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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 
Eup_!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) 

l +t 
Inference Knowledge base 

engine 
..._ --" (damage symptoms & 
~ ~ 

morphology) 

-t 
I Primary identification of pest I 

... 
Picture base 

I ... Inference 
engine 

+ 
I Final identification of pest 

... ~lr 

Inference ... ... Knowledge base 
engine (chemicals) 

... 
I Output for control measures J 

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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Fig. 7.2. Flow diagram of TEAPEST. 
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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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of the plants such as buds, leaves, stems etc. and the morphological findings of 
insect(s). 

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 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 format chosen for the 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. Examples of 
decision making rules are: 

• RULE jas 17 

IF (Site of Damages IS Young leaf AND (Leaf Appearance IS Dry up OR 
Leaf Appearance IS Curved upwards) AND Leaf Appearance IS Margin 
recurved and brown AND (Mid Rib Color IS Brownish OR Vein Color IS 
Brownish)) 
THEN Jassid CF 75 

• RULE Looper 9 

IF (Insect with IS Length 40 to 50 mm AND Covered with IS No hairs AND 
Body color IS Dark brown AND Special identityl IS Greenish white 
lines) 
THEN Looper CF 78 

and so on. 
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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. 



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 
2. Insect covered 
3. Body colour 
4. Special ldentity1 
5. Special ldentity2 

Primary output I 

IS 15 to 20 mm, 
IS With No hairs, 
IS Light Green, 
IS Reddish tinge, 
IS Claspers at hind end. 

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 

174 
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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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