CHAPTER ONE
INTRODUCTION
1.1. Disease in plants: Definitions  
(Plant disease defined with different phases. Plant disease is a dynamic process induced by an incitant /pathogen/ a biotic factors/that disturbs the energy utilizing system in plants.

(It may also defined as the series of invisible and visible response of plant cells and tissues to a pathogenic organism or environmental factor that result in adverse changes in the form, function or integrity of the plant and lead to partial impairment or death of plant parts or the entire plant.

(Plant disease is any deviation from the normal physiological activities or that results in morphological abnormalities caused by constant or continues irritation of the plant by primary agent or pathogen.

(Disease is a malfunctioning or disturbance or interruption of the normal metabolisms of the plant.

1.2. Concept of Disease in Plants

Since it is obvious that plants do not communicate about pain or discomfort like a human does, it is difficult to determine exactly when a plant is diseased until it starts showing some kinds of symptoms that relates to an infection process in the plant. 
A plant is considered healthy or normal when it can carry out its physiological functions to the best of its genetic potential. In a healthy plant: 

· The meristematic cells divide and differentiate as needed. 

· Different types of specialized cells absorb water and nutrients from the soil.
· Specialized cells translocate water and nutrients to all plant parts. 

· Specialized cells carry on photosynthesis, and translocate, metabolize, or store the photosynthetic products. 

· Seeds or other reproductive organs are produced for survival and multiplication.
When the ability of the cells of a plant (or plant parts) to carry out one or more of these essential functions is interfered by a pathogenic microorganism or adverse environmental factor, the activities of the cells are disrupted, altered, or inhibited, the cells malfunction or die, and the plant becomes diseased. 

Definition of Terms: 
Plant disease: is a deviation from the normal physiological and morphological development of a susceptible host plant and is brought about by a pathogen or by unfavourable environmental factors and is manifested by external signs called symptoms

Pathogen: any entity that causes disease 

Parasite: an organism that lives on or in some other organism and obtains its food from the latter

Host: a living organism upon which the parasite or pathogen depends

Pathogenicity: the capacity of pathogen to cause disease & is measured by virulence or aggressiveness

Virulence: successful expression of pathogenicity

Avirulence: the inability of a pathogen to infect a certain plant variety that carries genetic resistance

Aggressiveness: the ability of the strain (s) of a pathogen to reproduce more rapidly within one environment than within another

Predisposition: the environmental effects that make the plants more susceptible to infection

Disease syndrome: the sum total of all symptoms and signs

Symptom: the external and internal reactions or alterations of a plant as a result of disease

Sign: the pathogen or its parts or products seen on a host plant

Disease cycle: the chain of events involved in disease development, including the stage of development of the pathogen and the effect of the disease on the host

Abiotic: nonliving, or caused by a nonliving agent

Biotic: living; associated with or caused by a living organism 

Infectious disease: a disease that is caused by a pathogen that can spread from a diseased to a healthy plant 

Noninfectious disease: a disease that is caused by an abiotic agent 

Susceptibility: the inability of a plant to resist the effect of a pathogen or other damaging factor

Resistance: the ability of an organism to exclude or overcome, completely, the effect of a pathogen or other damaging factor 

Tolerance: the ability of a plant to sustain the effects of a disease without dying or suffering serious injury or crop loss; also the amount of toxic residue allowable in or on edible plant parts

1.3. Losses Caused by Plant Diseases 

Plant diseases are of paramount importance to humans because they damage plants and plant products on which humans depend for food, clothing, furniture, the environment, and, in many cases, housing. For millions of people all over the world who still depend on their own plant produce for survival, plant diseases can make the difference between a comfortable life and a life haunted by hunger or even death from starvation. Death from starvation of one and a quarter million Irish people in 1845 and much of the hunger of the underfed millions living in the developing countries today are examples of the consequences of plant diseases. Generally, plant diseases are important because they reduce the quantity and quality of plant produce; they limit the kind of crop to be grown in an area; they may increase the cost of production and may make plants poisonous to humans and animals and causes paralysis and disorders.

· Reduce quantity (e.g. yield reduction) and quality (e.g. scab) of plant produce
· The kinds and amounts of losses caused by plant diseases vary with:
· the plant or plant product
· the pathogen
· the locality/the environment
· the control measures practiced, and 
· the combinations of these factors
· Limit the kinds of plants that can grow
· Make plants poisonous to humans and animals
· Cause financial losses 
1.4. Plant Pathology and Its Definitions
Plant pathology (also called phytopathology) is the scientific study of plant diseases caused by pathogens and environmental conditions. It deals with the cause of plant disease (pathogen and environmental condition), mechanisms by which these factors produce disease on plants and interaction between disease causing agents and methods of preventing or controlling disease. Organisms that cause infectious disease include fungi, oomycetes, bacteria, viruses, viroids, virus-like organisms, phytoplasmas, protozoa, nematodes and parasitic plants. Plant pathology also involves the study of pathogen identification, disease etiology (cause of the disease), disease cycles, economic impact, plant disease epidemiology, plant disease resistance, how plant diseases affect humans and animals, pathosystem genetics, and management of plant diseases. Plant Pathology as science posses four disciplines namely bacteriology,virology,mycology and nematology which are concerned with the study of bacteria, virus, fungi and nematodes, respectively. Plant Pathologists are scientists concerned with the understanding of the dynamic processes involved in the plant health.


CHAPTER TWO

2. CAUSES OF PLANT DISEASES

2.1. INFECTIOUS CAUSES OF PLANT DISEASES
2.1.1. Fungi as Plant Pathogens
Fungi are small, generally microscopic, eukaryotic, usually filamentous, branched, spore-bearing organisms that lack chlorophyll. Fungi have cell walls that contain chitin and glucans (but no cellulose) as the skeletal components. These are embedded in a matrix of polysaccharides and glycoproteins. More than 100,000 known fungus species are strictly saprophytic, i.e., they, which they help decompose. Some, about 50 species, cause diseases in humans, and about as many cause diseases in animals, most of them superficial diseases of the skin or its appendages. More than 10,000 species of fungi, however, can causes disease in plants. 

All plants are attacked by some kinds of fungi, and each of the parasitic fungi can attack one or many kinds of plants. Some fungi, known as obligate parasites or biotrophs, can grow and multiply only by remaining, during their entire life, in association with their host plants. Others, known as nonobligatory parasites, require a host plant for part of their life cycles but can complete their cycles on dead organic matter, or they can grow and multiply on dead organic matter as well as on living plants. Fungi that are nonobligate parasites can be facultative saprophytes or facultative parasites depending on whether they are primarily parasites or primarily saprophytes.

2.1.1.1. Characteristics of Plant Pathogenic Fungi

Morphology

Most fungi have a filamentous vegetative body called a mycelium. The mycelium branches out in all directions. The individual branches of the mycelium are called hyphae and are generally uniform in thickness, usually about 2 to 10 micrometers in diameter, but in some fungi may be more than 100 micrometers thick. The length of the mycelium may be only a few micrometers in some fungi, but in others it may be several meters long. In some fungi the mycelium consists of many cells containing one or two nuclei per cell. In others the mycelium contains many nuclei, which may or may not be partitioned by cross walls (septa). Growth of the mycelium occurs at the tips of the hyphae. Some lower fungi lack true mycelium and produce instead a system of strands of grossly dissimilar and continuously varying diameter called a rhizomycelium. 

Reproduction of fungi

Fungi can propagate through vegetative means, and through both asexual and sexual reproduction mechanism.

A. Vegetative means

All fungi are able to propagate by vegetative means by mycelial and hyphal growth. Especially in the fungi that lack both asexual and sexual spores, propagation is restricted to budding or mycelial branching. The small fragments of vigorously growing fungi mycelium are usually able to grow into new colonies. For instance, yeasts reproduce through budding and Rhizoctonia and Scleotium through mycelial fragments.

B. Asexual reproduction

Fungi commonly reproduce through spore production and the process is called sporulation, and the mechanism is called cryptogamy. In asexual reproduction, the spores are known as mitospores. Mitospores include zoospores, sporangiospores, aplanospores, conidia, etc.

Sporangiospores

Sporangiospores are borne in sac called sporangium. The cytoplasm within the sac is cleaved into sporangiospores, which be motile by means of flagella and are called zoospores or non-motile, the aplanospore. The sporangium is borne on a specialized hypha known as a sporangiosphore.

Conidia: All asexual spores, with the exception of sporangiospores (zoospores and aplanospores) are called conidia. Two main types of conidia are distinguished: the thallospores and conidiospores. 
The thallospores are formed by transformation of existing cells of the thallus and are set free when the parent hyphae decay or are cut off (not an active cutting or abstrictions). Thallospores include:

A. Arthrospores: - conidia produced by fragmentation of hyphae, occurring by separation of the hyphae from the apex to the base. They are also called oidia.

B. Chlamydospores:-  conidia  formed by enlargement, and rounding off of terminal or intercalary cells of hyphae, rarely of a cell or cells of conidiospores (as in Fusarium) or ascospores (as in Mycospharella). They may be found in solitary or in short chains. They usually remain intact with the hyphae.

Conidiospores are asexual spores formed as new elements from the thallus (either blown out or extruded) are on maturity are abstracted from the conidiophores. They are usually placed in three categories.

A. Blastospores: Conidiospores arise as buds from somatic cells of a hyphae or conidiosphore, or even from cells of a different type of spores. E.g. Alternaria, Helminthosporium, Fusarium, etc

B. Aleuriospores: Conidia produced by the inflation of the apex of the conidiophores and later the inflated apex is separated by as septum. E.g. Scopulariopsis fimicola or S. brevicaulis.

C. Phialospores: Conidia which are abstracted from flask-shaped, cylindrical phialides are generally cells of limited growth.

C. Sexual reproduction

Sexual reproduction in fungi consists of three distinct phases: (i) Plasmogamy: a union of two protoplasts which brings together two sexually different (but compatible) nuclei within a cell: (ii) Karyogamy: fusion of two compatible nuclei to form a single diploid nucleus (zygote); and (iii) Meiosis: division of the diploid nucleus to reduce the number of chromosomes to the haploid number. 

Sexual reproduction occurs in most groups of fungi. In Zygomycetes, two cells (gametes) of similar size and appearance unite and produce a zygote called a zygospore. In Chytridomycetes, motile gametes of equal or unequal size fuse to form meiosporangia. In Ascomycetes, sexual spores, usually eight in number, are produced within a sac-like zygote cell, the ascus, and the spores are called ascospores. In Basidiomycetes, sexual spores are produced on the outside of a club-like zygote cell called the basidium, and the spores are called basidiospores. In the fungal-like Chromista called Oomycetes, gametangia of unequal size fuse to form zygotes, which are referred to as oospores. 

Classification of Fungi 

1. Myxomycota (false fungi)

· Commonly referred to as slime molds

· Nowadays classified as protozoa’s in the kingdom protesta

· Cell wall less, lack hyphae

· Plasmodium body like amoeba 

· Feed by ingesting 

· Moves by amoeboid movement

· They consider as fungi because they produce zoospores that are borne in sporangia.

Class plasmodiophoromycetes

· Example club root of crucifers cause by Plasmodiophora brassicae

· It is- club shaped swelling on roots, root function is impaired

· Fine roots are largely destroyed. 

2. Eumycota (true fungi)

i. Phylum Chytridomycota: produce zoospores that have a single posterior flagellum.

Class: Chytridomycetes- have round or elongated mycelium that lacks cross walls.
Genus: Olpidium 

O. brassicae being parasitic in roots of cabbage and other plants. They can transmit plant viruses.

ii. Phylum Zygomycota

Produce non motile asexual spore in sporangia. The resting spore is zygospores, produced by the fusion of two morphologically similar gametes.

Class Zygomycetes (the bread moulds) - saprophytic or parasite of plants, humans and animals.

Order: Mucorales – non motile asexual spore formed in terminals sporangia

Genus: 

· Rhizopus, causing bread moulds and soft rots of fruit and vegetables.  

· Choanephora, C.cucurbitarum causing soft rot of squash.

· Mucor: causing bread mould and storage rots of fruits and vegetables. 

iii. Phylum Ascomycota

· Most have a sexual stage and an asexual stage. Produce asexual spores, called ascospores, generally in groups of eight within an ascus. Produce asexual spore (conidia) on free hyphae or in asexual fruiting structures (pycnidia, acervuli, etc.).

· There are 4 types of fruiting body (ascocarp):Naked, perthecium, cleistothecium and apothecium

· Ascomycetes are divided into two subclasses

· Protoascomycetes: asci are naked, i.e. no ascocarp produced. 

· Euascomycetes: asci produced in an ascocarp.  

· Common plant pathogenic orders in the ascomycetes are:

1. Taprinales e.g. Taphrina deformans
2. Erysiphales e.g. Powdery mildew, Erysiphe, blumeria, uncinula, sphaerotheca

3. Hypocreales e.g. Gibberella, Claviceps

4. Sphaeriales- Glomerella cingulata
iv. Phylum Basidiomycetes

Order ustilaginales- basidium has cross-walls or is non-septate. It is the promycilum of the teliospores. Teliospore is single or united into clusters or columns, remaining in host tissue or bursting through the epidermis. Fertilization by union of compatible spores, hyphae, etc. only teliospores and basidiospores are produced.

Genus: 

· Ustilago, causing smut of corn (U. maydis), loose smuts of oats (U. avenae) of barley   (U. nuda) and wheat (U. tritici). 

· Sporisporium, causing covered kernel smut of sorghum (Sphacelotheca sorghi) and loose smut of sorghum (Sphacelotheca cruentum).

· Urocystis, U. cepulae causing smut of onion.
Order: Uredinales (the rust fungi) - basidium with cross-wall. Sperm cells called spermatia fertilize special receptive hyphae in spermogonia. Produce two to several types of spores: teliospores, basidiospores, pycnospores, aeciospores, and uridiospores.


Genus: 

· Hemeleia, H. vastatrix causing coffee rust disease. 

· Melampsora, M. lini causing rust of flax.

· Puccinia, several species causing several rust diseases of cereals and other plants. 

· Uromyces, U. appendiculatus causing rust of beans. 

Order: Exobasidium- basidocarp lacking: basidia produced  

Genus: Exobasidium, causing leaf, flower and stem galls on several ornamentals. E.g. E. vexans (tea blister blight).

Order: Ceratobasidiales- basidiocarp is weblike, inconspicuous. Basidia are without cross-walls, with four prominent sterigmata.

Genus: Thenatephorus, T. cucumeris is the teleomorph of Rhizoctonia solani, causing root and stem rots, damping-off and fruit rots in many plants.   

Order: Agaricales (the mushrooms)- basidium without cross walls, produced on radiating gills or lamellae. Many are mycorrhizal fungi. 

Genus: Armillaria, A. mellea causing root rots of forest and fruit trees. 

Order: Aphyllophorales (the polypores) – basidia without cross walls produced on hymenia – forming hyphae and lining the surfaces of small pores or tubes. 

Genus: Aethaliumi (sclerotium), causing root and stem rots of many plants. 

v. Phylum Deutromycota 

Deutromycota (imperfect or asexual fungi)- mycelium well-developed, septate, branched, sexual reproduction and structures rare, lacking or unknown. Asexual spores (conidia) formed on conidiophores existing singly, grouped in specialized structures such as sporodchia and synemata, or produced in structures known as pycnidia and acervuli. 

Genus: 

· Geotrichum, causing sour rot of fruit vegetables

· Penicillium, causing blue mold rot of fruits.

· Aspergillus, causing bread mould and seed decays.

· Paecilomyces, used as biological control agents against white flies.

· Oidium, causing the powdery mildew.

· Trichoderma, used as biocontrol agent against other fungi.

· Verticillium, causing vascular wilt in many plants

· Fusarium, causing vascular wilts, root rots, stem rots, seed infections

· Colletotrichum, causing anthracnose in many plants.

NB: check out the genius/ try to dig out more information in this class

2. 1. 2. Bacteria as Plant Pathogen 

  2. 1. 2. 1. Characteristics of Plant Pathogenic Bacteria 
    Morphology

Most plant pathogenic bacteria are road shaped the only exception being Streptomyces, which is filamentous. In young cultures, bacteria range from 0.6 to 3.5 micrometers in diameter. In older cultures or at high temperatures, the rods may be longer, even filamentous, and they may form a club, Y, or V shape.

 Cell wall and Cell content

The cell walls of bacteria of most species are enveloped by a viscous, gummy material, which, if thin and diffuse, is called a slime layer, but if thick, forming a definitive mass around the cell, is called a capsule.  Bacteria have thin, relatively tough, rigid cell walls and an inner cytoplasmic membrane. Gram-negative bacteria also have an outer membrane that appears to merge with the slime layer or capsule. The cell wall allows the inward passage of nutrients and the outward passage of waste matter and digestive enzymes. All the material inside the cell wall constitutes the protoplast. The protoplast consists of a cytoplasmic or protoplast membrane, which determines the degree of selective permeability of the various substances into and out of the cell; the cytoplasm, which is the complex mixture of proteins, lipids, carbohydrates, many other organic compounds, minerals, and water; and nuclear material, which consists of a large circular chromosome composed of DNA. The chromosome DNA makes up the main body of the genetic material of a bacterium and appears as a spherical, ellipsoidal, or dumbbell-shaped body within the cytoplasm. Often, bacteria also have single or multiple copies of additional, smaller circular genetic material called plasmids. Each plasmid consists of several nonessential genes and can move or be moved between bacteria or even between bacteria and plants, as happens in the crown gall disease.

Flagella

Most plant pathogenic bacteria have delicate, threadlike flagella, considerably longer than the cells on which they are produced. In some bacterial species, each bacterium has only one flagellum, whereas others have a tuft of flagella at one end of the cell (polar flagella); still others have peritrichous flagella, i.e., distributed over the entire surface of the cell. In the filamentous Streptomyces species, cells consist of branched threads, which usually have a spiral formation and produce conidia in chains on aerial hyphae.

Colony

Single bacteria appear yellowish white under the compound microscope and are very difficult to observe in detail. When a single bacterium is allowed to grow (multiply) on the surface of or in a solid medium, its progeny soon produces a visible mass called a colony. Colonies of different species may vary. They may be a fraction of a millimeter to several centimeters in diameter and may be circular, oval, or irregular. Their edges may be smooth, wavy, or angular, and their elevation may be flat, raised, or wrinkled. Colonies of most species are whitish or grayish, but some are yellow. Some produce diffusible pigments into the agar that may be fluorescent with ultraviolet light.

Reproduction

Rod-shaped phytopathogenic bacteria reproduce by the asexual process known as binary fission, or fission. This occurs by the inward growth of the cytoplasmic membrane toward the center of the cell, forming a transverse membranous partition dividing the cytoplasm into two approximately equal parts. Two layers of cell wall material, continuous with the outer cell wall, are then synthesized between the two layers of the membrane. When the formation of these cell walls is completed, the two layers separate, splitting the two cells apart. While the cell wall and the cytoplasm are undergoing fission, the nuclear material becomes organized into a circular chromosome-like structure that duplicates itself and becomes distributed equally between the two cells formed from the dividing one. Plasmids also duplicate and distribute themselves equally in the two cells.
Bacteria reproduce at an astonishingly rapid rate. Under favorable conditions, bacteria may divide every 20 to 50 minutes, one bacterium conceivably could produce one million progeny bacteria in less than a day. However, because of the diminution of the food supply, accumulation of metabolic wastes, and other limiting factors, reproduction slows and may finally come to a stop. Nevertheless, bacteria do reach tremendous numbers in a short time, and they cause great chemical changes in their environment. It is these changes caused by large populations of bacteria that make them of such great significance in the world of life in general and in the development of bacterial diseases of plants in particular.

  2.2.2. Classification of Bacteria 

Bacteria causing plant disease were originally classified in five genera the Gram-positive Corynebacterium and the Gram-negative Agrobacterium, Erwinia, Pseudomonas and Xanthomonas – but to these must be added the Actinomycetes. In the last two decades the classification has begun to be extensively revised. For example, the plant pathogenic coryneform bacteria are generally classified in the genera Curtobacterium, Arthrobacter, Rhodococcus and Clavibacter although some authors still retain the old nomenclature.

    Agrobacterium

Agrobacterium tumefaciens is the causal agent of crown gall in well over 200 dicotyledonous species and a related bacterium A. rhizogenes causes ‘hairy root’

    Erwinia

Species of Erwinia are responsible for blights, wilts and soft rots of a large number of economically important plants. Erwinia amylovora is the cause of fire blight of apples and pears it is sporadic, destructive outbreaks occurring when climatic conditions are favourable to the disease and where susceptible genotypes are grown. E. carotovora subsp. carotovora causes soft rot of potatoes and a wide range of fruits and vegetables.

    Pseudomonas, Burkholderia and Ralstonia

Many serious plant diseases are caused by species and pathovars of Pseudomonas but some of these bacteria are now classified as members of the genera Burkholderia and Ralstonia. For example, the preferred name of bacterial wilt of potato and tomato is Ralstonia solanacearum rather than Pseudomonas solanacearum and a disease of rice is now known as Burkholderia glumae. Water soaking is often an initial symptom of a susceptible reaction glumae. The many pathovars of Pseudomonas syringae cause a variety of symptoms on a wide range of hosts.
    Xanthomonas

Some species and pathovars of Xanthomonas are devastating. For example, black rot caused by X. campestris pv. campestris, is considered to be the most important disease of crucifers (the cabbage family) world-wide, severe epidemics developing from low levels of seed infestation. Also citrus canker, caused by X. campestris pv. citri, isregarded as a sufficiently serious disease for 20 million trees to have been destroyed in the citrus groves of Florida in an effort to eliminate it.
2. 1. 3. VIRUS AS PLANT PATHOGEN

Virus is a nucleoprotein that multiplies only in living cells and has the ability to cause disease. It is too small to be seen individually with a light microscope. All viruses parasitize cells and cause a multitude of diseases in all forms of living organisms. Some viruses attack humans, animals, or both and cause such diseases as influenza, polio, rabies, smallpox, acquired immunodeficiency syndrome (AIDS), and warts; others attack higher plants; and still others attack microorganisms, such as fungi and bacteria. The total number of viruses known to date exceeds 2,000, and new viruses are described almost every month. Nearly half of all known viruses attack and cause diseases in plants. One virus may infect one or dozens of different species of plants, and each species of plant is usually attacked by many different kinds of viruses. A plant may sometimes be infected by more than one kind of virus at the same time. 

Although viruses behave like microorganisms in that they have genetic functions, are able to reproduce, and cause disease, they also behave as chemical molecules. At their simplest, viruses consist of nucleic acid and protein, with the protein forming a protective coat around the nucleic acid. Although viruses can take any of several forms, they are mostly rod shaped, polyhedral, or variants of these two basic structures. In each virus, there is always only RNA or only DNA and, in most plant viruses, there is only one kind of protein. Some viruses, however, may have two or more different proteins. Viruses do not divide and do not produce any kind of specialized reproductive structures such as spores. Instead, they multiply by inducing host cells to make more viruses. Viruses cause disease not by consuming cells or killing them with toxins, but by utilizing cellular substances during multiplication, taking up space in cells, and disrupting cellular processes. These in turn upset the cellular metabolism and lead to the development of abnormal substances and conditions injurious to the functions and the life of the cell or the organism.

  2.3.1. Characteristics of Plant Viruses

Plant viruses differ greatly from all other plant pathogens not only in size and shape, but also in the simplicity of their chemical constitution and physical structure, methods of infection, multiplication, translocation within the host, dissemination, and the symptoms they produce on the host. Because of their small size and the fact that they are transparent, viruses generally cannot be viewed and detected by the methods used for other pathogens. Cell inclusions consisting of virus particles, however, are visible by light microscopy. Viruses are not cells nor do they consist of cells.
 Morphology: Plant viruses come in different shapes and sizes. Nearly half of them are elongate (rigid rods or flexuous threads), and almost as many are spherical (isometric or polyhedral), with the remaining being cylindrical bacillus-like rods. Some elongated viruses are rigid rods about 15 by 300 nanometers, but most appear as long, thin, flexible threads that are usually 10 to 13 nanometers wide and range in length from 480 to 2,000 nanometers. Rhabdo viruses are short, bacillus like, cylindrical rods, approximately three to five times as long as they are wide (52–75 by 300–380nm). Most spherical viruses are actually polyhedral, ranging in diameter from about 17 nanometers (tobacco necrosis satellite virus) to 60 nanometers (wound tumor virus). Tomato spotted wilt virus is surrounded by a membrane and has a flexible, spherical shape about 100 nanometers in diameter. Many plant viruses have split genomes, i.e., they consist of two or more distinct nucleic acid strands encapsidated in different-sized particles made of the same protein subunits. Thus, some, like tobacco rattle virus, consist of two rods, a long one (195 by 25nm) and a shorter one (43 by 25 nm), whereas others, like alfalfa mosaic virus, consist of four components of different sizes. Also, many isometric viruses have two or three different components of the same size but containing nucleic acid strands of different lengths. In multi-component viruses, all of the nucleic acid strand components must be present in the plant for the virus to multiply and perform in its usual manner.

The surface of viruses consists of a definite number of protein subunits, which are arranged spirally in the elongated viruses and packed on the sides of the polyhedral particles of the spherical viruses. In cross section, the elongated viruses appear as hollow tubes with the protein subunits forming the outer coat and the nucleic acid, also arranged spirally, embedded between the inner ends of two successive spirals of the protein subunits. In spherical viruses the visible shell consists of protein subunits, while the nucleic acid is inside the shell and is arranged in an as yet unknown manner. Rhabdo viruses, and a few spherical viruses, are provided with an outer lipoprotein envelope or membrane. Inside the membrane is the nucleo-capsid, consisting of nucleic acid and protein subunits.

Composition and structure

Each plant virus consists of at least a nucleic acid and a protein. Some viruses consist of more than one size of nucleic acid and proteins, and some of them contain enzymes or membrane lipids. The nucleic acid makes up 5 to 40% of the virus, protein making up the remaining 60 to 95%. The lower nucleic acid percentages are found in the elongated viruses, whereas the spherical viruses contain higher percentages of nucleic acid. The total mass of the nucleo-protein of different virus particles varies from 4.6 to 73 million daltons. The weight of the nucleic acid alone, however, ranges only between 1 and 3 million (1–3 ¥ 106) daltons per virus particle for most viruses, although some have up to 6 ¥ 106 daltons and the 12 component wound tumor virus nucleic acid is approximately 16 ¥ 106 daltons. All viral nucleic acid sizes are quite small when compared to 0.5 ¥ 109 daltons for mollicutes and 1.5 ¥ 109 daltons for bacteria.

  2.3.2. Transmission of Plant Viruses

Plant viruses are transmitted from plant to plant in a number of ways. Modes of transmission include vegetative propagation, mechanically through sap, through seed, pollen, dodder, and by specific insects, mites, nematodes, and fungi.

2. 1. 4. VIROIDS AS PLANT PATHOGEN 

Viroids are small (246–375 nucleotides), single-stranded, covalently closed circular, un encapsulated RNAs and are characterized by a highly base-paired, rod-like secondary structure. A viroid etiology is established for at least a dozen plant diseases, including such economically important disease agents as potato spindle viroid, citrus exocortis viroid and the viroid that causes cadangcadang (meaning dying-dying) disease of coconut palms. The last, although consisting of less than 300 nucleotides, has destroyed over 30 million palm trees in the Philippines.

2. 1. 5. NEMATODES AS PLANT PATHOGEN

Nematods are cylindrical unsegmented roundworms, body bilaterally symmetrical usually parasitic form. Nematodes are an important group of plant parasitic organisms, causing crop losses directly by their parasitic activities on the plants they infect and also indirectly by acting as vectors for plant viruses. There are 17 orders of nematodes but only two contain plant pathogens, the Tylenchida and the Dorylaimida with virus vectors found only in the latter. As an example, Ditylenchus dipsaci attacks over 450 different plant species, including many weeds. One of the most devastating nematode species important economic hosts include onion, leek, pea, oats and maize as well as ornamentals such as Narcissus and tulip. When soil is heavily infested losses may be total. The nematode is also associated with other pathogens and has been claimed to transmit the bacterium. Corynebacterium insidiosum (Clavibacter michiganensis subsp. insidiosus) to lucerne plants. 

             Globodera spp, round cyst nematode of potato
Heterodera spp, cyst nematode of tobacco, soybean, sugar beets, cereal

Rotylenchulus spp, reniform nematode of cotton, papaya, tea, tomato, etc.

           Meloidogyne spp, root-knot nematode of almost all crop plants

2. 1. 6. PHYTOPLASMAS AS PLANT PATHOGEN

Phytoplasma are rather odd bacteria like organisms. They differ from true bacteria in that they are much smaller, and in that they lack, a cell wall. Because of their small size disease caused by Phytoplasmas were for a long time considered to be viral disease.

Phytoplasmas live and reproduce in the plants food-conducting tissue (called the phloem). As is the case with bacteria Phytoplasmas reproduce by binary fusions. Phytoplasmas are transmitted by insects in particular leafhopper. These insects are phloem feeders. 

Symptoms associated with phytoplasma infections are truly strange. One of the most common symptoms is virescence, where normally colored plant parts (such as flowers) are green in color. Another common symptom is brooming, plant part become overly branched and bushy. Another symptom associated with phytoplasma infection is fasciations or a flattening of plant parts.

 2. 1. 7. ALGAE


It has been associated with disease symptoms in over 280 species and cultivars of higher plants and in one study up to 98 per cent of the leaves of Tahiti lime, Citrus latifolia, were found to be infected by an alga of this genus.

2. 1. 8. PARASITIC PLANTS

Parasitic plants such as striga and dodder are included in the study of phytopathology. Dodder, for example, is used as a conduit for the transmission of viruses or virus-like agents from a host plant to either a plant that is not typically a host or for an agent that is not graft-transmissible. Dodder, for example, produces flow​ers and seeds, but has no chlorophyll. Thus, it cannot manufacture its own food. It has a thread-like yellow body that twines around its host. Root-like haustoria penetrate the host plant and withdraw food and water. Some parasitic plants, such as mistletoe, manufacture chlorophyll but have no real roots and depend on their hosts for water and minerals.

2.2. NON-INFECTIOUS PLANT DISEASE
Non-infectious disorders are conditions in which no primary parasite is involved but which are brought about by abnormal conditions of temperature, light or the atmosphere, disturbance of water relationship, nutritional imbalance, the toxic action of fungicides or other applied chemicals, or by injury from such physical causes as lightning and wind. The symptoms of non-infectious disorders often resemble and are frequently confused with those caused by pathogens, but as they are non-infectious epidemic development of the condition does not take place. Often non-parasitic disturbances predispose plants to infection, either through physiological impairment or through injury, permitting pathogens to enter and damage the plant. Much economic loss of crops is brought about by adverse environmental factors. The severity and type of injury vary with the plant, its stage of maturity, when the disturbance occurs, and the part of the plant involved. Certain of the better-known types of non-infectious disorder will be dealt with briefly.

2. 2. 1. Low-temperature Effects

Plants differ notably in their sensitivity to low temperatures and frost. Low temperatures not only reduce growth, but can cause plants to remain sterile or produce deformed flowering structures. Low night temperatures at high altitudes in the tropics are associated with tissue malformation as in ‘hot and cold’ disease of coffee. Most species in temperate zones are subject at one time or another to low temperatures and thus to freezing injury. Small grains, maize and other crops often fail to reach proper maturity before being killed by frost in some seasons in northern latitudes. Freezing injury directly kills plant cells and causes necrosis of plant tissues. This may appear initially as a wilting of shoot tissues, which then become blackened. Plants may also suffer death of twigs and branches, splitting of trunks, and the loss of fruit crops when flowers are killed.

Low temperatures are also associated with various forms of damage to fruits and vegetables held in cold storage. A familiar effect of low temperature is the sweetening of potato tubers in storage, caused by the transformation of starch into sugar at temperatures near freezing point. The fruits and vegetables that require high temperatures for growth generally are the ones most subject to injury by chilling or low temperature. Among them are bananas, citrus fruits, cucurbits, peppers, sweet potatoes and tomatoes.

2. 2. 2. High-temperature Effects

Plants may be injured on days of high temperature and bright sunshine. Unduly high temperatures are responsible for such damage as sunscald of fruit and foliage, or heat cankers of the stem at soil level. Seeds may fail to germinate if soil temperatures are too high. High levels of solar radiation can induce high surface temperatures, which can kill plant tissues, especially if accompanied by water stress, which limits the cooling effect of transpiration. The scalding effects of high temperatures are most commonly seen on fruit, but can affect whole plants. Excessive temperatures may induce black heart of potato in storage by increasing the rate of respiration of tubers to such an extent that the oxygen within the tissues is used up more rapidly than it can be replenished. Black heart has also been found occasionally in tubers in the field, particularly in those areas where high temperatures occur during periods of tuber growth and maturation.

2. 2. 3. Soil-moisture Disturbances

Most crop plants grow well on relatively well-drained soil that may be subject to leaching or temporary flooding, but most plants will not survive persistent flooding, which destroys the root system primarily by depriving the tissues of oxygen but also predisposing it to infection by pathogens such as Pythium spp. Temporary wilting is often evident and the plant may fail to recover. Wilting or other signs of water stress may also be a result of damage to the plant’s roots or vascular system caused by pests or pathogens. Deficiencies in soil moisture also cause temporary wilting and during critical growth periods may result in stunted growth or more serious tissue damage. Maize, for example, first shows rolling of leaves; if the drought continues it may suffer to the degree that the upper part of the plant, including the male inflorescence, dries up and fertilization cannot take place. A major effect of soil-moisture limitations is to predispose plants to infection. Charcoal root rot (Macrophomina phaseolina), a disease of several herbaceous crops in the semiarid tropics, is often associated with low soil moisture. Widely fluctuating soil-moisture availability is also associated with root disease problems.

2. 2. 4. Effects of Atmospheric Pollution

Losses in storage occurring as a result of extraneous gases or the volatile by-products of the stored plant tissues themselves are a form of pollution. Apple scald is a serious physiological disorder of some apple varieties and is caused by one or more of the volatile constituents that are associated with the characteristic odour of apple fruits. Discoloration of yellow or red onions in

storage is brought about when leakage in the cooling plant permits small amounts of ammonia gas to enter the atmosphere. Similarly, certain discoloration occurs when apples, peaches, pears and bananas are exposed to ammonia fumes.

2. 2. 5. Lightning and Hail Injury

Lightening frequently damages trees and causes splitting of bark and the death of tissues beneath as the high potential discharge runs to earth. Trees or their branches may be killed but often the only resultant damage may be the development of a lateral stripe canker down the affected side of the tree. Lightning striking the ground causes the spread of high electric potential in a roughly circular direction. The extent of such spread before it becomes dissipated will depend on the nature of the soil and the vegetation covering it. Grasses and cereals are apparently quite resistant to damage since few reports of injury to such crops are on record. More succulent plants such as potato, tomato, celery and brassicas are very readily damaged. The occurrence of lightning injury is seldom noticed until some weeks after the strike. It has then become evident by a roughly circular bare spot, in which most or all of the plants are completely dead, having been killed rapidly. At the periphery plants show various degrees of retardation in growth. Damage due to hail results in hole and shedding of leaves and bruising to stems. Such wounding facilitates entry of pathogens. If a substantial amount of leaf is lost, growth is retarded and yield reduced.

2. 2. 6. Mineral Nutritional Disorders

Nutritional disorders may result from the toxic effects of salts present in excess, or from unduly acid or alkaline soils, but are more commonly induced by deficiencies of one or more of the elements necessary for plant growth. This may either be due to their lack in the soil or to their being unavailable to the plant because of chemical reactions in the soil or injury to the plant inhibiting nutrient uptake. The symptoms induced by such factors include yellowing and other color changes in the leaves, of varying pattern, marginal scorching and other forms of necrosis. On alkaline soils, iron may be unavailable to some plants, inducing chlorosis, especially of young tissues. Nitrogen deficiency causes a general chlorosis most marked in older leaves which senesce early.

Stunting or deformation of foliage and/or fruit can occur when some of the minor elements such as boron, zinc and manganese are deficient. Symptoms of disease are also evident when some of the major fertilizer elements such as potassium, phosphorus or nitrogen are not present in sufficient quantities in the soil or are rendered unavailable. Many nutrient elements in excess may cause symptoms of toxicity. For example, boron in any considerable amount results in a marginal necrosis of the older leaves often followed by stunting and death. These symptoms have frequently been seen following the use of irrigation water carrying toxic amounts of boron. 

It is not possible to distinguish clearly between the disorders that are due to a deficiency as such and those that are due to too much of another element. A deficient supply of one element often implies an excess of others. A mass-action effect may arise when too much of one element may interfere with the solubility, absorption and utilization of another element to the extent of developing acute deficiency effects. Furthermore, symptoms of pathogenic disease are often the result, at least in part, of an imbalance in plant nutrition induced by the pathogen.

2. 2. 7. Effects of Agricultural Chemicals

Chemicals applied as sprays or used for fruit set or colouring may cause serious damage to the fruit or foliage and soil-applied fertilizers may cause scorching of tender plant tissues. All plant parts may be injured by some pesticides, particularly by older compounds such as Bordeaux mixture and those containing sulphur. Cucurbits are particularly ‘sulphur-shy’. Some of the effects are: blemishes on the fruit, as in apple; foliage injury, as in peach; retarded growth, as in cucumber; excessive transpiration resulting in drought injury, as in some vegetables; blossom drop, resulting in delayed production, as in tomato. Lime-sulphur also may cause lesions on foliage or fruit and premature fruit drop. The most common injury is a dull-brown spotting of the leaves or burning of margins and tips. Many injuries have followed the improper use of herbicides. These can range from occasional spotting to deformation and necrosis of leaves and stems. Minute amounts of growth-regulating herbicides drifting from their site of application are enough to injure plants

CHAPTER 3

KOCH’S POSTULATES, PLANT DISEASE SYMPTOMS AND SIGNS
3.1 Koch’s postulates 
Koch’s postulates remain fundamental to pathology. In 1887, he set out the four steps or criteria that must be satisfied before a microorganism isolated from a diseased human, animal, or plant can be considered as the cause of the disease. These four steps, rules, or criteria are known as “Koch’s postulates.”

1. The suspected causal agent (bacterium or other microorganism) must be present in every diseased organism (E.g., a plant) examined.

2. The suspected causal agent (bacterium, etc.) must be isolated from the diseased host organism (plant) and grown in pure culture.

3. When a pure culture of the suspected causal agent is inoculated into a healthy susceptible host (Plant), the host must reproduce the specific disease.

4. The same causal agent must be recovered again from the experimentally inoculated and infected host, i.e., the recovered agent must have the same characteristics as the organism in step 2. 

What are signs and symptoms?

Signs are defined as the visible presence of the pathogen or products of the pathogen on the host plant. Fungal spores, fruiting structures that bear spores and bacterial ooze are all examples of signs. 

Symptoms are the external and internal reactions or alterations of a plant as a result of disease. For example, dead spots in leaves or bark, rotten spots in fruits or tubers, swellings on roots or branches, clustered branches, unnatural color or shape and vascular discoloration in stems are all symptoms that may aid in diagnosis of a plant disease.
Some tips!

· Similar symptoms can be invoked by different causal organisms

· Same pathogen can cause different symptoms depending on host plant cultivars, environment and pathogen strain

· Biotic pathogen often produce signs, which are evidence of their presence and can be aid in diagnosis

· There are no signs of abiotic factors

· Symptoms alone are not enough for accurate diagnosis of many plant diseases

3.2 Major categories of symptoms

Generally, there are three categories of morphological symptoms. These are:

1. Necrosis

2. Hyperplasia
3. Hypoplasia
3.2.1 Necrosis: symptoms that results from the death of the cells, tissues and organs of plants as a result of the parasitic activity. Some of the more common types of necrotic diseases are:
Anthracnose: dark, sunken, necrotic spot or patches, sometimes with raised borders.  Anthracnose diseases affect foliage, stems, and fruits, where they may have a prolonged latent period and may cause twig or branch dieback. Colletotrichum species are the most widespread of the anthracnose pathogens.  
Blight: a sudden and extensive shriveling and death of certain areas of the plant and caused by a wide range pathogens. Examples: blossom blight of mangoes (Colletotrichum gloeosporioides), Leaf blight of potatoes (Phytophtora infestans).  

Canker: localized areas of necrotic tissue producing a sunken lesion with a raised margin and usually on woody stems, e.g. Phomopsis canker of tea. 

Damping –off – necrosis of seedling hypocotyls resulting in a basal rot of seedling causing them to collapse and die. This is typically caused by species of Pythium but other common soil born pathogens may cause the symptom.

Galls and Knots – local swellings due to excessive disrupted tissue growth, caused by the presence of a pest or pathogen. Example: crown gall of young fruits trees (Agrobacterium tumefaciens), Root knot nematodes (Meloidogyne species). Many types of gall are caused by insects.


3.2.2 Hyperplasia symptom

Hyperplasia is a general term referring to the proliferation of cells within an organ or tissue beyond that which is ordinarily seen (i.e. constantly dividing cells). Microscopically cells resemble normal cells but are increased in numbers. Sometimes cells may also be increased in size (hypertrophy). Hyperplasia is different from hypertrophy in that the adaptive cell change in hypertrophy is an increase in cell size, whereas hyperplasia involves an increase in the number of cells.

Hyperplasia is considered to be a physiological response to a specific stimulus, and the cells of a hyperplastic growth remain subject to normal regulatory control mechanisms. 
· Anthracyanescence: purplish or reddish coloration of leaves or other organs due to over development of anthocyanin pigment.

· Callus: over growth of tissue at the margins of wounds or diseased tissue. 

· Curl: rolling or folding of leaves due to localized overgrowing tissues.

· Scab: A roughened, crust-like diseased area on the surface of a plant organ; a disease in which such area form.

· Tumefaction: tumor like or gall like or knot over growth of tissue
3.2.3 Hypoplasia symptom 

Hypoplasia (from ancient Greek hypo-, "under" + plasis, "formation"; adjective form hypoplastic) is underdevelopment or incomplete development of a tissue or organ. Although the term is not always used precisely, it properly refers to an inadequate or below-normal number of cells. Hypoplasia is a congenital condition, while hyperplasia generally refers to excessive cell growth later in life.
3.3 Effect Of Disease On Plant Physiology
3.3.1  Effect of Pathogens on Photosynthesis

Photosynthesis is the basic function of green plants: it enables them to transform light energy into chemical energy, which they can utilize in all cell activities. Photosynthesis is the ultimate source of nearly all energy used in all living cells, plant or animal, as all activities of living cells, except photosynthesis, expend the energy provided by photosynthesis. In photosynthesis, carbon dioxide from the atmosphere and water from the soil are brought together in the chloroplasts of the green parts of plants and, in the presence of light, react to form glucose with a concurrent release of oxygen:

          [image: image1.png]light

6CO, +6H,0———
2+OH chlorophyll

CsH 1,04 +60,




In view of the fundamental position of photosynthesis in the life of plants, it is apparent that any interference by pathogens with photosynthesis results in a diseased condition in the plant. That pathogens do interfere with photosynthesis is obvious from the chlorosis they cause on many infected plants, from the necrotic lesions or large necrotic areas they produce on green plant parts, and from the reduced growth and amounts of fruits produced by many infected plants.

In leaf spot, blight, and other kinds of diseases in which there is destruction of leaf tissue, E.g., in cereal rusts and fungal leaf spots, bacterial leaf spots, viral mosaics and yellowing and stunting diseases, or in defoliations, photosynthesis is reduced because the photo-synthetic surface of the plant is lessened. Even in other diseases, however, plant pathogens reduce photosynthesis, especially in the late stages of diseases, by affecting the chloroplasts and causing their degeneration. The overall chlorophyll content of leaves in many fungal and bacterial diseases is reduced, but the photosynthetic activity of the remaining chlorophyll seems to remain unaffected.  
3.3.2. Effect of Pathogens on Translocation of Water and Nutrients in the Host Plant

When a pathogen interferes with the upward movement of inorganic nutrients and water or with the downward movement of organic substances, diseased conditions result in the parts of the plant denied these materials. The diseased parts, in turn, will be unable to carry out their own functions and will deny the rest of the plant their services or their products, thus causing disease of the entire plant. For example, if water movement to the leaves is inhibited, the leaves cannot function properly, photosynthesis is reduced or stopped, and few or no nutrients are available to move to the roots, which in turn become starved and diseased and may die.
3.3.3 Effect on Transpiration

In plant diseases in which the pathogen infects the leaves, transpiration is usually increased. This is the result of destruction of at least part of the protection afforded the leaf by the cuticle, an increase in the permeability of leaf cells, and the dysfunction of stomata. In diseases such as rusts, in which numerous pustules form and break up the epidermis, in most leaf spots, in which the cuticle, epidermis, and all the other tissues, including xylem, may be destroyed in the infected areas, in the powdery mildews, in which a large proportion of the epidermal cells are invaded by the fungus, and in apple scab, in which the fungus grows between  the cuticle and the epidermis in all these examples,  the destruction of a considerable portion of the cuticle and epidermis results in an uncontrolled loss of water from the affected areas. If water absorption and translocation cannot keep up with the excessive loss of water, loss of turgor and wilting of leaves follow. The suction forces of excessively transpiring leaves are increased abnormally and may lead to collapse or dysfunction of underlying vessels through the production of tyloses and gums.

3.3.4  Effect of Pathogens on Host Plant Respiration

When plants are infected by pathogens, the rate of respiration generally increases. This means that affected tissues use up their reserve carbohydrates faster than healthy tissues would. The increased rate of respiration appears shortly after infection -certainly by the time of appearance of visible symptoms and continues to rise during the multiplication and sporulation of the pathogen. After that, respiration declines to normal levels or to levels even lower than those of healthy plants. 

3.4 Diagnosis of Plant Diseases 

To diagnose a plant disease it is necessary to first determine whether the disease is caused by a pathogen or an environmental factor. In some cases, in which typical symptoms of a disease or signs of the pathogen are present, it is fairly easy for an experienced person to determine not only whether the disease is caused by a pathogen or an environmental factor, but by which one. Control measures depend on proper identification of diseases and of the causal agents. Therefore, diagnosis is one of the most important aspects of a plant pathologist's training. Control measures depend on proper identification of diseases and of the causal agents and can lead to further plant losses. Proper disease diagnosis is therefore vital.

3.4.1. Know what is Normal

A. Proper plant identification: Identification of affected plants is one of the first steps in diagnosing a plant disease. Both scientific and common names of the plant should be noted. In addition to knowing the common and scientific names of an affected plant, it is important to know the specific variety or cultivar, whenever possible. A great variation in susceptibility to a specific disease may occur within different cultivars of a plant species. For example, when we look at the susceptibility of wheat to wheat stem rust caused by Puccinia graminis f. sp. tritici, we know that all wheat cultivars are not susceptible to all races of P. graminis
B. Recognize healthy plant appearance: It is important to know the normal appearance of the plant species you are investigating. Each plant species has special growth habits, colors and growth rates. If you do not know what to expect of the plant you cannot recognize when something is wrong. Does the plant normally have new foliage that is yellow or red and becomes darker green as the foliage ages? It is important to know what the normal appearance of a plant is before you decide there is a problem. It is also important to remember that appearance can vary with different cultivars.

C. Check for Symptoms and Signs

Identify characteristic symptoms: Describing the characteristic symptoms exhibited by a specimen can be very difficult to do accurately. Some common symptoms

· Underdevelopment of tissues or organs:- examples include such symptoms as stunting of plants, shortened internodes, inadequate development of roots, malformation of leaves, inadequate production of chlorophyll and other pigments, and failure of fruits and flowers to develop.

· Overdevelopment of tissues or organs:- examples include: galls on roots, stems, or leaves, witches' brooms, and profuse flowering

· Necrosis or death of plant parts these may be some of the most noticeable symptoms, especially when they affect the entire plant, such as wilts or diebacks. Other examples include shoot or leaf blights, leaf spots, and fruit rots.

· Alteration of normal appearance examples include mosaic patterns of light and dark green on leaves, and altered coloration in leaves and flowers.  

D. Look for signs of biotic causal agents: Signs of plant disease agents are the observable evidence of the actual disease-causing agent. Signs may include the mycelia of a fungal agent, fungal spores, and spore-producing bodies. The use of a hand lens and a knife can be valuable for a diagnostician in the field. Bacterial ooze can be observed by cutting stems and placing them in water. Masses of different spores such as rust spores on leaves can also be important in disease diagnosis. Powdery mildews are typically diagnosed by the observation of the gray to white mycelia and conidia observed on the surface of leaves and flowers.

E. Review the cultural practices and growing environment: It is vital that a diagnostician question the activities that have been conducted around the affected plants. The problem may not be due to anything that the grower has done; the problem could be related to what his/her neighbor has done. Information pertaining to the growing environment to which the affected plant has been exposed is a vital piece of the puzzle. It is especially important to document changes in the environment. Environmental factors to consider include: extreme temperatures (freezing and heat), rainfall, hail, lightning, prolonged drought, temperature inversions (important in possible air pollutant damage and pesticide drift) and prevailing winds. All of these abiotic factors can be important to the problem. Site factors such as soil type, possible drainage problems, and soil pH should also be evaluated.

F. Incubation of plant material: One of the first steps when getting back to the laboratory may be to place a sample of the diseased tissue under conditions that will allow an infectious agent to grow and possibly induce sporulation. This can be accomplished by placing a leaf in a moist chamber. A moist chamber can be a sterile Petri dish containing a wet filter paper in the bottom of the dish and a triangle of glass tubing on which the sample is placed so that the sample is not directly on the wet filter paper but is exposed to humid conditions. This type of moist chamber will work for small and relatively flat specimens such as leaves. Plastic bags or boxes may be necessary for larger specimens. Saprophytes that are present on the specimen can also be encouraged to grow in a moist chamber and a brief surface swab with 70% isopropanol or 0.1-1% sodium hypochlorite may be useful in reducing these saprophytes. Moist chambers are generally incubated at room temperature.

G. Isolation and identification of biotic plant disease causal agents: Isolation of fungi usually requires that pieces of infected plant tissue be placed on various nutrient media. The organism that grows out of this tissue is then isolated in pure culture. Bacteria are often isolated by chopping up infected tissue in a small amount of sterile water. This water: bacteria suspension is then streaked onto a bacteriological medium such as nutrient agar. Several problems can occur when trying to isolate the plant pathogenic agent. The infected plant tissue may contain one or more saprophytes which have moved into the infected tissue. These saprophytes may outgrow the plant pathogen on the nutrient medium, obstructing accurate identification of the pathogen. In some cases where a specific plant pathogen is suspected, a medium selective for the suspected pathogen may be utilized. It is also beneficial to attempt to isolate the plant pathogen from the margins of the diseased tissue where the pathogen is more numerous or more active than saprophytes that quickly colonize the recently killed tissue.

3.4.2. Laboratory Tests

Choice of diagnostic

Plant pathologists have gained access to a variety of different types of diagnostic techniques, along with rapid electronic methods of reporting, storing and analyzing the results. The skill of the diagnostician and the epidemiologist is to know the limitations of each method and to choose the most appropriate. An effective diagnostic test should be as simple, accurate, rapid and safe to perform as the technology allows, yet also be sufficiently sensitive to avoid ‘false positives’.

Morphology of the causal organism
Parasitic angiosperms and some fungal pathogens of plants are sufficiently large and distinct for diagnosis to be made on the basis of morphology seen with the naked eye. In diseases caused by pathogens (fungi, bacteria, parasitic higher plants, nematodes, viruses, mollicutes, and protozoa), a few or large numbers of these pathogens may be present on the surface of the plants (some fungi, bacteria, parasitic higher plants, and nematodes) or inside the plants (most pathogens). The presence of such pathogens on or in a plant indicates that they are probably the cause of the disease.     

Diagnosis by conventional techniques

In practice, there is a range of diagnostic tests that are traditionally regarded as conventional. These techniques are generally considered to include the recognition of symptoms and the isolation and examination of plant pathogens using microscopy.

CHAPTER FOUR
                                     PATHOGENESIS AND INFECTION

A plant becomes diseased in most cases when it is attacked by a pathogen or when it is affected by an abiotic agent. Infectious diseases are those that result from infection of a plant by a pathogen. In such diseases, the pathogen can grow and multiply rapidly on diseased plants, it can spread from diseased to healthy plants, and it can cause additional plants to become diseased, thereby leading to the development epidemic.
4.1. Pathogenesis and Disease Cycle

Pathogenesis (Disease development) in plants

A plant becomes diseased in most cases when it is attacked by a pathogen or when it is affected by an abiotic agent. Therefore, in the first case, for a plant disease to occur, at least two components (plant and pathogen) must come in contact and must interact. If at the time of contact of a pathogen with a plant, and for some time afterward, conditions are too cold, too hot, too dry, or some other extreme, the pathogen may be unable to attack or the plant may be able to resist the attack, and therefore, despite the two being in contact, no disease develops. Apparently then, a third component, namely a set of environmental conditions within a favorable range, must also occur for disease to develop. Each of the three components can display considerable variability; however, as one component changes it affects the degree of disease severity within an individual plant and within a plant population. For example, the plant may be of a species or variety that may be more or less resistant to the pathogen or it may be too young or too old for what the pathogen prefers, or plants over a large area may show genetic uniformity, all of which can either reduce or increase the rate of disease development by a particular pathogen. Similarly, the pathogen may be of a more or less virulent race, it may be present in small or extremely large numbers, it may be in a dormant state, or it may require a film of water or a specific vector. Finally, the environment may affect both the growth and the resistance of the host plant and also the rate of growth or multiplication and degree of virulence of the pathogen, as well as its dispersal by wind, water, vector, and so on.

The interactions of the three components of disease have often been visualized as a triangle, generally referred to as the “disease triangle.” Each side of the triangle represents one of the three components. The length of each side is proportional to the sum total of the characteristics of each component that favor disease. For example, if the plants are resistant, the wrong age, or widely spaced, the host side and the amount of disease would be small or zero, whereas if the plants are susceptible, at a susceptible stage of growth, or planted densely, the host side would be long and the potential amount of disease could be great. Similarly, the more virulent, abundant, and active the pathogen, the longer the pathogen side would be and the greater the potential amount of disease. Also, the more favorable the environmental conditions that help the pathogen (E.g., temperature, moisture, and wind) or that reduce host resistance, the longer the environment side would be and the greater the potential amount of disease. If the three components of the disease triangle could be quantified, the area of the triangle would represent the amount of disease in a plant or in a plant population. If any of the three components is zero, there can be no disease. 
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                                Figure: Disease triangle
What is a disease cycle?

In every infectious disease a series of more or less distinct events occurs in succession and leads to the development and perpetuation of the disease and the pathogen. This chain of events is called a disease cycle. Although a disease cycle sometimes corresponds closely to the life cycle of the pathogen, it refers primarily to the appearance, development, and perpetuation of the disease as a function of the pathogen. The disease cycle involves changes in the plant and its symptoms as well as those in the pathogen and spans periods within and between growing seasons. The primary events in a disease cycle are inoculation, penetration, infection, colonization (invasion), growth and reproduction of the pathogen, dissemination of the pathogen, and survival of the pathogen in the absence of the host, i.e., overwintering  or oversummering (overseasoning) of the pathogen. In some diseases there may be several infection cycles within one disease cycle.  
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FIGURE 2-2  Stages in development of a disease cycle.




                                         Figure: stages in development of disease cycle

Parasitism and Pathogenecity

An organism that lives on or in some other organism and obtains its food from the latter is called a parasite. The removal of food by a parasite from its host is called parasitism. A plant parasite is an organism that becomes intimately associated with a plant and multiplies or grows at the expense of the plant. The removal by the parasite of nutrients and water from the host plant usually reduces efficiency in the normal growth of the plant and becomes detrimental to the further development and reproduction of the plant. In many cases, parasitism is intimately associated with pathogenicity, i.e., the ability of a pathogen to cause disease, as the ability of the parasite to invade and become established in the host generally results in the development of a diseased condition in the host.

In some cases of parasitism, as with the root nodule bacteria of legume plants and the mycorrhizal infection of feeder roots of most flowering plants, both the plant and the microorganism benefit from the association. This phenomenon is known as symbiosis.

In most plant diseases, however, the amount of damage caused to plants is often much greater than would be expected from the mere removal of nutrients by the parasite. This additional damage results from substances secreted by the parasite or produced by the host in response to stimuli originating in the parasite. Tissues affected by such substances may show increased respiration, disintegration or collapse of cells, wilting, abscission, abnormal cell division and enlargement, and degeneration of specific components such as chlorophyll. These conditions in themselves do not seem directly to improve the welfare of the parasite. It would appear, therefore, that the damage caused by a parasite is not always proportional to the nutrients removed by the parasite from its host. Pathogenicity, then, is the ability of the parasite to interfere with one or more of the essential functions of the plant, thereby causing disease. Parasitism frequently plays an important, but not always the most important, role in pathogenicity.

Inoculum and Inoculum Potential

Inoculation: is the initial contact of a pathogen with an infection court. The pathogen (s) that lands on or is otherwise brought into contact with the plant is called the inoculum. Hence, inoculum is any part of the pathogen that can initiate infection. Examples of inoculums are:
· In fungi: - spores, sclerotia (i.e., a compact mass of mycelium) of fragments of mycelium.

· In bacteria, mollicutes, protozoa, viruses, and viroids: - individuals microbs

· In Nematodes: - adult nematodes and nematode juveniles.

· In parasitic higher plants: plant fragments or seeds.

Types of Inoculum

There are two types of inoculums; primary inoculum and secondary inoculum that survives dormant in the winter or summer and causes infections in the new season is called primary inoculum, and the infections it causes are called primary infections. An inoculum produced from primary infections is called secondary inoculum. It is usually the secondary inoculums that lead to the development of epidemics. Generally, the more abundant the primary inoculum and the closer it is to the crop, the more sever the disease and the losses that result.

Sources of inoculum

The sources of inoculum could be the soil, residues, seeds, vegetative materials such as tubers transplants, and other propagative organs. Viruses, viroids, mollicutes, fastidious bacteria, and protozoa produce their inoculum within the plants; it therefore, can be transmitted from one plant to another almost entirely by some kind of vector (E.g., insects).
Prepenetration and penetration 

Prepenetration Phenomena

Attachment of Pathogen to Host

Pathogens such as mollicutes, fastidious bacteria, protozoa, and most viruses are placed directly into cells of plants by their vectors and, in most cases, they are probably immediately surrounded by cytoplasm, cytoplasmic membranes, and cell walls. However, almost all fungi, bacteria, and parasitic higher plants are first brought into contact with the external surface of plant organs. Before they can penetrate and colonize the host, they must first become attached to the host surface. Attachment takes place through the adhesion of spores, bacteria, and seeds through adhesive materials that vary significantly in composition and in the environmental factors they need to become adhesive. Disruption of adhesion by nontoxic synthetic compounds results in failure of the spores to infect leaves.

The propagules of these pathogens have on their surface or at their tips mucilaginous substances consisting of mixtures of water-insoluble polysaccharides, glycoproteins, lipids, and fibrillar materials, which, when moistened, become sticky and help the pathogen adhere to the plant. In some fungi, hydration of the spore by moist air or dew causes the extrusion of preformed mucilage at the tip of the spore that serves for the immediate adherence of the spore to the hydrophobic plant surface and resistance to removal by flowing water. However, in powdery mildew fungi, which do not require free water for infection, adhesion is accomplished by release from the spore of the enzyme cutinase, which makes the plant and spore areas of attachment more hydrophilic and cements the spore to the plant surface.

Spore Germination and Perception of the Host Surface

It is not clear what exactly triggers spore germination, but stimulation by the contact with the host surface, hydration and absorption of low molecular weight ionic material from the host surface, and availability of nutrients play a role. Spores also have mechanisms that prevent their germination until they sense such stimulations or when there are too many spores in their vicinity. Once the stimulation for germination has been received by the spore, the latter mobilizes its stored food reserves, such as lipids, polyoles, and carbohydrates, and directs them toward the rapid synthesis of cell membrane and cell wall toward the germ tube formation and

extension. The germ tube is a specialized structure distinct from the fungal mycelium, often growing for a very short distance before it differentiates into an appressorium. The germ tube is also the structure and site that perceives the host surface and, if it does not receive the appropriate external stimuli, the germ tube remains undifferentiated and, when the nutrients are exhausted, it stops growing. When appropriate physical and chemical signals, such as surface hardness, hydrophobicity, surface topography, and plant signals, are present, germ tube extension and differentiation take place.

After attachment of the propagule to the host surface, as spores and seeds germinate, germ tubes also produce mucilaginous materials that allow them to adhere to the cuticular surface of the host, either along their entire length or only at the tip of the germ tube. In regions of contact with the germ tube, the structure of the host cuticle and cell walls often appears altered, presumably as a result of degradative enzymes contained in the mucilaginous sheath.

Appressorium Formation 
Once appressoria are formed, they adhere tightly to the leaf surface. Subsequently, appressoria secrete extracellular enzymes, generate physical force, or both to bring about penetration of the cuticle by the fungus. Appressoria must be attached to the host plant surface strongly enough to withstand the invasive physical force applied by the fungus and to resist the chemical action of the enzymes secreted by the fungus. Appressoria of some fungi contain lipids, polysaccharides, and proteins.

The size of the turgor pressure inside an appressorium has been measured and found to be 40 times greater than the pressure of a typical car tire. The turgor pressure of an appressorium is due to the enormous accumulation of glycerol in the appressorium, which, due to its high osmotic pressure, draws water into the cell and generates hydrostatic pressure that pushes the thin hypha (appressorial penetration peg) outward through the host cuticle.

Recognition between host and pathogen

It is still unclear how pathogens recognize their hosts and vice versa. It is assumed that when a pathogen comes in contact with a host cell, an early event takes place that triggers a fairly rapid response in each organ-ism that either allows or impedes further growth of the pathogen and development of disease. The nature of the “early event” is not known with certainty in any host-parasite combination, but it may be one of many biochemical substances, structures, and pathways. These may include specific host signal compounds or structures, or specific pathogen elicitor molecules, and either of them may induce specific actions or formation of specific products by the other organism.

Host components acting as signals for recognition by and activation of pathogens are numerous. They may include fatty acids of the plant cuticle that activate production by the pathogen of the cutinase enzyme, which breaks down cutin; galacturonan molecules of host pectin, which stimulate the production of pectin lyase enzymes by the fungus or bacterium; certain phenolic compounds, such as strigol, which stimulate activation and germination of propagules of some pathogens; and isoflavones and other phenolics, amino acids, and sugars released from plant wounds that activate a series of genes in certain pathogens leading to infection. A host plant may also send cues for recognition by some of its pathogens by certain of its surface characteristics such as ridges or furrows, hardness, or release of certain ions such as calcium.

Pathogen components that act as elicitors of recognition by the host plant and subsequent mobilization of plant defenses are still poorly understood. Elicitor molecules may be released from attacking pathogens before or during entry into the host, and they may have a narrow host range. Some elicitors may be components of the cell surface of the pathogen (E.g., ß-glucans, chitin, or chitosan) that are released by the action of host enzymes (E.g., ß-glucanase and/or chitinase) and have broad host ranges; some may be synthesized and released by the pathogen after it enters the host in response to host signals. 

When the initial recognition signal received by the pathogen favors growth and development, disease may be induced; if the signal suppresses pathogen growth and activity, disease may be aborted. However, if the initial recognition elicitor received by the host triggers a defense reaction, pathogen growth and activity may be slowed or stopped and disease may not develop; if the elicitor either suppresses or bypasses the defense reaction of the host, disease may develop.

Germination of spores and seeds

Almost all pathogens in their vegetative state are capable of initiating infection immediately. Fungal spores and seeds of parasitic higher plants, however, must first germinate. Spores germinate by producing a typical mycelium that infects and grows into host plants or they produce a short germ tube that produces a specialized infectious structure, the haustorium. In order to germinate, spores require a favorable temperature and also moisture in the form of rain, dew, or a film of water on the plant surface or at least high relative humidity. The moist conditions must last long enough for the pathogen to penetrate or else it desiccates and dies. Most spores can germinate immediately after their maturation and release, but others (so-called resting spores) require a dormancy period of varying duration before they can germinate. When a spore germinates it produces a germ tube, i.e., the first part of the mycelium, which can penetrate the host plant. Some fungal spores germinate by producing other spores, E.g., sporangia produce zoospores and teliospores produce basidiospores. Spore germination is often favored by nutrients dif-fusing from the plant surface; the more nutrients (sugars and amino acids) exuded from the plant, the more spores germinate and the faster they germinate. In some cases, spore germination of a certain pathogen is stimulated only by exudates of plants susceptible to that particular pathogen.

After spores germinate, the resulting germ tube must grow, or the motile secondary spore (zoospore) must move, toward a site on the plant surface at which successful penetration can take place. The number, length, and rate of growth of germ tubes, or the number and mobility of motile spores, may be affected by physical conditions, such as temperature and moisture, by the kind and amount of exudates the plant produces at its surface. The growth of germ tubes in the direction of successful penetration sites seems to be regulated by several factors, including greater humidity or chemical stimuli associated with such openings as wounds, stomata,  and lenticels; contact responses to the topography of the leaf surface, resulting in germ tubes growing at right angles to cuticular ridges that generally surround stomata and thus eventually reaching a stoma; and nutritional responses of germ tubes toward greater concentrations of sugars and amino acids present along roots.

Seeds germinate by producing a radicle, which either penetrates the host plant directly or first produces a small plant that subsequently penetrates the host plant by means of specialized feeding organs called haustoria. Haustoria are also produced by many fungi.

Hatching of nematode eggs

Nematode eggs also require conditions of favorable temperature and moisture to become activated and hatch. In most nematodes, the egg contains the first juvenile stage before or soon after the egg is laid. This juvenile immediately undergoes a molt and gives rise to the second juvenile stage, which may remain dormant in the egg for various periods of time. Thus, when the egg finally hatches, it is the second-stage juvenile that emerges, and it either finds and penetrates a host plant or undergoes additional molts that produce further juvenile stages and adults.

Once nematodes are in close proximity to plant roots, they are attracted to roots by certain chemical factors associated with root growth, particularly carbon dioxide and some amino acids. These factors may diffuse through soil and may have an attractant effect on nematodes present several centimeters away from the root. Nematodes are generally attracted to roots of both host and non-host plants, although there may be some cases in which nematodes are attracted more strongly to the roots of host plants.

Penetration 

Pathogens penetrate plant surfaces by direct penetration of cell walls, through natural openings, or through wounds. Some fungi penetrate tissues in only one of ways, others in more than one. Bacteria enter plants mostly through wounds, less frequently through natural openings, and never directly through unbroken cell walls. Viruses, viroids, mollicutes, fastidious bacteria, and protozoa enter through wounds made by vectors, although some viruses and viroids may also enter through wounds made by tools and other means. Parasitic higher plants enter their hosts by direct penetration. Nematodes enter plants by direct penetration and, sometimes, through natural openings. Penetration does not always lead to infection. Many organisms actually penetrate cells of plants that are not susceptible to these organisms and that do not become diseased; these organisms cannot proceed beyond the stage of penetration and die without producing disease.

Direct penetration through intact plant surfaces

Direct penetration through intact plant surfaces is probably the most common type of penetration by fungi, Oomycetes, and nematodes and the only type of penetration by parasitic higher plants. None of the other pathogens can enter plants by direct penetration. Of the fungi that penetrate their host plants directly, the hemi-biotrophic, i.e. non-obligate parasitic ones, do so through a fine hyphae produced directly by the spore or mycelium, whereas the obligate parasitic ones do so through a penetration peg produced by an appressorium. The fine hypha or appressorium is formed at the point of contact of the germ tube or mycelium with a plant surface. The fine hypha grows toward the plant surface and pierces the cuticle and the cell wall through mechanical force and enzymatic softening of the cell wall substances.
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Figure: Methods of penetration and invasion by fungi.

Most fungi, however, form an appressorium at the end of the germ tube, with the appressorium usually being bulbous or cylindrical with a flat surface in contact with the surface of the host plant. Then a penetration peg grows from the flat surface of the appressorium toward the host and pierces the cuticle and the cell wall. The penetration peg grows into a fine hypha generally much smaller in diameter than a normal hypha of fungus, but it regains its normal diameter once inside the cell. In most fungal diseases the fungus penetrates the plant cuticle and the cell wall, but in some, such as apple scab, the fungus penetrates only the cuticle and stays between the cuticle and the cell wall. Parasitic higher plants also form an appressorium and penetration peg at the point of contact of the radical with the host plant, and penetration is similar to that in fungi. Direct penetration in nematodes is accomplished by repeated back-and –forth thrusts of their styles. Such thrusts finally create a small opening in the cell wall; the nematode then inserts its stylet into the cell or the entire nematode enters the cell.

Penetration through wounds 

All bacteria, most fungi, some viruses, and all viroids can enter plants through various types of wounds. Some viruses and all mollicutes, fastidious vascular bacteria, and protozoa enter plant through wounds mad by their vectors. The wounds utilized by bacteria and fungi may be fresh or old and may consist of lacerated or killed tissue. These pathogens may grow briefly on such tissue before they advance into health tissue. Laceration or death of tissue may be the result of environmental factors such as wind breakage and hail; feeding, e.g. by insects and large animals; cultural practices of humans, such as pruning, transplanting,  and harvesting; self-inflicted injuries, such as leaf scars; and , finally, wounds or lesions caused by other pathogens. Bacteria and fungi penetrating through wounds germinate or multiply in the wound sap or in a film of rain or dew water present on the wound. Subsequently, the pathogen invades adjacent plant cells or it secretes enzymes and toxins that kill and macerate the nearby cells. The penetration of viruses, mollicutes, fastidious bacteria, and protozoa through wound depends on the deposition of viruses, mollicutes, fastidious bacteria in fresh wounds created at the time of inoculation. Some viruses are also transmitted by certain nematodes, Mites, and fungi. Some viruses and virods are transmitted through wounds made by human hands and tools. In most cases, however, these pathogens are carried by one or a few kinds of specific vectors and can be inoculated successfully only when they are brought to the plant by these particular vectors.
Penetration through natural openings 

Many fungi and bacteria enter plants through stomata, and some enter through hydathodes, nectarthodes, and lenticles. Stomata are most numerous on the lower side of leaves and open in the daytime but are more or less closed at night, bacteria present in a film of water over a stoma and, if water soaking occurs, can swim through the stoma easily and into the substomatal cavity where they can multiply and start infection. Fungal spores generally germinate on the plant surface, and the germ tube may then grow through the stoma. Frequently, however, the germ tube forms an appressorium that fits tightly over the stoma, and usually one fine hypha grows from it into the stoma. In the substomal cavity the hypha enlarges, and from it grow one or several small hyphae that actually invade the cells of the host plant directly or by means of haustoria. Although some fungi can apparently penetrate even closed stomata, others penetrate stomata only while they are open. Certain fungi, e.g. the powdery mildew fungi, may grow over open stomata without entering them.

Hydathodes are more or less permanently open pores at the margins and tips of leaves. They are connected to the veins and secrete droplets of liquid, called guttation drops, containing various nutrients.

Some bacteria use these pores as a means of entry into leaves, but few fungi seem to enter plants through hydathodes. Some bacteria also enter blossoms through the nectarthodes or nectarines, which are similar to hydathodes. Lenticels are opening on fruits, stems, and tubers that are filled with loosely connected cells that allow the passage of air. During the growing season, lenticles are open, but even so, relatively few fungi and bacteria penetrate tissues through them, growing and advancing mostly between the cells. Most pathogens that penetrate through lenticels can also enter through wounds, with lenticels penetration being apparently a less efficient, secondary pathway.

Infection 

Infection is the process by which pathogens establish contact with susceptible cells or tissues of the host and procure nutrients from them. Following infection, pathogens grow, multiply, or both within the plant tissues and invade and colonize the plant to a lesser or greater extent. Growth and /or reproduction of the pathogen (colonization) in or on infected tissues are actually two synchronized sub stages of disease development. Successful infections result in the appearance of symptoms, such as discolored, malformed, or necrotic areas on the host plan. Some infections, however, remain latent i.e. they do not produce symptoms right away but at a later time when the environmental conditions or the stage of maturity of the plant become more favorable. All the visible and otherwise detectable changes in the infected plants make up the symptoms of the disease. Symptoms may change continuously from the moment of their appearance until the entire plant dies or they may develop up to a point and then remain more of less unchanged for the rest of the growing season. Symptoms may appear as soon as 2 to 4 days after inoculation, as happens in some localized viral diseases of herbaceous plants, or as late as 2 to 3 years after inoculation, as in the case of some viral, mollicute, and other diseases of trees. In most plant diseases, however, symptoms appear from a few days to a few weeks after inoculation. Incubation period is the period of time between penetration of a host by a pathogen and the first appearance of symptoms on the host.

The length of the incubation period is influenced by: 

· The particular pathogen- host combination 

· The stage of development of the host, and 

· The temperature in the environment of the infected plant 

During infection, pathogens release number of biologically active substances (e.g. enzymes, toxins, and growth regulators) that may affect the structural integrity of the host cells or their histological processes. In response, the host reacts with a variety of defense mechanisms, which result in varying degrees of protection of the plant from the pathogen. As mentioned earlier, for a successful infection to occur it is not sufficient that a pathogen comes in contact with its host; rather, several other conditions must also not satisfied. First of all, the plant variety must be susceptible to the particular pathogen and at a susceptible a stage. The pathogen must be in a pathogenic stage that can infect immediately without requiring a resting (dormancy) period first or infective juvenile stages or adults of nematodes. Finally, the temperature and moisture conditions in the environment of the plant must favor the growth and multiplication of the pathogen. When these conditions occur at an optimum, the pathogen can invade the host plant up to maximum of its potential, even in the presence of plant defenses, and as a consequence, disease develops.

Invasion 

Various pathogens invade hosts in different ways and to different extents. Some fungi produce mycelium that grows only in the area between the cuticle and the epidermis (subcuticular colonization); others, such as those causing mildews, produce mycelium only the surface of the plant but send haustoria into the epidermal cells. Most fungi spread into all the tissues of the plant organs (leaves, stems, and roots) they insect, either by growing directly through the cells as an intracellular mycelium or by growing between the cells as an intercellular mycelium. Fungi that cause vascular wilts invade the xylem vessels of plants. Bacteria invade tissues intercellulary, although when parts of the cell walls dissolve, bacteria also grow intracellularly. Bacteria causing vascular wilts, like the vascular wilt fungi, invade the xylem vessels. Most nematodes invade tissues intercellularly, but some can invade intracellularly as well. Many nematodes do not invade tissues at all but feed by piercing epidermal cells with their stylets. Viruses, viroids, mollicutes, fastidious bacteria, and protozoa invade tissues by moving from cell to cell intracellularly. Viruses and viroids invade all types of living plant cells, mollicutes and protozoa invade phloem sieve tubes and perhaps a few adjacent phloem parenchyma cells, and most fastidious bacteria invade xylem  vessels and a few invade only phloem sieve tubes. Many infections caused by fungi, bacteria nematodes viruses and parasitic higher plants are local, i.e. they involve a single cell, a few cells, or a small area of the plant. These infections may remain localized throughout the growing season or they may enlarge slightly or very slowly. Other infections enlarge more or less rapidly and may involve an entire plant organ (flower, fruit, leaf), a large part of the plant (a branch), or the entire plant. Infections caused by viruses xylem- or phloem inhabiting bacteria, mollicutes, and protozoa and natural infections caused by viruses and viroids are systemic, i.e. the pathogen, from one initial point in a plant, spreads and invades most or all susceptible cells and tissues throughout the plant. Vascular wilt fungi and bacteria invade xylem vessels internally, but they are usually confined to a few vessels in the roots, the stem, or the top of infected plants; only in the final stages of the disease do they invade most or all xylem vessels of the plant. Some downy mildew pathogens and some fungi, primary among those causing smuts and rusts also invade their hosts systemically, although in most cases the older mycelium degenerates and disappears and only the younger mycelium survives in actively growing plant tissues.

Growth and Reproduction of the Pathogen (Colonization of Hosts)

Individual fungi and parasitic higher plants generally invade and infect tissues by growing on or into them from one initial point of inoculation. Most of these pathogens, whether inducing a small lesion, large infected area, or a general necrosis of the plant, continue to grow and branch out within the infected host indefinitely so that the same pathogen individual spreads into more and plant tissues until the spread of the infection is stopped or the plant is dead. In some fungal infections, however, while younger hyphae continue to grow into new healthy tissues, older ones in the already infected areas die out and disappear so that a diseased plant may have several points were separate units of the mycelium are active. Also fungi causing vascular wilts often invade plant by producing and releasing spores within the vessels, and as the spores are carried in the sap stream they invade vessels far away from the mycelium, germinate there, and produce a mycelium, which invades more vessels.

All other pathogens, namely bacteria, mollicutes, viruses, viroids, nematodes, and protozoa invade and infect new tissues within the plant by reproducing at a rapid rate and increasing their numbers tremendously in the infected tissues. The progeny may then be carried passively into new cells and tissues through plasmodesmata (viruses and viroids only), phloem (viruses, viroids, mollicutes, some fastidious bacteria, protozoa), or xylem (some bacteria); alternatively, as happens with protozoa and nematodes and somewhat with bacteria, they may move through cells on their own power.
Dissemination of the Pathogen

Two types pathogen dissemination exist: active dissemination and passive dissemination. The inoculum of most pathogens is carried to host plants passively by wind, water insects. An airborne inoculum usually gets out of the air into the plant surface not just by gravity but by being washed out by rain. Only a tiny fraction of the potential inoculum produced actually lands on susceptible host plants; the bulk of the produced inoculum lands on things that cannot become infected. A few pathogens, such as nematodes, oomycetes, zoosporic fungi, and bacteria, can move short distances on their own power and thus can move from one host to another one very close to it. Such type of dissemination is known as active dissemination.
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