 
I I. Leaf color Brown 
12 . Leafspot : Redd ish 

brown patch 
- ----



't · 

Cases Damage Symptoms observed Morphological Findings Primary Picture Final Field observation 
Diagnosis status Diagnosis /Expert's opinion 

Case 3 I. Bush appearance : Normal I. Body shape : Carrot 
2. Site of damage :Young leaf shaped 
3. Leaf appearance : Leathery. 2. Body color : Orange 

Crinkl ed & 
Curl ed ( Under magnifying lens) 

4. Leaf eaten mark · Not found 
5. Surface affected : None Pink Mite Confirmed Pink Mite Pink Mite 
6. Mid rib color · Normal ( CF = 85) (CF= 100) 
7. Vein color : Brownish 
8. Finger tip test Not tested 
9. Tip color : Normal 
I 0. Edge color : Normal 
I I . Leaf color : Pale 
12. Leafspot Not found 

Case 4 I. Bush appearance : Normal I. Length : 40 to 50 mm 
2. Site of damage :Both leaf 2. Body color : Brownish 
3. Leaf appearance : Normal Gray 
4. Leaf eaten mark : Eaten away 3. Spl. Identity I : 

partially Brownish tinge 
5. Surface affected : Non relevant 4. Spl. Identity 2 : Claspers 
6. Mid rib color : Normal at hind end Looper Confirmed Looper Looper Caterpill ar 
7. Vein color : Normal Caterpillar Caterpill ar 
8. Finger tip test : Not tested ( CF = 91) (CF= 100) 
9. Tip color : Normal 
I 0. Edge color : Normal 
II . Leaf color : Normal 
12 . Leafspot Not found 



Cases Damage Symptoms observed Morphological Findings Primary Picture Final Field observation 
Diagnosis status Diagnosis /Expert's opinion 

Case 5 I. Bush appearance: Normal 
2. Site of damage :Young leaf 
3. Leaf appearance : Deformed 
4. Leaf eaten mark : Not found 
5. Surface affected : Lower 
6. Mid rib color : Brownish Not observed Thrips Confirmed Thrips 
7. Vein color :Normal ( CF = 69) (CF= 100) Thrips 
8. Finger tip test : Green smears 
9. Tip color : Brownish 
10. Edge color : Normal Jussid Not avalable Jussid 
11. Leaf color : Normal (CF = 32) ( CF = 32) 
12. Leafspot : Not found 

Case6 I. Bush appearance: New flush I. Body shape : Oval 
stunted 2. Spl. Identity 3 : Reddish 

2. Site of damage : Matured leaf brown broad 
3. Leaf appearance : Dry up & abdomen 

Deformed 
4. Leaf eaten mark : Not found (Under magnifying lens) 
5. Surface affected : Both Red Confirmed Red Red Spider 
6. Mid rib color :Normal Spider Spider 
7. Vein color :Normal ( CF = 95) ( CF = 100) 
8. Finger tip test : Green smears 
9. Tip color :Brownish 
10. Edge color · :Normal 
11. Leaf color :Normal 
12. Leaf spot : Reddish brown 

dots --



Cases Damage Symptoms observed Morphological Findings Primary Picture Final Field observation 
Diagnosis status Diagnosis /Expert's opinion 

Case 7 I. Bush appearance : New flush I. Body color : Yellowish 
stunted & yellowish brown 

2. Site of damage : Bud & young 2. Spl. Identity 4 : 
leaf Dark brown abdomen Helopeltis Confirmed Helopeltis Helopeltis 

3. Leaf appearance : Deformed Antennae with knobs ( CF = 82) ( CF = 100) & 
4. Leaf eaten mark : Not found Thrips 
5. Surface affected : Both 
6. Mid rib color : Normal Thrips Confirmed Thrips (simultaneous attack) 
7. Vein color : Normal ( CF = 62) ( CF = 100) 
8. Finger tip test : Red smears 
9. Tip color : Normal 
10. Edge color : Normal 
II. Leaf color : Normal 
12. Leafspot : Reddish brown 

patch 

Case 8 I. Bush appearance : Normal I. Length : 20 to 25 mm 
2. Site of damage : Matured leaf 3. Body color : Brick red 
3. Leaf appearance : Normal 4. Insects with : Hairs 
4. Leaf eaten mark : Eaten away 5. Spl. Identity 2 : Blackish 

partially brown head 
5. Surface affected : Non relevant 
6. Mid rib color : Normal Red Slug Confirmed Red Slug Red Slug Caterpillar 
7. Vein color : Normal Caterpillar Caterpillar 
8. Finger tip test : Not tested ( CF = 73) (CF= 100) 
9. Tip color : Normal 
10. Edge color : Normal 
II . Leaf color : Normal 
12. Leafspot : Not found 



Part II : Control measures. 

Cases Insects Identified Field Status System_s Output Expert's Opinion 

Case I Looper Caterpillar Mitecide used : Neem Product 
(within last one month) I. Neem Product I. Neem Product 

I 

& Pesticides used : Phosalone 2. Endosul ph an 2. Endosulphan 
(within last one month) 3. Chlorpyriphos 3. Chlorpyriphos 

I Thrips Day temperature : Normal 4. Quinalphos 4. Quinalphos 
Humidity High 
Crop status : Flushing period 

I 

Month : April 
Weed status : Free 
Shade status : Adequate 
Drainage : Adequate 
Pruning status : Skiffed 
Nature of attack :Medium 

Case 2 Red Spider Mitecide used : Ethion 
(within last one month) I. Neem Product I. Neem Product 
Pesticides used : None 2. Dicofol 2. Dicofol 
(within last one month) 
Day temperature : High 
Humidity : High 
Crop status : Flushing period 
Month : May 
Weed status : Free 
Shade status Adequate 

_ Drainage : Adequate 
Pruning status : Unpruned 
Nature of attack : Severe 

' 

--



Cases Insects Identified Field Status System's Output Expert's Opinion 

Case- 3 Pink Mite Mitecide used : None 
(within last one month) 1. Sulphur 1. Sulphur 
Pesticides used : None 
(within last one month) 
Day temperature : Low 
Humidity : Low 
Crop status : Non flushing period 
Month : February 
Weed status : Free 
Shade status Adequate 
Drainage : Adequate 
Pruning status : Pruned 
Nature of attack : Low 

Case 4 Looper Mitecide used : None 1. Quinalphos I. Quinalphos 
Caterpillar (within last one month) 2. Chlorpyriphos 2. Chlorpyriphos 

Pesticides used : Endosulphan 
(within last one month) 
Day temperature : High 
Humidity : High 
Crop status : Flushing period 
Month : June 
Weed status : High 
Shade status Adequate 
Drainage : Adequate 
Pruning status : Skiffed 
Nature of attack : Medium 

\ 

-- - -



/ 

Cases Insects Identified Field Status System's Output Expert's Opinion 

Case 5 Thrips Mitecide used : Dicofol 1. Endosulphan 1. Endosulphan 
(within last one month) 2. Phosalone 2. Phosalone 
Pesticides used : None 3. Chlorpyriphos 3. Chlorpyriphos 
(within last one month) 
Day temperature : Normal 
Humidity : Normal 
Crop status : Flushing period 
Month : April 
Weed status : Present 
Shade status : Adequate 
Drainage : Adequate 
Pruning status : Skiffed 
Nature of attack : Medium 

'· 

Case6 Red Spider Mitecide used : Sulphur 1. Neem + Dicofol 1. Neem + Dicofol 
(within last one month) 2. Neem + Ethion 2. Neem + Ethion 
Pesticides used : None 
(within last one month) 
Day temperature : Normal 
Humidity : Low 
Crop status : Non flushing period 
Month : March 
Weed status : Free ~ 

· -Shade status : Adequate 
Drainage : Adequate 
Pruning status : Pruned 
Nature of attack : Medium I 



Cases Insects Identified Field Status System's Output Expert's Opinion 

Case 7 Helopeltis Mitecide used : None I. Monocrotophos 1. Monocrotophos 
& (within last one month) 2. Ethofenprox 2. Ethofenprox 

Thrips Pesticides used : None 3. Captap HCI 
(within last one month) 
Day temperature Low 
Humidity Low 
Crop status : Non flushing period 
Month February 
Weed status Free 
Shade status Adequate 
Drainage : Adequate 
Pruning status Pruned 
Nature of attack Low 

Case 8 Red Slug Caterpillar Mitecide used : None 1. Endosulphan 1. Endosulphan 
(within last one month) 2. Phosalone 2. Phosalone 
Pesticides used : None 3. Quinalphos 3. Quinalphos 
(within last one month) I 

I 

Day temperature Low 
Humidity Low 
Crop status : Non flushing period 
Month February 
Weed status Free 
Shade status Adequate 
Drainage : Adequate 
Pruning status Pruned 
Nature of attack Low 
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Cases Damage Symptoms observed Primary diagnosis Specific damage Final diagnosis Field observation 
symptoms /Expert ' s opinion 

I. Leaf spot and patches: No 
Case 3 I. Bush appearance : Whole bush Leaf disease .. . suspected spot or patch. 

dies suddenly. Stem disease ... suspected 2. Collar observation: 
2. Leaf appearance : Withered Root disease . . . positive. Normal. 

leaves remain attached. 3. Collar encrustation: No Red Root Rot Red Root Rot 
3. Leaf colour: Normal. encrustation. diagnosed. 
4. Primary findings on stem: 4.Collar mycelium: No 

Normal. mycelium. 
5. Primary findings on collar region: 5. Root colour: Mottled red, 

Normal. black and white. 
6.Root surface: White to 

chocolate cords of 
mycelium. 

7. Bark of root peeled away: 
Thin white film . 

&.Knife cut on wood: 
Normal. 

I. Spot on upper leaf surface: 
Case 4 I. Bush appearance : Normal. Leaf disease .... positive No spot. 

2. Leaf appearance : Spots and 2. Colour of patches on upper 
patches on surface. leaf surface: Brown and 

3. Leaf colour: Normal. gray. Blister Blight Blister Blight 
4. Primary findings on stem: 3. Patch symptom: Circular diagnosed. 

Normal. with concentric zonation, 
5. Primary findings on collar region: greyish patch with black 

Normal. dots. 
4. Upper surface film: No 

film. 
- - 5. Lower leaf surface spot: 

No spot. 
6. Film or lumps on lower 

surface: No film . 
7. Patches on lower surface: 

Grey with black dots. 
--



Cases Damage Symptoms observed Primary diagnosis Specific damage Final diagnosis Field observation 
symptoms /Expert's opinion 

l.Leafspot and patches: No 
Case 5 I. Bush appearance: Bush dies Root disease ... suspected spot or patch. 

gradually. 2. Collar observation: 
2. Leaf appearance : Green leaves Normal. 

dropping. 3. Collar encrustation: None. Violet Root Rot Violet Root Rot 
3. Leaf colour: Normal. 4.Collar mycelium: No diagnosed. 
4. Primary findings on stem: mycelium. 

Normal. 5.Root colour: Ink black. 
5. Primary findings on collar region: 6.Root surface: Purplish 

Normal. brown cords of mycelium. 
7.Bark of root peeled away: 

Purplish black thick threads 
of mycelium. 

8.Knife cut on wood: 
Purplish wood. 

1. Spot on upper leaf surface: 
Case 6 1. Bush appearance: Sick or Leaf disease .... positive No spot. 

wilting. 2. Colour of patches on upper 
2. Leaf appearance : Spot and leaf surface: Black. 

patches on surface. 3.Patch symptom: Oval with Gray Blight Gray Blight i 
3. Leaf colour: Normal. concentric zonation, black diagnosed. 

! 4. Primary findings on stem: pustules in concentric lines 
Normal. and patches with grayish i 

5. Primary findings on collar region: centered. 
Normal. 4. Upper surface film: No 

film. 
5.Lower leaf surface spot: 

No spot. 

I 
6.Film or lumps on lower 

surface: No film or lump. 
·?.Patches on lower surface: 

No patches. 
- -



Cases Damage Symptoms observed Primary diagnosis Specific damage Final diagnosis Field observation 
symptoms /Expert's opinion 

!.Leaf spot and patches: No 
Case 7 1. Bush appearance : Whole bush Leaf disease ... suspected spot or patch. 

dies suddenly. Stem disease ... suspected 2. Collar observation: 
2. Leaf appearance : Withered Root disease ... positive. Normal. 

leaves remain attached. 3.Collar encrustation: None. Black Root Rot Black Root Rot 
3. Leaf colour: Normal. 4.Collar mycelium: No diagnosed. 
4. Primary findings on stem: mycelium. 

Normal. 5.Root colour: Not clear. 
5. Primary findings on collar region: 6.Root surface: Black 

Normal. cobwebby cords of 
mycelium. 

7. Bark of root peeled away: 
Black star like threads of 
mycelium. 

&.Knife cut on wood: Black 
dots and dashes. 

I. Spot on upper leaf surface: 
Case 8 1. Bush appearance : Normal. Leaf disease ... suspected Grayish white spots. 

2. Leaf appearance : Withered Stem disease ... suspected 2.Colour of patches on upper 
leaves remain attached, dropped leaf surface: Chocolate 
leaves attached together. brown, black when wet. Black Rot Black Rot 

3. Leaf colour: Normal. 3.Patch symptom: Patches diagnosed. 
4. Primary fin~ings on stem: with raised wavy margins. 

Normal. 4. Upper surface film: No ·Brown Blight 
5. Primary findings on collar region: film. Positive. 

Normal. 5.Lower leaf surface spot: 
No spot. 

-· 6.Film or lumps on lower 
surface: Wooly and brown. 

7. Patches on lower surface: 
I Brown. 
&.Stem observation: None of 

the above. 

- ·-- --



Part II : Control measures. 

Cases Diseases diagnosed Field status System's output Expert's opinion 

Case I Black Rot I. Soil status: Heavy. Chemical practices 
2. Plantation status: Young. 
3. Weekly A v. Temperature: High. I. Spray 0.25% (i) Copper Oxychloride 
4. Shade status : Dense. 50% WP or (ii) Carboxin 75% WP or Carboxin 75% WP 
5. Av. Humidity: High. (iii) Carbendazim 50% WP or any 
6. Weekly Av. Rainfall: High. other, twice at an interval of two weeks. 

Cultural practices 

2. Thin the over-dense shade. 
3. Improve drainage. 
4. Adopt shorter pruning cycle Ok 
5. Advance prune or skiff the section 

before using chemicals. 
6. Routine Alkaline wash after pruning is 

advised. 

Case 2 Thread Blight I. Soil status : Heavy. Chemical practices 
2. Plantation status: Matured. 
3. Weekly Av. Temperature: Moderate. I. Spray 0.25% (i) Copper Oxychloride Copper Oxychloride 
4. Shade status : Adequate. 50% WP or (ii) Carboxin 75% WP or 50% WP or Carboxin 
5. Av. Humidity: High. (iii) Carbendazim 50% WP or any 75% WP. 
6. Weekly Av. Rainfall: High. other, twice at an interval of two weeks. 

Cultural practices 

2. Skiff or prune the section. 
3. Improve drainage. Ok 
4. Remove jungle (if exist) from the 

adjacent area. 

- - -



Cases Diseases diagnosed Field status System's output Expert's opinion 

Case- 3 Red Root Rot 1. Soil status : Not known. Chemical pr~ctices 
2. Plantation status: Young. 
3. Weekly Av. Temperature: Moderate. 1. No chemicals required 
4. Shade status : Adequate. 
5. Av. Humidity: Moderate. Cultural practices 
6. Weekly Av. Rainfall: Medium. 

2. Uproot 9 bushes for square and hedge 
planted, or 7 bushes for triangular Ok 
planted field. 

3. Soil fumigation is advised ( with 
Methum sodium or Durofume). 

4. Adopt shorter pruning cycle. 

Case4 Blister Blight 1. Soil status : Heavy. Chemical practices 
2. Plantation status: Old. 
3. Weekly Av. Temperature: Moderate. 1. No chemicals required. 
4. Shade status: Normal. Ok 
5. Av. Humidity: Moderate. Cultural practices 
6. Weekly Av. Rainfall: Medium. 

2. Pull off the affected leaves very 
carefully and destroy. 

--

I 

'-------------- - - --- - - -- -



Cases Diseases diagnosed Field status System's output Expert's opinion 

Case 5 Violet Root Rot I. Soil status: Heavy. Chemical practices 
2. Plantation status: Matured. 
3. Weekly Av. Temperature: High. I. No chemicals required. 
4. Shade status : Dense. 
5. Av. Humidity: High. Cultural practices 
6. Weekly Av. Rainfall: High. 

2. Improve drainage. Ok 
3. Improve shade status. 
4. Do not apply chemical manures in low 

lying areas in wet weather. 
5. Make organic manuring, periodic 

hoeing I forking. 

Case 6 Gray Blight I. Soil status : Sandy loam. Chemical practices 
2. Plantation status: Matured. 
3. Weekly Av. Temperature: Moderate. I. No chemicals required. Ok 
4. Shade status : Adequate. 
5. Av. Humidity: Moderate Cultural practices 
6. Weekly Av. Rainfall: High. 

2. Pull off the affected leaves and destroy. 

Case 7 Black Root Rot I. Soil status : Heavy. Chemical practices 
2. Plantation status: Matured. 
3. Weekly Av. Temperature: Moderate. I. No chemicals required. 
4. Shade status :Normal . 
5. Av. Humidity: Moderate. Cultural practices 
6. Weekly Av. Rainfall: Moderate. Ok 

2. Uproot 9 bushes for square and hedge 
planted, or 7 bushes for triangular 
planted field. 

3. Soil fumigation is advised ( with 
Methum sodium or Durofume). 

- ---- - - - -



Cases Diseases diagnosed Field status System's output Expert's opinion 

Case 8 Black Rot 1. Soil status : Sandy loam. Chemical practices 
Brown Blight 2. Plantation status: Old. 

3. Weekly Av. Temperature: Moderate. 1. Spray 0.25% (i) Copper Oxychloride Copper Oxychloride 
4. Shade status : Dense. 50% WP or (ii) Carboxin 75% WP or 50%WP 
5. Av. Humidity: Moderate. (iii) Carbendazim 50% WP or any or 
6. Weekly Av. Rainfall: High. other, twice at an interval of two Carbendazim 50% WP 

weeks. 

Cultural practices 

2. Pull off the affected leaves very 
carefully and destroy. 

3. Thin the over-dense shade. Ok 
4. Improve drainage. 
5. Adopt shorter pruning cycle. 
6. Advance prune or skiff the section 

before using chemicals. 
7. Routine Alkaline wash after pruning is 

advised. 
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