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Chapter 3. Development and Identification of
Plant Diseases

3.1. Introduction

3.1.1. Overview of Plant Disease

A plant disease is any abnormal condition that alters the appearance, structure, or function of a
plant's tissues. Such disorders can result from biotic agents like fungi, bacteria, and viruses, or
from abiotic factors such as nutrient deficiencies or toxic substances.

Plant diseases have major economic impacts through reduced crop yield, poor quality, and
increased management costs. Ecologically, they can affect biodiversity and disrupt ecosystems.
Effective disease management is therefore essential to maintain crop productivity and ensure
food security.

3.1.2. Disease Development Process

Pathogenesis refers to the sequence of events from the initial contact between the pathogen and
the host to the development of visible symptoms.

Disease development is influenced by environmental conditions (temperature, humidity, soil
moisture), host susceptibility, and pathogen virulence.

Symptomology is the study of disease symptoms, visible expressions like wilting, chlorosis, or
necrosis, that indicate the nature and progress of infection.

3.2. Diseases Caused by Pathogens

3.2.1. The Spectrum of Pathogenicity: Obligate vs. Facultative Parasites
Pathogenic fungi can colonise their host in three main ways:

Necrotrophs: They are parasitic organisms that kill host cells and then feed on the dead,
decaying matter. They use toxins and enzymes to break down the host tissue and destroy cells
using toxins and enzymes before colonising them (enzymes break down cell walls, destroying
tissue), wide host range.

Biotrophs: They are organisms, such as fungi, that live and feed on a host organism while it is
still alive, when the pathogen colonises living tissue.

Hemibiotrophs: organisms, like certain fungi and bacteria, that exhibit two distinct feeding
phases during an infection: they initially feed on living host cells (biotrophic phase), and then
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transition to feeding on dead or dying cells (necrotrophic phase). begin with a biotrophic phase
before becoming necrotrophs, intermediate host range.

3.2.2. Comparative Pathogenic Strategies: Fungi, Bacteria, and Viruses

3.2.2.1 Fungi: cause greater crop losses than bacteria or viruses. They use filamentous hyphae to
penetrate host tissues and secrete enzymes (cellulases, pectinases) to degrade cell walls,
absorbing nutrients directly. Their numerous wind/water-dispersed spores facilitate rapid
epidemics.

3.2.2.2 Bacteria: single-celled prokaryotes, enter plants through natural openings or wounds, as
they cannot breach intact surfaces. Inside, they multiply between cells, causing disease by
producing toxins, enzymes that cause soft rots, and exopolysaccharides that clog vascular tissues,
leading to wilting. Spread occurs locally by splashing water and over distances by insects or
contaminated tools and plant material.

3.2.2.3 Viruses: As non-cellular, obligate parasites, viruses are essentially packages of genetic
information (nucleic acid) in a protein coat. They are entirely dependent on the host cell's
metabolic machinery for replication. They cannot move independently and must be introduced
directly into a living plant cell, a process most often accomplished by insect vectors with
piercing-sucking mouthparts, such as aphids. Once inside, the virus hijacks the cell's replication
and protein synthesis systems to produce copies of itself, which then spread systemically
throughout the plant.

Viruses are obligate parasitic packages of genetic material in a protein coat. They rely entirely on
host cells for replication, entering plants mainly via insect vectors like aphids. Inside, they hijack
cell machinery to reproduce and spread systemically.

3.2.3. Host Specificity and Pathogen Virulence

Pathogens exhibit a wide spectrum of host specificity. Some, such as the white mold fungus
Sclerotinia sclerotiorum, are generalists capable of infecting hundreds of different plant species.
Others are highly specialized and may only be able to infect a single host species or even specific
cultivars within that species.

Virulence is the quantitative measure of a pathogen's ability to cause disease. The outcome of a
potential infection is often determined by a sophisticated genetic dialogue between the host and
the pathogen. The "gene-for-gene" concept describes a common interaction in which a resistance
gene (R gene) in the plant recognizes a specific protein product from an avirulence gene (Avr
gene) in the pathogen. This recognition event triggers a rapid and robust defense response in the
plant, often a localized cell death known as the hypersensitive response, which halts the
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infection. If the plant lacks the corresponding R gene or the pathogen lacks the recognized Avr
gene, the defense is not triggered, and disease ensues.

3.3. Phytopathogenic Fungi and Fungal-like Organisms

Fungi and fungal-like organisms are the most common and economically significant causes of
plant disease. This diverse group utilizes a range of strategies to infect plants, from biotrophic
parasitism to aggressive necrotrophy. This section examines the key characteristics of these
pathogens, with a focus on the major phyla Ascomycota and Basidiomycota, and distinguishes
them from the convergently evolved oomycetes.

3.3.1. General Characteristics of Fungi as Plant Pathogens

Fungi are eukaryotic, heterotrophic organisms that feed by absorption. Their vegetative body, the
mycelium, is typically composed of a network of fine, filamentous threads called hyphae.
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Fungal cell walls are a defining feature, composed primarily of chitin and glucans, which provide
structural rigidity. As pathogens, their primary mode of attack involves the secretion of a potent
cocktail of cell wall-degrading enzymes, including pectinases, cellulases, hemicellulases, and
proteases. These enzymes dismantle the structural polysaccharides and proteins of the plant cell
wall, allowing the fungal hyphae to penetrate and colonize host tissue. In addition to enzymes,
many fungi produce toxins that kill host cells or hormones that manipulate host growth.

3.3.2. Phylum Ascomycota (Sac Fungi):

The Ascomycota is the largest phylum of fungi and includes a vast number of important plant
pathogens. The unifying characteristic of this group is the ascus, a microscopic sac-like structure
in which sexual spores, called ascospores, are produced. Their hyphae are septate, meaning they
are divided by internal cross-walls, though these septa typically have pores that allow for
cytoplasmic continuity. Asexual reproduction is common and occurs via spores called conidia,
which are produced on specialized stalks called conidiophores.
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The life cycle of a typical ascomycete involves both sexual and asexual phases. The asexual
cycle allows for rapid multiplication and spread during favorable conditions, while the sexual
cycle often serves as a means of survival during unfavorable periods (e.g., winter) and generates
genetic diversity. In the sexual cycle, hyphae from different mating types fuse (plasmogamy) to
form dikaryotic hyphae, where each cell contains two unfused nuclei. These hyphae develop into
a fruiting body, or ascocarp. Within specialized cells (asci) in the ascocarp, the two nuclei fuse
(karyogamy) to form a diploid zygote, which immediately undergoes meiosis to produce haploid
ascospores. This division of labor between reproductive stages is a key epidemiological feature.
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The sexual stage often produces the primary inoculum that initiates disease in a new season,
while the asexual stage produces the secondary inoculum that drives the epidemic within that
season.

Disease Examples:

Ascomycetes cause a wide array of diseases, including powdery mildews, apple scab, rice blast,
ergot of rye, black knot of cherry and plum, and numerous leaf spots, blights, and cankers.

3.3.3. Phylum Basidiomycota (Club Fungi)

The Basidiomycota are distinguished by the basidium, a club-shaped cell on which sexual
spores, or basidiospores, are produced externally, typically four per basidium. The hyphae are
septate, and many species possess clamp connections, microscopic bridges that form during cell
division to ensure that each new cell receives a pair of compatible nuclei, thus maintaining the
dikaryotic state.

The life cycle is dominated by a long-lived dikaryotic mycelium, which is formed by the fusion
of two compatible haploid monokaryotic mycelia. This dikaryotic mycelium constitutes the main
vegetative phase of the fungus and, in many species, eventually produces a complex fruiting
body, the basidiocarp (e.g., a mushroom). The basidia are formed within the basidiocarp.
Karyogamy and meiosis take place within each basidium, leading to the formation of haploid
basidiospores. The most significant plant pathogens in this phylum are the rusts and smuts,
which are obligate parasites.
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e Rust Fungi: These pathogens are named for the rust-colored pustules of spores
(urediniospores) that erupt through the plant epidermis. They have notoriously complex
life cycles, many of which require two unrelated host plants to complete (heteroecious)
and can produce up to five different spore types.

e Smut Fungi: These pathogens typically infect the reproductive organs of their hosts
(especially cereals), replacing the kernels or flowers with a black, powdery mass of
thick-walled resting spores called teliospores, giving the plant a "sooty" or "smutty"
appearance.

3.3.4. Oomycetes (Water Molds): Fungal-like Pathogens

Although oomycetes were long classified as fungi due to their filamentous growth, absorptive
nutrition, and spore-based reproduction, modern molecular evidence has revealed they are not
true fungi. They belong to a separate kingdom (Stramenopila) and are more closely related to

diatoms and brown algae.

This represents a remarkable case of convergent evolution, where two distinct evolutionary
lineages independently arrived at a similar pathogenic lifestyle. Despite their different origins,
both fungi and oomycetes evolved filamentous hyphae for invasion and spore-like structures for
dispersal, demonstrating that the physical challenges of plant infection have driven unrelated

organisms toward similar solutions.
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Key features that distinguish oomycetes from true fungi include:
e Cell Wall Composition: Composed of cellulose and glucans, not chitin.

e Hyphal Nuclear State: The vegetative hyphae are diploid (2n), whereas in most fungi
they are haploid (n) or dikaryotic (n+n).

e Spores: They produce motile, biflagellate asexual spores called zoospores, which require
water to swim and find a host. This is why they are called "water molds" and thrive in
wet conditions.

Oomycetes are responsible for some of the most destructive plant diseases, including seedling
damping-off, root rots, and downy mildews.

3.4. Prokaryotes: Bacteria and Phytopathogenic Mollicutes;

Prokaryotic organisms, bacteria and the related mollicutes, are a significant cause of plant
diseases worldwide. While smaller and structurally simpler than fungi, their rapid reproduction
and diverse pathogenic mechanisms enable them to cause a wide range of devastating symptoms,
from localized spots to systemic wilts and developmental abnormalities. This section explores
the biology of walled bacteria and the unique, wall-less mollicutes.

3.4.1. General Characteristics of Phytopathogenic Bacteria:

Phytopathogenic bacteria are single-celled prokaryotic organisms that possess a cell wall but lack
a membrane-bound nucleus and other organelles. The majority of plant pathogens are
rod-shaped, Gram-negative bacteria, and many are motile by means of flagella. Key pathogenic
genera include Pseudomonas, Xanthomonas, Erwinia, Pectobacterium, Ralstonia, Clavibacter,
and Agrobacterium.

Bacteria survive in diverse environments, including soil, infected plant debris, seeds, and within
the bodies of insect vectors. Their dispersal is heavily reliant on external agents. Water, in the
form of rain splash or irrigation, is a primary means of local spread, while insects and human
activities (such as pruning with contaminated tools or transporting infected plants) can move
bacteria over long distances.

The physical location of a bacterial pathogen within the plant is a primary determinant of the
symptoms it causes. This principle provides a powerful diagnostic framework.

e Intercellular Pathogens: Bacteria like Xanthomonas and Pseudomonas typically
colonize the intercellular spaces of leaves and stems. Their localized activity, often
involving the secretion of toxins, results in discrete symptoms like leaf spots, specks, and
blights (areas of rapid tissue death).
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e Vascular Pathogens: Bacteria that invade the plant's vascular system cause systemic
disease. Those that colonize the xylem, such as Ralstonia solanacearum, physically block
the transport of water with their own cells and the production of exopolysaccharides. This
blockage leads to a characteristic systemic wilt of the plant.

e Tissue-Degrading Pathogens: Genera like Pectobacterium produce enzymes that
degrade pectin, the substance that cements plant cells together. This results in the
maceration of tissue and causes soft rots of fruits, tubers, and stems.

3.5. Phytopathogenic Viruses and Viroids

Viruses and viroids represent the smallest and simplest of infectious agents, exists As
sub-microscopic, obligate intracellular parasites, they lack the cellular machinery for their own
replication and are entirely dependent on their host. Despite their simplicity, they have evolved
sophisticated strategies to hijack host cell processes, causing a wide range of economically
important plant diseases.

3.5.1. Viruses: Obligate Intracellular Parasites

Plant viruses are non-cellular, consisting of a DNA or RNA genome enclosed in a protein coat
called a capsid. They are obligate intracellular parasites, unable to reproduce outside a living host
cell. Most plant viruses contain single-stranded RNA genomes and appear as rod-shaped or
isometric particles, rarely having a lipid envelope. Due to their small genomes, they have
evolved efficient replication strategies that maximize gene expression while adapting to the
host’s protein synthesis system, which typically produces one protein per mRNA
(monocistronic).

Because of the rigid plant cell wall, viruses cannot actively penetrate cells. Initial infection
requires a physical wound, often created by a vector. Once inside, viruses spread locally from
cell to cell through plasmodesmata, cytoplasmic channels that connect adjacent cells. This
movement is facilitated by virus-encoded movement proteins that modify the plasmodesmata to
allow passage of the viral particle or genome. For long-distance transport, viruses enter the
phloem and are passively carried throughout the plant with the flow of sugars.

Transmission to new plants is predominantly carried out by vectors, particularly insects with
piercing-sucking mouthparts like aphids, whiteflies, and leathoppers. Transmission can be
non-persistent, where the virus is carried briefly on the insect's stylet, or persistent, where the
virus circulates within the insect's body before being transmitted via its saliva. Some viruses, like
Tobacco mosaic virus TMV, are highly stable and can be transmitted mechanically on
contaminated tools or hands.

Viral symptoms are diverse but often include mosaic (patterns of light and dark green), mottling,
ringspots, yellowing, leaf curling and distortion, and overall stunting of the plant.
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3.5.2. Viroids: The Smallest Infectious Agents

Viroids are the smallest infectious agents known to science. They are distinct from viruses in
several important ways. Unlike viruses, viroids do not have a protein coat (capsid) and are made
up solely of a short, circular, single-stranded RNA molecule. This RNA does not encode
proteins, which sets them apart from viruses whose genomes typically code for protein
production.
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3.6. Non-Parasitic (Abiotic) Diseases
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Abiotic or non-parasitic diseases result from environmental or cultural stress rather than
pathogens. They can seriously damage plants and weaken their defenses, increasing
susceptibility to infections. Managing these stresses, such as through proper irrigation, is vital for

plant health.

3.6.1. Differentiating Biotic vs. Abiotic Problems

Diagnosing abiotic disorders can be challenging because their symptoms often mimic those of
infectious diseases. However, careful observation of the problem's pattern, timing, and host range
can provide crucial clues. Abiotic problems are not infectious and do not spread from one plant
to another over time. A key diagnostic feature is that once the source of stress is removed, new
growth on the affected plant often appears healthy, while the older, damaged tissue does not
recover. The following table summarizes key differences used in diagnosis.

Characteristic Abiotic Disorder Biotic Disease

Pattern of | Often wuniform or follows an | Typically random or in scattered

Damage environmental gradient (e.g., all | patches, spreading from an initial
plants in a low-lying, wet area). point of infection.

Host Range Frequently affects multiple, | Usually affects a single plant species
unrelated plant species in the same | or closely related species.
area.

Progression Symptoms often appear suddenly on | Symptoms develop over time and the
many plants at once and do not | disease spreads progressively to new
spread from plant to plant. plants or new plant parts.

Presence of | No physical evidence of a pathogen | Signs of the pathogen (e.g., fungal

Signs is present. mycelium, spores, bacterial ooze)

may be visible.

New Growth New growth that develops after the | New growth may show symptoms as
stress has been alleviated is typically [ the pathogen spreads systemically
symptom-free. within the plant.
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3.6.2. Environmental Stressors

3.6.2.1. Temperature Extremes: High temperatures and intense sunlight can cause leaf scorch
and sunscald, while unseasonable frost can damage new shoots, buds, and flowers.

3.6.2.2. Moisture Imbalances: Both too little and too much water can be detrimental. Drought
stress leads to wilting, stunting, and reduced photosynthesis, whereas excess water causes root
damage and similar symptoms due to poor oxygen availability.

3.6.3. Soil and Chemical Factors

Nutrient Deficiencies: Lack of essential minerals causes stunting, chlorosis, purpling, and poor
flowering. Mobile nutrient (e.g., nitrogen, phosphorus, potassium) deficiencies show first on
older leaves, while immobile nutrient (e.g., calcium, iron, manganese) deficiencies appear on
new growth. Sometimes deficiencies result from nutrient unavailability due to soil pH rather than
absence.

Nutrient Toxicities: Over-fertilization or high soluble salts can cause “fertilizer burn” showing
as leaf margin scorching.

Soil pH and Compaction: Improper pH limits nutrient uptake, and soil compaction reduces
water infiltration and oxygen, harming roots and stunting growth.

Chemical Injury: Misapplied chemicals (pesticides, herbicides) can cause leaf spots, bleaching,
distortion, stunting, or death, often with recognizable patterns from herbicide drift.

3.7. Principles and Techniques for Disease Identification

Accurate diagnosis is essential for effective plant disease management. It progresses from broad
field observations to detailed laboratory and molecular tests.

3.7.1. Field Diagnosis

The diagnostic process begins with a thorough examination of the affected plant and its
environment. A systematic approach involves:

Defining the Problem: Accurately identify the host plant and characterize the symptoms (e.g.,
spots, wilts, galls) and their location on the plant (e.g., new vs. old leaves, roots vs. shoots).

Looking for Patterns: Observe the distribution of the problem. Is it affecting a single plant or
many? Is it limited to one species or multiple? Is the pattern uniform or random? These patterns
are key to distinguishing between biotic and abiotic causes.
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Searching for Signs: Carefully inspect the symptomatic tissues, using a hand lens if necessary,
for any signs of the pathogen, such as fungal mycelium, spores, fruiting bodies, or bacterial ooze.

Considering Site History and Management: Inquire about recent weather events, chemical
applications, and cultural practices. The history of the site can provide valuable context.

3.7.2. Classical Laboratory Methods

Microscopy: This is often the first step in the lab. A compound or dissecting microscope allows
for the visualization of pathogen structures. The characteristic morphology (shape, size, color) of
fungal spores and hyphae, or the shape and arrangement of bacterial cells, can often lead to an
identification at the genus level. To visualize the much smaller virus particles, an electron
microscope is required.

Isolation and Culturing: Considered as the "gold standard" for diagnosing diseases caused by
culturable fungi and bacteria. Infected, surface-sterilized plant tissue is placed on sterile nutrient
media, allowing the pathogen to grow into a pure culture. The culture’s macroscopic and
microscopic traits enable definitive identification and pathogenicity testing (Koch’s postulates).

Limitations: Time-consuming (days to weeks) and ineffective for obligate parasites like viruses,
viroids, and phytoplasmas.

3.7.3. Modern Diagnostic Technologies

To overcome the limitations of classical methods, rapid molecular and serological techniques are
used to detect pathogen-specific proteins or nucleic acids.

Serological Techniques: Use antibodies to detect pathogen proteins.

ELISA: Antibodies capture antigens from plant samples; an enzyme-linked secondary
antibody produces a color change if the pathogen is present. Fast, cost-effective, and
suitable for high-throughput screening. Field versions (Immunostrips) give quick yes/no
results.

Nucleic Acid-Based Methods: Detect unique DNA or RNA sequences of the pathogen.

PCR: Amplifies specific DNA millions of times, allowing detection of very small
amounts, ideal for early detection and unculturable pathogens.

Real-Time PCR (qPCR): Monitors DNA amplification in real time and quantifies
pathogen load.
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