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Abstract
Plants, as well as humans and animals, are attacked by different kinds of agents that
cause disease or damage. To counteract any attack, the best approach is to detect,
on time, the presence of the causal agent, and apply the appropriate treatment to
control its damage and transmission.

The research presented in this thesis offers the alternative of automatically assessing
the crop in order to diagnose the type of agent that is affecting its normal growth
and development. The strategy is based on what the expert, the farmer and the
agricultural extension agent would do in real life. Thus, the first step is to identify the
causal agent, by analyzing an image that contains the visual symptoms of the
damage, which is possible with aid of image processing techniques. The result of this
stage is the extraction, from the picture, of the damaged region. The second stage is
to classify the damaged region according to a set of features that characterize the
image. To do this, two techniques for pattern classification, were researched:
Support Vector Machine and Neural Networks. Similarly, the crop was not only
visually assessed, but the exogenous and endogenous variables that have affected,
positive or negatively, its development were also analyzed. To implement this stage
an expert system with the ability to discern according to a set of variables that better
described the historical and chronological events that surround the crop was used.
Finally, the results of the expert system were used by a database in order to select a
suitable treatment to control the damage in the crop. When no causal agent is
identified, an alert is sent to a human expert, who should deal with the problem and
send a satisfactory treatment to the farmer.

The system makes use of the Internet for data communication. The image and the
variables, concerning the crop, are entered by users such as farmers or the
agricultural extension agent, and the results and suggestions for control are
presented to them. The crops that can currently be assessed are cotton,
banana/plantain, alfalfa and corn.

The generic approach developed can be applied to different crops and also to other
areas e.g. medical diagnosis.
Keywords: Agriculture, plant disease diagnosis, image processing, pattern

classification, expert systems.
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Glossary

Abiotic: Nonliving: The abiotic factors of the environment include light, temperature,
and atmospheric gases.

Biotechnology: 1: The use of microorganisms, such as bacteria or yeasts, or
biological substances, such as enzymes, to perform specific industrial or
manufacturing processes. Applications include the production of certain drugs,
synthetic hormones, and bulk foodstuffs as well as the bioconversion of organic
waste and the use of genetically altered bacteria in the cleanup of oil spills.

2: The application of the principles of engineering and technology to the life
sciences; bioengineering.

Biotic: 1: Relating to life or living organisms.

2: Produced or caused by living organisms.

Aphids: any of numerous very small sluggish homopterous insects (super family
Aphidoidea) that suck the juices of plants.

Compound microscope: A microscope consisting of an objective and an eyepiece
at opposite ends of an adjustable tube.

Cultivar: A race or variety of a plant that has been created or selected intentionally
and maintained through cultivation.

ELISA: A sensitive immunoassay that uses an enzyme linked to an antibody or
antigen as a marker for the detection of a specific protein, especially an antigen or
antibody. It is often used as a diagnostic test to determine exposure to a
particular infectious agent, such as the AIDS virus, by identifying antibodies
present in a blood sample.

Endogenous: Produced or growing from within.

Eradicate: 1: to pull up by the roots.

2: to do away with as completely as if by pulling up by the roots <programs to
eradicate illiteracy>.

Exogenous: Derived or developed from outside the body; originating externally.

Fungal: 1: Of, relating to, resembling, or characteristic of a fungus.

2: Caused by a fungus.

Genetic engineering: Scientific alteration of the structure of genetic material in a
living organism. It involves the production and use of recombinant DNA and has
been employed to create bacteria that synthesize insulin and other human

proteins.
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Host: The animal or plant on which or in which another organism lives.

Inhibitors: 1: A substance that restrains or retards physiological, chemical, or
enzymatic action.

2: A nerve which stimulation represses activity.

Magnetic resonance imaging — (MRI): A special radiology technique designed to
image internal structures of the body using magnetism, radio waves, and a
computer to produce the images of body structures

Mammography: X-ray examination of the breasts for detection of tumours.

Micrometeorology: The study of weather conditions on a small scale, as in the
area immediately around a building, smokestack, or mountain.

Necrosis: Usually localized death of living tissue.

Nematode: Any of several worms of the phylum Nematoda, having unsegmented,
cylindrical bodies, often narrowing at each end, and including parasitic forms such
as the hookworm and pinworm, also called roundworm.

0;: Ozone

Pathogen: An agent that causes disease, especially a living microorganism such as
a bacterium or fungus.

Precision agriculture: Is an agricultural concept relying on the existence of in-field
variability. It requires the use of new technologies, such as global positioning
(GPS), sensors, satellites or aerial images, and information management tools
(GIS) to assess and understand variations. Collected information may be used to
more precisely evaluate optimum sowing density, estimate fertilizers and other
inputs needs, and to more accurately predict crop yields. Application of precision
farming concepts is usually considered related to sustainable agriculture. It seeks
to avoid applying same practices to a crop, regardless of local soil/climate
conditions and may help to better assess local situations of disease or lodging.

Quarantine: 1: A period of time during which a vehicle, person, or material
suspected of carrying a contagious disease is detained at a port of entry under
enforced isolation to prevent disease from entering a country.

2: A place for such detention.

3: Enforced isolation or restriction of free movement imposed to prevent the
spread of contagious disease.

4: A condition of enforced isolation.

5: A period of 40 days.
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Spectrographs: Instrument for dispersing radiation -as electromagnetic radiation or
sound waves- into a spectrum and photographing or mapping the spectrum.

Stress: Stress in plants includes any factors that could lead to the death of the
plant, i.e. the lack of - or too much — cold, heat, water, sunlight, shade or
fertilizer.

Thermography: A diagnostic technique in which an infrared camera is used to
measure temperature variations on the surface of the body, producing images
that reveal sites of abnormal tissue growth.

Tomography: Any of several techniques for making detailed x-rays of a
predetermined plane section of a solid object while blurring out the images of
other planes.

Ultrasound: The use of ultrasonic waves for diagnostic or therapeutic purposes.
Specifically to image an internal body structure, monitor a developing foetus, or
generate localized deep heat to the tissues.

Vector: 1: Pathology. An organism, such as mosquito or tick, that carries from one
host to another disease-causal microorganism.

2: Genetics. A bacteriophage plasmid, or other agent that transfers genetic

material from one cell to another.
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Chapter 1 Introduction

Chapter 1 Introduction

“Plants by their nature cannot move, because of this they are more vulnerable than any

other species on earth”.

1.1 Background to the research

In recent years a substantial number of research initiatives have been attributed to
the idea of humans emulating natural biological processes within an artificial context,
which can result in benefits for society. Examples of this include neural networks and
genetic algorithms, both of which are based on deciphering human or animal
behaviour and their interaction with the environment.

In that sense, the proliferation of electronic systems that emulate biological systems
are growing so fast that even fields that were previously considered unreachable are
now a research area. Yet, it did not happen overnight, since the belief is that as
science advances, it opens the doors to allow other subjects to be explored, which
due to lack of knowledge and technology could not be previously attempted. In this
research the author refers particularly to the automatic detection and diagnosis of
plant diseases, using techniques such as image processing and artificial intelligence.
These two fields of research are used in complex systems which aims are, for
example, to support or replace the human knowledge in Medicine.

As living organisms, plants are very complex systems that react to external and
internal stimulus in a different way. For instance, an excess of sunlight can be the
cause for the plant to grow faster than normal, sudden necrosis on the leaves can
signal disruption of the cellular process, and even the number of ants can predict the
population of aphids in the crop. Similar to the nurse who takes care of patients,
farmers are able to detect and diagnose abnormalities as long as they have prior
knowledge of the common agents that menace their crops, otherwise many plants in
the field can be affected and the economic loss can become high, without
considering the negative impact that is likely to be caused in the surrounding areas.

With this in mind, the idea behind this research was to create a system that
resembled the manual disease diagnosis process. The starting point was the
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Chapter 1 Introduction

extraction, from a digital image, of the visual symptoms of damage that were
present in a plant. Then, the most relevant features (patterns), that best categorized
and differentiate one symptom from another, were extracted from the image. These
patterns fed a Support Vector Machine (SVM), whose purpose was to classify the
new image’s pattern according to a set of classes already declared in the system. To
do that, the classification system had to be trained and tested several times until an
optimum level of accuracy, in terms of classification, was reached. At this stage, the
automatic process corresponds to the strategy the farmer undertakes when
monitoring for diseases; normally there is a close inspection in the field with the
purpose of detecting visible symptoms present in the plants.

Following the monitoring, the farmer usually has existing information about the
weather conditions before the inspection, the type and density of pests surrounding
the field, other crops around the field, and what crops have been recently sown.
With this information the farmer is able to identify what type of disease is affecting
the crop, and perhaps what measures can be taken in order to control and eradicate
the problem that is harming the crop. Like this "manual” disease recognition stage,
its automatic counterpart was built with the help of an expert system that was also
able to diagnose the nature of the problem affecting the crop. Herein, the expert
system crosschecks the inputs introduced by the user, which are variables that
qualify the current state of the crop, against the information it has about the

problem-domain.

Although the efficacy of these methods for disease detection produces effective
answers, a common problem farmers face is that despite the fact that they go
through all the procedures to identify a possible disease, they end up with no idea
about what is affecting the crop. In such a case, what they do is to get help from a
more experienced person, who is perhaps able to find out what are the causes for
the plant to be ill. Probably they could use other, more sophisticated, techniques
such as laboratory tests, literature reviews, or interviews (to farmers, other experts,
and technicians). This stage was also implemented in the system and is triggered in
the same way as it is in the manual procedure, that is, when the set of inputs
provided by the user does not get matched with any rule already in the system, then
an expert will be alerted, who, in turn will analyse the problem until an accurate
answer is obtained, if this happens, the diagnosis is sent back to the farmer.
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Chapter 1 Introduction

Another characteristic of the system is that it keeps recording information so that
possible new diseases or future outbreaks can be tracked down. For this purpose,
the system has an on-line database that holds information on common diseases in
the four crops the research dealt with. The information, at the moment, is
particularly addressed to two types of users: the expert who needs scientific
information and the farmer/producer who needs information more related to
management and control. Thus the language should be more colloquial and
manageable, for instance, discussing about Black Sigatoka, a common disease in
banana/plantain, the expert would be more interested on the agent that causes the
virus to appear, whereas the farmer would be more interested in knowing the main
symptoms, the environmental causes and the measures to be taken in order to

control the disease.

Ideally, the system was conceived as being a collaborative tool where users of
different backgrounds could contribute in one way or another to the detection and
diagnosis of plant diseases. To achieve this goal, the user’s infrastructure as well as
the platform of connection and communication of the expert system, were built in
JAVA™  free-access software easily accessed from the majority of commercial Web
browsers. JAVA is continuously being improved to meet the market requirements and
the new technology challenges. Another advantage of using the system is that in the
near future, one will be able to access the diagnosis system through mobile phone
technology, so that the user will be able to use this device to get advice about the
management of the crop as well as the control and eradication of possible diseases,
pests and other causal agents of crop damage. JAVA is, at the moment, being used
to develop several applications oriented to manipulate services that run under WAP
(Wireless Application Protocol) environments. However, most of the services focus on

business or tourism.

1.2 Research problem and hypotheses/research questions
Problem
In the informatics era, could plant disease management in developed countries, rely solely

on a machine?

With the proliferation of hardware and software technologies, the author came to the

conclusion that, despite the scepticism surrounding the reliance on the informatics
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Chapter 1 Introduction

system for plant disease management, the construction of these systems is no longer
difficult to achieve. Indeed, there are very significant examples of their impact,

especially in developing countries.

The statement is supported by analysing other systems that gave the elements to
propose an electronic alternative to tackle the problem of this research.

Hypotheses/research questions

¢ Observing sudden abnormalities in the crop is the first warning that the plant
has become diseased. To add value to any propose diagnosis, could it be
possible to analyze the visual reactions of a plant to a disease, symptoms, by
extracting information from a picture? [1]

e How to assess diseases by analysing images?

e In manual disease detection, other than visual symptoms, there are also
additional variables to be assessed in order to produce an accurate judgment.
How would the expert system include these elements?

e If a system is input — process — output — feedback, how could feedback be
added to produce a major contribution into the whole process?

1.3 Justification for the research

Fact 1. “Chronic hunger plagues 852 million people worldwide. Hunger and
malnutrition cause tremendous human suffering, kill more than five million children
every year, and cost developing countries billions of dollars in lost productivity and

national income [2].

Fact 2. Most poor countries are located in the tropics, where the higher incidence of
crop and livestock diseases and pests as well as excessive or inadequate rainfall are

further factors compromising their ability to participate in global agricultural markets

[3].

Fact 3. The lack of experts in agriculture, especially in developing countries, could
be tackled by implementing machines capable of acting just as a human does.
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Chapter 1 Introduction

Fact 4. There is not a global system for plant management even though the
revolution in informatics and telecommunications allows such system to be
developed.

Fact 5. Human disease detection by image pattern recognition exists, why does it
not exist for plants?

1.4 Methodology

An important issue, in this research, was the design of software that, stepwise,
achieved the goal of developing an automatic system that common people could use
to detect and control not only diseases, but also pests and, in general, all kinds of
agents that threaten the normal growth and evolution of plants.

Before starting development, it was essential to look for projects that had pursued a
similar approach in the past. By doing this, special attention was paid on the
conclusions of that research, as it was important to know what people required or
demanded once the research project was released and implemented.

Likewise, a number of face-to-face and virtual interviews were undertaken with
scientists who worked with plants, including agronomists, biologists, microbiologists,
etc, all of whose headquarters were located either in developed or industrialized
countries. The questions in the interview were focused on knowing how they
visualized a system for plant disease detection, how the system could help farmers,
and how it could be developed.

As a third resource, without appealing to interviews, the author attended several
seminars, conferences and workshops held in rural areas in the south, north and
centre of Colombia, as well as at United Nations Educational, Scientific, and Cultural
Organization (UNESCO) in Paris and Food and Agriculture Organization (FAO) in
Rome. The purpose of this was to determine how difficult the implementation of an
electronic system could be, in terms of technology resistance, availability of
technology, and the social and economic impact it could prompt. It would also enable
one to know what parameters to take into account when pursuing an initiative

requiring a high technology input.

Camargo, A. 5



Chapter 1 Introduction

By gathering the outputs of these three resources, plus an ample review on what

was going on in the world about ICT, globalization and international priorities, it was
identified that the system to be constructed should:

Cheap and easy to manipulate

Allow people, from everywhere in the world, to exchange information

Allow scientists to exchange information

Create a mechanism to detect new diseases and produce warnings about
them

Create a uniform system that contains all the relevant information about a
crop

Act as an expert does

Create an alternative to compensate for the increasing lack of technicians

that provide specialized support to farmers.

To tackle these needs, in one system, it was considered that the methodology to be

used should include these points:

1.5

Theoretical approach: Involves the creation of a theoretical system of analysis
based on hypothetical rules, due to be tested with fresh up-to-date
experimental data, in order to determine whether they are valid, and can be
applied within the conditions of this research.
Scientific method
a. Life-cycle software (software engineering): Procedures to develop and
test software
b. Quantitative research: The methodology used to test the hypothesis.
In this project a pure statistic model was implemented.

Outline of this thesis

To explain in @ more detailed perspective what was summarized previously, this

thesis is divided into chapters. Each chapter contains all the information and

procedures required to achieve every stage of the system for the detection and

diagnosis of plant diseases.
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e Chapter two, Literature review: A state-of-review of what has been done in
the past. Also, because of the connection with human disease, the first part of
the chapter draws attention to the similarities and differences between these two
living systems (plant / humans).

« Chapter three, Methodology: In this chapter the techniques used to achieve
the proposed goal are reviewed. The chapter begins with the image processing
topic, followed by the classification techniques, ending up with the nature of
expert systems. A significant amount of time is spent on exploring the
advantages of each technique.

 Chapter four, Image segmentation: The review of what was used to extract
visual disease symptoms from an RGB image is questioned in this chapter. The
difficulty to manipulate images of the characteristics this research had it is also a
matter of discussion as there were no unified patterns in size, shape or colour.

« Chapter five, Pattern classification: This chapter explains the classification
techniques used to classify diseases, as well as the procedure used to select the

features that better categorize each image.

o Chapter six, Expert system: An overview of the platform for the expert system
used in this research is broadly explained, as well as the characteristics of the
searching algorithm and the strategy to build the rules.

o Chapter seven, End user infrastructure: The chapter focuses on the
conclusions of this research. It also includes a review of the way the whole system
was assembled: how the information was gathered, where the information
sources came from, how the feedback procedure works, and how the expert
system prompts the information system to produce the recommendations to
control the damage in the crop.

o Chapter eight, System demonstration: Highlights and describes, with
examples, the main points that were achieved during the development of this

research.
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« Chapter nine, Conclusions and discussion: The overall work, the principal
barriers as well as the assets are discussed here.

1.6 Delimitations, scope and key assumptions

The developed system targeted developing countries, especially those in Latin
America where there is a great interest in promoting initiatives that involve science
and technology. A cause of this is that, in Latin America, the market for
telecommunications is growing very fast and there is wide network coverage.

The system will also work around three staple crops: banana, maize and soya, as
well as two commercial crops: cotton and alfalfa. Latin America is one of the biggest
producers of these five crops and is also facing new challenges prompted by the
global tendencies of the market. For example the Free Trade Agreement (FTA) with
nations including China, the United States and the European Union, which
compellingly implies investment in new technologies to empower the agriculture
production in the region.

Finally, the geography of Latin America is in general very mountainous, and has a
great variety of climates, which turns relatively short distances into long hours of
travelling. In that respect, technologies based on the Internet are more likely to be
welcomed for the impact they represent in societies whose economy is based on
agriculture production.

1.7 Conclusions

This first chapter attempted to give a brief outline about what the research problem
was, and what the limitations and justification were to pursue this idea. Similarly, the
author identified a series of key points to explain how the problem is solved without
deviating from the original criteria from which this project was thought of. Finally,
the limitations of the research are identified as this research envisioned a particular
problem-domain, which was initially selected by addressing and limiting the type of
information to be manipulated and the possible users of the system.
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Chapter 2 Literature Review

2.1 Introduction

This chapter reviews the sources of information cited along this research. There are
three aspects to mention in detail, because they compose the structural part of the
system developed. First, it is the nature of image processing and its flexibility of
integration according to the problem-criteria. Second, the advantages and milestones
that certain techniques of pattern classification represent when implemented in an
environment with the characteristics this research has. Third, it is the use of expert
systems for the detection and diagnosis of plant diseases. In this review, the
mechanisms that are available for human disease treatment are repetitively
mentioned, as they were the source of inspiration of this research. Of course the
targets are different and for that the procedures had to be applied in accordance to
the system'’s background and requirements.

2.2 Plant diseases

That plants are the principal source of food for human beings is an undeniable fact
and the reason for which the fear for disease outbreaks is always latent as they can
spread so fast that the damage can represent not only economic losses but also
shortages of food supplies for long periods of time. An example of this threat was
the devastation caused in Ireland, in 1845, by potato blight. The disease was so
severe that hundreds of thousands of people either died of starvation or emigrated
to the USA and England. The potato producers lost the whole production and feared
the future disease incidence, as no causal agent or control measures were known at
that time. As a consequence, the only choice the inhabitants had was to leave. This
is an example of the implications when lack of knowledge and technology make it
impossible for communities anywhere to deal with circumstances to which they are
vulnerable. Of course, at that time such a calamity is understandable as the levels of
sophistication in control measures and equipment were nothing in comparison with
the current state of the technology.

Considering plant diseases studies, in the past when no sophisticated methods for
disease detection existed, people used to believe that outbreaks were a punishment
from God for sins they had committed. Yet, as humanity evolved, the theory of
punishment vanished as individuals made associations between sudden plant
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damage and natural phenomena, during that time the methods for disease control
were rather empirical, with no scientific explanation, and every diagnosis was guided
by observation and a large amount of common sense. Later, with the invention of
the compound microscope, in the mid-1600s, the explanations to plant disorders
soon came to light as scientists were able to see microorganisms previously invisible
to the human eye.

Similarly, the report of these discoveries that either were the result of laboratory
test, or other means has always been divulged on walls, papyrus, popular journals
and nowadays in scientific papers. This practice means that more people became
aware about the existence of plant diseases, their possible causes and their control.

These events prompted the establishment of Plant pathology science, which has a
particular interest in the study of the microorganisms, the environmental factors that
cause the plant to become diseased, the mechanisms by which these factors induce
diseases in plants, and the methods of preventing or controlling diseases and
reducing the damage they cause [4]. As for plants, the other two sciences: Medicine
and Veterinary are, at the same level, interested in humans’ and animals’ problems.
In addition to this, integrated pest management (IPM), as well as integrated weed
management (IWM), are two areas focused on pest and weed management and
their control, the reason for this discrimination is that pests and weeds are other kind
of agents responsible for causing plant damage.

According to the previous statement, plants can be attacked and infected by biotic or
abiotic agents. Biotic agents include microorganisms (pathogen), animals and plants.
Due to their capacity to grow, reproduce and disperse, these agents spread around
from one host to another, and under particularly favourable environmental conditions
they might be dispersed rapidly over wide areas and even entire continents [1].

In the first case, for a plant to become diseased three components are necessary:
pathogen, plant (host) and a set of environmental conditions that favour the

evolution of the disease.

As well as pathogens, nematodes and animals such as birds or insects also attack

crops, damaging fruits, stems, roots, leaves, flowers or in general any vegetative or
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reproductive part of the plant. The problem with these agents also considered pests
is the high probability of disease transmission, normally they feed on a single plant
for a specific period of time before they move on to find another food supply. Doing
this, they can transport diseases in their mouths from one ill plant to healthy plants.
An example of this is the banana aphid pest that transmits the Bunchy top virus to
banana/plantain crops. The aphid itself is harmless, but once the insect lands and
feeds on an already infected plant, the speed of the disease transmission and its
subsequent damage becomes a critical issue, fundamentally because the economic
losses and its consequent social impact can be severe when the agent that is causing
the plant damage is tardily identified [5].

Plants can also cause disorders and damage to other plants by acting as parasites,
an example of these are the weeds, which compete with the plant for nutrients,
water, space and light. Others specimens of plants can even release chemicals that
inhibit the normal growth of other nearby crops.

When it comes to abiotic agents, they are regarded as physical, chemical, and
pollutant factors that inhibit the normal growth of plants, for instance, temperatures
below 17°C can delay the production of the sympodial branch in cotton crops during
the juvenile phase; low levels of nitrogen result in yellowish leaves which make them
more susceptible to insect attacks; and flecking, stippling, bronzing and reddening on
plant leaves are classical responses to high levels of O; [6].

Despite the classification between abiotic and biotic agents, the reality is that all of
them continuously affect every single crop at some point in its life cycle. Yet, the
weather is perhaps the factor most influent in the infection and transmission of
diseases, and it is also frequently used in systems for the detection and forecasting
of diseases [7]. Unfortunately, regulating weather conditions is impossible, unless
the crop is being kept inside a green house, which is impossible in the production of
large-scale crops such as cotton, potato or banana/plantain.

2.2.1 Disease detection

Detecting plant diseases, as everything else, is a matter of being aware about what
is going on in the crop even before sowing. Generally, the detection of abnormalities
in the crop is the first warning that alerts when the crop has become diseased.
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However, in situations where the crop is affected by pathogens, it is rather
uncommon to observe external symptoms as the first manifestation of a disease
infection. On the contrary, diseases caused by animals and plants are most likely to
be detected earlier as those agents leave signs of what they have been doing in the
crop, for example, the stink bug insect and the tarnished plant bug are detected in
cotton crops due to the dark feeding punctures they leave on the fruits they use as a
food supply [8].

Another point to mention is that a crop could be affected by more that one agent at
a time, for which the disease can be the result of a series of attacks, perhaps started
when the weather conditions changed so abruptly that favoured insects to feed on
the crop and transmit the virus, previously acquired from another infected crop.
Recall that plants are not merely attacked by one type of insect (vector), since
according to their characteristics they can host a diverse number of insects. Despite
the fact that plants contain the nutrients animals need to survive, not all the insects
and pathogens are maleficent for them, as some of them act as inhibitors that
protect the crop from the attacks of other agents. For instance, the lady beetle is a
predator used to biologically control the cotton aphid, the method of control consists
of releasing them all over the field when the population of cotton aphid in the field is
estimated to be medium to high. The action of this insect is to eradicate all the
aphids present in the field.

Given the above arguments, the accurate diagnosis of diseases depends on the
identification of the pathogen or the causal agent [9]. In that, there are easily
identifiable diseases, because their symptoms are unique and widely documented in
bulletins and technical brochures, though many others require laboratory tests such
as microscopic examination or the ELISA Test, two techniques used to detect causal

agents of microscopic size.

In short, the detection of diseases depends on variables such as how much
information the farmer has about the crop that is growing, how often the monitoring
for diseases is carried out, how aware the farmer is about the weather changes, or
how appropriate are the agricultural practices, for there are situations where the
disease contagion was due to the mobilization of foliar material or because the seeds
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were already contaminated and the farmer never took precautions, such as seed
analysis, before sowing.

In effect, disease detection relies on experience and knowledge, factors that play an
important role as they surely help the farmer to detect diseases and sometimes
foresee possible forthcoming hazards.

2.2.2 Disease control

There are three stages of vital importance which one might call disease control: the
first and best, is to forecast possible disease outbreaks; second, on time disease
detection, and third is to select an accurate treatment to inhibit the disease
spreading and its fast progress, when the disease is already in the crop.

Disease forecasting is a subject mostly developed towards the control of disease of
national and international importance such as the case of the potato blight disease.
Some particular systems for disease control are mainly concentrated on analyzing
micrometeorological variables that arranged properly can foresee future threats, for
example, the prediction of leave wetness uses micrometeorological variables to
forecast diseases caused by fungal pathogens [10, 11]. Normally these variables are
obtained automatically through weather stations or by using specialized equipment
endowed with sensors that capture these variables on-site. Another alternative for
disease forecasting consists of Satellite observations together with the estimation of
climate variables obtained through other type of specialized equipment [12].
Unfortunately, these two strategies are alternatives that not everyone can afford
given their implementation cost.

“On-time” disease detection is what everybody aims for, and it is as simple as
periodically monitoring the crop. The monitoring should include types of pests and
their population, percentage of weeds surrounding the crop, soil moisture texture,
plant development, colour and appearance of fruits, leaves, stem and flower, and, of
course, weather review. When crosschecking this information it is most likely to get a
warning if any kind of damage happens to occur in the crop.

Consequently, if, after the periodic monitoring, there are signs that a potential
disease is attacking the crop, the following procedure is used to identify the causal
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agent, which is possible by undertaking a closer inspection of the plant, as well as
checking the historical and current data that describes the conditions of the crop
from the past up to the day of the control. For example, the simple crosschecking of
information, such as analysing pest population versus spot size, or the appearance
and location of the symptoms in the plant, could be a sensible way to start with. For
a most sophisticated approach, applying laboratory tests such as ELISA is also
another viable alfernative, this test is undertaken with the help of specialized
equipment that takes a sample of the plant tissue and by means of different
processes the causal agent of the diseases can be identified.

Once the causal agent is accurately identified, then the appropriate method of
control and eradication can be applied. This could be biologic, chemical (e.g.
pesticides) or mechanical, yet the treatment depends on how big the population of
affected plants is. Normally small populations are kept under observation
(quarantine) whereas in other cases the whole population of infected plants is
destroyed. Every plant failure that was caused by pathogens, pest or weeds has to
be controlled using a very particular method for a particular time otherwise the
damage can be worse and affect other nearby populations of plants.

With the boom in Biotechnology and Genetic engineering areas, a considerable
number of profit and non-profit organizations are working to create cultivars resistant
to disease threats. Of course there already exist biological insecticides such as
Bacillus thuringiensis (Br) bacterium or the Lady beetle insect that biologically control
pests. Despite their benefits, there is an increasing fear for the side effects that could
be produced as a result of applying these products, or growing GM (genetically
modified) cultivars.

Regardless of all the existent techniques for disease control, there is little or nothing
that can be done when the damage is detected late. On top of that, the techniques
for disease detection seemingly cover extraordinarily well a single disease, but ignore
the 99.0% remaining that in turn are potential threats where, in fact, the array of
host-agent-environmental conditions is so well complemented that the appearance of
a disease is imminent [8]. Hence, special emphasis should be paid to the
improvement, if not creation, of the most workable and the most speedily deployable
techniques to counteract the rapid spreading of diseases.
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